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Sesavali

rasac vexebiT, rasac aqvs gemo da suni yvelaferi nivTierebaa.

qimia Seiswavlis nivTierebebs, maT gardaqmnebs da am
gardaqmnaTa Tanxmleb movlenebs.

qimiuri teqnologiebi amdidrebs Cvens cxovrebas axali
medikamentebiT, energiis axali wyaroebiT, axali teqnologiuri
masalebiT da sxv.

qimiuri mecnierebis amocanaa:

1. bunebrivi resursebis gonivruli gamoyeneba;

2. axali nivTierebebis miReba da gamoyeneba;

3. garemos dacva mavne toqsikuri nivTierebebisagan da a.S.

sabunebismetyvelo mecnierebebi: qimia, biologia, fizika,  

medicina erTmaneTTan mWidro kavSirSia. maTi urTierTkavSiris    

Sedegad  Seiqmna axali mecnieruli dargebi:     

bioqimia, biofizika, bioorganuli da 

bioaraorganuli qimia, radioqimia, 

geoqimia,  kosmoqimia, molekuluri

biologia, ekologia da sxv.



qimiis ZiriTadi mimarTulebebi

qimiis ZiriTadi mimarTulebebia:zogadi qimia, araorganuli

qimia, organuli qimia, analizuri qimia da fizikuri qimia.

zogadi qimia Seiswavlis qimiis zogad Teoriul nawils.

araorganuli qimia Seiswavlis elementis naerTebsa da maT

Tvisebebs.

organuli qimia Seiswavlis naxSirbadatomTa Semcvel

Oorganul naerTebs.

analizuri qimia gansazRvravs nivTierebaTa Tvisebriv da

raodenobriv Sedgenilobas.

fizikuri qimia Seiswavlis nivTierebaTa kvlevis fizikur

meTodebsa da qimiuri reaqciebis meqanizms.



ratom unda viswavloT qimia?

qimiis codna aucilebelia im profesiis adamianebisaTvis,

romlebic muSaoben iseT dargebSi, romelTa arasruli

CamonaTvali mocemulia suraTze.



leqcia 1. qimiis ZiriTadi cnebebi da kanonebi
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1.2. martivi da rTuli nivTiereba;

1.3. alotropia;

es sainteresoa; ratom daiSala Rilebi?

1.4. qimiur reaqciaTa ZiriTadi tipebi;

es sainteresoa; ratom ibereba manqanis saavario baliSi?

1.5. masisa da energiis mudmivobis kanoni;

1.6. Sedgenilobis mudmivobis kanoni;

1.7. fardobiTi atomuri da molekuluri masa;

1.8. moli _ nivTierebis raodenoba;

1.9. ekvivalenti. ekvivalentis kanoni;

1.10. jerad fardobaTa kanoni;

1.11. moculobaTa fardobis kanoni, avogadros kanoni;

1.12. idealuri airis mdgomareobis gantoleba;

1.13. airadi nivTierebis molekuluri masis gansazRvra;

1.14. d.i. mendeleevis periodulobis kanoni da perioduli sistema.



1.1. atomi, molekula, qimiuri elementi

nivTiereba ewodeba materiis konkretul formas. nivTiereba

molekulebisagan Sedgeba;

molekula aris nivTierebis umciresi nawilaki, misi dayofis

zRvari, romelsac SenarCunebuli aqvs am nivTierebis Sedgeniloba

da qimiuri Tvisebebi; molekulebi Sedgeba atomebisagan;

atomi elementis eleqtroneitraluri nawilakia, romelic Tavis

mxriv Sedgeba atombirTvisa da eleqtronuli garsisagan.

atomebis erTobliobas, romelTa atombirTvis muxti erTnairia

ewodeba qimiuri elementi.



elementebis Semcveloba dedamiwis qerqSi 

dedamiwis qerqSi (dedamiwis

zeda myari fena_ 30_40 km)

ZiriTadad gvxvdeba JangbadSem-

cveli nivTierebebi; 

JangbadSemcvel nivTierebaTa
Soris yvelaze metia silikatebi
(SiO3

-2), romelTaganac agebulia
mTis qanebi. Semdeg modis
karbonatebi (CO3

-2);  gvxvdeba
aseve sulfiduri (S-2)

da sulfaturi (SO4
-2) mineralebi;

dedamiwis qerqSi praqtikulad
ar gvxdeba Tc, Pr, At, Fr da 
transuranuli elementebi. 

.



elementebi meteoritebsa da mTvaris zedapirze

• meteoritebSi dadgenilia

70 qimiuri elementis arseboba;

• gansakuTrebiT didi

procentuli SemcvelobiT

gamoirCeva:

Jangbadi (O) _ 33,4  %, 

rkina (Fe) _ 28,1 %,

siliciumi (Si) _16,7  %,

magniumi (Mg) _12,9 %.

• ciur sxeulebs Soris 
SedarebiT ukeTesadaa 
Seswavlili mTvaris 
zedapiri, romelic 
ZiriTadi komponentebiT 
dedamiwis qerqis 

Sedgenilobis msgavsia.



Aatmosferos Sedgeniloba

dedamiwaze yvelaze metad gavrcelebulia elementi 

Jangbadi (O), kosmosSi ki_umsubuqesi elementi wyalbadi (H).

mze ZiriTadad wyalbadisagan (H2) Sedgeba. 

rac Seexeba atmosferos 

qimiur Sedgenilobas, misi 

qveda fena – troposfero

(dedamiwis qerqidan 10_12km), 

ZiriTadad nivTierebebis-

Jangbadisa (O2) da azotisagan

(N2)Sedgeba.



cocxali organizmis
(adamiani) ZiriTadi
elementebi

cocxali organizmebis SedgenilobaSi
ZiriTadad dominirebs Semdegi elementebi:
Jangbadi (O), naxSirbadi (C), wyalbadi (H) da
azoti (N);

sicocxlisaTvis aucilebeli nivTiereba
wyali (H2O) Seicavs elementebs - Jangbadsa
(O) da wyalbads (H);

cocxali organizmebisaTvis aseve
mniSvnelovania e.w. mineralebi: natriumi
(Na), magniumi (Mg), kalciumi (Ca), fosfori
(P), kaliumi (K), gogirdi (S) da qlori (Cl);

mniSvnelovania agreTve mikroelementebi,
romelTa procentuli Semcveloba adamianis
organizmSi Zalian mcirea (1%-ze naklebia). 
magaliTad, elementi rkina (Fe).

mcenareebisaTvis aucilebeli elementebia: 
azoti (N), fosfori (P), kaliumi (K),
kalciumi (Ca), magniumi (Mg), wyalbadi (H)
da Jangbadi (O). magniums (Mg) Seicavs
qlorofili, romelic mcenaris ZiriTadi
Semadgeneli komponentia.       

.



1.2. martivi da rTuli nivTierebebi

martivia  nivTiereba, romlis 

molekulebi mxolod erTi elementis 

atomebisagan Sedgeba. 

 martiv nivTierebaTa molekulebSi 

atomTa ricxvi SeiZleba sxvadasxva 

iyos: zogierTi martivi airadi 

nivTierebis molekulebi oratomiania. 

aseTia, magaliTad,  H2, O2, N2, Cl2, Br2, 

F2; inertuli airebis molekulebi 

erTatomiania – He, Ne, Ar; ozonis 

molekula samatomiania (O3). 

oTx atoms Seicavs TeTri fosfori

(P4), xolo rva atoms _ kristaluri

gogirdis molekula (S8).

rTulia nivTiereba, romlis

molekulebi sxvadasxva elementis

atomebisagan Sedgeba.

mag., H2SO4 rTuli nivTierebaa. Mmis

SedgenilobaSia wyalbadis (H) ori

atomi, gogirdis (S) erTi atomi da

Jangbadis (O) oTxi atomi.

 saWiroa ganvasxvaoT cnebebi:

martivi nivTiereba da qimiuri

elementi. magaliTad, naxSiri da

naxSirbadi. naxSirbadi elementia.

igi Tavisufal mdgomareobaSi

martivi nivTierebaa, romelsac

naxSirs vuwodebT.



1.3. alotropia

alotropia aris elementis unari, warmoqmnas ramdenime,  
TvisebebiT gansxvavebuli martivi nivTiereba

 elementi Jangbadi warmoqmnis
or martiv nivTierebas _ 
Jangbads (O2) da ozons (O3). 

 Jangbadi (O2) ufero, usuno, 
sicocxlisaTvis aucilebeli
airia.

O = O 0,121 ნმ

 ozoni (O3) damaxasiaTebeli
sunis mqone, toqsikuri cisferi
airia.

ozoni (O3)

• ozoni aramdgradi naerTia. Mmisi
daSlis Sedegad warmoiqmneba
molekuluri da atomuri Jangbadi:

O3=O2+ O

eleqtruli ganmuxtvis 
an ultraiisferi  
sxivebis moqmedebiT 
Jangbadisagan 
warmoiqmneba ozoni: 

3O2  2O3



naxSirbadis alotropiuli saxecvlilebebi

naxSirbadis mniSvnelovani alotropiuli saxecvlilebebia: almasi, fulereni da grafiti.

almasi mtkice naerTia. almasSi yvela bma tolfasia. igi TeTri, brwyinavi kristalebia.

fuleren-60 _ cikluri struqturis mqone yviTeli feris nivTierebaa; aRmoCenil iqna

1985 wels. fuleren-60-Si naxSirbadis 60 atomia. naxSirbadis TiToeuli atomi ukavSirdeba

naxSirbadis sxva atomebs da warmoiqmneba 12 xuTwevra an 20 eqvswevra cikli.

grafiti priala zedapiriani nacrisferi myari fxvnilia. masSi naxSirbadis atomebi

warmoqmnis mdgrad eqvskuTxedebs. eqvskuTxedebis fenebs Soris manZili bevrad ufro metia,

vidre TviT eqvskuTxedSi naxSirbadis atomebs Sorisaa, amitom Sreebis urTierTgadaadgileba

Tavisuflad aris SesaZlebeli.

almasi fuleren-60 grafiti



es sainteresoa
ratom daiSala Rilebi?

XIX saukunis bolos ucnauri SemTxveva moxda: peterburgSi, tansacmlis

sawyobSi Seinaxes vercxlisferRilebiani samxedro tansacmeli. 1 wlis

Semdeg sawyobSi misul samxedroebs tansacmeli Rilebis gareSe daxvdaT.

Rilebi kalisagan (Sn) iyo damzadebuli. arsebobs kalis 2 alotropiu-

li saxecvlileba – TeTri da ruxi kala, romlebsac gansxvavebuli

struqtura aqvs. Mmovercxlisfro TeTri kala liTonia. igi mdgradia

_13º C temperaturamde. ufro dabal temperaturaze TeTri kala

araliTonuri Tvisebebis mqone ruxi feris fxvnilad gardaiqmneba.

literaturaSi es movlena `kalis Wiris” saxelwodebiTaa cnobili.

TeTri kala _ liToni                     ruxi kala _araliToni         



1.4. qimiur reaqciaTa ZiriTadi tipebi

SeerTebis, anu sinTezis reaqcia ewodeba reaqcias, romlis drosac 2

an ramdenime martivi an naklebad rTuli nivTierebisagan miiReba erTi

rTuli nivTiereba:    

2H2 + O2  2H2O

daSlis, anu analizis reaqcia ewodeba reaqcias, romlisMmimdinareobisas

erTi rTuli nivTierebisagan miiReba ramdenime axali martivi an naklebad

rTuli nivTiereba: 

Cu2(OH)2CO3  2CuO + CO2 + H2O

mimocvlis reaqcia ewodeba reaqcias, romlis mimdinareobisas rTuli

nivTierebis molekulebi mimoicvleba Semadgeneli nawilebiT:

Pb(NO3)2 + 2KI  PbI2↓+ 2KNO3

Canacvlebis reaqcia ewodeba reaqcias, romlis drosac martivi

nivTierebis atomebi Caanacvlebs rTuli nivTierebis molekulis atomebs:

Zn + 2HCl  ZnCl2 + H2



es sainteresoa
ratom ibereba
manqanis saavario
baliSi?

manqanis usafrTxoebis baliSi
ibereba nivTierebaTa daSlis reaqciis
Sedegad warmoqmnili airiT (N2).
saavario baliSis gasaberad

ZiriTadad iyeneben natriumis azidis
(NaN3) da kaliumis nitratis (KNO3)
narevs. NaN3 dartymis an naperwklis
zemoqmedebiT Zalian swrafad iSleba:

2NaN3  2Na + 3N2

warmoqmnili Na reaqciaSi Sedis
KNO3-Tan, ris Sedegadac kvlav airadi
azoti (N2)gamoiyofa:
10Na + 2KNO3  5Na2O + K2O + N2 +Q

reaqcia egzoTermulia, rac xels
uwyobs baliSis swraf gabervas.

 Sejamebuli reaqcia ase gamoisaxeba:

2NaN3+ 8Na + 2KNO3  5Na2O + K2O + 4N2 + Q



1.5. masis da energiis mudmivobis kanoni

qimiur reaqciaSi Sesuli nivTierebebis masa reaqciis Sedegad miRebul

nivTierebaTa masis tolia (lomonosovi, 1741 w; lavuazie, 1789 w.).

energia ar warmoiqmneba arafrisagan da ar qreba ukvalod, aramed erTi saxis

energia sxva saxis energiad gardaiqmneba.

masis da energiis urTierTkavSiri gamoisaxeba ainStainis gantolebiT:

E = mc2 , (1)

sadac m-iT aRiniSneba masa (g), E-Ti _ energia (jouli),

c-Ti_sinaTlis gavrcelebis siCqare (3.108km/wm).

ainStainis formulis mixedviT, masis gardaqmna energiad SesamCnevia mxolod

iseTi procesebis dros, rodesac gamoiyofa didi energia.

magaliTad, 1kg uranis (235U) birTvis gaxleCis dros gamoiyofa 8,23 .1013 jouli

energia, sadac masis defeqti _ m = E/ c2 Seadgens 0,915 g-s.

qimiuri reaqciebis dros gamoyofili energia imdenad umniSvneloa, rom

SeiZleba misi ugulebelyofa.

magaliTad, 1 kg nitroglicerinis afeTqebisas gamoiyofa 8 .10-8 jouli

energia. masis cvlileba (8,9 .10-8 g) imdenad umniSvneloa, rom SeiZleba vTqvaT:

qimiuri reaqciebi emorCileba masis mudmivobis kanons.



1.6. Sedgenilobis mudmivobis kanoni

1799 wels frangma qimikosma jozef prustma aRmoaCina qimiis erT

erTi mniSvnelovani kanoni _Sedgenilobis mudmivobis kanoni:

qimiurad sufTa nivTierebis masuri Sedgeniloba mudmivia da ar

aris damokidebuli misi miRebis meTodze.

magaliTad., sufris marilis Sedgeniloba yovelTvis erTnairia,

miuxedavad imisa, Tu ra xerxi iqna gamoyenebuli mis misaRebad.

NaCl-Si Na-is masuri wili yovelTvis 39,31 % -is tolia, xolo Cl-is

masuri wili _ 60,69 %-is.

zRvis wylis aorTqlebiT da gadakristalebiT miRebuli sufris marili



1.7. fardobiTi atomuri da molekuluri masa

 atomis masa Zalian mcire sididea: magaliTad, wyalbadis atomis
absoluturi masa m(H) = 1,67.10-27 kg, Jangbadis m(0) = 26,67.10-27kg, naxSirbadis
m(C) = 19,93 .10-27kg. aseTi mcire sidideebiT sargebloba Zalze
mouxerxebelia, amitom qimiaSi tradiciulad sargebloben ara atomTa
absoluturi masebiT, aramed fardobiT atomur masaTa mniSvnelobebiT.

 atomis masis gamosaxvisaTvis miRebulia fardobiTi sidide _ masis
atomuri erTeuli (mae), rac naxSirbadis 12C izotopis atomis masis 1/12-is,
anu m(C) /12 = 19,93.10-27kg/12 = 1,66.10-27 kg-is tolia.

masis atomuri erTeuli (mae) naxSirbadis
12C izotopis atomis masis 1/12-ia.

 qimiuri elementis fardobiTi atomuri masa gamoisaxeba ricxviT, romelic
gviCvenebs, Tu ramdenjer aRemateba mocemuli elementis atomis
absoluturi masa naxSirbadis 12C izotopis atomis masis 1/12-s (masis
atomur erTeuls).

 aseTi SefardebiT SesaZlebelia nebismieri qimiuri elementis fardobiTi
atomuri masis gamoTvla:

Ar(O) = m(O)/ 1mae = 26,67  . 10-27/ 1,66 . 10-27  = 15,999

Ar(H) = m(H)/ 1mae = 1,67  . 10-27/ 1,66 . 10-27  = 1,008.



fardobiTi molekuluri masa

nivTierebis fardobiTi molekuluri masa (Mr) ewodeba
ricxvs, romelic gviCvenebs, Tu ramdenjer metia mocemuli
nivTierebis molekulis saSualo masa naxSirbadis (12C)

izotopis atomis masis 1/12-ze,  anu masis atomur erTeulze.
nivTierebis fardobiTi molekuluri masa gamoiTvleba

nivTierebis qimiuri formulis mixedviT. igi tolia
masSi Semavali elementebis fardobiTi atomuri masebis
jamisa, indeqsebis gaTvaliswinebiT.
magaliTad, ganvsazRvroT gogirdmJavas fardobiTi

molekuluri masa:

Mr (H2SO4) = Ar(H) ∙ 2 + Ar(S) + Ar(O) ∙ 4 = 1∙2 +32 + 16 ∙ 4 = 98



1.8. moli _ nivTierebis raodenoba

erTeulTa saerTaSoriso sistemaSi (SI) nivTierebis

raodenobis erTeulad miRebulia moli (n).

moli nivTierebis is raodenobaa, romelic Seicavs

mocemuli nivTierebis imdensave struqturul nawilaks

(molekula, atomi, ioni), ramdeni atomicaa 12 g masis

naxSirbadis 12
6C izotopSi.

dadgenilia, rom 12 g naxSirbadis 12
6C izotopSi

6,0221023 atomia. am ricxvs avogadros ricxvi (NA)

ewodeba. e.i. TiToeuli nivTierebis erTi moli Seicavs

6,0221023 struqturul nawilaks (molekula, atomi,

ioni).



moluri masa

1 moli nivTierebis masas moluri masa (M) ewodeba. moluri

masa mocemuli nivTierebisaTvis mudmivi sididea. nivTierebis

moluri masis ricxviTi mniSvneloba emTxveva nivTierebis

fardobiT molekulur masas. 

fardobiTi masisagan gansxvavebiT, molur masas aqvs

ganzomileba: g/moli an kg/moli. magaliTad,

Mr(H2O) = 18; M(H2O) = 18 g/moli

nivTierebis masas (m), mols (n) da molur masas (M) Soris

damokidebuleba gamoisaxeba formulebiT:

M = m/n g/moli, m = n. M g , n = m/M moli



moluri moculoba

 sxvadasxva airis erTi moli normalur pirobebSi _ 00 C , 

(273K)   da 1 atm (101.3 kpa) _ ikavebs 22,4  l moculobas. 

 erTi moli airadi nivTierebis mier dakavebul moculobas
moluri moculoba ewodeba (Vmol.).

daskvna:

 nebismieri airadi nivTierebis 6,02•1023 molekula

normalur pirobebSi ikavebs 22,4 l moculobas.

n= N / NA = N / 6,02•1023

davakavSiroT erTmaneTs molis gamosaTvleli formulebi:

n = V/VM = m/Mr =  N/NA



1.9. ekvivalenti. ekvivalentis kanoni

ekvivalenti

 elementis im raodenobas, romelic qimiur reaqciebSi
uerTdeba an Caenacvleba wyalbadis atomis erT mols,
elementis ekvivalenti ewodeba.

magaliTad, iseT naerTebSi, rogoricaa HCl, H2O, NH3, CH4

qloris (Cl), Jangbadis (O), azotis (N) da naxSirbadis (C)
ekvivalentebi, Sesabamisad, 1, 1/2, 1/3 da 1/4 molis tolia.

 qimiuri ekvivalenti ar warmoadgens mudmiv sidides da
misi gansazRvra ZiriTadad eqsperimentebis – nivTierebis
qimiuri analizis an Canacvlebis reaqciis _ safuZvelze
xdeba.

 magaliTad, oqro uSualod ar moqmedebs wyalbadTan da
ar Caanacvlebs mas mJavebSi. eqsperimentulad dadgenilia,
rom AuCl3-is warmoqmnisas oqros 197 masuri wili
urTierTqmedebs 106,5 masur wil qlorTan. qloris
qimiuri ekvivalenti 35,5-ia. aqedan oqros qimiuri
ekvivalenti toli iqneba EAu= (197 • 35,5) / 106,5 = 65,7.



nivTierebis qimiuri ekvivalenti

nivTierebis qimiuri ekvivalenti ewodeba mis iseT woniT raodenobas,

romelic mocemul reaqciaSi urTierTqmedebs erT ekvivalent

wyalbadTan (1,008 masuri wili), erT ekvivalent JangbadTan (8 masuri

wili) an erT ekvivalent sxva nivTierebasTan.

mJavas ekvivalentis maqsimaluri mniSvneloba tolia misi fardobiTi
molekuluri masis Sefardebisa mJavas fuZianobaze (liToniT
Canacvlebis unaris mqone wyalbadis atomTa ricxvze). magaliTad,

E(H2SO4)=98/2=49, sadac
98 gogirdmJavas fardobiTi molekuluri masaa, xolo 2 _ liToniT

Canacvlebis unaris mqone wyalbadis atomTa ricxvi.

kerZo SemTxvevisaTvis mJavas ekvivalentis gamosaTvlelad saWiroa
gaviTvaliswinoT, Tu mJavaSi wyalbadis ramdeni atomi Canacvlda
liToniT an ramden ekvivalent tutesTan Sevida mJava reaqciaSi.

magaliTad, reaqciisaTvis:

H2SO4 + 2NaOH → Na2SO4 + 2H2O;

E(H2SO4)= 98/2=49, sadac 98 gogirdmJavas fardobiTi molekuluri
masaa,xolo 2_Canacvlebuli wyalbadis atomTa ricxvia, an NaOH-is
molTa ricxvi, romelic wyalbadis 2 ekvivalents Seesabameba.



fuZis ekvivalenti

fuZis ekvivalentis maqsimaluri mniSvnelobis gamosaTvlelad
fuZis fardobiT molekulur masas afardeben hidroqsilis
(OH)- jgufebis ricxvze an, rac igivea, am fuZeSi liTonis
valentobaze.

 E Ca(OH)2 = 74/2=38, sadac 74 kalciumis hidroqsidis fardobiTi
molekuluri masaa (Mr Ca(OH)2 = 74), xolo 2 _ hidroqsilis
atomTa ricxvia.

 E (Al(OH)3) = 78/3=26, sadac 78 aluminis hidroqsidis fardobiTi
molekuluri masaa, xolo 3 _ hidroqsilis atomTa ricxvi.

 kerZo SenTxvevaSi unda gaviTvaliswinoT, Tu ramdeni
hidroqsilis jgufi Canacvlda sxva atomebiT an radikalebiT
an ramden ekvivalent mJavasTan Sevida igi reaqciaSi.
magaliTad, reaqciisaTvis:

Ca(OH)2 + HCl → CaOHCl + H2O E (CaOH)2 = 74/1=74, sadac 74
kalciumis hidroqsidis fardobiTi molekuluri masaa, xolo
1 _ Canacvlebuli hidroqsilis jgufis ricxvi.

Ca(OH)2 + 2HCl → CaCl2 + H2O E (Ca(OH)2 = 74/2=38, sadac 74
kalciumis hidroqsidis fardobiTi molekuluri masaa, xolo

2 _ Canacvlebuli hidroqsilis jgufTa ricxvi.



marilis ekvivalenti

marilis ekvivalenti gamoiTvleba marilis fardobiTi
molekuluri masis SefardebiT liTonis atomTa ricxvisa da
liTonis valentobis namravlTan.

 magaliTad,  E(NaCl) = 58,5/1 = 58,5, sadac 58,5 natriumis qloridis
fardobiTi molekuluri masaa, xolo 1 _ natriumis atomTa ricxvisa
da misi valentobis namravlia.

 E (Al2(SO4)3  = 342/6 = 57, sadac 342 aluminis sulfatis fardobiTi
molekuluri masaa, xolo 6 _ aluminis atomTa ricxvisa da misi
valentobis namravli.

kerZo SemTxvevaSi marilis ekvivalenti SesaZlebelia
ganisazRvros qimiuri gantolebis mixedviT qimiur reaqciaSi
monawile sxva cnobili ekvivalentis mqone nivTierebis molTa
ricxviT.

 magaliTad, KAl(SO4)2 + 3KOH → Al(OH)3 + 2K2SO4. mocemul reaqciaSi
marilis erTi moli reagirebs KOH-is sam molTan, romelic
Seesabameba sam ekvivalent wyalbads.

 E (KAl (SO4)2) = Mr (KAl(SO4)2) / 3 = 162,1 / 3 = 54,03.

amrigad, imisaTvis, rom ganvsazRvroT nivTierebis ekvivalenti,
saWiroa SevadginoT qimiuri reaqciis toloba da mocemuli
nivTierebis molekuluri masa SevafardoT reaqciaSi Sesuli sxva
nivTierebis ekvivalentebis ricxvTan.



ekvivalentis kanoni

martivi da rTuli nivTierebebi erTmaneTs uerTdeba maTi kvivalentebis

proporciuli raodenobiT. 

maTematikurad es kanoni ase gamoisaxeba:

m1 / m2 = E1 / E2,  m1 / E1 = m2 / E2, sadac

m1 da m2 moreagire nivTierebaTa masebia, xolo

E1 da E2, Sesabamisad,  maTi ekvivalentebia.

am gantolebis gamoyenebiT SesaZlebelia martivi da rTuli nivTiere-

bebis ekvivalentebis gamoTvla. magaliTad, cnobilia, rom 1,44g liToni

warmoqmnis 2,72 g oqsids. liTonis ekvivalenti ase gamoiTvleba: 

1,44  / 2,72-1,44  = EliT. / EJangb.

1,44  / 1,28 = EliT. / 8

EliT. = (1,44 • 8 ) : 1,28 = 9



airadi nivTierebebisaTvis ekvivalentis kanoni ase formulirdeba: 

airebis moculobebi, romlebic unaSTod urTierTqmedebs

erTmaneTTan,  maTi ekvivalenturi masebis pirdapirproporciulia.

 airebis SemTxvevaSi ekvivalentis kanons eqneba Semdegi saxe:

V1 / E1 = V2 / E2,      

sadac V1 da V2 airebis moculobaa.

airis moculoba, mudmivi temperaturisa da wnevis dros, misi

masis proporciulia. im SemTxvevisaTvis, rodesac erT-erTi

moreagire nivTiereba airadia, xolo meore nivTiereba _ myari, 

ekvivalentis kanoni ase gamoisaxeba:

m / E1 = V / E2



1.10. jerad fardobaTa kanoni

Tu ori elementi warmoqmnis ramdenime qimiur naerTs, erTi elementis

sxvadasxvaAmasa,  romelic modis meore elementis erTsa da imave masaze, ise

Seefardeba erTmaneTs,  rogorc martivi mTeli ricxvebi.

jerad fardobaTa kanoni _ daltoni 1803 weli. 

ori elementisagan SesaZlebelia ramdenime naerTis warmoqmna. 

magaliTad, azoti JangbadTan warmoqmnis xuT oqsids: 

N2O, NO, N2O3, NO2, N2O5

1g azotze mocemul oqsidebSi modis 0,57; 1,14; 1,71, 2,28, 2,85g Jangbadi.

miRebul ricxvebs Tu SevafardoT erTmaneTs, miviRebT:

0,57 : 1,14 : 1,71 : 2,28 : 2,85 = 1 : 2 : 3 : 4 : 5 

N2O NO N2O3 NO2 N2O5

azotis masuri

raodenoba
1 1 1 1 1

Jangbadis

masuri

raodenoba

0,57 1,14 1,71 2,28 2,85



1.11. moculobaTa fardobis kanoni, avogadros kanoni

reaqciaSi monawile da reaqciis Sedegad warmoqmnil airTa

moculobebi, erTnairi wnevisa da temperaturis pirobebSi, ise

Seefardeba erTmaneTs, rogorc martivi mTeli ricxvebi (frangi

mecnieri gei-lusaki).

magaliTad, 1 l qloris SeerTebiT 1 l wyalbadTan warmoiqmneba 2 l

qlorwyalbadi. 1 l Jangbadis 2 l wyalbadTan SeerTebisas warmoiqmneba

2 l wylis orTqli.

gei-lusakis kanonis asaxsnelad italielma mecnierma avogadrom gamoTqva

mosazreba, rom airad nivTierebaTa molekulebi ori atomisagan Sedgeba:

H-H + Cl-Cl  HCl + HCl

1 moculoba 1 moculoba 1 moculoba 1 moculoba

2H-H + O=O → 2H2O

2 moculoba 1 moculoba 2 moculoba

• airebis toli moculobebi, erTnairi wnevisa da temperaturis
pirobebSi, molekulaTa tol ricxvs Seicavs.

• sxvadasxva airis erTnairi raodenobis molekulebi, erTnair
pirobebSi, erTsa da imave moculobas ikavebs.



1.12. idealuri airis mdgomareobis gantoleba

airis moculoba damokidebulia wnevasa da temperaturaze. Ees

damokidebuleba gamoisaxeba idealuri airis mdgomareobis

gantolebiT:

PV=nRT , (1)

sadac

P- aris wneva,  pa (1 atm = 101325 pa = 101,325 kpa);

V – moculoba, m3 (sm3 = 1•10-6 m3);

n – moli;

T – absoluturi temperatura, kelvini (273+t0C);

R – airTa mudmiva (R = 8,314 j/moli); 

R-is sidide damokidebulia moculobisa da wnevis gazomvis erTeulze.

magaliTad, Tu moculoba gazomilia l-iT, wneva ki atmosferoebiT da

temperatura kelvinebiT, maSin R=0,082 atm•l /moli• K

(1) formulaSi molis mniSvnelobis SetaniT miviRebT formulas,  

romelic SeiZleba gamoviyenoT airadi nivTierebis fardobiTi

molekuluri masis gansazRvrisaTvis:

PV=m / Mr RT ;                   Mr = m RT / PV



1.13. airadi nivTierebis molekuluri  masis gansazRvra

avogadros kanonidan gamomdinareobs, rom sxvadasxva airis toli

moculobis masebi ise Seefardeba erTmaneTs, rogorc maTi

molekuluri masebi: 

M1 : M2 = m1: m2

m1: m2 = D,   M1 : M2 = D, saidanac
M1 = D ∙ M2

D aris erTi airis fardobiTi simkvrive meore airis mimarT.
 am formulebis saSualebiT SesaZlebelia ganisazRvros airadi

nivTierebebis fardobiTi molekuluri masebi. 

savarjiSo: gaiangariSeT airadi nivTierebis fardobiTi molekuluri

masa,  Tu:

1. nivTierebis simkvrive heliumis mimarT 11-is tolia (DHe = 11) . 

amoxsna:  Mr(He)=4;   M1 = DHe • M2 = 11 • 4 = 44

2. nivTierebis simkvrive haeris mimarT 2-is tolia (Dh = 2).   

amoxsna:   Mr(haeri)=29,   M1 = Dh • M2 = 2 • 29 = 58



1.14. d.i. mendeleevis periodulobis kanoni da perioduli 

sistema

martiv nivTierebaTa Tvisebebi, agreTve elementTa naerTebis formebi

D da Tvisebebi periodul damokidebulebaSia elementTa atomuri masis

sididesTan (1869 w.).

periodulobis kanonisa da perioduli sistemis safuZvelze mendeleevis

mier dadgenil iqna mTeli rigi mniSvnelovani daskvnebi:

1. aRmoCenili 29 elementisaTvis mendeleevma sistemaSi datova carieli
adgilebi; man iwinaswarmetyvela axali elementebis arseboba, dawvrilebiT

aRwera 3 elementis Tvisebebi da misca maT pirobiTi saxelwodebebi –

ekabori, ekaalumini da ekasiliciumi. mendeleevis winaswarmetyveleba

brwyinvaled dadasturda – zemoT xsenebuli samive elementi mis
sicocxleSive iqna aRmoCenili, xolo nawinaswarmetyvelebi Tvisebebi
zustad daemTxva cdiT gansazRvrul Tvisebebs. Eelementebs miecaT
saxelwodebebi: galiumi (Ga), skandiumi (Sc) da germaniumi (Ge).

2. Mmendeleevma periodul sistemaSi Secvala elementebis mimdevroba ramdenime

adgilze; meti atomuri masis mqone elementi moaTavsa ufro win, vidre
naklebi atomuri masis mqone elementi, raTa erTnairi Tvisebebis elementebi
moxvedriliyo erT jgufSi. magaliTad, argoni (Ar) moaTavsa kaliumis (K)

win, kobalti (Co) _ nikelis (Ni) win da a.S.





gamonaklisebi periodul sistemaSi

periodul sistemaSi daSvebuli iyo gamonaklisebi:

1. yvela elementi ar iyo moTavsebuli atomuri masis zrdis

mixedviT. magaliTad, argoni (Ar – 39,9) da kaliumi (K – 39);

kobalti (Co  – 58,9) da nikeli (Ni  – 58,7); teluri (Te –127,8) da

iodi (I  – 126,9);  Toriumi (Th – 232) da protaqtiniumi (Pa – 231).

2. yvela elementis valentobis maqsimaluri mniSvneloba ar

emTxveoda jgufis nomers. magaliTad, Jangbadi (O) – VI jgufis

elementia, igi orvalentiania; fTori (F) VII jgufSia, igi

erTvalentiania.

3. lanTanoidebi da aqtinoidebi ganTavsda calke mwkrivebad

sistemis qvemoT.

yvela am gamonaklisis axsna SesaZlebeli gaxda atomis

aRnagobis Teoriis ganviTarebis safuZvelze. 



leqcia 2. atomis aRnagoba. 

eleqtronuli formulebi

2.1. rezerfordis eqsperimenti;

2.2. atomis aRnagobis rezerfordis planetaruli  

modeli;

2.3. atomis aRnagoba da boris Teoria;

2.4. eleqtromagnituri speqtrebi; 

2.5. kvanturi ricxvebi;

2.6. atomuri orbitalebis Sevsebis Tanamimdevroba.   



2.1. rezerfordis eqsperimenti

XIX saukunis dasasrulamde atomi ganuyofel nawilakad iyo miCneuli.

XIX-XX saukuneebis mijnaze ki eqsperimentulad iqna Seswavlili araerTi

movlena, romelic atomis rTul aRnagobaze miuTiTebda.

1910 wels ingliselma fizikosma ernest rezerfordma Caatara

eqsperimenti,  romelmac arsebiTad Secvala warmodgena atomis aRnagobaze. 

eqsperimentis arsi SemdegSi mdgomareobda: radioaqtiuri nivTiereba

 gamosxivebiT, moTavsebuli iyo tyviis kolofSi, romelsac hqonda

xvreli. tyvias aqvs  nawilakebis Sekavebis unari, ase rom,  nawilakebi

vrceldebodaa mxolod xvrelidan_erTaderTi mimarTulebiT. 

dakvirveba -nawilakebis moZraobaze

1 -tyviis kolofi, 2-nawilakebis wyaro, 

3-oqros firfita, 4- luminescenturi

nivTierebiT dafaruli ekrani. 

ga



eqsperimentis Sedegad gairkva, rom α nawilakebis umravlesoba

sworxazovnad gadis oqros firfitaSi an odnav gadaixreba, mcire

nawili _ mniSvnelovnad gadaixreba, aseve mcire nawili ki _ airekleba.

yoveli 8000-dan erTi  nawilaki gadaixara 900 -ze meti kuTxiT.

liTonis firfita Seicavs gansazRvruli wesrigiT ganlagebul

damuxtul nawilakebs. α nawilakebi damuxtulia dadebiTad, amitom

xdeba am ukanasknelTa ganbneva, anu gadaxra sworxazovani mimarTule-

lebidan. rezerfordis eqsperimentis Sedegebi ki mxolod im warmod-

genebis safuZvelze SeiZleboda axsniliyo, Tu oqros firfita

Seicavda, erTi mxriv, didi moculobis sivrces, sadac ganlagebuli

iqneboda eleqtronebi (eleqtroni, mcire masis gamo, did gavlenas

ver moaxdens α nawilakebis gadaadgilebaze), xolo meore mxriv,

didi masisa da mcire moculobis dadebiTad damuxtul nawilakebs.

dadebiTad damuxtul sivrcesTan axlos

gavlisas α nawilakebi gadaixreba,

uSualo dajaxebisas ki _ airekleba.

nawilakebis arekvla atombirTvTan Sejaxebisas

1_birTvi, 2_eleqtronuli garsi.



2.2. atomis aRnagobis rezerfordis 

planetaruli modeli

1911 wels rezerfordma wamoayena atomis

aRnagobis axali, planetaruli modeli: 

atomi Sedgeba dadebiTad damuxtuli, mcire

moculobisa da didi masis mqone birTvisagan, 

romlis garSemo wriul orbitebze moZraobs

eleqtronebi. 

eleqtronebi ganapirobebs atomis moculobas, 

magram umniSvnelo rols asrulebs atomis masis

gansazRvrisas. 

rezerfordis modelSi daSvebuli iyo eleqtronis nebismier

orbitaze moZraoba. bunebrivia, mecnierebs gauCndaT kiTxvebi: 

ratom ar kargavs eleqtroni energias?

ratom ar ecema atombirTvs? 

ratomaa atomi mdgradi sistema?



2.3. atomis aRnagoba da boris Teoria 

rezerfordis Teoriis zemoaRniSnuli winaaRmdegobani gadaWra

danielma mecnierma nils borma. igi daeyrdno maqs plankis mosazre-

bas, rom sxivuri energia gamosxivdeba ara uwyvetad, aramed garkveu-

li ulufebiT, anu kvantebiT. rac metia gamosxivebis sixSire, miT

metia kvantis energia. 1913 wels nils borma wamoayena Semdegi

postulatebi:

• eleqtroni atomSi moZraobs ara nebismier, aramed
gansazRvrul (nebadarTul) kvantur orbitaze.

• kvantur orbitaze moZraobisas eleqtroni energias ar
STanTqavs da ar gamoasxivebs.

• energiis STanTqmisas eleqtrons SeuZlia gadavides ufro
maRali energiis mqone orbitaze. ukan, dabali energiis
mqone orbitaze gadasvlisas igi gamoasxivebs energias.



suraTze sqematurad gamosaxulia sxvadasxva energiis mqone eqvsi

orbita. dabali energiis orbitidan maRalze gadasvlisas atomi

STanTqavs energias, xolo ufro dabali energiis mqone orbitaze

gadasvlisas is gamoasxivebs energias. Ggamosxivebuli energia yvela

SemTxvevaSi iqneba gansxvavebuli.

Ggamosxivebuli energia Cans atomur speqtrSi. sxvadasxva gadasvlas

Seesabameba sxvadasxva energia, Sesabamisad sxvadasxva talRis sixSire

(garkveuli zolebi atomTa gamosxivebis da STanTqmis speqtrebSi).



2.4.Aeleqtromagnituri speqtrebi

sinaTlis talRebis klasifikacia xdeba maTi energiis da talRis

sigrZis mixedviT.

energiis zrdis Sesabamisad sinaTlis talRebis ganlageba

gvaZlevs eleqtromagnitur speqtrs.



wyalbadis atomis speqtri

maRali energiis mqone orbitidan dabali energiis mqone orbitaze eleqtronis 

gadasvlisas energia gamosxivdeba da miviRebT gamosxivebis speqtrs.

dabali energiis mqone orbitidan, maRali energiis mqone orbitaze eleqtronis 

gadasvlisas energia STainTqmeba da vRebulobT STanTqmis speqtrs.

rodesac wyalbadis atomis eleqtroni mesamedan (n=3) gadadis meore energe-

tikul doneze (n=2), igi asxivebs xilul sinaTles. P

pirvel doneze gadasvlas sWirdeba energiis didi raodenoba,  rac Seesabameba

speqtris ultraiisfer nawils. 

meoredan (n=2) mesame (n=3) gadasvla Seesabameba STanTqmis speqtris wiTel

zols, talRis sigrZiT 650 nm.



2.5. kvanturi ricxvebi

mTavari kvanturi ricxvi

eleqtronis mdgomareoba atomSi srulad xasiaTdeba kvanturi

ricxvebis saSualebiT, romelTa mniSvnelobebi miiReba Sredingeris

gantolebis amoxsniT. arCeven oTx kvantur ricxvs:

mTavari kvanturi ricxvi (n), Tanauri kvanturi ricxvi (l),magnituri

kvanturi ricxvi (m) da spinuri kvanturi ricxvi (s).

eleqtronebi atomis birTvis garSemo moZraobs e.w. energetikul

doneebze, anu Sreebze.

mTavari kvanturi ricxvia (n) axasiaTebs eleqtronis saerTo energias;

igi gviCvenebs eleqtronis dacilebas atombirTvidan da, Sesabamisad, 

energetikuli donis nomers. Mmas aRniSnaven mTeli ricxvebiT an

asoebiT: 

1, 2, 3, 4, 5, 6, 7 da a.S.

K L M N O P Q

n-is mniSvneloba emTxveva elementis periodis nomers periodul

sistemaSi. rac ufro didia mTavari kvanturi ricxvis mniSvneloba,

miT ufro didi energiiT xasiaTdeba energetikuli done. 

energetikuli done qvedoneebisagan Sedgeba. Eeleqtronis mdgomareobas

qvedoneze axasiaTebs Tanauri kvanturi ricxvi (l).



Tanauri kvanturi ricxvi 

Tanauri, anu orbitaluri kvanturi ricxvi (l) axasiaTebs
rogorc eleqtronuli Rrublis formas, ise eleqtronis
energetikul mdgomareobas qvedoneze. igi iRebs ricxviT
mniSvnelobebs 0-dan n-1-mde . l –is TiToeul ricxviT
mniSvnelobas qvedonis garkveuli simbolo Seesabameba:

Tanauri kvanturi ricxvi:  0     1       2       3       4  
qvedonis aRniSvna:   s         p            d            f             g              

TiToeul doneze imdeni qvedonea, rogori ricxviTi
mniSvnelobac aqvs mTavar kvantur ricxvs. 
magaliTad, n = 1, gvaqvs erTi qvedone s (l = 0)

n = 2, gvaqvs ori qvedone s ,  p ( l = 0, 1)

n = 3, gvaqvs sami qvedone s,  p da d   (l = 0, 1, 2)

n = 4, gvaqvs oTxi qvedone s, p, d , f  (l = 0, 1, 2, 3)

qvedoneebi orbitalebisagan Sedgeba. kvantur-meqanikuri
gaTvlebis Tanaxmad, s orbitals sferos forma aqvs;

p orbitals _ hantelis (moculobiTi rvianis) forma; xolo
d da f orbitalebs ufro rTuli formebi aqvs.



magnituri kvanturi ricxvi 

magnituri kvanturi ricxvi (m) gviCvenebs eleqtronuli Rrublis

orientacias magnitur velSi da mocemuli orbitalebis ricxvs,

romelic iRebs mniSvnelobebs – - l-dan +l-mde 0-is CaTvliT. 
orientaciaTa simravle magnitur velSi gamoiTvleba formuliT

m=(2l+1); 

s qvedone (l = 0) moicavs sferos

formis 1 orbitals, m = 0.

p qvedone (l = 1) moicavs 3,

sxvadasxva orientaciis

(px, py, pz) hantelisebr

orbitals m = 0, +1, -1.

d qvedones Seesabameba

xuTi sxvadasxva orientaciis

orbitali: m = 0, +1, -1, +2, -2.

f qvedone (l = 3) moicavs 7 sxvadasxva

orientaciis orbitals:

m = 0, +1, -1, +2, -2, +3, -3, romlebsac

kidev ufro rTuli formebi aqvs. 



spinuri kvanturi ricxvi

spinuri kvanturi ricxvi (s) gviCvenebs eleqtronis

moZraobis magnitur moments Tavisi RerZis garSemo.

igi axasiaTebs eleqtronis brunvas sakuTari RerZis

mimarT.

s iRebs +1/2 da -1/2  mniSvnelobebs.

pirobiTad,  eleqtronis spins aRniSnaven isriT:  

+1/2 ↑da -1/2 ↓.

aris dawyvilebuli spinebi,  xolo  

↑↑ – dauwyvilebeli (arakompensirebuli) spinebi. 



2.6. atomuri orbitalebis Sevsebis Tanmimdevroba

Canawers, romelSic asaxulia eleqtronebis ganawileba
atomis energetikul doneebze, qvedoneebze da orbitalebze
eleqtronuli formulebi ewodeba.
eleqtronuli formulebis Sedgenisas unda vixelmZRvaneloT

sami principiT: umciresi energiis principi,  paulis akrZalvis
principi,  hundis wesi.
umciresi energiis principis Tanaxmad, jer ivseba is done,

romelsac minimaluri energia aqvs, anu ufro axlosaa
atombirTvTan (n-is mniSvneloba naklebia).
zogierTi orbitalis energetikuli mdgomareobis asaxsnelad

iyeneben kleCkovskis wess, romelic iTvaliswinebs Sevsebis
mimdevrobas (n+l)-is zrdis mixedviT. Tu (n+l)-is mniSvneloba
erTnairia, pirvelad Seivseba is orbitali, romlis mTavari
kvanturi ricxvis mniSvneloba ufro naklebia.



2.6. atomuri orbitalebis Sevsebis Tanmimdevroba

Canawers, romelSic asaxulia eleqtronebis ganawileba
atomis energetikul doneebze, qvedoneebze da orbitalebze
eleqtronuli formulebi ewodeba.
eleqtronuli formulebis Sedgenisas unda vixelmZRvaneloT

sami principiT: umciresi energiis principi,  paulis akrZalvis
principi,  hundis wesi.
umciresi energiis principis Tanaxmad, jer ivseba is done,

romelsac minimaluri energia aqvs, anu ufro axlosaa
atombirTvTan (n-is mniSvneloba naklebia).
zogierTi orbitalis energetikuli mdgomareobis asaxsnelad

iyeneben kleCkovskis wess, romelic iTvaliswinebs Sevsebis
mimdevrobas (n+l)-is zrdis mixedviT. Tu (n+l)-is mniSvneloba
erTnairia, pirvelad Seivseba is orbitali, romlis mTavari
kvanturi ricxvis mniSvneloba ufro naklebia.



magaliTad,  erTmaneTs SevadaroT sxvadasxva 1s da 2s ; 2s da 2p

orbitalebi: 1s orbitali (n+l =1+0 =1) ufro xelsayrelia, vidre

2s orbitali (n+l =2+0 =2), amitom eleqtronebiT pirvelad Seivseba

1s orbitali;Aaseve 2s orbitali energetikulad ufro xelsayre-

lia, vidre 2p orbitali (n+l = 2+1=3).

• kaliumis atomis (Z=19) mecxramete eleqtroni moTavsdeba 4s

qvedoneze kleCkovskis wesis mixedviT.

Tu SevadaroT erTmaneTs (n+l) jams mecxramete eleqtronisaTvis,

davinaxavT, rom 3d orbitali (n+l =3+2 =5) nakleb xelsayrelia,

vidre 4s orbitali (n+l =4+0 =4). 

• skandiumis atomis (Z=21) ocdameerTe eleqtronisaTvis

Teoriulad SesaZlebelia ori mdgomareoba_3d (n+l = 3+2=5) da 4p

(n+l = 4+1=5). maTTvis n+l jami tolia. aseT SemTxvevaSi eleqtroni

daikavebs im orbitals, sadac n-is mniSvneloba ufro naklebia.

e.i. skandiumis ocdameerTe eleqtroni moTavsdeba 3d qvedoneze.



eleqtronul-grafikuli formulebi

eleqtronul-grafikuli formulebis gamosaxvisas ujredi

(horizontaluri xazi) Seesabameba erT orbitals, xolo

isari (↑) – eleqtrons.

paulis akrZalvis principis Tanaxmad, atomSi ar moiZebneba

ori eleqtroni oTxive kvanturi ricxvis erTnairi mniSvne-

lobiT. Tu atomSi arsebobs ori eleqtroni, romelTa sami

kvanturi ricxvis mniSvneloba erTnairia, maSin maTi spinuri

kvanturi ricxvi iqneba sxvadasxva (↑↓).

e.i. paulis principis mixedviT, erT orbitalze SeiZleba

moTavsdes mxolod ori eleqtroni sawinaaRmdego spinebiT.

hundis wesis Tanaxmad, qvedoneebze eleqtronebi ise unda

ganawildes, rom maTi jamuri spini iyos maqsimaluri. Ee.i.

qvedonis farglebSi orbitalebi jer ivseba TiTo-TiTo

eleqtroniT da Semdeg xdeba maTi dawyvileba.



Eeleqtronuli garsebis maqsimaluri tevadoba

energetikul doneebze eleqtronebis maqsimaluri ricxvis

gamosaTvlelad sargebloben formuliT: 

N = 2n2, sadac

N aris eleqtronTa maqsimaluri raodenoba mocemul doneze;

n – mTavari kvanturi ricxvi.

magaliTad,

n = 1,   I doneze  Tavsdeba 2 eleqtroni;

n = 2,   II doneze  _ 8 eleqtroni;

n = 3,  III doneze  _ 18 eleqtroni;

n = 4,  IV doneze  _ 32 eleqtroni.



eleqtronuli formulebi I-II  periodebis 
elementebisaTvis

umciresi energiis principis gaTvaliswinebiT, I-II

periodebis elementebisaTvis eleqtronebis ganawileba

doneebze da qvedoneebze aseTia: 1s2-2s2-2p6.

atomuri
nomeri

simbolo eleqtronuli
formula

eleqtronul-
grafikuli formula

1 H 1s1 ↑_

2 He 1s2 = [He] ↑↓

3 Li [He] 2s1 [He] ↑_

4 Be [He] 2s2 [He] ↑↓    _ _   _ _  _ _

6 B [He] 2s2 2p1 [He] ↑↓ ↑_   _ _  _ _

7 N [He] 2s2 2p3 [He] ↑↓   ↑_  ↑_  ↑ _

10 Ne [He] 2s2 2p6 = [Ne] [He] ↑↓   ↑↓  ↑↓↑↓



Eeleqtronuli formulebi III  periodis zogierTi elementisaTvis

1s2-2s2-2p6-3s2-3p6

atomuri
nomeri

simbolo eleqtronuli formula eleqtronul-grafikuli formula

11 Na 1s²2s22p63s1 an      [Ne] 3s1 [Ne] ↑_   _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _

12 Mg 1s²2s22p63s2 an        [Ne] 3s2
[Ne] ↑↓  _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _

13 Al 1s²2s22p63s23p1 an  [Ne] 3s23p1 [Ne] ↑↓ ↑_   _ _  _ _  _ _ _ _ _ _ _ _ _ _

14 Si 1s²2s22p63s23p2an     [Ne] 3s23p2
[Ne] ↑↓ ↑_  ↑_  _ _  _ _ _ _ _ _ _ _ _ _

16 S 1s²2s22p63s23p4an     [Ne] 3s23p4
[Ne] ↑↓ ↑↓ ↑_ ↑_  _ _ _ _ _ _ _ _ _ _

17 Cl 1s²2s22p63 s23p5an     [Ne] 3s23p5
[Ne] ↑↓ ↑↓ ↑↓ ↑_  _ _ _ _ _ _ _ _ _ 

18 Ar 1s²2s22p63 s23p6an     [Ne] 3s23p6
[Ne] ↑↓ ↑↓  ↑↓↑↓_ _ _ _ _ _ _ _ _



IV-V periodebis elementTa eleqtronuli formulebi

IV didi periodi iwyeba elementiT kaliumi (Z=19), romelSic erTi

eleqtroniT ivseba 4s qvedone. 4s qvedones (n+l =4+0=4) ufro dabali

energia aqvs, vidre 3d qvedones (n+l = 3+2=5). e.i energetikulad ufro

momgebiania jer 4s da Semdeg 3d qvedonis Sevseba (kleCkovskis wesi).

Semdegi elementia kalciumi (Z=20), romelSic ivseba 4sqvedone (4s2).

element skandiumidan (Z=21) TuTiis (Z=30) CaTvliT xdeba 3d qvedonis

Sevseba 10 eleqtroniT. Eelement galiumidan (Z=31) kriptonis (Z=36)

CaTvliT 4p qvedone ivseba 6 eleqtroniT. IV periodis elementebisaTvis

eleqtronebis ganawilebis Tanmimdevroba aseTia: [Ar] 4s2 -3d10- 4p6.

V didi periodi iwyeba element rubidiumiT (Z=37), romelSic iwyeba

5s qvedonis Sevseba erTi eleqtroniT (5s1). Semdeg element stronciumSi

(Z=38) sruldeba 5s qvedonis Sevseba (5s2). Eelement itriumidan (Z=39)

kadmiumis (Z=48) CaTvliT ivseba 4d qvedone 10 eleqtroniT. Eelement

indiumidan (Z=49) element qsenonis (Z=54)  CaTvliT xdeba 5p qvedonis

Sevseba 6 eleqtroniT.  

IV-V periodis elementebisaTvis eleqtronebis ganawilebis

Tanmimdevroba aseTia: [Ar] 4s2 -3d10-4p6-5s2 -4d10-5p6.



VI-VII  periodebis elementebis eleqtronuli formulebi

VI didi periodi iwyeba element ceziumiT (Z=55). misi erTi eleqtroni
Tavsdeba 6s orbitalze. element bariumSi (Z=56) ivseba 6s qvedone (6s2).

element lanTanSi (Z=57) erTi eleqtroniT iwyeba 5d qvedonis Sevseba.
Semdeg ki, ceriumidan (Z=58) luteciumis (Z=71) CaTvliT, xdeba 4f qvedonis
Sevseba 14 eleqtroniT. elementHhafniumidan(Z=72) vercxliswylis (Z=80)

CaTvliT xdeba 5d qvedonis Sevseba. element TaliumSi (Z=81) iwyeba da
element radonSi (Z=86) mTavrdeba eqvsi eleqtroniT 6p qvedonis Sevseba.
V-VI periodis elementebisaTvis eleqtronebis ganawilebis
Tanmimdevroba aseTia: 

[Ar] 4s2 - 3d10 - 4p6 - 5s2 - 4d10 - 5p6 - 6s2 - 5d1 - 4f14 - 5d9 - 6p6

VII didi periodi iwyeba elementiT franciumi (Z=87) (7s1) . element
radiumSi (Z=88) 7s qvedone mTlianad ivseba (7s2). element aqtiniumSi (Z=89)

erTi eleqtroniT ivseba 6d qvedone. Eelement Toriumidan (Z=90)

element lourensiumis (Z=103) CaTvliT xdeba 5f qvedonis Sevseba 14

eleqtroniT. Eelement kurCatoviumidan (Z=104) koperniciumis (Z=112)

CaTvliT ivseba 6p qvedone.
IV-VII periodis elementebisaTvis eleqtronebis ganawilebis
Tanmimdevroba aseTia:

[Kr] 5s2 - 4d10- 5p6 - 6s2 - 5d1 - 4f14 - 5d9 - 6p6 - 7s2 - 6d1 - 5f14- 6d9 -7p6



s, p, d , f elementebi

eleqtronebiT qvedoneebis Sevsebis mixedviT elementebs

yofen s, p, d da f elementebad.

s elementebs miekuTvneba Ia da IIa jgufis elementebi da

VIIIa jgufis pirveli elementi He,HEromlebSic ivseba

bolo energetikuli donis s qvedone.

p elementebs miekuTvneba elementebi IIIa -dan VIIIa jgufis

CaTvliT (He-is gamoklebiT). Aam elementebSi ivseba bolo

energetikuli donis p qvedone.

d elementebs miekuTvneba elementebi Ib - dan VIIIb jgufis

CaTvliT. romlebSic xdeba (n-1) donis d orbitalebis

Sevseba.

f elementebs miekuTvneba lanTanoidebi da aqtinoidebi.

f elementebSi eleqtronebi ikavebs (n-2) donis f orbitalebs.



leqcia 3 

atomis aRnagoba. atombirTvi. Q

qimiur  elementTa perioduli sistemaP

3.1.  atombirTvi da izotopebi;

3.2.  masis defeqti;

3.3.  stabiluri da arastabiluri izotopebi;

3.4.  radioaqtiuroba;

3.5.  radioaqtiuri elementebis naxevardaSlis periodi;

3.6.  radioaqtiuri daSlis tipebi;

es sainteresoa-ratom gamoscems xmas bolis deteqtori?
3.7.  atombirTvuli reaqciebi;

3.8.   radioaqtiuri daSlis mwkrivebi;

3.9.  radioaqtiuri elementebis gamoyeneba;

3.10.  Tanamedrove perioduli sistema;

3.11.  periodebi da jgufebi;

3.12.  Jangbad- da wyalbadnaerTebis zogadi formulebi

jgufebis mixedviT. 



3.1. atombirTvi da izotopebi

atomi Sedgeba atombirTvisa (nuklidi) da eleqtronuli garsisagan, xolo

atombirTvi _protonebisa (p) da neitronebisagan (n) (nuklonebi). 

m(p)=1.007825 mae, q(p)=+1, m(n)=1.008665 mae, q(n)=0. 

eleqtronuli garsi Sedgeba eleqtronebisagan. 

m(e)=0.00054 mae, q(e)= -1.

atombirTvSi Tavmoyrilia atomis TiTqmis mTeli masa protonebisa da

neitronebis masebis saxiT. 

p + n = A,                                                     (1) 

sadac p da n birTvSi protonebisa da neitronebis saerTo ricxvia, 

A ki – masuri ricxvi.

atombirTvSi protonebis ricxvi emTxveva elementis atomur nomers

periodul sistemaSi. (1) formula miiRebs Semdeg saxes:

Z + n = A,
sadac Z elementis atomuri nomeria.



izotopebi

bunebaSi erTi da imave elementis atomebs xSirad sxvadasxva
masuri ricxvi aqvs. 
magaliTad, 35

17Cl     p=17, e=17, A=35 , n=18
37

17Cl      p=17, e=17, A=37 , n=20

• erTi da imave elementis atomTa saxesxvaobebs,  romlebsac
aqvs protonebis erTnairi ricxvi,  magram gansxvavdeba
neitronebis ricxviT,  e.i. masuri ricxviT, izotopebi ewodeba.

zog SemTxvevaSi izotopebi warmodgenilia gansazRvruli
saxelwodebiT:

1
1H – proTiumi (P) - p=1, e=1, A=1 , n=0,

2
1H - deiteriumi (D) - p=1, e=1, A=2 , n=1,

3
1H - triTiumi (T) - p=1, e=1, A=3 , n=2.

bunebrivi qlori Seicavs 75% (0,75) 35
17Cl-s da 25% (0,25) 37

17Cl –s.
qloris saSualo fardobiTi atomuri masa tolia:

Ar(Cl)= 35• 0,75 + 37• 0,25 = 35,5     



izobarebi da izotonebi

• sxvadasxva elementis nuklidebs, romlebsac erTnairi 
masuri ricxvi aqvs, izobarebi ewodeba. izobarebia:

40
18Ar,  40

19K da 40
20Ca ;      59

27Co  da 59
28Ni.

• sxvadasxva elementis nuklidebs, romlebsac neitronebis 
erTnairi raodenoba aqvs, xolo protonebis raodenoba 
da masuri ricxvebi _ gansxvavebuli,  izotonebi
ewodeba. izotonebia: 

36
16S ,           37 

17Cl ,           38
18Ar .

(16p, 20n);    (17p, 20n);     (18p, 20n).



3.2. masis defeqti

atombirTvis masa yovelTvis naklebia masSi Semavali

protonebisa da neitronebis masaTa jamze. am sxvaobas

masis defeqts (danakargi) uwodeben. 

magaliTad, 42He (2p+2n)-is atombirTvis masa 4,001506 mae-is

tolia, maSin rodesac 2 protonis da 2 neitronis masaTa

jami (2x1,007276 +2x1,008665), 4,03298 mae-s udris; e.i. masis

defeqti 4,03298 - 4,001506 = 0,030376 mae-is tolia. Mmasis

danakargi kg-Si toli iqneba: 0,030376x1,66.10-27  = 5,046kg.10-27. 
masis danakargi Seesabameba im energias, romelic

gamoiyofa atombirTvis warmoqmnisas. am energias

atombirTvuli energia ewodeba. igi atombirTvis

mdgradobis ganmsazRvrelia. 



3.3. stabiluri da arastabiluri izotopebi

ganvixiloT elementebi atombirTvuli energiis zrdis mixedviT:
wyalbadis (Z=1) (deiteriumi) atomis atombirTvuli energiaa 1.108

kj/moli. liTiumis (Z=3) atomis atombirTvuli energia _ 5.108

kj/molia, xolo rkinas (Z=26) aqvs maqsimaluri atombirTvuli
energia _ 8,5.108kj/moli. 
rkinis Semdeg atombirTvuli energiis mniSvneloba iklebs da,

Sesabamisad, mcirdeba atombirTvTa mdgradobac.
atombirTvi, romlis atomuri nomeri tolia an metia 83-ze,arasta-

bilurobiT xasiaTdeba.

atombirTvuli bmis energia (1 mln eleqtrovolti =1.609 .10-13jouli)



3.4. radioaqtiuroba

radioaqtiuroba ewodeba qimiuri elementis atombirTvis uwyvet, TviTnebur
daSlas TvaliT uxilavi nawilakebis ( da b),  sxivebisa (g) da sxvaTa gamoyofiT.
radioaqtiurobis movlena aRmoCenil iqna 1896 wels frangi mecnieris Aantonio

henri bekerelis mier. 
 da b nawilakebs aqvs sawinaaRmdego muxti da isini gansxvavebulad ixreba

magnitur velSi. 
g sxivebs ki muxti ar gaaCnia. isini ar icvlis mimarTulebas magnitur velSi.

 da b da g radiaciis dayofa magnitur velSi



atombirTvuli nawilakebi da sxivebi

Nnawilaki Mmasa (mae) muxti simbolo SemaCerebeli

Pprotoni 1,007 276 47 +1 p, p+, 1
1H qaRaldi

Nneitroni 1,008 664 90 0 n, n0, 0
1n tyviis (Pb)

firfitaP

b nawilaki

(eleqtroni)

0,000 548 580 -1 b, b-, -1
0e aluminis (Al) 

kilita (folga)

pozitroni 0,000 548 580 +1 b+, +1
0e aluminis (Al)

kilita

 nawilaki 4,001 506 17 +2 , 2+, 2
4He kani, qaRaldis

furceli

g gamosxiveba 0 0 g tyviis (Pb)

firfitaP



3.5. radioaqtiuri elementebis naxevardaSlis periodi

naxevardaSlis periodi drois is monakveTia, romlis

ganmavlobaSic iSleba radioaqtiuri nivTierebis sawyisi

raodenobis naxevari. 

zogierTi izotopis naxevardaSlis periodi da gamosxivebis

tipi mocemulia cxrilSi. 

izotopi naxevardaSlis periodi Ggamosxivebis tipi

naxSirbadi – 14 5,731 . 103 weli b-

kaliumi – 40 1,28 . 109 weli b-eleqtronis mitaceba

radoni – 222 3,82 dRe , g

radiumi – 226 1,6 . 103 weli , g

urani – 235 7  . 108 weli , g



3.6. radioaqtiuri daSlis tipebi

 gamosxiveba

 nawilakebis masa 4-is, xolo muxti +2-is tolia. e.i. igi

heliumis atomis birTvs warmoadgens.

226
88Ra  →  222

86Rn  + 42He  

226
88Ra-is  gamosxivebisas misi masuri ricxvi 4 erTeuliT,

xolo  atomuri nomeri  2 erTeuliT mcirdeba. 



es sainteresoa
ratom gamoscems xmas bolis deteqtori?

bolis deteqtori Seicavs  gamosxivebis mqone nivTierebis

americiumis (241
95Am) mcire raodenobas.  nawilakebi moqmedebs

airis molekulebSi arsebul eleqtronebze, ris Sedegedac

icvleba molekulis muxti. molekula ionad gardaiqmneba.

ionizebuli airi advilad atarebs eleqtrobas. rodesac

bolis nawilakebi xdeba denis gamtari, deteqtori ainTeba

an xmas gamoscems. am principze muSaobs bolis deteqtorebis

umravlesoba.

241
95Am→237

93Np + 4
2He



b gamosxiveba

b sxivebi eleqtronebis nakadia da vrceldeba 300 000 km/sT

siCqariT.

b gamosxivebis dros birTvis neitroni ixliCeba protonad

da eleqtronad.

eleqtroni gamoityorcneba birTvidan, darCenili protoni ki

erTi erTeuliT zrdis birTvis muxts. A

137
55Cs  → 137

56 Ba + 0-1b - (0-1e)

b gamosxivebisas atomis masa ucvleli rCeba



atombirTvuli gardaqmna _protoni neitronad
gardaiqmneba

eleqtronebis mitaceba

atombirTvSi protonebis

mier eleqtronuli garsidan

(1s orbitalidan) eleqtronis
mitacebis Sedegad protoni
neitronad gardaiqmneba:

51
24Cr + e →  51

23V + g

birTvis muxti erTi erTeuliT
mcirdeba, masa ucvleli rCeba.

pozitronuli daSla

elementebisaTvis,  romelTa
atombirTvebSi protonebis ricxvi
metia neitronebis ricxvze, 
damaxasiaTebelia pozitronuli
daSla. am dros xdeba pozitronis
gamotyorcna birTvidan.

22
11Na  →  22

10 Ne + b + ( +
0e) 

birTvis muxti erTi erTeuliT
mcirdeba, masa ucvleli rCeba. 



g  gamosxiveba

g gamosxiveba eleqtromagnituri gamosxivebaa, romelsac

aqvs maRali energia da mokle talRis sigrZe (10-12). 

g gamosxiveba Tan axlavs TiTqmis yvela radioaqtiur

gardaqmnas. 

g gamosxivebisas elementis saxe ar icvleba



faians-sodis gadanacvlebis wesi

 gamosxivebisas radioaqtiuri elementi qimiur elementTa

periodul sistemaSi gadainacvlebs ori ujrediT marcxniv.

b gamosxivebis Sedegad radioaqtiuri elementi periodul

sistemaSi gadainacvlebs erTi ujrediT marjvniv.

g gamosxivebis Sedegad radioaqtiuri elementi ar icvlis

Mdebareobas qimiur elementTa periodul sistemaSi.



atombirTvis gaxleCa or nawilad

mZime liTonebis SemTxvevaSi  SeiZleba ganxorcieldes atombirTvis gaxleCa

or nawilad. atombirTvuli daSlis dros gamoiyofa didi raodenobiT energia.

aseTi procesi axasiaTebs arastabilur izotopebs, romelTa atomuri nomeri

89-ze metia;
236

92U  →  96
39Y  + 136

53I  +  41
0n

atombirTvuli daSlis reaqciebis mTavar wyaros uran-235  (235U) warmoadgens. 

1 g 235U-is  daSlisas gamoiyofa imdenive energia,  ramdenic 2700 kg naxSiris

wvis dros. 
235U ibombeba neitronebiT da 236U-ad gardaiqmneba,  romelic,  Tavis mxriv,

or nuklidad ixliCeba. am dros atombirTvidan gamoityorcneba neitronebi,

romlebic kvlav iwvevs 235U-is sxva atombirTvebis daSlas da a.S. warimarTeba

e.w. jaWvuri reaqcia.
235

92U  + 10n  →  144
56Ba  +   + 89

36Kr  + 3 10n  



3.7. atombirTvuli reaqciebi

erTi elementis atomidan sxva elementis atomebis
warmoqmnis process birTvuli reaqcia ewodeba.
birTvul reaqciebSi monawileobs nuklonebi _protonebi

da neitronebi, romlebic gadanawildebian atomSi da axal
elements warmoqmnian.
birTvuli reaqciebi gantolebebiT gamoisaxeba.

• birTvuli reaqciis gantolebis marcxena da marjvena
nawilebSi masisa da muxtebis jami toli unda iyos. 

137
55Cs  →  137

56 Ba + 0-1 b
-(0

-1 e);  an 137
55Cs( 0

-1 b
-)137

56Ba  

226
88Ra  →  222

86Rn  + 42He ;          an 226
88Ra(4

2He ) 222
86Rn 



3.8. radioaqtiuri daSlis mwkrivebi

bunebaSi radioaqtiuri daSlis sami mwkrivia Seswavlili. maTi
naxevardaSlis periodi miliard wels utoldeba.
erT-erTi aseTi mwkrivi iwyeba uraniT (238

92U). Ppirvel safexurze
 daSlis Sedegad misgan warmoiqmneba Torium-234 (234

90Th):

238
92U  →  234

90Th  +  42He             
Torium-234 b gamosxivebis Sedegad protaqtinium-234-Si (234

91Pa)
gadadis, xolo es ukanaskneli aseve b gamosxivebis (0-1e) Sedegad
uran-234-s (234

92U) warmoqmnis:

234
90Th  →  234

91Pa  +  0-1e  
234

91Pa   →  234
92U  +  0-1e  

Semdegi mwkrivi grZeldeba  gamosxivebis seriiT, sadac uran-234
gadadis tyvia-214 (214

82Pb) –Si:

234
92U  →  214

82Pb  + 54
2He

tyvia-214-is Semdgomi gadaqmnis saboloo stabiluri produqtia
tyvia-206 (206

82Pb).



238U -is radioaqtiuri daSlis mwkrivi



radioaqtiuri daSlis sxva mwkrivebi

• bunebrivi urani Sedgeba 99,28 % uran-238-isagan, romlis 
daSla ukve ganvixileT  da 0,72 % uran-235-isagan. 

• uran-235 iwyebs meore radioaqtiur mwkrivs. meore mwkrivic 
moicavs  da b daSlis ramdenime safexurs da mTavrdeba 
tyvia-207-iT.

• mesame radioaqtiuri mwkrivi iwyeba Torium-232-iT da 
mTavrdeba tyvia-208-iT.



3.9. radioaqtiuri elementebis gamoyeneba

radioaqtiuri elementebi farTod gamoiyeneba sxvadasxva dargis

samecniero gamokvlevebSi. kerZod: medicinaSi, arqeologiasa da

geologiaSi.

radioaqtiuri izotopebis saSualebiT SeiZleba sxvadasxva

sakvlevi obieqtis (namarxi, minerali, qani) asakis dadgena.

• cocxali organizmebi da mcenareebi naxSirbadis atoms Seicavs
ZiriTadad 12

6C saxiT da mcire raodenobiT _ 14
6C izotopis

saxiT. 14
6C CO2-is saxiT mcenareebis mier STainTqmeba mcenareebis

mier fotosinTezis dros. 14
6C radioaqtiuri elementia. misi

naxevardaSlis periodia 5715 weli. igi iSleba Semdegi sqemis
mixedviT:

14
6C → 14

7N + 0-1e 

• rodesac cnobilia cocxal organizmebSi 12
6C da 14

6C izotopebis
dasaSvebi raodenoba, sakvlevi nimuSis asakis dadgenisaTvis
(romelic aRar STanTqavda CO2-s), gansazRvraven 14

6C izotopis
Semcvelobas da adareben mas dasaSveb normas. daSlili 14

6C

izotopis naxevardaSlis periodis mixedviT angariSoben sakvlevi
nimuSis asaks.



radioaqtiuri izotopebis saSualebiT 
geologiuri  asakis dadgena 

aracocxali bunebis obieqtebis geologiuri asakis dasadgenad

geologebi iyeneben kaliumis izotops (40
19K), romlis naxevardaSlis

periodia 1,28 mlrd weli. AaRniSnuli izotopi gamoiyeneba qanebisa da

mineralebis asakis dasadgenad. 40
19K -is radioaqtiuri daSlis dros

warmoiqmneba 2 sxvadasxva saxis atomi; 40
19 K-is 11 % gadadis 40

18Ar-Si,

xolo danarCeni 89% _ 40
20Ca-Si.

40
19K  + e→ 40

18Ar +ϒ
40

19K →40
20Ca + 0-1e

daSlili kaliumis izotopis
raodenobis gansazRvrisaTvis
Ca-is Semcvelobis Seswavla ar
gamogvadgeba, radgan is ar
gansxvavdeba qanebSi arsebuli
Ca-is  sxva atomebisagan. 

40
18Ar-is raodenobis mixedviT ki

SeiZleba dadgindes daSlili
40

19K-is masa da, Sesabamisad, 
nimuSis asaki. 



3.10. Tanamedrove perioduli sistema

perioduli sistemis ganviTareba



axali elementebi periodul sistemaSi

• 2017 wlisaTvis perioduli sistema Seicavs 118
aRiarebul elements, romlebic oficialurad aris
damtkicebuli IUPAC (International Union of Pure and Applied
Chemistry)-is mier.

• 98 elementi gvxvdeba bunebaSi. danarCenebi miRebulia
xelovnurad arsebuli elementebis daSlis gziT.

• 2016 wlis ivnisSi IUPAC-is mier oficialurad iqna
aRiarebuli 4 elementi atomuri nomriT 113, 115, 117 da 118, 
romelTa saxelwodebebi da simboloebia: nihoniumi (Nh),
moskoviumi (Mc), tenesini (Ts) da oganesoni (Og).  
aRsaniSnavia, rom es elementebi pirvelad iqna miRebuli
livermoris erovnuli laboratoriis (kalifornia) da
flerovis atombirTvuli reaqciebis laboratoriis
(ruseTi) erToblivi kvlevis Sedegad.





3.11. periodebi da jgufebi      

periodebi
atomuri nomris zrdis mixedviT ganlagebul elementTa horizontalur

mwkrivs, romelic iwyeba tute liToniT (pirveli mwkrivi wyalbadiT) da

mTavrdeba inertuli airiT, periodi ewodeba.

perioduli sistema Seicavs  7 periods. perioduli sistemis Tanamedrove

grZelperiodian variantSi TiToeuli periodi TiTo mwkrivisagan Sedgeba.

perioduli sistemis qveviT moTavsebulia elementTa 2 horizontaluri

mwkrivi – lanTanoidebi (Z = 58_71) da aqtinoidebi (Z = 90_103), romlebic,

Sesabamisad,  miekuTvneba VI da VII  periodebs. maT iSviaT miwaTa

elementebs uwodeben.



jgufebi periodul sistemaSi

qimiur elementTa periodul sistemaSi jgufi ewodeba

msgavsi Tvisebebis mqone elementTa vertikalur svets.

sistemaSi gvaqvs 18 jgufi.

jgufebi 1,  2 da 13-dan 18-is CaTvliT mTavar (a) jgufebs

miekuTvneba  (Seicavs s da p elementebs), xolo jgufebi 

3-dan 12-is CaTvliT Tanauri (b) jgufebis saxelwodebiTaa

cnobili (Seicavs d da f elementebs). 



jgufebis saxelwodeba periodul sistemaSi 

Ia (1) jgufis elementebi (Li-Fr) _ tute liTonebi;
IIa (2) jgufis elementebi (Ca-Ra) _ tutemiwaTa

liTonebi;
Va (15)  jgufis elementebi (N-Bi) _ pniktogenebi;
VIa (16) jgufis elementebi (S-Te) _ qalkogenebi;
VIIa (17) jgufis elementebi (F-At) _ halogenebi;
VIIIa (18) jgufis elementebi (He-Rn) _ inertuli an 

keTilSobili airebi;
VIIIb (10,11,12) jgufis elementebi (Fe,Co,Ni) _ rkinis

ojaxi;
VIIIb (10,11,12) jgufis elementebi (Ru, Rh, Pd, Os, Ir, Pt) _

platinis ojaxi;
b (3-dan 12-is CaTvliT) jgufis elementebi _

gardamavali liTonebi;



oqsidebis Tvisebebis cvla III  periodis 
elementebisaTvis

fuZe
oqsidi

fuZe
oqsidi

amfoteruli
oqsidi

mJava
oqsidi

mJava
oqsidi

mJava
oqsidi

mJava
oqsidi

Na2O CaO Al2O3 Si O2 P2 O5 SO3 Cl2 O7



Lleqcia 4.MmolekulaTa aRnagoba

4.1.  atomis ZiriTadi maxasiaTeblebi da maTi cvla

periodul sistemaSi jgufebis da periodebis mixedviT;

4.2. qimiuri bmis tipebi; 

4.3. kovalenturi bma; valenturi bmis meTodi;

es sainteresoa; ratom iSleba nitroglicerini?

4.4. ionuri bma;



4.1. atomis ZiriTadi maxasiaTeblebi da maTi cvla

periodul sistemaSi jgufebis da periodebis mixedviT

qimiur elementTa periodul sistemaSi erTi da imave

jgufis elementebs msgavsi an erTmaneTTan miaxloebuli
fizikuri da qimiuri Tvisebebi aqvs. periodebSi ki
elementTa Tvisebebi mkveTrad icvleba.

elementTa Tvisebebis gameorebas periodebis mixedviT

perioduloba ewodeba.

elementebis zogierTi maxasiaTebelia: atomis radiusi, 
eleqtrouaryofiToba,  ionizaciis energia da sxv. 



Aatomuri da ionuri radiusebi

• atomuri radiusi gulisxmobs manZils atombirTvidan gare Sris
bolo eleqtronamde. 

• jgufebSi energetikul doneTa raodenoba izrdeba; bunebrivia, 
atomuri radiusic gaizrdeba.

• periodebSi atomebis energetikul doneTa raodenoba erTnairia, 
magram izrdeba protonebis ricxvi atombirTvSi da eleqtronebis
ricxvi eleqtronul garsSi; Zlierdeba maT Soris miziduloba, 
rac radiusis Semcirebas iwvevs.

mesame periodis elementebis atomTa radiusebis cvlileba



ionuri radiusi

• jgufebSi rogorc dadebiTi, ise uaryofiTi ionebis zomebi izrdeba zevidan
qveviT. 

• periodSi dadebiTi da uaryofiTi ionebis ionuri radiusis cvlileba unda
ganvixiloT cal-calke.

• kationebi zogadad eleqtronebis ufro nakleb ricxvs Seicavs, vidre sawyisi
atomi, amitom kationebis radiusi naklebia Sesabamis neitraluri atomis
radiusTan SedarebiT. magaliTad, 

r(Na0) -1s2 2s2 2p6 3s1 > r(Na+) -1s2 2s2 2p6.

r(Al0) -1s2 2s2 2p6 3p1 > r(Al3+) -1s2 2s2 2p6 .

periodebSi kationebis ionuri radiusi mcirdeba. amis mizezia is, rom erTi
periodis kationebSi eleqtronebis raodenoba Tanabaria,  magram izrdeba
rogorc protonebis ricxvi, aseve ionis muxti, ris gamoc maTi ionuri radiusi
mcirdeba.

magaliTad, r(Na+) -1s2 2s2 2p6 > r(Mg2+) -1s2 2s2 2p6   > r(Al3+) -1s2 2s2 2p6 .

• anionebis ionuri radiusi sWarbobs Sesabamisi neitraluri atomis radiuss, 
radgan protonebis raodenoba erTnairia, xolo eleqtronTa raodenoba ionSi
ufro metia. magaliTad, 

r(Cl-) -1s2 2s2 2p6 3s23p6 > r(Cl0) -1s2 2s2 2p6 3s23p5

periodebSi anionebis ionuri radiusi mcirdeba marcxnidan marjvniv.
marTalia anionebSi eleqtronebis ricxvi sWarbobs protonebis ricxvs, magram
periodebSi atombirTvis muxtis zrdis gamo miziduloba atombirTvsa da
eleqtronebs Soris izrdeba, rac radiusis Semcirebas iwvevs. magaliTad,

r(P3-) -1s2 2s2 2p6 3s23p6 > r(S2-) -1s2 2s2 2p63s2 3p6 < r(Cl-) -1s2 2s2 2p63s2 3p6



ionizaciis energia
• ionizacia gulisxmobs garkveuli energiis daxarjviT atomidan an anionidan

eleqtronebis mowyvetas. 
• dakarguli eleqtronebis raodenobis mixedviT arCeven pirveli (I1), meore (I2) 

da mesame eleqtronis ionizaciis energias (I3). 

• mowyvetili eleqtronebis ricxvis gazrda iwvevs warmoqmnili ionis
dadebiTi muxtis zrdas, rac iwvevs mravalmuxtiani kationidan eleqtronebis
mowyvetis gaZnelebas. 

• pirveli eleqtronis ionizaciis energia ewodeba energiis im raodenobas, 
romelic saWiroa airadi mdgomareobis atomidan erTi eleqtronis
mosawyvetad. misi erTeulia kj/moli an ev (eleqtronvolti).

pirveli ionizaciis energia (a) jgufis elementebisaTvis



pirveli eleqtronis ionizaciis energiis damokidebuleba
atomur nomerze s, p da d elementebisaTvis

• ionizaciis energiis mrudze d da f elementebis pirveli ionizaciis
energiis mniSvneloba Zalian umniSvnelod icvleba. es ganpirobebulia
imiT, rom d da f elementebs bolo energetikul doneze eleqtronebis
Tanabari raodenoba aqvs, bolos wina da bolodan meore doneze
eleqtronebis raodenobis zrda ki did gavlenas ver axdens
ionizaciis energiis mniSvnelobaze.

• meore ionizaciis energia ewodeba energias, romelic saWiroa
dadebiTad damuxtuli ionidan eleqtronis mosawyvetad. meore
ionizaciis energiis mniSvneloba, cxadia, ufro meti iqneba, vidre
pirveli ionizaciis energiis mniSvneloba, radgan erT SemTxvevaSi
eleqtroni unda mowydes neitralur atoms, xolo meore SemTxvevaSi _
dadebiT ions.



ionizaciis energia jgufebis da periodebis 
mixedviT

• pirveli eleqtronis ionizaciis energia jgufebSi izrdeba qvevidan
zeviT, radgan radiusi Semcirebulia da bolo energetikuli donis
eleqtroni ufro axlosaa atombirTvTan.

• periodebSi pirveli ionizaciis energia ZiriTadad izrdeba
marcxnidan marjvniv, radgan protonebis raodenobis momatebasTan

erTad izrdeba miziduloba atombirTvsa da eleqtronebs Soris
(mcirdeba radiusi), rac arTulebs eleqtronis mowyvetis
SesaZleblobas.

• jgufebSi umciresi ionizaciis energia aqvs pirveli (a) jgufis
elementebs, xolo yvelaze didi _ merve (a) jgufis elementebs.



eleqtrouaryofiToba

• elementis atomis unars, gare energetikuli donis
dasrulebisaTvis Tavisken miizidos sxva elementis atomTa
eleqtronebi, eleqtrouaryofiToba ewodeba.

• elementebis eleqtrouaryofiTobis gansazRvra xdeba Li-is
eleqtrouaryofiTobasTan SedarebiT, romelic pirobiTad
miRebulia 1-is tolad.



eleqtrouaryofiToba periodebis da jgufebis 
mixedviT

• eleqtrouaryofiToba periodebSi izrdeba marcxnidan marjvniv 
gare energetikul doneze eleqtronTa raodenobis matebis gamo. 

• jgufebSi izrdeba qvevidan zeviT radiusis Semcirebis gamo.



atomis ZiriTadi maxasiaTeblebis cvlileba 
periodebisa da jgufebis mixedviT 



4.2. qimiuri bmis tipebi

bmis warmoqmnisas eleqtronuli simkvrivis gadanawilebis

mixedviT arCeven qimiuri bmis 3 ZiriTad tips: ionurs,

kovalentursa da liTonurs. rac Seexeba wyalbadur bmas,

is SeiZleba ganvixiloT, rogorc kovalenturi bmis kerZo

SemTxveva.

ionuri bmis asaxsnelad sakmarisia eleqtrostatikuri

modelis warmodgena, xolo kovalenturi bmis asaxsnelad

aucilebelia sakiTxisadmi kvantur-meqanikuri midgoma.

molekulaSi eleqtronuli simkvrivis ganawilebis

gansazRvrisaTvis warmatebiT gamoiyeneba ori midgoma:

valenturi bmis meTodi da molekuluri orbitalebis

Teoria.



4.3. kovalenturi bma; valenturi bmis meTodi

valenturi bmis meTodis Tanaxmad,  molekulaSi qimiuri bma xorcieldeba
saziaro eleqtronuli wyvilebis saSualebiT. 

bmis warmomqmneli eleqtronuli wyvili ekuTvnis 2 mezobel atoms. 

TiToeuli eleqtronuli wyvili Seesabameba qimiuri bmis 1 erTeuls da 1

Strixs grafikul formulebSi. Mmag., H2 H:H   an H-H.

atomebs Soris saziaro eleqtronuli wyvilebiT damyarebul bmas

kovalenturi bma ewodeba. 

amerikeli mecnieris hilberg luisis mixedviT, savalento eleqtronebs
wertilebiT an jvriT gamosaxaven.

meTani (CH4)                                                     gogirdis heqsafToridi (SF6)



sigma (σ) , pi (π) da delta(δ) bmebi

Tanamedrove kvantur-meqanikuri Teoriis mixedviT,

qimiuri bmis warmoqmnisas eleqtronebis dawyvileba

dakavSirebulia maTi savalento eleqtronuli

orbitalebis gadafarvasTan (gadafarva xdeba im

mimarTulebiT, rom mocemuli bmis SemTxvevaSi mas

hqondes maqsimaluri xasiaTi).

eleqtronuli orbitalebi sxvadasxva formisaa. maTi

gadafarva SeiZleba ganxorcieldes sxvadasxvanairad.

eleqtronuli orbitalebis gadafarvis xasiaTis

mixedviT, arCeven σ, π da δ bmebs.



• qimiur bmas, romlis warmoqmnisas  eleqtronuli orbitalebis 
gadafarva xdeba atombirTvebis  SemaerTebeli wrfis gaswvriv, σ bma 
ewodeba.

• qimiur bmas, romelic  xorcieldeba atomTa birTvebis SemaerTebeli 
wrfis orive mxares p-orbitalebis gverdiTi gadafarviT, π-bma 
ewodeba.

• δ -bmis warmoqmnisaTvis  aucilebelia  d-eleqtronuli orbitalebis 
oTxmxrivi gadafarva.

σ bma                                      π-bma

δ -bma 



σ bmebi H2 , F2 da HF-is molekulebSi



azotis (N2) molekulis warmoqmna

A azotis  (N) atomis eleqtronuli formulaa _ 1s22s22p3. 

azotis atomebis SeerTebisas warmoiqmneba 

3 eleqtronuli wyvili, romlebic Tanabrad 

ekuTvnis orive atoms. warmoiqmneba sami bma.

saziaro eleqtronuli wyvilebis warmoqmna 

xdeba sapirispiro mimarTulebis spinebis mqone

dauwyvilebeli px , py da pz eleqtronuli orbitalebis gadafarviT:

pirobiTad, ori px-orbitali gadaifareba atomTa birTvebis

SemaerTebeli wrfis gaswvriv (px – px) warmoiqmneba σ bma:

σ-bma



• py– py da pz – pz orbitalebis gadafarva xdeba atomTa

birTvebis SemaerTebeli wrfis orive mxares, am wrfis

perpendikularul or sibrtyeSi. e.i. warmoiqmneba ori π bma.

• azotis molekulaSi (N2) azotis atomebi erTmaneTTan

dakavSirebulia erTi σ da ori π bmiT.



bmis sigrZe da energia; savalento kuTxe

• qimiuri reaqciebis mimdinareobisas moreagire nivTierebaTa atomebs
Soris bmebi wydeba. am dros ixarjeba energiis garkveuli raodenoba.
bmis gawyvetaze daxarjul energias bmis energia ewodeba. misi
ganzomilebaa kj/moli. rac metia bmis energia, miT ufro mtkicea
molekula.

• rac ufro meti saziaro eleqtronuli wyvili warmoiqmneba atomebs
Soris, miT ufro mtkicea bma da miT ufro mcirea atomTa Soris
manZili. erTmaneTTan uSualod dakavSirebul atomTa birTvebs Soris
manZils bmis sigrZe ewodeba. bmis sigrZe ZiriTadad nanometrebSi (nm)
izomeba (1nm =10-9sm).

• qimiuri bmiT SekavSirebul atombirTvTa SemaerTebel warmosaxviT
xazebs Soris kuTxes savalento kuTxe ewodeba. savalento kuTxe
damokidebulia moreagire atomTa bunebasa da maT Soris bmis xasiaTze.

bma Bbmis energia  (kj/moli) bmis sigrZe (nm)

H-H 436 0.058

O=O 493 0,12

N≡ N 940 0,11



es sainteresoa
ratom iSleba nitroglicerini?

nitroglicerini Ria yviTeli feris 

zeTovani siTxea, romelic mcire 

SerxeviTac feTqdeba:

4C3H5 (O NO2 )3 → 6 N2 ↑ + 12CO2 ↑ + 1OH2 O ↑ +O2 ↑

miRebul naerTebSi bmebi bevrad ufro mtkicea, vidre

sawyis nivTierebaSi. magaliTad, N2Seicavs sammag bmas N ≡ N.

CO2-Si (O=C=O) ori ormagi C=O bmaa, Jangbadis molekulas

(O2)ki erTi ormagi bma aqvs O=O.

nitroglicerinis afeTqebis

mizezi Zlier swrafad mimdinare

daSlis reaqcia da gamoyofili

mdgradi airadi nivTierebebis

didi moculobaa.



kovalenturi bmis najeroba

bmis najerobaSi igulisxmeba savalento eleqtronebisa da Tavisufali orbitalebis

gansazRvruli raodenoba, romelTa srulad gamoyenebis Semdeg atoms kovalenturi

bmis warmoqmnis unari aRar gaaCnia.

dauwyvilebeli eleqtronebis ricxvi SeiZleba gaizardos atomis agznebisas.

magaliTad, naxSirbadis atoms normalur mdgomareobaSi aqvs 2 dauwyvilebeli

eleqtroni:               C     1s²2s²2p²   ↑↓      ↑↓      ↑_ ↑ _  _ _

agznebis SemTxvevaSi _ 4  dauwyvilebuli eleqtroni: 

C* 1s²2s12p3 ↑↓      ↑_      ↑_ ↑_ ↑_
atomis agzneba SesaZlebelia mxolod im SemTxvevaSi, rodesac mas aqvs Tavisufali

orbitalebi da agznebisaTvis daxarjuli energia mTlianad kompensirdeba damatebiTi

qimiuri bmebis warmoqmnisas gamoyofili energiiT.

atomebis agzneba SeuZlebelia He-isa da II periodis elementebis (N, O, F) SemTxvevaSi.

maT bolo energetikul doneze ar gaaCnia Tavisufali orbitalebi, sadac gaxleCis

SemTxvevaSi wyvili eleqtronidan romelime gadainacvlebda. am mizezis gamo

aRniSnuli elementebis dauwyvilebeli eleqtronebis raodenoba mudmivia:

7N 1s²2s22p3 ↑↓      ↑↓      ↑ _  ↑ _  ↑_

8O 1s²2s22p4 ↑↓      ↑ ↓    ↑ ↓ ↑ ↑  _ _

9F  1s²2s22p5 ↑↓      ↑  ↓   ↑ ↓↑ ↓ ↑_



Bbmis najeroba III  periodis elementebisaTvis

• Si [Ne]3s23p2 3d0    → Si* [Ne]3s13p3 3d0

• P [Ne]3s23p3 3d0 → P* [Ne]3s13p3 3d1

• S[Ne]3s23p43d0 → S* [Ne]3s23p3 3d1 → S** [Ne]3s13p3 3d2

• Cl [Ne]3s23p53d0 → Cl* [Ne]3s23p4 3d1

Cl** [Ne]3s23p3 3d2

Cl*** [Ne]3s13p3 3d3



4.5.arapolaruli da polaruli kovalenturi bmebi

arapolaruli kovalenturi bma

• kovalenturi bma SeiZleba damyardes rogorc erTnair, aseve
eleqtrouaryofiTobiT mcired gansxvavebul sxvadasxva elementis
atomebs Soris. arCeven kovalenturi bmis or saxes: arapolarul-
kovalentur da polarul-kovalentur bmebs.

• kovalenturi bma arapolarulia, rodesac qimiuri bmis warmomqmneli 
eleqtronuli wyvili Tanabrad ekuTvnis orive atoms. 

arapolaruli kovalenturi bmis dros warmomqmneli atomebis

eleqtrouaryofiTobebs Soris sxvaoba 0,5-ze naklebia.



• kovalenturi bma polarulia, rodesac saziaro
eleqtronuli wyvili gadaweulia
ufro eleqtrouaryofiTi
elementis atomisken. polarul
kovalenturi bmis dros
gansxvaveba atomTa eleqtrouaryofiTobebis
mniSvnelobebs Soris 0,5-ze meti da 1,7-ze naklebia.
• polaruli kovalenturi bmis SemTxvevaSi bmis
warmomqmneli eleqtronuli wyvili gadaxrilia
ufro eleqtrouaryofiTi atomis – qlorisaken, ris
gamoc wyalbadis atomze warmoiqmneba Warbi
dadebiTi, xolo qloris atomze Warbi uaryofiTi
muxti. aseT muxts efeqturi muxti ewodeba
(aRiniSneba δ+ -iT an δ --iT).

mag., Hδ+ Clδ -

polaruli kovalenturi bma



Kkovalenturi bmis donorul-aqceptoruli 

meqanizmi

donorul-aqceptoruli bma ewodeba kovalentur bmas,  romelic
myardeba erTi atomis gauziarebeli eleqtronuli wyvilisa da meore
atomis Tavisufali orbitalis xarjze.M
magaliTad, aseTi bma gvxvdeba amoniumis ionSi (NH4)

+.

amiakis molekulaSi sami dauwyvilebeli
eleqtronis mqone azotis atomi, wyalbadis
atomebTan amyarebs sam kovalentur bmas. 
amis Semdeg mas rCeba erTi gauziarebeli
eleqtronuli wyvili.
wyalbadis ions (H+) aqvs Tavisufali orbitali. 

azotis atomis gauziarebeli eleqtronuli
wyvili daikavebs wyalbadis atomis Tavisufal
orbitals. warmoiqmneba meoTxe kovalenturi
bma donorul-aqceptoruli meqanizmiT. 
miuxedavad warmoqmnis meqanizmis sxvadasxvaobisa, 
[NH4]

+ionSi oTxive bma erTmaneTis tolfasia, 
anu bmis sigrZe da energia erTnairia.



dipoluri momenti

polarobis raodenobrivi daxasiaTeba xdeba dipoluri

momentis saSualebiT, romelic gamoiTvleba formuliT: 

μ = lq, sadac

l dipolis sigrZea (m),  

xolo q – efeqturi muxti (kuloni).

dipoluri momentis sazomia debai (D).

1D = 3,33 ∙ 10 -3 (kulonmetri).

• kovalentur naerTebSi μ = O-4D,

• ionur naerTebSi μ = 4-11D.

dipoluri momenti veqtoruli sididea.



molekulis polaruloba

• molekulis jamuri dipoluri momentic
veqtoruli sididea. igi warmoadgens
molekulaSi yvela bmisa da gauziarebeli
eleqtronuli wyvilebiT dakavebuli
orbitalebis dipoluri momentebis veqtorul
jams. am jamis sidide damokidebulia
molekulis geometriul aRnagobaze.

• magaliTad, ganvixiloT CO2, romelsac wrfivi
aRnagoba aqvs. miuxedavad imisa, rom C=O bma
Zlier polarulia μ(CO) = 2,7D, dipoluri
momentebis urTierTkompensaciis gamo CO2-is
molekula arapolarulia μ (CO2) = OD.



sxvadasxva molekulaTa polaruloba

saxelwodeba molekuluri

formula

burTulRerovani

modeli

dipoluri momenti

(D)

meTani CH4 0,00

qlormeTili CH3Cl 1,92

diqlormeTili CH2Cl2 1,60

triqlormeTili CHCl3 1,04

tetraqlormeTili CC l4 0,00

wyali H2 O 1,85



kovalenturi bmis mimarTuleba. hibridizaciis Teoria

• hibridizacia ewodeba formiT da energiiT gansxvavebuli 
orbitalebis Serwymas, ris Sedegadac warmoiqmneba 
formiTa da energiiT erTnairi orbitalebis igive 
raodenoba. hibridul orbitals aqvs calmxriv gawelili 
rvianis forma.

• arCeven sp, sp2, sp3da a.S. hibridizaciis tipebs.

s + pxorbitali s + px + pyorbitali                          s + px + py + pz     orbitali

2sp  hibriduli orbitali            3sp  hibriduli orbitali              4sp  hibriduli orbitali

sp hibridizacia                          sp2hibridizacia                             sp3  hibridizacia



boris trifToridi (BF3)

boris (B) atomis eleqtronuli formulaa 1s22s22p1. boris
atoms gare energetikul doneze aqvs 
erTi wyvili da erTi dauwyvilebeli 
eleqtroni. 
agznebul boris atoms sami

dauwyvilebeli eleqtroni uCndeba.
sami (s, px, py) orbitalis Serwymisas 

xorcieldeba  sp2 hibridizacia, ris 
Sedegadac warmoiqmneba sami sp2

hibriduli orbitali. Hhibriduli
orbitalebi ganlagdeba erTmaneTis
mimarT 1200 kuTxiT. samive maTgani
gadaifareba fToris atomis 
p orbitalebiT. boris trifToridis 
molekulas brtyeli samkuTxedis 
(trigonaluri) struqtura aqvs.



gogirdis heqsafToridi (SF6)

• agznebul mdgomareobaSi myof gogirdis atoms gare energetikul 
doneze eqvsi dauwyvilebeli eleqtroni aqvs:

• erTi s, sami p da ori d orbitalis

SerwymiT, sp3d2 hibridizaciis Sedegad, 

warmoiqmneba eqvsi sp3d2 hibriduli

orbitali, romlebic ganlagdeba

oqtaedris wveroebis mimarTulebiT

(centrSi gogirdis atomis birTvia)  

da gadaifareba fToris p orbitalebiT. 

Sedegad gogirdis heqsafTorids

oqtaedruli struqtura aqvs.



Mmolekulis struqturis gamokidebuleba 
centraluri atomis hibridizaciis tipze

molekulis sivrciTi struqtura damokidebulia centraluri atomis

hibriduli orbitalebis raodenobaze, rac, Tavis mxriv, ganapirobebs maT

urTierTganlagebas.  

molekulis

forma

wrfivi brtyeli

trigonaluri tetraedruli

trigonaluri

piramiduli

oqtaedruli

hibridizaciis

tipi sp sp2 sp3 sp3d sp3d2

hibriduli

orbitalebis

raodenoba

2 3 4 5 6

hibriduli

orbitalebis

orientacia



centraluri atomis gauziarebeli eleqtronuli 
wyvilis gavlena molekulis aRnagobaze

meTanis (CH4) molekulaSi naxSirbadis atomis s, px, py, pz

eleqtronuli orbitalebis hibridizaciisas miiReba erTnairi

formis da energiis oTxi sp3 hibriduli orbitali.

hibriduli orbitalebis RerZebi 

mimarTulia tetraedris wveroebisaken. 

oTxive hibriduli orbitali gadaifareba 

wyalbadis sferuli orbitalebiT. meTanis 

struqtura Seesabameba tetraedrs, romelSic 

savalento kuTxe 109,280-is tolia.



amiaki (NH3)

• amiakis (NH3) molekulaSi azotis atomis px, py da pz eleqtronuli orbitalebis

hibridizaciisas miiReba erTnairi formis da energiis 4  sp3  hibriduli orbitali.

• hibriduli orbitalebi mimarTulia tetraedris wveroebisaken. azotis
hibriduli orbitali oTxia, xolo wyalbadis atomi _ mxolod sami. radgan
azotis 4 hibriduli orbitalebidan mxolod 3 gadaifareba wyalbadis 3
sferosebri orbitaliT, amitom amiakis
struqtura Seesabameba ara tetraedrs,
aramed tetraedris nawils, e.i. trigonalur
piramidas. amiakis struqtura gansxvavdeba
wesieri piramiduli struqturisagan HNH

savalento kuTxiT. wesier piramidaSi igi
109,280-is tolia, amiakis SemTxvevaSi
ki – 1070-is toli. savalento kuTxis
Semcireba Tavisufali eleqtronuli
wyvilis gavleniTaa gamowveuli.



wylis (H2O) molekulis struqtura

Jangbadis atoms gare

energetikul doneze aqvs

ori wyvili da ori

dauwyvilebeli eleqtroni.

amiakis SemTxvevis analogiurad, Jangbadis eleqtronuli orbitalebis

sp3 hibridizaciisas miiReba oTxi erTnairi formis da energiis hibriduli

orbitali, romlebic ganlagdeba tetraedris wveroebis mimarTulebiT. ori

hibriduli orbitali gadaifareba

wyalbadis sferuli orbitalebiT, 

xolo gauziarebeli eleqtronuli

wyvilis mqone ori hibriduli orbitali

ganizidavs erTmaneTs da Seamcirebs kuTxes

bmis warmomqmnel atomebs Soris. wylis

molekulaSi wyalbadis da Jangbadis

atomebs Soris kuTxe, nacvlad 1090-isa, 

104,50-is tolia.



4.4. ionuri bma

qimiur bmas, romelic sapirispirod damuxtul ionebs Soris
eleqtrostatikuri mizidulobis ZalebiT myardeba, ionuri bma
ewodeba.
ionuri bmiT erTmaneTs ukavSirdeba mkveTrad gansxvavebuli

eleqtrouaryofiTobebis mqone elementTa atomebi (tipuri liTonisa
da tipuri araliTonis atomebi), romelTa eleqtroaryofiTobebs
Soris sxvaoba 1.7-ze metia.
ganvixiloT ionuri bmis warmoqmna kalciumis qloridis (CaCl2)

magaliTze:

20Ca 1s22s22p63s23p64s2

17Cl 1s2 2s22p63s23p5

Ca2+1s22s22p63s23p6

Cl- 1s22s22p63s23p6

Ca2++ 2Cl- →    CaCl2



kristaluri struqturis damokidebuleba ionTa 
zomebze

ionuri naerTebis kristaluri mesris kvanZebSi ionebia
moTavsebuli. kristaluri mesris formaze did gavlenas
axdens ionTa fardobiTi zomebi. ganvixiloT qimiuri
TvisebebiT Zalian msgavsi ori ionuri naerTi: CsCl da NaCl.
isini gansxvavebuli tipis kristalur mesers warmoqmnis.

r(Cs)=0,235nm, r(Cs+)=0,169nm; r(Na)=0,186nm, r(Na+)=0,098nm

• CsCl-is SemTxvevaSi Cs-is yoveli dadebiTi ioni
garSemortymulia qloris 8 uaryofiTi ioniT da piriqiT;
ceziumisa da qloris koordinaciuli ricxvi 8-is tolia.
• NaCl-is SemTxvevaSi Na+ionebi garSemortymulia
qloris 6 uaryofiTi ioniT da piriqiT; natriumisa da
qloris koordinaciuli ricxvi 6-is tolia.



ionTa koordinaciuli ricxvi damokidebulia ara elementis

eleqtronul konfiguraciaze, aramed ionTa zomebze, saxeldobr,

kationebisa da anionebis radiusTa Tanafardobaze.

Tu ionuri radiusebis Tanafardoba 0,41 – 0,73 zRvrebSia, ionTa

koordinacia oqtaedrulia; 0,73 – 1,37 rigis Tanafardobis dros ki

gvaqvs kuburi koordinacia.

magaliTad, roca Na+ (r(Na+) = 0,098nm)  da Cl- (r(Cl-)=0,181nm)

ionTa radiusebis Tanafardoba aris 0,54,  warmoiqmneba oqtaedruli

koordinaciis kristali, xolo, roca Cs+(r(Cs+)=0,169nm)  da Cl- (r(Cl-) =

0,181nm) -ionTa radiusebis Tanafardoba 0,91-is tolia, maSin 

koordinacia kuburia.



leqcia 5. qimiuri bma

5.1. molekuluri orbitalebis Teoria;

5.2. bmis jeradoba (rigi) molekuluri orbitalebis

Teoriis mixedviT;

5.3. meore periodis elementebis Sesabamisi oratomiani

molekulebi;

5.4. liTonuri bma; 

es sainteresoa; WiSkari RrublebSi;

5.5. wyalbaduri bma;

5.6. wylis Tvisebebi;

es sainteresoa;  ratom adanaSaulebdnen spirtis qarxnis

administracias qurdobaSi?

5.7. molekulaTSorisi urTierTmiziduloba. 



valenturi bmis meTodis dadebiTi da uaryofiTi 
mxareebi

• valenturi bmis meTodi martivia. igi saSualebas gvaZlevs,
visargebloT farTod gavrcelebuli formulebiT;

• es meTodi agznebis cnebis gamoyenebiT xsnis elementTa
cvalebad valentobas tipur naerTebSi;

• martivi da jeradi bmebis saSualebiT xsnis najeri da
ujeri naerTebis warmoqmnas da Tvisebebs;

• hibridizaciis Teoriis safuZvelze SesaZlebelia
vivaraudoT molekulaTa sivrciTi aRnagoba da savalento
kuTxeebi.
miuxedavad zemoaRniSnulisa, valenturi bmis meTodiT

ver xerxdeba liTonuri bmis bunebis da liTonTa Tvisebebis,
agreTve dauwyvilebeli eleqtronis ar arsebobis SemTxvevaSi
molekulis magnituri Tvisebebis axsna.

am sakiTxvebis garkveva SesaZlebelia molekuluri
orbitalebis Teoriis safuZvelze.



5.1. molekuluri orbitalebis Teoria

• molekuluri orbitalebis Teoriis Tanaxmad, molekula 

ganixileba rogorc erTiani sistema, sadac TiToeuli 

eleqtroni moZraobs molekulaSi yvela danarCeni 

eleqtronisa da atombirTvebis velSi. 

• molekula warmodgenilia molekuluri orbitalebiT.

• molekulur orbitalebze eleqtronebis ganawileba

xdeba umciresi energiis, paulis principisa da hundis

wesis gaTvaliswinebiT.

• qimiur bmaSi monawileobs atomis yvela eleqtroni.



SemakavSirebeli da gamTiSavi orbitalebi

• atomuri orbitalebis formasTan SedarebiT molekuluri
orbitalebis forma bevrad ufro rTulia. molekuluri
orbitalebis Teoriis mixedviT, molekulis warmoqmnisas
masSi Semavali atomebis eleqtronebi nawildeba e.w.
SemakavSirebel da gamTiSav molekulur orbitalebze.

• SemakavSirebelia molekuluri orbitali, romlis energia
mcirea sawyisi atomuri orbitalebis energiasTan
SedarebiT. SemakavSirebel orbitalze moTavsebul
eleqtrons SemakavSirebeli eleqtroni ewodeba.

• gamTiSavia molekuluri orbitali, romlis energia metia
sawyisi atomuri orbitalebis energiaze. gamTiSav
orbitalze moTavsebul eleqtrons gamTiSavi eleqtroni
ewodeba. paulis principis Tanaxmad rogorc atomur, ise
molekulur orbitalze SeiZleba moTavsdes mxolod or-
ori eleqtroni.



wyalbadis molekulis warmoqmna

ganvixiloT wyalbadis molekulis warmoqmna molekuluri

orbitalebis Teoriis safuZvelze: Tu wyalbadis ori atomis

eleqtronebs aqvs antiparaleluri spinebi, maSin isini daikaveben

SemakavSirebel molekulur orbitals da am atomebs Soris

warmoiqmneba qimiuri bma. Tu ori wyalbadatomis eleqtronebs aqvs

paraleluri spinebi, maSin isini ganTavsdeba gamTiSav molekulur

orbitalze da molekula ar warmoiqmneba.

wyalbadis molekulaSi arsebul qimiur bmas erTnairad kargad

xsnis rogorc valenturi bmebis meTodi,  ise molekuluri

orbitalebis Teoria. 



5.2. bmis jeradoba (rigi) molekuluri orbitalebis Teoriis mixedviT

qimiuri bmis jeradobis (n) gamoTvlisas eleqtronebis
jams SemakavSirebel orbitalebze akldeba gamTiSav
orbitalebze myofi eleqtronebis jami da sxvaoba iyofa
orze. 

valenturi bmebis meTodis Tanaxmad, qimiuri bmis
warmoqmna xdeba saziaro eleqtronuli wyvilebis
saSualebiT. 

molekuluri orbitalebis meTodis mixedviT,
aucilebeli ar aris,  bmebs warmoqmnides mxolod
gawyvilebuli eleqtronebi, amitom dasaSvebia bmis rigis
wiladi mniSvnelobebic.Y
wyalbadis molekulis SemTxvevaSi bmis jeradoba

ase gamoiTvleba:
n = 2 – 0 / 2 = 1

e.i. wyalbadis molekulaSi wyalbadis atomebs Soris
martivi erTmagi bmaa.



heliumis oratomiani molekulis warmoqmna

valenturi bmebis meTodis Tanaxmad, heliumis atomebi ar
warmoqmnis oratomian molkulas, radgan ar gaaCnia
dauwyvilebeli eleqtronebi. heliumis oratomiani molekulis
ar arseboba SesaniSnavad ixsneba molekuluri orbitalebis
TeoriiTac.

heliumis atomTa oTxi eleqtronidan ori moTavsdeba
SemakavSirebel da ori _ gamTiSav orbitalze. B

bmis jeradoba nulis tolia:  n = 2 - 2/2 = 0. 

heliumis oratomiani molekulis warmoqmna SeuZlebelia.

heliumis molekuluri orbitalebis energetikuli diagrama.



5.3. meore periodis elementTa Sesabamisi

oratomiani molekulebi

meore periodis elementebis Sesabamisi martivi nivTierebebis

oratomiani molekulebis warmoqmna xdeba 1s, 2s, 2px, 2py, 2pz

orbitalebis xarjze. s da px atomuri orbitalebis gadafarviT

miRebul molekulur orbitalebs aRniSnaven σ simboloTi, xolo py

da pz atomuri orbitalebis gadafarviT miRebul molekulur

orbitalebs _ π simboloTi.

pirvel energetikul doneze erTi atomis 1s orbitali

gadaifareba meore atomis 1s orbitaliT da warmoiqmneba ori

molekuluri orbitali: σSem.
1s da σgamT.

1s (xSirad gamTiSav molekulur

orbitalebs varskvlaviT aRniSnaven _ σ*
1s) .

meore energetikul doneze erTi atomis 2s orbitali gadaifareba

meore atomis 2s orbitaliT. warmoiqmneba ori molekuluri

orbitali: σSem.
2s da σ*

2s . 2p orbitalebis gadafarviT warmoiqmneba

eqvsi molekuluri orbitali: σsσ
*
s, πy π*

y, πz π*
z . e. i. eqvsi sawyisi

2p orbitali warmoqmnis eqvs molekulur orbitals, romelTagan

sami SemakavSirebelia da sami _ gamTiSavi.



Jangbadis molekulis warmoqmna

molekuluri orbitalebis Sevsebisas Jangbadis ori atomis 8-8,

e.i. sul 16 eleqtroni unda ganawildes SemakavSirebel da gamTiSav

orbitalebze energiis zrdis mixedviT, hundis wesisa da paulis

principis gaTvaliswinebiT.

pirveli energetikuli donis s-eleqtronebis atomuri orbitalebi

warmoqmnis σsda σ*
s molekulur orbitalebs, romlebzedac

ganTavsdeba oTxi eleqtroni: (σs1s)2, (σ*
s1s)2. molekuluri orbitalebis

aseTi Sevseba aRiniSneba K asoTi.

meore energetikuli donis s eleqtronebis atomuri orbitalebi

warmoqmnis σs2sda σ*
s 2s molekulur orbitalebs, romlebzedac

ganTavsdeba isev oTxi eleqtroni: (σs2s)2, (σ*
s 2s)2.



Jangbadis atomis energetikuli diagrama



• Jangbadis molekulis eleqtronuli diagrama ase
Caiwereba:

O[1s22s22p4] + O[1s22s22p4] →

O2[ (σs 1s)2(σ*
s 1s)2(σs 2s)2 (σ*

s 2s)2 (πy2py)
2(πz 2pz(σ2px)

2 (πy
*2py)

1(πz
*2pz)

1 ]

an

O2 [ KK (σs 2s) 2 (σ*
s 2s)2 (πy2py)

2 (πz 2pz)
2 (σs2px)

2 (πy
*2py)

1(πz
*2pz)

1 ]

• xuT SemakavSirebel orbitalze 10 eleqtronia, sam
gamTiSav orbitalze – 6, e.i. bmis jeradoba n = (10 - 6)/2 = 2.

• Jangbadis molekulaSi atomebs Soris ormagi bmaa. ori
dauwyvilebeli eleqtronis arsebobiT ixsneba Jangbadis
molekulis paramagnituri Tvisebebi, rac ver aixsneba
valenturi bmis meTodiT.



5.4. liTonuri bma

liTonebi da araliTonebi periodul sistemaSi



delokalizebul eleqtronebsa da liTonis dadebiT ionebs
Soris damyarebul bmas liTonuri bma ewodeba.

liTonebs gare savalento
eleqtronebi bevrad ufro
sustad aqvs SekavSirebuli,
vidre araliTonebs. amis gamo
liTonebSi eleqtronebi
advilad wyvets kavSirs
calkeul atomebTan,
erTiandeba da warmoqmnis e.w.
`eleqtronul airs~
(delokalizebuli
eleqtronebi). e.i. liToni
SeiZleba warmovidginoT,
rogorc dadebiTi ionebi,
romlebsac erTmaneTTan
delokalizebuli eleqtronebi
akavSirebs.



liTonTa Tvisebebi

• liTonebi, ZiriTadad, myari nivTierebebia (gamonaklisia
vercxliswyali, romelic oTaxis temperaturazec
Txevadia);

• liTonebs axasiaTebs liTonuri bzinvareba, plastikuroba
(Wedadoba, glinva) da sxva Tvisebebi.

• liTonebi kargad atarebs siTbos da eleqtrobas;

• zodagad, liTonebs aqvs maRali lRobis temperatura;



liTonebis formis Secvla Zalis zemoqmedebiT 

liTonuri bmis warmoqmnaSi monawileobs yvela savalento

eleqtroni, romlebic mocemul liTonSia; amasTan warmoqmnil

eleqtronTa erToblioba Tanabrad ekuTvnis sxeulis yvela

atoms.

Zalis gamoyenebiT liTonebSi SesaZlebelia eleqtronTa

urTierTgadaadgileba maT Soris kavSiris (bmis) gawyvetis

gareSe. amitom liTonebi gamoirCeva maRali plastikurobiT da

WedadobiT.



Ees sainteresoa
WiSkari RrublebSi

liTonebs axasiaTebs liTonuri bzinvareba.  liTonis zedapirze moxvedrili

sinaTlis sxivi airekleba delokalizebuli eleqtronebis mier, rac

ganapirobebs liTonur bzinvarebas. sailustraciod moviyvanoT 2006 wels

q. Cikagos mileniumis parkSi dadgmuli 100 toniani liTonis struqtura,

romelsac ewodeba WiSkari RrublebSi. Mmisi sarkisebri zedapiriT airekleba

ca, qvafenili, Senobebi da sxv. es adgili erT-erTi yvelaze sayvareli adgili

gaxda turistebisaTvis.



lRobis temperatura

• jgufebSi zevidan qveviT atomuri radiusis
gazrdasTan erTad liTonebis lRobis temperatura
mcirdeba.

• periodebSi bolo energetikul doneze eleqtronebis
ricxvis momatebasTan erTad liTonebSi izrdeba
lRobis temperatura.

• gardamaval liTonebs aqvs maRali lRobis
temperatura.

• IIb jgufis elementebs dasrulebuli aqvs d orbitali, 
rac xels uSlis liTonuri bmis warmoqmnas. 
vercxliswyali (Hg) Txevadia oTaxis temperaturaze. 
misi lRobis temperatura -390C-ia.



liTonTa lRobis temperaturebi, 0C

tute
liTonebi

tute
miwaTa
liTo
nebi

gardamavali liTonebi
III

jgufi

Li

180.7

Be
1278

Na
98

Mg
650

Al
660

K
63.35

Ca
839

Sc
1539

Ti
1660

V
1902

Cr
1857

Mn
1246

Fe
1535

Co
1495

Ni
1453

Cu
1085

Zn
419.7

Ga
30

Rb
39.64

Sr
769

Y
1526

Zr
1852

Nb
2468

Mo
2617

Tc
2200

Ru
2250

Rh
1966

Pd
1552

Ag
961

Cd
321

In
157



5.5. wyalbaduri bma

wyalbaduri ewodeba bmas, romelicAmyardeba eleqtrouaryofiT

atomTan kovalenturad dakavSirebul wyalbadsa da uaryofiTad

polarizebul elementis atoms Soris.

naerTebSi nawilobriv dadebiTad damuxtul wyalbadis atoms

(protons) aqvs Zalian mcire zoma da unari, rom miaxloebisas

daamyaros damatebiTi bma uaryofiTad damuxtul atomebTan.

aRniSnuli bma warmoiqmneba wyalbadis protonisa (aqceptori)

da Zlier eleqtrouaryofiTi elementis gauziarebeli

eleqtronuli wyvilis (donoris)xarjze, donorul-aqceptoruli

meqanizmiT.

wyalbaduri bma SeiZleba ganxorcieldes rogorc molekulebs

lebs Soris, aseve molekulis SigniTac.

wyalbaduri bmis energia mcirea (18 _ 30 kj/moli). am bmas

axasiaTebs mimarTuleba da najeroba.



wylis molekula

• wylis molekulaSi 
wyalbadis atomebi 
Jangbadis atomTan 
dakavSirebulia 
polarul-kovalenturi 
bmiT.

• wyalbadis atoms aqvs 
nawilobriv dadebiTi 
muxti da Tavisufali 
orbitali.

• Jangbadis atoms _  
nawilobriv uaryofiTi 
muxti da ori 
gauziarebeli 
eleqtronuli wyvili.



wyalbaduri bma wylis or molekulas Soris

• wylis sxvadasxva molekulis sawinaaRmdegod damuxtuli
(wyalbadisa da Jangbadis) atomebi miizidavs erTmaneTs
eleqtrostatikuri ZalebiT.

• Jangbadis atomis gauziarebeli eleqtronuli wyvili
ikavebs wyalbadis atomis Tavisufal orbitals.
warmoiqmneba bma donorul-aqceptoruli meqanizmiT.



• wylis molekulaSi Jangbadis 
atomi ori dauwyvilebeli 
eleqtronis dawyvilebiT 
wyalbadis atomebTan warmoqmnis 
or kovalentur bmas.

• ori wyvili eleqtroniT 
Jangbadis atoms kidev SeuZlia 
ori bmis damyareba donorul-
aqceptoruli meqanizmiT. 

• wylis molekulas SeuZlia 
oTxi wyalbaduri bmis 
damyareba.



Yyinulis struqtura

wylis TiToeuli molekula warmoqmnis oTx wyalbadur

bmas, romlebic ganlagdeba tetraedrulad. aseTi struqtura

aqvs yinuls.

swored yinulis struqturul erTeulebs Soris Tavisufali

sivrceebi ganapirobebs yinulis dabal simkvrives wyalTan

SedarebiT.

http://www.its.caltech.edu/~atomic/snowcrystals/primer/icelattice2.jpg
http://www.its.caltech.edu/~atomic/snowcrystals/primer/icelattice2.jpg


5.6. wylis Tvisebebi

wyals aqvs araordinaluri Tvisebebi,  rac ganpirobebulia misi
molekulis polarulobiT da molekulebs Soris wyalbaduri
bmebis arsebobiT. Mmas axasiaTebs:

• maRali siTbotevadoba;

• maRali duRilis temperatura;

• didi zedapiruli daWimuloba;

• polaruli nivTierebebis kargi gaxsnis unari;

• gayinvisas gafarToeba;

• myar mdgomareobaSi ufro dabali simkvrive,

vidre Txevad mdgomareobaSi;

• kohezia (nivTierebis molekulebi erTmaneTs ufro izidavs, 

vidre Semxeb nivTierebas) da adhezia (siTxis molekulebis
mizidva Semxeb nivTierebasTan ufro metia, vidre mizidva siTxis
molekulebs Soris).



Gratom farTovdeba wyali gacivebisas?

naerTebis umravlesoba gacivebisas

ikumSeba. gamonaklisia wyali.

gacivebisas wyali farTovdeba da

misi simkvrive ufro naklebia

Txevad mdgomareobasTan SedarebiT. 

rodesac yinulis kristaluri

meseri warmoiqmneba,  wylis

TiToeuli molekula 4  wyalbadur

bmas warmoqmnis,  ris gamoc Txevad

mdgomareobasTan SedarebiT wylis

molekulebi erTmaneTs Sordeba da

maT Soris rCeba sicariele. 

yinulis erTeuli moculobis masa

(simkvrive) naklebia imave moculobis

wylis masaze.

wyali da yinuli



wyals aqvs maRali siTbotevadoba da
zedapiruli daWimuloba

• siTbotevadoba aris siTbos 
raodenoba, romelic saWiroa 1g 
nivTierebis 10C-iT gasaTbobad. 
wylis siTbotevadoba 1 kal/g0C-

is tolia.

• wylis wveTis SigniT molekulebi 
erTmaneTs izidavs yvela 
mimarTulebiT, ris gamoc wveTs 
sferos forma aqvs. 

• wylis maRali zedapiruli 
daWimulobis gamo mwerebi da 
reptiliebi srialeben mis 
zedapirze.



ratom aqvs wyals maRali duRilis temperatura?

SevadaroT VIa jgufis elementebis wyalbadnaerTebis duRilis

temperaturebi. H2S -is, H2Se-is da H2Te-is duRilis temperatura izrdeba

molekuluri masis zrdis Sesabamisad.

wylis molekulas (H2O) yvelaze dabali molekuluri masa aqvs, magram

misi duRilis temperatura bevrad ufro maRalia mocemuli naerTebis

duRilis temperaturebTan SedarebiT.

molekulebs,  romlebsac axasiaTebs wyalbaduri bma aqvs maRali duRilis

temperatura.



wyalbaduri bma ganapirobebs zogierT organul naerTSi
asociatebis _ dimerebisa da sxvaTa warmoqmnas da maT
Txevad mdgomareobas. 

wyalbaduri bmebis arsebobiT aixsneba is faqti, rom
halogenwyalbadebis rigSi:…HF, HCl, HBr, HI mxolod
fTorwyalbadia Txevadi.

. . . HF . . . HF . . . HF . . . HF . . . 

• wyalbaduri bma did rols asrulebs organul qimiaSi
cilebis da polimerebis struqturis CamoyalibebaSi,  aseve
biologiur procesebSi. 
• wyalbaduri bmis damyarebiT aixsneba agreTve is faqti,
rom wylis da spirtis garkveuli narevis moculoba
sawyisi moculobebis jamze naklebia.



es sainteresoa
ratom adanaSaulebdnen spirtis qarxnis

administracias qurdobaSi?

XIX saukunis bolos ruseTSi saintereso SemTxveva moxda.
erT-erTi spirtis qarxnis administracias adanaSaulebdnen
qurdobaSi. maT ver SeZles pasuxi gaecaT kiTxvaze, Tu ratom
miiRes spirti TeoriulTan SedarebiT naklebi raodenobiT.
mxsnelis rolSi moevlina didi rusi mecnieri _ mendeleevi,
romelmac mecnierulad axsna es movlena. misi azriT, moxda
xsnaris SekumSva (kontraqcia).

magaliTad, 100 ml spirtis da 100 ml wylis SereviT
miRebuli narevis moculoba 190 ml-is tolia.
wylisa da spirtis molekulebSi arsebobs wyalbaduri

bmebi. am ori xsnaris Serevisas wylisa da spirtis
molekulebs Sorisac warmoiqmneba wyalbaduri bma, rac
xsnaris SekumSvas iwvevs.



5.7. molekulaTSorisi urTierTmiziduloba

urTierTmiziduloba SeiZleba arsebobdes ara marto atomebs,
aramed molekulebs Sorisac.  
molekulaTSorisi miziduloba, romelTa warmoqmna ar aris

dakavSirebuli eleqtronebis dawyvilebasTan, van-der-vaalsis
Zalebis saxels atarebs. aseTi urTierTmizidvis Zala
damokidebulia molekulebis or Tvisebaze _ polarulobasa
da polarizebadobaze. rac metia molekulis polaruloba da
polarizebadobis unari, miT ufro Zlieria van-der-vaalsuri
urTierTqmedeba molekulebs Soris.

mizidulobis aseTi Zalebi yovelTvis eleqtrostatikuri
xasiaTisaa da maTi gamovlinebis sami saxe arsebobs:
orientaciuli,  anu dipol-dipoluri,  inducirebuli anu
dispersiuli.



orientaciuli, anu dipol-dipoluri
urTierTqmedeba

orientaciuli urTierTqmedeba aRiZvreba polarul molekulebs

Soris. Tu polaruli molekulebi (dipolebi) orientirebulia

erTmaneTis mimarT sawinaaRmdegod damuxtuli polusebiT, maT

Soris aRiZvreba mizidulobis Zalebi. rac metia molekulis

polaruloba,  miT ufro Zlieria maTi urTierTmiziduloba.



inducirebuli urTierTqmedeba 

molekulebis inducirebuli urTierTqmedeba xorcieldeba

maTi inducirebuli dipolebis xarjze.

inducirebuli urTierTqmedeba SeiniSneba polarul da

arapolarul molekulebs Soris. polaruli molekulis

moqmedebiT arapolaruli molekula deformirdeba da

dipolad gardaiqmneba.

dipolebs Soris aRiZvreba orientaciuli urTierTqmedeba,

romelic, Tavis mxriv, moaxdens mezobeli molekulis

dainducirebas da a.S.



dispersiuli urTierTqmedeba

dispersiuli urTierTqmedeba SeiniSneba arapolarul

molekulebs Soris.

eleqtronebis ganuwyveteli moZraobis gamo molekulaSi

SesaZlebelia moxdes eleqtronuli simkvrivis araTanabari

gadanawileba, eleqtronuli Rrublis deformacia, rac

iwvevs myisieri mikrodipolebis gaCenas.

myisier dipolebs Soris SeiniSneba urTierTmiziduloba.

swored aseTi tipis urTierTqmedebas ewodeba dispersiuli

urTierTqmedeba.



molekulaTa urTierTqmedeba da nivTierebaTa 
Tvisebebi

qimiur bmasTan SedarebiT, van-der-vaalsuri urTierTqmedeba
Zalian sustia. misi energia daaxloebiT 2_4 kj/moli-s tolia.

naerTebs, romlebic erTmaneTTan van-der-vaalsuri ZalebiT aris
dakavSirebuli, aqvs dabali lRobis da duRilis temperatura.

am mizeziT arapolaruli molekulebi oTaxis temperaturaze,
ZiriTadad, airebia.

magaliTad, O2, Cl2, CH4.

molekuluri masis zrdasTan erTad van-der-vaalsuri
urTierTqmedeba Zlierdeba da Sesabamisad izrdeba nivTierebaTa
duRilis temperatura. 

erTnairi masis molekulebis SemTxvevaSi, rac metia molekulis
polaruloba, miT metia misi duRilis temperatura.



leqcia 6.  koordinaciuri naerTebi

6.1. verneris Teoriis ZiriTadi debulebebi;

6.2. donorul-aqceptoruli bma;

6.3. koordinaciuli (kompleqsuri) naerTebi; 

6.4. kationuri, anionuri da neitraluri kompleqsebi;

6.5. kompleqsnaerTTa izomeria;

6.6. komplesnaerTTa klasifikacia (ligandebis mixedviT);

es sainteresoa; saRebavi magniumis bazaze;

6.7. kompleqsuri naerTebis gamoyeneba;

es sainteresoa; ra msgavseba da gansxvavebaa hemoglobinsa
da qlorofils Soris?



6.1. verneris Teoriis ZiriTadi debulebebi

koordinaciuli naerTebis Teoriis fuZemdebelia Sveicarieli

mecnieri alfred verneri.

verneris Teoriis Tanaxmad (1893 w.), elementebis didi raodenoba

amJRavnebs mTavar da Tanaur valentobas.

mTavari valentoba (aRiniSneba mTliani xaziT) vernerma uwoda

qimiur bmaTa ricxvs, romliTac erTmaneTs ukavSirdeba calkeuli

atomebi da radikalebi, rac iwvevs pirveli rigis naerTebis

warmoqmnas. magaliTad, NiCl2, CuCl2, NH3, CO da a.S.

Tanauri valentobiT (aRiniSneba wyvetili xazebiT) erTmaneTs

ukavSirdeba amiakisa da mJavebis, amiakisa da marilebis, sxvadasxva

marilis da a.S. molekulebi. verneris azriT, Tanauri valentobis

safuZvelze miiReba umaRlesi rigis naerTebi, romelTa magaliTebia:

liTonTa amiakatebi, kristalhidratebi, ormagi marilebi; kerZod,

CuSO4. 5 H2O, KA l(SO4)2 .

atomis aRnagobis Teoriidan Ggamomdinare, mTavar valentobas

xsnian bmis ionuri an kovalenturi bunebiT, Tanaur valentobas

ki – kovalenturi bmis donorul-aqceptoruli meqanizmiT.



6.2. donorul-aqceptoruli bma

donorul-aqceptoruli bma ewodeba kovalentur bmas,  romelic

myardeba erTi atomis gauziarebeli eleqtronuli wyvilisa da meore

atomis Tavisufali orbitalis xarjze.M

magaliTad, aseTi bma gvxvdeba amoniumis ionSi (NH4)
+.

amiakis molekulaSi sami dauwyvilebeli

eleqtronis mqone azotis atomi, wyalbadis

atomebTan amyarebs sam kovalentur bmas. 

amis Semdeg mas rCeba erTi gauziarebeli

eleqtronuli wyvili.

wyalbadis ions (H+) aqvs Tavisufali orbitali. 

azotis atomis gauziarebeli eleqtronuli

wyvili daikavebs wyalbadis atomis Tavisufal

orbitals. warmoiqmneba meoTxe kovalenturi

bma donorul-aqceptoruli meqanizmiT. 

miuxedavad warmoqmnis meqanizmis sxvadasxvaobisa, 

[NH4]
+ionSi oTxive bma erTmaneTis tolfasia, 

anu bmis sigrZe da energia erTnairia.



Sabiamani _ CuSO 4• 5H2O

ganvixiloT spilenZis kompleqsuri ionis warmoqmna wylis
molekulebTan.
Jangbadis atomis (donori) eleqtronuli wyvilebi daikavebs

spilenZis ionis (aqceptori) Tavisufal orbitalebs.
kristalhidratis formula unda daiweros Semdegnairad:
[Cu(H2O)4]SO 4•H2O, magram tradiciulad spilenZis sulfatis
kristalhidratis formulas ase gamosaxaven CuSO 4• 5H2O.

[Cu(H2O)4]

.



6.3. koordinaciuli (kompleqsuri) naerTebi

koordinaciuli (kompleqsuri) naerTebi iseTi naerTebia, romelTa

molekulebi Seicavs Tundac erT bmas donorul-aqceptoruli meqanizmiT.

koordinaciul naerTebSi centraluri adgili ukavia kompleqswarmomqmnel

elements, romelic ufro xSirad liTonia.

kompleqswarmomqmnelis irgvliv koordinirebul anionebs an neitralur

molekulebs ligandebi ewodeba.

ricxvs, romelic gviCvenebs, Tu ramdeni ligandia koordinirebuli

kompleqswarmomqmnelis irgvliv, koordinaciuli ricxvi ewodeba.

kompleqswarmomqmneli elementi da ligandebi erTad warmoqmnian Siga

sakoordinacio sferos (iwereba kvadratul frCxilebSi).

ionebi, romlebic ar Sedis Siga sakoordinacio sferoSi, warmoqmnis gare

sakoordinacio sferos (iwereba kvadratuli frCxilis gareT).

magaliTad,  [Cu (NH3)4 (H2O)2]
2+ Cl2 , sadac

Cu kompleqswarmomqmnelia,

NH3 da H2O ligandebia,  

Cl_gare sakoordinacio sferoSia,

[Cu (NH3)4 (H2O)2]
2+_kompleqsuri ioni Siga sakoordinacio sferoSia.



Kkoordinaciuli ricxvi da kompleqsis geometria

Kkoordinaciuli
ricxvi

Ggeometria magaliTi

2 wrfivi [Ag (NH3)2]
+

4 tetraedri [Cu Cl4]
2+

6 oqtaedri [Co (H2O)6]
2+



ligandTa klasifikacia

ligandTa klasifikacia xdeba centralur liTonTan

damyarebuli qimiur bmaTa ricxvis mixedviT (dentatoba).

donorul atomTa ricxvi
(bmaTa ricxvi)

ligandis dentatoba

1 monodentaturi

2 bidentaturi

3 tridentaturi

4 tetradentaturi

2 an meti donoruli atomi polidentaturi



Mmonodentaturi ligandebi

monodentatur ligandebs miekuTvneba:

H2O, CN- , NH3 , NO2
- , SCN- , OH- , CO,  O2 , X- (Cl- , Br- , I-) 

magaliTad.    [Co(NH3)6]
3+



bidentaturi ligandebi

Bbidentaturi ligandi kompleqswarmomqmnel liTons

ukavSirdeba ori atomiT. 

• oqsalat ioni – C2 H4
2-

magaliTad,  Fe(C2 H4)3
2-

• eTilendiamini – NH2 CH2CH2NH2

Co(En)2(H2O)4



xelaturi kompleqsebi

polidentaturi ligandebi xSirad warmoqmnis xelatebs.

magaliTad, porfirini aris kompleqsi, romelic warmoadgens

biologiurad aqtiuri naerTebis (hemoglobini, qlorofili)

safuZvels. 

porfirinis struqtura



K6.4. kationuri,  anionuri da neitraluri 

kompleqsuri naerTebi

kationuri kompleqsebi
kationuria kompleqsi,  romlis Siga sakoordinacio sfero dadebiTad

aris damuxtuli. aseT kompleqsebSi kompleqswarmomqmnelTan
dakavSirebulia neitraluri molekulebi an anionebis nawili Siga
sakoordinacio sferoSia moTavsebuli.

kationuri kompleqsebis dasaxelebisas jer saxeldeba kationi
(frCxilebSi miuTiTeben liTonis Jangvis xarisxs), Semdeg ligandi, bolos
ki uaryofiTi ioni. ligandebs raodenobis mixedviT emateba winsarTi
`di~, `tri~, `tetra~ da a.S.
magaliTad,  

[Cu (NH3)4] 
2+SO4

2- _ tetraaminspilenZ (II)–is sulfati.
[Al(H2O)6]

3+Cl3_ heqsaakvaaluminis qloridi.

Tu ligandTa raodenoba ver avsebs sakoordinacio ricxvs, maSin anionis
nawili moxvdeba Siga sakoordinacio sferoSi. aseT Sereul ligandebian
kationur kompleqsebSi kationis Semdeg asaxeleben anionur,Semdeg ki
neitralur ligandebs, bolos ki _anions.
magaliTad,  

[Co (NH3)5 Cl]2+Cl2 
-_ qloropentaaminkobalt (III)-is qloridi.

[Co (NH3)4Cl2]
2+Cl -_ diqlorotetraaminkobalt (III)-isqloridi.



neitraluri kompleqsebi

neitraluria kompleqsebi, rodesac kompleqswarmoqmnelis

irgvliv koordinirebulia rogorc uaryofiTi, ise neitraluri

ligandebi.

neitralur kompleqsebs asaxeleben Semdegnairad: jer

daasaxeleben anionebs (ricxvis miTiTebiT), Semdeg neitralur

ligands da bolos kompleqswarmomqmnel kations.

magaliTad, 

[PtCl2(NH3)2] _ diqlordiaminplatina.

[Co(NO3)3(NH3)3]  _ trinitrotriaminkobalti.



anionuri kompleqsebi

anionuri kompleqsebis Siga sakoordinacio sferoSi
kompleqswarmomqmnelTan dakavSirebulia uaryofiTad
damuxtuli ligandebi: CN-, OH-, NCS- da sxv., xolo gare
sferoSi liTonis an amoniumis (NH4)

+ kationi gvxvdeba.
anionuri kompleqsebis saxelwodeba gare sakoordinacio

sferoSi myofi kationiT iwyeba, Semdeg asaxeleben ligands,

bolos ki kompleqswarmomqmnel liTons valentobis
miTiTebiT.
magaliTad,

K3[Fe(CN)6]
3- _ kaliumis heqsacianoferati (III),   

sisxlis wiTeli marili.
K4[Fe(CN)6]

4- _ kaliumis heqsacianoferiti (II),   
sisxlis yviTeli marili.



6.5. kompleqsnaerTTa izomeria

arsebobs kompleqsnaerTTa izomeriis
sxvadasxva saxe:

• bmebis izomeria,

• stereoizomeria, 

• hidratuli izomeria, 

• optikuri izomeria,

• ionizaciuri izomeria da sxv.



Bbmebis izomeria

bmebis izomeriis dros ligandsa da liTons Soris bma erT

SemTxvevaSi xorcieldeba imave ligandis erTi atomiT, xolo

meore SemTxvevaSi _ meore atomiT, Tu ligands aqvs koordinaciis

unaris mqone sxvadasxva atomi.

[(NH3)5 Co-NO2]Cl2 [(NH3)5 Co-ONO]Cl2



stereoizomeria

kompleqsnaerTebis stereoizomerias (cis-trans izomeria) 
ganapirobebs ligandebis urTierTganlageba Siga sakoordi-
nacio sferoSi. 
Tu ligandebi moTavsebulia centraluri atomis erT mxares,

gvaqvs cis-izomeria, Tu sxvadasxva (sapirispiro) mxares_trans-
izomeria.

cis-[CoCl2(NH3)4]
+  

narinjisferi trans-[CoCl2(NH3)4]
+ 
yviTeli

cis-diqlortetraaminkobalti (III)       trans-diqlortetraaminkobalti (III)

http://en.wikipedia.org/wiki/File:Cis-dichlorotetraamminecobalt(III).png
http://en.wikipedia.org/wiki/File:Cis-dichlorotetraamminecobalt(III).png
http://en.wikipedia.org/wiki/File:Trans-dichlorotetraamminecobalt(III).png
http://en.wikipedia.org/wiki/File:Trans-dichlorotetraamminecobalt(III).png


ionizaciuri izomeria

ionizaciuri izomeriis dros erTnairi Sedgenilobis

naerTebs Siga da gare sakoordinacio sferoSi sxvadasxva

ionebi aqvs.

[Co(NH)5Cl]Br da [Co(NH)5Br] Cl

gare sferoSi sxvadasxva ionis arsebobaSi SeiZleba

davrwmundeT am ionebis aRmomCeni reaqciebis CatarebiT: 

[Co(NH)5Cl]Br +AgNO3 → [Co(NH)5Cl]NO3 + AgBr 

[Co(NH)5Br]Cl +AgNO3 → [Co(NH)5Br]NO3 + AgCl 



optikuri izomeria

optikuri izomeriis dros erTi izomeri warmoadgens

meoris sarkisebr gamosaxulebas.

ganvixiloT optikuri izomerebi, sadac kompleqswarmomq-

mnelia kobalt (III), xolo ligandebia eTilendiamini da

qlorid-ioni.

marcxena (l)-cis-[CoCl2(en)2]
+ marjvena (d)-cis-[CoCl2(en)2]

+

http://en.wikipedia.org/wiki/File:Delta-cis-dichlorobis(ethylenediamine)cobalt(III).png
http://en.wikipedia.org/wiki/File:Delta-cis-dichlorobis(ethylenediamine)cobalt(III).png
http://en.wikipedia.org/wiki/File:Lambda-cis-dichlorobis(ethylenediamine)cobalt(III).png
http://en.wikipedia.org/wiki/File:Lambda-cis-dichlorobis(ethylenediamine)cobalt(III).png


hidratuli izomeria

hidratuli izomeria ganpirobebulia wylis

molekulebis ganawilebiT Siga da gare sakoor-

dinacio sferoSi.

magaliTad,  qromis qloridisaTvis CrCl3 • 6H2O  

cnobilia sami izomeri:

[Cr(H2O)6]Cl3 – iisferi,

[Cr(H2O)5 Cl]Cl2•H2O – mocisfro-mwvane ,  

[Cr(H2O)4Cl2]Cl•2H2O – mwvane.



6.6. kompleqsnaerTTa klasifikacia

(ligandebis mixedviT)
akvakompleqsebi koordinaciuli naerTebia, romlebic ligandis

saxiT Seicavs wyals. magaliTad, [Cr(H2O)6]Cl3 , [Ni(H2O)6]SO4 .

acidokmpleqsebi koordinaciuli naerTebia, romlebSic ligandebi

mJavuri naSTebia. magaliTad,

H2[PtCl6], H2[Np(NO3)6]

amiakatebi da aminebi koordinaciuli naerTebia, romlebSic

ligandebad gvevlineba amiakis molekulebi da aminebi. magaliTad,

[Ag(NH3)2]NO3, [Co(NH3)6]Cl3

polihalogenidebi ewodeba kompleqsur naerTebs, romelTa zogadi

formulaa M[hal(hal2)]x. am naerTebSi kompleqswarmomqmnelic

da ligandebic halogenia. polihalogenidebi SeiZleba iyos rogorc

homogenuri K[I(I2)], ise heterogenuli K[I(Cl2)].

cikluri ewodeba kompleqsur naerTebs, romelTa

Siga sfero cikluri agebulebisaa.

magaliTad, mocemul kompleqsSi liTonis ioni

azotis da Jangbadis atomebTan sibrtyes warmoqmnis.



6.7. kompleqsuri naerTebis gamoyeneba

kompleqsuri naerTebi warmatebiT gamoiyeneba mecnierebaSi, teqnikasa
da yofa-cxovrebaSi. kerZod, analizur qimiaSi, medicinaSi da sxv.

magaliTad, vitamini B12 – C63H88CoN14O14P – aucilebelia tvinisa da
nervuli ujredebisaTvis, cis-platina [PtCl2(NH3)2] saukeTeso saSualebaa
simsivnuri ujredebis dasaTrgunad, kompleqsuri naerTebi gamoiyeneba
fotografiaSi gamosaxulebis fiqsaciisaTvis;Aaseve kompleqsuri
naerTebi gamoiyeneba saRebrebis dasamzadeblad; katalizatorad da sxv.

[PtCl2(NH3)2] _ cis-platina [Fe(CN)6]
3 -

_ fericianid-ioni C63H88CoN14O14P_ vitamini B12 

http://en.wikipedia.org/wiki/File:Cisplatin-3D-balls.png
http://en.wikipedia.org/wiki/File:Cisplatin-3D-balls.png
http://en.wikipedia.org/wiki/File:HexacyanidoferratIII_2.svg
http://en.wikipedia.org/wiki/File:HexacyanidoferratIII_2.svg


es sainteresoa
ra msgavseba da gansxvavebaa hemoglobinsa da 

qlorofils Soris?

adamianis sisxlis hemoglobinis Semadgenel nawils _ hems da
mcenareTa mwvane pigments qlorofils msgavsi aRnagoba aqvs,
Tumca isini gansxvavebuli Seferilobisaa. hemoglobini Seicavs
or proteins: globins da hems, romlebic qimiurad SekavSirebulia
erTmaneTTan. hemis molekulaSi Sedis Fe+2 ioni, romelTanac
ligandi azotis oTxi atomiTaa dakavSirebuli. Qqlorofilis
TiToeuli molekulis centrSi magniumis ionia (Mg2+), romelic
azotis oTx atomTan aris koordinirebuli.

qlorofilis da hemoglobinis struqtura



Lleqcia 7. qimiuri procesebis Termodinamika

7.1. Termodinamika. ZiriTadi cnebebi;

7.2. mdgomareobaTa parametrebi;

7.3. Termodinamikis pirveli kanoni;

7.4. egzoTermuli da endoTermuli reaqciebi;

7.5. sistemis Siga energia;

7.6. enTalpia;

7.7. hesis kanoni;

7.8. savarjiSo;

7.9. Termodinamikis meore kanoni;

7.10. entropia;

7.11. jibsis energia;

7.12. savarjiSo.



7.1. Termodinamika. ZiriTadi cnebebi

Termodinamika berZnuli sityvebisganaa (Thermos _ siTbo

da dinamos _siZliere) warmoqmnili da ganixilavs energias

da muSaobas sxvadasxva sistemaSi.

energiac (energeia) berZnuli sityvaa da qmediTunarianobas

niSnavs.

muSaoba aris energiis gadacemis raodenoba erTi sistemidan

meoreze an sistemidan garemoze. Aam dros xdeba masebis

gadaadgileba.

siTbo aris energia, romelic erTi sistemidan gadaecema

meores temperaturuli sxvaobis xarjze. am dros ar xdeba

nivTierebis gadatana.

siTbo da muSaoba axasiaTebs ara sistemis mdgomareobas,

aramed process, romelSic monawileobs sistema. 



izolirebuli,   Caketili da Ria sistema

sistema materialuri samyaros is nawilia, romelic Cveni

dakvirvebis an kvlevis sagania da, romelic SeiZleba realurad

an warmosaxviT SemoisazRvros. sistemis gareT arsebul

materialur samyaros nawils, romelTanac sistemas SeuZlia

masis, energiis an muSaobis mimocvla, garemo ewodeba.

sistemas ewodeba izolirebuli, Tu is garemosTan ar

axorcielebs masis da energiis mimocvlas.

sistema Caketilia, Tu is garemosTan mxolod energiis

mimocvlas axorcielebs.

sistemas ewodeba Ria, rodesac mas SeuZlia garemosTan

rogorc energiis, ise masis mimocvla.

izolirebuli sistema,  Caketilo sistema,   Ria sistema



Hhomogenuri da heterogenuli sistemebi

sistemebi erTi an ramdenime fazisagan Sedgeba.

• faza ewodeba sistemis im nawils,  romelic
SedgenilobiT da TvisebebiT yvela wertilSi
erTgvarovania da gamoyofilia sistemis sxva
nawilebisagan gamyofi zedapiriT.

• homogenuri ewodeba sistemas, romelic erTi fazi-
sagan Sedgeba.

• sistema heterogenulia, Tu is erTze meti fazisa-
gan Sedgeba.



7.2.MmdgomareobaTa parametrebi

mdgomareobis parametrebi ewodeba sidideebs, romelTa

uSualo gazomviT SesaZlebelia ganisazRvros sistemis

mdgomareoba.

mdgomareobaTa parametrebia: wneva,  temperatura da

moculoba.  

asxvaveben mdgomareobis eqstensiur da intensiur

parametrebs.

eqstensiuri parametrebi (masa, moculoba, Sinagani energia

da sxv.) sistemis raodenobis proporciulia.

intensiuri parametrebi (wneva, temperatura) sistemaSi

Semaval nivTierebaTa raodenobaze ar aris damokidebuli.



izoTermuli, izobaruli da izoqoruli sistemebi

qimiuri sistemis erTi mdgomareobidan meoreSi

gadasvlis pirobebis mixedviT, sistema SeiZleba iyos:

• izoTermuli (T= Const);

• izobaruli (P = Const);

• izoqoruli (V = Const);

• adiabaturi (energia ar icvleba – q = const).



qimiuri Termodinamika

qimiur reaqciaTa Seswavlisas aucilebelia sxvadasxva

sxeulsa da garemos Soris energiaTa cvlis gansazRvra.

qimiuri Termodinamika Seiswavlis qimiuri reaqciebis

procesSi qimiuri energiis sxva saxis energiad gardaqmnas

da qimiuri sistemis mier muSaobis Sesrulebis unars.

qimiuri sistemis Siga energia (US.) sistemis komponente-

bis kinetikuri (Ek.) da potenciuri energiebis (Ek.) jamis

tolia. erTeulia jouli (j) an kilojouli (kj).



7.3. Termodinamikis pirveli kanoni

energia arc arafrisgan warmoiqmneba da arc

qreba ukvalod, aramed nebismier procesSi gadadis

erTi formidan meoreSi.

U= Q +A, sadac
U  Sinagani energiis cvlilebaa,

Q – siTbo,

A – muSaoba.

• U > 0, sistema iZens energias, 

• U < 0, sistema kargavs energias, 

• U = 0, sistemis Siga energia ar icvleba. 



7.4. egzoTermuli da endoTermuli reaqciebi

qimiuri reaqciebis ganxorcielebisas xdeba mTeli rigi

qimiur bmaTa gawyveta (rasac Tan axlavs energiis STanTqma)

da axali bmebis warmoqmna (rasac Tan axlavs energiis

gamoyofa).

qimiaSi energiis mniSvnelovani saxea siTbo.

Tu miRebul nivTierebaTa bmebis energia metia aRebul

nivTierebaTa bmebis energiaze, reaqcia egzoTermulia da

am dros siTbo gamoiyofa garemoSi.

endoTermuli reaqciebis dros ki siTbo STainTqmeba

garemodan. am dros moreagire nivTierebebSi bmebi ufro

Zlieria, vidre bmebi miRebul nivTierebebSi.



reaqciebs, romlebic siTbos gamoyofiT mimdinareobs,
egzoTermuli reaqciebi ewodeba. gamoyofil siTbos aRniSnaven
(+Q)-Ti.
reaqciebs, romlebic siTbos STanTqmiT mimdinareobs,

endoTermuli reaqciebi ewodeba. STanTqmul siTbos aRniSnaven
(-Q)-Ti.
qimiuri reaqciebis dros gamoyofil an STanTqmul siTbos

reaqciis siTburi efeqti ewodeba. misi gaangariSeba xdeba
erTi moli nivTierebisaTvis.
reaqciis tolobas, romelSic miTiTebulia siTburi efeqti,

Termoqimiuri toloba ewodeba. Termoqimiur tolobaSi
aucilebelia moreagire nivTierebebis fazuri mdgomareobis
(airi, siTxe, myari, xsnari da a.S.) miTiTeba.

magaliTad,       N2(a.) + O2(a.) →  2NO(a.) + Q,

CaCO3 (my.) → CaO(my.)  + CO2 (a.)  + 157 kj



7.5.  sistemis Siga energia

qimiuri reaqciebi tardeba mudmivi wnevis dros (izobaruli

procesebi) an mudmivi moculobisas (izoqoruli procesebi).

mudmivi moculobisas Siga energia aRiniSneba U-Ti, xolo

mudmivi wnevisas _ H-iT.

am ukanasknel sidides enTalpia, anu siTboSemcveloba ewodeba.

reaqciaTa mimdinareobisas sistemis Siga energia icvleba,

Tu sistemam STanTqa siTbo da gadavida erTi mdgomareobidan

meoreSi. es siTbo xmardeba sistemis Siga energiis cvlilebas

da gare wnevis Zalebis winaaRmdeg Sesrulebul muSaobas: 

Q =  U + A ,                  (1)                        

 U = U2 - U1



qimiur reaqciebSi muSaoba ZiriTadad sruldeba gare

wnevis Zalebis winaaRmdeg:      

A = P(V2 - V1) = P  V 

1. izoqorul procesebSi V =const,  V = 0  da A= 0, 

amitom (1) gantolebidan gamomdinareobs: 

Qv =  U 

izoqorul procesebSi STanTqmuli siTbo

xmardeba mxolod sistemis Siga energiis gazrdas. 

2. izobarul procesebSi Qp = U + PV         (2)

enTalpia U + PV sididis tolia, amitom

 H =  U + P  V,  anu  H =  Qp

Tu P mcire sididea, maSin (2) gantolebidan: 

 H =  U 



7.6. enTalpia

qimiur reaqciaTa umravlesoba izobarul pirobebSi

mimdinareobs, amitom Termoqimiur tolobebSi xSirad

H0-is mniSvnelobebia miTiTebuli. igi sididiT emTxveva

reaqciis siTbur efeqts, xolo niSniT sawinaaRmdegoa.

egzoTermuli reaqciebisas enTalpias aqvs uaryofiTi

mniSvneloba (H < 0).

endoTermuli reaqciebisas enTalpias aqvs dadebiTi

mniSvneloba (H0> 0).



standartuli enTalpia

nivTierebaTa warmoqmnis standartuli moluri enTalpia (H0 )

aris enTalpiis cvlileba martivi nivTierebebisgan 1 moli
nivTierebis miRebisas standartul pirobebSi (1 atm wneva da
298 K , anu 25 0C temperatura). 
standartul pirobebSi mdgradi martivi nivTierebebis (airadi

azoti, Txevadi bromi, rombuli gogirdi da sxv.) warmoqmnis
standartuli enTalpiebi nulis toladaa miCneuli. 
nivTierebaTa warmoqmnis standartuli enTalpiebi Setanilia

specialur cxrilebSi. 
standartuli enTalpia (H0) udris miRebul da sawyis nivTie-

rebaTa warmoqmnis erTalpiaTa sxvaobas.
magaliTad:

2KClO (my.)   →   2KCl (my.) + 3O2(a.) + H0

(-391,2)              (-435,9)          0
H0

298 = 2(-435,9) + 0 - 2(-391,2) = -89,4 kj/moli.   

H0 = -89,4 kj/moli.   



7.7. hesis kanoni

SeuZlebelia Siga energiis an enTalpiis absoluturi
mniSvnelobis gazomva, Tumca SeiZleba orive maTganis
cvlilebis gansazRvra anu gamoTvla. reaqciis siTburi
efeqti swored Siga energiis an enTalpiis cvlilebis
Sedegia. siTburi efeqti izomeba eqsperimentulad an
gamoiTvleba Termoqimiuri tolobebis safuZvelze.
qimiuri reaqciis enTalpiis cvlileba (siTburi efeqti)

damokidebulia sawyisi nivTierebebisa da produqtebis
enTalpiis cvlilebaze da ar aris damokiduli procesis
mimdinareobaze.

hesis kanonis Sedegebi:

1. naerTis garkveul produqtebad daSlis enTalpia udris
imave naerTis warmoqmnis enTalpias Sebrunebuli
niSniT;

2.   reaqciis enTalpia udris sawyisi da miRebuli
nivTierebebis standartul enTalpiaTa sxvaobas.



7.8. savarjiSo

gamoTvaleT 1 moli meTanis warmoqmnis standartuli
enTalpia, Tu H (C) =-393 kjmoli-1 , H (H2) = -286kjmoli-1, 
H (CH4) = -890kjmoli-1.

standartuli enTalpia udris sawyis da miRebul

nivTierebaTa standartul enTalpiaTa sxvaobas.

C(my.)  + 2H2(a.)  → CH4 (a.)

C(my.) + O2(a.) → CO2(a.) 
2H2(a.) + O2(a.) → H2O (Tx.)
C(my.) + 2H2(a.) → CH4(a.)                                

hesis kanonis Tanaxmad, 

Hx= H(C) +2 H(H2) - H(CH4)  

Hx= -393 + 2(-286) – (-890) kjmoli-1 = -75 kjmoli-1



7.9. Termodinamikis meore kanoni

Termodinamikis pirveli kanonis mixedviT, SesaZlebelia

procesebis energetikuli daxasiaTeba, magram ver xerxdeba

procesis mimarTulebis winaswar dadgena.

reaqciis SesaZleblobas da mimarTulebas adgens Termo-

dinamikis meore kanoni, romelsac aqvs sxvadasxva formuli-

reba:

1. nebismieri sistema naklebad albaTuri mdgomareobidan
miiswrafvis meti albaTobis mqone mdgomareobisken anu
wonasworobisaken. magaliTad, rkina TavisTavad iJangeba,
yinuli dneba da sxv.

2. yvela sistema miiswrafvis WeSmariti wonasworobis
mdgomareobisaken;

3. SeuZlebelia siTbos TviTneburi gadasvla naklebad
gaxurebuli sxeulidan ufro cxeli sxeulisaken.



TviTneburi da araTviTneburi reaqciebi

• qimiuri procesebi
iyofa TviTneburad
(TavisTavad) da
araTviTneburad
(araTavisTavad) 
mimdinare
reaqciebad.

• TviTneburi ewodeba
process, romelic
mimdinareobs
TviTneburad gare
faqtorebis
zemoqmedebis gareSe.



7.10. entropia

entropia (S) sistemis mouwesrigeblobis raodenobrivi
sazomia. igi damokidebulia sistemis sawyis da saboloo
mdgomareobaze da ar aris damokidebuli procesis
mimdinareobaze.
Tu sistemaSi sruli wesrigia, entropia minimaluria (S=0).

sistemis ufro mowesrigebuli mdgomareobidan naklebad
mowesrigebul mdgomareobaSi gadasvlis dros entropia
izrdeba (S>0).
sistemis naklebad mowesrigebuli mdgomareobidan ufro

mowesrigebul mdgomareobaSi gadasvlis SemTxvevaSi entropia
mcirdeba (S<0).
maTematikurad, entropia kavSirs amyarebs sistemis mier

miRebul an gacemul siTbosa da temperaturas Soris:

S=Q / Tjouli/K



Eentropiis gamoTvla

• entropiis cvlileba gamoiTvleba enTalpiis 
cvlilebis analogiurad.

• sawyisi nivTierebebis entropiaTa jams akldeba 
produqtebis entropiaTa jami:



Eentropiis cvlileba xsnarebSi

xsnarebSi entropiis gazrda, ZiriTadad, dakavSirebulia

ionebis warmoqmnasTan.

unda gaviTvaliswinoT is faqti, rom didi muxtis mqone ionTa

SemTxvevaSi SesaZlebelia ionebze wylis molekulebis didi

raodenobis fiqsacia. 

NaCl-is eleqtrolituri disociacia wyalSi   



Eentropia da agregatuli mdgomareoba

entropia izrdeba

molekulebis Tavisufal

moZraobasTan erTad.

S(a.) > S(Tx.) > S(my.)



7.11. jibsis energia

sistema muSaobis Sesrulebis gareSe TviTneburad gadadis

naklebad mdgradi mdgomareobidan ufro mdgrad mdgomareo-

baSi.

qimiur reaqciebSi mimdinareobs ori procesi: pirveli,

roca nawilakebi miiswrafvis ufro rTul nawilakebad

gaerTianebisaken (sistemis enTalpia mcirdeba) da meore,

roca nawilakebi miiswrafvis gancalkevebisaken (entropia

izrdeba).

jibsis energia aerTianebs enTalpias, entropias da

temperaturas:

G = H - TS

G<O, procesis TviTneburad ganxorcieleba SesaZlebelia.

G>O, procesis TviTneburad ganxorcieleba SeuZlebelia.

G=O, sistema wonasworul mdgomareobaSia.



7.12. savarjiSo

1.mocemulia:

Cu(my.) + O2(a.) → CuO(my.) ∆H0 = –156 kj

2Cu(my.) + O2(a.) → Cu2O(my.) ∆H0 = –170 kj

gamoTvaleT standartuli enTalpia Semdegi reaqciisaTvis:

2CuO(my.) → Cu2O(my.) + O2(a.)   

2.Hhesis kanonis da mocemuli reaqciebis:

CH3OH + O2 →CO2 + 2H2O H1 = -676 kj /mol

C + O2 → CO2 H2 = -394 kj /mol

H2 + O2 → H2O  H3 = -242 kj /mol

gamoyenebiT gamoTvaleT enTalpiis cvlileba (H4 ) Semdegi

reaqciisaTvis:

C + 2H2 + O2 → CH3OH



Qleqcia 8. qimiuri kinetika

8.1. qimiuri reaqciis siCqare;

8.2. qimiuri reaqciis siCqareze moqmedi faqtorebi;

8.3. reaqciis rigi;

8.4. savarjiSo;

8.5. reaqciaTa Seqcevadoba;

8.6. qimiuri wonasworoba; 

8.7. wonasworobis gadanacvlebis (le-Satelies) principi;

8.8. savarjiSo.     



8.1 qimiuri reaqciis siCqare

• qimiuri kinetikis ZiriTadi cnebaa qimiuri reaqciis siCqare.

• qimiuri reaqciis siCqare ewodeba erT-erTi moreagire
nivTierebis (reagenti) an reaqciis produqtis koncentraciis
(moli/l) cvlilebas drois erTeulSi (wm). Aaqedan

gamomdinare, Tu t1-dan t2-mde drois periodSi reaqciaSi

monawile romelime nivTierebis koncentracia c1-dan c2-mde
Seicvala, maSin SeiZleba davweroT:

koncentraciis cvlileba uaryofiTia reagentebisaTvis da

dadebiTia produqtebisaTvis.

kinetikuri mrudebi reagentisa (A)

da reaqciis produqtisaTvis (B). 



8.2. qimiuri reaqciis siCqareze moqmedi

faqtorebi



1. moreagire nivTierebaTa koncentracia

qimiuri reaqciis siCqare moreagire nivTierebaTa koncentraciebis

namravlis pirdapirproporciulia (moqmed masaTa kanoni).

reaqciisaTvis:         

aA + bB → cC + dD

reaqciis siCqare gamoisaxeba gantolebiT:

v = k [A]a . [B]b,sadac

v reaqciis siCqarea (moli /l .wm),

k-reaqciis siCqaris mudmivaa,

[A] da [B] _ moreagire nivTierebebis moluri koncentraciebia
(moli/l),
a da b _ steqiometriuli koeficientebia.

reaqciis siCqaris mudmivas fizikuri arsi Semdegia: reaqciis
siCqaris mudmiva udris reaqciis siCqares, rodesac [A]a . [B]b

namravli erTis tolia. igi damokidebulia temperaturasa da 
katalizatorze da ar aris damokidebuli reagentebis
koncentraciaze



moqmed masaTa kanoni ar vrceldeba myar

nivTierebebze, radgan myari nivTiereba

reaqciaSi monawileobs ara mTeli masiT,

aramed mxolod zedapirze arsebuli

nawilakebiT. magaliTad, naxSiris wvis

reaqciisaTvis:

C + O2 = CO2

moqmed masaTa kanoni ase Caiwereba:

v= k [O2]



2. moreagire nivTierebaTa buneba

• reaqciis mimdinareobisaTvis aucilebelia moreagire
nivTierebaTa molekulebis Sejaxeba, magram yoveli Sejaxeba ar
iwvevs reagentebis produqtebad gardaqmnas.

• reaqcia rom warimarTos, urTierTSemxeb molekulebs unda
hqondes minimaluri energia, romelsac aqtivaciis energia (EA)
ewodeba, aqtivaciis energiis mqone molekulebs ki _ aqtiuri
molekulebi.

• rodesac EA  40 kj/moli, SejaxebaTa umravlesoba reaqciis
produqtebis warmoqmniT mTavrdeba.

• rodesac EA  40 kj/moli, SejaxebaTa mxolod mcire raodenobaa
efeqturi.



Aaqtivaciis energia

• grafikulad zemoTqmuli SeiZleba warmovidginoT e.w.
energetikuli barieris saxiT, romelic unda gadalaxos
sawyisma nivTierebebma, rom gardaiqmnan reaqciis produqtebad.

• aqtivaciis energia (EA) gamoiTvleba aqtivirebuli kompleqsisa
da sawyisi molekulebis energiebs Soris sxvaobiT.



aqtivaciis energiis mrudebi egzoTermuli da 
endoTermuli reaqciebis SemTxvevaSi

• egzoTermuli ewodeba 
reaqcias, romlis 
mimdinareobisas siTbo 
gamoiyofa.

• endoTermuli ewodeba 
reaqcias, romlis 
mimdinareobisas siTbo 
STainTqmeba.



3. temperaturis gavlena reaqciis siCqareze

reaqciis siCqareze gavlenas axdens temperatura. am ori

sididis kavSiri gamoisaxeba vant-hofis wesiT: 

• temperaturis yoveli 100-iT momatebisas reaqciis siCqare
saSualod 3-jer izrdeba. 

, sadac

Vt2 da Vt1 reaqciis siCqareebia Sesabamis t2 da t1  temperaturaze,

xolo g _ reaqciis siCqaris temperaturuli koeficienti.

swored es ukanaskneli gviCvenebs, Tu ramdenjer izrdeba

mocemuli reaqciis siCqare temperaturis 100-iT momatebisas. 



wnevis gavlena reaqciis siCqareze
• wneva gavlenas axdens Qqimiuri reaqciis siCqareze

mxolod airadi nivTierebebis SemTxvevaSi, radgan
wnevis gazrdiT icvleba airad nivTierebaTa
koncentracia.

• mendeleev-klapeironis gantolebis mixedviT:

PV=nRT ;     P/RT=n/V ;       n/V=C;         P/RT=C

e.i. airTa wneva da koncentracia pirdapirproporciul

damokidebulebaSia.



Kkatalizatoris Tanaobisas da katalizatoris 
gareSe mimdinare reaqciebi

katalizatori cvlis (zrdis an amcirebs) aqtivaciis 
energias. 



8.3. savarjiSo amoxsniT

1. wyalbadsa da iods Soris mimdinare reaqciis toloba ase
Caiwereba: H2 + I2 → 2HI. wyalbadis sawyisi moluri koncentracia
tolia 0,40 moli/l; 20 wm-is Semdeg gaxda 0,38 moli/l. gansazRvreT
mocemuli reaqciis saSualo siCqare:
amoxsna: 

V= c1-c2/t2-t1= 0,40-0,38 = 0,02/20 = 0,001moli/l.wm

2. reaqcia mimdinareobs tolobiT: 2CO + O2 → 2CO2.
rogor Seicvleba am reaqciis siCqare, Tu CO-s koncentracias
3-jer gavzrdiT?
amoxsna: 
moqmed kanonis Tanaxmad reaqcis siCqare sawyis momentSi tolia: 

V1= K[CO]2[O2]. koncentraciis 3-jer gadidebis Semdeg iqneba:
V2= K[CO]2[O2] = 9K[CO]2[O2].                         V2/ V1 = 9.

3. ramdenjer gaizrdeba qimiuri reaqciis siCqare, Tu sistemis
temperaturas 250C-dan 650C-mde gavzrdiT?    =3
amoxsna: 

Vt2/Vt1 = 3 65-25/10 = 34 = 81.



8.4. reaqciis rigi

reaqciis rigi (n) gansazRvravs urTierTdamokidebulebas

erT-erTi moreagire nivTierebis koncentraciasa da reaqciis

siCqares Soris.

• reaqcia pirveli rigisaa, Tu n=1, 

• meore rigisaa, Tu n=2,

• reaqcia nulovani rigisaa, Tu n=0.

reaqciis rigi ganisazRvreba mxolod eqsperimentulad.

aRsaniSnavia, rom Tu reaqcia pirveli rigisaa erT-erTi

komponentis mimarT, aucilebeli ar aris, rom igi iyos imave

rigisa meore komponentis mimarT.



8.5. savarjiSo

eqsperimentebis Sedegebis mixedviT (ix. cxrili) A + B + C → D

reaqciisaTvis gamovTvaloT reaqciis rigi:
1. meore eqsperimentSi pirvelTan SedarebiT A nivTierebis raodenoba

gaormagda. B da C nivTierebis koncentraciebi ar Secvlila. A nivTierebis
koncentraciis gaormagebiT reaqciis siCqare gaormagda:

V2 / V1 = 6,225  • 10-6 / 3,125 • 10-6 = 2

nivTierebis koncentraciis gazrda reaqciis siCqaris cvlilebis
proporciulia. e.i. reaqcia pirveli rigisaa A nivTierebis mimarT.

#
A nivTierebis
koncentracia
moli/ l

B nivTierebis
koncentracia
moli/ l

C nivTierebis
koncentracia
moli/ l

D nivTierebis
warmoqmnis siCqare
moli/ l.wm

1 0,0500 0,0500 0,0500 3,125x10-6

2 0,1000 0,0500 0,0500 6,225x10-6

3 0,0500 0,1000 0,0500 12,50x10-6

4 0,0500 0,0500 0,1000 3,125x10-6



eqsperimentebis Sedegebis mixedviT (ix. cxrili) A + B + C → D

reaqciisaTvis gamovTvaloT reaqciis rigi:

1. meore eqsperimentSi pirvelTan SedarebiT A nivTierebis

raodenoba gaormagda. B da C nivTierebis koncentraciebi ar

Secvlila. A nivTierebis koncentraciis gaormagebiT 

reaqciis

siCqare gaormagda:

V2 / V1 = 6,225  • 10-6 / 3,125 • 10-6 = 2    

nivTierebis koncentraciis gazrda reaqciis siCqaris cvlilebis

proporciulia. 

e.i. reaqcia pirveli rigisaa A nivTierebis mimarT.



2. mesame eqsperimentSi pirvelTan SedarebiT nivTierebis koncentracia

gaormagda.

A da C nivTierebis koncentraciebi ar Secvlila. 

nivTierebis koncentraciis gaormagebiT reaqciis siCqare gaizarda

4-jer:

V3 / V1 = 12, 50 • 10-6 / 3,125 • 10-6 = 4

e.i. reaqcia meore rigisaa B nivTierebis mimarT.

3. meoTxe eqsperimentSi pirvelTan SedarebiT C nivTierebis

koncentracia gaormagda.

A da B nivTierebis koncentraciebi ar Secvlila. 

C nivTierebis koncentraciis gaormagebiT reaqciis siCqare ar

Secvlila:

V4 / V1 = 3,125 • 10-6 / 3,125 • 10-6 =1

e.i. reaqcia nulovani rigisaa C nivTierebis mimarT.

MmiRebuli SedegebiT gamovsaxoT mocemuli reaqciis siCqare:

V= k [A] [B]2 [C] 0 = k [A] [B]2



8.6. reaqciaTa Seqcevadoba

mimarTulebis mixedviT, arCeven Seqcevad da Seuqcevad
qimiur reaqciebs.
Seqcevadia reaqciebi, romlebic erTsa da imave pirobebSi

orive mimarTulebiT mimdinareobs. magaliTad,

N2+3H2 ↔ 2NH3

Seuqcevadia reaqciebi, romlebic mimdinareobs sawyisi
nivTierebebis saboloo produqtebad gardaqmnamde.
reaqcia bolomde damTavrebulad iTvleba maSin, rodesac

miiReba airadi nivTiereba, naleqi an mcired disocirebadi
nivTierebebi; magaliTad, H2O.

CaCO3 + 2HCl  CaCl2 + H2O + CO2 

CaCl2 + Na2CO3  2NaCl + CaCO3 

2NaOH + H2SO4  Na2SO4 + 2H2O



8.7.Qqimiuri wonasworoba

sistemis mdgomareobas, rodesac pirdapiri da Seqcevadi
reaqciebis siCqareebi erTmaneTis tolia, qimiuri wonasworoba
ewodeba.

wonasworul mdgomareobaSi myof moreagire nivTierebaTa
koncentraciebs wonasworuli koncentraciebi ewodeba.
ganvixiloT reaqcia:

N2+3H2 ↔ 2NH3

qimiuri wonasworobis dros,  roca: V1 = V2, pirdapiri da
Sebrunebuli reaqciebis siCqare gamovsaxoT moqmed kanoniT
da gavutoloT erTmaneTs:

k1 [N2] [H2]
3 = k2 [NH3]

2

reaqciis wonasworobis mudmiva (Kw.) pirdapiri da
Sebrunebuli reaqciebis siCqareTa mudmivebis fardobis tolia: 

kw. = k1 / k2 ;                k1 / k2 = [NH3]
2 / [N2] [H2]

3

wonasworobis mudmiva sawyisi da miRebuli nivTierebebis
wonasworuli koncentraciebis (Sesabamis xarisxSi) namravlTa
fardobis tolia.



8.8. moZravi wonasworobis (le-Satelies) principi

qimiur wonasworobaze gareSe faqtorebis _ koncentraciis, wnevis
da temperaturis _ gavlena Seiswavla frangma qimikosma le-
Sateliem da Camoayaliba wonasworobis gadanacvlebis,  anu (le-
Satelies) principi:

Tu raime faqtori arRvevs wonasworobas,  sistemaSi aRiZvreba
iseTi procesi,  romelic am damrRvevi faqtoris moqmedebis
Semcirebis mimarTulebiT warimarTeba.

le-Satelie



8.9. qimiur wonasworobaze moqmedi faqtorebi
1. koncentraciis gavlena qimiur wonasworobaze

N2 + 3H2 ↔ 2NH3

Tu amiakis sinTezis wonasworul sistemaSi damatebiT

SevitanT azots, maSin pirdapiri reaqciis siCqare gaizrdeba

da sistemis wonasworoba gadaixreba marcxnidan marjvniv. 

N2 + 3H2 → 2NH3

amiakis wonasworuli koncentraciis gazrdisas gaizrdeba

Sebrunebuli reaqciis siCqare da wonasworoba gadaixreba

marjvnidan marcxniv.

N2 + 3H2           2NH3



temperaturis gavlena qimiur wonasworobaze

ganvixiloT amiakis sinTezis Seqcevadi reaqcia:                      

Q - N2 + 3H2  2NH3 + Q 

• amiakis sinTezis reaqcia egzoTermuli procesia,

amitom temperaturis gazrdisas sistemis

wonasworoba gadaixreba marjvnidan marcxniv _  

endoTermuli reaqciis mxares.

2NH3   N2 + 3H2 - Q

• temperaturis Semcirebisas ki sistemis
wonasworoba gadaixreba marcxnidan marjvniv _ 
egzoTermuli reaqciis mxares. 

N2 + 3H2  2NH3 + Q



wnevis gavlena qimiur wonasworobaze

• wnevis cvlileba gavlenas ar axdens iseTi reaqciebis
wonasworul mdgomareobaze, romelTa mimdinareobisas ar
icvleba airebis molTa ricxvi.

H2 +  Cl2 ↔ 2HCl

N2 + O2 ↔ 2NO

• ganvixiloT amiakis sinTezis reaqcia: 

N2 + 3H2   ↔ 2NH3 

oTxi moli airadi nivTierebebidan (N2, 3H2 ) ori moli airadi
amiaki (2NH3) miiReba. 

wnevis momatebiT reaqciis wonasworoba gadaixreba marcxnidan
marjvniv, e.i. iqiT, saiTac molTa ricxvi Semcirdeba.
wnevis Semcireba ki gamoiwvevs Seqcevad process _ reaqciis

wonasworoba gadaixreba marjvnidan marcxniv.



katalizatoris gavlena qimiur wonasworobaze

• wonasworobis mudmiva damokidebulia nivTierebis

bunebasa da temperaturaze, magram ar aris damokidebuli

katalizatorze.

• katalizatori gavlenas ar axdens wonasworobis

gadanacvlebaze,  radgan igi erTnairad aCqarebs rogorc

pirdapir, ise Seqcevad reaqcias.

• katalizatori xels uwyobs wonasworobis swraf

damyarebas.



8.10. savarjiSo

1. ra mimarTulebiT gadaixreba mocemuli reaqciebis wonasworoba

temperaturis gazrdiT?

a. H2 +  Cl2 ↔ 2HCl + Q;

b. C + CO2 ↔ 2CO – Q;

g.  H2 +  l2 ↔ 2Hl – Q.

2. ra mimarTulebiT gadaixreba reaqciebis wonasworoba wnevis

gazrdiT?

a.  2NO + O2↔ 2NO;

b. 2SO2 + O2 ↔ 2SO3;

g.  C(my.) + 2H2 ↔ CH4;

d. C + CO2 ↔ 2CO.

3. saTanado pirobebSi Seuries TiTo moli mxuTavi airi (CO)  da

wylis orTqli (H2O): 

CO + H2O ↔  CO2 + H2

gamoiangariSeT wonasworobis mudmivas mniSvneloba, Tu CO -s

wonasworuli koncentraciaa 0,5 moli/l. 



leqcia 9

nivTierebaTa agregatuli mdgomareoba

9.1. agregatuli mdgomareobebi;

9.2. nivTierebis Mmyari mdgomareoba;

9.3. kristaluri gisosis tipebi;



A9.1. agregatuli mdgomareobebi

nivTierebis erT-erTi mTavari damaxasiaTebeli

Tvisebaa agregatuli mdgomareoba. nawilakTa

Soris manZilisa da maTi urTierTqmedebis Zalebis

mixedviT, nivTierebebi SeiZleba daiyos: 

• myari, Txevadi da airadi nivTierebebi;

• nivTierebis amorfuli da Txevadkristaluri 
mdgomareoba;

• nivTierebis mdgomareoba maRali temperaturis 
pirobebSi _ plazma;

• nivTierebis mdgomareoba dabali temperaturis 
pirobebSi _ boze-ainStainis kondensati.



nivTierebis xuTi agregatuli mdgomareoba

Txevadimyari airadi

maRali 
temperatura

Ddabali 
temperatura

plazma
ainStainis 
kondensati



nivTierebis airadi,  Txevadi da myari 
mdgomareobebi

A  airis nawilakebs Soris manZili bevrad metia maT zomaze. am nawilakebs

Soris urTierTqmedeba sustia, molekulebi moZraobs qaosurad. amitom airs

ara aqvs forma da igi nebismier sivrces avsebs. 

siTxis molekulebi SedarebiT naklebad mWidrodaa erTmaneTTan

dakavSirebuli, vidre myari nivTierebis molekulebi. Mmolekulebis

mizidulobis gamo siTxe inarCunebs moculobas. siTxe denadia da iRebs im

WurWlis formas, romelSic Tavadaa moTavsebuli.

myar sxeulebSi molekulebi mWidrodaa ganlagebuli garkveuli

kanonzomierebiT. myari sxeuli inarCunebs formas da moculobas. 



nivTierebis meoTxe agregatuli mdgomareoba _ plazma

sxvadasxva sistemis maRal temperaturaze (1000000C-dan 1000 0000C-mde)
gaxurebisas xdeba molekulaTa ionizacia_miiReba gansakuTrebuli
eleqtronul-ionuri mdgomareba, rasac plazmuri mdgomareoba ewodeba.

ionTa Soris moqmedi Zalebi plazmas aniWebs gansakuTrebul Tvisebebs,
ris gamoc igi ganixileba, rogorc nivTierebis meoTxe agregatuli
mdgomareoba.

cecxlis ali elva neonis naTurebi

CrdiloeTis naTeba varskvlavebi mze



boze-ainStainis kondensati

1924 wels indoelma mecnierma satuendra bozem da germanelma

fizikosma albert aintainma varaudi gamoTqves nivTierebis mexuTe

agregatuli mdgomareobis arsebobis gamo.

2002 wels amerikelma mecnierma volfgang keterlma da misma

jgufma miiRes nivTierebis mexuTe agregatuli mdgomareoba, rasac

boze-ainStainis kondensati uwodes. Aam aRmoCenisTvis keterls

gadaeca nobelis premia.

nobelis premia da misi gadacemis momenti

http://images.google.com/imgres?imgurl=http://www.sussex.ac.uk/press_office/bulletin/16jan04/images/leggett-award.jpg&imgrefurl=http://www.sussex.ac.uk/press_office/bulletin/16jan04/article10.shtml&h=264&w=176&sz=60&tbnid=1GUsdBqpQNUJ:&tbnh=106&tbnw=71&start=25&prev=/images?q=Nobel+prize&start=20&hl=en&lr=&sa=N
http://images.google.com/imgres?imgurl=http://www.sussex.ac.uk/press_office/bulletin/16jan04/images/leggett-award.jpg&imgrefurl=http://www.sussex.ac.uk/press_office/bulletin/16jan04/article10.shtml&h=264&w=176&sz=60&tbnid=1GUsdBqpQNUJ:&tbnh=106&tbnw=71&start=25&prev=/images?q=Nobel+prize&start=20&hl=en&lr=&sa=N


nivTierebis mexuTe agregatuli mdgomareoba _
boze-ainStainis kondensati

rubidiumis (Rb) absolutur temperaturamde (-273,150 C)

gacivebiT miRebul iqna kondensirebuli mdgomareoba _

boze-ainStainis kondensati.

marcxniv _ rubidiumi kondensirebamde; SuaSi _ kondensirebuli

mdgomareoba; marjvniv _ Semdgomi mdgomareoba.



nivTierebis amorfuli mdgomareoba

kristaluri mdgomareobisagan gansxvavebulia nivTierebis

amorfuli mdgomareoba, sadac nawilakebis urTierTganlagebaSi

aranairi kanonzomiereba ar SeimCneva. amorfuli sxeuli SeiZleba

ganvixiloT,  rogorc gadacivebuli siTxe, romlis gamyarebas

ganapirobebs didi siblante. 

amorful nivTierebebs ar gaaCnia gansazRvruli lRobis

temperatura.  gaxurebisas maTi darbileba TandaTanobiT xdeba.

erTnairi Sedgenilobis nivTierebis (SiO2) kristaluri da

amorfuli mdgomareoba.



nivTierebis Txevad-kristaluri mdgomareoba

minisebri mdgomareobis sapirispiroa nivTierebis Txevad _

kristaluri mdgomareoba. Txevad kristalebs aqvs siTxis

Tviseba (denadoba); amasTan, maTTvis damaxasiaTebelia krista-

lebis msgavsi mowesrigebuli struqtura. 

Txevadi kristalebi warmatebiT gamoiyeneba teqnikaSi

(kompiuterebsa da  gamomTvlel aparatebSi,

televizorebsa da  TermometrebSi da a.S.).          

http://upload.wikimedia.org/wikipedia/commons/1/14/Liquid_Crystal_Thermometer.jpg
http://upload.wikimedia.org/wikipedia/commons/1/14/Liquid_Crystal_Thermometer.jpg


9.2. nivTierebis myari mdgomareoba

myar mdgomareobaSi nivTiereba ZiriTadad kristalebis

saxiT gvxvdeba. 

kristalis forma ganisazRvreba kristalis Semadgeneli

nawilakebis bunebiT da maTi urTierTganlagebiT. kristalSi

nivTierebis Semadgeneli nawilakebi mkacri kanonzomierebiTaa

ganlagebuli. maTi ganlageba SeiZleba warmodgenil iqnas

sivrciTi karkasis –kristaluri meseris saxiT,  romelic

warmoqmnilia urTierTgadamkveTi swori xazebiT. gadakveTis

wertilebSi –kristaluri mesris kvanZebSi kristalis

warmomqmneli nawilakebia (atomebi, ionebi da molekulebi)

moTavsebuli. 

kristaluri nivTierebebis klasifikacia xdeba: 

• kristalTa simetriis mixedviT;

• nawilakebs Soris arsebuli bmis tipis mixedviT.



kristalTa simetria

kristalebi simetriis (geometriuli formis) mixedviT,
iyofa Svid sistemad: 

• kuburi (a=b=c; = b= g=900),

• tetragonaluri (a=b  c; = b= g=900),

• orTorombuli (a  b  c; = b=g=900),

• heqsagonaluri (a=b  c; = b= 900 ; g=1200),

• monoklinuri (a  b  c; = g= 900 ; b  900),

• triklinuri (a  b  c;   b  g  900),
• trigonaluri (a=b=c; = b= g  900).
sadac (a,b,c kristaluri mesris gverdebia, xolo , b da g _
gverdebs Soris kuTxeebi.           

simetriis mixedviT, kristalTa klasifikaciaSi dagvexmareba
kristalTa optikuri Tvisebebisa da katalizuri Tvisebebis
Seswavla.



kristalTa geometriuli formebi

NsuraTze  mocemulia kristalTa (piriti, cirkoni,  yviTeli piriti,

TabaSiri, amazoniti,  bivrili,  ameTvisto) geometriuli formebi. 



simetriis 7  ZiriTadi formis safuZvelze    
Seqmnili kristaluri mesrის 14  tipi 



9.3. kristaluri mesris tipebi

kristaluri mesris kvanZebSi arsebuli nawilakebis da

maT Soris bmis xasiaTis mixedviT asxvaveben ionur,

molekulur,  atomur da liTonur kristalur mesrebs.

ionuri kristaluri mesris kvanZebSi ionebi gvxdeba.

molekuluri kristaluri mesris kvanZebSi _ molekulebi.

Tu  kristaluri mesris kvanZebSi atomebia moTavsebuli,

aseTi kristalurი meserი atomuriა.

liTonuri kristaluri mesris kvanZebSi liTonTa

atomebia moTavsebuli.



ionuri kristaluri meseri

• rogorc aRvniSneT,  Tu kristaluri mesris kvanZebSi ionebia moTavse-
buli,  aseT mesers ionuri kristaluri meseri ewodeba. 

• ionur naerTebs axasiaTebs maRali duRilis da lRobis temperatura. 
myar mdgomareobaSi isini ar atareben eleqtrobas, galRobis an wyalSi
gaxsnisas ki isini eleqtrobis kargi gamtarebia.

magaliTad,  ionuri kristaluri meseri aqvs natriumis qlorids (NaCl). 

• sxeulcentrirebuli ionuri struqtura aqvs TuTiis sulfids (ZnS). 

• primitiuli ionuri kuburi struqtura aqvs kalciumis qlorids (CaCl2) 
da mineral perovskits (CaSiO3).

NaCl ZnS CaCl2 CaSiO3



Mmolekuluri kristaluri meseri

molekuluri kristaluri mesris kvanZebSi molekulebia

moTavsebuli. molekulebs Soris moqmedebs susti

molekulaTSorisi Zalebi, rac ganapirobebs maT Tvisebebs. 

• iodis kristali iodis molekulebisagan

(I2) aris agebuli. iodi nacrisferi, myari,

wyalSi mcired xsnadi nivTierebaa iisferi

orTqliT. aqvs sxeulcentrebuli kuburi

struqtura. TduR.=184
0C;  TlR.=114

0C;

• ,,mSrali yinuli’’, naxSirbadis dioqsidi

(CO2) myari nivTierebaa molekulur-

kristaluri mesriT. igi miiReba airadi

CO2 -isagan, -54,4  
0C temperaturaze, 5,13 atm

წnevis dros. myari CO2 advilad

sublimirdeba,  ris gamoc gamoiyeneba

rogorc gamacivebeli agenti.



Aatomuri kristaluri meseri

arsebobs naerTebi kristaluri struqturiT, romlebSic,

ionuri kristalebisagan gansxvavebiT, atomebi erTmaneTTan

SekavSirebulia kovalenturi bmebiT.  kovalenturi bmebiT

agebuli molekulebi xSirad xdeba makrokristali _ 

giganturi molekula. 

makrokristalebs miekuTvneba almasi, grafiti, fuleren-60.

almasi grafiti fuleren-60



makromolekulebis warmoqmna SeuZlia siliciumis dioqsidsac

(SiO2),  romelSic siliciumis atomi kovalenturi bmiTaa dakavSi-

rebuli Jangbadis oTx atomTan. 

martivi struqturuli erTeulebi, Tavis mxriv, qmnis

gansxvavebuli aRnagobis polimerul jaWvebs

an sivrciT badeebs. 

magaliTad,

• mineral azbests boWkovani agebuleba aqvs.

• qarsebi Sreuli agebulebisaa.

• kvarci samganzomilebiani

struqturiT xasiaTdeba.



Lleqcia 10 

xsnarebi

10.1.Ddispersiuli sistemebi;

10.2. xsnarebi;

10.3. xsnarTa koncentracia;

10.4.Ggaxsnis procesi;

10.5. gaxsnis Tanmxlebi procesebi;

10.6. xsnadoba

10.7. xsnadobaze moqmedi faqtorebi;

10.8. airTa xsnadoba;

es sainteresoa; ratom ar iyeneben sunTqvisas myvinTavebi  

haers?

10.9. savarjiSo.



10.1.Ddispersiuli sistemebi

sistemas, romelSic erTi an ramdenime nivTiereba

danawevrebulia da ganawilebuli meoreSi dispersiuli

sistema ewodeba. Ddispersiuli sistema Sedgeba

dispersiuli fazisa da sadispersio aresgan.

dispersiul sistemaSi danawevrebul nivTierebas

dispersiuli faza ewodeba, xolo nivTierebas, romelSic

igi ganawilebulia - sadispersio are.

homogenuria sistema, romelSic dispersiuli faza da

sadispersio are erT agregatul mdgomareobaSia.

heterogenulia sistema, romelSic dispersiuli faza

da sadispersio are sxvadasxva agregatul mdgomareobaSia.



WeSmariti sxsnarebi

homogenur dispersiul sistemebs WeSmarit xsnarebs, anu ubralod

xsnarebs uwodeben. 

WeSmarit xsnarebSi gaxsnili nivTierebis danawilebis xarisxi

maRalia (1 nm-mde). aseT xsnarebSi gaxsnili nivTiereba danawilebulia

molekulur an ionur mdgomareobamde.

heterogenuli dispersiuli sistemebi

suspenziebi,  emulsiebi.         koloiduri xsnarebi.

msxvildispersiuli 
sistemebi (nawilakTa 
zomebi 100 nm-ze metia).

wvrildispersiuli xsnarebi. 
nawilakTa zomebi 1-dan 100 nm-
mde icvleba).



suspenziebi da emulsiebi 

suspenziebi da emulsiebi araerTgvarovani sistemebia,

xolo WeSmariti da koloiduri xsnarebi-erTgvarovani.

suspenzia dispersiuli sistemaa, romlis sadispersio 

areSi Setivtivebulia myari nivTierebis mcire zomis

nawilakebi. magaliTad, mdinaris mRvrie wyali.

emulsia dispersiuli sistemaa, romlis 

sadispersio areSi Setivtivebulia 

Txevadi nivTierebis nawilakebi. magaliTad, 

rZeSi Setivtivebulia cximis wveTebi.



tindalis efeqti

koloidur xsnarebSi gaxsnili nivTierebis nawilakebis zomebi

imdenad mcirea, rom maTi garCeva WeSmariti xsnarebisgan

SesaZlebelia mikroskopiT an maTSi sinaTlis sxivebis gatarebis

gziT. 

WeSmariti da koloiduri xsnarebi

WeSmariti xsnarebi Tavisuflad atarebs sinaTles, koloidur

xsnarebSi ki SeiniSneba sinaTlis gabneva mnaTi konusis saxiT. 

koloiduri nawilakebis mier sinaTlis gabnevas tindalis

efeqti ewodeba. 



Ddispersiuli sistemebis tipebi

sadispersiuli 

are

dispersiuli 

faza

dispersiuli 

sistema
magaliTi

Txevadi myari suspenzia
AgCl-is 

wyalxsnari

Txevadi Txevadi emulsia rZe, maionezi

Txevadi airadi qafi kremi

airadi myari aerozoli
kvamli, mtveri, 

nisli

airadi Txevadi aerozoli Aaerozoli, nisli

myari myari mTis qanebi lali

myari Txevadi geli
siTxe forovan 

qsovilebSi

myari airadi qafi
pemza, forovani 

masalebi



10.2. xsnarebi

xsnari ewodeba ori an meti komponentisagan Sedgenil

cvladi Sedgenilobis erTgvarovan sistemas, romelic Sedgeba

gamxsnelis, gaxsnili nivTierebis da maTi urTierTqmedebis

produqtebisagan.

gamxsneli is komponentia, romelic xsnaris damzadebamde

iseTive agregatul mdgomareobaSia, rogorSic aris xsnari. 
rodesac gamxsneli da gaxsnili nivTiereba erTnair

agregatul mdgomareobaSia, maSin gamxsnelia is nivTiereba,

romelic ufro meti raodenobiTaa xsnarSi.

urTierTqmedebis produqtebs wyalxsnarebSi hidratebi

ewodeba,  arawyalxsnarebSi ki _ solvatebi. 



myari, Txevadi da airadi xsnarebi 

myari xsnaris magaliTia sxvadasxva Senadnobi:

brinjao (80% spilenZi, 10% kala, 5% TuTia); 

melqiori (80% spilenZi, 20% nikeli). 

Txevad xsnarSi gamxsneli SeiZleba iyos wyali (H2O),

spirti (ROH), acetoni ((CH3)CO) da sxv. 

airadi xsnaris magaliTia haeri.



Nnajeri, ujeri da zenajeri xsnarebi

xsnars, romelSic aRebuli nivTiereba mocemul piro-
bebSi metad aRar ixsneba, najeri ewodeba.

xsnars, romelSic mocemul pirobebSi SeiZleba kidev
gaixsnas aRebuli nivTiereba, ujeri ewodeba. 

zenajeri ewodeba xsnars, romelic Seicavs ufro met
gaxsnil nivTierebas, vidre es Seesabameba nivTierebis
xsnadobas mocemul temperaturaze.

zenajeri xsnarebi aramdgradi sistemebia. 
zogjer aseT xsnarebSi gaxsnili an sxva
nivTierebis kristalebis Setana aCqarebs
xsnaridan Warbad gaxsnili nivTierebis
gamoyofis process.



10.3. xsnarTa koncentracia

koncentracia gaxsnili nivTierebis is raodenobaa,

romelsac xsnaris garkveuli moculobiTi an woniTi

erTeuli Seicavs.

koncentrirebulia xsnari, romelic didi raodenobiT

Seicavs gaxsnil nivTierebas. 

ganzavebuli ki ewodeba xsnars, romelic Seicavs

mcire raodenobiT gaxsnil nivTierebas.

xsnarTa Sedgenilobis raodenobrivi daxasiaTebi-

saTvis gamoiyeneba gaxsnili nivTierebis masuri wili,

moluri wili,  moluri koncentracia da sxv. 



xsnarTa Sedgenilobis raodenobrivi daxasiaTeba
masuri wili

gaxsnili nivTierebis masuri wili gamoiTvleba gaxsnili
nivTierebis masis SefardebiT xsnaris masasTan. igi
gamoisaxeba masuri wilebiT an procentebiT:

 = mnivT /mxsn•100% ,  sadac

 gaxsnili nivTierebis masuri wilia;
mnivT._ gaxsnili nivTierebis masa (g);
Mxsn. _xsnaris masa (g).

procentebiT gamosaxul masur wils xSirad procentul
koncentraciasac uwodeben. woniTi procentebiT gamosaxuli
koncentracia gviCvenebs gaxsnili nivTierebis gramebis
raodenobas 100 g xsnarSi.

magaliTad, xsnaris koncentracia 80%-is tolia. e.i. 100 g
xsnari Seicavs 80 g gaxsnil nivTierebas.



moluri wili

gaxsnili nivTierebis moluri wili gamoiTvleba

gaxsnili nivTierebis molebis raodenobis SefardebiT

xsnarSi arsebul nivTierebaTa molebis saerTo raode-

nobaze:

gax.   =  nnivT. / (nnivT. + ngamxsn.)

gax. gaxsnili nivTierebis moluri wilia;

nnivT.– gaxsnili nivTierebis raodenoba, moli;

ngamxsn. – gamxsnelis raodenoba, moli.



moluri koncentracia (moluroba)

moluroba gviCvenebs gaxsnili nivTierebis raodenobas
1l xsnarSi. igi gamoiTvleba gaxsnili nivTierebis
raodenobis (moli) SefardebiT xsnaris moculobasTan:

C = n / V,  sadac

C moluri koncentraciaa (mol/l),

n – gaxsnili nivTierebis raodenoba (moli),
V – xsnaris moculoba (l),

magaliTad, Tu C=0,2 mol/l, maSin 1 l xsnari Seicavs
0,2 mol gaxsnil nivTierebas.

molur koncentracias aRniSnaven M simboloTi.



kavSiri xsnaris masasa da moculobas Soris

xsnaris masisa da moculobis dasakavSireblad iyeneben

formulas 

m = V, sadac
m-iT aRniSnulia xsnaris masa (g),

-Ti _ xsnaris simkvrive mocemul temperaturaze (g/sm3),

V-Ti _ xsnaris moculoba (sm3).

xsnarebTan muSaobisas xSirad ixmareba xsnaris titris

cneba. 

titri ewodeba gramebiT gamosaxul gaxsnili nivTierebis

ricxvs 1sm3 xsnarSi. 



10.4.Ggaxsnis procesi

gaxsnis procesSi SeiZleba ganvixiloT sami saxis urTierTqmedeba:

• Ggamxsneli-gamxsneli;

• Ggaxsnili-gaxsnili;

• Ggamxsneli-gaxsnili;

H = H1 + H2 + H3



Mmyari nivTierebis gaxsnis procesi

• gasaxsneli nivTierebis ganawilebas gamxsnelis
mTel moculobaSi gaxsna ewodeba.

• myari nivTierebis gaxsna dakavSirebulia am
nivTierebis daSlasTan molekulebad an ionebad,
razedac ixarjeba energia. (procesi endoTermulia).

• momdevno procesia am molekulebis an ionebis
hidratacia an solvatacia, rac dakavSirebulia
siTbos gamoyofasTan (procesi egzoTermulia).



10.5.Ggaxsnis Tanxmlebi procesebi

gaxsnis siTburi efeqti

nivTierebis gaxsnis dros SeiniSneba sxvadasxva procesi: 
• siTbos gamoyofa an STanTqma;
• xsnaris moculobis cvlileba; 
• xsnaris feris Secvla.

gaxsnis siTburi efeqti (H )ewodeba siTbos im raodenobas,
romelic gamoiyofa an STainTqmeba 1 moli nivTierebis gaxsnisas
gamxsnelis did moculobaSi (200 l).

gaxsnis siTburi efeqti H = H 1+ H2, sadac H1-iT
aRiniSneba energiis is raodenoba, romelic unda daixarjos erTi
moli myari nivTierebis ionebad dasaSlelad. igi uaryofiTi
sididea.

H2 energiaa, romelic am ionebis hidrataciis dros
gamoiyofa. igi yovelTvis dadebiTia.



airebis gaxsna egzoTermuli procesia (energia
mxolod molekulebis hidrataciaze ixarjeba),
radgan airadi nivTierebis molekulebi
erTmaneTisagan daSorebulia (H1=0).

kristaluri nivTierebis gaxsnis dros H1 aris
kristaluri mesris daSlaze daxarjuli energia.
igi sakmaod didia da amitom myari nivTierebebis
umetesobis gaxsnisas siTbo STainTqmeba H1 > H2.

kristalhidratebis gaxsna endoTermuli procesia,
radgan hidrataciaze siTbo ar ixarjeba H2=0.
Sesabamisi uwylo marilebis gaxsna egzoTermuli
procesia H2 > H1.



xsnaris moculobis cvlileba

spirtis wyalSi gaxsnisas miRebuli xsnaris moculoba

3,5%-iT mcirdeba mocemuli xsnarebis jamur moculobasTan

SedarebiT, rac ganpirobebulia wyalSi da spirtSi

arsebuli wyalbaduri bmebis urTierTSerwymiT (kontraqciis

movlena).

wyalbaduri bmebi wylis da spirtis molekulebs Soris



xsnaris Fferis cvlileba

xsnadobis dros xSiria xsnaris feris cvlileba, rac

gamowveulia hidratirebuli akvakompleqsebis warmoqmniT. 

CuSO4 TeTri feris fxvnilia. misi wyalSi gaxsniT

miiReba cisferi xsnari, romlis Seferilobas xsnarSi

CuSO4•H2O Sedgenilobis naerTis warmoqmna ganapirobebs.  

CuSO4(TeTri) CuSO4•5H2O (cisferi)



10.6.  xsnadoba

wyalSi an sxva gamxsnelSi nivTierebis gaxsnis unars xsnadoba
ewodeba. 
xsnadobis mixedviT nivTierebebi SeiZleba daiyos 3 jgufad: 

praqtikulad uxnadi,  mcired xsnadi,  kargad xsnadi nivTierebebi.
absoluturad uxnari nivTiereba ar arsebobs.

praqtikulad uxnadi ewodeba iseT nivTierebas, romelic 100 g
gamxsnelSi 0,01 g-ze naklebi raodenobiT ixsneba. magaliTad, 
kalciumis karbonati (CaCO3), bariumis sulfati (BaSO4), vercxlis
qloridi (AgCl).

mcired xsnadi ewodeba nivTierebebs, romlebic 100 g gamxsnelSi
1 g-ze naklebi raodenobiT ixsneba. aseTia magaliTad, tyviis
sulfati (PbSO4), meTani (CH4 ), azoti (N2).

kargad xsnadia nivTiereba, romelic 100 g gamxnelSi ixsneba 10g-ze
meti raodenobiT. magaliTd,  natriumis qloridi (NaCl), Saqari
da sxv.
xsnadobis koeficienti ewodeba nivTierebis maqsimalur raode-

nobas,  gamosaxuls gramebSi, romelic 100 g gamxnelSi SeiZleba
gaixsnas mocemul temperaturaze.



10.7. xsnadobaze moqmedi faqtorebi

gamxsnelisa da gaxsnili  nivTierebis buneba

nivTierebis xsnadoba damokidebulia: 
• gaxsnili nivTierebis da gamxsnelis bunebaze; 
• gaxsnili nivTierebis da gamxsnelis agregatul 

mdgomareobaze;  
• temperaturaze; 
• wnevaze (airebis SemTxvevaSi).

gamxsnelebs, TavianTi bunebidan gamomdinare, yofen polarul
da arapolarul gamxsnelebad.

• polarul gamxsenelebSi kargad ixsneba nivTierebebi
polarul-kovalenturi an ionuri bmiT. aseT nivTierebebs
miekuTvneba mJavebi, marilebi, fuZeebi da sxv.

• arapolarul, anu organul gamxsnelebSi kargad ixsneba
arapolaruli bmis mqone nivTierebebi (O2, H2, N2, S, C da sxv.),
aseve cximebi, kauCuki da sxva organuli naerTebi.



,,msgavsi xsnis msgavss”

yovelive zemoTqmulidan SeiZleba davaskvnaT: 

nivTiereba ZiriTadad ixsneba iseT gamxsnelSi, romelic misi
msgavsia. martivad es daskvna SeiZleba ase CamovayaliboT:
,,msgavsi xsnis msgavss”.

• arapolaruli molekulebi ixsneba arapolarul gamxsnelebSi:
CCl4     ixsneba C6H6 -Si. 

• polaruli molekulebi ixsneba polarul gamxsnelebSi:
C2H5OH ixsneba H2O -Si.  

• ionuri molekulebi ixsneba polarul gamxsnelebSi:
NaCl ixsneba H2O -Si.   

• arapolaruli molekulebi ar ixsneba polarul gamxsnelebSi:
zeTi ar ixsneba wyalSi.



myari nivTierebis xsnadobis damokidebuleba 
temperaturaze

• myari nivTierebebis xsnadoba 
wyalSi ZiriTadad izrdeba 
temperaturis momatebiT; 
temperaturis SemcirebiT ki 
xsnadoba mcirdeba. amitom 
xsnaris gacivebisas gaxsnili 
nivTierebis nawili 
gamoiyofa kristalur 
mdgomareobaSi.

• zogierTi nivTierebis 
SemTxvevaSi temperaturis 
momatebiT xsnadoba 
mcirdeba. aseTia, magaliTad,
Na2 SO4 , Ce2(SO4)3.

• xsnaridan nivTierebis
gamoyofas xsnaris gacivebis
an aorTqlebis gziT
kristalizacia ewodeba.



10.8. airTa xsnadoba

airebTa xsnadoba gamxsnelSi SeiZleba ase warmovidginoT:

• airTa molekulebis ganawileba gamxsnelSi.
arapolaruli molekulebisgan warmoqmnil airTa gaxsna polarul

gamxsnelebSi. magaliTad,  Jangbadis (O2), wyalbadis (H2), azotis (N2)
da meTanis (CH4)  gaxsna wyalSi, difuziuri procesia.

• gaxsnili airis da gamxsnelis qimiuri urTierTqmedeba. 
magaliTad,  wyalSi naxSirbadis da gogirdis dioqsidebis (CO2, SO2),
amiakis (NH3) da sxvaTa gaxsnis dros warmoiqmneba axali qimiuri
nivTiereba (Sesabamisad, H2CO3, H2SO3, NH4OH).

magaliTad, CO2 -is gaxsniT wyalSi warmoiqmneba naxSirmJava (H2CO3),
romelic wonasworul mdgomareobaSia gaxsnil CO2-Tan da a.S. 

CO2 + H2O   H2CO3



airTa xsnadobis damokidebuleba temperaturaze

• airTa xsnadoba siTxeSi 
damokidebulia maT 
bunebaze, temperaturasa 
da wnevaze.

• airTa xsnadoba 
egzoTermuli procesia, 
amitom maTi xsnadoba 
temperaturis 
momatebisas mcirdeba.



xsnadobis damokidebuleba wnevaze

myari da Txevadi nivTierebebis xsnadobaze wneva gavlenas
ar axdens.
airTa xsnadobaze wnevis gavlena sakmaod mniSvnelovania. 
ganvixiloloT ori kanoni _ henris da daltonis kanonebi:
henris kanonis Tanaxmad:
mocemul temperaturaze airis xsnadoba siTxeSi (S) siTxeze

airis wnevis (P) pirdapirproporciulia.
maTematikurad es Tanafardoba ase Caiwereba:

S1 / P1  =  S2 / P2

daltonis kanonis Tanaxmad:
• Tu siTxeSi ixsneba ramdenime saxis airi (romlebic

erTmaneTTan reaqciaSi ar Sedis), maSin TiToeuli ixsneba
iseTi raodenobiT, rac Seesabameba mis wnevas am narevSi.

• siTxeze airTa (romlebic reaqciaSi ar Sedis erTmaneTTan) 
narevis wneva mocemuli airebis am siTxeze moqmed wnevaTa
jamis tolia.



es sainteresoa
ratom ar iyeneben sunTqvisas myvinTavebi haers?

haeris Semadgeneli airebis – azotisa (N2)da Jangbadis (O2)

siTxeSi xsnadoba wnevis momatebisas izrdeba. Aamitom okeanis
siRrmeSi (sadac wneva siRmresTan erTad matulobs) myofi
myvinTavebis sisxlSi azoti didi raodenobiT ixsneba, rac Zlier
intoqsikacias iwvevs. amasTan, wylis siRrmidan zedapirze
amosvlisas wnevis swrafi vardnis gamo myvinTavis sisxlSi airTa
xsnadoba mcirdeba. Warbad gaxsnili azotis molekulebi ver
aswrebs gamoyofas, ecoba sisxlZarRvebs, rac xSirad adamianis
sikvdilis mizezi xdeba (kesonuri daavadeba).

am problemebis Tavidan asacileblad
myvinTavebis sasunTq balonebs
specialuri airTa narevebiT avseben.
am narevSi azotis nacvlad inertul
airs – heliums iyeneben.



10.9. savarjiSo

1. 1,15 g natriumi (Na) gaxsnes 500 ml wyalSi. gamoTvaleT  natriumis tutis (NaOH)

masuri wili miRebul xsnarSi. 

amoxsna: 

2Na + 2H2O →2NaOH + H2

n(Na) =1,15/23  = 0.05;   n(NaOH )= 0.05; n(H2)= 0.025;  

m(H2)= 0.025•2 = 0,05g;  m(NaOH)= 0.05•40 = 20 g     (H2O)=1g/sm3

mxsn.= 1,15+500-0,05= 501,1g ;   mgaxsn. = 20 g.         

 = mgaxsn. /mxsn.;         =20/501,1= 0,04

2. 4  g natriumis hidroqsidi (NaOH) gaxsnes wyalSi da xsnari ganazaves 500 ml-mde. 
rogoria miRebuli xsnaris moluri koncentracia?

amoxsna: 

n(NaOH) =4/40  = 0.1; 

C = n / V=0,1/500=0,2 moli/l.

3. gansazRvreT NaOH-is masuri wili xsnarSi, romelic miRebulia natriumis tutis

(NaOH) 50g 30%-iani da 150g  10%-iani xsnarebis SereviT. 

4. gansazRvreT H2SO4 -is masuri wili xsnarSi,  romelic miRebulia 110 g SO3 -is 

gaxsniT 200g 20%-ian gogirdmJavas (H2SO4)xsnarSi. 

5. gansazRvreT Na2SO4-is masuri wili xsnarSi,  romelic miRebulia 35 g glauberis

marilis (Na2SO4 •10H2O) gaxsniT 170g  wyalSi.

6. gansazRvreT HNO3-is masuri wili xsnarSi,  Tu 300 ml 32%-iani azotmJavas (HNO3)

xsnari ganazaves 550 ml wyliT. 
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E11.1. eleqtrolitebi da araeleqtrolitebi

• nivTierebebs, romelTa xsnarebi an nalRobebi
eleqtrul dens atarebs, eleqtrolitebi ewodeba.
eleqtrolitebia xsnadi mJavebi, marilebi, tuteebi
da sxv., romelTa molekulebSi aris ionuri an
polaruli kovalenturi bma.

• nivTierebebs, romelTa xsnarebi an nalRobebi
eleqtrul dens ar atarebs, araeleqtrolitebi
ewodeba. araeleqtrolitebia organuli naerTebis
umravlesoba da yvela is nivTiereba, romelTa
molekulaSi aris arapolaruli an mcired
polaruli kovalenturi bma.

• distilirebuli wyali denis cudi gamtaria.
• eleqtrolitebi meore rigis gamtarebia. xsnarebSi

an nalRobSi isini ionebad iSleba. ionebi
eleqtronebis gadamtani nawilakebia. Aamitomac
pirveli rigis gamtarebad gvevlineba liTonebi,
romlebSic eleqtrobis gadamtani eleqtronebia.





11.2. eleqtrolituri disociacia

wyalSi gaxsnis an galRobis dros eleqtrolitis ionebad daSlas

eleqtrolituri disociacia ewodeba.

Teorias, romelic eleqtrolitebis gansakuTrebul Tvisebebs maTi

ionebad daSliT xsnis eleqtrolituri disociaciis Teoria ewodeba.

misi fuZemdebelia Svedi mecnieri svante areniusi (1859-1927ww.).

eleqtrolituri disociacia aris eleqtrolitisa da gamxsnelis

molekulebis urTierTqmedebis procesi.

eleqtrolituri disociaciis Teoriis ZiriTadi debulebebia: 

• xsnarebSi an nalRobebSi eleqtrolitebi daSlilia dadebiT da 
uaryofiT ionebad;

• eleqrolitTa xsnarebSi an nalRobebSi denis gatarebisas 
dadebiTad damuxtuli ionebi miemarTeba uaryofiTi eleqtrodis –
kaTodisaken (am ionebs kationebi ewodeba), xolo uaryofiTi _ 
dadebiTi eleqtrodisaken – anodisaken (maT anionebi ewodeba);

• eleqtrolituri disociaciis procesi Seqcevadia. disociaciis 
paralelurad mimdinareobs sawinaaRmdego procesi – asociacia.



ionuri bmis mqone molekulebis disociacia

NaCl-is wyalxsnarSi wylis dipoluri molekulebi

ganTavsdeba NaCl-is molekulebis Sesabamisi ionebis irgvliv.

wylis dipolebis moqmedebiT natriumisa da qloris ionebs

Soris kavSiri sustdeba, Semdeg wydeba da warmoiqmneba

hidratirebuli ionebi.

hidratirebuli Na+ da Cl- ionebis warmoqmna



Ppolaruli molekulebis disociacia

ganvixiloT im eleqtrolitebis disociacia, romelTa

molekulebic warmoqmnilia polaruli kovalenturi bmiT.

wylis dipolebis moqmedebiT polaruli molekulebi

ionur mdgomareobaSi gadadis, Semdgom ki warmoiqmneba

hidratirebuli ionebi.

hidratirebuli H+   da Cl- ionebis warmoqmna



11.3. disociaciis xarisxi

disociaciis xarisxi ewodeba ionebad daSlili moleku-

lebis ricxvis Sefardebas gaxsnili molekulebis saerTo

ricxvTan. gamoisaxeba procentebiT an erTeulis nawilebiT.

 = n / N,

sadac n disocirebuli nivTierebis molekulebis ricxvia;

N – mTlianad gaxsnili nivTierebis molekulebis saerTo

ricxvi.

 = 80%; es imas niSnavs, rom eleqtrolitis yoveli 100

molekulidan ionebad daiSala 80 molekula.

 = 1/4; es imas niSnavs, rom eleqtrolitis yoveli 4
molekulidan ionebad daiSala mxolod 1 molekula.



Ddisociaciis xarisxze moqmedi faqtorebi
(temperatura, xsnaris koncentracia, Tanamosaxele ionebi)

temperatura. temperaturis momatebisas izrdeba im eleqtrolitTa
disociaciis xarisxi, romelTa disociaciis dros siTbo STainTqmeba
da mcirdeba im eleqtrolitebis disociaciis xarisxi, romelTa
disociaciis dros siTbo gamoiyofa.

xnaris koncentracia. gaxsnili nivTierebis koncentraciis
Semcirebisas an xsnaris ganzavebisas disociaciis xarisxi izrdeba.

Tanamosaxele ionebi. Tanamosaxele ionebi amcirebs disociaciis
xarisxs.

magaliTad,       CH3COOH   CH3COO- + H+

CH3COONa  CH3COO- + Na+

acetat ionebis (CH3COO)- , wyalbad ionebis (H+) an natriumis
ionebis (Na+) siWarbe iwvevs wonasworobis marcxniv gadaxras.



gamxsnelis buneba

sxvadasxva gamxsneli sxvadasxva dieleqtrikuli mudmiviT
xasiaTdeba. gamxsnelis madisocirebeli unari miT metia, rac
ufro maRalia misi dieleqtrikuli mudmiva.
ricxvs, romelic gviCvenebs, Tu ramdenjer amcirebs mocemuli

nivTiereba eleqtruli muxtebis urTierTmizidulobas vakuumTan
SedarebiT, dieleqtrikuli mudmiva (D) ewodeba.

magaliTad,  
• D(H2O) = 80 niSnavs, rom wyalSi sapirispiro niSnis ionebis 

mizidva  80-jer ufro sustia, vidre vakuumSi.

• D (C6H6) = 2,3 niSnavs, rom benzolSi sawinaaRmdego niSnis 
ionebs Soris miziduloba 2,3-jer ufro naklebia, vidre 
vakuumSi.



Zlieri da susti eleqtroliti

Zlieria eleqtrolitebi, romelTa disociaciis xarisxi

SedarebiT koncentrirebul xsnarSic ki maRalia. maTTvis

>30%. Zlieri eleqtrolitebia wyalSi xsnadi mJavebi (HCl,

H2SO4, HNO3 da sxv.), marilebi (NaCl, Na2SO4, KNO3 da sxv.) da

tuteebi (NaOH, KOH, Ca(OH)2 da sxv.).

sustia eleqtrolitebi,  romelTa disociaciis xarisxi

ganzavebul xsnarebSic ki dabalia. magaliTad, organuli

mJavebi (H3COOH, CH3COOH da sxv.) , zogierTi mineraluri

mJava (H2CO3, H2SiO3, H2S da sxv.), wyalSi uxsnadi fuZeebi

(Mg(OH)2,Cu(OH)2 da sxv.), NH4OH. maTTvis <30%. 

saSualo eleqtrolitebia HF, H3PO4, H2SO3 da sxv.

maTTvis disociaciis xarisxi meryeobs 3-sa da 30%-s Soris.

3% <  < 30%



11.4. disociaciis mudmiva

susti eleqtrolitebis raodenobrivi daxasiaTebisaTvis gamoiyeneba

disociaciis (ionizaciis) mudmiva (Kdis.).

mag., ZmarmJavas disociaciisaTvis:

CH3COOH  CH3COO- + H+

disociaciis mudmiva ase gamoiTvleba:

Kdis. =  [H+] [CH3COO]- / [CH3COOH] (250C)

rac metia disociaciis mudmivas mniSvneloba, miT meti ionia xsnarSi

da miT ufro Zlieria eleqtroliti.
disociaciis mudmiva damokidebulia eleqtrolitis da gamxsnelis

bunebaze, xsnaris temperaturaze. disociaciis mudmiva ar aris
damokidebuli xsnaris koncentraciaze.

nebismieri koncentraciis xsnarisaTvis disociaciis mudmiva
ucvleli sididea.



11.5. mJavebi, fuZeebi da marilebi eleqtrolituri

disociaciis TvalsazrisiT

eleqtrolituri disociaciis TvalsazrisiT, mJava iseTi

eleqtrolitia, romlis disociaciis Sedegad kationis

saxiT warmoiqmneba mxolod wyalbadis H+ (hidroqsoniumis

H3O
+) dadebiTi ionebi.

mravalfuZiani susti mJavebi safexurebrivad disocirdeba

da TiToeul safexurs disociaciis konstantas sxvadasxva

mniSvnelobebi Seesabameba.

H3PO4  H+ + H2PO4
- KIdis.= 7,5 . 10-3

H2PO4
-  H+ + HPO4

2– KIIdis. = 6,3 . 10-8

HPO4
2–  H+ +  PO4

3– KIIIdis. = 4,5 . 10-12

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

H3PO4  3H+ + PO4
3–

disociaciis mudmivas mniSvneloba I safexurze ufro

metia, vidre  II safexurze da a.S.



fuZeebis eleqtrolituri disociacia

eleqtrolituri disociaciis TvalsazrisiT fuZeebi
iseTi eleqtrolitebia, romelTa wyalxsnarebi anionebis
saxiT Seicavs mxolod hidroqsil ionebs.

NaOH  Na+ + OH-

susti fuZeebi safexurebrivad disocirdeba:

Fe(OH)2  FeOH+ + OH- KIdis.= 1,82 . 10-11

FeOH+  Fe2+ + OH- KIIdis.= 1,35 . 10-12

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

Fe(OH)2  Fe2+ + 2OH-

fuZeebis eleqtrolituri disociacis dros xdeba liTonis
ionebisagan hidroqsil ionebis mowyveta.

hidroqsil ionebis bma liTonis ionTan miT ufro sustia
da, maSasadame, fuZe miT ufro Zlieria, rac ufro naklebia
liTonis ionis muxti da ufro meti _ misi radiusi.



Aamfoteruli eleqtrolitebis da sruli 
marilebis disociacia

amfoterulia eleqtrolitebi, romlebic pirobebis
mixedviT disocirdeba rogorc mJava an, rogorc fuZe.
ganvixiloT Zn(OH)2-is disociacia:

2H+ + ZnO2
2 -  H2 ZnO2 = Zn(OH)2  Zn2+ + 2OH-

disocirebs rogorc mJava disocirebs rogorc fuZe

sruli marilebis eleqtrolituri disociaciis
Sedegad xsnarSi warmoiqmneba liTonis kationebi da
mJavas naSTis anionebi:

KCl  K+ + Cl –

Na2SO4  2 Na+ + (SO4)
2-



mJava marilebis disociacia

mJava marilebi eleqtrolitebia, romlebic disocirdeba
wyalbadis da liTonis dadebiTi ionebis (kationi) da mJavuri
naSTis uaryofiTi ionis (anioni) warmoqmniT. 
mJava marilebSi liTonsa da Jangbadis atomebs Soris bma

ionuria, xolo wyalbadsa da Jangbadis atomebs Soris
_ polarul-kovalenturi. 
disociaciisas pirvel rigSi wydeba ionuri bma, e.i. pirvel

safexurze vRebulobT liTonis dadebiT ions da rTul
uaryofiT ions. Semdeg ki xdeba rTuli ionis disociacia, ris
Sedegadac warmoiqmneba liTonisa da wyalbadis dadebiTi
kationebi da mJavas naSTis anioni.

NaHSO4  Na+ + HSO4
-

HSO4
-  H+ + SO4

2-

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

NaHSO4  Na+ + H+ + SO4
2-



fuZe marilebis disociacia

fuZe marilebi iseTi eleqtrolitebia,  romlebic
disociaciis dros warmoqmnis liTonis dadebiT ions da
hidroqsilis da mJavuri naSTis uaryofiT ionebs. 
fuZe marilebSi, mJava marilebis msgavsad, pirvelad

xdeba ionuri bmis gawyveta, Semdeg ki _ polaruli bmis
gawyveta. 

Ca(OH)Cl  CaOH+ + Cl-

CaOH+  Ca2+  + OH-

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

Ca(OH)Cl  Ca2+  +  Cl- + OH-



Oormagi, Sereuli da kompleqsuri marilebis 
disociacia

ormagi marilebi disocirdeba Semadgeneli kationebis da
mJavuri naSTis anionis warmoqmniT:

KAl (SO4)2  K+  + Al3+  + 2(SO4)
2-

Sereuli marili disocirdeba liTonis kationisa da sxvadasxva
mJavuri naSTis anionebis warmoqmniT.

CaOCl2  Ca2+  +  Cl- + ClO-

kompleqsuri marilebi disocirdeba SedarebiT mdgradi
kompleqsuri ionis warmoqmniT: 

K4[Fe(CN)6]  4K+  + [Fe(CN)6]
4-



11.6. reaqciaTa ionuri tolobebi

eleqtrolituri disociaciis Teoriis Tanaxmad,

eleqtrolitTa wyalxsnarSi mimdinare reaqciebi

warmoadgens ionur reaqciebs. ionuri reaqciebi

gamoisaxeba ionuri tolobebiT.

ionuri tolobebis Sedgenisas unda gvaxsovdes,

rom mcired disocirebadi, mcired xsnadi da

airadi nivTiereba iwereba molekuluri formiT,

kargad xsnadi eleqtroliti ki _ ionuri formiT.



reaqciebi naleqis warmoqmniT

• AgNO3 + HCl → HNO3 + AgCl

• Ag+ + NO3
- + H+ + Cl- → H+ +NO3 

- + AgCl 
sruli ionuri toloba

• Ag+ +  Cl- →  AgCl 
Semoklebuli ionuri toloba

savarjiSo: SeadgineT molekuluri, sruli ionuri da Semoklebuli
ionuri reaqciebi, Tu reaqciis Sedegad miiReba naleqi:

1.  bariumis qloridsa (BaCl2) da gogirdmJavas (H2SO4 ) Soris, Tu
reaqciis Sedegad warmoiqmneba BaSO4 -is TeTri naleqi;

2.  tyviis nitratsa (Pb(NO3)2 da kaliumis iodids (KI) Soris, Tu
reaqciis Sedegad warmoiqmneba PbI2 -is yviTeli naleqi.



reaqciebi mcired disocirebadi nivTierebis (H2O) 
warmoqmniT

• HCl + NaOH → NaCl+ H2O 

• H+ +  Cl- + Na+ +  OH- → Na+ + Cl- + H2O

sruli ionuri toloba

• H+ + OH- → H2O

Semoklebuli ionuri toloba

savarjiSo: SeadgineT molekuluri, sruli ionuri da

Semoklebuli ionuri tolobebi,  Tu reaqciis Sedegad miiReba

sruli marili da wyali:

1. natriumis tutesa (NaOH) da gogirdmJavas (H2SO4 ) Soris;

2.…natriumis tutesa (NaOH) da fosformJavas (H3PO4 ) Soris;

3. kalciumis tutesa (Ca(OH)2) da azotmJavas (HNO3 ) Soris.



11.7. wylis ionuri namravli

wyali Zlier susti eleqtrolitia (=10-9). igi mcired,
magram mainc disocirdeba ionebad:

H2O  H+  +  OH-

wyalbadionTa koncentracia xsnaris mJavianobas 
ganapirobebs, xolo hidroqsilionTa koncentracia xsnaris
tutianobis ganmsazRvrelia. sufTa wyalSi wyalbadis da
hidroqsilionTa koncentracia tolia:                       

[H+] =  [OH- ]

eqsperimentulad dadgenilia, rom sufTa wyalSi
wyalbadionTa koncentraciaa 10-7 moli/l. wyalSi arsebuli
wyalbadionTa da hidroqsilionTa koncentraciebis
namravli mudmivi sididea da atarebs wylis ionuri
namravlis saxels:

[H+] [OH- ] = 10-7. 10-7  = 10-14



11.8. wyalbadis maCvenebeli (pH)

xsnaris garemos gamosaxaven wyalbadis maCveneblis _ pH-is

meSveobiT, romelic wyalbadionTa koncentraciis uaryofiT

aTobiT logariTms warmoadgens pH=lg [H+]. 

• neitraluri xsnarisaTvis 

[H+] =10-7moli/l, pH=7;

• mJavuri xsnarisaTvis 

[H+] >10-7moli/l, pH<7;

• tute xsnarisaTvis 

[H+] < 10-7moli/l, pH>7.



pH-is gansazRvra

arsebobs wyalbadis maCveneblis specialuri pH-is skala,
romelzec mocemulia 14 feri. TiToeuli feri xsnaris
garkveul pH-s Seesabameba.

pH-is  skalis gamoyenebiT SeiZleba mJavas an tutis
siZlieris Sedareba.

pH-is gansazRvra SesaZlebelia specialuri xelsawyoebis
(pH-metri) an universaluri indikatoris saSualebiT. 

xsnaris garemos mixedviT, universaluri indikatori
sxvadasxva Seferilobas iRebs.



pH-is  skala

nivTiereba, romlis xsnaris pH 1-dan 7-mde icvleba,

ganixileba, rogorc mJava. pH-is mniSvnelobis 1-dan 7-
mde gazrdisas xsnaris mJavuroba mcirdeba.
fuZeebisaTvis pH-is mniSvneloba icvleba 7-dan 14

mde. xsnaris fuZe Tvisebis gazrdisas pH-is mniSvneloba
izrdeba 7-dan 14-mde. 
roca pH=7, xsnari neitraluria. 



universaluri indikatoris qaRaldi da pH-metri

xsnaris pH-is dasadgenad iyeneben universalur indikators

(xsnars an qaRalds),  romelic fers icvlis  xsnaris mJavianobis

cvlilebis Sesabamisad an xelsawyos, romelsac pH-metri

ewodeba.

• sakvlev xsnarSi aTavseben 

indikatoris qaRalds. mis 

Seferilobas adareben pH-is 

skalas Seferilobas da CainiSnaven 

skalaze feris Sesabamis cifrs.

• pH-metris Tavisufal bolos 

aTavseben sakvlev xsnarSi da 

ekranze mocemul cifrs CainiSnaven. 



11.9. savarjiSo

1.  xnaris pH 3-dan 5-mde gaizarda.  rogor Seicvala wyalbadionTa
koncentracia?

amoxsna:
pH= 3   [H+]=10-3  moli/l, 

pH= 5   [H+]=10-5  moli/l.
e.i. [H+] ionTa koncentracia Seicvala 10-2-iT; anu 100-jer.
2.  rogor Seicvleba mJavas xsnaris pH, Tu 10sm3 xsnars davamatebT

90 sm3 wyals?
amoxsna:
radgan xsnari ganzavda 10-jer, es niSnavs, rom [H+] Semcirda 10

jer da pH gaizrdeba 1 erTeuliT.

3. gansazRvreT HNO3 -is 0,01 moli/l koncentraciis xsnaris pH.

4. gansazRvreT KOH -is 0,01 moli/l koncentraciis xsnaris pH.

5. Tu [H+]=10-3  moli/l , gansazRvreT [OH-] ionTa koncentracia.

6. Tu [OH-]=10-5  moli/l, gansazRvreT [H+] ionTa koncentracia.



Lleqcia 12. marilTa hidrolizi. Tanamedrove

Sexedulebebi mJavebsa da fuZeebze

12.1. marilTa hidrolizi;

es sainteresoa; ratom iferfleba Zveli furclebi?

12.2. Tanamedrove Sexedulebebi mJavebisa da fuZeebis

Sesaxeb;

12.3. brensted-louris protolituri Teoria;

12.4. luisis Teoria;

12.5. pirsonis Teoria.



Nneitraluri, fuZe da mJava xsnarebi

• Nneitralur xsnari  H+ = OH-

• mJava xsnari          H+ > OH-

• Ntute xsnari          H+ < OH-







12.1. marilTa hidrolizi

marilTa hidrolizi ewodeba marilis  ionebis 

urTierTqmedebas wyalTan, ris Sedegadac warmoiqmneba 

Tundac erTi susti eleqtroliti (Sesabamisi susti

fuZe, susti mJava an orive erTad).

hidrolizs ganicdis mxolod wyalSi xsnadi

marilebi. 

hidrolizi damokidebulia marilis Sedgenilobaze.







Zlieri mJavas (H2SO4) da Zlieri fuZis (NaOH) 

Sesabamisi marili (Na2SO4)

natriumis sulfati (Na2SO4) wyalSi gaxsnisas disocirdeba

Sesabamis ionebad:

Na2SO4  2Na+  + SO4
2-

wyali susti eleqtrolitia. igi mcired, magram mainc disocirdeba

wyalbadis dadebiTi kationis (H+) da hidroqsilis uaryofiTi anionis

(OH)- warmoqmniT.

H2O  H+  + OH –

xsnarSi arsebuli ionebisagan ar warmoiqmneba mcireddisocirebadi

nivTiereba. xsnarSi ar irRveva wyalbadisa da hidroqsilis ionTa

koncentracia.

hidrolizi ar mimdinareobs. xsnars aqvs neitraluri reaqcia.

pH = 7

Zlieri mJavasa da Zlieri fuZis Sesabamisi marilebi hidrolizs ar

ganicdis.



Zlieri fuZisa (KOH) da susti mJavas (H2CO3) 

Sesabamisi marilis (K2CO3) hidrolizi

K2CO3  2K+  + CO3
2-

I    safexuri:
CO3

2- + H2O  HCO3
- + OH-

K2CO3
2- + H2O  KHCO3

- + KOH



Zlieri fuZisa (KOH) da susti mJavas (H2CO3) 

Sesabamisi marilis (K2CO3) hidrolizi

II   safexuri:

HCO3
- + H2O  H2O + CO2↑ + OH-

KHCO3
- + H2O  H2O + CO2↑ + KOH

hidrolizi mimdinareobs. xsnars aqvs tute reaqcia.

pH > 7

Zlieri fuZisa da susti mJavasgan warmoqmnili marilebis
hidrolizi gulisxmobs mJavuri naSTis anionebis mier
wylis molekulebisagan wyalbadis ionebis mierTebasa da
hidroqsilionebis gaTavisuflebas.





Zlieri mJavasa (HCl) da susti fuZis (Al (OH)3)

Sesabamisi marilis (AlCl3) hidrolizi

AlCl3  Al3+  + 3Cl-

I safexuri:
Al+3 + H2O  Al (OH)2+  + H+

AlCl3 + H2O  Al (OH) Cl2 + HCl

II safexuri:
Al (OH)2+ + H2O  Al (OH)2

+ + H+

Al (OH)Cl2 + H2O  Al (OH)2Cl + HCl

mesame safexuri praqtikulad ar mimdinareobs. 

hidrolizi mimdinareobs. xsnars aqvs mJava reaqcia. 
pH < 7

Zlieri mJavasa da susti fuZisagan warmoqmnili marilebis
hidrolizi gulisxmobs liTonis kationis mier wylis
molekulebisagan hidroqsilionebis mierTebas da wyalbadiionTa
gaTavisuflebas.





susti fuZisa da susti mJavas Sesabamisi marilis 
((NH4)2CO3) hidrolizi

hidrolizi mimdinareobs.
susti fuZisa da susti mJavas Sesabamisi marilebis

hidrolizi ZiriTadad bolomde midis. 
hidrolizis Sedegad miRebul xsnars SeiZleba hqondes

susti mJava, susti tute an neitraluri reaqcia, rac
damokidebulia warmoqmnili mJavasa da fuZis disociaciis
xarisxze. 
(NH4)2CO3 -is wyalxsnars aqvs susti fuZe reaqcia, radgan

 NH4OH  >  H2CO3; pH >7







hidrolizis xarisxi

hidrolizis raodenobrivi daxasiaTebisaTvis ixmareba

hidrolizis xarisxi (h).

• hidrolizis xarisxi ewodeba hidrolizebuli marilis 
raodenobis Sefardebas gaxsnili marilis saerTo 
raodenobasTan. 

magaliTad, Tu wyalSi gaxsnilia 2 moli marili,xolo

hidrolizi ganicada 0,01 molma,  hidrolizis xarisxi ase

gamoiTvleba: 

h = 0,01/2 • 100 = 0,005 • 100 anu 0,5%.



• hidrolizis xarisxi damokidebulia marilis bunebaze, 
temperaturasa da koncentraciaze. 

• rac ufro ganzavebulia xsnari, e.i. rac ufro dabalia 
xsnaris koncentracia, miT metia hidrolizis xarisxi.

• rac ufro maRalia xsnaris temperatura, miT metia 
hidrolizis xarisxi.



es sainteresoa
ratom iferfleba Zveli furclebi?

Zveli furclebi imdenad myifea, rom xelis
SexebiTac ki iferfleba. qaRaldis warmoebaSi,
zedmeti melnis SeSrobis Tavidan
acilebis mizniT, saweri furclebis
gasaJRenTad iyeneben aluminis
sulfatis (Al2(SO4)3)xsnars, 

romelic tenian garemoSi
hidrolizs ganicdis. 
hidrolizis Sedegad gamoiyofa

gogirdmJava, romelic furcels
wvavs daFferflad aqcevs.

Al2(SO4)3 + 6H2O  2Al(OH)3 + 3H2SO4



12.2. Tanamedrove Sexedulebebi mJavebisa da 

fuZeebis Sesaxeb

• mJavebisa da fuZeebis Sesaxeb ufro farTo 
warmodgenis Sesaqmnelad ganvixiloT 2 Teoria:

• protolituri Teoria 

(brensted-louri, 1933 w.) 

• eleqtronuli (donorul-aqceptoruli) Teoria 

(luisi,  1924 w.)



B12.3. brensted-louris protolituri Teoria

protolituri Teoriis Tanaxmad, mJavaa nebismieri nivTiereba,

romelsac aqvs wyalbadis dadebiTi ionis (protoni) gacemis unari,

xolo fuZe _ nebismieri nivTiereba, romelsac aqvs protonis

mierTebis unari.

mJava  fuZe + H+; fuZe + H+  mJava

am tolobaTa SejamebiT miviRebT mJava_fuZe wonasworobas.

mJava + fuZe   fuZe + mJava

aseT procesSi monawile mJavas da fuZes  SeuRlebuli ewodeba.

es aris mJava_fuZis wyvili.

protolituri Teoriis Tanaxmad, mJavebs da fuZeebs SeiZleba

mivakuTvnoT nivTierebaTa didi raodenoba da qimiur reaqciaTa

umravlesoba  ganvixiloT,  rogorc fuZe-mJavuri urTierTqmedeba.

magaliTad, H2O   +  NH3     OH- +  NH4
+

mJava    fuZe         fuZe     mJava

rodesac amiaki (NH3) ixsneba wyalSi, is gadadis SeuRlebul mJavaSi; 

analogiurad OH- aris wylis, rogorc mJavas, SeuRlebuli fuZe.



SeuRlebuli mJava da SeuRlebuli fuZe

SeuRlebuli mJava aris nawilaki, romelic warmoiqmneba
maSin, rodesac fuZe miiRebs wyalbadis ions NH3 + H+→ NH4

+.
SeuRlebuli fuZe aris nawilaki, romelic warmoiqmneba,

rodesac mJava dakargavs wyalbadis ions H2O - H+→ OH-.
e.i. SeuRlebuli mJava_fuZe wyvili Seicavs 2 nawilaks,

romlebic erTmaneTTan dakavSirebulia wyalbadis ionis
gacemiT an SeZeniT:

HCl   +   H2O    [H3O]+ +     Cl-

mJava        fuZe   SeuRl. mJava     SeuRl. fuZe 

HCl aris wyalbadis ionis donori, e.i. mJava; 
H2O _ wyalbadis ionis aqceptori,  e.i. fuZe; 
Cl- _ mJavas (HCl) SeuRlebuli fuZe;
[H3O]+ _ fuZis (H2O) SeuRlebuli mJava.
ganxilul reaqciebSi wylis funqcia gansxvavebulia. 
amiakTan urTierTqmedebisas H2O gamodis mJavas rolSi, 

qlorwyalbadmJavasTan urTierTqmedebisas ki igi fuZis
rolSia. e.i. H2O amfoteruli naerTia.



12.4. luisis Teoria

luisis Tanaxmad,

• mJava aris nivTiereba, romelic eleqtronuli wyvilis 
aqceptoria.

• fuZe aris nivTiereba, romelic aris eleqtronuli

wyvilis donoria.

mJava       fuZe



areniusis,Bbrensted-louris da luisis 
Teoriebis Sedareba 

Teoria mJava fuZe

areniusi Seicavs H+ ionebs. Seicavs OH- ionebs.

brensted-louri warmoadgens
protonis donors.

warmoadgens
protonis
aqceptors.

luisi warmoadgens
elqtronuli
wyvilis aqceptors.

warmoadgens
elqtronuli
wyvilis donors.



P12.5. pirsonis Teoria

araorganul naerTTa umravlesoba myar, Txevad da airad

mdgomareobaSi luisis fuZeebisa da mJavebis kompleqsebia.

ganvixiloT nivTiereba magniumis qloridiM- MgCl2.

myar mdgomareobaSi MgCl2 igi Sedgeba mJavasagan (Mg2+)da mis

garSemo koordinirebuli fuZisagan (Cl-).

wyalxsnarebSi warmoiqmneba hidratirebuli akva ionebi

[Mg(H2O)6]
2+.

Mg2+-is garSemo, koordinirdeba wylis eqvsi molekula

(rogorc fuZe).

Cl--is garSemoc koordinirdeba wylis molekulebi (rogorc

mJavebi). warmoiqmneba qloris hidratuli ionebi [Cl(H2O)n]
-.



terminebis _xisti’’ da ,,rbili’’_ gamoyeneba 
fuZisa da mJavas dasaxasiaTeblad

luisis fuZeebisa da mJavebis daxasiaTebisas gamoiyeneba
terminebi ,,xisti ’’ da ,,rbili’’ fuZeebi da mJavebi.

• ,,xisti’’ fuZe Seicavs maRali eleqtrouaryofiTobis mqone, 
Znelad dasaJang ions, romelic Znelad polarizdeba. 

magaliTad, F- , O2- , NO3
- , CO3

2-.

• ,,rbili’’ fuZe Seicavs dabali eleqtrouaryofiTobis mqone,  
advilad dasaJang ions, romelic advilad polarizdeba. 
magaliTad,  H+ , I- , S2- .

• ,,xisti’’ mJava Seicavs mcire zomisa da didi dadebiTi
muxtis mqone ions _ aqceptors, romelic ar aris advilad
agznebadi. MmagaliTad,  H+ , Na+ , K+ , Be2+ , Al3+.

• ,,rbili’’ mJava Seicavs didi zomis, mcire dadebiTi muxtis
mqone ions _ aqceptors, romelic advilad agznebadia. 

magaliTad, Cu+ , Ag+ , Hg2+ , Pt2+.

• umartivesi ,,xisti’’ mJava aris wyalbadis kaTioni (H+), 
xolo umartivesi @@,,rbili’’ @fuZe _ hidrid ioni (H-).



reaqciebi ,,xisti’’ da ,,rbili’’ fuZisa da mJavas 
monawileobiT

pirsonis Teoriis Tanaxmad: 

,,xisti’’ mJavebi ZiriTadad uerTddeba ,,xist’’ fuZeebs, 
xolo ,,rbili’’ mJavebi _ ,,rbil’’ fuZeebs.  

Ax.Bx. + Ar.Br.  Ax.Br.+ Ar.Bx.

pirsonis TeoriiT mravali faqtis axsna aris SesaZlebeli:

magaliTad,  ,,rbili’’ mJavebi (Cu+ , Ag+ , Hg2+ , Pt2+ ) bunebaSi

ZiriTadad ,,rbil’’ fuZeebTan SeerTebuli naerTis _

sulfidebis saxiT  gvxvdeba.
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13.6.  Jangva-aRdgenis reaqciebi;

13.7.  eleqtronuli balansis meTodi;

13.8.  naxevarreaqciis meTodi

13.9.  Jangva-aRdgenis reaqciaTa tipebi;

es sainteresoa; alkoholis ganmsazRvreli xelsawyo;

13.10.  garemos gavlena Jangva-aRdgenis reaqciebze;

13.11.  savarjiSo.



13.1. Jangvis ricxvi

Jangvis ricxvi, anu Jangvis xarisxi ewodeba atomis pirobiT

muxts molekulaSi, Tu davuSvebT, rom molekula mxolod

ionebisgan Sedgeba.

Jangvis ricxvi SeiZleba iyos rogorc dadebiTi an uaryofiTi,

aseve nulovani mniSvnelobisa.

dadebiTi Jangvis ricxvi atomis mier pirobiTad gacemuli

eleqtronebis ricxvis tolia, xolo uaryofiTi _mierTebuli

eleqtronebis ricxvs Seesabameba. 

ionur naerTebSi atomTa Jangvis ricxvi ionis muxtis tolia. 

martiv nivTierebebSi da erTnairi eleqtrouaryofiTobis

mqone elementebisgan Sedgenil naerTebSi atomTa Jangvis

ricxvebi nulis tolia. magaliTad,   O2
0, O3

0, N2
0.



13.2. valentoba da Jangvis ricxvi

xSir SemTxvevaSi atomis Jangvis ricxvi ar emTxveva mocemuli

atomis mier warmoqmnil  bmaTa ricxvs, e.i. ar aris misi valen-

tobis toli.

amiakSi (NH3) azotis Jangvis ricxvi udris (-3)-s, valentoba

ki III-is tolia.

amoniumis ionSi [NH4 ]+  azotis Jangvis ricxvi udris (-3)-s,

xolo valentoba IV-is tolia.



13.3. Jangvis ricxvi perioduli sistemis mixedviT

mTavari (a) jgufebi

• Tu elementi luw jgufSia moTavsebuli, maSin misi atomis
dadebiTi Jangvis ricxvebi luwi ricxvebia. maTi maqsimaluri
mniSvneloba Seesabameba jgufis nomers.

magaliTad, gogirdi (S) VI(a) jgufis elementia, misi atomis
dadebiTi Jangvis ricxvebia: +2, +4, +6.

• Tu elementi perioduli sistemis kent jgufSia moTavsebuli,
misi atomis dadebiTi Jangvis ricxvebi kentia; maqsimaluri
mniSvneloba am SemTxvevaSic jgufis nomris tolia.

magaliTad, qlori (Cl) VII(a) jgufis elementia, misi dadebiTi
Jangvis ricxvebia: +1, +3, +5, +7.

• elementis atomis uaryofiTi Jangvis ricxvi im eleqtronebis
raodenobis tolia, romlebsac ierTebs atomi gare
energetikuli (savalento) donis Sesavsebad.

magaliTad, gogirdi (S) VI(a) jgufSia. mas gare energetikul
doneze aqvs 6 eleqtroni. donis dasrulebisaTvis (8-mde
Sesavsebad) is ierTebs or eleqtrons da, Sesabamisad, amJRavnebs
Jangvis ricxvs _2-s.



gamonaklisebi Jangvis ricxvebis mniSvnelobebSi

Jangvis ricxvebis mniSvnelobebis gansazRvris zemoT mocemuli

wesi marTebulia mxolod mTavari, (a) –jgufebis elementebisTvis. 

gamonaklisia azoti (N), Jangbadi (O) da fTori (F). 

• azotis atoms kent dadebiT Jangvis ricxvTan (-3) erTad, 

axasiaTebs luwi dadebiTi Jangvis ricxvebic: +1, +2, +3, +4, +5. 

• fTors axasiaTebs mxolod uaryofiTi Jangvis ricxvi (-1);

• Jangbadis atoms ZiriTadad (-2), H2O
-2,  (peroqsidebSi)  _ (-1),

H2(O
-
2)

-2 da mxolod fTorTan naerTSi _  (+2), O+2F2.



Jangvis ricxvi (b) jgufis elementebisaTvis

(b) jgufis elementebs Jangvis gansxvavebuli ricxvebi

axasiaTebs. magaliTad,

• manganums (Mn):  +2, +3, +4, +6, +7;

• rkinas (Fe):  +2, +3, +6;

• qroms (Cr): +2, +3, +6;

• spilenZs (Cu):  +1, +2;

• oqros (Au):  +1, +3.



qromis naerTebi Jangvis ganxvavebuli ricxvebiT

elementi qromi Jangvis sxvadasxva ricxvis SemTxvevaSi

gansxvavebuli Seferilobis naerTebs iZleva. 

qromis qloridi (Cr+2Cl2) _cisfers;

qromis qloridi (Cr+3Cl3) _mwvanes;

kaliumis qromati (K2Cr+6O4) _yviTels;

kaliumis biqromati (K2Cr+6
2O7) _ narinjisfers.



13.4. Jangvis ricxvis gamoTvla naerTebSi

• elementebis Jangvis ricxvebis gansazRvrisas unda

gaviTvaliswinoT, rom neitralur naerTSi Semavali

yvela atomis Jangvis ricxvebis algebruli jami nulis

tolia, xolo rTul ionSi _ ionis muxts emTxveva.

magaliTad, gvinda ganvsazRvroT N-is Jangvis ricxvi

HNO3 -Si.

1+x + (-2 • 3) = 0. x = +5. e.i. azotis Jangvis ricxvia +5.

• ganvsazRvroT S-is Jangvis ricxvi sulfat ionSi (SO4)
2-.

x + (-2 • 4) = -2; x = +6. e.i. gogirdis Jangvis ricxvia +6.



13.5. savarjiSo

1. gansazRvreT elementebis Jangvis ricxvebi binarul naerTebSi:

MgH2,   CCl4,   CaS, Ca3N2.

2. gansazRvreT qloris Jangvis ricxvi Semdeg mJavebSi:

HClO, HClO2, HClO3, HClO4.

3. gansazRvreT mJavas warmomqmneli elementis Jangvis ricxvi Semdeg

mJavur naSTebSi:

(NO3)
-,      (NO2)

- ,   (CO3)
-2,  (SiO3)

-2,   (PO4)
-3, (MnO4)

-,  (MnO4)
-2.

4. gansazRvreT metalis Jangvis ricxvi Semdeg naerTebSi:

Na(NO3)
-,  Al(NO3)3 , AlPO4,  K(MnO4)

-, K2(MnO4)
-2.

5. CamoTvlili naerTebidan,  romelSia azotis Jangvis ricxvi iseTive,

rogoric [NH4]
+ ionSi? 

a)NO,    b)N2O3,     g) NH3,      d) N2O5.



13.6. Jangva-aRdgenis reaqciebi

reaqciebs, romlebic mimdinareobs moreagire nivTierebebSi Semavali
atomebis Jangvis ricxvis cvlilebiT,  Jangva-aRdgenis reaqciebi
ewodeba.
nawilakis (atomis, molekulis, ionis) mier eleqtronebis mierTebis

process  aRdgena ewodeba, xolo eleqtronebis gacemis process –
Jangva.
atoms, molekulas an ions, romelic gascems eleqtronebs, TviTon

iJangeba, sxva nawilaks ki aRadgens,   aRmdgeni ewodeba.
kargi aRmdgenebia: wyalbadi,  liTonebi, naxSirbadi (C) naxSirbadis

monoqsidi CO, (Fe2+)-is Semcveli marilebi (FeCl2, FeSO4), marilmJava (HCl)

da sxv.
atoms, molekulas an ions, romelic SeiZens eleqtronebs,  TviTon

aRdgeba, sxva nawilaks ki Jangavs,  mJangavi ewodeba.
kargi mJangavebia: aqtiur araliTonTa atomebi (F0 , O0, Cl0) da umaRlesi

dadebiTi Jangvis ricxvis mqone elementTa atomebi (Mn+7, Cr+6, S+6, N+5 da
a.S.). 
cnobilia Jangva-aRdgenis reaqciebis ganxilvis ori meTodi:

eleqtronuli balansis meTodi da naxevarreaqciis meTodi.



13.7. eleqtronuli balansis meTodi

Jangva-aRdgenis reaqciebis Sedgenisas eleqtronuli balansis meTods

Uunda moviqceT Semdegnairad:

1.  davweroT reaqciis sqema  – sawyisi da miRebuli nivTierebebi:

Al + S  Al2S3

2.    ganvsazRvroT, romeli elementebis atomebi icvlis Jangvis ricxvs: 

Al0  Al+3;       S0  S -2; 

sqemiT gamovsaxoT eleqtronebis gacemisa da mierTebis procesi 
(naxevarreaqciebi):

Alo - 3e  Al+3         

So  + 2e  S-2     

4.  Semdeg etapze erTmaneTs unda gavutoloT gacemuli da SeZenili 
eleqtronebis ricxvi. amisaTvis vpoulobT gacemuli  da mierTebuli 
eleqtronebis ricxvis umcires saerTo jerads (6), romelsac vyofT  
gacemuli (3) da mierTebuli (2) eleqtronebis ricxvze da vRebulobT 
koeficientebs aRmdgenisa da mJangavisaTvis: 

Alo - 3e  Al+3          2  aRmdgeni

6

So  + 2e  S-2             3 mJangavi

5.   miRebuli koeficientebi SevitanoT reaqciis tolobaSi: 

2Al + 3S  Al2S3             



N13.8. naxevarreaqciis meTodi

NganvixiloT naxevarreaqciis,  anu ion-eleqtronuli meTodi
safexurebis mixedviT:

1. daweroT reaqciis sruli da ionuri gantoleba:
H2 S + HNO3  →  H2SO4 + NO2 + H2O

H2 S + H+ + NO3
- →  2H+ +  SO4

2- + NO2 + H2O

2. gansazRvroT atomebis an ionebis Jangvis ricxvebi, 
ionebi an atomebi, romlebic ar icvlis Jangvis ricxvs, 
SevkvecoT.

H+1
2S

-2 + H+1 +N+5O-2
3 →  2H+1 +  S+6O-2

4 + N+4O-2
2 + H+1

2O
-2.

H+1
2S

-2 + N+5O-2
3 →  S+6O-2

4 + N+4O-2
2.

3. davweroT Jangvis naxevarreaqcia:        
H+1

2S
-2 - 8e →  S+6O-2

4

4. davweroT aRdgenis naxevarreaqciia:        
N+5O-2

3 + e →   N+4O-2
2



5. Jangbadis atomebis gatolebis mizniT reaqciis marjvena an
marcxena mxares davumatoT wylis molekulaTa Sesabamisi
raodenoba. wyalbadis atomebis gatolebis mizniT ki
wyalbadis ionebi davumatoT reaqciis sapirispiro mxares.

H2S
-2 + 4H2O - 8e → S+6O-2

4 + 10H+1             1 Jangva

8

N+5O-2
3 + 2H+ +e →   N+4O-2

2  + H2O       8 aRdgena

7. Jangvis reaqcia gavamravloT 1-ze, xolo aRdgenis reaqcia 8-ze:

1 X (H2S
-2 + 4H2O -8e → S+6O-2

4 + 10H+1 ) 

8 X (N+5O3
- + 2H+ + e →   N+4O2  + H2O)

H2S
-2 + 4H2O + 8N+5O3

- + 16H+ -8e + 8e→ S+6O-2
4 + 10H+1 + 8N+4O2  + 8H2O 

Sekvecis Semdeg darCeba: 

H2S
-2 + 8N+5O3

- + 6H+ → S+6O-2
4 + 8N+4O2  + 4H2O 



13.9. Jangva-aRdgenis reaqciaTa tipebi

arsebobs Jangva-aRdgenis reaqciis Semdegi tipebi: 

1. molekulaTSorisi, 

2. Sigamolekuluri, 

3. disproporciis, anu TviTJangva-TviTaRdgenis
reaqciebi.



molekulaTSorisi da Sigamolekuluri 
Jangva-aRdgenis reaqciebi

molekulaTSorisi Jangva-aRdgenis reaqciebi mimdinareobs

sxvadasxva nivTierebis molekulebs Soris. 

3Cu0 + 8HN+5O3 → 3Cu+2 (NO3)2 + 2N+2O + 4H2O

Cu0 -2e → Cu+2         3   aRmdgeni

N+5 +3e →  N+2           2 mJangavi

Sigamolekuluri Jangva-aRdgenis reaqciebis SemTxvevaSi mJangavi

da aRmdgeni elementebis  atomebi erTi da imave nivTierebis

molekulis SedgenilobaSia:

2NaN+5O-2
3 → 2NaN+3O2 + O2

0

2O-2 -4e → O2
0         1   aRmdgeni

N+5 +2e → N+3        2   mJangavi



disproporciis,  anu TviTJangva-aRdgenis reaqciebi

TviTJangva-aRdgenis reaqciebis dros reaqciaSi monawileobs

erTi da imave Jangvis ricxvis mqone erTi da igive elementi. 

magaliTad, 

4KCl+5O3 → KCl- + 3KCl+7O4   

Cl+5 -2e → Cl+7           3   aRmdgeni
6

Cl+5 +6e → Cl- 1   mJangavi

2N+4O2 + H2O → HN+3O2 + HN+5O3 

N+4 -e → N+5           1 aRmdgeni

1                       

N+4 +e → N+3      1    mJangavi



es sainteresoa
alkoholis ganmsazRvreli xelsawyo

mZRolis sisxlSi alkoholis Semcvelobis
gansazRvrisaTvis iyeneben xelsawyos, romlis
muSaobis safuZveli Jangva-aRdgenis reaqciaa. 
magaliTad, reaqcia kaliumis diqromatsa

(K2Cr2O7)da eTilis spirts (C2H5OH) Soris
mJavur garemoSi mimdinare Jangva-aRdgeniTi
reaqciaa. 
reaqciis Sedegad narinjisferi diqromati mwvane feris

qromis (III) sulfatSi (Cr2(SO4)3) gadadis. feris cvlileba
amonasunTq haerSi alkoholis Semcvelobis maCvenebelia.

K2Cr2O7 + 4H2SO4 + 3C2H5OH→Cr2(SO4)3 + 3CH3COH + 7H2O  + K2SO4

2C-2 - 2e   → 2C-1      3 aRmdgeni
6

2Cr+6 +6e   → 2Cr3+      1 mJangavi



13.10. garemos gavlena Jangva-aRdgenis 

reaqciebze

Jangva-aRdgenis reaqciaze gavlenas axdens xsnaris garemo:

magaliTad, kaliumis permanganatis (KMnO4) iisferi xsnari

erTi da imave aRmdgenis gamoyenebisas mJava garemoSi xdeba

ufero (Mn+2), tute garemoSi _ mwvane (Mn+6O4
-2)-2, xolo

neitralur garemoSi manganumis dioqsidis yavisferi naleqi

(MnO2) warmoiqmneba.  

H+ > OH- Mn+2 _ ufero

(Mn+7O4
-2)- iisferi H+ < OH- (Mn+6O4

-2)-2 _mwvane

H+ = OH- Mn+4O2
_ yavisferi

)



mJava garemo; H+ > OH-. iisferi xsnari uferuldeba.

2KMnO4 + 5NaNO2  +4H2SO4 → 2MnSO4 + 5NaNO2 + K2SO4  + 4H2O 

Mn+7 + 5e → Mn+2      2 aRmdgeni

N+3 - 2e → N+5      5 mJangavi

tute garemo; H+ < OH-. iisferi xsnari mwvane ferSi gadadis.

2KMnO4 + NaNO2  + 2KOH → 2K2MnO4  + NaNO3 + H2O 

Mn+7 + e  → Mn+6      2 aRmdgeni

N+3 - 2e → N+5      1 mJangavi

neitraluri garemo; H+ = OH-. iisferi xsnari yavisferSi
gadadis,  gamoiyofa naleqi.

2KMnO4 + 3NaNO2  + H2O→ 2MnO2 + 3NaNO3 + 2KOH

Mn+7 + 3e → Mn+4      2 aRmdgeni

N+3 - 2e → N+5      3 mJangavi



13.11. savarjiSo

1. gaaTanabreT reaqciebis tolobebi eleqtronuli balansis meTodiT:

a.  Fe + Cl2  FeCl3 ;

b.  KMnO4 + HCl  MnCl2 + KCl + Cl2 + H2O;

g.   Cu + HNO3 konc.  Cu (NO3) + NO2 + H2O;

d.  Zn + HNO3 ganz.  Zn(NO3)2 +  NO + H2O;    

2. dawereT sqemis Sesabamisi reaqciebis tolobebi. romeli maTgania Jangva

aRdgenis reaqcia?

Al   Al2O3   Al(NO3)3  Al(OH)3  Al2O3  AlCl3 .

3. miuTiTeT mJangavi da aRmdgeni. gansazRvreT Jangva-aRdgenis reaqciis

tipi:

a.   NH3 + CuO  Cu + N2 + H2O;

b.   NO2 +  H2O  HNO2 + HNO3;

g.   NH4NO3   N2O + H2O.

4. SeadgineT Jangva-aRdgenis reaqciis saboloo gantoleba, romelSic NO3
-

da Cu –is urTierTqmedebisas warmoiqmneba NO da Cu2+.



Lleqcia 14. eleqtroqimiuri procesebi

14.1. eleqtroduli potenciali;

14.2. eleqtroqimiuri Zabvis mwkrivi;

14.3. galvanuri elementi;

14.4. eleqtrolizi;

es sainteresoa; eleqtrolizi kosmetologiaSi;

Ees sainteresoa; aluminis miReba;

14.5. faradeis kanonebi;

14.6. eleqtrolizis praqtikuli gamoyeneba.



14.1. eleqtroduli potenciali

liTonTa kristalur meserSi ganlagebulia atomebi, ionebi da

eleqtronebi:

Me ↔ Men+ + ne

aqtiuri liTonis firfitis wyalSi moTavsebisas wylis polaruli

molekulebis moqmedebiT liTonis ionebi hidratirebul mdgomareobaSi

aRmoCndeba. liTonis firfitis siaxloves xsnari daimuxteba

dadebiTad, xolo TviT liToni daimuxteba uaryofiTad.

liTonis firfitaze muxtis warmoqmnis gamo daiwyeba xsnarSi

arsebuli sawinaaRmdegod damuxtuli nawilakebis mizidva.

e.i. liTonis wyalSi moTavsebisas liTonisa da misi garemomcveli

wylis gamyof zedapirze warmoiqmneba ormagi eleqtruli Sre.

liTonsa da xsnars Soris aRiZvreba potencialTa sxvaoba, romelsac

eleqtroduli potenciali ewodeba.

Me +mH2O  ↔ Me(H2O)m
n+  + ne

xsnarSi liTonze



wyalSi nebismieri aqtiuri liTonis firfitis zedapiri

imuxteba uaryofiTad, firfitis mosazRvre wylis fena ki

dadebiTad. 

wyalSi moTavsebuli liTonis zedapirze uaryofiTi

muxtis sidide sxvadasxva liTonisaTvis sxvadasxvaa da

damokidebulia Semdeg faqtorebze:

1. kristaluri mesriis energiaze (energia, romelic

ixarjeba kristaluri mesris dasaSlelad);

2. ionizaciis energiaze;

3. xsnarSi gadasul ionTa hidrataciis energiaze

(energia, romelic gamoiyofa kationebis mier wylis

molekulebis mierTebisas).



aqtiuri da araaqtiuri liTonebi

liTonis CaSvebisas Tavisive marilis xsnarSi

warmoiqmneba potencialTa sxvaoba. ganvixiloT ori

SemTxveva:

1. aqtiuri liTonis (mag., Zn) Tavisive marilis (ZnSO4)

xsnarSi moTavsebisas dadebiTi ionebi liTonis
firfitis zedapiridan gadava xsnarSi, xolo firfitaze
moxdeba uaryofiTi eleqtronebis dagroveba.

aqtiuri liToni CaSvebuli Tavisive marilis xsnarSi



2. araaqtiuri liTonis (mag., Cu) moTavsebisas Tavisive

marilis xsnarSi (CuSO4), dadebiT ionTa nawili

xsnaridan gadava liTonze. marilis uaryofiTi ionis

siWarbis gamo xsnari daimuxteba uaryofiTad,  xolo

liToni _ dadebiTad.

araaqtiuri liToni CaSvebuli Tavisive marilis xsnarSi



standartuli eleqtroduli potenciali

eleqtrodul potencials, romelic warmoiqmneba liTonis
moTavsebisas Tavisive marilis 1 moli/l koncentraciis
xsnarSi 20oC-ze, standartuli eleqtroduli potenciali
(Eo) ewodeba. 

eleqtroduli potencialebis absoluturi sididis
gazomva SeuZlebelia, amitom sargebloben eleqtroduli
potencialebis fardobiTi mniSvnelobebiT. 

erTeulad miRebulia wyalbadis standartuli eleqtro-
duli potenciali.



eleqtroduli potencialis gansazRvra

standartul eleqtrodad miRebulia wyalbadis eleqtrodi. igi

Sedgeba 1M koncentraciis gogirdmJavas xsnarSi CaSvebuli

platinis eleqtrodisagan, romelSic atareben sufTa airad

wyalbads 1 atm wnevis pirobebSi.

platinis zedapirze wyalbadi gascems eleqtrons. miRebul

wyalbadis kationsa da molekulas Soris myardeba wonasworoba:

2H+ + 2e- = H2 . Tu wyalbadisa da liTonis eleqtrodebs Soris

wreds SevkravT, daiwyeba eleqtronebis mimarTuli moZraoba.



standartuli eleqtroduli potencialebis mwkrivi



liTonTa aqtivobis mwkrivi



14.2. eleqtroqimiuri Zabvis mwkrivi

liTonTa standartuli eleqtroduli potencialebis algebruli
sididis zrdis mixedviT ganlagebul mwkrivs liTonTa
standartul eleqtrodul potencialTa mwkrivi anu
eleqtroqimiuri Zabvis mwkrivi ewodeba.

Li, K, Ba, Na, Ca, Mg, Al, Zn, Fe, Ni, Sn, Pb, [H], Cu, Hg, Ag, Au.

• ZabvaTa mwkrivis yoveli liToni, romelic ar Slis wyals, mwkrivSi
momdevno liTons aZevebs (aRadgens) misi marilebis xsnarebidan.

• ZabvaTa mwkrivSi wyalbadis marcxniv ganlagebuli yvela liToni
aZevebs wyalbads Zlieri mJavebis ganzavebuli xsnarebidan, xolo
wyalbadis marjvniv mdgomi liToni ver gamoaZevebs wyalbads
Zlieri mJavebis ganzavebuli xsnarebidan.

• liTonebi, romlebic ZabvaTa mwkrivSi wyalbadis winaa, bunebaSi
mxolod qimiuri naerTebis saxiT gvxvdeba. wyalbadis marjvniv
mdgomi liTonebi – vercxli, vercxliswyali da spilenZi _
gvxvdeba rogorc TviTnabadi, ise naerTebis saxiT. ZabvaTa mwkrivis
ukanaskneli liTonebi – oqro da platina – bunebaSi mxolod
TviTnabadi saxiT moipoveba.



14.3. galvanuri elementi

xelsawyos, romelSic qimiuri procesebis gamoyenebiT xdeba

eleqtroenergiis miReba, galvanuri elementi ewodeba. 

galvanur elementSi pirveli rigis gamtarebi – liTonebi _

moTavsebulia meore rigis gamtarebSi – eleqtrolitebSi

(TavianTi marilis xsnarSi).

magaliTisaTvis ganvixiloT galvanuri elementi, romelSic

TuTiisa da spilenZis eleqtrodebi, Sesabamisad, CaSvebulia 

TuTiisa da spilenZis sulfatebis xsnarebSi.



mSrali galvanuri elementi

mSrali galvanuri elementebi denis iafi
da moxerxebuli wyaroebia: mcire zomis
gamo advilia maTi gadatana, ar saWiroebs
gansakuTrebul movlas da sxv.
mSrali galvanuri elementebi gamoiyeneba

tranzistorul radiomimRebebSi, saaTebSi, 
mobilur telefonebSi,  farnebSi
da sxv.).

anodi (-)      Zn → Zn 2+ +2e

kaTodi (+)   2NH4
+ + 2MnO2 +2e →  Mn2O3 + 2NH3 + H2O

mSral batareaSi mimdinare jamuri reaqcia ase gamoisaxeba:

Zn + 2MnO2 + 2NH4
+ →  Mn2O3  + Zn2+  +2NH3 + H2O



vercxliswylis batarea

samedicino da eleqtronul
teqnikaSi iyeneben e.w. 
vercxliswylis batareas, 
romelic denis mudmivi
maCveneblebiT da muSaobis
xangrZlivobiT gamoirCeva.

anodi (+) Zn(Hg) +2OH-→ZnO + H2O+2e

kaTodi (-) HgO + H2O +2e→Hg + 2OH-

vercxliswylis batareaSi mimdinare jamuri reaqcia ase
gamoisaxeba:

Zn(Hg) +HgO→ZnO + Hg



tyviis batarea
galvanuri elementebisagan Semdgar batareas akumulatori

ewodeba.
sxva batareebisagan gansxvavebiT, tyviis batareas aqvs
Semdegi upiratesoba: SeuZlia drois mcire monakveTSi
gamoimuSaos didi raodenobiT eleqtroba; ganmuxtuli
akumulatori SeiZleba xelaxla daimuxtos.  
anodad gamoiyeneba tyvia, kaTodad _ tyviis bade PbO2 – Tan
erTad. eleqtrolitia gogirdmJavas (H2SO4) 38%-iani xsnari.
anodi:   Pb + SO4 

2- →  PbSO4  + 2e

kaTodi: PbO2 + SO4 
2- +4H+ + 2e → PbSO4  + 2H2O

Pb + PbO2 + 2H2SO4 
2- → 2PbSO4  + 2H2O.



Egalvanuri elementis potencialis gamoTvla

• Mg → Mg 2+ + 2e - (Jangva) +2.363V 

• Pt 2+ + 2e - → Pt      (aRdgena)  +1.2V

Mg + Pt 2+ + 2e - → Mg 2+ + 2e - + Pt +3.563V



14.4. eleqtrolizi

eleqtrolizi ewodeba eleqtrolitSi mudmivi denis

gatarebisas eleqtrodebze mimdinare Jangva-aRdgeniT process.

eleqtrolitebi gaxsnil da galRobil mdgomareobaSi

arsebiTad gansxvavdeba erTmaneTisagan. 

xsnarSi eleqtrolitis ionebi hidratirebulia. 

nalRobSi marili mTlianadaa dadisocirebuli.

• nalRobis eleqtrolizi (NaCl).  

NaCl  Na+ + Cl-

K(_):   Na+ + e  Na0       1 2 (kaToduri aRdgena)

A(+):  2Cl- - 2e Cl2
0 2 1 (anoduri Jangva)

2NaCl  →   2Na + Cl2



wyalxsnaris eleqtrolizi

nalRobis eleqtrolizi aris eleqtrolizis
martivi SemTxveva;
SedarebiT ufro rTulad mimdinareobs

eleqtrolizi eleqtrolitTa wyalxsnarebis
SemTxvevaSi.
eleqtrolitTa wyalxsnarebSi hidratirebuli

ionebis garda, wylis molekulebicaa, romlebic
SeiZleba monawileobdes eleqtrolizur
reaqciebSi. ganvixiliT ori SemTxveva:
• kaTodze mimdinare procesebi;
• anodze mimdinare procesebi.



kaTodze mimdinare procesebi

a) Tu liToni eleqtroqimuri Zabvis  mwkrivSi moTavsebulia

liTiumsa  da alumins Soris, maSin kaTodze aRdgeba ara

liTonTa kationebi, aramed wylis molekulebi;

b) Tu liToni moTavsebulia aluminsa da wyalbads Soris,

maSin kaTodze erTdroulad aRdgeba rogorc kationebi, aseve

wylis molekulebi (upiratesoba eZleva koncentracias);

g) liTonTa kationebi, romelTa eleqtroduli potenciali

ufro metia, vidre wyalbadisa (e.i.ZabvaTa mwkrivSi  wyalbadis

Semdegaa), aRdgeba kaTodze.



anodze mimdinare procesebi

anodze mimdinare procesebi damokidebulia TviT anodze.
arsebobs xsnadi da uxsnadi anodebi:

xsnadi (spilenZi _ Cu, vercxli _Ag, , TuTia _ Zn da a.S.);
uxsnadi (naxSiri, grafiti, platina _ Pt).

xsnad anodze iJangeba anioni.
uxsnad anodze JangviTi procesebis dros SesaZlebelia

rogorc anionis, aseve wylis molekulebis Jangva.
a) Tu anioni uJanbado mJavas naSTia, maSin igi 
daiJangeba da anodze Tavisufali saxiT gamoiyofa.

b) Tu anioni Jangbadiani mJavas naSTia, maSin anodze 
daiJangeba wylis molekulebi.



Nnatriumis qloridis (NaCl) wyalxsnaris 
eleqtrolizi uxsnadi eleqtrodebiT

1. NaCl  Na+ + Cl-

H2O

kaTodi (-): Na+

2H2O + 2e → H2  + 2OH-

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

anodi (+):   2Cl- - 2e→ Cl2 

H2O

Na+   +  OH- → NaOH

2NaCl + 2H2O → H2 + Cl2  +  2NaOH



spilenZis sulfatis (CuSO4) wyalxsnaris
eleqtrolizi uxsnadi eleqtodebiT

2. CuSO4  Cu2+ + 2Cl-

H2O

KkaTodi (-): Cu2+ + 2e → Cu

H2O

--------------------------------------------------------------
Aanodi (+):     SO4

2-

2H2O - 4e → O2  + 4H+

2H+   +  SO4
2- → H2 SO4

2CuSO4 + 2H2O → 2Cu +  O2  + 2H2 SO4



spilenZis qloridis (CuCl2 ) wyalxsnaris 
eleqtrolizi uxsnadi eleqtodebiT

3. CuCl2  Cu 2+ + 2Cl-

H2O

kaTodi (-): Cu2+ + 2e → Cu

H2O

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

anodi (+): 2Cl- - 2e → Cl2 

H2O

CuCl2 + 2H2O → Cu + Cl2  +  2H2O

CuCl2 → Cu + Cl2 



natriumis sulfatis (Na2SO4) wyalxsnaris
eleqtrolizi uxsnadi eleqtrodebiT

4. Na2SO4  2Na+ + SO4  
2-

H2O

kaTodi (-) Na

2H2O + 2e → H2  + 2OH-

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

anodi (+) SO4
2-

2H2O - 4e → O2  + 4H+

2H+   +  2OH- → 2H2O

2H2O → 2H2 +  O2



Eeleqtrolizi xsnadi anodis gamoyenebiT

xsnadi anodi mzaddeba liTonebisagan: Cu, Zn, Ag, Ni, Cd, Sn,

Co da sxv. xsnadi anodi uSualod monawileobs

eleqtrolizis procesSi _ is ixsneba da xsnarSi gadadis

liTonis kationebis saxiT: Mo _ ne → Mn+ .

xsnadi anodis gamoyenebisas TviTon anodi iJangeba da

gadadis xsnarSi. ganvixiloT ZnSO4-is wyalxsnaris

eleqtrolizi TuTiis eleqtrodebis gamoyenebiT:

ZnSO4  Zn2 +  + SO4
2-

kaTodi (Zn) - Zn2+ +2e → Zn0       (kaToduri aRdgena)

anodi (Zn)+               Zn -2e → Zn2+ (anoduri Jangva)

• anodze gaxsnili (daJanguli) TuTiis raodenoba kaTodze 
gamoyofili (aRdgenili) TuTiis raodenobis tolia. 

• gaxsnili marilis koncentracia xsnarSi ucvleli rCeba.



Ees sainteresoa
aluminis miReba reciklizaciiT

alumini aratipuri (amfoteruli) liTonia: msubuqi, plastikuri,

koroziisadmi medegi da, rac mTavaria, SesaZlebelia misi sruli

reciklizacia. 

aluminis miReba ZiriTadad boqsitisagan (Al2O3 • nH2O) xdeba

eleqtrolizis saSualebiT. eleqtroliziTve SesaZlebelia

agreTve misi miReba naxmari aluminis qilebis reciklizaciiT,

romlis drosac izogeba didi

raodenobiT eleqtroenergia. 

daaxloebiT 125 aluminis qilis

gadamuSavebiT SesaZlebelia

erTi ojaxisaTvis dRe-RameSi

sakmarisi eleqtroenergiis

dazogva.



Ees sainteresoa
eleqtrolizi kosmetologiaSi

eleqtrolizis process iyeneben kosmetologiaSi

arasasurveli Tmis mosaSoreblad (eleqtroepilacia).

eleqtroepilaciis principi  Semdegia: Tmis budeSi

nemsis saSualebiT xdeba eleqtruli denis gatareba. 

qsovilebSi arsebuli 

natriumis qloridis 

(NaCl)eleqtrolizis 

Sedegad warmoiqmneba 

natriumis tute (NaOH), rac 

iwvevs Tmis budis daSlas. 



14.5. faradeis kanonebi

eleqtrolizis raodenobrivi daxasiaTebisaTvis gamoiyeneba

faradeis kanonebi.

• faradeis pirveli kanoni:

eleqtrodebze gamoyofili nivTierebis masa xsnarSi an nalRobSi 
gatarebuli eleqtrobis raodenobis proporciulia: 

m = kQ ,                                        (1)   sadac

m aRdgenili an daJanguli nivTierebis masaa (g), 

k _ proporciulobis koeficienti,

Q _ eleqtrobis raodenoba (kuloni).

eleqtrobis raodenoba gamoisaxeba gantolebiT: 

Q = Ιt, (2) sadac

Ι denis Zalaa (amperi), xolo  t – dro (wami). 

SevitanoT pirvel formulaSi: 

m = k Ι t



• faradeis meore kanoni:

eleqtrolizis dros eleqtrobis erTi da igive raodenoba

eleqtrodebze gamoyofs sxvadasxva nivTierebis ekvivalentis

tol raodenobas. 

• eleqtrobis im raodenobas, romelic saWiroa nebismieri 
nivTierebis  1 mol-ekvivalentis gamosayofad, faradeis 
ricxvi (mudmiva) ewodeba da aRiniSneba F-iT. 

F = 96500 kuloni/moli = 26,8 amperi•sT/moli. 

• nivTierebis eleqtroqimiuri ekvivalenti (k) am nivTierebis 
ekvivalentis moluri masisa (Mekv.) da faradeis ricxvis 
fardobis tolia: 

k =  Mekv. /F                                                  (3) 

• Tu (3) gantolebas CavsvamT (1) da (2) gantolebebSi, miviRebT:

m = Mekv.;        m = Mekv.         



14.6. eleqtrolizis praqtikuli gamoyeneba

rafinireba

eleqtrolizuri gziT xdeba liTonTa gasufTaveba. gasufTavebis

am xerxs rafinirebas uwodeben.

rafinirebis magaliTad gamodgeba spilenZis sulfatis wyalxsnaris

eleqtrolizi spilenZis anodis gamoyenebiT.

am procesSi kaTodad iyeneben sufTa spilenZis Txel firfitas,

xolo anodad _ gasasufTavebeli spilenZis firfitas. 

anodi ixsneba, xsnarSi gadasuli Cu2+ ionebi aRdgeba da daefineba

sufTa spilenZis kaTods, anodis minarevebi ki darCeba xsnarSi (Tu

minarevebi xsnadia) an anodze (Tu minarevebi uxsnaria). 

kaTodi (Cu) - Cu2+ + 2e → Cu   (kaToduri aRdgena)

anodi (Cu) +       Cuo - 2e → Cu2+    (anoduri Jangva)



galvanostegia

erTi liTonis meoreTi dafarvis process galvanostegia

ewodeba. es meTodi gamoiyeneba rogorc dekoratiuli

mizniT, aseve sagnebis zedapiris dasacavad. 

magaliTad,  ganvixiloT liTonis kovzis

vercxliT dafarvis procesi. 

kovzi asrulebs kaTodis rols, xolo xsnad 

anodad vercxlis firfita gamoiyeneba. 

procesi mimdinareobs vercxlis nitratis xsnarSi.

kaTodi (nimuSi) - Ag+ + e → Ag0 (kaToduri aRdgena)

anodi (Ag) +  Ago - e → Ag+    (anoduri Jangva)



galvanoplastika

eleqtrolizuli procesebis gamoyenebiT SesaZlebelia
sagnis zedapiris aslis gadaReba. am meTods ewodeba
galvanoplastika.

nakeTobis asls amzadeben parafinisagan, romelsac
zemodan faraven naxSiris Txeli
feniT da aTavseben liTonis
marilis xsnarSi kaTodad. 
anodad gamoiyeneba imave

liTonis firfita, romlis
marilicaa eleqtrolitis rolSi.
eleqtruli denis gatarebisas

anodi ixsneba, xolo kaTodi
ifareba liTonis feniT. am gziT
miiReba nakeTobis zusti asli. 



leqcia 15. liTonTa korozia

15.1. koroziis saxeebi;

15.2. qimiuri korozia;

es sainteresoa; sufTa liTonebi korozias ar ganicdis;

15.3. eleqtroqimiuri korozia;

15.4. liTonebi teqnikaSi;

es sainteresoa; ratom daimsxvra rodosis kolosi?

15.5. koroziis Tavidan acileba.



15.1. koroziis saxeebi

liTonisa da misi Senadnobebis daSlas garemos

zemoqmedebiT korozia ewodeba (korozia laTinuri

sityvaa da `amoWmas~ niSnavs).

korozias ganicdis rogorc liTonis, aseve liTonTa

Senadnobebisagan damzadebuli danadgarebi,satransporto

saSualebebi, sxvadasxva saxis aparatura, navTobsadeni,

airsadeni milebi da a.S. maTi dazianeba dakavSirebulia

did ekonomikur zaralTan da, aseve, ekologiur

faqtorebTan.

arCeven koroziis or saxes: qimiur da eleqtroqimiur

korozias.



15.2.Qqimiuri korozia

qimiuri koroziis dros liToni ganicdis rogorc airebis

(Jangbadi, azotis oqsidebi, gogirdovani airi, gogirdwyalbadi

qlorwyalbadi da a.S.), ise araeleqtrolitebis (spirti, benzini,

mineraluri zeTebi da sxv.) zemoqmedebas. 

qimiuri koroziis dros zogjer liTonis zedapiri ifareba

oqsidis Txeli feniT. magaliTad. Tu oqsidis fena mWidrod

ekvris liTonis zedapirs da SeuRwevadia airebisaTvis, maSin

igi icavs liTons Semdgomi daJangvisagan (daSlisagan).

magaliTad, aluminis zedapiri ifareba Al2O3-is Txeli (0,00001 mm)

feniT.

aluminis nakeTobebi ufro xSiradaa gamoyenebuli
yoveldRiur cxovrebaSi sxvadasxva WurWlisa da aparaturis
dasamzadeblad.



qimiuri koroziis magaliTebi

• Tu oqsidis fena liTonis zedapirze fxvieri da 
forovania, maSin igi SeRwevadia airebisaTvis da 
korozia Seuferxeblad mimdinareobs.

• liTonebis JangbadiT daJangvis reaqciis zogadi
gantolebaa:

2M + n/2 O2 → M2On

• SesaZlebelia liTonis zedapiri gamuqdes an 
daifaros laqebiT.

magaliTad,  vercxli haerze muqdeba. E

es yovelTvis ar aris oqsidi. 

muqi feris naleqi xSirad

vercxlis sulfidia (Ag2S).



QspilenZis nakeTobaTa korozia

spilenZis nakeTobebi xSirad ifareba Savi laqebiT,

spilenZis oqsidiT (CuO) da mwvane feris spilenZis

fuZe karbonatiT (Cu2(OH)2 CO3).



rkinis korozia mSral haerze

rkina Jangbadis areSi iJangeba rkinis oqsidis (Fe2O3)

warmoqmniT:
4Fe + 3O2 → 2Fe2 O3

rkinis zedapirze warmoqmnili Jangi higroskopiulia;
advilad ierTebs tens, ris Sedegadac korozia Zlierdeba.
amrigad, rkinis koroziis siCqaris gazrda dakavSirebulia
haeris tenis momatebasTan.



Ees sainteresoa
sufTa liTonebi korozias ar ganicdis

sufTa liTonebi faqtobrivad

korozias ar ganicdis. 

magaliTad, q. delis (indoeTi)

SesasvlelSi aRmarTulia sufTa

rkinis obeliski (XIII  s.) –sveti,

romelic dRemde ar daJangula

da mravali saukunis ganmavlo-

baSi pirvandeli formiT

aris SemorCenili.



Q15.3. eleqtroqimiuri korozia

eleqtroqimiuri koroziisas liTonebis da maTi Senadnobebis

daSla xdeba teniani haeris an eleqtrolitTa xsnarebis meSveobiT,

rac ganpirobebulia liTonSi adgilobrivi eleqtruli denebis

aRZvriT. 

tenian haerSi yovelTvis aris CO2; igi tenTan urTierTqmedebiT

gvaZlevs eleqtrolits, romelic Txeli fenis saxiT faravs

liTonTa kaTodur da anodur ubnebs da qmnis mikrogalvanur

elements.

CO2 + H2 O  H+   + HCO3
-



Ffoladis milis eleqtroqimiuri korozia

rkina gascems eleqtronebs da gadadis ionur mdgomareobaSi:

Fe - 2e → Fe2+   

wyalSi gaxsnili Jangbadi SeiZens gacemul eleqtronebs da

warmoqmnis hidroqsilis ionebs :

O2 + 2H2 O + 4e  → 4OH-

hidroqsilis  ioni uerTdeba xsnarSi arsebul rkinis ionebs, ris

Sedegadac miiReba rkina (II)-is hidroqsidi:

Fe2+ + 2OH- → Fe(OH)2

Fe(OH)2 haeris JangbadiT iJangeba da rkina (III)-is hidroqsidi

warmoiqmneba:

4Fe(OH)2 + O2 + 2H2 O   → 4Fe(OH)3



Aalumin-spilenZis galvanuri elementi

aluminisa da spilenZis kontaqtis SemTxvevaSi warmoiqmneba

galvanuri elementi, sadac alumini anodia, xolo spilenZi kaTodi.

alumini iSleba, ganicdis korozias, eleqtronebs ugzavnis

spilenZs, xolo TviTon ionebis saxiT gadadis xsnarSi. spilenZis

zedapirze myofi eleqtronebi aRadgens eleqtrolitis xsnaridan

wyalbadis ionebs Tavisufali saxiT.

galvanuri elementis kaTodsa da anodze mimdinare procesebi

SeiZleba ase warmovidginoT:



M15.4. liTonebi teqnikaSi

foladi ZiriTadad Sedgeba rkinisa da rkinis karbidisagan
Fe3C (cementiti). foladis zedapirze tenis moxvedrisas
uamravi mikrogalvanuri elementi warmoiqmneba, sadac
uaryofiT eleqtrodad gvevlineba rkina, dadebiTad ki –
cementiti.
galvanur mikroelementebSi xdeba eleqtronebis gadineba

Fe-dan Fe3C-sken da xdeba rkinis ionebis gadasvla xsnarSi,
xolo wylidan Fe3C-s zedapirze _ aRdgenili wyalbadis
molekulebis dagroveba.
liToni an misi zedapiris romelime ubani, sadac mimdina-

reobs liTonTa ionebis gadasvla xsnarSi (e.i. maTi gaxsna
anu korozireba), warmoadgens anods, xolo liToni an
romelime ubani, sadac xdeba wyalbadis ionebis ganmuxtva, e.i.
aRdgena, warmoadgens kaTods. magaliTad, foladSi,
mikrogalvanur elementebSi anodis rols asrulebs rkina
(Fe),  kaTodis rols ki _ cementiti (Fe3C).



es sainteresoa
ratom daimsxvra rodosis kolosi?

msoflios Svid saocrebaTa Soris
erT-erTs _ rodosis koloss
arsebobis yvelaze xanmokle
istoria aqvs. heliosis uzarmazari
32 m-iani qandakeba brinjaos
furclebisa da brinjaogadakruli
rkinis konstruqciebisagan aages
Zv.w. 304 wels rodosis nislian
sanapiroze. kolosma 56 welic ki
ver iarseba.
legendis Tanaxmad, koloss jer

bzari gauCnda, Semdeg muxlebSi
gadatyda da daimsxvra.
qandakebis daSlis mizezad

miwisZvras miiCnevdnen. misi daSlis
mTavari mizezi ki rkinis karkasis
daSla, rkinasTan spilenZis
(brinjaos) SexebiT mimdinare
eleqtroqimiuri procesi iyo.



K15.6. koroziis Tavidan acileba

koroziis Tavidan asacileblad saWiroa:K
• koroziamedegi Senadnobebis damzadeba;
• liTonis zedapiris saRebaviT dafarva;
• liTonis zedapiris sxva liToniT dafarva;
• liTonis zedapiris siaxloves sxva, ufro aqtiuri 

liTonis moTavseba;
• uaryofiTi katalizatorebis – inhibitorebis 

gamoyeneba. 

magaliTad, rkina ar moqmedebs marilmJavasTan,
Tu marilmJavas xsnars inhibitors – urotropins
davumatebT.



Pproteqtoruli dacva

• Senadnobis koroziisagan dasacavad zog SemTxvevaSi axdenen
ufro aqtiuri liToniT misi zedapiris mTlianad an nawilobriv
dafarvas. 

• magaliTad, roca xdeba TuTiiT (Zn) an magniumiT (Mg) rkinis (Fe)

zedapiris dafarva, koroziis procesi ki ar wydeba, aramed
piriqiT _ ufro aqtiurdeba. iJangeba ara rkina, aramed TuTia an 
magniumi, radgan eleqtroqimiuri Zabvis mwkrivSi isini rkinis
win arian moTavsebuli. 

• koroziis dacvis aseT meTods

proteqtoruli dacva ewodeba. 

koroziis am xerxs xSirad

mimarTaven navTobsadenebis an 

gemebis korpusTa koroziisagan

dasacavad.

damcavi eleqtrodebi navTobsadenis siaxloves
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