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S e s a v a l i 

fizikuri qimia aris mecniereba, romelic 

fizikis da qimiis kanonebisa da maTematikis 

gamoyenebiT swavlobs nivTierebis arsebobis 

pirobebs, mis aRnagobas, qimiuri procesebis 

kanonzomierebas da masTan uwyvet kavSirSi 

myof Tanamdev fizikur movlenebs (siTbos, 

energiis gamoyofa/STanTqma, denis warmoqmna 

da a.S.). 

ar arsebobs sabunebismetyvelo mecnierebis 

arc erTi dargi, romelSic ar gamoiyeneba 

kvlevis fizikur-qimiuri meTodebi, romelTa 

safuZvelia fizikuri qimia. fizikuri qimiis 

meSveobiT mkvlevars SeuZlia Seadginos pro-

cesis energetikuli balansi misi Catarebis 

gareSe, iwinaswarmetyvelos misi mimdinareob-

is mimarTuleba da pirobebi, saWiroebis SemT-

xvevaSi warmarTos igi sasurveli mimarTuleb-

iT, rasac didi mniSvneloba aqvs qimiur teq-

nologiasa da mecnierebaSi.  

sakvlevi obieqtis Seswavla SeiZleba mra-

valmxriv, sxvadasxva kuTxiT, amis saSualebas 

gvaZlevs fizikuri qimia, romelic Semdegi 

nawilebisagan Sedgeba: nivTierebis aRnagoba, 
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qimiuri Termodinamika, wonasworoba, xsnarebi, 

eleqtroqimia, qimiuri kinetika da katalizi. 

avtorebs ganzrax ar mohyavT fizikuri qi-

miis ganviTarebis istoriis Sesaxeb monaceme-

bi, radgan maTi mokled moyvana niSnavs 

fizikur-qimiuri azrovnebis evoluciis ara-

srulyofili saxiT warmodgenas, xolo vrcl-

ad gadmocema mniSvnelovnad gazrdida saxel-

mZRvanelos moculobas da gascdeboda arseb-

uli programis CarCoebs. 

fizikuri qimiis saxelmZRvanelos Sedgenis 

erT-erTi ZiriTadi sirTulea usazRvrod di-

di moculobis masalidan im ZiriTadis Ser-

Ceva, romelic fizikuri qimiis kursis saswa-

vlo programis Sesabamisad, students zogad 

warmodgenas miscems am disciplinis Sesaxeb. 

fizikuri qimia aris fundamenturi disci-

plina, romlis aTviseba mniSvnelovnad gansaz-

Rvravs maRalkvalificiuri specialistis Ca-

moyalibebas mecnierebisa Tu warmoebis romel 

dargSic ar unda muSaobdes igi, xels uwyobs 

mecnieruli da inJinruli azrovnebis ganvi-
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Tarebas da amzadebs students sxva discipli-

nebis ukeT aRsaqmelad.  

miuxedavad gaweuli Sromisa saxelmZRvane-

lo ar iqneba dazRveuli xarvezebisagan. Ram-

denad SevZeliT gasagebad gadmogveca masala 

Seafaseben sagnis specialistebi da studen-

tebi, maT marTebul SeniSvnebs avtorebi mad-

lierebis grZnobiT miiReben da gaiTvaliswi-

neben. 
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I.  nivTierebis aRnagoba 

I.1.  kvanturi meqanikis ZiriTadi 

debulebebi 

 

bunebaSi araferia uwyveti, materia diskre-

tulia, energiac diskretulia. ainStainma da-

amyara kavSiri masasa da energias Soris, E=mc2 

es bunebis fundamenturi kanonia da masisa da 

energiis erTianobas gamosaxavs. ganvixiloT 

am tolobis marTebuloba qimiuri reaqciisaT-

vis. imisaTvis, rom gamoiyos ΔE energia, masa 

m sididiT unda Seicvalos. Tu c2=9.1016 m/wm 

didi ricxvia, imdenad didi unda iyos, rom 

ΔE/c2 fardoba gaizomos Tanamedrove xelsaw-

yoebiT. qimiuri reaqciis dros ΔE=5.105�j/mol, 

m= 16

5

109
105

 =5,5.10 12 kg anu Zalze mcire sididea. 

birTvuli procesebis dros protonisa (p) 

da neitronis (n) urTierTqmedebiT (p+n) atom-

birTvi miiReba da didi raodenobiT energia 

gamoiyofa. masisa da energiis mudmivobis kano-

nis Tanaxmad, energia arc arafrisgan war-

moiqmneba da arc ukvalod qreba. protonisa 

da neitronis saerTo masa (p+n) metia, vidre 
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maTgan warmoqmnili atombirTvis masa – es mo-

vlena masis defeqtis saxeliTaa cnobili.Gga-

moyofili energia miRebulia masis defeqtis 

Sedegad. erTi protonis da erTi neitronis 

SeerTebiT gamoiyofa 8,5mev energia. gantoleba 

E=mc2
 Cveulebrivi qimiuri reaqciisaTvis ar 

gamodgeba, magram misaRebia birTvuli proce-

sebisaTvis. 

planki, swavlobda ra energiis ganawilebas 

sinaTlis xilul ubanSi, mivida im daskvnamde, 

rom sxivuri energia gamoiyofa ara uwyvetad, 

rogorc iTvleboda klasikur meqanikaSi, aram-

ed diskretulad,  kvantebis saxiT 

                                                  E=hv,     

sadac E sxivuri energiaa; h _ plankis mudmiva,  

v _sixSire. h=6,625.10 34 j/wm; 

Semdgom kvanturi warmodgena gadatanili 

iqna yvela energetikul movlenaze, romelic 

dakavSirebulia eleqtronis rxevasTan da 

sxva periodul moZraobasTan. dabali sixSi-

ris rxevisaTvis kvantis mniSvneloba mcirea, 

xolo winsvliTi moZraobisaTvis igi nulis 

tolia. 
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sinaTlis sxivi talRur Tvisebebs avlens 

gavrcelebis dros (interferencia, difraqc-

ia), xolo korpuskulur Tvisebebs – gamosxi-

vebisa da STanTqmisas. es dualizmi (ormagi 

buneba) damaxasiaTebelia sxva elementaruli 

nawilakebisTvisac, magaliTad, eleqtronisaT-

vis. XX saukunis dasawyisSi dadginda, rom 

mikronawilakebs, korpuskulur TvisebebTan 

erTad, aqvs talRuri Tvisebac.Mmikronawila-

kebis Tvisebebis dualizmi gamoisaxeba lui 

de-broilis mier dadgenili TanafardobiT      

mV
h

 , 

sadac   talRis sigrZea; h – plankis mudmiva; 

mV – nawilakis impulsi – masisa da siCqaris 

namravli.                       

mikronawilakebis talRuri Tvisebebi gamo-

isaxeba imdenad mcire sigrZis talRiT, rom 

eqsperimentulad misi aRmoCena SeuZlebelia. 

amrigad, korpuskulur-talRuri dualizmi ma-

teriis zogadi Tvisebaa. yovelive zemoTqmul-

idan, nivTierebis Semadgeneli mikronawila-

kebis energia, mdgomareoba, Sesabamisad, qimi-

uri bmis buneba da naerTis mdgomareoba aRi-



 9

wereba kvanturi meqanikisa da kvanturi qimiis 

meSveobiT. 

 

I.2. haizenbergis ganuzRvrelobis principi 

klasikur meqanikaSi nawilakis moZroba 

aRiwereba mis koordinatebis meSveobiT da 

maRali sizustiT SeiZleba ganvsazRvroT, Tu 

sad imyofeba igimocemul momentSi. atomebis, 

eleqtronebisa da fotonebis eqsperimentulma 

Seswavlam gviCvena, rom am mikronawilakebis 

mdebareobis zusti gansazRvra koordinatebis 

meSveobiT ver xerxdeba. amis mizezi is aris, 

rom gazomva moqmedebs obieqtze da am dros 

icvleba sistemis mdgomareoba. kvantur meqani-

kaSi erTdroulad nawilakis mdebareobisa da 

impulsis dadgenaKyovelTvis dakavSirebulia 

ganuzRvrelobasTan. haizenbergis ganuzRvre-

lobis principis (1927w) Tanaxmad, eleqtroni 

ar SeiZleba warmovidginoT rogorc nawilaki, 

romelic wertilidan wertilamde inacvlebs 

gansazRvruli impulsiT, unda vimsjeloT el-

eqtronis yofnis albaTobaze sivrcis mocem-

ul wertilSi. SeuZlebelia erTdroulad 
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ganisazRvros mikronawilakis siCqare ΔV (an 

impulsi) da mdebareoba (koordinatebi). 

Δq.ΔV
m
h  

mdebareobisa da siCqaris ganuzRvrelobis nam-

ravli ar SeiZleba iyos 
m
h
-ze naklebi. rac 

ufro zustadaa gansazRvruli nawilakis mde-

bareoba, miT ufro ganuzRvrelia misi siCqare 

da, piriqiT. unda miviRoT, rom eleqtroni 

erTdroulad warmoadgens nawilaksac da ta-

lRasac. 

   ganuzRvrelobis principi gamomdinareobs 

nivTierebis korpuskulur-talRuri Tvisebebis 

erTobliobidan da gviCvenebs, rom mikronawi-

lakTa moZraobis aRwerisaTvis klasikuri 

meqanikis kanonebi ar gamodgeba da iyeneben 

kvantur meqanikas.  

 

I.3. Sredingeris talRuri gantoleba 

atomsa da molekulaSi moZraobis kanonebi 

saalbaToa, azrs kargavs eleqtronis traeq-

toriis cneba, magram SeiZleba laparaki ele-

qtronis yofnis albaTobaze sivrcis mocemul 
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segmentSi.  radgan mcire nawilakis zusti 

mdebareobis dadgena principulad SeuZlebel-

ia, kvantur meqanikaSi saubroben nawilakis 

mdebareobis albaTobaze sivrcis garkveul 

moculobaSi, xolo gansazRvrul orbitalze 

misi moZraobis traeqtoriis nacvlad ixila-

ven orbitals. atomSi eleqtronis moZraoba 

  talRuri funqciiT aRiwereba. 2  funqciis 

kvadratis fizikuri azri aris eleqtronis 

yofnis albaToba eleqtronuli Rrublis dv 

moculobaSi. talRur funqcias, eleqtronis 

potenciur da saerTo energiebTan akavSirebs 

Sredingeris gantoleba: 

 )(8
2

2
2 UE

h
m

=0, 

sadac 2

2

2

2

2

2
2

zyx 










  laplasis operato-

ria, m – nawilakis masa, h – plankis mudmiva. 

Sredingeris  gantoleba aris meore rigis 

diferencialuri gantoleba, romelsac mrava-

li amoxsna aqvs. 

wyalbadis atomisaTvis rogorc E energiis 

diskretuli mniSvnelobebi, ise   talRuri 
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funqciis saxe ganisazRvreba (n, ,l m) kvanturi 

ricxvebiT da axasiaTeben orbitals.  

 

I.4. atomuri orbitalebi, kvanturi ricxvebi 

   orbitali aris sivrce atomgulis garSemo, 

sadac eleqtronis yofnis albaToba maqsi-

maluria. atombirTvTan axlos eleqtronebis 

simkvrive praqtikulad nulia. elqtronebi, 

romlebic erTsa da imave orbitalze moZra-

oben, warmoqmnian eleqtronul Sreebs, rom-

elTac energetikuli doneebi ewodeba. 

atomuri orbitali xasiaTdeba kvanturi 

ricxvebiT: 

n mTavari kvanturi ricxvi, misi meSveobiT 

xasiaTdeba eleqtronis energia 

         22

42
hn

meE 
  ,                         

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 sivr-
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ceSi iRebs n-is tol mniSvnelobas da icvle-

ba 0 - dan ( n 1)-mde. 

N l 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 energe-

tikuli donis eleqtronebs _ ori formis (s 

da p), mesame energetikuli donis eleqtronebs 

_ sami formis   (s, p da d).  

eleqtronis eleqtromagnituri Tvisebebis 

dasaxasiaTeblad Semotanilia magnituri kvan-

turi ricxvi m, igi gansazRvravs orbitalis 

orientacias sivrceSi da iRebs mniSvnelobebs 

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

+2. 

s-spinkvanturi ricxvi aRwers eleqtronis 

brunvas sakuTari RerZis garSemo da iRebs 

mniSvnelobebs _1/2, +1/2. 
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sur. I.1.  s, p, d orbitalebis formebi 

 

eleqtronTa ganawileba atomSi doneebsa 

da qvedoneebze emyareba Semdeg principebs: 

I. paulis principi: atomSi ar SeiZleba 

iyos ori eleqtroni, romelTac oTxive 

kvanturi ricxvi erTnairi aqvs. 

II. umciresi energiebis principi: atomSi 

eleqtronebi isea ganawilebuli, rom maTi en-

ergia minimaluria anu jer xdeba ufro daba-

li energetikuli donis Sevseba, Semdeg Seda-

rebiT maRali energetikuli donis. radgan 

eleqtronebis energia n da l kvanturi ric-
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xvebiT xasiaTdeba, amitom eleqtronebi jer im 

orbitalebze moTavsdeba, romelTaTvisac n+l 

ufro mcirea. magaliTad, 4s orbitalisaTvis  

n+l=4+0=4, xolo d3  orbitalisaTvis n+l=3+2=5, 

amitom eleqtronebi moTavsdeba jer 4s orbi-

talze, xolo Semdeg _ 3d orbitalze. 

III. hundis wesi: mocemul qvedoneze spinkva-

nturi ricxvebis jami maqsimaluria. sawinaaRm-

dego spinis mqone eleqtronebi erTsa da imave 

orbitalze oreleqtronian Rrubels warmoqm-

nis da maTi spinebis jami nulia. azotis  N-

1s22s22p3 aRnagoba kvanturi ujredebiT SeiZle-

ba warmovidginoT ornairad:  

P
S

n=2

 

 spinkvanturi ricxvebis jami 1
2
1
-ia. 

S
Pn=2  spinkvanturi ricxvebis jami 

2
1
-ia. 

   hundis wesis Tanaxmad, azotis atomisaTvis 

marTebulia pirveli warmodgena. 

kvanturi ricxvebi, paulis principi, umci-

resi energiebis principi da hundis wesi saSu-
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alebas gvaZlevs warmovidginoT atomis eleq-

tronuli aRnagoba. 

     

I.5. molekulis potenciuri energiis wiri 

qimiuri bmis buneba 

 

qimiuri bma myardeba maSin, rodesac atomTa 

erTmaneTTan miaxloebisas sruli energia 

minimums aRwevs. am movlenis axsnaSi dagvexma-

reba 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. r0 manZilze isini wona-

swordebian. r0-s energiis minimumi Seesabameba. 

am dros warmoiqmneba molekula. oratomiani 

molekulis simtkice D sididiT xasiaTdeba da 

igi misi disociaciis energiis (an bmis energi-

is) tolia. wyalbadisaTvis r0=0,74
o
 , E = 

=436kj/moli. molekulis warmoqmnisas mizid-

visa da ganzidvis ZalTa tolqmedi nulis 

tolia. birTvebis urTierTganzidva kompensir-

deba birTvebis mier eleqtronebis mizidviT. 
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Ees Zala damokidebulia eleqtronTa mdebare-

obis albaTobaze atombirTvis garSemo arseb-

ul sivrceSi. 

 

sur.I.2. molekulis potenciuri energiis wiri 

 

qimiuri bmis Tanamedrove kvantur-meqaniku-

ri Teoriis safuZvels Seadgens birTvebs So-

ris da birTvebsa da eleqtronebs Soris urT-

ierTqmedebebi. 

nivTierebis Tvisebebi damokidebulia ara 

mxolod imaze, Tu ra saxis atomebisagan 

Sedgeba molekula da rogoria maTi wyoba, 

aramed imazec ra saxis qimiuri bmebiT arian 

es atomebi dakavSirebuli erTmaneTTan. qimiur 

bma xorcieldeba savalento eleqtronebiT, 

aqvs eleqtruli buneba. ganasxvaveben sami Zir-

iTadi tipis bmas: kovalenturs, ionurs da 
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liTonurs. bmis warmoqmnisas arsebiT rols 

eleqtrouaryofiToba asrulebs. (eleqtrouar-

yofiToba ewodeba I ionizaciis energiisa da E 

eleqtronisadmi swrafvis naxevarjams). Ppol-

ingis mixedviT, maqsimaluri eleqtrouaryo-

fiToba aqvs fTors F(4), xolo minimaluri _ 

ceziums Cs(0,7). 

Kkovalenturi bma. eleqtronuli wyvilebiT 

damyarebul bmas kovalenturi ewodeba. am 

dros xdeba eleqtronuli orbitalebis nawi-

lobrivi gadafarva, rasac energiis gamoyofac 

axlavs. rac metia gadafarva, miT meti energia 

gamoiyofa da ufro mtkicea bma. rodesac ori 

erTnairi eleqtrouaryofiTobis mqone elemen-

tis atomebi warmoqmnian kovalentur bmas, an 

rodesac bmebi simetriuladaa ganlagebuli 

(O=C=O) miiReba arapolaruli bma. Cl2, H2, NCl3, 

PH3, CO2 molekulaSi eleqtronuli wyvili 

simetriulad nawildeba bmis warmomqmnel at-

omebs Soris. xolo rodesac atomTa eleqtro-

uaryofiTobebi mcired gansxvavdeba, miiReba 

polaruli kovalenturi bma. am dros eleqt-

ronuli wyvili gadaweulia ufro eleqtrou-
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aryofiTi atomisaken HCl, H2O, NH3. kovalentu-

ri bma warmoiqmneba donorul-aqceptoruli 

meqanizmiTac _ erTi atomis oreleqtroniani 

orbitalisa da meoris Tavisufali orbita-

lis xarjze. 

N: : :

:H

H

H

H+ N: : :

:H

H

H

H

+

 

kovalenturi bma xasiaTdeba bmis sigrZiT, 

energiiT, gajerebulobiT da mimarTulebiT, 

rac naTlad vlindeba hibriduli orbitale-

biT warmoqmnil bmebSi. 

ionuri bma.  ionuri bma warmoiqmneba iseTi 

elementebis atomebs Soris, romelTa eleqtr-

ouaryofiTobebi Zlier gansxvavdeba. bmis war-

momqmneli atomebi miiswrafvian, raTa Seqmnan 

periodul sistemaSi mdebareobis mixedviT ua-

xloesi inertuli airis msgavsi dasrulebuli 

eleqtronuli garsebi. mcire eleqtrouaryo-

fiTobis mqone elementebi gascemen eleqtro-

nebs Me _ e Me+
 da warmoqmnian dadebiT 

ionebs, xolo elementebi maRali eleqtrou-

aryofiTobiT ierTeben am eleqtronebs da 
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warmoqmnian uaryofiT ionebs Hal + e   Hal   

warmoqmnil ionebs Soris myardeba eleqtros-

tatikuri mizidva da warmoiqmneba ionuri bma:        

        Me+ + Hal    MeHal  

ionur bmas mimarTuleba da najeroba ar axasia-

Tebs. es ganpirobebulia imiT, rom yvela ioni 

izidavs sapirispiro niSnis ions, nebismieri 

mimarTulebiT. ionTa urTierTqmedebas ar ax-

lavs ZalTa velebis kompensacia, maT unari 

aqvT miizidon sapirispiro niSnis ionebi sxva 

mimarTulebiTac. amis gamo, ionuri naerTebi 

myar kristalur mesers qmnian. atomebs Soris 

ionuri bma warmoiqmneba, Tu maT eleqtrouar-

yofiTobaTa Soris ΔX sxvaoba 2-s aRemateba. 

Tu ΔX=0, bma arapolarul-kovalenturia, dana-

rCen SemTxvevaSi ki _ polarul-kovalenturi. 

100%-iani ionuri bma ar arsebobs.  

  polingma Seadgina cxrili, romelic saSua-

lebas gvaZlevs gamovTvaloT nebismier nearT-

Si bmis ionuri wili, Tu viciT naerTis war-

momqmnel eleqtronebs Soris eleqtrouaryo-

fiTobaTa sxvaoba. 
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eleqtrouaryofiTobebis saSualebiT Bbmis 

ionuri wilis gamoTvla 

                                    cxrili 1 

ΔX 
ionuri 

bmis wili 
ΔX 

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. wyalbaduri bma aRiZvr-

eba wyalbadis protonsa da Zlier eleqtrou-

aryofiTi elementis atoms Soris. igi SeiZ-

leba iyos rogorc Sigamolekuluri (cilebi, 

nukleinis mJavebi), ise molekulaTSorisi (way-

li, fTorwyalbadi, spirtebi, karbonmJavebi). 

wyalbaduri bma gavlenas axdens nivTierebaTa 

Tvisebebze, agregatul mdgomareobasa da duR-

ilis temperaturaze. 
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H O

H

H O

H

...
 CH3 C

O

O H
CH3C

O

OH

...
...

 

 

liTonuri bma.  liTonuri bma warmoiqmneba 

liTonis ionebis mier ganzogadebuli eleq-

tronebis mizidvis Sedegad.  liTonis dabali 

ionizaciis gamo, eleqtroni advilad kargavs 

kavSirs atombirTvTan, ganzogaddeba, warmo-

qmnis e.w. eleqtronul airs – Tavisufali el-

eqtronebis erTobliobas. liTonuri gisosis 

kvanZebSi moTavsebuli arian dadebiTi ionebi, 

romelTa Soris moZraobs eleqtronuli airi; 

ganzogadebuli eleqtronebi akavSireben ione-

bs. liTonuri bma eleqtronuli bunebisaa.Aam-

iT igi hgavs ionur bmas, xolo kovalentur 

bmas _ eleqtronebis ganzogadebiT. kovalen-

tur bmaSi saerToa ori mezobeli atomis 

eleqtronebi, xolo liTonur bmaSi yvela 

atomis eleqtronebi.  

liTonuri bma xorcieldeba liTonebSi, Se-

nadnobebsa da interliTonur naerTebSi. liT-

onuri bmiT aixsneba liTonTa siTbo- da eleq-

trogamtaroba, liTonuri kriali, bzinva, Wed-
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adoba, glinvadoba, gawelvis unari, plastiku-

roba da sxva Tvisebebi. 

 

I.6. molekuluri orbitalebis Teoria 

molekuluri orbitalebis Teoria mole-

kulas ganixilavs rogorc erT mTlian nawil-

aks. iseve, rogorc atoms aqvs atomuri orbi-

talebi, molekulasac aqvs misTvis damaxasia-

Tebeli molekuluri orbitalebi. atomuri 

orbitalebi erTcentriania, molekuluri or-

bitalebi 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 a  da b  atom-

uri orbitalebiT, maTi wrfivi  kombinaciiT   

miiReba  molekuluri orbitali. a + b = B   

atomuri orbitalebi ikribeba, rodesac a da b 

atomebis eleqtronebi didi drois ganmavlo-

baSia or birTvs Soris da amiT akavSirebs 

maT. B  (Bonding- Sejameba) orbitals makavSi-

rebeli orbitali ewodeba da  asoTi aRini-
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Sneba. a - b  = a  atomuri orbitalebi erT-

maneTs akldeba, rodesac birTvebs Soris ele-

qtronebis yofnis albaToba mcirea.Eeleqt-

ronebi ufro Sors arian birTvebisagan, vidre 

izolirebul atomebSi iyvnen. Tavisufali 

atomebi ufro xelsayrel energetikul done-

ze arian, vidre molekulad SeerTebuli atom-

ebi, amitom a  orbitalze eleqtronebi gana-

pirobeben atomTa gaTiSvas, ris gamoc talR-

ur funqcias a  gamTiSveli orbitali ewode-

ba (antibonding) da aRiniSneba * - iT.  

    atomuri orbitalidan makavSirebel mole-

kulur orbitalze gadasvlisas energia mcir-

deba. aseTi orbitali sistemas mdgradobas 

aniWebs. gamTiSvel orbitalze eleqtronebis 

gadasvlisas sistemis energia izrdeba, maSasa-

dame, energetikulad ufro xelsayrelia eleq-

tronis atomSi darCena, vidre molekulaSi 

gamTiSvel orbitalze yofna. atomuri orbita-

lidan molekulur orbitalze gadasvla SeiZ-

leba energetikul diagramaze gamoisaxos. 



 25

            

sur.I.3.  wyalbadis atomuri da molekuluri      

     orbitalebis energetikuli diagrama 

 

 

 

 

atomuri orbitalebis gadafarviT warmoqm-

nili molekuluri orbitalis energiis cvli-

leba damokidebulia imaze, Tu ramdenad gada-

ifara atomuri orbitalebi molekulaSi. gada-

farvis didi are ganapirobebs energiaTa did 

cvlilebas, e.i. mtkice bmis warmoqmnas, susti 

gadafarva ki _ mcire cvlilebas, e.i. susti 

bmis warmoqmnas. 

 

sur.I.4.   makavSirebeli  da * gamTiSveli 

molekuluri orbitalebis  warmoqmnis sqema s 
atomuri orbitalebiT 
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Tu s orbitalebis talRur funqciebs erT-

nairi niSani aqvs, miiReba dadebiTi gadafarva 

( mak ). sxvadasxva niSnis SemTxvevaSi ki _ 

uaryofiTi gadafarva (*gamT). 

 

        

sur. I.5.  makavSirebeli da *  
gamTiSveli molekuluri orbitalebis warmoqmnis 

sqema PX atomuri orbitalebiT 

 

 

sur.I.6.  makavSirebeli da  gamTiSveli 

molekuluri orbitalebis warmoqmnis  sqema PZ  
atomuri orbitalebiT 

 

    
 
 

   uaryofiTi 

   uaryofiTi     
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   2H -is molekulis warmoqmnisas orive wy-

albadatomis eleqtronebi molekulur orbi-

talze ganTavsdeba sapirispiro spiniT, 2H  

warmoiqmneba Semdegi sqemiT: 

  ]1[]1[]1[ 2
2

11 sHsHsH mak . 

orive s eleqtroni  makavSirebel orbi-

talzea, xolo * gamTiSvelze arc erTi ele-

qtroni ar aris.QEYUOPADFGHKLM 


2H -is warmoqmnis sqema aseTia: 

  ]1[]1[]1[ 1
2

01 sHsHsH mak   

erTeleqtroniani bma mdgradobas aniWebs 

wyalbadis molekulur ions. 


2He diheliumis ionSi 3s eleqtronia, ori 

maTgani Tavsdeba   makavSirebel orbitalze, 

radgan mas ufro mcire energia Seesabameba, 

xolo mesame * _ gamTiSvel orbitalze 

2He -

is warmoqmnis sqema aseTia: 

        
  12

2
12 1111 ssHesHesHe *

gammak   

2He -is oTxi eleqtronidan ori makavSire-

bel orbitalzea, ori ki _ gamTiSvelze. es 
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molekula mxolod agznebul mdgomareobaSi 

arsebobs, radgan gamTiSveli orbitali abaTi-

lebs makavSirebels. 

2He -is warmoqmnis sqema: 

        


22
2

22 1111 ssHesHesHe *
gammak   

imisaTvis, rom warmoiqmnas molekula, maka-

vSirebeli orbitalebis ricxvi sul mcire 

erTiT mainc unda aRematebodes gamTiSveli 

orbitalebis ricxvs. 

azotis molekulis warmoqmna SeiZleba 

gamovsaxoT sqemiT:  

   
        




4222

2

322322

2222

221221

pPssKKN

pssNpssN

makmakgammak  x
* . 

KK niSnavs, rom  21smak  da  21s*
gam  orbitale-

bi Sevsebulia;  42 pmak  niSnavs, rom Sevsebu-

lia  yp2mak  da  zp2mak  orbitalebi, e.i. 

azotis molekulaSi 6 p  eleqtroni ganlage-

bulia sam makavSirebel orbitalze, rom-

lebic warmoqmnian erT   da or  bmas, e.i. 

sammag bmas. 2N  mdgradi molekulaa, radgan 
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sam makavSirebel orbitals arc erTi gamTi-

Sveli orbitali ar upirispirdeba. 

    Mmolekuluri orbitalebis Sevseba, ato-

muri orbitalebis msgavsad, eqvemdebareba 

umciresi energiebis princips. Aaqedan gamomdi-

nare, meore periodis boloSi moTavsebuli 

elementebis molekulebis orbitalebi energi-

ebis mixedviT Semdeg mwkrivad ganlagdeba: 

mak1s < *gamT1s < mak2s < *gamT2s < mak2px < 

mak2py = mak2pz < gamT2py < gamT2pz < *gamT 2px. 

molekulur orbitalze eleqtronebis 

ganawilebiT SeiZleba Sefasdes bmis energia, 

sigrZe da rigi.  makavSirebeli orbitalis 

SemTxvevaSi eleqtronuli simkvrive koncent-

rirebulia birTvebs Soris, rac ganapirobebs 

molekulis mdgradobis zrdas da birTvebs 

Soris manZilis Semcirebas. Tu eleqtronebi 

gamTiSvel orbitalzea, maSinMeleqtronuli 

simkvrive koncentrirebulia birTvebis gareT 

da bmis energia mcirea, birTvebs Soris manZi-

li ki izrdeba.  

bmis energia 2H -saTvis yvelaze didia 

( 435
2
HE kj/moli, 344

2
NE kj/moli), 2He -saT-
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vis yvelaze mcirea. birTvebs Soris manZili 

yvelaze mcirea H2-saTvis, didia N2-saTvis 

( 2H 0,74Ǻ, 2N 1,096Ǻ).MMMMMMMM 

MMNNNN   m.o.    H 
2    H 2    He 

2      He 2         

mak  1 s                            

 



gam
  1 s                        

bmis rigi ganisazRvreba makavSirebeli da 

gamTiSveli eleqtronebis ricxvis naxevar-

sxvaobiT. 

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 da energiis uSu-

alod 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 
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gaTxevadebis unars, zedapirul daWimulobas 

da sxv.  molekulis eleqtruli Tvisebebi 

misi polarobiT ganisazRvreba. 

arsebobs ori tipis molekula: polaruli 

da arapolaruli. Tu molekulaSi dadebiTi 

da uaryofiTi muxtebis ,,simZimis centrebi” 

erT wertilSia igi arapolarulia (a) ( 2H ; 

;4CH  62HC ); Tu dadebiTi da uaryofiTi mux-

tebis ,,simZimis centrebi” daSorebulia erTma-

neTisagan  l  manZiliT molekula polarulia 

(b), mas aseve dipolsac uwodeben. 

 

  +
-

a 

b 

  

dipoluri momenti polarobis sazomia, rome-

lic muxtis sididisa da maT Soris manZilis 

namravlis tolia: 

le    

sadac e  eleqtronis muxtia,  e=1,6.10-19kulons; 

l manZili muxtebis “simZimis centrebs” So-
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ris, l=10-10metrs.  =1,6.10-1910-10k.m dipoluri 

momentis sazomi erTeulia  debai (D). 

1D=3.33564.10-30kulon metrs. 

arapolaruli molekulis dipoluri momen-

ti nulis tolia, rac ufro didia dipoluri 

momentis mniSvneloba, miT meti iqneba mole-

kulis polaroba. dipoluri momentiT ganisaz-

Rvreba molekulaSi muxtis ganawileba, kon-

formacia da izomeria, aseve maTi cvlileba 

temperaturis gavleniT. 

 

I.8. polarizacia, refraqcia 

 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 deformaci-

uli Пdef polarizacia; Tavis mxriv, deforma-

ciuli Пdef polarizacia SeiZleba iyos 

atomuri Пat, eleqtronuli Пel da zogjer 

ionuri Пion 

П =Пor+ Пdef =Пor + Пat + Пel + П ion         
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orientaciuli polarizacia ganpirobebu-

lia eleqtrul velSi molekulebis orien-

taciiT. igi mxolod polaruli molekule-

bisTvisaa damaxasiaTebeli da damokidebulia 

temperaturaze. 

deformaciuli polarizacia damaxasiaTebe-

lia rogorc polaruli, ise arapolaruli 

molekulebisaTvis da ar aris damokidebuli 

temperaturaze. 

atomuri polarizacia gamowveulia mole-

kulaSi atomTa wanacvlebiT; igi molekulaSi 

eleqtronuli simkvrivis arasimetriuli gana-

wilebiTaa ganpirobebuli. 

eleqtronuli polarizacia gamowveulia   

eleqtronebis wanacvlebiT atombirTvis mim-

arT. 

ionuri polarizacia damaxasiaTebelia mxo-

lod ionuri kristalebisaTvis da gamowve-

ulia sxvadasxva muxtis mqone ionebis wanac-

vlebiT wonasworobis mdgomareobidan sapiri-

spiro mimarTulebiT. 

molekulis polarizacia ganisazRvreba 

nivTierebis polarizebadobiT  , romelic 
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gviCvenebs molekulis eleqtruli muxtis def-

ormaciis unars gare velis gavleniT.Ppola-

rizacia aris moculoba, romelsac daikavebs 

molekulis eleqtronuli Rrubeli eleqtru-

li velis gavleniT 

  E                                

sadac   _ dipoluri momentia,  E _ gare ele-

qtruli velis daZabuloba.    

    polarizebadoba aditiuri sididea      

   elator                     

sruli polarizebadoba dakavSirebulia   

dieleqtrikul SeRwevadobasTan. debais  for-

mulis Tanaxmad: 




 NM
3
4

2
1





                    

sadac N avogadros ricxvia, M _ molekuluri 

wona,  _ simkvrive. 

nivTierebaSi xiluli sinaTlis gavlisas 

aRZrul polarizacias, refraqcia ewodeba. 

xiluli sinaTlis talRis sixSire didia, 

amitom atomebi da molekulebi ver aswreben 

gadanacvlebas da atomuri da orientaciuli 

polarizacia ar xdeba. 
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maqsvelis eleqtromagnituri Teoriis Tana-

xmad, dieleqtrikuli SeRwevadoba ( ) garda-

texis maCveneblis kvadratis (
2n ) tolia. 

vakuumSi eleqtromagnituri gamosxivebis 

siCqaris Sefardebas mocemul areSi gamos-

xivebis siCqaresTan gardatexis maCvenebeli (n) 

ewodeba. lorenc-lorentcis formula eleq-

trul polarizacias akavSirebs, gardatexis 

maCvenebelTan, molekulur wonasa da simkvriv-

esTan: 

      Пel 

M

n
n






2
1

2

2

 ,                       

eleqtronul polarizacias moluri refra-

qcia ewodeba. moluri refraqcia nivTierebis 

1 molSi Semavali molekulebis (N=6,2.1023) 

moculobaTa jamia. misi ganzomilebaa sm3/mol. 

Rmol 
M

n
n






2
1

2

2

 . 

refraqcia aditiuri sididea:  

  bmebatmol nRnRR . 

garda moluri refraqciisa, arsebobs kuT-

ri refraqcia. kuTri refraqcia (r) 1 gram niv-
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TierebaSi arsebuli yvela molekulis mocu-

lobaTa jamia. misi ganzomilebaa sm3/g.  

            r

1

2
1

2

2





n
n

 ;    r =
M
R

 .                

refraqcia nivTierebis aRnagobis kvlevis 

erT-erTi fizikur-qimiuri meTodia. misi saSu-

alebiT SeiZleba ganisazRvros molekulis 

struqtura, nivTierebis eleqtronuli polar-

izacia, xsnaris koncentracia, dipoluri mo-

menti, polarizebadoba, molekulis zomebi, qi-

miuri bmis buneba, tautomerul narevebSi 

sxvadasxva formis raodenobrivi Sedgeniloba 

da sxv. 

 

I.9.  van-der-vaalsis Zalebi 

sxvadasxva fizikuri procesi _ airis, orT-

qlis kondensacia, adsorbcia, nivTierebis gax-

sna, SekumSva, gafarToeba mimdinareobs mole-

kuluri Zalebis moqmedebiT. maT van-der-vaal-

sis urTierTqmedebis Zalebs uwodeben. van-

der-vaalsis urTierTqmedebis energia aTeul-

jer naklebia qimiuri bmis energiaze;              
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molekulaTSorisi Zalebi sami saxis urTi-

erTqmedebas moicavs: 

1. mudmivi dipolebis urTierTqmedebis (dip-

ol-dipoluri orientaciuli mizidva) energia 

gamoiTvleba Semdegi gantolebiT:                

kTr
E 1

3
2

6

2
2

2
1 


or  , 

sadac 1  da 2  urTierTqmedi molekulebis 

dipoluri momentebia, r _ maT Soris manZili, 

k  _ bolcmanis mudmiva, T _ absoluturi tem-

peratura. 

minus niSani aRniSnavs molekulebis urTie-

rTmizidvas. am urTierTqmedebas orientaciu-

ls an eleqtrostatikurs uwodeben. 

2. polaruli da arapolaruli moleku-

lebis urTierTqmedebis dros arapolaruli 

molekula polaruli molekulis gavleniT 

polarizdeba, e.i. inducirebul dipolad gada-

iqceva da ganxorcieldeba inducirebuli (po-

larizaciuli) mizidva, romlis energia Sem-

degnairad gamoiTvleba: 

            6

22
r

E 
ind  ,                         
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sadac   polaruli molekulis dipoluri 

momentia,  _arapolaruli molekulis pola-

rizaciis unari. 

3. arapolaruli molekulebis urTierTqme-

deba (dispersiuli mizidva anu londonis Za-

lebi). arapolaruli molekulis dadebiTi da 

uaryofiTi muxtebis simZimis centrebi Tanxvd-

enilia; eleqtronebis brunvis procesSi mole-

kulis SigniT muxtis ganawileba arasimetriu-

lia da drois umcires monakveTSi arapolar-

uli molekula polaruli xdeba – igi myisier 

dipolad gadaiqceva. es dipolebi urTierT-

qmedeben dispersiuli ZalebiT, am urTierTqme-

debis energia Semdegi formuliT gamoiTvleba: 

06

2

4
3 I

r
E 

disp , 

sadac   polarizaciis unaria, 0I _ionizaciis 

potencialze damokidebuli sidide, 
21

21
0 II

III



 . 

ionizaciis potenciali izomeba im energiiT, 

romelic saWiroa Tavisufali atomidan eleq-

tronis mosawyvetad. 
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amrigad, molekulaTaSorisi mizidvis sru-

li energia:  

   disindormiz EEEE   .                          

molekulebs Soris moqmedebs ganzidvis 

Zalebic 

ganzE 12r
m

. 

molekulaTaSorisi urTierTqmedebis sru-

li energia:  

              126 r
m

r
nE  .                              

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 meT-

odia, romelic emyareba materiasa da ele-

qtromagnitur gamosxivebas Soris urTierTqme-

debas. eleqtromagnituri gamosxivebis energi-

is ganawilebas talRis sigrZis an sixSiris 

mixedviT speqtri ewodeba. eleqtromagnituri 

 40

speqtri moicavs farTo diapazons radiotal-

Rebidan - kosmosur gamosxivebamde.  

 

speqtrometria eleqtromagnituri gamosxi-

vebis optikur ubanSi STanTqmisa da gamos-

xivebis speqtrebs swavlobs. Uuwyveti speqtris 

mqone sxivTa konis gatarebisas sakvlevi niv-

Tierebis fenaSi, eleqtromagnituri gamosxi-

vebis STanTqmiT xdeba molekulis (atomis) ag-

zneba, ufro maRal energetikul doneze gada-

svla.Uuwyveti speqtris fonze Cndeba muqi 

feris xazebi, romlebic warmoqmnian STanTqm-

is speqtrs. molekula (atomi) STanTqavs eleq-

tromagnituri gamosxivebis mxolod im sigr-

Zis talRas, romelic SeuZlia gamoasxivos. 

STanTqmuli energia mxolod mcire droiT (10-

3 _ 10-8 wm) rCeba molekulaSi (atomSi), Semdeg 
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xdeba misi gamosxiveba. MiiReba speqtri, rom-

elic Sav fonze sxvadasxva feris xazebisagan 

Sedgeba.Ees gamosxivebis speqtria. aRsaniSnav-

ia, rom muqi feris xazebi nivTierebis StanTq-

mis speqtrze, zustad Seesabameba ferad xaz-

ebs misi gamosxivebis speqtrze. 

nivTierebis mier STanTqmuli sxivis speqt-

ruli SedgenilobiT SeiZleba vimsjeloT am 

nivTierebis bunebaze. Yyvela sufTa nivTiereb-

as aqvs misTvis damaxasiaTebeli STanTqmis 

speqtri (-sixSiriT da  - talRis sigrZiT), 

romlis saSualebiTac SeiZleba ganvsazRvroT 

atomebs Soris bmis energia, molekulis diso-

ciaciis energia, Tavisufali radikalebis ar-

seboba, molekulis struqtura, koncentracia. 

raodenobiTi speqtruli analizi emyareba 

STanTqmuli energiis sididis damokidebuleb-

as mSTanTqmeli molekulebis ricxvze, rac 

lambert-beris kanoniT gamoisaxeba:   

                  Kcdx
I

dI
 ,          

sadac I sinaTlis intensiuroba anu fotone-

bis ricxvia sm2/wm-Si, dI _ intensiurobis 
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cvlileba c koncentraciis xsnaris Txel dx  

fenaSi sinaTlis gavlisas. 

ufro mosaxerxebelia gamoviyenoT am gant-

olebis logariTmuli forma:  

lg  D
I
I 0 cd ,                          

sadac I0 dacemuli sxivis intensiurobaa, I _ 

sxivis intensiuroba xsnarSi gavlis Semdeg, d 

_ fenis sisqe,  _erTeuli sigrZis kiuvetSi 

moTavsebuli erTeuli koncentraciis mqone 

xsnaris optikuri simkvrivea (l/moli), mas eqs-

tinqciis koeficientsac uwodeben. D_
optikuri 

simkvrivea. 
0I
I

fardobas gamtarobas uwodeben, 

icvleba  0-dan 1-mde (an 0 _ 100%).  

lambert-beris kanoni marTebulia nebismi-

eri sisqis fenisaTvis, Tu dacemuli sxivi 

monoqromatulia, anu xasiaTdeba erTi garkve-

uli rxevis sixSiriT, aseve, Tu gaxsnili niv-

Tiereba molekulis saxiTaa da ar gaincdis 

asociacias an disociacias.         

sakvlevi sistemis tipis mixedviT ganasxva-

veben atomur da molekulur speqtroskopias. 
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speqtris yoveli ubani dakavSirebulia gar-

kveuli saxis Sigamolekulur moZraobasTan, 

Sigamolekuluri moZraoba gulisxmobs mole-

kulis mdgomareobis mimdinare cvlilebas, 

romlis drosac misi masis centri ar icvlis 

mdebareobas.Kkvantis STanTqmis an gamosxive-

bis dros icvleba eleqtronis energia, atom-

birTvebis rxevis energia, molekulis brunvi-

Ti energia. yvela saxis Sigamolekuluri moZ-

raoba urTierTkavSirSia. amave dros, TiToe-

uli maTganisaTvis arsebobs energiis dasa-

Svebi mniSvnelobebis gansazRvruli diapazo-

ni. erTi energetikuli donidan meoreze gadas-

vlisas molekula STanTqavs an gamoasxivebs 

sinaTlis kvants _ fotons.Eeleqtronuli gad-

asvlebis dros, ufro maRali energiis kvanti 

STainTqmeba, an gamosxivdeba vidre atombir-

Tvis rxeviTi moZraobis asagznebad, xolo 

molekulis brunviTi energiisaTvis kidev uf-

ro mcire energies kvantia saWiro.Aamit-

omEeleqtronis gadasvlas Tan sdevs rxeviTi 

da brunviTi gadasvlebi am dros miiReba 

eleqtronul-rxeviT-brunviTi speqtri.  
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igi rTulia, Sedgeba mravali xazis – 

seriebisagan, romelTac aRmomCeni mecnierebis 

saxelebi aqvT. serias, romelic imyofeba speq-

tris xilul ubanSi balmeris serias uwo-

deben, infrawiTel _ ubanSi paSenis, ultra-

iisfer ubanSi _ laimanis serias. ufro 

dabali energiis kvantebi iwvevs rxeviTi da 

amave dros brunviTi moZraobebis gaaqti-

urebas. nivTierebis speqtri ganpirobebulia 

misi molekulebisa da atomebis energetikuli 

mdgomareobebiT. Tavis mxriv, energetikuli 

mdgomareoba xasiaTdeba atomebisa da moleku-

lebis eleqtronuli garsebis TvisebebiT, 

atombirTvebis rxeviT molekulaSi da mole-

kulebis brunviT. 

speqtruli xazebis sixSire 







 2

2
2
1

11
nn

CR ,              

sadac   sixSirea, C _ sinaTlis siCqare, 1n da 

2n  _ mTeli ricxvebi, R _ ridbergis mudmiva. 

atomuri speqtroskopiis meTodebia: 

1. atomur-absorbciuli speqtroskopia; 

2. atomur-emisiuri speqtroskopia; 

3. atomuri fluorescencia. 
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molekulis energetikul gadasvlebs swav-

lobs: 

1. eleqtronuli speqtroskopia; 

2. infrawiTeli speqtroskopia; 

3. kombinaciuri gabnevis speqtrebi; 

4. mikrotalRuri speqtroskopia; 

5. birTvul-magnituri rezonansi; 

6. eleqtronul-paramagnituri rezonansi; 

7. mas-speqtometria. 

nebismieri nivTierebis speqtri warmoadgens 

grafiks, sadac abscisaTa RerZze gadazomilia 

talRis sigrZe, xolo ordinataze _ gamtaro-

ba, STanTqmis intensiuroba an optikuri sim-

kvrive. gamosxivebisa da STanTqmis speqtrze 

dakvirvebisaTvis iyeneben specialur xelsaw-

yos – speqtrometrs. 

 

I.11.   infrawiTeli speqtroskopia 

 

     infrawiTeli speqtroskopia fizikur-qimi-

uri kvlevis erT-erTi umniSvnelovanesi meT-

odia. igi Seiswavlis infrawiTeli sxivebis 

moqmedebas nivTierebaze. speqtri iZleva Stan-

Tqmis zolebis mdidar nakrebs, romlebic 
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upasuxeben TiTqmis yvela funqciuri jgufis 

rxevebs. infrawiTeli speqtri moTavsebulia 

1mm-dan 740nm-mde ubanSi. 

molekulis speqtri bevrad ufro rTulia, 

vidre atomisa da ara mxolod imitom, rom mo-

lekula ori da meti atomisagan Sedgeba, ara-

med imitomac, rom molekulur speqtrSi, gar-

da eleqtronuli sixSirisa, aris rxeviTi da 

brunviTi sixSireebi. rxeviTi sixSire gvaZl-

evs speqtrs axlo infrawiTel ubanSi, xolo 

brunviTi sixSire _ Soreul infrawiTel uba-

nSi. molekuluri speqtri Sedgeba zolebi-

sagan, atomuri _ calkeuli xazebisagan. 

sakvlev nivTierebaSi infrawiTeli sxivebis 

gasvlisas xdeba molekulis an misi calke-

uli fragmentebis rxeviTi sixSireebis agz-

neba. Tu infrawiTeli gamosxivebis sixSire 

emTxveva molekulis, atomTa jgufebis an ato-

mebis sixSires, xolo kristalur nivTi-

erebebSi kristaluri meseris rxevis sixSires, 

xdeba energiis rezonansuli STanTqma, STanT-

qmuli energia iwvevs molekulis rxeviTi da 

brunviTi energiebis zrdas, rac fiqsirdeba 
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infrawiTeli speqtris STanTqmis zolis sa-

xiT.   

EhE   ,  

oratomiani molekulis rxeviTi energia  

02
1 hVE 





 rx , 

sadac V rxeviTi kvanturi ricxvia daV  = 0, 

1, 2, 3, 4 . . ., 0  _ ZiriTadi rxevis sixSire, 

romelic ganisazRvreba gantolebiT 


 K

2
1

0  , sadac   dayvanili masaa da 

21

21

mm
mm




 . 

molekulis brunviTi energia  

)1(
8 2

2

 II
i

hE
br , 

sadac I brunviTi moZraobis kvanturi ricxvia, 

I =0,1,2,3,4..., 1I  (Seesabameba orbital 

kvantur ricxvs), i  _ molekulis inerciis mom-

entia. brunviTi speqtris xazebi erTmaneTisa-

gan dacilebulia h/8 2 i intervaliT. brunviTi 

speqtris saSualebiT SeiZleba molekulis 
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inerciis momentis da atombirTvebs Soris 

manZilis gamoTvla 

i = )1(
8 2

2

Ih


;     i = 2

21

21 d
mm
mm




; 

m1 da m2 nivTierebis atomuri masis fardobaa 

avogadros ricxvTan, d manZilia atombirTvebs 

Soris. 

izolirebuli molekulis yoveli rxeviTi 

mdgomareoba xasiaTdeba Sesabamisi brunviTi 

qvedoneebis sistemiT. ganvixiloT ori rxe-

viTi da maTi Sesabamisi brunviTi doneebisagan 

Semdgari sistema. suraT 1.7-ze mocemulia zo-

lebi, romlebic miiReba molekulis brunviT-

rxeviTi moZraobis Sedegad.Eeleqtromagnitu-

ri energiis STanTqmiT molekula gadadis 

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

da brunviT qvedoneze ( 1I ), rodesac 

1I  warmoiqmneba e.w. R Sto, romelic mde-

bareobs zolis centridan ufro maRali six-

Siris ubanSi, rodesac 1I , miiReba brun-

viT-rxeviTi zolis Sto, zolis centridan 

ufro dabali sixSiris ubanSi. 
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kondensirebul areSi rxeviTi zolebis 

brunviTi struqtura ar warmoiqmneba, aq mxo-

lod erTi zoli daikvirveba, romelic sufTa 

rxeviT gadasvlas Seesabameba.  

 

  
sur.I.7. doneebis sqema, romelic xsnis brunviT-

rxeviTi speqtris warmoqmnas 

 

oratomiani molekulisaTvis miiReba erTi 

sixSiris zoli, romelsac axlavs gaormagebu-

li, gasammagebuli da a.S. sixSiris rxeva-ober-

tonebi, romelTa intensiuroba TandaTan mcir-

deba.Mmravalatomiani molekulis speqtri gac-

ilebiT ufro rTulia, vidre oratomianisa. 
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SesaZlo rxevebis ricxvi molekulaSi ato-

mTa ricxvis matebasTan erTad swrafad izrd-

eba. molekulas, romelicNN atomisagan Sedge-

ba, ZiriTadi rxevis gansazRvruli ricxvi gaa-

Cnia, arawrfivi molekulisaTvis (3N_6), xolo 

wrfivisaTvis  (3N_ 5). 

   infrawiTeli speqtroskopia moiTxovs speq-

trebis kanonzomierebebis codnas. pirvel ri-

gSi amisaTvis saWiroa speqtris zolebis six-

Sireebis da intensiurobis dadgeniT, SegeZ-

los maTi mikuTvneba molekulis garkveul 

struqturul fragmentebTan. 

infrawiTeli speqtrebis fiqsireba xdeba 

infrawiTeli speqtrometriT, romlis gamosxi-

vebis wyaroa eleqtruli deniT gaxurebuli 

milaki, xolo deteqtori _ Termowyvili, rom-

elic 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 mdgomare-

obaSi. Camweris meSveobiT xdeba speqtris re-
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gistrireba. infrawiTeli speqtrebis katalog-

sa da cnobarebSi mocemulia mravali naerTis-

aTvis damaxasiaTebeli STanTqmis zolebis si-

xSireebi, romelTa saSualebiT xdeba Sesaba-

misi naerTis identifikacia. 

infrawiTeli speqtrebis gamoyenebis diapa-

zoni farToa, maTi meSveobiT SeiZleba Cavata-

roT raodenobiTi da TvisebiTi analizi, mova-

xdinoT struqturuli jgufebis identifi-

kacia, SeviswavloT molekulis aRnagoba. inf-

rawiTeli speqtriT SesaZlebelia Siga da 

molekulaTSorisi urTierTqmedebis Seswavla, 

qimiuri bmebis daxasiaTeba, molekulebis dis-

ociaciis energiis da konfiguraciis dadgena, 

reaqciis kinetikis Seswavla. infrawiTelma 

speqtroskopiam gansakuTrebuli wvlili Sei-

tana organuli naerTebis kvlevaSi. TiTqmis 

yvela funqciuri jgufisaTvis damaxasiaTebe-

li STanTqmis zoli identificirebulia. Infr-

awiTeli speqtroskopiis meSveobiT Seiswavle-

ba pesticidebi, vitaminebi, kvebis produqtebi, 

saRebavebi, mcenareuli da sakvebi nedleulis 

gadamuSavebis produqtebi. 
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infrawiTeli speqtrebis katalogsa da 

cnobarebSi mocemulia mravali naerTisaTvis 

damaxasiaTebeli STanTqmis zolebi (sixSire 

 sm-1), romlebic  Sesabamisi naerTebis identi-

fikaciis saSualebas iZleva. 

 

I.12. kombinaciuri gabnevis speqtri 

kombinaciuri gabnevis movlena aRmoaCines 

ramanma indoeTSi 1928 wels da imave wels 

landsbergma da mandelStamma _ moskovSi, kom-

binaciuri gabnevis speqtrs raman speqtrsac 

uwodeben.   

kombinaciuri gabnevis speqtris Sesaswavl 

xelsawyoSi gamosxivebis wyaro vercxliswyl-

is naTuraa, romelic iZleva ramdenime intens-

iur xilul xazs. gamosxivebis speqtridan si-

naTlis filtriT ,,amoiWreba” garkveuli six-

Siris monoqromatuli sxivi, romelic sakvlev 

nivTierebas ecema. gabneul sxivSi aRmoCnda 

ara marto sinaTlis wyaros speqtruli xaze-

bi, aramed gansxvavebuli sixSiris xazebic, 

romelTac kombinaciuri gabnevis xazebi ewo-
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deba, xolo TviT movlenas – kombinaciuri ga-

bneva. 

Tu dacemuli sxivis sixSire gabneuli sxi-

vis sixSiris tolia, aseT gabnevas releis ga-

bneva ewodeba, romlis meSveobiT aixsneba mra-

vali optikuri movlena, maT Soris cis laJva-

rdis feri. 

ganvixiloT rogor miiReba kombinaciuri 

gabnevis speqtri. sakvlev nivTierebaze dacemu-

li sinaTlis 0h  kvanti energiis nawils gad-

ascems ganmbnevi garemos molekulebs, ris Se-

degadac 0E  energetikul doneze myofi mole-

kula gadava ufro maRal E2 energetikul do-

neze 002 hEE  ; roca agznebuli molekula 

2E  energetikuli donidan ufro dabal 1E  en-

ergetikul doneze gadava, igi gamoasxivebs 

STanTqmulze naklebi energiis 1h  kvants.  

,112 hEE   ;1100  hEhE   

 hhhEE  1001 ;     hhh  01 , 

sadac   atomgulebis rxevis sixSirea molek-

ulaSi. Sedegad miiReba stoqsis xazi, romlis 

1  sixSire naklebia 0 ZiriTad sixSireze; Tu 
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1E  energetikul doneze myofi molekula STa-

nTqavs 0h dacemuli sinaTlis kvants, misi 

energia gaizrdeba, 013 hEE  ; 3E  energiis 

mqone molekula 0E  doneze gadasvlisas gamo-

asxivebs h  energiis kvants, romelic, ZiriT-

adad, 0h  kvantze metia,            

          ;03 hEE   01 hE  ;0 hE             

            hhhEE  001 ;  

               hhh  0  .                             

amrigad, speqtrSi Cndeba ZiriTad 0  sixSi-

reze meti  sixSiris mqone – antistoqsis xa-

zi. speqtrSi ZiriTadi sixSiris ( 0 ) orive 

mxares  0  stoqsis da  0  antistoqsis 

xazebi simetriulad ganlagdeba, mogvcemen ra 

kombinaciuri gabnevis speqtrs. 

vinaidan, antistoqsis xazebi aRiZvreba maR-

al energetikul doneze myofi molekulis ag-

znebiT, maTi intensiuroba stoqsis xazebTan 

SedarebiT mcirea. 
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sur.1.8 stoqsis (a) da antistoqsis (ბ ) gadasvlebis 

sqema kombinaciuri gabnevis dros 

 

 

 

      

 

sur.1.9  stoqsis (a) da antistoqsis (b) xazebi 

 

kombinaciuri gabnevis speqtris SeswavliT Se-

iZleba molekulis sxvadasxva Semadgeneli na-

wilebis, radikalebis rxevisa da brunvis 

sixSireebis gansazRvra, wyalbaduri bmis, qim-

iuri bmis sigrZis da masze Sigamolekuluri 

urTierTqmedebis gavlenis, ionizaciis, konfo-

rmaciis, tautomeriis dadgena, qimiuri wonasw-

orobis Seswavla, TvisebiTi da raodenobiTi 

analizis Catareba. sakvlevi obieqti SeiZleba 

iyos rogorc ufero, ise Seferili, agreTve 

 

 0h          1h         0h          1h  

       a               b 

 
       E 
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sxvadasxva agregatul mdgomareobaSi myofi 

naerTebi – airebi, siTxeebi, kristaluri da 

amorfuli sxeulebi. kombinaciuri gabnevis 

speqtri SeiZleba gamoviyenoT rogorc polar-

uli, ise arapolaruli molekulebis Sesaswav-

lad. garda amisa, kombinaciuri gabnevis speqt-

ri saSualebas gvaZlevs SeviswavloT wyal-

xsnarebi da iseTi obieqtebi, romlebic Zlier 

STanTqaven infrawiTel gamosxivebas. 

 

I.13. eleqtronuli paramagnituri rezonansi 

 

eleqtronuli paramagnituri rezonansi 

(epr) yvelaze mgrZnobiare da mosaxerxebeli 

meTodia rogorc stabiluri Tavisufali ra-

dikalebis, ise aramdgradi aqtiuri radikale-

bis Sesaswavlad. epr-is erT-erTi upiratesoba 

is aris, rom SesaZlebelia misi meSveobiT 

radikalis tipis identifikacia. speqtrebis pa-

rametrebis mixedviT, agreTve sakvlevi nimuSis 

da etalonis speqtrebis SedarebiT SesaZle-

belia davadginoT paramagnituri nawilakebis 

raodenobrivi cvlileba. 
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epr emyareba magnituri velisa da gauwyvi-

lebeli eleqtronis urTierTqmedebas. Tu par-

amagnitur nivTierebas movaTavsebT mudmiv mag-

nitur velSi, gauwyvilebeli eleqtronebi mag-

nituri velis paralelurad an antiparalelu-

rad moTavsdeba da maT gansxvavebuli energi-

ebi eqneba. normalur temperaturaze ramdenad-

me meti eleqtroni iqneba dabal energetikul 

doneze (temperaturis SemcirebiT eleqtronTa 

ricxvi dabal energetikul doneze izrdeba). 

am ori energetikuli donis energiebs Soris 

sxvaoba:   

0HgE  , 

sadac g  speqtroskopuli gaxleCis faqtoria, 

Tavisufali eleqtronisaTvis g =2,0023,  bo-

ris magnetoni, 0H  mudmivi magnituri velis 

daZabuloba. 

Tu sistemas damatebiT movdebT H  daZabu-

lobis cvlad magnitur vels, eleqtronebis 

orientacia Seicvleba, moxdeba maTi gadana-

cvleba qveda da zeda doneebs Soris. radgan 

qveda doneze eleqtronebis ricxvi metia, vid-

re zedaze gadasvlebis ricxvi qveda donidan 
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aRemateba ukugadasvlebis ricxvs da mimdi-

nareobs eleqtromagnituri velis energiis, 

0Hgh    ( _eleqtromagnituri velis sixSir-

ea), rezonansuli STanTqma, rac radiospeqtr-

ometriT registrirdeba epr speqtris saxiT, 

oscilografis ekranze an TviTCamwerze. igi 

warmoadgens maRalsixSiriani eleqtromagnit-

uri velis energiis STanTqmis mruds. STanTq-

ma maqsimaluria, rodesac daculia piroba 

0HH  , e.i. aRiniSneba rezonansis movlena. 

garda gare magnituri velisa, eleqtrone-

bze gavlenas axdens iseTi mezobeli atombir-

Tvebis magnituri veli, romelTac magnituri 

momenti gaaCniaT: ,H  ,D  ,13C  N14 , ,17O  Cl35  da 

sxv. speqtris xasiaTi damokidebulia ara mxo-

lod gare faqtorebze, aramed birTvebis mag-

nitur Tvisebebze, romlebic gauwyvilebeli 

eleqtronis garSemo imyofeba. ganvixiloT 

umartivesi SemTxveva – wyalbadis birTvisa da 

H   daZabulobis mqone gare magnituri velis 

urTierTqmedeba. spinis gansazRvrebis Tanax-

mad, wyalbadis birTvis magnituri velis ori-
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entacia gare magnituri velis mimarT orgva-

ria: paraleluri da antiparaleluri.  

        

sur.I.10. Tavisufali eleqtronis epr speqtri 

 

Tu wyalbadis birTvis magnituri velis daZa-

bulobaa a , erT SemTxvevaSi igi emateba gare 

magnitur vels, H + a , xolo meoreSi akldeba, 

H  - a . maSasadame, eleqtronze erTdroulad 

moqmedebs magnituri veli, romelsac aqvs 

H + a  da H  - a  daZabuloba, rac ganapirobebs 

STanTqmis ori xazis gaCenas, romlebic simet-

riuladaa ganlagebuli Tavisufali eleqtro-

nis STanTqmis speqtris signalis mimarT. Tu 
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sur.I.11. wyalbadis atomis epr speqtri 

 

gauwyvilebeli eleqtroni spinebiT urTierTq-

medebs or birTvTan,½suraTi rTuldeba. gare 

velsa da birTvebis magnitur vels Soris Se- 

          

sur.I.12.   gauwyvilebeli eleqtronis or 

simetriulad ganlagebul protonTan 

urTierTqmedebis epr speqtri 

 

saZlebelia 4 kombinacia: aaH   (I),   

aaH   (II),  aaH   (III),  aaH  (IV). II da 
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III erTnairia. Ee.i. STanTqmis speqtri Sedgeba 

sami pikisagan, sadac centraluri piki far-

TobiT orjer metia, vidre mezobeli pikebi.       

zogadad, rodesac gauwyvilebeli eleqtroni 

urTierTqmedebs n  birTvTan I spiniT, speqtr-

Si 12 nI  pikia. 

 

 

1.14.  kristalis agebulebis Seswavla 

rentgenostruqturuli analiziT 

 

amorfuli sxeulis (sadac atomebi uwesri-

godaa ganlagebuli) rentgenis sxivebiT gaSu-

qebisas miviRebT yovelmxriv gabnevas; xolo 

kristalSi, sadac atomebi geometriuli kanon-

zomierebiTaa ganlagebuli, rentgenis sxivebi 

irekleba paralelur sibrtyeebze ganlagebu-

li atomebiT da difraqciuli suraTi miiReba.  

rentgenis sxivis dacemis kuTxe, romelic 

ganapirobebs arekvlas, damokidebulia dacemu-

li sxivis talRis sigrZeze, es piroba gamoi-

saxeba gantolebiT: 

            sin2dn   ,                               

sadac d  aris manZili im sibrtyeebs Soris, 

romlebzec atomebia ganlagebuli,  sxivis 
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dacemis kuTxe,  dacemuli sxivis talRis 

sigrZe, n mTeli ricxvi - 1, 2, 3 . . . . 

 

sur.I.13. kristalidan rentgenis sxivebis arekvla 

 

talRuri TeoriiT arekvla moxdeba, rode-

sac PR  da RP   ori sxivis mier gavlili man-

Zilebis sxvaoba (om+on) udris  -s an n -s. 

rogorc I.13 suraTze Cans, sindom  , radgan 

,onom   maTi jami onom  = sin2d . amrigad, 

n = sin2d . es vulf-bregis pirobaa. miRebuli 

formula safuZvlad udevs kristalis aRnago-

bis rentgenostruqturul analizs. 

vulf-bregis pirobis safuZvelze SemuSave-

bul iqna mbrunavi kristalis rentgenografi-

is meTodi mbrunav kristals aSuqeben monoqr-

omatuli rentgenis sxiviT, da xdeba fotogr-

afireba. 
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rentgenis sxivebis difraqciuli suraTi 

saSualebas gvaZlevs davadginoT atomTaSori-

si urTierTqmedebis Zalebi, amorfuli sxeul-

ebis  Siga da molekulaTSorisi struqtura, 

polikristalebis kristaluri gisosis aRnag-

oba, misTvis damaxasiaTebeli darRvevebi, rad-

gan myar sxeulSi arsebuli forebi rentgenis 

sxivebis aradifraqciul gabnevas gvaZlevs. 
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II. qimiuri Termodinamika 

Termodinamika Seiswavlis energiis erTi 

formidan meoreSi gardaqmnas, energiis efe-

qtur gamoyenebas misi sasargeblo muSaobad 

gardaqmnis mizniT. Termodinamika berZnuli 

sityvaa, Termo niSnavs siTbos xolo dinamo – 

Zalas. qimiuri Termodinamikis saSualebiT 

SeiZleba gavigoT, warimarTeba Tu ara reaq-

cia, sadamde warimarTeba da miaRwevs Tu ara 

wonasworul mdgomareobas, aseve ganvsazRvr-

oT qimiuri procesis energetikuli balansi. 

Termodinamika ar Seiswavlis ama Tu im proce-

sis gamomwvev mizezebs, dros, romlis ganmav-

lobaSic igi mimdinareobs, magram saSualebas 

gvaZlevs ganvsazRvroT nebismieri fizikur-qi-

miuri procesis sawyisi da saboloo paramet-

rebi. 

qimiuri Termodinamika eyrdnoba postulat-

ebs, romelTa saSualebiT SeiZleba davadgi-

noT: 

1. TavisTavadi procesis mimdinareobis Sesa-

Zlebloba, mimarTuleba da zRvari; 
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2. energetikuli efeqtebi, romlebic Tan 

sdevs fizikur da qimiur procesebs da maTi 

gavlena mocemuli procesis mimdinareobis 

pirobebze; 

3. energiis gadasvla erTi formidan meoreSi, 

sistemis erTi nawilidan meoreSi; 

4. rogoria produqtebis gamosavlianoba. 

Uunda aRiniSnos, rom klasikur Termodinami-

kas aqvs SezRudvebi: 

1.  Termodinamika ar ixilavs sxeulTa Sedge-

nilobas da maTSi mimdinare procesebs; 

2.  igi Seiswavlis mxolod makroskopul sis-

temebs; 

3. TermodinamikaSi ar arsebobs “drois” cne-

ba. 

qimiuri Termodinamikas aqvs praqtikuli 

mniSvneloba: misi kanonebisa da kanonzomiere-

bebis safuZvelze pouloben im parametrebis  

ricxviT mniSvnelobebs, romlebic iZlevian 

raodenobriv warmodgenas mimdinare proceseb-

ze. erT-erT aseT parameters warmoadgens siT-

bo, romelic gamoiyofa an STainTqmeba qimuri 

an fizikur-qimiuri procesis dros. Qqimiuri 

 66

Termodinamikis kanonebis codnis gareSe ar 

SeiZleba ganvixloT fizikur-qimiuri procese-

bi, rasac sainJinro amocanebis gadaWrisaTvis 

gadamwyveti mniSvneloba aqvs. 

 

II.1. Termodinamikuri terminologia 

 

Uupirveles yovlisa saWiroa yuradReba 

SevaCeroT ZiriTad ganmartebebze, romlebic 

safuZvlad udevs Qqimiur Termodinamikas. 

materialuri samyaros nawili, romelic 

Cveni dakvirvebis an kvlevis obieqtia, aris 

sistema. sistemisagan pirobiT an realurad 

gamoyofili materialuri samyaros danarCeni 

nawili aris garemo an garemomcveli samyaro, 

romelic moicavs danarCen obieqtebs, romelT-

ac SeuZlia gavlena iqonion sakvlev siste-

maze. 

sistema izolirebulia, Tu is garemosTan 

ar axdens arc nivTierebis, arc energiis mimo-

cvlas. izolirebuli sistema aris idealize-

buli, radgan praqtikaSi misi ganxorcieleba 

SeuZlebelia. miuxedavad amisa, mas didi mniSv-

neloba aqvs, radgan SeiZleba Teoriulad 
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gamovTvaloT energiebis SesaZlo sxvaoba sis-

temasa da samyaros Soris.  

sistemas ewodeba daxuruli, Tu igi 

garemosTan ar axdens nivTierebaTa mimocvlas, 

magram SeuZlia masTan energiis gacvla. Ria 

ewodeba sistemas, Tu massa da garemos Soris 

xdeba rogorc nivTierebis ise energiis mimoc-

vla. 

sistema homogenuria, Tu masSi ar aris Tvi-

sebebiT da SedgenilobiT gansxvavebuli nawi-

lebis gamyofi zedapirebi. sistemas, romelSic 

aseTi gamyofi zedapiri arsebobs heterogenu-

ls uwodeben. 

faza aris sistemis homogenuri nawilebis 

erToblioba, romlebic erTnairia Sedgenilo-

biT, qimiuri da fizikuri TvisebebiT da sist-

emis danarCeni nawilebisagan gamoyofilia 

gamyofi zedapiriT. magaliTad, yinuli-wyali, 

zeTi-wyali orfaziani sistemebia. 

sistema xasiaTdeba intensiuri da eqstensi-

uri TvisebebiT. intensiuria Tvisebebi, romle-

bic ar aris damokidebuli nivTierebis raode-

nobaze - wneva, temperatura, moluri mocul-
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oba, kuTri wona, zedapiruli daWimuloba, 

eleqtrogamtaroba, aorTqlebisa da lRobis 

kuTri da moluri siTboebi da sxv. Eqstensiu-

ri Tvisebebi damokidebulia nivTierebis rao-

denobaze – masa, moculoba, Siga energia, enT-

alpia, entropia, zedapiris farTobi da sxv. 

sistemis mdgomareoba xasiaTdeba Termodi-

namikuri parametrebiT. parametrebs, romelTa 

cdiT gansazRvra SeiZleba ZiriTadi ewodeba 

(wneva, temperatura, moluri moculoba, konce-

ntracia). danarCenebi ZiriTadi parametrebis 

funqciebia. isini erTmaneTTan dakavSirebulia 

gansazRvruli TanafardobiT, mdgomareobis 

gantolebiT   0,, TVPf . 

sistemis erTi an ramdenime parametris nebi-

smier cvlilebas, Termodinamikuri procesi 

ewodeba. Qqimiuri reaqciac Termodinamikuri 

procesia. TermodinamikaSi ZiriTadad gainxi-

laven standartul pirobebSi mimdinare pro-

cesebs. standartuli pirobebia P=101,3kpa, 

T=298Kan P=1at, T=0oC. Termodinamika swavlobs 

izoTermul  constT  , izobarul  constP  , 

izoqorul  constV   da adiabatur  0( q  
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Tbogadacemis gareSe mimdinare) procesebs. 

process, rodesac sistema ubrundeba sawyis 

mdgomareobas wriuli procesi an cikli ewo-

deba. Tu sawyis mdgomareobas sistema ise ubr-

undeba, rom gadis pirdapiri procesis dros 

gavlil yvela mdgomareobas process Seqcev-

ads uwodeben.   

Termodinamikuri Seqcevadoba da Seuqcevo-

ba ar emTxveva qimiuri reaqciis Seqcevadobas 

da Seuqcevobas. bunebaSi yvela TavisTavad 

mimdinare procesi Seuqcevia. 

garemosTan energiis mimocvlis unaris 

mqone sistema Termodinamikur wonasworoba-

Sia, Tu igi garkveuli drois ganmavlobaSi, 

vidre ar Seicvleba gare pirobebi, ucvleli 

rCeba. TermodinamikaSi Seqcevadia iseTi proc-

esi, romelic mimdinareobs Zalze nela.Aam 

dros  sistema imyofeba praqtikulad wonaswo-

rul 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 poten-

ciuri da kinetikuri energiebis jami. ar moic-

avs mTeli sistemis potenciur da kinetikur 

energiebs. Tu ugulebelvyofT sistemis nawi-

lakebis erTmaneTTan urTierTqmedebas, Siga 

energia aditiuri sidide iqneba. Siga energia 

SeiZleba warmovidginoT, rogorc ori Termo-

dinamikuri sididis – Tavisufali da bmuli 

energiebis jami. Tavisufali energiis sazomi 

atis izoTermuli procesis dros Sesrulebu-

li muSaoba, xolo bmuli energiisa – izoTer-

muli procesis dros gadacemuli siTbos rao-

denoba. sistemis erTi mdgomareobidan meoreSi 

gadasvlisas Siga energia icvleba U= 

12 UU  . Siga energiis cvlileba damokidebu-

lia sistemis sawyis da saboloo mdgomareob-

ebze da ara procesis mimdinareobis gzaze. 

Siga energiis absoluturi mniSvnelobis gan-

sazRvra SeuZlebelia, sazRvraven mis U 

cvlilebas, radgan ar arsebobs aTvlis wer-
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tili. misi ganzomilebaa: j/moli, kj/moli, 

kal/moli, kkal/moli. 

Semdegi Termodinamikuli funqciaa enTal-

pia  H . enTalpia aris sistemis mdgomareobis 

funqcia, energia mudmivi wnevis pirobebSi. mas 

siTbosSemcvelobasac uwodeben. enTalpiis 

cvlileba damokidebulia sistemis sawyis da 

saboloo mdgomareobaze da ara procesis 

midinareobis gzaze. Siga energiis msgavsad, 

gansazRvraven mis cvlilebas 12 HHH   da 

ara absolutur mniSvnelobas; misi ganzomile-

baa: j/moli, kj/moli, kal/moli, kkal/moli. 

reaqciis siTburi efeqti zustad da erTmni-

Svnelovnad gansazRvravs Siga energiisa da 

enTalpiis cvlilebas 

                  VPUH                                                  

H  da U  gansxvavebulia airebSi, xolo 

myar da Txevad sistemebSi igi 5%-ze naklebia, 

radgan wnevis gavleniT moculoba umniSvne-

lod icvleba. 

   temperatura  T  sxeulis siTburi mdgoma-

reobis pirobiTi sazomia igi  sistemis yvela 

nawilakis saSualo kinetikuri energiis gamom-
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saxvelia. Tu sistemas miewodeba energia, 

izrdeba nawilakTa kinetikuri energia da, 

Sesabamisad _ sistemis temperaturac. misi 

sazomia 
oC an K(kelvini), 0

 oC=273K. 

energiis gadacemas sistemasa da garemos 

Soris an erTi sistemidan meoreze siTbos 

gadacema ewodeba. gadacemuli energiis raode-

noba aRiniSneba q-Ti da es siTbos raodenoba-

caa, misi ganzomilebaa: j, kj, kal, kkal. 

muSaoba W - erTi sistemidan meoreze, an 

sistemidan mis garemomcvel samyaroze ener-

giis gadacemis formaa. muSaoba axasiaTebs ara 

sistemis mdgomareobas, aramed process, rome-

lSic monawileobs sistema da damokidebulia 

procesis mimdinareobis gzaze. Elementaruli 

muSaoba ar warmoadgens romelime funqciis 

srul diferencials.Mmeqanikas, Termoqimiasa 

da TermodinamikaSi muSaobis niSani gansxvave-

bulia. meqanikaSi muSaoba dadebiTia, mas asru-

lebs sistema mier gare ZalTa winaaRmdeg. Si-

Tbocvlis gareSe es dakavSirebulia sistemis 

energiis SemcirebasTan. TermodinamikaSi dade-

biTad miRebulia is muSaoba rodesac siste-
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mis saerTo energia izrdeba. dadebiTia muSao-

ba, romelic sruldeba sistemaze, xolo uary-

ofiTi is, romelsac asrulebs sistema gare 

ZalTa winaaRmdeg. muSaobis ganzomilebaa: j, 

kj, kal, kkal. 

 muSaoba, romelsac sistema asrulebs gare 

wnevis winaaRmdeg SeiZleba warmovidginoT, 

rogorc intensiuri P da eqstensiuri V sidi-

deebis namravli  W= VP .  

ganvixiloT airis gafarToebis procesi, 

romelic sxvadasxva pirobebSi mimdinareobs: 

1. izoqoruli  constV   procesis dros 

sistemis moculoba mudmivia  da muSaoba ar 

sruldeba.  

2. izobaruli  constP   procesis dros 

muSaobis Sesruleba ganpirobebulia moculo-

bis  cvlilebiT                                           


2

1

V

V

PdVW VP ;    nRTVPW      

n aris molTa ricxvis cvlileba procesis 

mimdinareobis dros. izobaruli procesis                           

 74

muSaoba II.1 suraTze gamoisaxulia 21ABVV  

farTobiT. AB wiri izobaraa. 

    

 

        

sur.II.I  airis gafarToebis 

muSaoba sxvadasxva pirobebSi 

 

 

3. izoTermuli  constT   procesis dros 

Sesrulebuli muSaoba:  

W=RTlnV2/V1 = RTlnP1/P2 

izoTermuli gafarToebis muSaoba II.1 suraT-

ze 21ACVV  farTobis tolia. AC  mrudi izoTe-

rmaa. 

4. adiabaturi procesis dros sistema 

izolirebulia da garemosTan siTbos cvla 

 
A                          B 

 
P 

                                                                        
        0            V1                      V2         V 

C

D
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ar xdeba, 0q . am dros erTdroulad 

icvleba airis .,, TVP  magaliTad, afeTqebis 

dros airis gafarToeba sistemis Siga ener-

giis Semcirebis xarjze mimdinareobs da 

sistemis temperatura ecema. 1
0
-iT gaTboba VC  

siTbos moiTxovs. gazis izoqoruli  constV   

gaTbobisas Siga energia temperaturis propo-

rciulad icvleba dTCdU V  muSaoba        

   2112

2

1

TTCTTCdTCW VVV

T

T
   .                                                                                      

adiabaturi gafarToebis muSaoba II.1 suraT-

ze 21ADVV  farTobis tolia. AD  mrudi adia-

bataa. 

 

II.3. siTbotevadoba 

 

individualuri nivTierebis erT-erTi mniS-

vnelovani Termuli maxasiaTebelia siTboteva-

dobaa. mas farTod iyeneben Termodinamikuri 

gamoTvlebis dros. 

siTbotevadoba (C) aris sistemis mier STan-

Tqmuli siTbos raodenobis fardoba STanT-
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qmis Sedegad temperaturis namatTan, rodesac 

araviTari gardaqmna da muSaoba ar sruldeba: 

                
dT

qC 
 . 

maSasadame, siTbotevadoba aris nivTierebis 

1
0 C-iT gasaTbobad saWiro siTbos raodenoba. 

ganasxvaveben molur da kuTr siTbotevadob-

ebs. moluri siTbotevadoba aris 1 moli nivT-

ierebis 1
0 C-iT gasaTbobad saWiro siTbos ra-

odenoba. misi ganzomilebaa j/grad.moli, 

kj/grad/moli, kal/grad.moli, kkal/grad.moli. 

sxvadasxva nivTierebis moluri siTbotevadob-

ebi mocemulia cnobarebSi. kuTri siTboteva-

doba siTbos is raodenobaa, romelic saWiroa 

1 g. nivTierebis 1 0 C-iT gasaTbobad, misi gan-

zomilebaa  j/grad.g, kj/grad.g, kal/grad.g, 

kkal/grad.g. 

siTbotevadoba aditiuri sididea, reaqciis 

siTbotevadoba miRebuli da aRebuli nivTier-

ebebis siTbotevadobebis sxvaobis tolia:  

ΔC= Cprod _  Csawy 

    siTbotevadoba damokidebulia imaze, Tu 

ra pirobebSi, xorcieldeba sxeulze siTbos 
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gadacema. rodesac sistema mudmiv moculobas 

ikavebs misi siTbotevadoba aRiniSneba CV-Ti, 

xolo mudmivi wnevis dros _ Cp-Ti. gansxvav-

eba maT Soris aris erTi moli idealuri air-

is 10-iT gaTbobisas Sesrulebuli R muSaoba.  

RCC VP  . 

Kkondensirebuli sistemebisaTvis (Txevadi 

da myari) SeiZleba CaiTvalos rom  CV  = C p.                                           

siTbotevadobis temperaturaze damokide-

bulebas gamosaxaven xarisxovani mwkrivis 

saSualebiT: 

...2  cTbTaC  ,    (1) 

...2  TcbTaCP  ,   (2) 

(1) gantolebas iyeneben organuli naerTebisa-

Tvis, xolo (2) _s, araorgagnuli naerTebisaT-

vis,  maT iyeneben gaerTianebuli saxiTac: 

...22 cTTcbTaCP  
,    

sadac koeficientebi ccba ,,, da a.S. empiriuli 

gziTaa SerCeuli, individualuria da cnobar-

ebSia mocemuli. 
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II.4. Termodinamikis nulovani kanoni 

 

      Termodinamikis nulovani kanoni gansa-

zRvravs sistemis wonasworul mdgomareobas. 

igi iseve, rogorc sxva kanonebi emyareba pos-

tulatebs. temperatura T asrulebs ganzogad-

ebuli Zalis rols siTbocvlis processebSi. 

wonasworuli sistemis yvela nawilSi tempera-

turis Tanabroba aris Termodinamikis nulo-

vani kanonis erT-erTi formulireba. Tu a sis-

tema imyofeba Tbur wonasworobaSi b sistema-

sTan, xolo es ukanaskneli, Tavis mxriv, wona-

sworobaSia mesame g sistemasTan, a da g sis-

temebic iqnebian erTmaneTTan Termodinamikur 

wonasworobaSi da kontaqtis dros, maT Soris 

siTbocvla ar moxdeba. Tu  Ta = Tb
,  Tb = Tg

, 

maSin Ta = Tg
. 

                                                          

Termodinamikis nulovani kanonidan gamom-

dinareobs, rom sistemas gansazRvruli fiqsi-

rebuli temperatura SeiZleba mxolod wonas-

worul mdgomareobaSi qondes. 
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II.5. Termodinamikis pirveli kanoni 

 

   warmoebaSi xSirad vxvdebiT qimiur da bio-

qimiur procesebs, gardaqmnebs romelTac axl-

avs siTbos gamoyofa an STanTqma.Qqimiur  rea-

qciebTan dakavSirebuli sxvadasxva teqnolo-

giuri procesis energetikuli danaxarjis gan-

sazRvra SesaZlebelia siTburi efeqtebis gaT-

valiswinebiT, romelTac Termoqimia swavl-

obs. energiis mudmivobis kanoni gamoricxavs 

garemos Secvlis SesaZleblobas. misma aRmoCe-

nam daasrula usafuZvlo cdebi SeeqmnaT mud-

mivi Zrava, romelic energiis miwodebis gare-

Se Seasrulebda muSaobas.Eenergiis mudmivobis 

kanonis safuZvelze siTburi efeqti SeiZleba 

gamoiTvalos im kanonzomierebebis gaTvalis-

winebiT, romlebsac Termodinamikis I kanoni 

gvTavazobs. MmoviyvanoT misi ramdenime formu-

lireba: 

1. energia arafrisagan ar warmoiqmneba da 

arc ukvalod qreba, erTi saxis energia garda-

iqmneba sxva saxis energiad – es bunebis fun-

damenturi kanonia (energiis Senaxvisa da 

gardaqmnis kanoni - maieri); 
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2.  erTi saxis energia sxva saxis energiad 

gardaiqmneba zustad ekvivalenturi raodeno-

biT (jouli, maieri); 

3.  SeuZlebelia iseTi manqanis Seqmna, rome-

lic imuSavebs da Seasrulebs sasargeblo 

muSaobas energiis miwodebis gareSe; 

4.  pirveli gvaris mudmivi Zravas arseboba 

SeuZlebelia (ostvaldi). 

5.  izolirebuli sistemis energia mudmivia 

(jouli). 

Termodinamikis I kanonis maTematikuri gam-

osaxulebaa     WdUq   . 

Tu sistemas usasrulod mcire q siTbos  

gadavcemT, Siga energiis namati iqneba dU , Se-

srulebuli muSaoba ki _ W  

WqdU   . 

dU  damokidebulia mxolod sistemis mdgoma-

reobaze da ara cvlilebis gzaze an saSuale-

baze, romliTac sistema mivida mocemul mdgo-

mareobamde. misi cvlileba warmoadgens dU  

srul diferencials. q  da W  arasruli di-

ferencialebia da ar gviCvenebs maT cvlile-

bas. q  aris gamoyofili an STanTqmuli mcire 
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sididis siTbo da ara siTbos cvlileba; aseve 

W Sesrulebuli mcire muSaobaa da ara misi 

cvlileba. q  da W  damokidebulia procesis 

mimdinareobis gzaze, isini ar warmoadgenen 

mdgomareobis funqcias; es aris Siga energiis, 

siTbosa da muSaobis gansxvavebis safuZveli.   

 

II.6. Termoqimia 

 

rTuli bioqimiuri procesis dros romel-

ic adamianis organizmSi mimdinareobs sakvebis 

SeTvisebis dros, energia gamoiyofa siTbos 

saxiT. Aara mxolod bioqimiuri, aramed nebis-

mieri qimiuri reaqcia mimdinareobs siTbos ga-

moyofiT an STanTqmiT. Tu reaqciis tolobas 

aqvs miTiTebuli siTburi efeqti mas Termoqi-

miuri reaqcia ewodeba. 

qimiuri Termodinamikis nawils, romelic 

qimiuri reaqciebis, fazuri gardaqmnebis, niv-

Tierebis gaxsnis da sxv. siTbur efeqtebs swa-

vlobs Termoqimia ewodeba. 

qimiuri reaqciis siTburi efeqti aris siT-

bos is raodenoba, romelic gamoiyofa an STa-

inTqmeba reaqciis dros, rodesac sistemaSi 
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araviTari muSaoba ar sruldeba, garda gafar-

Toebis muSaobisa da reaqciis produqtebs 

igive temperatura aqvT, rac sawyis nivTiereb-

ebs. 

reaqciis siTburi efeqti aris Siga ener-

giis cvlileba mudmivi moculobis pirobebSi 

an enTalpiis cvlileba mudmivi wnevis pirobe-

bSi. procesis siTbo da reaqciis siTburi efe-

qti erTmaneTisagan principulad gansxvavdeba. 

procesis siTbo damokidebulia misi mimdi-

nareobis gzaze, xolo reaqciis siTburi efeq-

ti _ ara. 

Qqimiur reaqciebs, sadac miTiTebulia reaq-

ciis siTburi efeqti, Termoqimiuri gantoleba 

ewodeba   mM + nN = fF + eE + Q  (ΔH) 

egzoTermuli reaqciis dros gamoyofili 

siTbo (Q) TermoqimiaSi dadebiTi sididea, 

TermodinamikaSi ki igive sidide (q) _ uaryofi-

Ti. endoTermuli reaqciis dros gamoyofili 

siTbo (Q) TermoqimiaSi uaryofiTia, xolo 

TermodinamikaSi (q) _ dadebiTi. amitom qQ  .  

VQUq  ;  ;PQHq    nRTQQ VP                
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n  molTa ricxvis cvlilebaa reaqciaSi,  

12 nnn  ; magaliTad, 

HClClH 222  ,       0n  

22 22 COOCO  ,      1n  

hesis mier (1840w) aRmoCenili da eqsperimen-

tulad dasabuTebuli kanoni warmoadgens Te-

rmodinamikis pirvel kanonis formulirebuls 

qimiuri reaqciisaTvis. Hhesis kanonis saSual-

ebiT SeiZleba ganvsazRvroT nebismieri reaq-

ciis siTburi efeqti misi Catarebis gareSe, 

Tu viciT reaqciaSi monawile nivTierebebis 

warmoqmnis an wvis siTboebi. hesis kanonis 

Tanaxmad, reaqciis siTburi efeqti damokideb-

ulia sistemis sawyis da saboloo mdgomareo-

bebze da ara reaqciis mimdinareobis gzaze. 

misi meSveobiT, SeiZleba gamovTvaloT rea-

qciis siTburi efeqti standartul pirobebSi 

(T=298K da P=101,3kpa). 

hesis kanonidan gamomdinareobs Semdegi 

Sedegebi: 

reaqciis siTburi efeqti aris miRebuli 

nivTierebebis warmoqmnis siTboTa jamisa da 
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aRebuli nivTierebebis warmoqmnis siTboTa 

jamis sxvaoba.     

ΔH =   (ΔHwarm)miR _   (ΔHwarm)aReb. . 

   reaqciis siTburi efeqti aris sawyisi niv-

Tierebebis wvis siTboTa jamisa da miRebuli 

nivTierebebis wvis siTboTa jamis sxvaoba.  

ΔH = (ΔHwv)saw. _  (ΔH wv)miR  . 

warmoqmnis siTbo siTbos is raodenobaa, 

romelic gamoiyofa an STainTqmeba martivi 

nivTierebebidan 1 moli naerTis miRebisas 

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

wvis siTbo siTbos is raodenobaa, rome-

lic gamoiyofa 1 moli naerTis sruli wvisas 

Warb JangbadSi. 

naerTebis warmoqmnis da wvis siTboebi mo-

cemulia cnobarebSi.                  

   neitralizaciis siTbo – siTbos is raode-

nobaa, romelic gamoiyofa erTi gram-ekvivale-

nti mJavas erT gram-ekvivalenti tutiT ganei-

tralebis dros. erTi gram-ekvivalenti Zlie-

ri mJavas gram-ekvivalenti Zlieri tutiT gan-

eitralebisas gamoiyofa erTi da imave raode-

nobis siTbo: 13,7 kkal  anu 57,1 kj.           
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gaxsnis siTbo. siTxeebis Serevas an siTxe-

Si myari nivTierebebis gaxsnas Tan axlavs 

siTbos gamoyofa an STanTqma; 

gaxsnis siTbo aris 1 moli nivTierebis im 

raodenobis gamxsnelSi gaxsnisas gamoyofili 

siTbo, rom miRebuli xsnaris Semdgom ganzave-

bas aRar mohyves SesamCnevi siTburi efeqti 

(gaxsnis diferencialuri siTbo gamoiTvleba).         

gaxsnis integraluri siTbo ki _ 1 moli 

sufTa nivTierebis n mol gamxsnelSi gaxs-

nisas gamoyofili siTboa, rodesac garkveuli 

molarobis xsnari warmoiqmneba (izomeba). 

kristalhidratis warmoqmnis siTbo SeiZle-

ba gamovTvaloT uwylo marilis gaxsnis siTb-

osa da kristalhidratis gaxsnis siTboTa 

sxvaobiT. 

enTalpiis cvlilebas, Siga energiis cvli-

lebasa da siTbotevadobas kalorimetriT gan-

sazRvraven. kalorimetris daniSnulebaa sare-

aqcio aris izolacia garemosgan, raTa minimu-

mamde iqnes dayvanili maT Soris soTbocvla. 

tipur kalorimetrSi sxvadasxva eqsperimentis 

dros gamoyofil an STanTqmul energias gan-
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sazRvraven   TmCKq   gantolebiT. sadac 

q  gamoyofili an STanTqmuli siTboa, K _ 

WurWlis mudmiva, romelic gviCvenebs mTeli 

kalorimetris WurWlis C01 -iT gaTbobisaTvis 

saWiro siTbos raodenobas; C _ kalorimetrSi 

arsebuli siTxis kuTri siTbotevadoba; T  _ 

temperaturis cvlileba procesis mimdinareo-

bisas. m – kalorimetrSi moTavsebuli nivTie-

rebis raodenoba. 

 

II.7. reaqciis siTburi efeqtis damokidebuleba 

temperaturaze - kirxhofis kanoni 

 

sawarmoo procesisaTvis damaxasiaTebelia 

temperaturis cvalebadoba, romlis diapazoni 

ganisazRvreba ara marto teqnologiuri piro-

bebiT, aramed sezoniTac. zog SemTxvevaSiAam 

diapazonma SeiZleba miaRwios aseulobiT gra-

duss, Sesabamisad siTburi efeqtic mniSvnelo-

vnad gansxvavebuli iqneba sxvadasxva tempera-

turaze, amitom mniSvnelovania reaqciis siTb-

uri efeqtis gansazRvra arastandartul piro-

bebSi.Aamis saSualebas gvaZlevs kirxhofis ka-

noni. siTburi efeqtis gansasazRvrad nebismi-
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er temperaturaze garda procesis siTburi 

efeqtisa standartul pirobebSi �ΔH, ΔU, Qp , 

QV, romelic ganisazRvreba hesis kanoniT, au-

cilebelia siTbotevadobis ΔCp –s an ΔCV –s 

cvlilebis codnac.  

kirxhofis kanonis Tanaxmad, qimiuri reaqc-

iis siTburi efeqtis temperaturuli koefici-

enti ( C ) reaqciis Sedegad miRebuli da aRe-

buli nivTierebebis siTbotevadobebis sxvaob-

is tolia. 


TT

VVTVT dTCQQ
298

298
 ,     

TT

PPTPT dTCQQ
298

298
.                               


2

1

12

T

T
VTT dTCUU ,     

2

1

12

T

T
pTT dTCHH  

     es gantolebebi kirxhofis kanonis maTema-

tikuri gamosaxvaa da saSualebas gvaZlevs ga-

movTvaloT reaqciis siTburi efeqti nebismi-

er temperaturaze.  

kirxhofis formulebis gamosayeneblad saW-

iroa VC -sa da PC -s temperaturaze 

damokidebulebis gaTvaliswineba, radgan 

...2  dTbTaC                                     
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sadac dba ,, da a.S. mudmivebia individualu-

ri nivTierebebisaTvis da maTi mniSvnelobebi 

mocemulia cnobarebSi. reaqciisaTvis 

mM + nN = eE + fF 

siTbotevadobebis cvlileba gamoiTvleba Sem-

degnairad 

2

2

2

2

TdTbaC

TdTbaC

TdTbaC

TdTbaC

FFFF

EEEE
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mbnbfbebb
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T  
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2
298  

     3322
298 298

3
298

2
298 





 TdTbTaQQT  . 

    amrigad, Termodinamikis I kanoniT gansaz-

Rvruli kanonzomierebebi gvaZleven saSuale-

bas eqsperimentis Catarebis gareSe gamovTval-

oT procesis siTburi efeqti, rasac aqvs praq-

tikuli mniSvneloba teqnologiuri ciklis 
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srulad warmoebis da energetikuli balansis 

dadgenisaTvis.                

 

II.8. Termodinamikis meore kanoni  

 

Termodinamikis pirveli kanonis meSveobiT 

SeiZleba procesebis energetikiuli daxasia-

Teba, magram SeuZlebelia am procesebis mimar-

Tulebis 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 Tavis-

Tavad ar moxdeba. bunebaSi mravali procesi 

TavisTavad mimdinareobs, qva mogoravs mTidan, 

mdinare miedineba bunebriv kalapotSi, metal-

uri natriumi energiulad urTierTmoqmedebs 

wyalTan, rkina TavisTavad iJangeba, airi far-

Tovdeba da avsebs Tavisufal moculobas. es 

procesebi TavisTavad mimdinareoben, sanam ar 

damyardeba wonasworoba. qva SeiZleba avita-

noT isev mTaze, mdinaris dineba SeiZleba 

SevabrunoT, airi SevkumSoT, magram amisaTvis 

saWiroa davxarjoT energia da ganvaxor-
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cieloT araTavisTavadi procesi. mravali 

fizikur-qimiuri procesi SeiZleba iyos Tavis-

Tavad mimdinare (bunebrivi), wonasworuli an 

araTavisTavad mimdinare (arabunebrivi). mecni-

erebisa da teqnikisaTvis mniSvnelovania ama 

Tu im procesis mimarTulebis winaswar dad-

gena. Termodinamikis pirveli kanonis da mis-

gan gamomdinare Sedegebidan ver xerxdeba 

procesis mimarTulebis winaswari prognozi. 

Termodinamikis pirvel kanonSi gamoyenebul 

sidideTagan ( AqHU  ,,, ) arc erTi ar gamo-

dgeba sistemis mimarTulebis ganmsazRvrelad, 

vinaidan maTi cvlilebis niSani ar gansazRvr-

avs TavisTavad mimdinare procesis mimarTu-

lebas. imisaTvis rom ganisazRvros nebismieri 

fizikur-qimiuri procesis mimarTuleba da 

wonasworobis pirobebi saWiroa moiZebnos 

iseTi funqcia, romlis cvlileba migvaniSnebs 

procesis mimarTulebaze. 

  

II.9. karnos cikli.  Eentropia 

 

Kklauziusis principis Tanaxmad, SeuZle-

belia siTbos TavisTavad gadacema SedarebiT 
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dabali temperaturis mqone sxeulidan maRali 

temperaturis mqone sxeulze. (siTbod SeiZle-

ba vigulisxmoT sxeulis Siga energia).Aaqedan 

gamomdinare, temperatura SeiZleba gamoviyen-

oT procesis TviTdinebis maxasiaTebeli kri-

teriumis dasadgenad. 

temperaturis siTbos raodenobasTan dasa-

kavSireblad da TviTdinebis maxasiaTebeli 

funqciis dasadgenad ganvixiloT karnos cik-

li, romelic Sedgeba 4 Seqcevadi procesisa-

gan da sruldeba maqsimaluri muSaoba. 

sistema exeba or siTbur rezervuars T1 tem-

peraturis gamaxurebels da T2 temperaturis 

macivars, T1 > T2. 

1.ATavdapirvelad sistemis temperaturaa T1, 

gamaxurebelTan Sexebisas, misgan miRebuli q1 

siTbos xarjze airi izoTermulad farTovde-

ba V1-dan V2-mde, da sistemis mier Sesrulebu-

li muSaoba  

1
1

2
11 ln q

V
VRTW  ; 

II.2 suraTze AB izoTermaa. 
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2. sistemas movaciloT gamaxurebeli da 

mivceT saSualeba Siga energiis xarjze adiab-

aturad gafarTovdes V2-dan V3-mde, ris gamoc 

sistemis temperatura daecema. am dros Sesru-

lebuli muSaoba 

 212 TTCW V  ; 

II.2 suraTze BC adiabataa. 

3. sistema SevaxoT macivars, siTbos raode-

noba, romelsac igi gadascems macivars iqneba 

q2. T2-ze sistema izoTermulad SeikumSeba V3-

dan V4-mde, airis Siga energia ucvleli rCeba 

am dros sistemaze Sesrulebuli muSaoba                

2
4

3
23 ln q

V
VRTW                

II.2 suraTze CD izoTermaa. 

4. airis adiabaturi SekumSviT moculoba 

mcirdeba V4-dan V1-mde da sistema ubrundeba 

sawyis mdgomareobas, airis sawyisi temperatu-

ra T1-s gautoldeba da Siga energia muSaobis 

toli sididiT gaizrdeba. 4WU  ; 

   21124 TTCTTCW VV  ;    DADA 

   II.2 suraTze DA adiabataa. 
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sistema ubrundeba ra sawyis mdgomareobas, mi-

si Siga energia ucvlelia, sistemis mier Ses-

rulebuli muSaoba W, ciklSi Sesrulebuli 

yvela muSaobis jamia. 

 

 

4321 WWWWW  ,   radgan  42 WW   

     21
4

3
2

1

2
131 lnln qq

V
VRT

V
VRTWWW  ,     

4

3

1

2

V
V

V
V

 ,    amitom       
1

2
21 ln

V
VTTRW   . 

gamaxureblidan miRebuli siTbo                                          

             
1

2
11 ln

V
VRTqq  . 

karnos ciklis margi qmedebis koeficienti   

 

 

   0 

nax.II.2. karnos cikli 
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1

1
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q
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q
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1

1 
T
q

T
q

 . 

q 1  gamaxureblidan miRebuli siTboa, q 2 _ mac-

ivrisaTvis gadacemuli siTbo. 

nebismieri Seqcevadi cikli SeiZleba Sevc-

valoT usasrulod mcire Seqcevadi ciklebis 

didi ricxviT: 

0...
2

2

1

1

2

2

1

1 















T
q

T
q

T
q

T
q 

, 

 
 0
T
q

,    0 T
q

, 

T
q
 dayvanili siTboa. karnos Seqcevad ciklSi 

dayvanil siTboTa algebruli jami nulis 

tolia. 

Tu integrali Caketili konturiT nulis 

tolia, arsebobs iseTi funqcia, romlis 
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sruli diferenciali integralqveSa gamosaxu-

lebis tolia. 

T
qdS 

 . 

am funqcias klauziusma entropia (S) uwoda. 

 T
q
 integralis sidide damokidebula ara 

procesis mimdinareobaze, aramed sistemis 

sawyis da saboloo mdgomareobebze: 

SSS
T
q

 12

2

1


 

entropia berZnulad gardaqmnas niSnavs. igi 

warmoadgens mdgomareobis calsaxa funqcias. 

entropia qaoturobis, uwesrigobis sazomia, 

igi aditiuri sididea. wonasworuli sistemis 

entropia am sistemis Semadgeneli nawilebis 

entropiaTa jamis tolia. Qqimiuri reaqciis 

dros  SS miR_ S aReb. 

entropia eqstensiuri sididea da damokide-

bulia nivTierebis raodenobaze.  

izolirebul sistemaSi Bbunebrivi (Tavis-

Tavadi) procesebisaTvis dS
T
q
, rodesac sis-
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tema miiswrafvis wonasworobisaken entropia 

izrdeba 0S ; 

  arabunebrivi procesebis dros dS 
T
q
 da 

entropia mcirdeba 0S ; rodesac sistemaSi 

myardeba wonasworoba 
T
qdS 

 , entropia aRwe-

vs maqsimalur mniSvnelobas da misi cvlileba 

nulis tolia S =0.  

rogor ganvsazRvroT entopiis saSualebiT 

moxdeba Tu ara gardaqmna? ganvixiloT sis-

tema, romelic erTmaneTTan onkaniT SeerTe-

buli ori WurWlisagan Sedgeba da maTSi sxva-

dasxva airia moTavsebuli; Tu onkans gav-

xsniT, airebi difuziiT Seereva da aRmoCndeba 

ufro mouwesrigebel mdgomareobaSi, vidre 

Serevamde iyo. Sesabamisad, Serevis Semdeg maT 

aqvT meti entropia. am dros ar xdeba ene-

rgiis cvlileba, airTa jamuri enTalpia Sere-

vamde da Semdeg erTnairia. airTa narevSi ene-

rgiis ganawileba ufro qaoturia. 
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bevr qimiur reaqciaSi mimdinareobs energi-

is gadanawileba. magaliTad, wvis dros gamoy-

ofa energia da gadaecema garemos. yvela pro-

cesis dros, romelic nawilakTa moZraobiT 

mimdinareobs – airTa gafarToeba wnevis Sem-

cirebiT, sxeulebis Termuli gafarToeba, 

galRoba, aorTqleba, desorbcia, molekulaTa 

disociacia Tavisufal atomebad da sxva – 

entropia izrdeba. amgvarad, entropia SeiZle-

ba miviRoT energiis gadanawilebis sazomad. 

qimiuri reaqciis procesSi yovelTvis xdeba 

energiis mimocvla garemosa da sareaqcio 

ares Soris; amave dros, icvleba entropiac. 

swored es cvlileba, enTalpiis cvlilebas-

Tan erTad, unda gaviTvaliswinoT, Tu gvinda 

viwinaswarmetyveloT, qimiuri reaqciis Tavis-

Tavad warmarTvis SesaZlebloba. 

calkeuli nivTierebebisaTvis entropiis 

ricxviTi mniSvneloba standartul pirobebSi 

(S298) mocemulia cnobarebSi. 
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Eentropiis ganzomilebaa j/moli.grad.,  

j/kg.K an kal./moli.grad. 

 

II.10. entropiis cvlilebis gamoTvla 

sxvadasxva procesisaTvis 

 

 entropiis gasazomi xelsawyo ar arsebobs, 

mas gamoiTvlian. sxvadasxva procesisaTvis en-

tropia sxvadasxvagvarad gamoiTvleba: 

1. izoTermul procesSi fazuri gardaqmnis 

dros 

T
LS   , 

sadac L  fazuri gardaqmnis siTboa. 

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

nivTierebis gaTbobisas  





2

1

T

T

P dT
T
C

nS , 

xolo mudmivi moculobos dros 





2

1

T

T

V dT
T
CnS . 

3. rodesac icvleba idealuri airis V da T  

an  P da T entropiis cvlileba Semdegi 

gantolebebiT gamoiTvleba: 
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1

2

1

2 lnln
V
VR

T
TCS V   , 

1

2

1

2 lnln
P
PR

T
TCS P   .   

 

II.11. Termodinamikis meore kanonis 

formulirebebi 

       

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 mdg-

radia, rodesac misi entropia maqsimaluria 

(fermi). 

2.  bunebaSi yoveli fizikuri Tu 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 gamaxureblidan 

 100

miRebul mTel siTbos muSaobad gardaqmnis 

macivrisaTvis siTbos nawilis gadacemis gare-

Se (planki). 

5.  Termodinamikuri sistemis nebismieri 

mdgomareobis uSualo siaxloves iseTi mdgo-

mareobebi arsebobs, romlebic umniSvnelod 

gansxvavdebian, magram maTi miRweva siTboc-

vlis gareSe SeuZlebelia (karaTeodori). 

6.  meore gvaris mudmivi Zravas ararsebobis 

principi (ostvaldi). 

SeuZlebelia iseTi periodulad moqmedi 

manqanis Seqmna, romelic erTi wyaros siTbos 

ganusazRvrelad gardaqmnis muSaobad (perpe-

tummobile), ase rom ara okeaneebis, dedamiwis 

qerqis, atmosferos gacivebiT miRebul siTbos 

muSaobad gardaqmnidnen. zemoT CamoTvlili 

obieqtebi siTbos uSreti wyaroa da aseTi man-

qana mudmivmoqmedi iqneboda, magram Termodi-

namikis meore kanonis Tanaxmad, amgvari manqan-

is ageba SeuZlebelia. 

siTbo muSaobad SeiZleba gardavqmnaT ara-

izolirebul pirobebSi. amisaTvis saWiroa 

gansxvavebuli temperaturis ori wyaro _ gama-
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xurebeli (siTbos wyaro) da macivari (siTbos 

mimRebi), romelTa meSveobiT moxdeba Tbogada-

cema; meore gvaris perpetummobile SeuZlebe-

lia. siTbos muSaobad ver gardavqmniT, Tu ar 

iarsebebs siTbos nakadi (temperaturaTa sxva-

oba), iseve, rogorc damdgari wyali ver Seas-

rulebs muSaobas, Tu ar iarsebebs wylis do-

neTa sxvaoba, e.i. dineba. 

Termodinamikis meore kanonis ramdenime ma-

Tematikuri gamosaxuleba arsebobs: 

T
qdS 

 , 

1

21

1

21

T
TT

q
qq

q
W 




  , 

T
dT

q
dW

  ,     
T
dTqdW   . 

 - margi qmedebis koeficientia. 

dTT  temperaturis sxeulidan T  temperatur-

is sxeulze q siTbos Seqcevadad gadacemis 

dros sruldeba dW  muSaoba, xolo Seuqcevi 

procesis dros Sesrulebuli muSaoba 
T
dTq -ze 

naklebia. 
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tolobis niSani Yyvelgan Seqcevadi proce-

sebisTvis aris, utolobis ki Seuqcevadi pro-

cesebisaTvis.  

 

II.12 Termodinamikis pirveli da meore 

kanonebis gaerTianebuli gantoleba 

 

Termodinamikis II kanonis Tanaxmad  qTdS, 

Tu am mniSvnelobas SevitanT Termodinamikis I 

kanonis gamosaxulebaSi dU = q-PdV miviRebT: 

PdVTdSdU  ; 

izobarul pirobebSi H = U+PV, gavadiferenci-

roT da SevitanoT dU-s mniSvneloba, miviRebT: 

dHTdS-PdV+VdP+PdV,  saidanac  dHTdS-VdP ; 

Termodinamikis I da II kanonebis gaerTiane-

buli gantolebebia:  

izoqorul pirobebSi:                                  

PdVTdSdU   , 

izobarul pirobebSi:    

VdPTdSdH  . 

naklebobis niSani TavisTavad mimdinare 

procesebs Seesabameba, xolo tolobisa wonas-

worobas.                                        
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am gantolebebidan gamomdinareobs, rom Si-

ga energiis nawili muSaobis Sesrulebaze ixa-

rjeba, xolo nawili  TdS  muSaobad ar garda-

iqmneba da mas bmuli energia ewodeba. bmuli 

energiis sazomia entropia. 

 

II.13. jibsisa da helmholcis energiebi 

( Termodinamikuri potencialebi) 

 

entropiis cvlilebiT ganisazRvreba pro-

cesis mimarTuleba izolirebul sistemebSi, 

magram yvela realuri sistema araizoli-

rebulia. maTi didi umetesoba, maT Soris 

warmoebis sxvadasxva dargis aparatebi, Ria 

sistemebia. maTTvis entropiis saSualebiT Se-

uZlebelia procesis mimarTulebis daxasia-

Teba. amitom saWiroa SemovitanoT sxva Termo-

dinamikuri funqcia – Gjibsis (G) da helmhol-

cis energiebi (A). maTi saSualebiT SeiZleba 

ganisazRvros TavisTavad mimdinare da wonas-

woruli procesebis mimdinareobis pirobebi 

araizolirebul sistemebSi. 

 realurad procesebi araizolirebul sis-

temebSi mimdinareobs. sawarmoo procesebi yov-
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elTvis siTbos gadataniT mimdinareobs, ami-

tom maTi mimarTulebis gansazRvrisaTvis sxva 

kriteriumi iqna Semotanili. 

muSaoba, romlis Sesrulebac SeuZlia sis-

temas (qimiuri reaqciis muSaoba) advilad 

gasazomi sididea, amitom Tu vipoviT funqci-

as, romlis cvlilebas Sesrulebuli muSaob-

iT gamovsaxavT, SesaZlebeli iqneba procesis 

mimarTulebis dadgena.  

Seuqcevi izoTermuli procesis mimdinareo-

bisas muSaoba sruldeba sistemis Tavisufali 

energiis Semcirebis xarjze. mas izoqorul-

izoTermul an helmholcis potencials uwo-

deben da A-Ti aRniSnaven.                                 

izoqorul-izoTermuli potenciali (A) da-

mokidebulia sistemis sawyis da saboloo 

mdgomareobebze da ara procesis mimdinareo-

bis gzaze. misi meSveobiT SeiZleba davaxasia-

ToT sistemis mdgomareoba, romlis mcire 

cvlilebas Seesabameba izoqorul-izTermuli 

potencialis usasrulod mcire cvlileba: 

TSUA  ;  

dA  - SdT – PdV;        G 
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A dV
V
AdT

T
AdA

TV
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. 

moculobisa da temperaturis gazrdisas 

izoqorul-izoTermuli potenciali mcirdeba. 

praqtikaSi procesebis umetesoba mudmivi 

wnevis pirobebSi mimdinareobs. am dros muSa-

oba sruldeba izobarul-izoTermuli an jib-

sis Tavisufali energiis Semcirebis xarjze 

mas jibsis potencials uwodeben da G-Ti 

aRniSnaven. G = H – TS;  VdPSdTdG  ;                                                                                      

dP
P
GdT

T
GdG

TP




















 ,    S
T
G

P











, 

TP
G








 V . 

izobarul-izoTermuli potenciali mcirde-

ba temperaturisa da wnevis gazrdiT.  

toloba Seesabameba wonasworul process, 

xolo nakleboba TavisTavad mimdinare pro-

cess. 

rodesac sistema miiswrafvis wonasworobi-

saken, izoqorul-izoTermuli A  (helmhol-
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cis) da izobarul-izoTermuli G  (jibsis) 

potencialebi mcirdeba: A <0, G <0, xolo, 

rodesac sistema miaRwevs wonasworobas, maTi 

mniSvnelobebi minimaluria, cvlileba ki _ 

nulis toli, A =0, G =0. calkeuli nivTiere-

bebisaTvis A 298 da 298G  potencialebis mni-

Svnelobebi standartul pirobebSi mocemulia 

cnobarebSi. maTi ganzomilebaa: j/moli an 

kj/moli, kal/moli, kkal/moli. 

Termodinamikuri funqciebi _ U, H, A, G 

mWidro kavSirSia erTmaneTTan. maT sistemis 

maxasiaTebeli funqciebi ewodeba. MmaxasiaTe-

beli funqciebis saSualebiT SeiZleba gani-

sazRvros sistemis Termodinamikuri Tvisebebi, 

aseve wonasworuli procesis maqsimaluri mu-

Saoba. maTi sruli diferencialebi Semdegna-

irad gamosaxeba: 

           PdVTdSdU  ,                             

           PdVSdTdA  , 

           VdPTdSdH  ,                   

           VdPSdTdG  . 
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II.14. jibs-helmholcis gantoleba 

 

izoqoruli da izobaruli procesebis um-

ravlesoba arastandartul, gansxvavebul tem-

peraturaze mimdinareobs. Tavisufali ener-

giis damokidebulebas temperaturaze gvaZlevs 

jibs-helmholcis gantoleba.   









T
Wd = 2T

QdT
  ,     dT

T
H

T
Gd 2









 

,   

dT
T
U

T
Ad 2









 

  . 

jibs-helmholcis  gantolebebi mocemulia 

diferencialuri saxiT, sadac W procesis mim-

dinareobis dros Sesrulebuli muSaobaa,  Q _ 

reaqciis siTburi efeqti. ΔG _ Tavisufali en-

ergia mudmivi wnevis dros, an izobarul-izo-

Termuli potenciali, H  _ reaqciis siTburi 

efeqti izobarul pirobebSi gamosaxuli enTa-

lpiis cvlilebiT. A  _ Tavisufali energia 

mudmivi moculobis pirobebSi an izoqorul-

izoTermuli potenciali, U  _ reaqciis siT-

buri efeqti izoqorul pirobebSi, gamosaxuli 

Siga energiis cvlilebiT.  
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  jibs-helmholcis gantolebebis integralu-

ri Fformebia:  

.

,

,

2

1

2

1

2

1

2

2

2

const
T
UdTTA

const
T
HdTTG

const
T

QdTTW

T

T

T

T

T

T



















 

jibs-helmholcis gantolebis amosaxsnelad 

unda vicodeT procesis siTburi efeqtis 

temperaturaze damokidebuleba (kirxhofis 

kanoni). temperaturis gazrdiT jibsisa da 

helmholcis energiebi mcirdeba. rodesac pro-

cesi egzoTermulia H<0,U<0 temperaturis 

gazrdisas SeimCneva TavisTavad mimdinare pro-

cesebis gaaqtiureba da sruldeba maqsimaluri 

muSaoba. 

 

I I . 1 5 .  q imiuri potenciali 

 

 dAdHdU ,, da dG maxasiaTebeli funqciebiT 

SeiZleba sistemis mdgomareobis daxasiaTeba, 

Tu procesis dros sistemis Sedgeniloba ar 

icvleba. qimiuri reaqciis dros ki icvleba 
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fazaTa Sedgeniloba da saWiroa am cvlile-

bis aRricxva, rac qimiuri potencialis saSua-

lebiT xdeba. qimiuri potenciali fizikur-

qimiuri procesebis intensiurobis faqtors 

warmoadgens. 

Tu sistemis Sedgeniloba icvleba i -uri 

komponentis molTa ricxviT, roca TP,  da da-

narCeni komponentebis raodenoba ucvlelia, 

sistemis maxasiaTebeli izobaruli G potenci-

ali Seicvleba i
i

dn
n
G











 sididiT. izobaruli 

potencialis kerZo warmoebuli i -uri kompone-

ntis molTa ricxvis mimarT aris qimiuri 

potenciali.   












nknnTPin
G

...,,, 21

 i ; 

d  = RTlnP;     0  + RTlnP ; 

sadac 
0  idealuri airis standartuli qimiu-

ri potencialia, roca P=101,3 kpa,  T=298K. idea-

luri xsnarebisaTvis iNRTdd ln  an  

cRTdd ln . sadac iN  i -nivTierebis moluri                                                           

wilia xsnarSi, xolo c_xsnaris koncentracia             
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        iNRT ln0    an cRT ln0   .          

realuri airebisaTvis fRTdd ln , sadac f  

fugitiurobaa.                                        

realuri xsnarisaTvis  aRTdd ln  ,    

     aRT ln0   ;  Na    an  ca   .               

sadac a aqtiurobaa,   _ aqtiurobis koefici-

enti da gviCvenebs realuri xsnaris idealu-

risagan gadaxris sidides.  

ganzavebul xsnarebSi aqtiuroba da koncen-

tracia erTmaneTis tolia, maSin .1                   

qimiuri potenciali Termodinamikuri para-

metrebis namatis sazomia, roca erT-erTi kom-

ponentis molTa ricxvi icvleba. es cvlileba 

gavlenas axdens sxva komponentebis koncent-

raciazec, amitom sistemis srulad dasaxasia-

Teblad unda gaviTvaliswinoT  iidn . 

 

 

________________ 

idealuri airisa da idealuri xsnaris 

ganmartebebi ixileT TandarTul terminolo-

giur leqsikonSi 
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PdVTdSdU  + iidn ;               

PdVSdTdA  + iidn ; 

VdPTdSdH  + iidn ;            

VdPSdTdG  + iidn . 

qimiur reaqciaSi moreagire nivTierebaTa 

qimiuri potencialebi gaTanabrebisaken miis-

wrafvis da wonasworobisas yvela komponentis 

qimiuri potenciali erTmaneTis tolia; qimiur 

potencialebs Soris gansxvaveba ganapirobebs 

qimiur reaqcias. 
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III. qimiuri wonasworoba 

III.1. homogenuri reaqciis wonasworobis 

mudmiva 

 

    Termodinamikis II kanonis Tanaxmad, Tavis-

Tavad mimdinare process axlavs sistemis 

Tavisufali energiis Semcireba da igi mTavr-

deba wonasworobis damyarebiT. 

   wonasworuli mdgomareoba damokidebulia 

garemo pirobebze da maTi cvlileba ganapi-

robebs wonasworobis Secvlas (gavixsenoT 

le-Satelies principi). qimiuri reaqcia Seqce-

vadia, Tu reaqciis sawyis da saboloo produ-

qtebs erTsa da imave pirobebSi SeuZlia urT-

ierTgardaqmna. rodesac pirdapiri reaqciis 

siCqare gautoldeba Sebrunebuli reaqciis 

siCqares myardeba wonasworoba. 

ganvixiloT airad fazaSi mimdinare Seqce-

vadi reaqcia (zogadad): 

bBaA    nNmM   

   wonasworul reaqcias axasiaTeben wonaswo-

robis K mudmivaTi.   

   mudmivi wnevis pirobebSi mimdinare reaqci-

is wonasworobis mudmiva gamoisaxeba Kp – Ti.          
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Pb
B

a
A

n
N

m
M K

PP
PP





 

sadac  PM, PN, PA  da PB miRebuli da aRebuli 

nivTierebebis parcialuri wnevebia, xolo m,n, 

a, b _ steqiometriuli korficientebi.                                                   

Mmudmivi moculobis pirobebSi mimdinare 

reaqciebis wonasworobis mudmiva gamoisaxeba 

Kc _ Ti.  

CK = b
B

a
A

n
N

m
M

cc
cc



 . 

realur sistemebSi wnevis nacvlad iyeneben 

fugitiurobas f, xolo koncentraciis nacv-

lad _  aqtiurobas.  

FK = b
B

a
A

n
N

m
M

ff
ff




 ,     aK = b
B

a
A

n
N

m
M

aa
aa



. 

wonasworobis mudmivas gamosaxulebidan 

Cans, rom erT-erTi moreagire nivTierebis kon-

centraciis Secvla iwvevs danarCeni nivTiere-

bebis koncentraciaTa iseT cvlilebas, rom 

igi wonasworobis mudmivas mniSvnelobaze gav-

lenas ar axdens. Aam dros wonasworuli kon-

centraciebis namravlis fardoba ucvleli 

rCeba. 
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wonasworobis mudmivas mniSvnelobaze gav-

lenas axdens temperatura, wneva (airadi reaq-

ciebisaTvis), reaqciaSi monawile nivTierebeb-

is molTa ricxvis cvlileba, reaqciaSi Sema-

vali nivTierebebis Tanafardoba.  

wonasworobis mudmivas mniSvnelobiT SeiZ-

leba vimsjeloT, ramdenad Sors midis rea-

qcia. Tu wonasworobis mudmivas mniSvneloba 

didia, e.i. mricxveli metia mniSvnelze da rea-

qciis produqtebi didi raodenobiT miiReba. 

 

III.2. vant-hofis reaqciis izoTermis 

gantoleba 

 

wonasworobis mudmiva gansazRvravs wonas-

worobis pirobebs, roca koncentraciebi wona-

sworulia. procesisaTvis, romelic mimdinare-

obs mudmivi temperaturisa da moculobis 

pirobebSi SeiZleba daiweros, rom 

 PKRTWG PP lnln  , 

A =Wmaqs  cKRT C lnln  ,                   

sadac c da P arawonasworuli koncentracia 

da wnevaa. 
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e s  gamosaxulebebi vant-hofis reaqciis 

izoTermis gantolebebia. qimiuri reaqciis 

mimdinareobisas sruldeba muSaoba. roca 

CKln > cln , reaqcia pirdapiri mimarTulebiT 

warimarTeba Wmaqs>0, Tu CKln < cln , reaqcia 

Sebrunebuli mimarTulebiT warimarTeba da 

Wmaqs<0, rodesac CKln = ,ln c  Wmaqs=0  da 

sistema wonasworulia. 

amrigad, vant-hofis reaqciis izoTermis 

gantoleba saSualebas gvaZlevs viwinaswar-

metyveloT reaqciis mimarTuleba, Tu cnobi-

li iqneba wonasworobis mudmiva, moreagire da 

miRebuli nivTierebebis koncentraciebi. 

 

III.3. wonasworobis mudmivas damokidebuleba 

temperaturaze. vant-hofis izobarisa 

da izoqoris gantolebebi 

 

temperaturis cvlilebisas wonasworobis 

mudmiva icvleba da sakmaod mniSvnelovnad. am 

cvlilebas gamosaxavs vant-hofis izobarisa 

da izoqoris gantolebebi. 

2
ln

RT
H

dT
Kd P 

  ,      2

ln
RT

U
dT

Kd c 
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dT
Kd ln

-s niSani ganisazRvreba reaqciis 

siTburi efeqtis (enTalpiis) niSniT. endoTer-

muli reaqciisaTvis, roca ( U >0, H >0), 

temperaturis gazrdiT wonasworobis K  mud-

miva izrdeba anu wonasworoba gadainacvlebs 

reaqciis produqtebis zrdisken. egzoTermuli 

reaqciisaTvis, roca H  uaryofiTia ( U <0, 

H <0), wonasworobis K  mudmiva temperaturis 

gazrdiT mcirdeba, reaqcia gadainacvlebs 

egzoTermuli reaqciis sapirispiro  mimarTu-

lebiT, sawyisi nivTierebebis zrdisken. rode-

sac reaqciis siTburi efeqti nuls miuaxlo-

vdeba (an Zalze mcirea), reaqciis wonaswo-

robis K  mudmiva temperaturaze ar iqneba 

damokidebuli. 

naerTebi, romlebic siTbos STanTqmiT 

miiReba (endoTermuli), metad mdgradia ufro 

maRal temperaturaze, xolo egzoTermuli 

naerTebi metad mdgradia ufro dabal tempe-

raturaze. 
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III.4. Termodinamikis mesame kanoni 

(nernstis siTburi Teorema) 

 

iseve rogorc Termodinamikis pirveli da 

meore kanonebis SemTxvevaSi, Termodinamikis 

mesame kanonisac ramdenime formulireba 

arsebobs: 

1. nebismieri Termodinamikurad wonasworu-

li procesis entropia absolutur nulze un-

lis tolia (plankis postulati). 

2. absoluturi nuli miuRwevelia. 

3. absolutur nulTan miaxloebisas 

enTalpis  H  da jibsis Tavisufali energi-

is  G  mniSvnelobebi erTmaneTs uaxlovdeba 

(nernstis siTburi Teorema). 

Termodinamikis pirveli da meore kanonebi-

dan gamomdinare, eqsperimentis safuZvelze 

SeiZleba ganvsazRvroT wonasworobis mudmi-

vas temperaturaze damokidebuleba, magram 

eqsperimentis gareSe es ver xerxdeba. nern-

stma daamtkica, rom, Tu Termodinamikis pir-

vel da meore kanonebs SevavsebT siTburi 

TeoremiT, SesaZlebeli gaxdeba eqsperimentis 
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Catarebis gareSe sistemis wonasworuli mdgo-

mareobis prognozi.  

Aamrigad, Termodinamikis mesame kanonis 

safuZvelze SeiZleba ganvsazRvroT qimiuri 

reaqciis wonasworobis pirobebi, nivTierebaTa 

wonasworobis ganmsazRvreli parametrebis ga-

zomvis gareSe (koncentraciis an parcialuri 

wnevis). Ggarda amisa, gaCnda fizikur-qimiuri 

procesebisa da fazuri gadasvlebisaTvis yve-

la Termodinamikuri mdgomareobis funqciis 

gansazRvris SesaZlebloba. 
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IV. wonasworoba heterogenul sistemebSi 
IV.I. jibsis fazaTa wesi 

 

DduRili, gamyareba, alotropiuli gardaqm-

nebi nivTierebaTa fazuri mdgomareobis cvli-

lebis magaliTebia da nivTierebis qimiuri Se-

dgenilobis cvlilebis gareSe mimdinareobs. 

fazuri wonasworobis ZiriTadi kanoni 

jibsma Camoayaliba. igi amyarebs kavSirs kom-

ponentebs, fazasa da Tavisuflebis xarisxTa 

ricxvs Soris. 

fazis (F) ganmarteba CvenTvis ukve cnobi-

lia. 

komponenti (K) aris qimiurad erTgvarovani 

nivTiereba, sistemis Semadgeneli nawili, ro-

melic SeiZleba sistemidan gamovyoT da rome-

lsac damoukideblad arseboba SeuZlia. Maga-

liTad, NaCl-is wyalxsnari Seicavs Na+
, 

 OHOHCl  , 3,  ionebs, aseve H2O-sa da - NaCl s; 

eseni sistemis Semadgeneli nawilebia, xolo 

komponenti amaTgan oria _  OH 2 da NaCl . 

 Tavisuflebis xarisxTa ricxvi (S) ewodeba 

sistemis Termodinamikuri mdgomareobis gan-

msazRvreli im damoukidebeli cvladebis ri-
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cxvs, romelTa cvlileba ar iwvevs fazaTa 

ricxvis cvlilebas. jibsis fazaTa wesis Ta-

naxmad, wonasworul sistemaSi, romelzedac 

gare faqtorebidan mxolod wneva da tempera-

tura axdens gavlenas, Termodinamikuri Tavis-

uflebis xarisxTa ricxvi udris komponen-

tebis ricxvs, minus fazaTa ricxvi da plius 

ori. S = K – F + 2. Tu sistemaze gare faqtore-

bidan mxolod wneva an temperatura axdens 

gavlenas, Tavisuflebis xarisxTa ricxvi erT-

iT mcirdeba S = K – F + 1. xolo mudmivi wnevisa 

da temperaturis dros  S = K – F.                                               

Tu sistemis mdgomareobaze gavlenas ax-

dens eleqtruli, an magnituri veli, mizi-

dulobis veli an sxva faqtorebi, saWiroa 

maTi gaTvaliswineba. zogadad, roca sistemaze 

nsxvadasxva faqtori moqmedebs Tavisuflebis 

xarisxTa ricxvi Semdegnairad gamoiTvleba  

S = K – F + n. 

Tavisuflebis xarisxTa ricxvi izrdeba kom-

ponentTa ricxvis matebiT da mcirdeba fazaTa 

ricxvis gazrdiT. radgan Tavisuflebis xaris-
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xTa ricxvi uaryofiTi ar SeiZleba iyos, fa-

zaTa ricxvi 2K -ze meti ver iqneba. 

jibsis fazaTa wesi vrceldeba sistemebze, 

romelTaTvisac SezRudulia rogorc fazaTa, 

ise komponentebis ricxvisa. Tavisuflebis 

xarisxTa ricxvi gansazRvravs sistemis vari-

antulobas. arsebobs mono-, di- da trivarian-

tuli sistemebi. Tu S=0  aseTi sistema invari-

antulia. 

 

IV.2. klauzius-klapeironis gantoleba 

 

fazaTa Tanaarsebobis dros wonasworoba 

dinamikuria. siTxesTan wonasworobaSi myof 

orTqls najeri orTqli ewodeba, xolo mis 

wnevas _ najeri orTqlis wneva. igi damokide-

bulia siTxis zedapiris farTobze. Tanaarse-

boba SeuZlia myar da airad fazebsac, maga-

liTad,  yinuli – orTqli. am SemTxvevaSic 

ixilaven najeri orTqlis wnevas. 

   klauzius-klapeironis gantolebis saSua-

lebiT SeiZleba ganvsazRvroT siTxis an myari 

nivTierebis najeri orTqlis wnevis tempera-

turaze damokidebuleba. Mmisi diferencialu-
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ri saxea 2ln
RT

dTPd 
   , sadac  fazuri gardaq-

mnis (aorTqlebis, lRobis da a.S.) siTboa.     

am gantolebis integrirebiT miviRebT: 

  constdT
RT

P 2ln 
 

es aris klauzius-klapeironis gantolebis 

integraluri forma.  

 

IV.3. erTkomponentiani sistemis wonasworobis 

diagrama 

 

   sistemis fazuri mdgomareoba, gare pirobe-

bze da sistemis Sedgenilibaze damokidebule-

biT, ganisazRvreba mdgomareobis an fazuri 

diagramiT.  

erTkomponentiani sistema SeiZleba iyos 

rogorc homogenuri, ise heterogenuli. erTi 

da igive nivTiereba SeiZleba iyos sxvadasxva 

agregatul mdgomareobaSi (wyali – siTxe, or-

Tqli, yinuli).  

Tu nivTiereba ramdenime kristalur modi-

fikacias gvaZlevs, gansazRvrul wnevasa da 

temperaturaze TiToeuli calke fazas 

warmoadgens. jibsis fazaTa wesis Tanaxmad, 
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erTkomponentian sistemaSi Tavisuflebis xar-

isxTa ricxvi FS  3 ; wonasworul erTkompo-

nentian sistemaSi fazaTa maqsimaluri ricxvia 

sami. 

ganvixiloT wylis mdgomareobis diagrama 

saSualo wnevisaTvis, romelzec gare faqto-

rebidan temperatura da wneva moqmedebs 

(sur.IV.1). wirebiT SemosazRvruli areebi  See-

sabameba AOB -yinulis, BOC-siTxis, AOC-orTq-

lis fazebs. TiToeulis SigniT wneva (P) da 

temperatura  T  nebismierad SeiZleba vcval-

oT, magram sistema mainc erTfaziani darCeba. 

misi Tavisuflebis xarisxTa ricxvi S=1_1+2=2 

aseTi sistema divariantulia. OCOBOA ,,  wire-

bze aris ori mezobeli faza. magaliTad, OC 

wirze siTxisa da orTqlis fazebia, Sesabami-

sad, Tavisuflebis xarisxTa ricxvi S=1_2+2=1. 

gansazRvrul temperaturaze orTqlis wnevas 

erTi mniSvneloba aqvs. temperaturis SecvliT 

wonasworoba ar dairRveva, Tu wneva mxolod  

wiris gaswvriv  Seicvleba. 
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sur.IV.1. wylis mdgomareobis diagrama   

           

O  wertilSi samive faza wonasworul mdgoma-

reobaSia, ;0231 S  sistema invariantul-

ia, T -sa da P -s nebismieri SecvliT sistemis 

wonasworoba irRveva. (wylisaTvis O  wertil-

Si T = 273,16K;  P = 610.48 pa). 

 

IV.4. fizikur-qimiuri analizi 

 

 Ffizikur-qimiuri analizis mizania daad-

ginos damokidebuleba rTuli, mravalkompo-

nentiani sistemis Tvisebebsa da Sedgenilobas 

Soris. es Tvisebebi gansazRvravs sistemis 

wonasworobas, izomeba eqsperimentulad. siT-

buri, moculobiTi, eleqtruli, magnituri, op-

 

P 

     T 
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tikuri da sxva Tvisebebis Seswavlis safu-

Zvelze aigeba mdgomareobis diagrama koordi-

natebiT Sedgeniloba – Tviseba, romliTac 

msjeloben sistemis fazaTa ricxvis, mdgoma-

reobis sazRvrebis, sxvadasxva fazis Tanaar-

sebobis pirobebis, sistemaSi mimdinare cvli-

lebebis Sesaxeb. 

Ffizikur-qimiurma analizma farTo gamoye-

neba pova metalurgiaSi, silikatebis teqno-

logiaSi, mineralogiasa da mecnierebis sxva 

dargebSi. 

 

 

IV.5. evteqtikuri wertilis mqone sistemis 

mdgomareobis diagrama koordinatebiT: 

Sedgeniloba-kristalizaciis temperatura 

 

davuSvaT, rom A da B  komponentebi ganusa-

zRvrelad ixsneba erTmaneTSi Txevad mdgoma-

reobaSi, xolo myar mdgomareobaSi ar gvaZ-

levs arc xsnars, arc qimiur naerTs. siTxidan 

gamoiyofa sufTa komponentebis, calkeuli fa-

zebis saxiT. am sistemis mdgomareobis dia-

gramas, mudmivi wnevis pirobebSi, ase ageben: 

jer garkveuli Sedgenilobis gamlxval nim-
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uSs Tanabrad aciveben, drois tol Sualed-

ebSi afiqsireben temperaturas, ageben gacive-

bis wirs koordinatebiT: gacivebis dro – 

temperatura, xolo Semdeg TviT diagramas 

koordinatebiT: Sedgeniloba – temperatura 

(sur. IV.2). 

I Sedgeniloba Seesabameba sufTa A  kompo-

nents. T1 temperaturaze iwyeba misi kristali-

zacia. gamoyofili siTbo axdens sistemis ga-

saciveblad warTmeuli siTbos kompensacias 

da T1 kristalizaciis damTavrebamde ucvle-

lia (horizontaluri ubani 1 wirze), gamyare-

buli A  nimuSis gaciveba nela mimdinareobs; 

T1 temperatura gadaizomeba mdgomareobis dia-

gramis marcxena ordinatTa RerZze. 

II Sedgenilobis narevis gacivebisas 2T  tem-

peraturaze iwyeba A  komponentis gamoyofa, 

gamoyofili siTbo anelebs gacivebis siCqares 

da wiri gardatydeba. mdgomareobis diagrama-

ze II Sedgenilobis ordinataa 2T . 

III Sedgenilobis narevis gacivebis wiri 

analogiuria II-isa, mxolod A  nivTierebis 

gamokristaleba iwyeba 3T  temperaturaze, mas-
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Si B komponentis siWarbis gamo II Sedgenilo-

basTan SedarebiT. mdgomareobis diagramaze III 

Sedgenilobis ordinataa 3T . II da III gacivebis 

wirebze aris horizontaluri ubani _ plato. 

ET  temperaturaze xdeba B  komponentis gamok-

ristalebac.  

IV Sedgenilobis nareviSi nalxobi  gajere-

bulia A  da B  komponentebisKkristalebiT. 

aseT Sedgenilobas ,,evteqtikurs” uwodeben. 

evteqtikuri siTxe myardeba Sedgenilobis 

Seucvlelad mudmiv temperaturaze (gacivebis 

wirze – plato). A  da B  komponentebis gamok-

ristaleba mimdinareobs mudmiv ET  temperatu-

raze. IV Sedgenilobis ordinataa ET . 

V Sedgenilobis narevis gacivebis wiri ana-

logiuria II da III narevebis wirebisa; aq 5T  

temperaturaze iwyeba B  komponentis gamokris-

taleba, gamoyofili siTbo anelebs gacivebis 

siCqares, ris Sedegadac wiri gardatydeba, ET  

temperaturaze ki iwyeba A  komponentis gamok-

ristalebac. Mdgomareobis diagramaze V Sed-

genilobis ordinataa 5T . 
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sur.IV.2.  mdgomareobis diagramis ageba 

gacivebis  wirebis mixedviT 

 

VI gacivebis wiri B  sufTa komponentisTvi-

saa. igi A  komponentis gacivebis wiris ana-

logiuria. 

Mdgomareobis diagramaze ET _ ET  wirs soli-

dusis wirs uwodeben.Mmis qvemoT sistema A  

da B  komponentebis Kkristalebisagan Sedgeba 

(IV are). misi Tavisuflebis xarisxTa ricxvi 

1122 S . ET1  da ET6  wirebi – likvidusis 

wirebia, maT zemoT mxolod Txevadi fazaa 

(Iare); aq 2112 S . II areSi Tanaarsebobs 2 

faza – cvladi Sedgenilobis nalxobi da A  

nivTierebis kristalebi, 1122 S . III arec 
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orfaziania – cvladi Sedgenilobis nalxobi 

da B  nivTierebis kristalebi, 1122 S . 

evteqtikis wertilebi sxvadasxva sistemisa-

Tvis sxvadasxvaa, xolo mocemuli sistemisaT-

vis erTi da igivea. 

 

QQQIV.6. Txevad da myar mdgomareobebSi 

SeuzRudavad xsnadi sistemebis mdgomareobis 

diagrama 

 

aseT sistemebs msgavsi Tvisebebis izomor-

fuli komponentebi qmnian. IV.3 suraTze moce-

mulia Txevad da myar mdgomareobebSi Seu-

zRudavad xsnadi sistemis mdgomareobis diag-

rama da gacivebis wirebi. BALTT  likvidusis 

wiris zemoT gvaqvs nalxobi da sistema erT-

faziania. BASTT  solidusis wiris  qvemoT gva-

qvs myari xsnari da sistema aqac erTfaziania, 

2112 S . sistema divariantulia, e.i. moce-

mul farglebSi SeiZleba nebismierad Seicva-

los Sedgenilobac da temperaturac, fazaTa 

ricxvis cvlilebis gareSe. BALTT  da BASTT  

wirebs Soris sistema orfaziania – myari xs-
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nari da Txevadi xsnari. sistema monovariantu-

lia, 1122 S . 

 

sur.IV.3. Txevad da myar mdgomareobaSi 

SeuzRudavad xsnadi sistemis mdgomareobis 

diagrama 

 

wonasworuli fazebis Sedgenilobis gansa-

sazRvrad wirebs Soris nebismier g  wertil-

Si avleben abcisTa RerZis paralelur wrfes, 

romelic likvidusis BALTT  wirTan f  wertil-

Si, xolo BASTT  solidusis wirTan h  wertil-

Si gadaikveTeba. f  wertilis Sesabamisi absc-

isa iZleva Txevadi fazis Sedgenilobas, xo-

lo h  wertilis Sesabamisi abscisa _ myari 

fazis Sedgenilobas. gacivebis I da II wirebi 

A  da B  sufTa komponentebisTvisaa, III wiri 

ki _ I Sedgenilobis narevisaTvis.  
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IV.7. myar mdgomareobaSi SezRuduli 

xsnadobis sistemebis mdgomareobis 

diagrama 

 

myar mdgomareobaSi SezRuduli xsnadobis 

sistemis A  komponentSi B  komponentis gansa-

zRvruli koncentracis xsnars _   xsnars 

uwodeben; xolo B komponentSi, A komponentis  

gansazRvruli koncentraciis xsnars _   xs-

nars.  

am sistemebisaTvis ori SemTxvevaa SesaZle-

beli: 

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

nonvariantuli wertili sufTa komponentebis 

dnobis temperaturaze dabla mdebareobs. IV.4. 

suraTze I are Seesabameba A  da B  nivTierebe-

bis nadnobis Txevad fazas, II–Txevad nadnobsa 

da   myar xsnars, III–Txevad nadnobsa da   

myar xsnars, IV–erTgvarovan   myar xsnars, 

V–erTgvarovan   myar xsnars, VI are   da   

myari xsnarebis narevia. E  evteqtikis wertil-

Si sami faza Tanaarsebobs: F  Sedgenilobis 

  myari xsnari, G  Sedgenilobis   myari xs-

nari, E  Sedgenilobis A  da B  nivTierebebis 

 132

Txevadi Senadnobi. es wertili nonvariantu-

lia. suraTis marcxena nawilSi moyvanilia 

gacivebis wirebi. 

 

sur. IV.4. myar mdgomareobaSi SezRuduli 

xsnadobis sistemis mdgomareobis                    

diagrama evteqtikiT 

 

2. myari xsnarebi periteqtikas warmoqmnis, 

e.i. P  nonvariantuli wertili A  da B  kompo-

nentebis dnobis temperaturebs Soris mdebare-

obs (sur. IV.5). mdgomareobis diagramaze I are 

Seesabameba A  da B  komponentebis Senadnobis 

Txevad fazas, II–siTxesa da   myar xsnars, 

III–siTxesa da   myar xsnars, IV–erTgvarovan 

  myar xsnars, V–erTgvarovan   myar xsnars,   
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sur.IV.5. myar mdgomareobaSi SezRuduli 

xsnadobis sistemis mdgomareobis diagrama 

periteqtikiT                           

 

VI are _  da   myari xsnarebis narevs. P  

wertilSi sami faza arsebobs: siTxe, G  Sed-

genilobis   myari xsnari da F  Sedgenilo-

bis   myari xsnari. suraTis marcxena nawil-

Si moyvanilia gacivebis wirebi 

 

 

IV.8. qimiuri naerTebis warmomqmneli 

komponentebisagan agebuli sistemis 

   mdgomareobis diagrama 

 

A  da B  komponentebisagan nmBA  Sedgeni-

lobis qimiuri naerTis warmoqmnisas SesaZle-

belia ori varianti: 

 134

1. nmBA  naerTi mdgradia dnobis temperatu-

ramde, igi dneba daSlis gareSe, e.i. kongruen-

tulad dnobadia. 

            

sur.IV.6. mdgradi qimiuri naerTis warmomqmneli  

sistemis mdgomareobis diagrama 

 

    2. nmBA  naerTi aramdgradia da iSleba 

dnobis temperaturaze ufro dabal tempera-

turaze. e.i. inkongruentulad dnobadia. 

ganvixiloT I SemTxveva (sur. IV.6). C  werti-

li nmBA  naerTis kristalizaciis temperatu-

raa, igi A  da B  komponentebis kristaliza-

ciis temperaturebze ufro maRalia. Tu am 

diagramas gavWriT  C – AmBn wiris gaswvriv, 

miviRebT 2 diagramas   A – AmBn da B – AmBn 

SedgenilobebiT da, Sesabamisad, E1 da E2 
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evteqtikebiT. C – AmBn  wiris marcxniv da 

marjvniv mdebareobs gansxvavebuli siste-

mebi, romelTa Soris gadasvla naxtomiT 

mimdinareobs. 

 

IV.9. samkomponentiani sistema 

 

samkomponentiani sistemis mdgomareobis di-

agrama sivrciTia. kerZod, samwaxnaga prizmaa. 

mis safuZvels jibsis tolgverda samkuTxedi 

warmoadgens, romelic sistemis Sedgenilobas 

gamosaxavs. Tu samkuTxedis gverdebs 10 an 100 

tol nawilad davyofT da maTgan gavavlebT 

gverdebis paralelur wrfeebs miiReba bade, 

romliTac gamoisaxeba sistemis Sedgenilo-

ba.NIV.7 suraTze samkuTxedis wveroebi sufTa 

nivTierebebs Seesabameba, gverdebi _ orkompo-

nentiani sistemis molur an woniT Sedge-

nilobas, xolo SigniT aRebuli nebismieri 

wertili - samive komponentis (molur an won-

iT) raodenobas. magaliTad, P  wertilSi aP  

gamosaxavs A  komponentis koncentracias, cP  

C komponentisas, xolo  BPb   komponentis 

koncentracias. 
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       sur. IV.7. jibsis tolgverda samkuTxedi 

 

samkuTxedis CBA ,,  wveroebSi aRmarTul mar-

Tobebze gadaizomeba temperatura. samwaxnaga 

prizmis waxnagebze gamoisaxeba AB, AC da BC   

 

sur. IV.8. samkomponentiani sistemis mdgomareobis 

diagrama 
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orkomponentiani sistemebis mdgomareobis dia-

gramebi evteqtikis E1, E2 da 3E  wertilebiT. 

sistemis komponentebi qmnis sammag evteqtikas 

yvelaze dabali 4E  dnobis temperaturiT 

(sur.IV.8). prizmis Siga zedapirebi warmoadg-

ens likvidusis zedapirebs.Aam zedapirebis 

zemoT sistema samkomponentian Txevad nadnobs 

gvaZlevs, likvidusis zedapiris qvemoT moTa-

vsebul sivrceSi komponentebis Kkristalebisa 

da Txevadi nadnobisagan Sedgenili orfaziani 

sistemebia. 
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V.  xsnarebi 

V.1. xsnarebis zogadi daxasiaTeba 

 

  xsnari ori an meti komponentisagan Semd-

gari cvladi Sedgenilobis erTgvarovani sis-

temaa. igi Seicavs gamxsnels, gaxsnil nivTi-

erebasa da maTi urTierTqmedebis produqtebs. 

  xsnaris dayofa gamxsnelad da gaxsnil 

nivTierebad pirobiTia. gamxsnelad miiCneven 

im komponents, romelic sufTa saxiT imave 

agregatul mdgomareobaSia, rogorSic xsnari. 

Tu orive komponenti erTnair agregatul 

mdgomareobaSia, gamxsneli is komponentia, ro-

melic xsnarSi meti raodenobiTaa. 

  gaxsnili nivTierebis nawilakTa zomebis 

(dispersiulobis) mixedviT arCeven WeSmarit 

xsnarebs (nawilakis zoma <10-8sm), mikrohetero-

genul sistemebs (nawilakis zomaa 10-7–10-5sm) 

da uxeSdispersul sistemebs (nawilakis zoma 

>10-3 sm). 

  xsnari gvxvdeba Txevad, myar da airad 

mdgomareobaSi. Txevadia marilebis, mJavebis, 

tuteebis, spirtebisa da sxva nivTierebebis 

xsnarebi wyalSi an sxva Txevad gamxsnelSi. 
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myari xsnarebia Senadnobebi: Tuji, foladi, 

TiTberi da sxv., xolo airadi xsnaris maga-

liTia haeri. 

xsnars didi mniSvneloba aqvs bunebasa da 

yofacxovrebaSi, mrewvelobasa da soflis me-

urneobaSi. mcenareebi zrdisaTvis aucilebel 

nivTierebebs garemodan xsnarebis saxiT iRe-

ben. cxovelebisa da adamianebis mier sakvebis 

SeTvisebis procesi saWmlis momnelebel org-

anoSi misi xsnarad gardaqmnis Semdeg xdeba. 

nivTierebebis wyalSi gaxsna uzrunvelyofs 

maT Soris qimiuri reaqciis swrafad mimdina-

reobas. bevri teqnologiuri procesi mimdi-

nareobs mxolod xsnarSi. organuli gamxs-

nelebi farTod gamoiyeneba qsovilebidan laq-

ebis mosacileblad, mcenareTa Teslidan zeT-

is gamosayofad da sxv. umniSvnelovanesi fiz-

iologiuri siTxeebi sisxli da limfa – xsna-

rebia. 

 

V.2. xsnadoba. xsnadobis koeficienti 

 

  nivTierebis ama Tu im gamxsnelSi gaxsnis 

unars xsnadoba ewodeba, xsnadobis raodeno-
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briv maxasiaTebels ki - xsnadobis koeficien-

ti. gramebiT  gamosaxul nivTierebis maqsima-

lur raodenobas, romelic mocemul tempera-

turaze 100g gamxsnelSi ixsneba, xsnadoba anu 

xsnadobis koeficienti ewodeba. xsnadobis 

ganzomilebaa g/l. (fuZeebisa da zogierTi ma-

rilis wyalSi xsnadobis cxrili mocemulia 

cnobarSi). 

xsnadoba damokidebulia gaxsnili nivTier-

ebisa da gamxsnelis bunebaze, temperaturasa 

da wnevaze. 

  xsnadobis mixedviT nivTierebebi iyofa 

kargad xsnad, mcired xsnad da praqtikulad 

araxsnad nivTierebebad. Tu 100g  wyalSi oTa-

xis temperaturaze ixsneba 10g-ze meti nivTi-

ereba, mas kargad xsnadi ewodeba, Tu ixsneba 

0,01g dan 1g-mde – mcired xsnadi, xolo 0,01g-

ze naklebi praqtikulad araxsnadia. Absolut-

urad araxsnadi nivTiereba ar arsebobs. Tu 

wyalSi CavuSvebT oqros an vercxls, is umni-

Svnelo raodenobiT mainc gaixsneba wyalSi, 

amas adasturebs is, rom amgvari wyali spobs 

baqteriebs. 
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 cdebiT dadgenilia, rom nivTierebebi ixs-

neba msgavs gamxsnelebSi; polaruli da  ionu-

ri naerTebi kargad ixsnebian polarul gamxs-

nelebSi ( ,NaOH  HCl , spirti – wyalSi), xolo 

arapolaruli – arapolarulSi (benzoli – 

heqsanSi). 

  xsnars, romelSic mocemul temperatura-

ze aRebuli nivTiereba metad aRar gaixsneba, 

najeri ewodeba, xolo xsnars, romelSic 

mocemul pirobebSi kidev SeiZleba gaixsnas 

aRebuli nivTiereba _ ujeri. zenajeria xsna-

ri, romelic Seicavs gaxsnil nivTierebas 

ufro meti raodenobiT, vidre najeri xsnari 

imave temperaturaze. zenajeri xsnari aramd-

gradia, WurWlis SerxeviT an gaxsnili nivTie-

rebis mcire zomis kristalis SetaniT xsna-

rSi, xdeba Warbad gaxsnili nivTierebis gamo-

yofa naleqis saxiT. 

   temperaturis daweviT xsnaridan nivTie-

rebis gamoyofas kristalizacia ewodeba. am 

dros miiReba sufTa nivTiereba, radgan, Tu 

xsnari Seicavda minarevebs, miuxedavad tempe-

raturis dawevisa, isini ar gamoiyofian, vinai-
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dan xsnari minarevebis mimarT ujeria. amas em-

yareba kristalizaciiT nivTierebaTa gasufTa-

vebis meTodi. airTa wyalSi gaxsnisas siTbo 

gamoiyofa, amotom le-Satelies principis Tan-

axmad, temperaturis gazrdiT airebis xsnado-

ba mcirdeba, xolo temperaturis SemcirebiT 

_ izrdeba.  

myari da Txevadi nivTierebebis xsnadobaze 

siTxeSi wneva umniSvnelod moqmedebs, radgan 

gaxsnisas ar xdeba sistemis moculobis mniSv-

nelovani cvlileba. airTa xsnadoba ki wnevis 

gadidebiT izrdeba, radgan airebis gaxsnisas 

mcirdeba sistemis moculoba; airTa xsnadoba 

gamoisaxeba 100g gamxsnelSi gaxnili airis 

raodenobiT  (ml-ebiT). 

 

AV.3. siTburi movlenebi gaxsnis dros 

 

nivTierebis gaxsna ori Tanamimdevruli 

procesiT mimdinareobs: 1. nivTierebis daSla 

molekulebad da ionebad, razec ixarjeba _ 1q  

energia.Eenergia ixarjeba nivTierebebis Semad-

geneli nawilakebis mizidvis Zalebis daZleva-

ze da maTi erTmaneTisagan iseT manZilze 
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dacilebaze, rom maT Soris mizidvis Zala nu-

lis toli gaxdes da gadanawildes gamxsne-

lis mTel moculobaSi. 2. molekulebisa da 

ionebis urTierTqmedebiT gamxsnelis (wylis) 

molekulebTan solvatebis (hidratebis) war-

moqmna. am dros gamoiyofa q2 energia.  

  gaxsnis siTburi Q efeqti  am procesebis 

siTburi efeqtebis jamis tolia: 

21 qqQ  . 

  gaxsnis siTburi efeqti siTbos is raode-

nobaa, romelic gamoiyofa an STainTqmeba er-

Ti moli nivTierebis gaxsnisas didi raode-

nobis gamxsnelSi. 

  Tu Hhidrataciis (solvataciis) energia 

metia nivTierebis molekulebad da ionebad 

daSlis energiaze 2q > 1q ,  gaxsnis procesi eg-

zoTermulia Q >0,  xolo Tu  2q < 1q , gaxsnis 

procesi endoTermulia. es imaze miuTiTebs, 

rom xsnaris temperaturis gadideba iwvevs 

xsnadobis gazrdas, Tumca arsebobs nivTiere-

bebi, romelTa xsnadoba temperaturis gazrdi-

sas mcirdeba (Ca(OH)2, Li2SO4  da sxv.). 
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Ggaxsnis procesSi saWiroa gamxsnelis 

molekulebsa da gasaxsneli nivTierebis nawi-

lakebs Soris mizidvis Zala toli an meti iy-

os gasaxsneli nivTierebis nawilakebs Soris 

mizidvis Zalaze, sxva SemTxvevaSi nivTiereba 

ar gaixsneba. 

 airTa gaxsnis dros ki Semdegi procesebi 

mimdinareobs: 1. airis SekumSva. es egzoTermu-

li procesia, misi siTburi efeqti, 1q  dadebi-

Tia. 2. airis molekulebis urTierTqmedeba ga-

mxsnelis molekulebTan. esec egzoTermuli 

procesia, misi siTburi efeqtia 2q . amitom air-

is siTxeSi gaxsnis procesi egzoTermulia, 

xolo siTburi efeqti _ mudam dadebiTi: 

Q = q1 + q2 . 

  amiT aris gamowveuli airTa xsnadobis 

Semcireba temperaturis gazrdisas. 

 

V.4. xsnaris koncentracia 

 

 xsnaris Sedgenilobis mniSvnelovani maxa-

siaTebelia koncentracia. xsnaris koncentra-

cia gamosaxavs gaxsnili nivTierebis raodeno-
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bas xsnaris an gamxsnelis garkveul moculo-

baSi an wonaSi. 

  ganasxvaveben koncentrirebul da ganza-

vebul xsnarebs. koncentrirebuli xsnari Sei-

cavs didi raodenobis gaxsnil nivTierebas, 

xolo ganzavebuli _ mcire raodenobis gaxs-

nil nivTierebas. kargad xsnadi nivTierebebis 

najeri xsnarebi koncentrirebulia, xolo 

mcired xsnadi nivTierebebisa _ ganzavebuli. 

  arsebobs xsnaris koncentraciis raoden-

obrivi gamosaxvis sxvadasxva xerxi, esenia: 

masuri, moculobiTi (W) an moluri wili (Ni); 

moluri (M), normaluri (N), molaluri (m) 

koncentraciebi da titri (T). 

  ganvixiloT TiToeuli maTgani cal-

calke. 

  gaxsnili nivTierebis masis (moculobis) 

fardobas xsnaris saerTo masasTan (moculo-

basTan) gaxsnili nivTierebis masuri (mocul-

obiTi) wili ewodeba aRiniSneba W-Ti; mas 

gamosaxaven mTelis nawilebiT an procento-

biT. 
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gaxsnili nivTierebis molTa ricxvis far-

dobas xsnarSi arsebuli molebis saerTo ri-

cxvTan moluri wili ewodeba aRiniSneba Ni-

iT. xsnaris komponentebis moluri wilebis ja-

mi erTis tolia.                                          

moluri koncentracia M gviCvenebs 1 l 

xsnarSi arsebuli gaxsnili nivTierebis gram-

molekulebis raodenobas. misi ganzomilebaa 

mol/l. 

normaluri koncentracia N miuTiTebs 1 l 

xsnarSi arsebuli gaxsnili nivTierebis gram-

ekvivalentis raodenobas. misi ganzomilebaa  

g-ekv/l. 

molaluri m xsnari gviCvenebs 1000 g gam-

xsnelSi gaxsnili nivTierebis gram-molekule-

bis ricxvs. 

 erT mililitr xsnarSi gaxsnili nivTie-

rebis raodenobas, gamosaxuls gramebiT, tit-

ri ewodeba aRiniSneba T-Ti. misi ganzomilebaa 

g/ml. 
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V.5. parcialuri moluri sidideebi 

 

 Tvisebebis umravlesoba, romlebic raode-

nobrivad ganisazRvreba, eqstensiur an inten-

siur Tvisebebs miekuTvneba. rogorc viciT, 

eqstensiuri Tvisebebi damokidebulia nivTier-

ebis raodenobaze (moculoba, masa, Siga energ-

ia, entropia). intensiuri Tvisebebi damokide-

buli ar aris nivTierebis raodenobaze (wneva, 

temperatura). intensiuri Tvisebis gansasazRv-

rad izomeba eqstensiuri Tvisebebis cvli-

leba, magaliTad, temperaturis dasadgenad 

izomeba vercxliswylis moculobis (eqstensi-

uri Tvisebis) cvlileba. 

 xsnaris intensiuri Tvisebebi ganpirobebu-

lia SedgenilobiT. magaliTad, xsnaris zemoT 

gamxsnelis najeri orTqlis wneva damokidebu-

lia xsnaris koncentraciaze. intensiur Tvise-

baTa gamomsaxveli sidideebi sistemis sxvada-

sxva nawilSi tolobisaken miiswrafis, ris Se-

degadac myardeba wonasworoba. 

 luisma (1912) raime eqstensiuri sididis (g) 

kerZo warmoebuls, xsnaris erTerTi komponen-

tis in  molTa ricxvis mimarT mudmivi wnevis 
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(P=const), temperaturis (T=const) da danarCeni 

komponentebis molTa ricxvis mudmivobis pir-

obebSi, parcialuri moluri sidide uwoda. 

innnTPi
i n
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...,,, 21
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sadac ig  i -uri komponentis parcialuri mol-

uri sididea. 

am gansazRvris moTxovnebi dakmayofildeba, 

Tu mocemuli koncentraciis xsnaris usasru-

lod did raodenobas (did moculobas) mudmi-

vi wnevisa da temperaturis pirobebSi dava-

matebT romelime komponentis 1 mols.  Xsna-

ris koncentracia praqtikulad ar Seicvleba, 

xsnaris Tvisebebis cvlileba ki iqneba dama-

tebuli komponentis parcialuri moluri si-

dide. magaliTad, parcialuri moluri mocul-

oba V  ganisazRvreba gantolebiT 
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  Tu xsnari moculobis cvlilebis gareSe 

miiReba, komponentis parcialuri moluri moc-
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uloba tolia misi 
0

iV  moluri moculobisa 

sufTa mdgomareobaSi, e.i.  0
ii VV  . 

moluri moculobisagan gansxvavebiT, SeiZ-

leba parcialuri moluri moculoba uaryof-

iTic iyos. es moxdeba maSin, Tu xsnarSi 

komponentis damateba gamoiwvevs misi moculo-

bis Semcirebas. Tu komponentebidan xsnaris 

miRebis procesi aditiuria, magaliTad, bina-

ruli xsnarisaTvis, romelic Seicavs kompone-

ntebis 1n  da  2n  mols, marTebulia toloba  

0
22

0
11 gngng  , 

sadac 
0
1g  da 

0
2g  sufTa nivTierebaTa parcial-

uri moluri sidideebia. am SemTxvevaSi Δg=0. 

xsnaris miRebisas enTalpia aditiuria, Tu en-

Talpiis cvlileba ΔH = 0, siTburi efeqti ar 

gvaqvs. rodesac sawyis nivTierebaTa enTalpi-

ebis jami aRemateba xsnaris enTalpias, gaxs-

nis procesSi siTbo gamoiyofa, winaaRmdeg 

SemTxvevaSi ki _ STainTqmeba. 

  parcialur molur sidideebs Soris gan-

sakuTrebiT mniSvnelovania parcialuri molu-
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ri Tavisufali energia iG  (jibsis potencia-

li), 

innnTPi
i n

GG
...,,, 21












  

  jibsis potencialis es cvlileba ganxi-

luli iyo qimiur TermodinamikaSi da mas 

qimiuri potenciali uwodes: 

;ii G     

innnTPi

i
i n

G

...,,, 21











  

  qimiuri potenciali, temperaturis da 

wnevis msgavsad, intensiuri sididea. mudmivi 

wnevisa da temperaturis pirobebSi sistemis 

sxvadasxva nawilSi yvela komponentis qimiuri 

potencialebis toloba, aris Termodinamikuri 

da qimiuri wonasworobis piroba. 

 

V.6.Aairebis narevi 

  praqtikul saqmianobaSi ufro xSirad saqme 

gvaqvs ara erTgvarovan airebTan, aramed maT 

narevTan. airebis narevis mier dakavebul mo-

culobaSi am narevSi Semavali TiToeuli airi 

iqceva ise, rogorc narevis sxva komponentebis 

ararsebobis pirobebSi: vrceldeba mTel mo-
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culobaSi, qmnis wnevas (parcialurs), aqvs 

narevis temperatura. idealur airTa narevi 

aris idealuri airi, da maTTvis marTebulia 

idealuri airis kanonebi. V.1 suraTze mocemu-

lia orkomponentiani narevis miRebis sqema.                           

 

sur.V.1. ori komponentisagan Semdgari narevis 

miRebis sqema 

 

Serevamde komponentebis moculobebi erTnair 

wnevasa da temperaturaze aris V1 da V2, air-

Ta masebi da maTi Tvisebebi (Siga energia, 

enTalpia, siTbotevadoba da sxv.) ki, cxadia, 

erTmaneTisagan gansxvavebulia. mas Semdeg rac 

tixars movxsniT, airebi difuziiT Seereva 

erTmaneTs ise, rom TiToeuli daikavebs srul 

moculobas Vnar, xolo TiToeuli airis wneva 

Semcirdeba mis parcialur wnevamde P1 da P2. 

amasTanave temperatura da saerTo wneva ar 

icvleba. aseTi Sedgenilobis narevi SeiZleba 

davaxasiaToT Semdegi sidideebiT: i-uri 
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komponentis masuri wili mmii / nar=  ii mm /  

sadac, mi da mnar i-uri komponentis da narevis 

masebia. i-uri komponentis moluri wili 

MMx ii / nar=  ii MM / sadac iM  da Mnar 

komponentis da narevisMkilomolebis ricxvia. 

i-uri komponentis moculobiTi wili 

ri=Vi/Vnar=Vi/ iV  sadac Vi i-uri komponentis 

moculobaa Serevamde, Vnar _ narevis moculo-

ba. aRsaniSnavia, rom idealuri airebis narevi-

saTvis moculobiTi wili emTxveva molur 

wils.  

    idealuri airiebis narevisaTvis marTebu-

lia daltonis kanoni, romlis Tanaxmadac 

airTa narevSi wneva tolia Semadgeneli air-

ebis parcialuri wnevebis jamisa 
i

PP  , 

sadac TiToeuli airis parcialuri wneva 

PxP ii  ; aseve marTebulia amagas kanoni, 

romlis Tanaxmadac narevis mocemuli tempera-

turisa da wnevis pirobebSi airTa narevis 

moculoba tolia misi Semadgeneli komponen-

tebis parcialuri moculobebis jamisa 

 iVV . idealuri airebis narevis kuTri 
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moculoba SeiZleba gamovTvaloT klape-

iron_mendeleevis gantolebiT PVnar=RT/ nar, 

sadac narevis kilomolis masa nar=1/ )/( ii   

an  nar= iix   radgan airTa narevSi Semavali 

erTi da imave airis molekulebi ar urTierT-

qmedeben, amitom ar iarsebebs urTierTqmedeba 

arc sxva airis molekulebTan. maTi Serevis 

process ar axlavs siTburi efeqti (siTbos 

gamoyofa an STanTqma), anu ar icvleba airebis 

Siga energa, amitom narevis Siga energia aris 

misi Semadgeneli komponentebis Siga energi-

ebis jamis toli U nar= iU  igive iTqmis  

enTalpiisa da siTbotevadobis Sesaxebac. am 

Tvisebebis kuTri an moluri sidideebis  masa-

ze an narevis kilomolebze gayofiT, miviRebT 

zogad wess. Znar= ii Z ;  Znar=  ii Zx   sadac 

Z aRniSnavs nebismier Tvisebas: Siga energias, 

enTalpias, izoqorul an izobarul siTbote-

vadobebs. amgvarad airebis narevis am Tvisebe-

bisaTvis moqmedebs aditiurobis wesi: narevis 

kuTri an moluri sidide tolia komponente-
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bis am sididideTa jami gamravlebuli Sesa-

bamis wilze narevSi. N 

   narevis entropia sufTa airebis entropieb-

is jamze metia, narevis Tavisufali energia ki 

_ sufTa airebis Tavisufali energiebis jamze 

naklebi. 

    Tu airebi ar emorCileba idealuri aire-

bis kanonebs an airebi, romelTa komponenteb-

ic qimiuri TvisebebiT, molekulaTa polaro-

biT Zlier gansxvavdeba, maTi narevebis Tvise-

bebi aditiurobis wesiT arazustad gainsaz-

Rvreba. 

 

V.7. ganzavebuli xsnarebi 

 

xsnarTa TeoriaSi ganixileba idealuri da 

realuri xsnarebi. 

xsnari idealuria, Tu misi Semadgeneli 

komponentebis Serevisas ar aRiZvreba gansaku-

Trebuli xasiaTis urTierTqmedebis Zalebi da 

ar Seicvleba moculoba da Siga energiis mar-

agi, xolo entropia izrdeba. idealuri xsna-

rebi SeiZleba davyoT srulyofil da usas-

rulod ganzavebul xsnarebad.    
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srulyofilia (idealizirebuli) xsnari 

romelic msgavsi komponentebisagan warmoiqmn-

eba da misi miRebisas ar icvleba arc siTburi 

efeqtis da arc moculoba, xolo entropia 

izrdeba. ganzavebuli xsnaris kanonebi marTe-

bulia nebismieri nivTierebisaTvis, magram 

usasrulo ganzavebis SemTxvevaSi, srulyofi-

li xsnaris kanonebi marTebulia mxolod zo-

gierTi nivTierebisaTvis, magram nebismieri 

koncentraciis dros.  

usasrulod ganzavebul an, martivad, ganza-

vebul xsnarSi SesaZlebelia ugulebelvyoT 

gaxsnili nivTierebis molekulebis urTierT-

qmedeba da CavTvaloT, rom gaxsnili nivTiere-

bis molekulebi mxolod gamxsnelis moleku-

lebTan urTierTqmedeben.  

aRvniSnoT gamxsneli indeqsiT 1, xolo gax-

snili nivTiereba _ indeqsiT i   .,....3,2i  

xsnari ganzavebulia, Tu 11 N . Tu 0iN , 

aseTi xsnaris ganzaveba (misi moculobis 

zrda), idealur airTa narevis msgavsad mimdi-

nareobs misi Siga energiis (enTalpiis) Seu-

cvlelad, e.i. 
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0



















TT V
H

V
U

. 

 usasrulod ganzavebuli xsnaris idealur 

airTan msgavsebaze pirvelad vant-hofma miu-

TiTa. gaxsnili nivTiereba TavisTavad cdil-

obs Tanabrad ganawildes gamxsnelis mTel 

moculobaSi iseve, rogorc idealuri airi 

ikavebs mTel moculobas. 

gaxsnili nivTierebis gamxsnelSi Tanabari 

ganawilebac xasiaTdeba entropiis zrdiT. 

Siga energia am SemTxvevaSic ucvlelia, rad-

gan gaxsnili nivTierebis molekulebi erTma-

neTTan ar urTierTqmedebs. ganzavebul xsnar-

Si gaxsnili nivTierebis yoveli axali mole-

kulis damateba ar cvlis gaxsnili nivTier-

ebis parcialur-molur enTalpias 

H
nnTPn

H 










2...1,,2
2 = const,     e.i. 0H . 

ganzavebuli (idealuri) xsnarebis miRebisas 

Tavisufali energia mcirdeba, ΔG<0, xolo 

entropia izrdeba, ΔS> 0.  
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V.8. ganzavebuli xsnarebis koligatiuri 

Tvisebebi 

 

   xsnaris zogadi Tvisebebi ganpirobebulia 

gamxsnelis bunebiT da gaxsnili nivTierebis 

koncentraciiT da ar aris damokidebuli gax-

snili nivTierebis Tvisebebze. maT koligatiu-

ri Tvisebebi ewodeba. koligatiuri TvisebebiT  

aris  gamowveuli  najeri orTqlis wnevis Sem-

cireba xsnaris zemoT, duRilis temperaturis 

gazrda, gayinvis temperaturis Semcireba, os-

mosuri wneva da sxv. xsnaris koligatiuri 

Tvisebebi gansazRvravs Txevadi gamxsnelis 

qimiuri potencialis cvlilebas gaxsnili niv-

Tierebis Tanaobisas. 

 

V.9. raulis kanoni 

 

  mudmivi temperaturis pirobebSi  constT   

mocemuli siTxis najeri orTqlis wneva siT-

xis bunebaze damokidebuli mudmivi sididea. 

Tu siTxeSi raime nivTiereba ixsneba, misi na-

jeri orTqlis wneva icvleba. 

  eqsperimentuli kvlevis Sedegad raulma 

(1886w.) daadgina, rom gamxsnelis najeri orT-
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qlis wneva (P1) xsnaris zemoT naklebia sufTa 

gamxsnelis najeri orTqlis  0
1P  wnevaze, 

P1<
0

1P . 

gamxsnelis najeri orTqlis P1 wneva xsna-

ris zemoT tolia sufTa gamxsnelis najeri 

orTqlis 
0

1P  wnevis namravlisa gamxsnelis 1N  

molur wilze xsnarSi: 

1P  = 0
1P 1N . 

gamxsnelis 1N  da gaxsnili nivTierebis 2N  

molur wilTa jami erTis tolia: 1N + 2N =1, 

amitom es gamosaxuleba SeiZleba Semdegi sa-

xiTac Caiweros: 

20
1

1
0

1 N
P

PP



. 

xsnaris zemoT gamxsnelis najeri orTqlis 

wnevis fardobiTi Semcireba  0
11 PP  gaxsnili 

nivTierebis moluri wilis tolia da damoki-

debuli ar aris gaxsnili nivTierebis buneba-

ze (koligatiuri Tviseba). 

  gaxsnili nivTierebis da gamxsnelis koncen-

traciebi raulis kanonSi gamosaxuli unda 

iyos mxolod moluri wilebiT.  
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 idealuri xsnarebisaTvis marTebulia 

raulis kanoni. raulis kanonidan gamomdi-

nareobs mniSvnelovani daskvnebi ganzavebuli 

xsnarebis duRilis da gamyarebis temperatu-

rebis Sesaxeb. 

 

V.10. henris kanoni 

  ganvixiloT airis siTxeSi gaxsnis pro-

cesi. mudmivi wnevis pirobebSi (P=const) airis 

xsnadoba siTxeSi izrdeba temperaturis Sem-

cirebisas. airis siTxeSi xsnadobis ganmsazRv-

reli faqtoria airis parcialuri wneva siTx-

is zemoT. 

henris kanonis Tanaxmad, mudmivi temperatu-

raze siTxeSi gaxsnili airis raodenoba misi 

parcialuri wnevis proporciulia. 

henris kanoni  ase gamoisaxeba:    


P
c

 an Pc  . 

es gantoleba  gamosaxavs  gaxsnili  airis  

koncentraciis (c) damokidebulebas airis 

parcialur wnevaze (P) xsnaris zeviT, Г–s 

henris mudmivas uwodeben.  
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henris kanoni marTebulia nebismieri 

erTeulebiT gamosaxuli airis koncentraci-

isaTvis. henris kanoni ZalaSia, Tu gaxsnisas 

airi ar ganicdis arc disociacias, arc 

asociacias. zogierT SemTxvevaSi gaxsnisas 

airi ganicdis disociacias. aseT SemTxvevaSi 

henris kanonis gamomsaxveli gantoleba Semdeg 

saxes miiRebs: 

Pc  . 

gaxsnili airadi nivTierebis koncentracia 

pirdapirproporciulia kvadratuli fesvisa 

airad fazaSi misi parcialuri wnevidan 

(siversis kanoni). 

 henris mudmiva Г, wonasworobis mudmivas 

msgavsad, damokidebulia temperaturaze: 

22

lnln
RT

H
dT

d
RT

H
dT

Kd p 



     an    , 

sadac ΔH enTalpiis cvlilebaa airis 

gaxsnisas. 

 Cveulebriv, airebis siTxeebSi gaxsnis 

procesi egzoTermulia da kondensaciis siT-

bos msgavsad, ΔH < 0. 
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V11. ganzavebuli xsnarebis duRilis da 

gamyarebis temperturebi 

 

    araaqroladi nivTierebis gaxsnis dros 

orTqli xsnaris zemoT Sedgeba mxolod gamx-

snelis molekulebisagan. siTxe duRs rodesac 

najeri orTqlis wneva xsnaris zeviT utold-

eba atmosferul wnevas. raulis kanonis Tana-

xmad gamxsnelis najeri orTqlis wnevia xsna-

ris zemoT naklebia, sufTa gamxsnelis najeri 

orTqlis wnevaze. amitom gamxsnelis najeri 

orTqlis wneva xsnaris zemoT atmosferul 

wnevas ufro maRal temperaturaze gautol-

deba, vidre sufTa gamxsnelis najeri orTq-

lis wneva. es iwvevs xsnaris duRilis tempera-

turis zrdas sufTa gamxsnelis duRilis tem-

peraturasTan SedarebiT. anu erTnair wnevaze, 

araaqroladi nivTieebis xsnari duRs ufro 

maRal temperaturaze, vidre sufTa gamxsneli. 

gaxsnili nivTierebis koncentraciis zrdas-

Tan erTad es gansxvaveba izrdeba. duRilis 

dros siTxe da orTqlo erTmaneTTan wonaswo-

robaSia (sur.IV.1).   
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Tu xsnaris koncentracias molalobiT gamov-

saxavT, xsnari 1000g gamxsnelSi gaxsnil 2n  

mol nivTierebas Seicavs da mn 2 , (m-xsnaris 

molaluri koncentraciaa)  

duR m
L

RTmM
RT

10001000

2

1

20
1 


, 

sadac 1M  gamxsnelis molekuluri masaa,  _ 

gamxsnelis aorTqlebis siTbo, 
1M

L 
  _ gamx-

snelis aorTqlebis xvedriTi siTbo. SemoviR-

oT aRniSvna 
ebK

L
RT


1000

20
1 . am mudmivas ebulios-

kopiur mudmivas uwodeben. 
ebK  gamosaxavs ise-

Ti xsnaris duRilis temperaturis awevas, ro-

melic 1000g gamxsnelSi 1 mol gaxsnil nivTie-

rebas Seicavs. igi gamxsnelis Tvisebebs axasi-

aTebs da damokidebuli ar aris gaxsnili 

nivTierebis bunebaze. duRilis temperaturis 

cvlileba  duR = duR 1 _ duR0, sadac duR1 

xsnaris, duR
0 gamxsnelis duRilis tempe-

raturebia. sabolood T duR ase Caiwereba: 

mKT  ebduR
. 
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 ganzavebuli xsnaris duRilis temperatu-

ris namati duR sufTa gamxsnelis duRilis 

temperaturasTan SedarebiT, gaxsnili nivTi-

erebis molaluri koncentraciis pirdapir-

proporciulia. es mxolod maSin aris marTe-

buli, roca gaxsnis dros ar xdeba nivTiere-

bis disociacia ionebad an asociacia e.i. gaxs-

nili nivTierebis molekuluri masa ucvle-

lia. 

xsnaris zemoT gamxsnelis najeri orTqlis 

wnevis Semcirebis meore Sedegia araaqroladi 

nivTierebis xsnaris gayinvis temperaturis 

daweva sufTa gamxsnelis gayinvis temperatu-

rasTan SedarebiT. gayinvis temperatura is 

temperaturaa, romelzec warmoiqmneba myari 

fazis pirveli kristalebi. araaqroladi niv-

Tierebis xsnaris gayinvis dros myari fazis 

(sufTa gamxsnelis) zedapirze najeri orTq-

lis wneva xsnaris najeri orTqlis wnevis 

toili iqneba. vinaidan raulis kanonis Tana-

xmad  gamxsnelis najeri orTqlis wnevia xsna-

rs zemoT naklebia, sufTa gamxsnelis najeri 

orTqlis wnevaze, xsnari gaiyineba ufro dab-
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al temperaturaze, vidre sufTa gamxsneli. 

(sur.IV.1).    

gayinvis temperaturis daweva isevea damoki-

debuli xsnaris molalur (m) koncentraci-

aze, rogorc duRilis temperaturis aweva 

�Tgay  = Kkr m ,                           

sadac Kkr
dn

L
RT

1000

20
1 , 

dn
L _sufTa gamxsnelis 

dnobis kuTri siTboa. 
krK _krioskopiuli mud-

miva, is gamosaxavs iseTi xsnaris gayinvis 

temperaturis Semcirebas, romelic 1000g gam-

xsnelSi 1 mol gaxsnil nivTierebas Seicavs. 

gayinvis temperaturis cvlileba gay=gay1 _ 

_gay0.   gay1 xsnaris, gay
0 gamxsnelis gayinvis 

temperaturebia. 

   
kr

K  damokidebulia mxolod gamxsnelis 

Tvisebebze. ganzavebul xsnarSi gamxsnelis 

gayinvis temperaturis Semcireba ganpirobe-

bulia mxolod gaxsnili nivTierebis koncent-

raciiT da ar aris damokidebuli mis bune-

baze. K  
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sur.V.2.  xsnarisa da wylis najeri orTqlis 

wnevis damokidebuleba temperaturaze 

 

 

    krioskopiisa da ebulioskopiis SesaZleb-

lobebi Tanabaria, magram radgan gayinvis 

temperaturis gansazRvra ufro advilia, vid-

re duRilisa, krioskopia ufro zusti da xSi-

rad gamoyenebuli meTodia. 

sufTa gamxsnelis da cnobili koncentra-

ciis xsnaris duRilis da gayinvis temperatu-

rebis pirdapiri gazomviT ganisazRvreba gaxs-

nili nivTierebis molekuluri M2 masa.Mmole-

kuluri masis gansazRvris aseT meTodebs ewo-

deba ebulioskopiuri an krioskopiuli. 

               Tgay
1    Tgay

0                         TduR
0   TduR

1 

   atm.wneva 
      

             

          wyali 

         yinuli       xsnari 
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M2
1

21000
gT

g
K

duR

eb 
 ,      M2

1

21000
gT

g
K

gay

kr 
 , 

sadac g2 gaxsnili nivTierebis masaa, xolo g1 

gamxsnelis.   

krioskopias mimarTaven nivTierebis sisuf-

Tavis, xsnadobis, xsnaris Sedgenilobis, gaxs-

nili nivTierebis molekuluri masis, susti 

eleqtrolitis disociaciis xarisxis da nivT-

ierebis aqtiurobis koeficientis, gamxsnelis 

da gaxsnili nivTierebis Termodinamikuri aqt-

iurobebis, wonasworobis mudmivas dasadgenad. 

 

V.12. osmosuri wneva 

 

    Tu Ria cilindris fskerze gadaWimulia 

naxevradgamtari membrana, cilindrSi Casxmu-

lia xsnari da moTavsebulia sufTa gamxsne-

lSi, maSin gamxsnels SeuZlia SeaRwios orive 

mimarTulebiT, magram gare WurWlidan SigniT 

gadasvlis siCqare metia, vidre piriqiT. suf-

Ta gamxsnelis najeri orTqlis wneva metia, 

vidre igive wneva xsnaris zedapirze da gamxs-

neli yovelTvis difuziiT gadadis masTan Se-

xebaSi myof xsnarSi. am process osmosi ewo-
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deba. gamxsnelis xsnarSi gadasvla mimdinare-

obs manam, sanam siTxis svetis hidrostatik-

uri wneva ar gaawonasworebs gamxsnelis xsna-

rSi gadasvlis Zalas.  

                     

            Nsur.QV.3. osmometris sqema 

wneva, romelic Seesabameba wonasworobas, 

SeiZleba gamoviyenoT osmosis raodenobrivad 

dasaxasiaTeblad. e.i. osmosuri wnevis sazomia 

hidrostatikuri wneva, romliTac osmosis 

SeCereba SeiZleba. osmosuri wneva SeiZleba 

ganvixiloT, rogorc is wneva, romliTac unda 

vimoqmedoT xsnarze, raTa misi orTqlis wneva 

gautoldes sufTa gamxsnelis orTqlis wne-

vas. vant-hofma daadgina msgavseba osmosur 

wnevasa da airebis kanonebs Soris; araele-

qtrolitebis ganzavebuli xsnaris osmosuri 

wneva xsnaris koncentraciis proporciulad 

icvleba. maTTvis osmosuri wneva gamoiTvleba 
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gantolebiT RTcP  , sadac: P osmosuri wnevaa; 

T _temperatura; R _airebis universaluri mudmi-

va; c _xsnaris koncentracia;   

   temperaturis gazrdiT osmosuri wneva 

izrdeba; xsnarebs, romelTa erTnairi mocu-

lobebi molekulaTa erTsa da imave rao-

denobas Seicavs, aqvs erTnairi osmosuri 

wneva; Tu xsnari ramdenime eleqtrolits 

Seicavs, misi osmosuri wneva gaxsnil nivTi-

erebaTa parcialuri osmosuri wnevebis jamia.  

 osmosuri wnevisa da airebis kanonebis 

msgavsebis analiziT vant-hofma xsnarebis 

Teoriis umartivesi Sedegi Camoayaliba: 

osmosuri wneva udris gaxsnili nivTierebis 

wnevas, Tu igi imave temperaturaze airad 

mdgomareobaSi iqneba da xsnaris moculobis 

tol moculobas daikavebs. 

am kanonidan gadaxras avlens eleqtro-

litebis xsnarebi, sadac xdeba gaxsnili niv-

Tierebis nawilakTa ricxvis cvlileba, mole-

kulebis asociacia an disociacia, da koncen-

trirebuli xsnarebi. 
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 osmosur wnevas udidesi mniSvneloba aqvs 

biologiuri procesebisaTvis. igi ganapirobebs 

sakvebi xsnarisa da wylis SeRwevas ujredSi. 

maRalorganizebuli organizmebis ujredebis 

wvenis osmosuri wneva TiTqmis yvela organo-

Si erTnairia  da 8 atm-s udris.  

 

V.13. nernst-Silovis ganawilebis kanoni 

 

Tu nivTiereba gaxsnilia or urTierTuxs-

nad (I da II) siTxeSi, wonasworobis damyarebis 

Semdeg, es nivTiereba ganawildeba orive siT-

xeSi garkveuli TanafardobiT.  

K
c
c

II

I  , 

sadac Ic  da IIc , Sesabamisad, gaxsnili niv-

Tierebis koncentraciebia I da II gamxsnele-

bSi,  K  mudmivas ganawilebis koeficienti ew-

odeba. Ic  da IIc   sidideebi icvleba gaxsnili 

nivTierebis raodenobis cvlilebisas, maTi 

fardoba ki mudmiv temperaturaze ucvlelia. 

 ganawilebis kanoni aseTi saxiT marTe-

bulia, Tu nivTierebis molekuluri masa 

orive siTxeSi erTnairia. disociaciis an 
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asociaciisas gaTvaliswinebul unda iqnes 

gaxsnili nivTierebis molekuluri masis 

cvlileba. 

  magaliTad, Tu I gamxsnelSi xdeba gaxsni-

li nivTierebis disociacia, Ic  koncentracia 

ayvanil unda iqnes n  xarisxSi, romelic erTi 

molekulis disociaciis dros miRebuli ione-

bis raodenobis tolia. asociaciis SemTxve-

vaSi formulaSi Seva m  xarisxis fesvi Sesa-

bamisi koncentraciidan, sadac m  molekule-

bis raodenobaa erT asociatSi. 

 zemoT aRniSnulis gaTvaliswinebiT ner-

nst-Silovis ganawilebis kanoni aseT zogad 

saxes miiRebs: 

m
II

n
I

c
c

K   . 

K  koeficientis temperaturaze damokide-

bulebas iseTive saxe aqvs, rogoric wonaswo-

robis mudmivas temperaturaze damokidebule-

bas: 

2

ln
RT

H
dT

Kd 
 , 



 171

sadac H  enTalpiis cvlilebaa gaxsnili 

nivTierebis erTi gamxsnelidan meoreSi gadas-

vlisas.   

ganawilebis kanonzea damyarebuli nivTier-

ebis eqstrahireba anu xsaridan misi gamoyofa 

sxva, Seurevadi gamxsnelis damatebiT da 

narevis SenjRreviT. eqstrahireba laborato-

riul praqtikasa da teqnologiaSi miRebuli 

meTodia. misi saSualebiT SesaZlebelia nare-

vidan nivTierebis gamoyofa. magaliTad, eqstr-

ahirebiT gamoyofen eTerzeTebs. 

 

V.14. siTxeebis urTierTxsnadoba 

 

ganixilaven  ori siTxis urTierTxsnado-

bis sam SemTxvevas:  

1. praqtikulad araxsnadi siTxeebi (vercx-

liswyali – wyali);   

2. SeuzRudavad xsnadi siTxeebi, romlebic 

erTmaneTSi nebismieri TanafardobiT ixsneba 

(eTilis spirti – wyali); 

3. SezRudulad xsnadi siTxeebi (anilini – 

wyali). 
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  siTxeebis urTierTxsnadobaze gavlenas 

axdens gamxsnelis najeri orTqlis wneva, 

duRilis temperatura, xsnaris zemoT arsebu-

li najeri orTqlis Sedgeniloba da nivTier-

ebaTa buneba. 

 

V.15. urTierTaraxsnadi siTxeebi 

 

 Tu ori siTxe erTmaneTSi ar ixsneba da ar 

urTierTqmedebs, TiToeuli maTganis aorTql-

eba ise mimdinareobs, TiTqos meore siTxe sa-

erTod ar arsebobdes. maTi orTqlis parcia-

luri 1P  da 2P  wnevebi amave temperaturaze 

cal-calke aRebuli siTxeebis najeri orT-

qlis 
0

1P  da 
0

2P  wnevebis tolia. saerTo wneva 

siTxeebs zemoT  

P 0
1P  + 

0
2P  

  saerTo P  wneva ar aris damokidebuli 

narevSi siTxeTa Tanafardobaze, radgan 0
1P  da 

0
2P  damokidebuli ar aris siTxis raodenoba-

ze. P  wneva narevs zemoT metia TiToeul Se-

sakrebze, amitom narevis duRilis temperatu-

ra naklebia TiToeuli siTxis duRilis tempe-
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raturaze. Seurevadi siTxeebisaTvis igi mud-

mivia, sanam ar aorTqldeba naklebi duRilis 

temperaturis mqone siTxe, Semdeg ki duRilis 

temperatura naxtomiseburad icvleba.  

orTqlis Sedgeniloba narevis zemoT gain-

sazRvreba fardobiT 

0
2

0
1

2

1

P
P

n
n

 , 

sadac 1n  da 2n  orTqlSi komponentTa moleb-

is raodenobaa, 
0

1P  da 
0

2P  ki _ maTi parcialu-

ri wnevebi.  

gamovsaxoT orTqlis Sedgeniloba 1g  da 

2g  woniTi procentebiT:  

1g + 2g = 100;      
1

1
1 M

gn  ;     
2

2
2 M

gn  , 

aq 1M  da 2M  Semadgeneli komponentebis mol-

ekuluri masebia. martivi gardaqmnebiT miiRe-

ba: 

2
0

21
0

1

1
0

1
1 100

MPMP
MPg


 ;     
2

0
21

0
1

2
0

2
2 100

MPMP
MPg


  . 

am gamosaxulebebidan Cans, rom orTqlis 

Sedgeniloba damokidebuli ar aris siTxis 

Sedgenilobaze. 
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 es movlena safuZvlad udevs teqnikaSi 

farTod gavrcelebul gamoxdas wylis orTq-

lTan erTad. am meTodiT SesaZlebelia siTxis 

gamoxda misi duRilis temperaturasTan Seda-

rebiT dabal temperaturaze. 

 wylis orTqlTan erTad gamoxdas iyeneben 

benzolis gamosaxdelad qvanaxSiris fisidan, 

anilinis, nafTalinis da sxva organuli naer-

Tebis gasawmendad. es meTodi gamoiyeneba 

vakuumSi gamoxdis ufro rTuli meTodis nac-

vlad, rodesac gamosaxdeli nivTiereba norma-

lur duRilis temperaturaze iSleba. 

 

V.16. SezRudulad xsnadi siTxeebi 

 

SezRudulad xsnadi siTxeebis gaxsna damo-

kidebulia temperaturaze. aseTi siTxeebis Se-

revisas gajerebis miRwevis Semdeg iwyeba gan-

calkeveba da erTi fena warmoadgens pirveli 

siTxis xsnars meoreSi, meore ki – meore siT-

xis xsnars pirvelSi. Tu ori siTxis gaxsnis 

procesi endoTermulia, temperaturis momateb-

iT maTi urTierTxsnadoba izrdeba. MmagaliT-

ad, anilinis wyalSi xsnadoba da wylisa _ 
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anilinSi temperaturis momatebiT izrdeba. 

sxvadasxva fenis Sedgenilobis gansxvaveba 

temperaturis zrdisas mcirdeba da raRac 

temperaturaze fenebs Soris gansxvaveba ispo-

ba. am temperaturas kritikuls uwodeben. kri-

tikulia temperatura, romlis zeviT anilini 

da wyali nebismieri TanafardobiT ixsneba er-

TmaneTSi. am siTxeebs aqvs e.w. zeda kritikuli 

temperatura.NV.4 suraTze mocemulia fenebis 

Sedgenilobis damokidebuleba temperaturaze 

anilinisaTvis wyalSi da wylisaTvis anilin-

Si. nebismier wertils wiris gareT Seesabame-

ba  anilinis  da wylis homogenuri narevi.  

            

Sur.V.4. sistemaSi anilini-wyali siTxeebis 

urTierTxsnadoba 

 

wiris SigniT nebismieri wertili aRwers hete-

rogenul narevs, romelic fenebad iSleba. 
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ori wonasworuli fenis Sedgeniloba SeiZle-

ba ganisazRvros Sedgenilobis RerZis parale-

luri wrfeebis xsnadobis wirTan gadakveTis 

wertilebiT. magaliTad, a  wertilSi SeiZle-

ba movxvdeT y  wertilidan temperaturis Sem-

cirebiT da z  wertilidan _ wylis koncentr-

aciis gazrdiT. orive SemTxvevaSi sistema fe-

nebad iSleba. fenebis Sedgeniloba gainsazRv-

reba a  da b  wertilebiT. 

rodesac ori siTxis urTierTgaxsnis proc-

esi egzoTermulia, xsnadoba temperaturis 

SemcirebiT izrdeba. aseT sistemas qveda kri-

tikuli wertili aqvs. V.5.suraTze motanilia 

 -koloidinis da wylis urTierTgaxsnis wiri. 

 

sur.V.5. sistemaSi  γ-koloidini-wyali  siTxeebis 

urTierTxsnadoba 
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SezRuduli xsnadobis sistemebSi wonaswo-

robisas orive fenis najer orTqls erTnairi 

saerTo wneva, Sedgeniloba da parcialuri 

wneva aqvs. 

orfenovani sistemis duRilis dros tempe-

ratura ucvleli rCeba erTi fenis mTlianad 

aorTqlebamde. amis Semdeg temperatura matu-

lobs da duRils iwyebs meore fena. 

 

V.17. SeuzRudavad xsnadi siTxeebi 

 

SeuzRudavad xsnadi A  da B  siTxeebisgan 

miRebul narevSi urTierTqmedeba xdeba rogo-

rc erTnair AA  , BB  , aseve, sxvadasxva 

BA   saxis molekulebs Soris. am sami saxis 

molekulaTSorisi urTierTqmedebiT gansa-zR-

vrulia ama Tu im xsnaris Tvisebebi. 

  d.konovalovma Txevadi xsnaris zeviT 

najeri orTqlis wnevis (P) xsnaris Sedge-

nilobaze  N  damokidebulebis eqsperimen-

tuli monacemebis safuZvelze SeuzRudavad 

xsnadi siTxeebi sam tipad dayo.  

  ganvixiloT TiToeuli tipi cal-calke. 
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  I tipi A-A, B-B da A-B urTierTqmedeba 

erTnairia. sur.IV.6. (I wiri). komponentebis 

(izomerebi, naxSirwyalbadebis erTi da imave 

homologiuri mwkrivis wevrebi, zogierTi li-

Tonis Senadnobebi (   MnOFeONiFe  , da sxva) 

fizikur-qimiuri Tvisebebi msgavsia. aseT xsna-

rs idealurs an srulyofils uwodeben. Kkom-

ponentebis Tvisebebis msgavsebis gamo srul-

yofili xsnari miiReba siTburi efeqtis da 

moculobis cvlilebis gareSe (H=0; U=0). 

xsnaris miRebis procesi TavisTavadia da mim-

dinareobs Tavisufali energiis SemcirebiT 

( G  < 0). 

 

sur.V.6.  SeuzRudavad xsnad sistemaSi najeri 

orTqlis wnevis damokidebuleba Sedgenilobaze 

 

siTxe 

orTqli 
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  srulyofili xsnaris najeri orTqlis P  

wneva wrfivad aris damokidebuli xsnaris 2N  

Sedgenilobaze (sur.V.7).   

              

sur.V.7. raulis kanonis grafikuli gamosaxuleba 

srulyofili xsnarebisaTvis, najeri orTqlis 

wnevis damokidebuleba Sedgenilobaze 

 

II tipi. A-A da B-B urTierTqmedeba ufro Zli-

eria, vidre A-B. IV.6 suraTze II wiri gamosa-

xavs najeri orTqlis wnevis damokidebulebas 

Sedgenilobaze da I wirisagan gansxvavebiT, 

igi arawrfivia da aqvs maqsimumi. am wiriT aR-

weril SemTxvevas raulis kanonisagan dadebiT 

gadaxras uwodeben – nebismieri koncentraci-

is najeri orTqlis wneva metia, vidre srul-

yofili xsnaris najeri orTqlis wneva. V.8. 

suraTze 21, PPP  da  wirebi srulyofili xsnar-

is Sesabamisi punqtiriT gamosaxuli wiris ze-
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moT mdebareobs. dadebiTi gadaxra Seesabameba 

xsnadobis Semcirebas srulyofil xsnarebTan 

SedarebiT.Aam SemTxvevaSi moculoba izrdeba 

V0, siTbo STainTqmeba H  0.  

   ganzavebis SemTxvevaSi raulis kanons emo-

rCileba nebismieri ganzavebuli xsnari, amit-

om 21 PP  da  wirebis zeda boloebi punqtirebs 

emTxveva. 

 

sur.V.8. najeri orTqlis wnevis damokidebuleba 

Sedgenilobaze II tipis xsnarebisaTvis. raulis 

kanonidan dadebiTi gadaxra 
 

 

Zlieri dadebiTi gadaxris SemTxvevaSi 

xsnari fenebad iyofa. dadebiTi gadaxra xSi-

ria xsnarebSi: wyali-eTilis spirti, qlor-

oformi-eTilis spirti, acetoni-gogirdnaxSir-

badi da sxva. 
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  III tipi. A-B urTierTqmedeba ufro 

Zlieria, vidre A-A, da B-B. V.6.suraTze III 

wiri miuTiTebs srulyofili xsnarisagan 

uaryofiT gadaxraze.^V.9.suraTze najeri orT-

qlis wnevis samive wiri ( 21, PPP  da ) moTav-

sebulia punqtiriT gamosaxuli wiris qvemoT. 

uaryofiTi gadaxra ganpirobebulia gansxvave-

bul molekulebs Soris Zlieri bmiT. sufTa 

komponentebis najeri orTqlis wnevebis mcire 

gansxvavebis da raulis kanonidan didi 

gadaxris SemTxvevaSi saerTo wnevis wirze 

Cndeba mkveTrad gamosaxuli minimumi.Aam SemT-

xvevaSi moculoba mcirdeba �V<0, siTbo ga-

moiyofa H <0.  

 

surIV.9. najeri orTqlis wnevis damokidebuleba 

Sedgenilobaze III tipis xsnarebisaTvis. raulis 

kanonidan uaryofiTi gadaxra 
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uaryofiTi gadaxra ufro iSviaTia, vidre 

dadebiTi. uaryofiTi gadaxris xsnari miiReba 

mxolod maSin, Tu komponentebs aqvs solvata-

ciis an qimiuri naerTis warmoqmnis unari an, 

Tu SeurevT mJavas an tutis Tvisebebis mqone 

siTxeebs (III tipis xsnarebis magaliTebia: ace-

toni-qloroformi, HCl  da 3HNO  wyalSi, Wian-

WvelmJava-piridini da sxv.). 

 dadebiTi gadaxrisas siTbo STainTqmeba, 

uaryofiTi gadaxrisas – gamoiyofa. 

 xsnars, romlis miRebas Tan sdevs siTbu-

ri efeqti, xolo entropiis cvlileba am 

dros iseTivea, rogorc srulyofili xsnare-

bisaTvis, regularul xsnars uwodeben. 

 

V.18. konovalovis kanonebi 

 

  SeuzRudavad xsnadi siTxeebis Seswavli-

sas dadginda, rom orTqlis da siTxis Sedge-

niloba SeiZleba gansxvavebuli iyos. Mmagali-

Tad, srulyofili xsnaris orTqlis  Sedgeni-

loba siTxis Sedgenilobisagan gansxvavebul-

ia koncentraciis cvlilebis mTel interval-

Si. mudmivi wnevis pirobebSi orTqlis da siT-
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xis Sedgenilobis damokidebuleba temperatu-

raze srulyofili xsnarebisaTvis naCvenebia 

IV.10. suraTze. qveda wiri gamosaxavs siTxis 

Sedgenilobis damokidebulebas duRilis tem-

peraturaze, zeda wiri ki _ orTqlis Sedgeni-

lobis damokidebulebas temperaturaze (p= 

const). wirebis urTierTganlageba miuTiTebs, 

rom orTqlSi metia is komponenti, romlis 

duRilis temperaturac ufro dabalia (najeri 

orTqlis wneva metia). 

  konovalovis pirveli  kanonis  Tanaxmad,  

orTqlSi  im  komponentis siWarbea, romlis 

duRilis temperaturac naklebia an romlis 

damatebac amcirebs xsnaris duRilis tempera-

turas (zrdis xsnaris najeri orTqlis wne-

vas). V.10. suraTidan Cans, rom orTqlis wiris 

zeviT sistema erTfaziania (orTqlis are), 

siTxis wiris qveviT – aseve erTfaziania (siT-

xis are), wirebs Soris ki _ orfaziani (wonas-

worobaSia orTqli da siTxe). N  Sedgenilob-

is narevi ( K  wertilSi) 1t  temperaturaze Sei-

cavs 1N  Sedgenilobis siTxes da 3N  Sedge-

nilobis orTqls. abcisTa RerZze marcxnidan 
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marjvniv izrdeba B  komponentis moluri wi-

li, e.i. 3N  wertilSi (anu orTqlSi) ufro me-

tia dabal temperaturaze mduRare komponenti.  

Tu ori siTxisgan miRebuli xsnari II an III 

tips miekuTvneba, saerTo wnevis wirze maqsi-

mumi an minimumi gaaCnia, da am wertilebSi 

orTqlis da siTxis Sedgeniloba erTnairia. 

 

sur.V.10. diagrama Sedgeniloba – duRilis 

temperatura srulyofili xsnarebisaTvis 

 

V.11. da V.12. suraTebze naCvenebia orTqlis 

da siTxis Sedgenilobis temperaturaze damo-

kidebulebis diagramebi, Sesabamisad, II da III 

tipis xsnarebisaTvis. am diagramebidan Cans, 

rom C  wertilSi orTqlis da siTxis wirebi 

erTmaneTs exeba, e.i. am wertilebSi wonaswo-

ruli fazebis Sedgeniloba erTnairia  .N  
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 C  wertilis mdebareoba sxvadasxva siste-

misaTvis sxvadasxvaa. am wertils azeotropul 

wertils uwodeben, orTqlis da siTxis erTna-

iri wonasworuli Sedgenilobis mqone xsnars 

ki _ azeotropul an mudmiv mduRare xsnars.  

 

sur.V.11. diagrama Sedgeniloba-duRilis tempe-

ratura sistemebisaTvis, romelTac raulis 

kanonidan dadebiTi gadaxra aqvs (II tipi)  

 

 

            

Sur.V.12. diagrama Sedgeniloba-duRilis 

temperatura sistemebisaTvis, romelTac raulis 

kanonidan uaryofiTi gadaxra aqvs (III tipi) 
 

azeotropuli wertilidan marjvniv da marcx-

niv orTqlis da siTxis wirebi isevea ganlage-
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buli, rogorc I tipis diagramaze, (sur.10) e.i. 

orTqlis da siTxis Sedgeniloba gansxva-

vebulia  ., 4321 NNNN    

    d.konovalovis meore kanonis Tanaxmad, 

maqsimums najeri orTqlis wirze Seesabameba 

minimumi duRilis temperaturis wirze, xolo 

minimums najeri orTqlis wirze – maqsimumi 

duRilis temperaturis wirze.  

 

sur.V.13. konovalovis I da II kanonebis grafikuli 

gamosaxulebebi 
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am wertilebs erTnairi Sedgenilobis azeo-

tropuli xsnarebi Seesabameba (sur. V.13). 

 

V.19. orkomponentiani Txevadi xsnarebis 

gamoxda 

 

    gamoxda ewodeba Txevadi narevebis Sdgeni-

lobaSi Semavali sxvadasxva duRilis tempera-

turis mqone siTxisa da orTqlis komponente-

bis dayofis process. 

    xsnaris Semadgenel nawilebad dayofa em-

yareba siTxesa (C1) da orTqlSi (C2) erTi da 

imave komponentis koncentraciebs Soris gans-

xvavebas. Tanafardoba 
1

2

C
C

  aris dayofis 

procesis maxasiaTebeli da ewodeba dayofis 

koeficienti. aseve, dayofis koeficients uwo-

deben 


 1
  sidides, igi damokidebulia dasa-

yofi komponentebis bunebasa da gamoxdis pir-

obebze. 

    martivi gamoxdis dros siTxis narevi 

ganuwyvetliv cxeldeba duRilis temperatu-

ramde, warmoqmnili orTqli siTxes ganuwyvet-
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liv scildeba kondensaciis gziT. Sesabamisad 

orTqli mdidrdeba advilaqroladi komponen-

tiT. xolo darCenili siTxe Znelad aqrola-

di komponentiT, amitom siTxis duRilis 

temperatura izrdeba da es procesi grZelde-

ba. martivi gamoxdis dros mimdinareobs 

siTxis duRilis temperaturisa da Sedgenil-

obis TandaTanobiTi cvlileba. magram martivi 

gamoxdis dros SeuZlebelia sufTa advilaq-

roladi komponentis miReba. mravaljeradi 

gamoxda (reqtifikacia) mimdinareobs uwyvet 

reJimSi. aorTqlebis procesi, kondensacia da 

kvlav aorTqleba uwyvetad xorcieldeba.  

ganvixiloT xsnari, romelsac raulis kano-

nidan mcire gadaxra gaaCnia. siTxis narevis 

gacxelebiT miviRebT orTqlis pirvel uluf-

as, Tu orTqlis am ulufis kondensacias 

movaxdenT da miRebuli siTxes kvlav avadu-

RebT, miviRebT orTqlis axal ulufas, rome-

lic ufro mdidari iqneba adviladaqroladi 

komponentiT, siTxe ki TandaTan gamdidrdeba 

Znelad aqroladi komponentiT. aorTqleba-

kondensaciis procesis mravaljeradad gameo- 
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rebiT, SeiZleba mivaRwioT imas, rom orTqli 

praqtikulad sufTa advilaqroladi komponen-

tisgan iqneba Sedgenili, xolo siTxe sufTa 

Znelad aqroladi komponentisgan. laborato-

riasa da warmoebaSi aorTqleba-kondensaciis 

stadiebi SeTavsebulia erT aparatSi, rom-

elsac sareqtifikacio svets uwodeben. 

    Tu siTxes raulis kanonidan didi gada-

xra aqvs misi sufTa komponentebad dayofa 

SeuZlebelia, radgan azeotropiul narevSi 

siTxis da orTqlis Sedgenilobebi erTnairia 

da orTqlis Semdgomi gamdidreba erT-erTi 

komponentiT ver moxdeba. aseTi xsnaris req-

tifikaciiT dayofisas SeiZleba miviRoT erT-

erTi komponenti da azeotropuli narevi. 

sufTa saxiT miiReba is komponenti, romlis 

Semcveloba gasayof narevSi metia vidre azeo-

tropul xsnarSi. 

    Txevadi xsnarebis gamoxdas warmoebasa da 

laboratoriaSi iyeneben rTuli nivTierebebis 

dasayofad da rafinirebisaTvis.Oorganuli 

nivTierebebisa da zesufTa araorganuli niv-

Tierebebis misaRebad (navTobidan benzinis, 
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navTis, dizelis sawvavis da sxvaTa misaRebad, 

surnelovani nivTierebebis misaRebad parfiu-

meriaSi, alkoholuri spirtis, liTonebisa da 

araliTonebis misaRebad). 

 

V.20. areniusis eleqtrolituri disociaciis 

Teoriis safuZvlebi 

 

  eleqtroliti ewodeba nivTierebas, rom-

lis xsnari an nadnobi atarebs eleqtrul 

dens. aseTi nivTierebebia: mJava, tute da 

marili. maTi umravlesoba ixsneba wyalSi da 

swored wyalxsnari atarebs dens, rac imis 

maCvenebelia, rom am xsnarSi, molekuluri 

xsnarebisagan gansxvavebiT, aris damuxtuli 

nawilakebi, ionebi. ionebad iSleba molekula, 

romelSic bma ionuria an Zlier polaruli 

(mag., NaCl, HCl ), magram maTi gaxsnisaTvis 

aucilebelia, rom gamxsnelis molekulac 

polaruli iyos, e.i. isini dipolebs unda 

warmoadgendnen. aseTi dipolebia wylis mole-

kulebi. Tu am ori pirobidan erT-erTi ar 

sruldeba, disociacia ar moxdeba.  
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eleqtrolitis xsnari meore gvaris gamta-

rebs ekuTvnis.  

eleqtrolitis eleqtrogamtarobis kvlevis 

Sedegad svante areniusma (1887w.) Camoayaliba 

eleqtrolituri disociaciis Teoria, romlis 

Tanaxmad: 

1. eleqtroliti wyalSi gaxsnisas iSleba 

dadebiT da uaryofiT ionebad, romlebic ekvi-

valenturi raodenobiT warmoiqmneba, amitom 

eleqtrolitis xsnari eleqtroneitraluria; 

2. xsnarSi eleqtruli denis gavlisas 

dadebiTi ionebi uaryofiTi eleqtrodis – ka-

Todisaken miemarTeba, xolo uaryofiTi ione-

bi – dadebiTi eleqtrodis – anodisaken.Eele-

qtrodebTan Sexebisas ionebi ganmiuxtebian; 

3. eleqtrolituri disociacia Seqcevadi 

procesia. molekulis ionebad daSlasTan erT-

ad mimdinareobs ionebis milekulad SeerTe-

bis procesi: 

  BABA . 

  disociaciis gamomsaxvel gantolebaSi 

tolobis nacvlad Seqcevadobis (↔) niSani 

iwereba. 
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  disociaciis procesi raodenobrivad diso-

ciaciis xarisxiT    fasdeba. Ddisociaciis 

xarisxi   aris disocirebuli molekulebis 

ricxvis (n) fardoba xsnarSi arsebuli molek-

ulebis saerTo ricxvTan ( N ): 

N
n

 . 

disociaciis xarisxs erTeulis nawilebiT an 

%-ebiT gamosaxaven. 

    disociaciis xarisxze gavlenas axdens: 

    1. gamxsnelis buneba, igi dakavSirebulia, 

dieleqtrikul SeRwevadobasTan ( D ), romelic 

gviCvenebs ramdenjer mcirdeba ionebs Soris 

miziduloba vakuumTan SedarebiT mocemul 

gamxsnelSi.  

    2. gaxsnili nivTierebis buneba. sxvadasxva 

eleqtroliti sxvadasxva ZaliT iSleba ion-

ebad. NaClHNOHCl ,, 3  bevrad ukeT disocirdeba 

wyalSi, vidre amoniumis hidroqsidi OHNH 4  

an ZmarmJava ,3COOHCH  xolo OH 2  da SH 2  su-

stad disocirdebian. 

     3. xsnaris koncentracia. eleqtrolitis 

koncentraciis SemcirebiT disociaciis xari-
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sxi izrdeba, e.i. xsnaris ganzavebisas ionebs 

Soris manZili izrdeba da maTi molekulebad 

SekavSirebis SesaZlebloba mcirdeba,   diso-

ciaciis xarisxi izrdeba. 

    4. Tanamosaxele ionTa Setana.  Tanamosaxe-

le ionTa Setana amcirebs disociaciis xar-

isxs.   

 5. temperatura. temperaturis gadidebiT 

disociaciis xarisxi izrdeba; 

    disociaciis xarisxi icvleba 0-dan 1-mde 

an 0%-dan 100%-mde.                                                                        

   eleqtroliti, romelic koncentrirebul 

xsnarSic ki praqtikulad mTlianad iSleba 

ionebad, Zlieri eleqtrolitia. ganzavebisas 

misi disociaciis xarisxi TiTqmis ar icvleba. 

Zlieri eleqtrolitebisaTvis HCl, HNO3, H2SO4, 

NaOH,H da sxv.  >30%. 

sustia eleqtrolitebi, romelic ganza-

vebul xsnarebSic ki arasrulad iSleba ion-

ebad. susti eleqtrolitebisaTvis H2CO3, H2S, 

2HNO  da sxv.  <3% .  

saSualo siZlieris eleqtrolitebisaTvis 

30%> >3%.                                                                                                               
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  garda disociaciis ( ) xarisxisa, diso-

ciacias axasiaTeben disociaciis ( K ) mud-

mivaTi, romelic disocirebuli molekulebis 

ricxvis fardobaa xsnarSi arsebuli aradiso-

cirebuli molekulebis ricxvTan   

nN
nK


 , 

  disociaciis mudmiva damokidebulia ara 

xsnaris koncentraciaze (ganzavebaze), aramed 

eleqtrolitis bunebaze. disociaciis xarisx-

sa da disociaciis mudmivas Soris kavSiri 

susti eleqtrolitebisaTvis gamoisaxeba ost-

valdis ganzavebis kanoniT 






1

2cK . 

sadac c  eleqtrolitis koncentraciaa. 

 

V.21. eleqtrolitis xsnaris gadaxra 

ganzavebuli xsnaris kanonebidan 

 

 areniusis Teoriis Tanaxmad,  eleqtroli-

tis xsnarisaTvis marTebulia ganzavebuli 

xsnaris kanonebi. 

 gaxsnisas molekulebis ionebad daSlis 

damadasturebelia cnobili eqsperimentuli 
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faqtebi. TavSi, sadac xsnarebis Tvisebebia 

ganxiluli, naCvenebi iyo, rom koligatiuri 

Tvisebebi mxolod koncentraciazea damokide-

buli, e.i. damokidebulia gaxsnili nivTier-

ebis molekulebis raodenobaze da ara maT 

Tvisebebze. eleqtrolitebis SemTxvevaSi, dis-

ociacis Sedegad nawilakTa ricxvis zrdis 

gamo, duRilis temperaturis aweva  
duR

T , 

gayinvis temperaturis daweva  
gayT , osmosuri 

wneva, icvleba araeleqtrolitebis xsnarebTan 

SedarebiT. marTlac, cda gviCvenebs, rom 

eleqtrolitebis xsnarebSi imave koncentra-

ciis araeleqtrolitebis xsnarebTan Seda-

rebiT 
duRT , 

gay
T , 

osm
P  mniSvnelobebi arse-

biTad ufro didia da Sesabamisi gantolebebi 

Semdegi saxiT Caiwereba: 

     
ebduR

;miKT  miKT
krgay

 ;        

inRTP 
osm

. 

sadac  i   aris  vant-hofis izotonuri koefi-

cienti,  romelic yovelTvis metia erTze. igi 

gviCvenebs, Tu ramdenjer izrdeba gaxsnili 

nivTierebis nawilakTa raodenoba molekule-
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bis ionebad disociaciis dros. Eleqtroli-

tis 1 molisaTvis i  koeficienti disociaciis 

   xarisxTan  dakavSirebulia martivi damo-

kidebulebiT: 

 11  Ki  , 

sadac K  molekulis ionebad daSlisas miRe-

buli ionTa ricxvia, binaruli eleqtroliti-

saTvis 2K , amitom  

1i . 

amrigad, 
duR

T , 
gayT , 

osm
P  gazomviTac SeiZ-

leba ganisazRvros disociaciis xarisxi. 

 

V.22. wylis disociacia. wyalbadis 

maCvenebeli (pH) 

wyali disocirdeba wyalbadisa da hidroq-

sidis ionebad 

OH 2 ↔ 
 OHH  

Mmisi disociaciis mudmiva  

OH

OHH

C
CC

K
2

 
dis

. 

 oTaxis temperaturaze wonasworoba wanac-

vlebulia marcxniv, amitom wylis  koncen-
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tracia OHC
2
 SeiZleba CavTvaloT mudmivad, 

OHOH KCK
22

dis
 aris wylis ionuri namravli. 

  OHH
CCK

OH2
. 

wylis ionuri namravli mudmivia ara mxol-

od sufTa wylisaTvis, aramed nebismieri nivT-

ierebis ganzavebuli wyalxsnarisaTvis.  oTax-

is temperaturaze wylis ionuri namravli 


OH

K
2

1,008.10-14. 

1410  OHH
CC . 

         
710

2

  OH
KCC

OHH
ioni/l;    

  OHH
CC  toloba niSnavs, rom garemo neitr-

aluria. Tu   OHH
CC , garemos neitraluroba 

darRveulia. 

Tu wyals davamatebT mJavas,  

OH 2 ↔  OHH ,        ClHHCl          

H  ionebis koncentracia moimatebs. 

Tu wyals davamatebT tutes,  

OH 2 ↔  OHH ,     NaOH ↔  OHNa  
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OH ionebis koncentracia gaizrdeba. amitom 

garemos Tvisebebis dasaxasiaTeblad SesaZle-

belia gamoviyenoT 
 OHH  da ionebis koncent-

racia. ufro xSirad iyeneben H ionebis kon-

centracias. 

  Tu 
710  OHH

CC , garemo neitraluria;    

  roca H
C  > 710 , mJava area; 

  Tu H
C  < 710  , tute area. 

radgan aseTi ricxvebis gamoyeneba mouxer-

xebelia, amitom iyeneben 
H ionebis koncen-

traciis uaryofiT aTobiT logariTms:  

pHC
H

 lg . 

pH -s wyalbadis maCvenebeli ewodeba. 

    qvemoT mocemulia wyalbad ionebis konce-

ntraciis (CH
+
) gamosaxva wyalbadis (pH) maCve-

nebliT.  

    mJava are         neitraluri       tute are 

 



 199

 wyalbadis ionebis koncentracia mniSvne-

lovan rols asrulebs bunebrivi procesebsa 

da mrewvelobis uamrav teqnologiur proce-

sSi. mcenareebis da cxovelebis (adamianis) sa-

sicocxlo procesebSi, kvebis, safeiqro, tya-

vis damzadebis teqnologiaSi. igi gavlenas 

axdens bunebrivi wylebis Tvisebebsa da maTi 

gamoyenebis SesaZleblobaze. 

praqtikaSi xSirad saWiroa mudmivi pH -is 

mqone xsnari, romelsac buferul xsnars uwo-

deben. buferuli xsnaris pH  mcired icvleba 

garemos gavleniT. es xsnari Seicavs sust mJa-

vas (sust tutes) da am mJavas marils. 

sareaqcio are praqtikaSi ganisazRvreba 

xelsawyo pH -metris saSualebiT an indikato-

rebiT. indikatori icvlis fers xsnarSi H+ 
da 

0H- 
ionTa koncentraciaze damokidebulebiT. 

 

V.23. d.mendeleevis xsnarTa qimiuri Teoriis 

safuZvlebi 

 

XIX saukunis dasasruls xsnari iTvleboda 

fizikur warmonaqmnad, romelSic ar arsebobs 

raime urTierTqmedeba gamxsnelsa da gaxsnil 
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nivTierebebs Soris. xsnaris warmoqmna aixsne-

boda gaxsnili nivTierebis nawilakebis dis-

pergirebiT gamxsnelis indiferentul areSi. 

d.mendeleevi eyrdnoboda ra mravalricxovan 

eqsperimentul monacemebs, Seqmna (1889w) xsna-

rTa qimiuri Teoria,Aromelsac safuZvlad 

edo idea gaxsnis qimiuri xasiaTis Sesaxeb. 

gaxsnil nivTierebasa da gamxsnels Soris 

urTierTqmedebiT xsnarSi warmoiqmneba near-

Tebi, romlebic icvlian Sedgenilobas xsna-

ris temperaturisa da koncentraciis cvli-

lebis dros.Aam naerTebs d.mendeleevma uwoda 

hidratebi an solvatebi. maT gansxvavebuli 

simtkiceaqvT.Bbevri maTgani aramdgradia da 

arsebobs mxolod xsnarSi, zogierTi hidrati 

ki imdenad mtkice naerTia, rom gaxsnili 

nivTierebis xsnaridan gamoyofisas qimiurad 

dakavSirebuli wyali Sedis mzardi krista-

lis SedgenilobaSi. aseT kristalebs krist-

alhidratebi ewoda, xolo maTSi Semaval 

wyals kristalizaciuri wyali. kristalhid-

ratebis magaliTebia: CuSO4.5H2O; Na2SO4.10H2O    

da sxva.Aam naerTebis simtkices ganapirobebs 
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gaxsnili da gamxsnelis nivTierebebs Soris 

momqmedi Zalebis buneba. solvatebi warmoiqmn-

eba ion-dipoluri, dipol-dipoluri, donor-

ul-aqceptoruli, dispersuli urTierTqme-

debebis da wyalbaduri bmebis Sedegad. 

d.mendeleevi ar uaryofda xsnaris warmoq-

mnis dros fizikuri faqtoris rols. igi 

werda: “gaxsnis ori miTiTebuli mxare (fizi-

kuri da qimiuri) da aqamde xsnarTa ganxil-

visas arsebuli hipoTezebi, miuxedavad imisa, 

rom maT aqvT nawilobriv gansxvavebuli amo-

savali wertilebi, droTa ganmavlobaSi migvi-

yvans xsnarTa saerTo Teoriamde, radgan erTi 

da igive zogadi kanonebi marTaven rogorc 

fizikur, ise qimiur movlenebs”.  

d.mendeleevis xsnarTa qimiurma Teoriam Se-

saZlebloba mogvca agvexsna siTburi movle-

nebi gaxsnis dros.Ggaxsnis procesSi warmo-

qmnili siTburi efeqtis niSani ganisazRvreba 

gaxsnili nivTierebisa da gamxsnelis bunebiT. 

gaxsnil nivTierebasa da gamxsnels Soris 

qimiuri urTierTqmedebis arsebobas adastur-

ebs gaxsnisas moculobiTi efeqtebis arse-
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boba.Mmag., 1l eTilis spirtis 1l wyalSi gax-

snisas miRebuli xsnaris moculoba ara 2l, 

aramed 1,93l-ia.Aam SemTxvevaSi moculobis 

Semcireba ZiriTadad ganpirobebulia wyalba-

duri bmebis arsebobiT wylisa da spirtis 

hidroqsilis jgufebs Soris. 

d.mendeleevis Sexedulebebi srulad dada-

sturda da amJamad gaxsnas ganixileba rog-

orc fizikur-qimiuri procesi, xolo xsnari 

rogorc fizikur-qimiuri sistema. 
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VI. eleqtroqimia 
 

  eleqtroqimia fizikuri qimiis nawilia, rom-

elic Seiswavlis qimiuri da eleqtruli mov-

lenebis urTierTkavSirs, maT urTierTgarda-

qmnas. igi ikvlevs qimiuri energiis gardaqmnas 

eleqtrul energiad da, piriqiT. 

qimiuri energiis gardaqmna eleqtrul ener-

giad mimdinareobs galvanur elementebsa da 

akumulatorebSi. xolo eleqtruli energiis _ 

qimiurad - eleqtrodebze, xsnarSi eleqtruli 

denis gavlis dros (eleqtrolizi).  

     eleqtruli denis gamtarobis mixedviT 

ganasxvaveben I da II gvaris gamtarebs. I gvaris 

gamtarebia liTonebi, maTi Senadnobebi myar 

da gamlRval mdgomareobebSi, grafiti da 

zogi marili. maTSi denis gavla eleqtroneb-

is gadaadgilebiT xdeba.AaseT gamtarobas el-

eqtronuli eleqtrogamtaroba ewodeba. am gam-

tarebSi denis gavlis Semdeg maTi fizikuri 

mdgomareoba da qimiuri Tvisebebi ucvlelia. 

temperaturis gazrdiT winaRoba izrdeba, rad-

gan izrdeba liTonis ionTa rxevis amplitu-

da, rac abrkolebs eleqtronebis moZraobas. II 
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gvaris gamtarebia mJavebis da tuteebisa da 

marilebis wyalxsnarebi an nalRobebi. maTSi 

denis gavla ionebis gadaadgilebiT mimdi-

nareobs. II gvaris gamtarTa elgamtarobas 

ionuri anu eleqtrolituri eleqtrogamtaro-

ba ewodeba. II gvaris gamtarebze eleqtruli 

denis moqmedebis Sedegad maTSi qimiuri cvli-

lebebi mimdinareobs. I gvaris gamtarebisagan 

gansxvavebiT II gvaris gamtarebSi denis gav-

lis dros, ionebi orive mimarTulebiT gada-

adgildeba. gamtarSi denis mimarTulebad miC-

neulia eleqtronebis moZraobis sapirispiro 

mimarTuleba, xsnarSi ki kaTionebis moZraobis 

mimarTuleba. temperaturis gazrdiT eleqtro-

litebis winaRoba mcirdeba, elgamtaroba izr-

deba. 

   eleqtroqimias aqvs mniSvnelovani praqtiku-

li gamoyeneba. Mmisi erT-erTi amocanaa denis 

qimiuri wyaros, galvanuri elementis, akumu-

latoris, Tburi elementis Seqmna. gansakuT-

rebiT mniSvnelovania analizis eleqtroqimi-

uri meTodebi, rogorocaa konduqtometria, 
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potenciometria, pH-metria, polarografia, 

eleqtroanalizi.  

 

VI.1. kuTri da ekvivalenturi 

eleqtrogamtaroba 

 

nivTierebis mier denis gatarebis unars 

axasiaTeben gamtarobiT an winaRobiT. 

Oomis kanonis Tanaxmad denis Zala I pirda-

pirproporciulia gamtaris boloebze modebu-

li potencialTa sxvaobisaUU da ukupropor-

ciulia gamtaris R winaRobisa. I = 
R
U

;  
R
1
– 

xsnaris eleqtrogamtarobis unari anu eleqt-

rogamtarobaa. ganasxvaveben (  �) kuTr da ( ) 

ekvivalentur eleqtrogamtarobebs.��� 

kuTri eleqtrogamtaroba�(  )��iseTi xsna-

ris eleqtrogamtarobaa, romelic moTavsebu-

lia 1sm sigrZis 1sm2 ganivkveTis WurWelSi, 

roca potencialTa sxvaoba 1 voltia.Mmisi 

ganzomilebaa omi-1sm-1, simensi.metri-1. 

sxvadasxva saxis gamtaris (siTxis) eleqtr-

ogamtaroba farTo sazRvrebSi icvleba. rad-

gan denis gavlas xsnarSi ionebiganapirobeben 
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(ufro zustad maTi moZraoba), xsnaris kuTri 

eleqtrogamtaroba garda temperaturisa, da-

mokidebulia gamxsnilis gvarobasa da ionTa 

raodenobaze moculobis erTeulSi, e.i. eleq-

trolitis koncentraciaze, ionTa Zvradobaze, 

gamxsnelis dieleqtrikul SeRwevadobaze, ga-

re wnevaze. Tu susti eleqtrolitis xsnaris 

koncentraciaa c, disociaciis xarisxi , ionTa 

koncentracia iqneba c, ionTa koncentracias 

1 sm3-Si tolia 
1000
c

. xsnaris kuTri eleqtro-

gamtaroba   im muxtebis jamis proporciu-

lia, romelic orive ions drois erTeulSi 

gadaaqvs.  tolia 1 sm3-Si 
1000
c

 ionTa koncen-

tracia gamravlebuli ionTa moZraobis siCqa-

reTa jamze                                      

)(
1000

VUFc


 , 

sadac F erTi ekvivalenti ionis muxtia (fara-

deis ricxvi) da 96500 kulonis tolia, U daV 

ki _ (+) da (_) ionebis moZraobis siCqare. 

sxvadasxva eleqtrolitis xsnaris mocu-

lobis erTeulSi kuTri eleqtrogamtarobis 
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gazomvisas sxvadasxva raodenobis gaxsnili 

nivTiereba SeiZleba iyos, rac sxvadasxva ele-

qtrolitis Semcveli xsnarebs kuTri eleqtr-

ogamtarobebis Sedarebis saSualebas gamoric-

xavs.  

xsnaris Tvisebebis Seswavla gamartivda 

mas Semdeg, rac ganisazRvra erTnairi koncen-

traciis xsnarebis eleqtrogamtaroba. lencis 

mier Semotanili iqna   ekvivalenturi eleqt-

rogamtarobis cneba. 

E ekvivalenturi eleqtrogamtaroba�  iseTi 

xsnaris eleqtrogamtarobaa, romelic Seicavs 

erT gramekvivalent gaxsnil nivTierebas da 

moTavsebulia 1 sm2 farTobis da 1 santimetr-

iT daSorebul or eleqtrods Soris. misi 

ganzomilebaa omi-1sm2g.ekv-1 an simensi.m2/g.ekv. 

c
1000.  �����an    1000  v, 

sadac c xsnaris koncentraciaa, v _ ganzaveba. 

kuTri da ekvivalenturi eleqtrogamtaroba 

damokidebulia xsnaris koncentraciasa da 

temperaturaze.  

ekvivalenturi eleqtrogamtaroba gamosaxa-

vs erTi gram-ekvivalenti eleqtrolitis di-
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sociaciiT miRebuli yvela ionis eleqtro 

gamtarobis unars. 

   Zlier eleqtrolitebSi mcire koncentra-

ciis sazRvrebSi SeimCneva kuTri eleqtro-

gamtarobis zrda gaxsnili nivTierebis kon-

centraciis zrdasTan erTad, miaRwevs ra maq-

simums igi iwyebs Semcirebas. sxvadasxva niS-

nis ionebis eleqtrostatikuri urTierTqme- 

 

 

 

 

sur.VI.1. kuTri eleqtrogamtarobis damokidebu-

leba koncentraciaze mudmivi temperaturis dros 

 

deba  xels uSlis ionTa moZraobas da mcir-

deba maTi gadaadgilebis siCqare, disociaciis 

 

               C g.ekv/l           
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xarisxi da Sesabamisad eleqtrogamtaroba, 

xolo susti eleqtrolitebis SemTxvevaSi 

koncentraciis gazrdisas kuTri eleqtro-

gamtarobis mkveTri cvlileba ar SeimCneva. 

wnevis umniSvnelo gazrdiT, eleqtrogamta-

roba mniSvnelovnad ar icvleba. xolo wnevis 

Zlieri gazrda iwvevs eleqtrogamtarobis 

mniSvnelovan Semcirebas.                                                          

 

                                                                             C  g.ekv/l 

sur.VI.2. susti@(1) da Zlieri (2) eleqtrolitebis 

ekvivalenturi eleqtrogamtarobis 

damokidebuleba koncentraciaze mudmivi 

temperaturis dros 

 

rac Seexeba ekvivalentur eleqtrogamtarobas, 

Zlieri eleqrtolitebis koncentraciis gazr-

dasTan erTad, igi umniSvnelod icvleba (mci-
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rdeba), xolo susti eleqtrolitebisaTvis es 

cvlileba ufro mniSvnelovania _ jer mkveTr-

ad mcirdeba, xolo Semdeg miaRwevs ra 

zRvrul mniSvnelobas praqtikulad mudmivia. 

   Eekvivalenturi eleqtrogamtaroba usasru-

lo ganzavebisas warmoadgens ionebis Zvrado-

bebis  jams  �=U +V. U da V dadebiTi da 

uaryofiTi ionebis moZraobis siCqareebia da 

ionTa Zvradoba ewodeba. 

    ionTa damoukidebeli moZraobis kanoni 

xsnaris usasrulo ganzavebis dros eqsperi-

mentulad daadgina kolrauSma. man gansazRvra 

Zlieri eleqtrolitis ganzavebuli xsnaris 

ekvivalenturi eleqtrogamtarobis koncentra-

ciaze damokidebuleba  ck  , 

sadac c xsnaris koncentraciaa; k –gamxsnelis 

bunebasa da temperaturaze damokidebuli empi-

riuli mudmiva.    

    temperturis gazrdiT ionTa moZraobis 

siCqare matulobs da xsnaris eleqtrogam-

taroba izrdeba. 

eleqtrogamtarobis gazomvas iyeneben: 
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    1. konduqtometrul raodenobiT analizSi, 

ekvvalentobis wertilis gansasazRvrad, rac 

xsnaris eleqtrogamtarobis cvlilebiT miiR-

weva. am meTods mimarTaven im SemTxvevaSi, ro-

desac garkveuli Zvradobis ioni, gansxvave-

buli Zvradobis ioniT Seicvleba. mJavaTa na-

revis Sedgenilobis gansazRvris dros an, ro-

desac indikatoris gamoyeneba raime mizeziT 

(mRvrie, Seferili xsnarebi) SeuZlebelia. 

    2. wylis disociaciis xarisxis gansaz-

RvrisaTvis. sufTa wyals umniSvnelo disoci-

aciis gamo dabali eleqtrogamtaroba aqvs,    

=3,6.10-8omi-1sm-1 vinaidan sufTa wylis eleqtr-

ogamtaroba ganpirobebulia H+ da OH- ionebis 

ZvradobebiT, kuTri eleqtrogamtarobidan 

gamomdinare, SeiZleba wylis disociaciis 

xarisxis gansazRvra 

 = 3,6.10-8 = )174315(
1000


c

= 0,484c ; 

c =0,74.10-7 moli/l. 

   3. nivTierebis gaxsnis siCqaris gansasazRv-

rad.  
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   4. Znelad xsnadi marilis gaxsnis siTbos 

gansasazRvrad. 

 

VI. 2. gadatanis ricxvi 

 

   xsnaris eleqtrogamtaroba damokidebulia 

ionTa muxtze, maTi moZraobis siCqareze, ele-

qtrolitis ganzavebis xarisxze, gamxsnelis 

bunebasa da temperaturaze. ionTa masebisa da 

solvatirebul ionTa radiusebis sxvadasxvao-

bis gamo, maTi moZraobis siCqareebi eleqtr-

ul velSi gansxvavebulia.Mmudmivi temperatu-

ris dros, kaTionebis mier gadatanili 

eleqtroobis raodenoba q+ kaTionebis koncen-

traciis C+ (moli/l), ionTa muxtisa Z+ da am 

ionTa moZraobis siCqaris U+ namravlis propo-

rciulia q+=KC+Z+U+ analogiurad, q-=KC-Z-V-
; K 

proporciulobis koeficientia. 

   xsnarSi arsebuli yvela ioniT gadatanili 

eleqtroobis raodenoba q+-isa da q--is jamis 

tolia. 

q+ + q-= KC+ Z+ U++ KC- Z- V- 

 calkeuli ionis mier gadatanli eleqtro-

obis wili iqneba: 
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t + = 



 qq
q

;      t - = 



 qq
q

; 

am sidides gadatanis ricxvi ewodeba, igi war-

moadgens mocemuli niSnis ionebiT gadatani-

li eleqtroobis raodenobis farდobas xsnar-

Si gatarebuli ionebis saerTo ricxvTanAan, 

mocemuli ionis Zvradobis fardobas ionTa 

saerTo ZvradobasTan. 

t += 



VU
U

;           t - = 



VU
V

; 

xsnarSi arsebuli yvela ionis gadatanis ric-

xvTa jami erTis tolia t + + t - = 1. gadatanis 

ricxvs eqsperimentulad sazRvraven ionTa 

koncentraciis cvlilebiT eleqtrodebis max-

loblad, moZravi sazRvris meTodiT, em Zalis 

meSveobiT. 

    kaTionebisa da anionebis moZraobis siCqa-

reebs Soris gansxvaveba maT mier gadatanili 

ionebis ricxvs Soris sxvaobas iwvevs, magram 

xsnaris eleqtroneitraluroba ar irRveva, 

radgan faradeis kanonis Tanaxmad, ionTa gan-

muxtva eleqtrodebze Tanabari siCqariT mimd-

inareobs. 
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VI.3. ormagi eleqtruli Sre 

 

    roca liTonis firfita CaSvebulia amave 

liTonis marilis xsnarSi, liTonis bunebasa 

da marilis koncentraciaze damokidebulebiT 

SeiZleba liTonis ionebi xsnaridan gadavides 

firfitaze, ris Sedegadac liTonis firfitas 

gauCndeba (+) muxti, xsnars ki – (_); an piri-

qiT, SeiZleba liTonis firfitidan ionebi 

gadavides xsnarSi, liTonis firfita daimuxt-

os uaryofiTad, xsnari ki _ dadebiTad. 

    nernstis Teoriis Tanaxmad, liTonis ion-

ebis xsnarSi gadasvla gamowveulia gaxsnis 

eleqtrolituri wneviT, xolo xsnaridan li-

Tonze _ osmosuri wneviT. gaxsnis eleqtro-

litur wnevas realuri Zala ar Seesabameba, 

amitom nerstis Teoria am process srulad 

ver xsnis. 

    liTonis firfitaze ionebis izobaruli 

potenciali ( m ) mocemul temperaturaze 

mudmivi sididea, xolo kaTionebis izobaruli 

potenciali ( ) xsnarSi marilis koncen-

traciazea damokidebuli. Tu liTonis firfi-

taSi ionebis izobaruli potenciali ( m ), 
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aRemateba xsnarSi arsebuli ionebis izobar-

ul potencials ( ), ionebi liTonis firfiti-

dan gadavlen xsnarSi.Ffirfitaze darCeba 

eleqtronebis siWarbe, ris gamoc mas uaryo-

fiTi muxti gauCndeba, xsnars ki _ dadebiTi. 

liTon-xsnaris sazRvarze aRiZvreba potencia-

lTa sxvaoba.Eeleqtrostatikuri mizidva xsna-

rSi gadasul ionebs Soris da sapirispiro 

niSniT damuxtul liTonis firfitas Soris, 

xels uSlis am procesis gagrZelebas da sis-

temaSi myardeba wonasworoba. 

     roca xsnarSi ionTa koncentracia maRal-

ia, ionebis izobaruli potencali ( ), liTo-

nis firfitaze myofi ionebis izobarul pote-

ncials ( m ) aRemateba da ionebi xsnaridan 

gadadian liTonis firfitaze, ris Sedegadac 

liTonis firfita imuxteba dadebiTad, xolo 

xsnari, anionebis siWarbis gamo _ uaryofiTad. 

warmoqmnil ormag eleqtrul Sres brtyeli 

kondensatoris saxe aqvs. Mmisi sisqe damokide-

bulia xsnaris koncentraciaze liTonis mu-

xtsa da temperaturaze. xsnaris Sres aqvs di-

fuziuri xasiaTi. 
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          _        +  +  + _+  + _                    +       _  _  _  _  + 

                 _        + +  +  + _                         +       _  _   +_  _ + 

                 _        +  +  +_  +  _                      +       _  _  _  _ + 

                 _        +  +  + _ + _                       +       _  _  _+  _ + 

        

                           difuzuri Sre 

sur.VI.3.Oormagi eleqtruli Sris sqema 

 

kaTionTa Warbi koncentracia da anionTa nak-

leboba (I SemTxveva) TandaTan qreba liTonis 

zedapiridan dacilebasTan erTad, am Sres 

xsnarSi difuzur Sres uwodeben. orive niSnis 

ionebi urTierTqmedeben wylis molekulebTan, 

ganicdian hidratacias. wylis molekulebi ki 

orientirdebian, deformirdebian da ecvlebaT 

struqtura. eleqtrolitis koncentraciis ga-

zrda iwvevs ormagi eleqtruli Sris Se-

kumSvas, rac amcirebs   potencialis sidi-

des. MliTon-xsnaris sazRvarze warmoiqmneba 

potencialTa sxvaoba, rac eleqtroduli pot-

encialis mniSvnelobas Seesabameba. 
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O ormagi eleqtruli Sris arseboba pirvelad 

h.helmholcma (1879w) ivarauda, Semdgom guis 

(1910w), Capmenis (1913w) da Sternis SromebSi 

pova ganviTareba. 

 

VI.4. galvanuri elementi da misi 

eleqtromamoZravebeli Zala 

    galvanur elementebSi mimdinare qimiuri 

energiis eleqtrul energiad gardaqmnis dros 

marTebulia energiis mudmivobis kanoni. Ggal-

vanur elementSiEeleqtruli denis misaRebad 

saWiroa eleqtrodebze mimdinare Jangva-aRdge-

niTi procesebi CavataroT cal-calke, sxvada-

sxva eleqtrodze. sistemaSi ionTa muxtis ara-

Tanabari ganawilebis SemTxvevaSi eleqtrod-

ebze gansxvavebuli potenciali miiReba rac 

galvanur elementSi denis warmoqmns iwvevs. 

   galvanuri elementi Sedgeba ori naxevar-

elementisagan.OliTonis ori firfita CaSvebu-

lia Tavisive marilis xsnarebSi, xsnarebi 

gayofilia forovani membraniT, romelic maT 

Serevas xels uSlis, xolo denis gavlas _ 
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ara. liTonis firfitebi SeerTebulia gamtar-

iT.  

 

 

 

             Zn                                  Cu                        

                                    

           - - - - -  - - - - - - - - -- - -  

     _ _  _  _  _  _  _  _  _ 

            _  _  _  _  _  _ _ _ _ _ 

           ZnSO4  CuSO4   

                                               

sur. VI.4. iakob-danielis elementis sqema 

 

   umartivesi galvanuri elementia iakob-dani-

elis galvanuri elementi, igi Semdegnairad 

gamoisaxeba: 

(-)Zn | ZnSO4 || CuSO4| Cu(+)  

marcxniv iwereba uaryofiTi eleqtrodi, xo-

lo marjvniv _ dadebiTi. erTi xazi gviCvenebs 

liTon-xsnaris gamyof zedapirs, xolo ori 

xazi xsnarebis gamyof sazRvars. E 

    eleqtrodebze Jangva-aRdgeniTi procesebi 

mimdinareobs. ZnZn+++2e, Zn-is firfitidan 
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Zn++
 ionebi xsnarSi gadadian, iJangebian. Cu-is 

firfitaze xdeba Cu++
 ionebis xsnaridan aRd-

gena Cu+++2eCu, mimdinare qimiuri procesebis 

Sedegad eleqtrodebze aRiZvreba poten-

cialTa sxvaoba. firfitebis SemaerTebel gam-

tarSi gaivlis deni. mocemuli elementis 

eleqtrodTa potencialebis sxvaobas ewodeba 

eleqtromamoZravebeli Zala (E) (emZ). Eleqtro-

mamoZravebeli Zalis gansazRvrisaTvis dadebi-

Ti eleqtrodis potencials akldeba uaryofi-

Ti eleqtrodis potenciali. 

E =  (+) –  (-), 

em Zala eleqtrodebze mimdinare qimiuri rea-

qciis muSaobis ekvivalenturia 

W= -G= nFE, 

sadac n eleqtroobis gadamtani eleqtronebis 

ricxvia (ionis valentoba),  F _
 faradeis ric-

xvi, (96500k/mol.), nF _ gadatanili eleqtroo-

bis saerTo raodenobaa. 

     eleqtromamoZravebeli Zala yovelTvis 

dadebiTia.Ggalvanuri elementis eleqtromamo-

Zravebeli Zala gamoisaxeba nernstis ganto-

lebiT 
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E = E0 – 
nF
RT

ln, 

sadac E galvanuri elementis em Zalaa; E0 
_ em 

Zala rodesac ionTa aqtiuroba xsnarSi erTis 

tolia, mas elementis normaluri an standar-

tuli em Zala ewodeba; R _ 
airebis universal-

uri mudmiva; T _ temperatura; n _ eleqtroob-

is gadamtani eleqtronebis raodenoba; F _ fa-

radeis ricxvi;  _ ionTa aqtiuroba xsnarSi.  

 

VI.5. galvanuri elementis Termodinamika 

 

    Ggalvanuri elementis eletromamoZravebe-

li Zala damokidebulia temperaturaze. eleq-

tromamoZravebeli Zalis damokidebuleba tem-

peraturaze gamoisaxeba 
dT
dE

 sididiT, mas 

eleqtromamoZravebeli Zalis temperaturuli 

koeficienti ewodeba. 

 E =
nF
H

  +T(
dT
dE )  ,        W=-G = nFE,    martivi 

gardaqmniT miviRebT:    = -W + nFT(
dT
dE ), 
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H - galvanur elementSi mimdinare Jangva-aR-

dgeniTi reaqciis siTburi efeqtia. Termodina-

mikis pirveli kanonis Tanaxmad,                       

      q = H+W ;     H= - W + q;       q = nFT(
dT
dE )     

eleqtromamoZravebeli Zalis temperaturuli 

koeficientis gazomviT SeiZleba galvanur 

elementSi mimdinare reaqciis entropiis cvl-

ilebis dadgena     

S = 
T

dT
dEnFT

T
q )(



= nF( )

dT
dE

. 

     Tu mokled CarTul galvanur elements 

movaTavsebT kalorimetrSi, SeiZleba  siT-

buri efeqtis gansazRvra.Aam dros warmoqmni-

li energia gardaiqmneba siTbod da Sesrule-

buli muSaoba nulis tolia. Tu eleqtrode-

bis SemaerTebel gamtarebs kalorimetridan 

gamoviyvanT da mivcemT SesaZleblobas Seas-

rulos muSaoba, energiis nawili siTbos sax-

iT gamoiyofa.  

E em Zalis temperaturuli koeficienti SeiZ-

leba iyos rogorc dadebiTi, ise uaryofiTi 
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da nulis tolic. Tu 
dT
dE

 0-ze, galvanuri 

elementis muSaobisas siTbo gamoiyofa (0), 

es yvelaze gavrcelebuli SemTxvevaa. Tu 
dT
dE

 

 0, siTbo STainTqmeba (0), e.i. elementi 

garemos siTbos muSaobad gardaqmnis. etalon-

ad iseT galvanur elements irCeven, romlis-

Tvisac  
dT
dE

 0.  

VI.6. standartuli eleqtroduli potenciali 

    calkeuli eleqtrodebis potencialis ni-

Snis da absoluturi mniSvnelobis gazomva an 

gamoTvla SeuZlebelia. praqtikuli gaangari-

SebisaTvis unda vicodeT eleqtrodebis far-

dobiTi potencialebi gazomili raime standa-

rtuli eleqtrodis mimarT. xSirad aseT Sesa-

darebel eleqtrodad iyeneben wyalbadis ele-

qtrods romelic nulis toladaa miRebuli, 

igi Sedgeba platinis firfitisagan, romelic 

CaSvebulia wyalbad ionebis Semcvel xsnarSi 

da SexebaSia airad wyalbadTan (101,3kpa wnevis 

dros). sakvlevi da wyalbadis eleqtrodisa-
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gan Sedgenili galvanuri elementis em Zala 

sakvlevi eleqtrodis potencialis toli iqne-

ba. calkeuli eleqtroduli potenciali gamo-

iTvleba agreTve nernstis gantolebiT 

 0
nF
RT ln , 

sadac  �calkeuli eleqtrodis potencialia; 

0 �_ am eleqtrodis standartruli potenci-

ali, romelic misi potencialis mniSvnelobis 

tolia standartuli wyalbadis eleqtrodis 

potencialis mimarT. standartul potencial-

ad miRebulia is potenciali, romelic aqvs 

erTis toli aqtiurobis mqone Tavisive ioneb-

is Semcvel xsnarSi CaSvebul liTons. maTi 

mniSvnelobebi mocemulia cnobarSi.��� 

    radgan galvanuri elementis em Zala gamo-

iTvleba dadebiTi eleqtrodisa da uaryofiTi 

eleqtrodis potencialTa sxvaobiT   

  E , 

saSualeba gveZleva gamovTvaloT calkeuli 

eleqtrodebis potencialTa mniSvnelobebi, 

rodesac cnobilia galvanuri elementis eleq-
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tromamoZravebeli Zala da meore eleqtrodis 

potencialix sidide. 

 

VI.7. difuzuri potenciali 

 

  Oori eleqtrolitis xsnarebis sazRvarze 

ionTa sxvadasxva siCqariT difuziis gamo, 

warmoiqmneba ormagi eleqtruli Sre, romlis 

potencialTa sxvaoba difuzuri potencialis 

tolia. ganvixiloT sxvadasxva eleqtrolitis, 

erTnairi koncentraciis xsnarTa gamyofi 

zedapiri  

HNO3 | KNO3 . 

wyalbad ionTa H+ ZvradobaHmniSvnelovnad 

aRemateba K+ -is Zvradobas (UH+=349,8; UK+=73,5),   

amitom H+ meti raodenobiT gadava KNO3-is 

xsnarSi, vidre K+ azotmJavaSi, ris gamoc 

HNO3-is xsnari daimuxteba uaryofiTad NO3
_ 

is siWarbis gamo, xolo KNO3-is xsnari dadebi-

Tad. es iwvevs potencialTa sxvaobis aRZvras, 

mas difuzuri potenciali ewodeba 

Edif=
F

RT ln
22

11

VU
VU




, 

U + V=  ekvivalenturi eleqtrogamtarobaa 
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� Edif= F
RT ln

2

1




. 

   ganvixiloT sxvadasxva koncentraciis erTi 

da imave eleqtrolitis xsnarTa sazRvarze 

aRZruli potenciali   

KAgNO3 | AgNO3                                                                    

   1  < 2                                                                                             

ionebi meti koncentraciis xsnaridan gadadis 

naklebi koncentraciis xsnarSi, Ag+ da NO3_-is 

difuziiT; magram NO3_-is Zvradoba metia Ag+-

is Zvradobaze, amitom NO3_-is ionebi difundi-

reben gamyof zedapirze meti raodenobiT vid-

re Ag+-is ionebi, ris Sedegadac ganzavebuli 

xsnari daimuxteba uaryofiTad, xolo koncen-

trirebuli dadebiTad. es Seanelebs NO3
_-is 

ionebis Semdgom gadasvlas da orive saxis 

ioni difundirebs Tanabari siCqariT potenci-

alTa naxtomis SenarCunebiT. gadanacvlebul 

anionTa ricxvia 
VU

V


, xolo kaTionTa _ 

VU
U


; muSaoba, romelic sruldeba NO3
_-is ga-

dasvliT meti koncentraciis xsnaridan nakle-

bi koncentraciis xsnarSi gamoisaxeba:      
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W1 =N VU
V


RTln
1

2

a
a

, 

xolo Ag+-is ionebis gadatanis dros Sesrul-

ebuli muSaoba W2=N VU
U

 RTln

1

2

a
a

. 

jamuri muSaoba toli iqneba  W=N
VU
UV


 RTln

1

2

a
a

; 

radgan anionebi gadainacvlebs meti koncentr-

aciis xsnaridan naklebi koncentraciis xsna-

risaken, maTi gadatanis muSaoba dadebiTi 

iqneba, xolo kaTionebis gadatanis muSaoba _ 

uaryofiTi. W = nFE.  

Edif =N VU
UV




nF
RT ln

1

2

a
a

;  radgan  
VU
UV




= t_ _ t+             

( t gadatanis ricxvia)  

t _ _ t+  =   t _ - (1 _ t_ ) =  2 t_ - 1;    

 Edif=N(2t_ _ 1) nF
RT ln

1

2

a
a

; 

    amrigad, difuzuri potencialis mniSvne-

loba damokidebulia aqtiurobaTa Tanafardo-

basa da ionTa Zvradobaze, roca U=V, Edif=0. 

difuzuri potencialis mniSvnelobaa  0.03 
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volti. misi Semcirebis mizniT iseT eleqtro-

litebs iyeneben, romelTa orive ionis Zvra-

doba daaxloebiT Tanabaria, agreTve eleqtr-

olitebs Soris aTavseben KCl, KNO3, an NH4NO3 

-is najeri xsnaris marilis bogirs. 

 

VI.8. eleqtrodebis tipebi 

 

    ganasxvaveben sxvadasxva tipis eleqtrod-

ebs.  

    pirveli gvarisaa eleqtrodi Tu liToni 

CaSvebulia Tavisive ionebis Semcvel xsnarSi 

da Seqcevadobas Cens kaTionis mimarT.Mmagali-

Tad, Ag|AgNO3; Zn|ZnSO4; Cu|CuSO4.                                                              

    meore gvarisaa eleqtrodi Tu liToni 

dafarulia Tavisive Znelad xsnadi mariliT 

da CaSvebulia imave anionis Semcvel advilad 

xsnadi marilis xsnarSi, Seqcevadobas iCens 

anionis mimarT. magaliTad: Hg,Hg2Cl2|KCl – kal-

omelis,  Ag,AgCl | KCl – qlor-vercxlis eleqt-

rodi.                                                       

    mesame  gvaris eleqtrodebi Sedgeba liT-

onisagan, romelic dafarulia Tavisive Zne-

lad xsnadi mariliT, romelic SexebaSia imave 
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anionis mqone sxva Znelad xsnad marilTan da 

CaSvebulia ukanasknelis kaTionis mqone advi-

lad xsnad marilSi es eleqtrodi Seqcevadia 

Ca++ ionebis mimarT  

                 Pb,PbC2O4(my),CaC2O4(my)|CaCl2(xs). 

arsebobs agreTve airadi, Jangva-aRdgeniTi, 

amalgamuri da sxva tipis eleqtrodebi. 

 

VI.9. galvanuri elementebis tipebi 

 

1. qimiuri galvanuri elmenti. Tu galvanuri 

elementis moqmedebas safuZvlad udvs qimiuri 

reaqcia, romlis Tavisufali energiis xarjze 

sruldeba eleqtruli muSaoba, mas qimiuri 

galvanuri elementi ewdeba. 

    qimiuri galvanuri elementia iakob-danie-

lis elementi 
(-) Zn | ZnSO4 || CuSO4| Cu(+) 

qimiur galvanur elementSi SeiZleba sxvadas-

xva gvaris ori eleqtrodi iyos 

                                          (-)Zn | ZnCl2 | Hg2Cl2, Hg(+)          

es elementi Sedgeba I gvaris Zn | ZnCl2 da II 

gvaris ZnCl2 | Hg2Cl2,Hg eleqtrodebisagan: 

(_) Zn _ 2e  Zn+2
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                 (+)  Hg2Cl2 + 2e  2Hg + 2Cl -. 

qimiur galvanur elementSi SeiZleba erTi 

eleqtrolitic gvqondes. erT eleqtrolitian 

qimiur galvanur elementSi SesaZlebelia rom 

anioni iRebdes monawileobas Seqcevad proce-

sSi: 

              (-) Hg ,Hg2Cl2 | KCl | Cl2 (Pt) (+)   ,         

               (+)   Cl2 + 2e  2Cl_, 

               (-)   2Cl_ + 2Hg  Hg2Cl2+ 2e. 

2.koncentraciuli galvanuri elementi. Tu or 

erTnair eleqtrods movaTavsebT erTi eleqt-

rolitis sxvadasxva koncentraciis xsnarebSi, 

miiReba  koncentraciuli galvanuri elementi  

(-) Ag|AgNO3 || AgNO3 |Ag (+) 

                                            a1 >  a2 
(-) I2 | KI || KI | I2 (+) 

                      a1 > a2 

Tu ugulebelvyofT difuzur potencials, 

romelic sxvadasxva koncentraciis xsnarebis 

sazRvarze aRiZvreba, miviRebT rom elementis 

mier Sesrulebul muSaobas ganapirobebs Sem-

degi eleqtroduri procesebi: 

(-) Ag  Ag+ + e , 
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(+) Ag+ + e  Ag . 

meti koncentraciis xsnaridan vercxlis ione-

bi gadadian naklebi koncentraciis xsnarSi. 

Sesabamisad, eleqtroduli potencialebi iqne-

ba:����  0
11 EE �

F
RT ln1 

,
           0

22 EE
F

RT ln2 

�� 0
1E 0

2E �
� am elementis em Zalaa   

 0
212 EEEE F

RT ln2 _ 0
1E

F
RT ln1 = 

=
F

RT ln
1

2




. 

ganzavebul xsnarebSi, sadac ionTa aqtiuroba 

TiTqmis erTis tolia, em Zala SeiZleba gamo-

vsaxoT analizuri koncentraciiT (c) an mola-

lobiT (m)  E
F

RT ln
1

2

c
c

;
 � E

F
RT ln 

1

2

m
m

. 

 

VI.10.��eleqtrolizi da polarizacia 

 

eleqtrolizi Jangva-aRdgeniTi procesia, rom-

elic eleqtrolitSi denis gatarebisas eleq-

trodebze mimdinareobs. eleqtrolizis dros 

xdeba ionebis sivrciTi dacileba da maTi Sem-

dgomi ganmuxtva eleqtrodebze. eleqtruli 
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energia ixarjeba qimiuri reaqciis ganxorci-

elebaze. kaTodze mimdinareobs aRdgena, xolo 

anodze daJangva. eleqtruli denis aRmdgeni 

da mJangavi moqmedeba bevrjer ufro Zlieria 

qimiur aRmdgenebsa da mJangavebTan SedarebiT. 

eleqtrolizis Casatareblad eleqtrodebs Ca-

uSveben eleqtrolitis xsnarSi, an nalRobSi 

da maT aerTeben mudmivi denis wyarosTan. 

xelsawyos, romelSic atareben eleqtrolizs 

– eleqtrolizeri an saeleqtrolizo abazana 

ewodeba. eleqtrolizi eyrdnoba faradeis 

kanonebs:                                                

1. eleqtrolizis dros eleqtrodebze gamoyo-

fili nivTierebis raodnoba proporciulia 

eleqtrolitSi gavlili eleqtroobis raode-

nobisa.  

2. eleqtrobis toli raodenobebi eleqtroli-

zis dros sxvadasxva qimiuri naerTidan gamo-

yofen nivTierebaTa ekvivalentur raodenobe-

bs. nebismieri nivTierebis erTi gram-ekvival-

entis gamosayofad eleqtrolitSi unda gavid-

es 96500 kuloni muxti, am ricxvs faradeis 

ricxvi F ewodeba. Tu eleqtrolizis dros da-
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Janguli da aRdgenili nivTierebebis raodeno-

baa – m, E–am nivTierebis qimiuri ekvivalenti, 

Q–xsnarSi gatarebuli eleqtroobis raodeno-

ba,                          

m = 
F

EQ
 

radgan Q=It, m=
F

EIt
; sadac I denis Zalaa, t _ 

dro. 

    eleqtrolizis movlenam farTo gamoyeneba 

pova saxalxo meurneobasa da qimiur warmoeba-

Si.  

1. liTonTa zedapiris koroziisagan dasacav-

ad, liTonis simtkicis gazrdisa da dekorati-

uli miznebisaTvis maT zedapirs faraven sxva 

liTonis Cr, Ag, Au, Cu, Ni da a.S. Txeli feniT 

(galvanostegia).  

2. sxvadasxva sagnis zusti liTonuri aslis 

misaRebad (galvanoplastika).  

3. liTonis gasasufTaveblad minarevebisagan 

(rafinireba).  

4. sufTa saxiT tute da tutemiwa liTonebis, 

aluminis, lanTanoidebis, aseve qloris, wyal-

badis, natriumis tutis da sxv. misaRebad.               
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   eleqtrodebze eleqtrolizis produqtebis 

iseT gamoyofas, romelic iwvevs gare wyaros 

em Zalis sapirispiro mimarTulebis em Zalis 

aRZvras polarizacia ewodeba. Tu polariza-

cia gamowveulia qimiuri procesiT mas qimiu-

ri polarizacia ewodeba.Ppolarizacia SeiZl-

eba gamowveuli iyos eleqtrolitebis sxvada-

sxva koncentraciiT, am SemTxvevaSi saqme 

gvaqvs koncentraciul polarizaciasTan.               

    polarizaciis pirobebSi eleqtrolizis 

gansaxorcieleblad aucilebelia, rom gare 

Zabva (Egare) polarizaciis em Zalis sididiT 

aRematebodes Zabvis vardnas eleqtrolitSi.  

    eleqtrolizis dros eleqtrolitis daS-

la mimdinareobs potencialTa sxvaobis iseTi 

mniSvnelobisas, romelic aRemateba polariza-

ciis Sedegad miRebuli galvanuri elementis 

wonasworul em Zalas1.23v. es umciresi 

potencialTa sxvaoba aucilebelia eleqtro-

lizis Casatareblad da mas daSlis potencia-

li ewodeba. misi mniSvneloba  1,7 voltia. 

daSlis potencialsa da polarizaciis em Za-
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las Soris sxvaobas gadaZabva ewodeba.  EdaSl 

_ Epolar. 

   gadaZabva is zedmeti Zabvaa, romelic unda 

daematos wonasworul em Zalas raTa Catar-

des eleqtrolizi. eleqtroliziT Fe, Pb, Zn-is 

miReba SeiZleba imitom, rom maT naklebi 

gadaZabva aqvT vidre wyalbads, amitom H2
 - is 

gamoyofis potenciali metia am liTonebis 

gamoyofis potencialze. 

   polarizaciis movlenam gamoyeneba pova ana-

lizis farTod gavrcelebul meTodSi – pol-

arografiaSi, romelic ramdenime kaTionis 

Semcveli xsnaris Seswavlis SesaZleblobas 

iZleva. 
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VII.  qimiuri kinetika 

VII.1. qimiuri reaqciis siCqare 

 

Qqimiuri Termodinamika gansazRvravs Tavis-

Tavad da araTavisTavad mimdinare qimiuri 

procesebis mimdinareobis albaTobas da Tavi-

seburebas, aseve am procesis wonasworobis 

pirobebs, magram igi ar gvaZlevs warmodgenas 

procesis xangrZlivobis drosa da meqanizmze. 

praqtikaSi sulerTi ar aris procesi wava 

wamis raRac nawilSi, Tu aseulobiTi wlis 

ganmavlobaSi, ra droSi miiRweva wonasworu-

li pirobebi. procesis siCqares, meqanizms, mis 

damokidebulebas sxvadasxva faqtorze, rome-

lic aCqarebs an anelebs reaqcias, swavlobs 

qimiuri kinetika. 

  qimiuri kinetika qimiur TermodinamikasT-

an erTad gvaZlevs saSualebas qimiuri proce-

sebi ufro ganzogadebulad da mravalmxriv 

warmovaCinoT. 

     qimiuri kinetikis ganxilva daviwyoT e.w. 

formaluri kinetikiT. formaluri ewodeba 

imitom, rom qimiuri reaqciis siCqare gvevlin-

eba, rogorc damokidebuleba moreagire nivTi-
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erebaTa koncentraciaze. formalur kinetika-

Si miRebuli kanonzomierebebi saSualebas gva-

Zlevs:  

1. ganvsazRvroT qimiuri reaqciis kinetikuri 

parametrebi;  

2. miRebuli kanonzomierebebi gavrceldes teq-

nologiuri procesebisaTvis damaxasiaTebel 

rTul mravalsafexurian qimiur reaqciebze;  

3. movaxdinoT qimiuri reaqciebis klasi-

fikacia.                                        

      qimiuri kinetika aris moZRvreba qimiuri 

reaqciis siCqarisa da misi mimdinareobis meqa-

nizmis Sesaxeb.Qqimiuri reaqciis siCqaris 

codnas arsebiTi mniSvneloba aqvs qimiuri 

procesis dasaxasiaTeblad.AamisaTvis gansazR-

vraven raime komponentis raodenobis cvlile-

bas drois erTeulSi. koncentraciis garda 

SeiZleba sxva sidideebis gamoyenebac (P, f, a) 

V = 
dT
dc

 . 

dT
dc

-s eqneba (+) niSani, Tu ganisazRvreba miRe-

buli nivTierebis koncentracia, xolo (_) niS-
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ani, Tu ganisazRvreba moreagire nivTierebis 

koncentracia.  

G  guldbergisa da vaages moqmed masaTa kano-

nis Tanaxmad, reaqciis siCqare proporciulia 

moreagire nivTierebaTa koncentraciebis namr-

avlisa. 

mM + nN    eE + fF 

    am reaqciis siCqare   

V = K m
Mc n

Nc , 

sadac K proporciulobis koeficientia, igi 

tolia iseTi reaqciis siCqarisa, rodesac mo-

reagire nivTierebaTa koncentraciebi an maTi 

namravli erTis tolia, mas reaqciis siCqaris 

mudmivas uwodeben.    

   reaqciis V siCqareze gavlenas axdens reaq-

ciis garemos temperatura. Temperaturis 10
o
-

iT awevisas reaqciis siCqare 2_4-jer izrdeba. 

ricxvs, romelic gviCvenebs, ramdenjer izrde-

ba reaqciis siCqare sareaqcio aris temperatu-

ris 10
o
-iT awevisas, ewodeba reaqciis tempera-

turuli koeficienti da aRiniSneba  -Ti 

T

T

K
K 10 �,������VT+10�VT�

10
12 TT 

  �.�  
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yovel reaqcias gansazRvruli mniSvnelobis 

temperaturuli koeficienti aqvs. 

    reaqciis warmarTvisaTvis aucilebeli, ma-

gram arasakmarisia molekulaTa urTierTSeja-

xeba. reaqciaSi Sedian mxolod aqtiuri mole-

kulebi, romlebic sxvebisagan energiis meti 

maragiT gansxvavdebian.Aam energias aqtivaciis 

energia ewodeba.    

 

 

 

  

                                  

 

 

 

                                                           

                             d r o 

sur.VII.1.Aaqtivaciis energiis gamomsaxveli          

                     wiri 

 

E2-E1=H aris reaqciis siTburi efeqti. Aqtiva-

ciis energia gamoiTvleba areniusis gantole-

biT   

 

 

E1 

E2 

E 

Eaqt 
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� ���������������
dT

Kd ln
= 2RT

E
, 

sadac K reaqciis siCqaris mudmivaa; E _
 aqtiva-

ciis energia;      

K=Z RTEe / ; 

aqtivaciis energiis gasaangariSeblad saWiroa 

reaqciis siCqaris mudmivas gansazRvra or 

sxvadasxva temperaturaze.  

 

        1/T 

sur. VII.2. aqtivaciis energiis gansazRvra 

grafikulad  

 

1

2lg
K
K

=

21

12 )(
TRT

TTE 
, saidanac,  .

1

2

12

21 lg
K
K

TT
TRT

E


 .         

aqtivaciis energiis gansazRvra SeiZleba gra-

fikuladac (sur.VII.2); Tu abscisTa RerZze 

Z 

lgK 
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gadavzomavT 
T
1
-s, xolo ordinatTa RerZze _ 

lgK-s, miviRebT areniusis gantolebis grafik-

ul gamosaxulebas. wrfis abscisTa RerZis mi-

marT daxris kuTxis tangensi warmoadgens 
R
E
 

sidides (tg =
R
E
), saidanac SeiZleba aqtivaci-

is energiis (E ) gansazRvra, xolo wrfis or-

dinatTan gadakveTa gvaZlevs Z-is mniSvnelo-

bas anu eqsponentis win mdgomi mamravlis (Z) 

sidides. 

 

VII.2.  reaqciis molekuluroba da rigi 

 

    yoveli rTuli reaqcia SeiZleba ganvixil-

oT, rogorc martivi reaqciebisagan Semdgari 

procesi, sadac TiToeul elementarul rea-

qciaSi Sedis erTi, ori an sami molekula. 

qimiuri reaqciis elementarul procesSi mona-

wile molekulebis ricxvis mixedviT ganas-

xvaveben reaqciebis sxvadasxva tips – mono, bi 

da trimolekulur reaqciebs. Uufro maRali 

molekulurobis mqone reaqciebi ar gvxvdeba, 

radgan 3-ze meti molekulis erTdrouli da-
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jaxebis albaToba mcirea. rodesac elementa-

ruli qimiuri reaqcia erTi molekulis gar-

daqmniT mimdinareobs, qimiuri reaqcia monomo-

lekuluria.  

CaCO3   CaO + CO2, 

N2O4      2NO2. 

monomolekuluri  reaqciis siCqare V = K c. 

bimolekuluria reaqcia, rodesac elementaru-

li aqti ori molekulis erTdrouli gardaq-

mniT mimdinareobs. 

NaOH + HCl   NaCl + H2O, 

C + O2   CO2. 

Bbimolekuluri reaqciis siCqare V = Kc1c2,   

rodesac orive komponenti erTnairi raodeno-

biTaa aRebuli V = Kc 2.  

trimolekuluria reaqcia, rodesac xdeba 

erTdroulad sami molekulis urTierTqmedeba 

2NO + H2    N2O + H2O, 

2NaOH + H2SO4 �Na2SO4 + 2H2O. 

trimolekuluri reaqciis siCqare V = Kc1c2c3, 

rodesac ori komponenti erTnairi raode-

nobiTaa aRebuli V = Kc1
2c2, xolo rodesac 
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erTnairi raodenobiT aRebulia samive kompon-

enti, V = Kc3
. 

    komponentebis koncentraciaze reaqciis 

siCqaris damokidebulebis mixedviT asxvaveben 

nulovan, pirveli meore, mesame da wiladuri 

rigis reaqciebs. 

   nulovani rigis reaqciis siCqare ar aris 

damokidebuli moreagire nivTierebaTa koncen-

traciaze. nulovani rigis reaqciebis raoden-

oba mcirea. magaliTad, nulovani rigisaa 

xsnarSi mimdinare fsevdomono- da fsevdobi-

molekuluri reaqciebi, aseve fazaTa gamyof 

zedapirze mimdinare heterogenuli procesebi. 

   I rigis reaqciis gantolebas Semdegi saxe 

aqvs: 

xa
a

t 
 lg1

, 

sadac a  nivTierebis sawyisi koncentraciaa; 

( xa  ) _ a  nivTierebis koncentracia t drois 

Semdeg; x ki t droSi daxarjuli a  nivTierebis 

raodenoba, K _ reaqciis siCqaris mudmiva; 

  II rigis reaqciebisaTvis marTebulia ganto-

leba  
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)(
)(ln11

xba
xab

bat 



 , 

sadac K reaqciis siCqaris mudmivaa; a  da b _ 

sawyisi nivTierebebis koncentraciebi; ( xa  ) 

da ( xb  ) _ maTi koncentraciebi t  droisaT-

vis; x  _ t  droSi daxarjuli nivTierebis 

raodenoba. 

III rigis reaqciebisaTvis gvaqvs gantoleba 

t2
1

 









 22

1
)(

1
axa

. 

   qimiuri reaqciis rigis dadgena kinetikis 

erT-erTi mTavari amocanaa. rigis dadgenis 

ramdenime xerxi arsebobs. 

 1. reaqciis siCqaris gansazRvris Sedegad 

miRebul eqsperimentul monacemebs CavsvamT 

pirveli, meore an mesame rigis reaqciis 

gantolebaSi, Tu gamoTvlili K mudmivia 

(cdomilebis farglebSi), reaqciis rigis dasa-

dgeni gantoleba sworad yofila SerCeuli.  

2. eqsperimentulad gansazRvraven sawyisi niv-

Tierebis naxevargardaqmnis periodsDda miRe-

bul Sedegebs Casvamen  pirveli,N meore an me-

same rigis reaqciebis gantolebaSi 
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K
2ln

1  ;   
Ka
1

2  ;     23 2
3

Ka
 ; 

 n - uri rigis reaqciisaTvis 1

1
 nn a

 ; 

 naxevargardaqmnis periodi aris dro, romlis 

ganmavlobaSic gardaiqmna sawyisi nivTierebis 

naxevari. 

3. grafikuli meTodi – aigeba koncentraciis 

sxvadasxva funqciis droze damokidebulebis 

grafiki da SeirCeva wrfivi funqcia, pirveli 

rigis reaqciisaTvis wrfiv damokidebulebas 

iZleva lgc _ t; meore rigis reaqciisaTvis  t
c


1
; 

nulovani rigis reaqciisaTvis koncentracia 

TviT abscisaTa RerZis paraleluria. 

4. reagentis siWarbis an izolaciis meTodi. 

swavloben erT-erTi sawyisi nivTierebis konc-

entraciis cvlilebis gavlenas reaqciis siCq-

areze da miRebuli SedegebiT daadgenen reaq-

ciis rigs. 
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VII.3. paraleluri, mimdevrobiTi, SeuRlebuli 

da jaWvuri reaqciebi 

 

    qimiuri reaqcia, rogorc wesi, rTulia, ar 

mimdinareobs yvela sawyisi nawilakis erTdr-

ouli urTierTqmedebiT, igi Sedgeba ramdenime 

elementaruli stadiisagan. elementaruli 

stadia minimaluri siCqariT iqneba malimiti-

rebeli, maSin mTeli rTuli qimiuri procesis 

siCqare ganisazRvreba swored am stadiis kine-

tikuri TaviseburebiT.  

      Seqcevadi, paraleluri, mimdevrobiTi SeuR-

lebuli da jaWvuri reaqciebi rTul reaqci-

ebs miekuTvneba. 

   Seqcevadia reaqcia, romelic ersa da imave 

pirobebSi orive mimarTulebiT mimdinareobs – 

pirdapiri da Seqcevadi. reaqciebis umetesoba 

ama Tu im xarisxiT Seqcevadia, ar mimdinare-

obs bolomde da drois raRac momentSi myar-

deba wonasworoba. 

aA + bBmM + nN 

  Pparaleluria reaqcia, romelSic sawyisi 

nivTiereba erTdroulad ori an ramdenime mim-

arTulebiT ganicdis gardaqmnas.  
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                                A    B 

                                A   D              A  �  D  

reaqciis siCqare A nivTierebis mimarT  

VA = dt
dcA = (K1+K2)cA   , 

sadac K1 da K2 pirveli da meore reaqciebs 

siCqareebis mudmivebia. 

   paraleluri reaqciis magaliTia: 

      4KClO3 KCl + 3 KClO4 

      2KClO3 2KCl + 3O2 

   mimdevrobiTi ewodeba reaqcias, romelsac 

Sualeduri stadiebi aqvs, anu erTi reaqciis 

produqti, meoris sawyisi nivTierebaa. 

A    B     D 

mimdevrobiTi reaqciis siCqare ganisazRvreba 

nela mimdinare, malimitirebeli stadis siCqa-

riT. 

COOH                       COOK                                                                      
|             + KOH     |             + H2O ;                                
COOH                       COOH 
 
 
 COOK                         COOK 
  |             + KOH      |              + H2O;  
 COOH                         COOK                                                                  
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    SeuRlebuli reaqciebi mimdinareobs erT-

sa da imave garemoSi erTdroulad. erTi Tavi-

sTavad mimdinare reaqcia iwvevs meore reaqci-

is warmarTvas, an erTi reaqcia iwvevs meoris 

inicirebas, romelic mis gareSe ar mimdinare-

obs 

      A + B     M     (1)       

                             A + D � P     (2) 

          an  A + B + D     M + P 

pirveli reaqcia damoukideblad mimdinareobs, 

meore ki masTan SeuRlebulia an inicirdeba 1 

reaqciiT.  A nivTierebas, romelic orivesaTvis 

saerToa ewodeba aqtori, D nivTierebas aqcept-

ori, xolo B-s romelic ainducirebs meore 

reaqcias induqtori.Ffardobas, romliTac gam-

oisaxeba aqtoris ganawileba induqtorsa da 

aqceptors Soris ewodeba induqciis faqtori. 

SeuRlebuli reaqciis siCqare ganisazRvreba A 

nivTierebis xarjvis siCqariT. 

dt
dc

V A  . 

SeuRlebuli reaqciebis magaliTia: 

2FeSO4 + H2O2 + H2SO4 Fe2(SO4)3 + 2 H2O 
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2HJ  +  H2O2  J2 + 2 H2O 

SeuRlebul reaqciebs gansakuTrebuli mniSv-

neloba aqs bioqimiur procesebSi, isini mimdi-

nareoben kvebis produqtebis daJangviT, sakveb-

is monelebis dros.Aam reaqciebis dros gamoy-

ofili energia ixarjeba organizmisaTvis sa-

sicocxlo mniSvnelobis nivTierebebis, maT 

Soris cilebisa da nukleinis mJavebis sinTe-

zisaTvis.  

    jaWvuri reaqcia rTuli reaqciaa romlis 

mimdinareobisas sawyisi nivTiereba monawile-

obs gardaqmnaTa jaWvSi, Sualeduri aqtiuri 

nawilakebis (intermediatorebis) monawileo-

biT. nebismieri jaWvuri reaqcia Sedgeba sami 

safexurisagan: 1.jaWvis Casaxva; 2.jaWvis warmo-

qmna; 3.jaWvis gawyveta. 

    ganvixiloT reaqcia    HClClH 222    

bnel kameraSi, sadac moTavsebulia wyalbadi-

sa da qloris narevi, reaqcia ar mimdinare-

obs, magram sakmarisia mcire droiT narevze 

vimoqmedoT sinaTlis sxiviT, mdgomareoba 

mkveTrad Seicvleba, reaqcia myisierad didi 

siCqariT warimarTeba. jaWvis Casaxva SeiZleba 
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sinaTlis sxivis, an temperaturis moqmedebis  

Sedegad. jaWvuri reaqciebis procesi viTarde-

ba aramdgradi Sualeduri nivTierebebis war-

moqmnis xarjze, romlebsac aqtiuri centrebi 

ewodeba. jaWvur reaqciaSi elementaruli aqti 

iwvevs erT an ramdenime momdevno aqts. jaWvis 

warmoqmna SeiZleba mimdinareobdes martivad 

an ganStoebulad. martivi jaWvis warmoqmnisas 

erTi axali radikali warmoiqmneba. ganStoeb-

uli jaWvis SemTxvevaSi erTi aqtiuri centr-

is urTierTqmedebiT ramdenime axali aqtiuri 

centri warmoiqmneba. mesame safexurze xdeba 

jaWvis gawyveta, aqtiuri centrebis mospoba.  

 ClhCl 22          jaWvis Casaxva 




ClHClClH
HHClHCl

2

2
    jaWvis warmoqmna 

da a.S. 

2

2

2
2

HH
ClCl




   jaWvis gawyveta 

ciklebis ricxvi jaWvis Casaxvidan mis gawyve-

tamde aris jaWvis sigrZe. warmoqmnili mole-

kulis stabilizaciisaTvis aucilebelia mesa-

me nawilakis arseboba, romelic aiRebs Warbi 
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energiis nawils. SeiZleba iyos WurWlis ked-

lebi an TviT airis molekulebi. nivTierebas, 

romlis damatebac iwvevs jaWvis sigrZis Sem-

cirebas inhibitori ewodeba. cnobilia rom 

mravali qimiuri reaqcia maT Soris polimeri-

zaciis, mimdinareobs jaWvuri an ganStoebuli 

jaWvuri meqanizmiT. jaWvuri reaqciis meqaniz-

miT mimdinareobs Tburi afeTqebi da airTa na-

revis wva.Qqimiuri reaqciis dros gamoyofili 

siTbo Tu ver aswrebs sareaqcio aridan moci-

lebas reaqcia sruldeba afeTqebiT. 

 

VII.4.  katalizi 

 

   Qqimiuri reaqciis siCqaris cvlilebas ise-

Ti nivTierebis gavleniT, romelic reaqciis 

damTavrebis Semdeg ucvleli rCeba, katalizi 

ewodeba. nivTierebas, romelic iwvevs reaqciis 

siCqaris cvlilebas, xolo TviTon ucvlelia, 

katalizatori ewodeba. xSirad katalizator-

is funqcias fermenti, enzimi asrulebs, maT 

fermentuli katalizatori ewodeba.  

    Tu katalizatorad reaqciis erT-erTi pr-

oduqtia aseT reaqcias avtokatalizuri ewo-
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deba.Asxvaveben dadebiT katalizs, rodesac 

reaqciis siCqare izrdeba da uaryofiT kata-

lizs, rodesac reaqciis siCqare mcirdeba. 

uaryofiT katalizators inhibitors uwode-

ben. nivTierebas, romelic aqveiTebs dadebiTi 

katalizatoris aqtiurobas katalizatoris 

Sxami ewodeba, xolo nivTierebas romelic 

zrdis katalizatoris aqtiurobas _ promo-

tors uwodeben. 

    katalizators SerCeviToba axasiaTebs. 

sxvadasxva katalizatoris gamoyenebisas erTi 

da igive reaqcia SeiZleba sxvadasxva mimarTu-

lebiT wavides da sxvadasxva produqti mogv-

ces. magaliTad, eTilis spirtis orTqlis vo-

lframis Jangze daSla gvaZlevs eTilens, xo-

lo igive reaqcia spilenZze, rkinasa da nike-

lze iZleva Zmris aldehids. 

   katalizi homogenuria, rodesac kataliza-

tori da moreagire nivTierebebi erT fazaSi 

arian da maT Soris ar aris gamyofi zedapiri. 

heterogenuli katalizis dros, katalizato-

ri calke fazas warmoadgens, igi gamoyofil-
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ia moreagire nivTierebebisagan fazaTa gamyo-

fi zedapiriT.  

   katalizatoris meSveobiT SesaZlebelia mx-

olod Termodinamikurad nebadarTuli reaq-

ciebis daCqareba, e.i. reaqciebisa, romelTa mi-

mdinareoba dakavSirebulia sistemis Tavisufa-

li energiis SemcirebasTan. Seqcevadi reaqci-

is wonasworobaze katalizatori gavlenas ar 

axdens, igi Tanabrad zrdis pirdapiri da Seb-

runebuli reaqciebis siCqareebs, amcirebs ra 

aqtivaciis energias, am dros wonasworobis 

mudmiva ucvlelia. katalizatori aCqarebs wo-

nasworobis damyarebas. 

    katalizs didi mniSvneloba aqvs warmoeba-

Si. xSirad saWiroa reaqciis daCqareba, anu im 

drois Semcireba, romelic aucilebelia mza 

produqciis gamosaSvebad, an piriqiT reaqciis 

siCqaris Semcireba, magaliTad koroziuli 

procesebis mimdinareobis dros. warmoebis 

bevr dargSi gansakuTrebiT ki kvebis mrewvel-

obaSi (puris da sakonditro sacxobebisaTvis) 

mniSvnelovani roli ekisreba fermentul ka-

talizs. 
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katalizatoris moqmedebis meqanizmi aixsneba 

aqtivaciis energiis, energetikuli barieris  

SemcirebiT da Sualeduri aramdgradi naerT-

is warmoqmniT erT-erT moreagire nivTierebas-

Tan. magaliTad: 

A + K = AK, 

AK + B = AB + K. 

am procesebis aqtivaciis energia mcirea da 

reaqcia mimdinareobs Cqara. 

   amrigad, katalizatoris moqmedebis meqani-

zmia: 

1. sareaqcio sistemaSi aqtiuri nawilakebis 

koncentraciis gazrda; 

2. Sualeduri produqtebis warmoqmna reagen-

tebTan;  

3. qimiuri aqtivacia. 
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terminologiuri leqsikoni 

   avtokatalizuri ewodeba reaqcias, Tu 

katalizatori aris reaqciis erTerTi prod-

uqti. 

   azeotropuls an ganuyoflad mduRares 

uwodeben orTqlis da siTxis erTnairi wona-

sworuli Sedgenilobis mqone xsnarebs. 

   aqtivaciis energia Eaqt ewodeba im saSual-

oze met energias, romelic gaaCnia aqtiur mo-

lekulas.  

   aqtori ewodeba nivTierebas, romelic ori 

reaqciisaTvis saerToa.    

   bmis energia is energiaa romelic saWiroa 

bmis gasawyvetad 

   bmis rigi ganisazRvreba makavSirebeli da 

gamTiSveli eleqtronebis ricxvis naxevar-

sxvaobiT.  

   gamtarobiT an winaRobiT axasiaTeben 

nivTierebis mier denis gatarebis unars.  

   galvanuri elementi ewodeba elements, ro-

melSic qimiuri procesebis mimdinareobis 
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Sedegad eleqtrodebze aRiZvreba potencial-

Ta sxvaoba. 

   garemo aris, sistemisagan pirobiT an rea-

lurad gamoyofili materialuri samyaros 

danarCeni nawili, romelic moicavs danarCen 

obieqtebs, romelTac SeuZlia gavlena iqoni-

on sakvlev sistemaze. 

   gaxsnis diferencialuri siTbo aris 1 mo-

li nivTierebis gaxsnisas gamoyofili siTbo 

gamxsnelis iseT raodenobaSi, rom miRebuli 

xsnaris Semdgom ganzavebas aRar mohyves Sesa-

mCnevi siTburi efeqti. 

   gaxsnis integraluri siTbo aris 1 moli 

sufTa nivTierebis n mol gamxsnelSi gaxsnis-

as gamoyofili siTbo, rodesac garkveuli mo-

larobis xsnari warmoiqmneba. 

   dadebiTi katalizi aris reaqciis siCqaris 

zrdis movlena.  

   daxuruli ewodeba sistemas, Tu igi gare-

mosTan ar axdens nivTierebaTa mimocvlas, ma-

gram SeuZlia masTan energiis gacvla. 

   debroilis gantoleba, mikronawilaks, kor-

puskulur TvisebebTan erTad, aqvs talRuri 
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Tvisebac. mikronawilakis Tvisebebis duali-

zmi gamoisaxeba TanafardobiT 
mV
h

 .   

   dipoli – rodesac molekulaSi dadebiTi 

da uaryofiTi muxtebis ,,simZimis centrebi” 

daSorebulia erTmaneTisagan  l  manZiliT mo-

lekula polarulia (b), mas aseve dipolsac 

uwodeben. 

   dipoluri momenti polarobis sazomia, ro-

melic muxtebis sididisa da maT Soris manZi-

lis namravlis tolia le  .          

   disociaciis xarisxi   aris disocirebu-

li molekulebis ricxvis (n) fardoba xsnarSi 

arsebuli molekulebis saerTo ricxvTan ( N ): 

   disociaciis  mudmiva K aris disocirebu-

li molekulebis ricxvis fardoba xsnarSi 

arsebuli aradisocirebuli molekulebis ri-

cxvTan      

   ekvivalenturi eleqtrogamtaroba   iseTi 

xsnaris eleqtrogamtarobaa, romelic Seicavs 

erT gram-ekvivalent gaxsnil nivTierebas da 

moTavsebulia 1sm2 ganivkveTis farTobis da 1 

santimetriT daSorebul eleqtrodebs Soris. 
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   Eleqtroqimia aris fizikuri qimiis nawili, 

romelic Seiswavlis qimiuri da eleqtruli 

movlenebis urTierTkavSirs, maT urTierTgar-

daqmnas. 

   energetikuli done _ elqtronebi, romle-

bic erTsa da imave orbitalebze moZraoben, 

warmoqmnian eleqtronul Sreebs, romelTac 

energetikuli doneebi ewodeba. 

   enTalpia H aris sistemis Siga energia mud-

mivi wnevis pirobebSi. 

   entropia S Termodinamikuri funqciaa, rom-

elic gansazRvravs procesis mimarTulebas, 

entropia berZnulad gardaqmnas niSnavs. 

   eqstensiuri Tvisebebi damokidebulia niv-

Tierebis raodenobaze. 

   eleqtrolizi aris Jangva-aRdgeniTi proce-

si, romelic eleqtrolitSi denis gatarebis-

as eleqtrodebze mimdinareobs.  

   eleqtroliti ewodeba nivTierebas, romlis 

xsnari an nadnobi atarebs eleqtrul dens. 

   eleqtrolituri disociaciis Teoriis 

Tanaxmad: 
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1.  eleqtroliti wyalSi gaxsnisas iSleba da-

debiT da uaryofiT ionebad, romlebic ekviva-

lenturi raodenobiT warmoiqmneba, amitom 

eleqtrolitis xsnari eleqtroneitraluria; 

2. xsnarSi eleqtruli denis gavlisas dadebi-

Ti ionebi uaryofiTi eleqtrodis – kaTodisa-

ken miemarTeba, xolo uaryofiTi ionebi – da-

debiTi eleqtrodis – anodisaken. Eleqtrode-

bTan Sexebisas ionebi ganimuxtebian; 

3. eleqtrolituri disociacia Seqcevadi pro-

cesia. molekulis ionebad daSlasTan erTad 

mimdinareobs ionebis milekulebad SeerTebis 

procesi. 

   eleqtromamoZravebeli Zala (E) aris galva-

nuri elementis muSaobis efeqturobis raoden-

obrivi maxasiaTebeli, igi gviCvenebs ramdenad 

srulad xorcieldeba qimiuri energiis garda-

qmna eleqtrul energiad.   

   Tavisuflebis xarisxTa ricxvi S ewodeba 

sistemis Termodinamikuri mdgomareobis ganm-

sazRvreli damoukidebeli cvladebis ricxvs, 

romelTa cvlileba ar iwvevs fazaTa ricxvis 

cvlilebas.  
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   Tanauri kvanturi ricxvi (l) gansazRvravs 

orbitalis formas sivrceSi, iRebs n-is tol 

mniSvnelobas da icvleba 0 - dan ( n 1)-mde. 

   Termodinamika  Seiswavlis erTi saxis ener-

giis meore saxis energiad gardaqmnas, energi-

is efeqtur gamoyenebas misi sasargeblo muSa-

obad gardaqmnis mizniT. 

   Termodinamikuri procesi ewodeba sistemis 

erTi an ramdenime parametris nebismier cvli-

lebas.  

   Termodinamikis nulovani kanoni: Tu a si-

stema imyofeba siTbur wonasworobaSi b sist-

emasTan, xolo es ukanaskneli, Tavis mxriv, 

wonasworobaSia mesame g sistemasTan, a da g 

sistemebi iqnebian erTmaneTTan Termodinamik-

ur wonasworobaSi da kontaqtis dros, maT 

Soris siTbocvla ar moxdeba. 

   Termodinamikis pirveli kanonis formuli-

rebebi: 

1. energia arafrisagan ar warmoiqmneba da arc 

ukvalod qreba, erTi saxis energia gardaiqmne-

ba sxva saxis energiad – es bunebis fundamen-
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turi kanonia (energiis Senaxvisa da garda-

qmnis kanoni - maieri); 

2. erTi saxis energia sxva saxis energiad gar-

daiqmneba zustad ekvivalenturi raodenobiT 

(jouli, maieri); 

3. SeuZlebelia iseTi manqanis Seqmna, romelic 

imuSavebs energiis miwodebis gareSe da Seas-

rulebs sasargeblo muSaobas; 

4. pirveli gvaris mudmivi Zravas arseboba Se-

uZlebelia (ostvaldi). 

5. izolirebuli sistemis energia mudmivia 

(jouli). 

   Termodinamikis meore kanonis Fformulire-

bebi: 

1.izolirebuli sistemis mdgomareoba mdgrad-

ia, rodesac misi entropia maqsimaluria (fer-

mi). 

2. bunebaSi yoveli fizikuri an qimiuri pro-

cesi ise mimdinareobs, rom am procesSi mona-

wile yvela sxeulis entropia izrdeba (plan-

ki). 
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3. siTbo civi sxeulidan cxel sxeuls Tavis-

Tavad muSaobis Sesrulebis gareSe ver gadae-

cema (klauziusi). 

4. SeuZlebelia iseTi periodulad moqmedi 

manqanis arseboba, romelic gamaxureblidan 

miRebul mTel siTbos muSaobad gardaqmnis 

macivrisaTvis siTbos nawilis gadacemis gare-

Se (planki). 

5. Termodinamikuri sistemis nebismieri mdgo-

mareobis uSualo siaxloves iseTi mdgomareo-

bebi arsebobs, romlebic Zalze mcired gansx-

vavdeba, magram maTi miRweva siTbocvlis gare-

Se SeuZlebelia (karaTeodori). 

6. meore gvaris mudmivi Zravas ararsebobis 

principi (ostvaldi).  

   Termodinamikis mesame kanonis formulire-

bebi: 

1.nebismieri Termodinamikurad wonasworuli 

procesis entropia absolutur nulze nulis 

tolia (plankis postulati). 

2. absoluturi nuli miuRwevelia. 

3. absolutur nulTan miaxloebisas enTalpis 

 H  da jibsis Tavisufali energiis  G  mni-
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Svnelobebi erTmaneTs uaxlovdeba (nernstis 

siTburi Teorema). 

   Termoqimia ewodeba qimiuri Termodinamikis 

nawils, romelic qimiuri reaqciebis, fazuri 

gardaqmnebis, gaxsnis da sxvaTa siTbur efeqt-

ebs Seiswavlis.  

   sistema aris materialuri samyaros nawili, 

romelic Cveni dakvirvebis an kvlevis obieqt-

ia. 

   izolirebulia sistema, Tu ar xdeba 

garemomcvel samyarosTan misi arc  nivTiereb-

is da arc energiis mimocvla.  

   idealuria airi, Tu misi molekulebis zo-

mebi usasrulod mcirea da maT Soris urTi-

erTqmedeba umniSvneloa; misi Siga energia da-

mokidebulia mxolod temperaturaze da ar 

aris damokidebuli wnevasa da moculobaze, 

idealeri airi emorCileba klapeiron-mendele-

evis kanons PV=RT. 

   idealuria xsnari, Tu misi Semadgeneli ko-

mponentebis Serevisas ar aRiZvreba urTierT-

qmedebis Zalebi da moculoba da Siga energia 

ucvlelia.  
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   induqtori ewodeba nivTierebas, romelic 

ainducirebs meore reaqcias.     

   induqciis faqtori ewodeba fardobas, rom-

liTac gamoisaxeba aqtoris ganawileba induq-

torsa da aqceptors Soris. 

   ionuri bma ionTa urTierTqmedebiT damya-

rebuli bmaa; ionuri bma warmoiqmneba iseTi 

elementebis atomebs Soris romelTa eleqtr-

ouaryofiTobebi Zlier gansxvavdeba. 

   intensiuria Tvisebebi, romlebic ar aris 

damokidebuli nivTierebis raodenobaze 

   infrawiTeli speqtroskopia fizikur-qimiu-

ri kvlevis meTodia, romelic Seiswavlis inf-

rawiTeli sxivebis moqmedebas nivTierebebTan. 

   katalizi ewodebaQqimiuri reaqciis siCqar-

is cvlilebas iseTi nivTierebebis gavleniT, 

romelic reaqciis damTavrebis Semdeg ucvle-

li rCeba.  

   katalizatori ewodeba nivTierebas, romel-

ic iwvevs reaqciis siCqaris cvlilebas, xolo 

TviTon ucvlelia.  

 264

   katalizatoris Sxami ewodeba nivTierebas, 

romelic aqveiTebs dadebiTi katalizatoris 

aqtiurobas. 

   kirxhofis kanonis Tanaxmad, qimiuri reaqc-

iis siTburi efeqtis temperaturuli koefici-

enti ( C ) reaqciis Sedegad miRebuli da aReb-

uli nivTierebebis siTbotevadobebis sxvaobis 

tolia. 

   kovalenturi bma ewodeba eleqtronuli 

wyvilebiT damyarebul bmas. 

   koligatiuri Tvisebebi ewodeba xsnarTa 

zogad Tvisebebs, romlebic ganpirobebulia 

gamxsnelis bunebiT da gaxsnili nivTierebis 

koncentraciiT da ar aris damokidebuli gax-

snili nivTierebis Tvisebebze.   

   komponenti  K  aris qimiurad erTgvarovani 

nivTiereba, sistemis Semadgeneli nawili, rom-

elic SeiZleba sistemidan gamovyoT da rom-

elsac damoukideblad arseboba SeuZlia.  

   konovalovis meore kanonis Tanaxmad, maqsi-

mums najeri orTqlis wirze Seesabameba minim-

umi duRilis temperaturis wirze, xolo mini-
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mums najeri orTqlis wirze – maqsimumi duRi-

lis temperaturis wirze. 

   konovalovis pirveli  kanonis  Tanaxmad,  

orTqlSi  im  komponentis siWarbea, romlis 

duRilis temperaturac naklebia an romlis 

damatebac amcirebs xsnaris duRilis tempera-

turas. 

   kristalhidratis warmoqmnis siTbo tolia 

uwylo marilis gaxsnis siTbosa da cristal-

hidratis gaxsnis siTboTa sxvaobisa.  

   kuTri eleqtrogamtaroba�(  )���� aris 1 

sm sigrZis da 1sm2 ganivkveTis farTobis Wur-

WelSi moTavsebulia xsnaris eleqtrogamta-

roba, roca potencialTa sxvaoba mis 

boloebze 1 voltia. 

   kuTri siTbotevadoba siTbos is raodeno-

baa, romelic saWiroa 1g nivTierebis 1 0 -iT ga-

saTbobad, misi ganzomilebaa j/grad.g, 

kal/grad.g.  

   liTonuri bma warmoiqmneba liTonis ione-

bis mier ganzogadebuli eleqtornebis mizid-

vis Sedegad. 
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   magnituri kvanturi ricxvi (m) gansazRv-

ravs orbitalis orientacias sivrceSi da 

iRebs mniSvnelobebs  –l-dan  +l-mde. 

   masuri (moculobiTi) wili (W ) ewodeba  _ 

gaxsnili nivTierebis masis (moculobis) far-

dobas xsnaris saerTo masasTan (mocolobas-

Tan), mas gamosaxaven mTelis nawilebiT an 

procentebiT. 

   meore gvarisaa eleqtrodi Tu liToni 

dafarulia Tavisive Znelad xsnadi mariliT, 

CaSvebulia imave anionis Semcvel advilad 

xsnadi marilis xsnarSi da Seqcevadia anionis 

mimarT.  

   mesame gvaris eleqtrodebi Sedgeba liTon-

isagan, romelic dafarulia Tavisive Znelad 

xsnadi mariliT, romelic SexebaSia imave 

anionis Semcvel sxva Znelad xsnad marilTan 

da CaSvebulia ukanasknelis kaTionis Semcvel 

advilad xsnad marilSi .   

   mTavari kvanturi ricxvi (n) axasiaTebs  

eleqtronis energias, gviCvenebs atomSi ener-

getikuli doneebis ricxvs, iRebs mniSvne-

lobas 1-dan  -mde.                                       
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   mimdevrobiTi ewodeba iseT reaqciebs, rome-

lTac Sualeduri stadiebi aqvs, anu erTi rea-

qciis produqti, meoris sawyisi nivTierebaa. 

   molaluri  m  xsnari gviCvenebs 1000 g gam-

xsnelSi gaxsnili nivTierebis gram-molekule-

bis ricxvs. 

   molekuluroba aris qimiuri reaqciis ele-

mentarul aqtSi monawile molekulebis ric-

xvi.  

   moluri siTbotevadoba aris 1 moli nivTi-

erebis 1 0 -iT gasaTbobad saWiro siTbos raod-

enoba. misi ganzomilebaa j/grad.moli, 

kal/grad.moli.    

   moluri wili  iN  ewodeba gaxsnili nivTi-

erebis molTa ricxvis fardobas xsnarSi 

arsebuli molebis saerTo ricxvTan.  

   moluri koncentracia  M  gviCvenebs 1 l 

xsnarSi arsebuli gaxsnili nivTierebis gram-

molekulebis raodenobas. misi ganzomilebaa 

mol/l. 

   muSaoba  W  erTi sistemidan meoreze an 

sistemidan mis garemomcvel samyaroze energi-

is gadacemis formaa. 
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   najeri orTqli ewodeba siTxesTan wonasw-

orobaSi myof orTqls xolo mis wnevas _  na-

jeri orTqlis wneva. 

   najeri ewodeba xsnars, romelSic aRebuli 

nivTiereba mocemul temperaturaze metad 

aRar ixsneba.  

   naxevargardaqmnis periodi aris dro, rom-

lis ganmavlobaSic sawyisi nivTierebis naxeva-

rma ganicada gardaqmna. 

   neitralizaciis siTbo – siTbos is raode-

nobaa, romelic gamoiyofa erTi gram-ekvivale-

nti mJavas erT gram-ekvivalenti tutiT ganei-

tralebis dros.  

   nernst-Silovis ganawilebis kanoni: Tu niv-

Tiereba gaxsnilia or urTierTuxsnad (I da II) 

siTxeSi, wonasworobis damyarebis Semdeg, es 

nivTiereba ganawildeba orive siTxeSi garkve-

uli TanafardobiT.  

   normaluri koncentracia  N  miuTiTebs 1 

l xsnarSi arsebuli gaxsnili nivTierebis 

gram-ekvivalentis raodenobas. misi ganzomile-

baa  g.ekv/l.  
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   omis kanonis Tanaxmad denis Zala I pirda-

pirproporciulia gamtaris boloebze poten-

cialTa sxvaobisa U da ukuproporciulia gam-

taris R winaRobisa   

   orbitali aris sivrce atomgulis garSemo, 

sadac eleqtronis yofnis albaToba maqsima-

luria.        

   osmosuri wneva iseTi wnevaa, romliTac 

unda vimoqmedoT xsnarze, raTa misi orTqlis 

wneva gautoldes sufTa gamxsnelis orTqlis 

wnevas.   

   paraleluria reaqcia, romlis drosac 

sawyisi nivTiereba erTdroulad ori an ramo-

denime mimarTulebiT ganicdis gardaqmnas.  

   parcialuri moluri sidide ewodeba eqste-

nsiuri sididis g kerZo warmoebuls, xsnaris 

erT-erTi komponentis in  molTa ricxvis mim-

arT mudmivi wnevis  constp  , temperaturis 

 constT   da danarCeni komponentebis molTa 

ricxvis mudmivobis pirobebSi. 

   paulis principi atomSi ar SeiZleba iyos 

ori eleqtroni, romelTac oTxive kvanturi 

ricxvi erTnairi eqneba. 
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   pirveli gvarisaa eleqtrodebi rodesac 

liToni CaSvebulia Tavisive ionebis Semcvel 

xsnarSi da Seqcevadobas iCenen kaTionis mim-

arT.     

   plankis postulati sxivuri energia gamos-

xivdeba ara uwyvetad, rogorc iTvleboda 

klasikur meqanikaSi, aramed diskretulad, kva-

ntebis saxiT.       

   polarizacia ewodeba cvlilebas, romel-

sac molekulaSi gare eleqtruli veli iwvevs. 

eleqtronebis an atomebis wanacvlebas, aseve 

molekulebis orientacias, gamowveuls gare 

eleqtruli velis moqmedebiT. 

   promotorebs uwodeben nivTierebebs roml-

ebic zrdian katalizatoris aqtiurobas. 

   raulis kanonis Tanaxmad, gamxsnelis naje-

ri orTqlis wneva  1P  xsnaris zemoT nakle-

bia sufTa gamxsnelis najeri orTqlis  0
1P  

wnevaze, 1P < 0
1P .  

   reaqcia Seqcevadia, Tu reaqciis sawyis da 

saboloo produqtebs erTsa da imave pirobeb-

Si SeuZlia urTierTgardaqmna. 
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   reaqciis siTburi efeqti aris siTbos is 

raodenoba, romelic gamoiyofa an STainTqmeba 

reaqciis dros, rodesac sistemaSi araviTari 

muSaoba ar sruldeba, garda gafarToebis 

muSaobisa da reaqciis produqtebis tempe-

ratura iseTivea, rogoric sawyisi nivTiere-

bebis. 

   reaqciis siCqare proporciulia moreagire 

nivTierebaTa koncentraciebis namravlisa. 

   reaqciis siCqaris mudmiva tolia iseTi 

reaqciis siCqarisa, rodesac moreagire nivTi-

erebaTa koncentraciebi an maTi namravli er-

Tis tolia.  

   reaqciis siCqaris temperaturuli koefici-

enti  �ewodeba ricxvs, romelic gviCvenebs 

ramdenjer izrdeba reaqciis siCqare sareaqc-

io aris 100-iT gadidebisas. 

   reaqciis rigi aris reaqciis siCqaris damo-

kidebuleba moreagire komponentebis koncent-

raciaze.  

  regularulia xsnari romlis miRebas Tan 

sdevs siTburi efeqti, xolo entropiis 
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cvlileba am dros iseTivea, rogorc srul-

yofil xsnarebSi. 

   refraqcia ewodeba nivTierebaSi xiluli 

sinaTlis gavlisas aRZrul polarizacias. 

misi ganzomilebaa sm3/g an sm3/moli. 

   siTbotevadoba aris sistemis mier STanTqm-

uli siTbos raodenobis fardoba im periodSi 

miRebul temperaturis namatTan, rodesac ara-

viTari gardaqmna da muSaoba ar sruldeba. 

siTbotevadoba aris nivTierebis 1
0 C-iT gasaT-

bobad saWiro siTbos raodenoba. j/grad.moli, 

kal/grad.moli 

   srulyofilia (idealizebuli) xsnari rome-

lic msgavsi komponentebisagan warmoiqmneba 

da misi miRebisas ar icvleba siTburi efeqti 

da moculoba, xolo entropia izrdeba. 

   speqtri ewodeba eleqtromagnituri gamosx-

ivebis energiis ganawilebas talRis sigrZis 

an sixSiris mixedviT. 

   speqtrometria kvlevisa da analizis meTo-

dia, romelic emyareba materiasa da eleqtro-

magnitur gamosxivebas Soris urTierTqmedeb-

as. 
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   spinkvanturi ricxvi (s) aRwers eleqtronis 

brunvas sakuTari RerZis garSemo da iRebs 

mniSvnelobebs _1/2, +1/2. 

   standartul potencialad miRebulia is 

potenciali, romelic aqvs metals CaSvebuls 

erTis toli aqtiurobis mqone Tavisive ione-

bis Semcvel xsnarSi.  

   standartuli pirobebia temperatura 298K, 

wneva 101,3 kpa an temperatura 250C, wneva 1 at. 

   temperatura  T  sxeulis siTburi mdgomar-

eobis pirobiTi sazomia, igi  sistemis yvela 

nawilakis saSualo kinetikuri energiis gamo-

msaxvelia, igi izomeba K-ebiT 0C-ebiT an faren-

geitebiT. 

   titri ewodeba erT mililitr xsnarSi 

gaxsnili nivTierebis raodenobas, gamosaxuls 

gramebiT  T .  

   uaryofiTia katalizi, rodesac reaqciis 

siCqare mcirdeba.  

   uaryofiTi katalizatori romelic amcir-

ebs reaqciis siCqares, inhibitorebs uwodeben.    

   umciresi energiebis principi _ atomSi el-

eqtronebi isea ganawilebuli, rom maTi ene-
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rgia minimaluria anu jer xdeba ufro dabali 

energetikuli donis Sevseba, Semdeg  Sedareb-

iT maRali energetikuli donis. 

   faza aris sistemis homogenuri nawilebis 

erTobliobaa, romlebic erTnairia Sedgeni-

lobiT, qimiuri da fizikuri TvisebebiT da 

sistemis danarCeni nawilebisagan gamoyofilia 

gamyofi zedapiriT.            

   faradeis kanonebi  

1. eleqtrolizis dros eleqtrodebze gamoyo-

fili nivTierebis raodnoba proporciulia 

eleqtrolitSi gavlili eleqtroobis raode-

nobisa.       

2. eleqtroobis toli raodenobebi eleqtro-

lizis dros sxvadasxva qimiuri naerTidan 

gamoyofen nivTierebaTa  ekvivalentur raode-

nobebs. 

   Ria ewodeba sistemas, romelic garemosTan 

cvlis nivTierebebs da energias. 

   qimiuri potencialia ( ) izobaruli poten-

cialis kerZo warmoebuli i -uri komponentis 

molTa ricxvis mimarT.  
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   qimiuri kinetika swavlobs procesis siCqa-

res, meqanizms, mis damokidebulebas sxvadas-

xva faqtorze, romelic aCqarebs an anelebs 

reaqcias.  

   Seqcevadia reaqcia, romelic erTnair piro-

bebSi orive – pirdapiri da Sebrunebuli _ 

mimarTulebiT mimdinareobs.  

   Seqcevads uwodeben process Termodinami-

kaSi, Tu sistema ise ubrundeba sawyis mdgoma-

reobas, rom gadis pirdapiri procesis dros 

gavlil yvela mdgomareobas.    

   SeuRlebuli reaqciebi mimdinareoben erT-

sa da imave garemoSi erTdroulad, erTi Tavi-

sTavad mimdinare reaqcia iwvevs meore reaqci-

is warmarTvas, an erTi reaqcia iwvevs meoris 

inicirebas, romelic mis gareSe ar mimdinare-

obs 

   Siga energia (U) aris mocemuli sistemis 

Semadgeneli yvela nawilakis potenciuri da 

kinetikuri energiebis jami, ar moicavs mTeli 

sistemis potenciur da kinetikur energiebs.  

   ZiriTadi ewodeba parametrebs, romelTa 

gansazRvra cdiT SeiZleba.    
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   warmoqmnis siTbo - siTbos is raodenobaa, 

romelic gamoiyofa an STainTqmeba 1 moli 

naerTis miRebisas martivi nivTierebebisgan 

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

   wvis siTbo siTbos raodenobaa, romelic 

gamoiyofa 1 moli naerTis sruli wvisas Warb 

JangbadSi.  

   wriuli procesi an cikli ewodeba proce-

ss, rodesac sistema ubrundeba sawyis mdgoma-

reobas. 

   wyalbaduri bma aRiZvreba wyalbadis prot-

onsa da Zlieri eleqtrouaryofiTi elementis 

atoms Soris. 

   xsnari ori an meti nivTierebisagan Semdga-

ri cvladi Sedgenilobis erTgvarovani sis-

temaa. 

   xsnadoba ewodeba nivTierebis gaxsnis un-

ars ama Tu im gamxsnelSi, xsnadobis raodeno-

briv maxasiaTebels ki _ xsnadobis koeficien-

ti.   

   xsnadobis koeficienti ewodeba gramebiT  

gamosaxul nivTierebis maqsimalur raode-
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nobas, romelic mocemul temperaturaze 100 g 

gamxsnelSi ixsneba. 

   xsnaris koncentracia gamosaxavs gaxsnili 

nivTierebis raodenobas xsnaris an gamxsnelis 

garkveul moculobaSi an wonaSi.   

   jibsis fazaTa wesis Tanaxmad, Tu 

wonasworul sistemaze gare faqtorebidan 

gavlenas axdens mxolod wneva da 

temperatura, maSin misi Termodinamikuri 

Tavisuflebis xarisxTa ricxvi udris 

komponentebis ricxvs, minus fazaTa ricxvi da 

plius ori S=K – F + 2. 

   haizenbergis principi - eleqtroni ar 

SeiZleba warmovidginoT, rogorc nawilaki, 

romelic wertilidan wertilamde inacvlebs 

gansazRvruli impulsiT, unda vimsjeloT 

eleqtronis yofnis albaTobaze sivrcis 

mocemul wertilSi. SeuZlebelia erTdro-

ulad gaizomos mikronawilakis siCqare ΔV (an 

impulsi) da mdebareoba (koordinatebi). 

   heterogenuli katalizis dros, kataliza-

tori calke fazas warmoadgens, igi gamoyofi-
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lia moreagire nivTierebebisagan fazaTa gamy-

ofi zedapiriT.  

   heterogenuls uwodeben sistemas, romelS-

ic arsebobs fazaTa gamyofi zedapiri.  

   hesis kanonis Tanaxmad, reaqciis siTburi 

efeqti damokidebulia sistemis sawyis da 

saboloo mdgomareobebze da ara reaqciis 

mimdinareobis gzaze. 

   henris kanonis Tanaxmad, mudmivi temperatu-

ris pirobebSi siTxis moculobaSi gaxsnili 

airis raodenoba misi parcialuri wnevis pro-

porciulia. 

   homogenuria katalizi, rodesac kataliza-

tori da moreagire nivTierebebi erT fazaSia.  

   homogenuria sistema, Tu mis SigniT ar 

aris TvisebebiT da SedgenilobiT gansxvavebu-

li nawilakebis gamyofi zedapirebi.  

   hundis wesi: mocemul qvedoneze spinkvantu-

ri ricxvebis jami maqsimaluria. 
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