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Tema 1: eleqtrolituri disociacia da xsnarebi

Tema 1. 
eleqtrolituri 

disociacia da 
xsnarebi

  am Temis Seswavlis Semdeg SeZlebT upasuxoT kiTxvebs:

•	 ratom aris wyali universaluri gamxsneli?

•	 rogor SevcvaloT xsnaris Tvisebebi?

•	 rogor davamzadoT sasurveli koncentraciis xsnari?

•	 ra meqanizmiT inarCunebs sisxli mudmiv pH-s?

•	 ratom atarebs zogierTi nivTierebis wyalxsnari dens?
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xsnarebi
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Tema 1: eleqtrolituri disociacia da xsnarebi

yoveldRiur cxovrebaSi nivTierebaTa umravlesoba narevis saxiTaa warmodge-
nili: bunebrivi wylebi, niadagi, haeri, medicinaSi gamoyenebuli antiseptikuri 
xsnarebi da medikamentebi, Senadnobebi, gamagrilebeli sasmelebi, yava, Cai da 
sxva (nax 1.1). 

nax. 1.1. okeanis wyali, yava, Cai, Senadnobebi da medikamentebi xsnarebs warmoadgens.

xsnari yovelTvis SeiZleba ganvixiloT, rogorc gamxsnel nivTierebaSi Tan-
abrad ganawilebuli gaxsnil nivTierebaTa nawilakebi. magaliTad, medicinaSi 
xSirad iyeneben fiziologiur xsnars, sistemas, romelic Sedgeba wylis mole-
kulebisa da, maT Soris, Tanabrad ganawilebuli natriumis qloridis Sedgeni-
lobaSi Semavali ionebisagan. natriumis qloridi aris gaxsnili nivTiereba, xolo 
wyali _ gamxsneli. medicinasa da yoveldRiur cxovrebaSi xSirad gamoiyeneba 
antiseptikuri xsnari _ iodis spirtxsnari. am SemTxvevaSi gamxsneli aris samedi-
cino spirti, xolo gaxsnili nivTiereba – iodi. zogadad, ori xsnadi siTxis 
SemTxvevaSi, gamxsnelad iTvleba is siTxe, romlis koncentraciac metia. Tumca, 
rodesac xsnarSi gvaqvs wyali, is yovelTvis iTvleba gamxsnelad, xolo danar-
Ceni komponentebi _ gaxsnil nivTierebebad. 

gaxsnili nivTierebis nawilakebis zomebis mixedviT xsnari SeiZleba warmoad-
gendes WeSmarit xsnars, koloids an suspenzias. am sistemebs Soris gansxvaveba 
warmodgenilia 1.1 cxrilSi. 

1.1               xsnarebi
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  kiTxvebi da davalebebi:

1. gadaitaneT cxrili samuSao rveulSi da SeavseT carieli ujrebi. 

xsnaris 
tipi

magaliTi gamxsneli gaxsnili

airadi

haeri azoti
Jangbadi (airi), naxSirorJangi (airi), 

wylis orTqli (airi) da sxv.

haeri
myari nawilakebi da wylis 

orTqli

nisli haeri

wyali naxSirorJangi (airi)

zRvis wyali

sufris 
Zmari

wyali

foladi
naxSirbadi (myari),  
zogierTi metali

cxrili 1.1. xsnarebis klasifikacia nawilakebis zomis mixedviT. 

narevis 
tipi

nawilakebis 
zoma

magaliTi maxasiaTebeli

WeSmariti                                                      
xsnari <1 nm

zRvis wyali, 
benzini, 
fiziologiuri 
xsnari.

homogenuri, gamWvirvale, 
didi xnis ganmavlobaSi 
mdgradi. gadis filtrebsa da 
naxevradganvlad membranaSi.

koloidi 1-500 nm

Jele, kvercxis 
cila, Txevadi 
saponi, Sampuni, 
saxameblis bubko, 
nisli,  rZe, sisxli.

homogenuri, gamWvirvale, didi 
xnis ganmavlobaSi mdgradi. 
gadis filtrebSi. axasiaTebs 
„tindalis efeqti“.

suspenzia > 500 nm

kiriani wyali, 
cementis xsnari,  
saRebavebi, xilis 
wvenebi.

heterogenuli, ar aris 
gamWvirvale, dayovnebis 
Sedegad gamoiyofa Semadgeneli 
nawilebi. SesaZlebelia 
dacileba gafiltvriT da 
centrifugirebiT.
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1.2      wyali, rogorc gamxsneli

1.2.1. wylis molekulis polaroba

wyali universaluri gamxsnelia. sanam gavecnobiT wyals, rogorc gamxsnels, 
ganvixiloT misi molekulebis Tavisebureba. CvenTvis cnobilia, rom Jangbadis 
atoms aqvs eqvsi savalento eleqtroni (ori eleqtronuli wyvili da ori gau-
wyvilebeli). gare Sris dasasruleblad mas sWirdeba ori eleqtroni, romleb-
sac uziarebs wyalbadis TiToeuli atomi. Sedegad, Jangbads SeuZlia warmoqm-
nas ori kovalenturi bma. Jangbadis centralur atoms rCeba ori Tavisufali 
eleqtronuli wyvili, rac ganapirobebs wylis molekulis kuTxovan aRnagobas 
(nax. 1.2).

nax. 1.2. wylis molekulas kuTxovani aRnagoba aqvs. 

wyalbadsa da Jangbads Soris aris polarul-kovalenturi bma, romelic gad-
aweulia ufro eleqtrouaryofiTi atomis – Jangbadisaken, rac bmis polariza-
cias iwvevs. Jangbadi imuxteba nawilobriv uaryofiTad, wyalbadi ki – nawilobriv 
dadebiTad. Sedegad, molekula polarulia. wylis molekula dipols warmoad-
gens, romlis erTi bolo damuxtulia dadebiTad, xolo meore – uaryofiTad 
(nax. 1.3). amgvarad, wyali polaruli bunebis gamxsnelia da masSi kargad ixsneba 
polarul-kovalenturi da ionuri naerTebi.

nax. 1.3. wylis molekula polarulia. 

wylis molekulebs Soris wyalbaduri bmebi warmoiqmneba, rac wylis erTi 
molekulis uaryofiTi bolosa da wylis meore molekulis dadebiTi bolos ur-
TierTmizidulobis Sedegia (nax. 1.4).
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nax. 1.4. wylis molekulebs Soris wyalbaduri bmebia. 

miuxedavad imisa, rom wyalbaduri bmebi sustia, maTi arseboba wylis mole-
kulebs mWidrod akavSirebs erTmaneTTan. wyalbaduri bmis arseboba aseve mniS-
vnelovania biomolekulebSi, rogorebicaa: cilebi, naxSirwylebi, dnm da sxv.

gaxsnis procesi warmoadgens gamxsnelSi nivTierebis nawilakebis Tanabar ga-
nawilebas. gamxsnelsa da gaxsnil nivTierebebs Soris urTierTqmedeba gansaz-
Rvravs, warmoiqmneba Tu ara xsnari. xsnari miiReba mxolod maSin, rodesac mizi-
duloba gamxsnelisa da gaxsnili nivTierebis nawilakebs Soris gadaaWarbebs am 
nivTierebaSi arsebul urTierTmizidulobis Zalebs. 

1.2.2. ionuri nivTierebebis gaxsna

rogorc gvaxsovs, wylis molekula po-
larulia. rodesac wyalSi ionuri naerTi, 
magaliTad, natriumis qloridi ixsneba, wy-
lis molekulebi uaryofiTi polusiT Na+ 

ionebs miizidavs, xolo dadebiTi polusiT 
_ Cl- ionebs. amis Sedegad kristalSi Na+ da 
Cl- ionebs Soris mizidulobis Zala mcir-
deba, ris gamoc kristali iwyebs daSlas da 
wylis molekulebiT garSemortymuli ione-
bi xsnarSi nawildeba. am process hidrata-
cia ewodeba, xolo wyalSi gadasul ionebs 
_ hidratirebuli ionebi (nax. 1.5). 

NaCl(my) 
H2O  Na+(wy) + Cl-(wy)

1.2.3. kovalenturi naerTebis gaxsna

polarul-kovalenturi bmis Semcveli 
naerTebis, magaliTad, meTanolis (CH3OH) 
wyalSi gaxsnis procesSi meTanolis po-
larul jgufsa (-OH) da wylis molekulebs 
Soris warmoiqmneba wyalbaduri bmebi da mi-
iReba meTanolis wyalxsnari (nax. 1.6).

H2O
NaCl

H

H

HH
H

H

H
H

H
H

H
H

OO

O

ONa+

Cl-

O

O

nax. 1.5. natriumis qloridis 
wyalSi gaxsnis procesi.

hidratirebuli 
ionebi
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meTanoli (CH3OH) 
gaxsnili nivTiereba

wyali _ gamxsneli meTanolis

wyalxsnari

nax. 1.6. meTanolis wyalxsnarSi wyalbaduri bmebia. 

arapolaruli nivTierebebi wyalSi TiTqmis ar ixsneba, radgan ar aris urTi-
erTqmedeba wylis polarul molekulebsa da gaxsnili nivTierebis arapolarul 
molekulebs Soris. arapolaruli nivTierebebi kargad ixsneba arapolarul 
gamxsnelebSi. magaliTad, cximebi ar ixsneba wyalSi, magram kargad ixsneba ben-
zinSi, romelic arapolaruli nivTierebebis narevs warmoadgens. ganvixiloT 
aseTi SemTxveva: sinjaraSi moTavsebulia wyali da diqlormeTani (arapolaru-
li organuli nivTiereba). sinjaras daamates iodi, romelic gaixsna mxolod 
diqlormeTanis fenaSi. aseTive sinjaras daamates nikel(II)-is nitrati, romelic 
gaixsna mxolod wylis fenaSi (nax. 1.7). 

a)          b)          g)

nax. 1.7. msgavsi ixsneba msgavsSi. sinjarebSi moTavsebulia: (a) zeda fena _ wyali, 
qveda fena _ diqlormeTani (CH2Cl2); (b) zeda fena _ wyali, qveda fena _ diqlormeTan-
Si gaxsnili iodi; (g) zeda fena _ wyalSi gaxsnili nikel(II)-is nitrati, qveda fena _ 

diqlormeTani.

1.2.4. siTburi movlenebi gaxsnis procesSi

wyalSi gaxsnisas gaxsnili nivTierebis nawilakebis erTmaneTisgan dacilebaze 
energia ixarjeba, xolo hidratirebuli nawilakebis warmoqmnisas _ energia gamoi-
yofa. Sesabamisad, Tu daxarjuli energiis raodenoba metia, vidre hidrataciis 
dros gamoiyofa, nivTierebis gaxsnas Tan axlavs xsnaris gaciveba da procesi 
endoTermulia. xolo, Tu hidrataciis siTbo metia kristalis nawilakebs So-
ris kavSirebis gawyvetaze daxarjul energiaze, maSin gaxsnis procesi, saboloo 
jamSi, siTbos gamoyofiT mimdinareobs da procesi egzoTermulia. 

nivTierebaTa umetesobisaTvis gaxsnisas daxarjuli an gamoyofili siTbos 
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raodenoba imdenad mcirea, rom garegnulad misi SemCneva Znelia. Tumca, zo-
gierTi nivTierebis SemTxvevaSi, efeqti Zalian TvalsaCinoa. magaliTad, Tu 
kalciumis qlorids gavxsniT wyalSi, romlis temperaturac aris 25 °C, SeiniSne-
ba temperaturis mateba, xolo amoniumis nitrats Tu imave temperaturis wyalSi 
gavxsniT, am dros temperatura mniSvnelovnad mcirdeba (nax. 1.8).  

nax. 1.8. (a) CaCl2-is wyalSi gaxsna egzoTermuli procesia, amitom eleqtronuli 
Termometris Cveneba izrdeba sawyisi 25 °C-dan 35 °C-mde; (b) NH4NO3-is wyalSi gaxsna 
endoTermuli procesia, amitom eleqtronuli Termometris Cveneba mcirdeba sawyisi  

25 °C-dan 15 °C-mde.

  kiTxvebi da davalebebi:

1. mcire raodenobiT moimarageT CamoTvlili nivTierebebi: mcenareuli 
zeTi, wyali, Zmari, marili da Saqari. SeurieT es nivTierebebi CamoTv-
lili TanmimdevrobiT:

 a) zeTi da wyali; b) wyali da Zmari; g) marili da wyali; d) Saqari da wyali; 
e) marili da zeTi. 

 daakvirdiT miRebul narevebs da upasuxeT kiTxvebs:

 a) romeli narevisgan miiReT WeSmariti xsnari?  b) romeli narevisgan ver 
miiReT WeSmariti xsnari?  g) ratom ver damzadda yvela narevisgan WeS-
mariti xsnari?

2. aRwereT kaliumis iodidis wyalxsnaris warmoqmnis procesi.

3. ivaraudeT, gaixsneba Tu ara wyalSi: 
a) KCl; 
b) 8 18C H - oqtani, benzinis ZiriTadi Semadgeneli naerTi. 

pasuxi daasabuTeT. 

4. gaaanalizeT nax. 1.7 da upasuxeT kiTxvas:

ratom Seifera b da g sinjarebSi mxolod TiTo fena?
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Tu onkanis civ wyals garkveuli droiT oTaxis temperaturaze davayovnebT, 
WurWlis Siga kedlebze airis buStukebs SevniSnavT (nax. 1.9). ra aris amis mizezi? 
am kiTxvaze pasuxis gasacemad ganvixiloT nivTierebis xsnadobaze moqmedi 
faqtorebi.

nax. 1.9. oTaxis temperaturaze gamTbari onkanis wyali.

zogi nivTiereba advilad warmoqmnis xsnarebs, zogi ki – Znelad, zogic, 
praqtikulad, ar ixsneba. siTxeebs, romlebic erTmaneTSi SereviT warmoqmnis 
mdgrad xsnarebs, Serevadi ewodeba, maT ki, romlebic morevis Semdegac swrafad 
daiyofa _ Seurevadi.

wyalSi xsnadi nivTierebebia: zogierTi marili, mJavebis umetesoba, tuteebi, 
naxSirwylebi da sxv. wyalSi uxsnadia: zeTi, navTobproduqtebi da sxv.

nivTierebis xsnadoba damokidebulia mTel rig faqtorebze, esenia:

1. gamxsnelisa da gasaxsneli nivTierebis buneba
nivTierebis gaxsnisas gamxsnelis molekulebi molekulaTaSorisi mizidulobis 

ZalebiT unda daukavSirdes gasaxsneli nivTierebis nawilakebs. amitom konkretul 
gamxsnelSi is nivTiereba gaixsneba advilad, romelTanac gamxsnelis molekulebs 
SeuZlia dakavSireba. ionuri naerTebi da aseve nivTierebebi, romlebic wylis 
molekulis msgavsad polarulia (anu damuxtuli boloebi gaaCnia), wyalSi 
ufro meti raodenobiT ixsneba, vidre nivTierebebi, romlebic arapolaruli 
molekulebisgan Sedgeba (ix. nax. 1.7). 

2. temperatura
myari nivTierebis wyalSi gasaxsnelad saWiroa, wylis molekulebma daarRvios 

gasaxsneli nivTierebis nawilakebs Soris kavSiri. rac ufro maRalia temperatura, 
miT ufro metia rogorc wylis molekulebis, aseve gasaxsneli nivTierebis 
nawilakebis moZraobis siCqare. es ara mxolod gaxsnis procesis daCqarebas uwyobs 
xels, aramed zrdis gamxsnelis unars, xsnarSi gadaiyvanos ufro meti gasaxsneli 
nivTiereba. umetesad myari nivTierebis SemTxvevaSi maRal temperaturaze ufro 
meti nivTiereba ixsneba, vidre – dabalze, Tumca gvxvdeba gamonaklisebic (nax. 
1.10). 

1.3   nivTierebis xsnadobaze moqmedi  
                       faqtorebi
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glukoza CH3COONa

KBr

CuSO4
NH4Cl

NaCl
K2SO4

Ce2(SO4)3

NaNO3

temperatura °C
0             20           40            60            80           100

1400
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0

xs
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d
o
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, 
g/

l

nax. 1.10. myari nivTierebebisaTvis temperaturis zrdisas xsnadoba umetesad izrdeba. 

airebSi sawinaaRmdego suraTia _ maTi xsnadoba temperaturis zrdiT mcirdeba. 
am faqts, praqtikulad, yoveldRiurad vxvdebiT, rodesac gazian sasmelebs 
movixmarT. civi gaziani sasmelidan (limonaTi, mineraluri wyali da  ualkoholo 
sasmelebi) airi ufro nela gamoiyofa, vidre Tbilidan (nax. 1.11). 

xs
na

d
o
ba

, 
mm

o
l

i/
l

 1
 a

t
m 

wn
ev

az
e

temperatura, °C
0                   20                     40                    60                   80

CO2

N2O2

Xe

30

20

10

0

nax. 1.11. airadi nivTierebebisaTvis temperaturis zrdisas xsnadoba mcirdeba. 

3. wneva

wneva myari da Txevadi nivTierebebis xsnadobaze ar moqmedebs, magram mniS-
vnelovan gavlenas axdens airebis xsnadobaze. wnevis momatebiT airis molekule-
bi TiTqos „Caiteneba“ wylis molekulebs Soris, amitom am dros maTi xsnadoba 
izrdeba da, piriqiT, wnevis Semcirebisas airis xsnadoba mcirdeba, radgan wy-
lis molekulebi veRar akavebs airis molekulebs, romlebic wylis zedapiridan 
„amosxlteba“ (nax. 1.12). 
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 x
sn
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wneva (atm)
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CO2
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O2

nax. 1.12. airTa xsnadoba wnevis pirdapirproporciulia. 

gazian sasmelebSi naxSirorJangi swored maRali wnevis pirobebSia CaWirxnu-
li. rodesac aseTi sasmelis boTls an qilas vxsniT, wneva mcirdeba, ris gamoc 
airis molekulebi intensiurad amodis xsnaridan.

xsnadobis sidide ar aris damokidebuli nivTierebis daqucmacebis xarisxsa da 
morevis intensivobaze, radgan am faqtorebis SecvliT icvleba mxolod gaxsnis 
procesis siCqare da ara gamxsnelis unari, gaxsnas esa Tu is nivTiereba.

  kiTxvebi da davalebebi:

1.  rogor Seicvleba nivTierebis xsnadoba TiToeul SemTxvevaSi:
 a) Saqris wyalxsnari gacivda 45 ºC-dan 25 ºC-mde
 b) tbis wyali, romelSic Jangbadia gaxsnili, mzeze gaTba.
2. axseniT Semdegi faqtebi:
 a) cxel CaiSi meti Saqari ixsneba, vidre civSi; 
 b) gaxsnil limonaTs Tbil oTaxSi gazi gasdis; 
 g) gaziani sasmelis gaxsnisas Tbili qilidan ufro meti qafi gamoiyo-

fa, vidre _ cividan. 
3. ratom ixsneba iodi organul gamxsnelebSi ukeTesad, vidre wyalSi?
4. gaaanalizeT nax. 1.10 da upasuxeT kiTxvebs:
 a) romeli nivTierebis xsnadoba mcirdeba temperaturis momatebisas? 

b) romeli nivTierebis xsnadoba icvleba umniSvnelod temperaturis 
momatebisas? 

 g) romeli nivTierebis xsnadoba izrdeba yvelaze swrafad tempera-
turis momatebisas?

5. 1.11 naxazis mixedviT romeli airis xsnadobaze moqmedebs temperaturis 
cvlileba yvelaze metad?

6. 1.12 naxazis mixedviT rogor Seicvleba (ramdenjer gaizrdeba an Sem-
cirdeba) azotis xsnadoba, Tu wneva Semcirdeba 1 atm-dan 0.5 atm-mde? 
pasuxi daasabuTeT. 
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1.4       najeri da ujeri xsnarebi

gavecnoT, Tu ra xdeba nivTierebis gaxsnis procesSi. nivTierebis hidratire-
buli nawilakebi, romlebic gamxsnelis mTel moculobaSi Tanabrad aris gadan-
awilebuli, gadaadgildeba da, SesaZloa, erTmaneTs Seejaxos kidec. rodesac 
xsnarSi aseTi nawilakebi didi raodenobiTaa, es Sejaxebebi gaxSirdeba. amis Sede-
gad nawilakebs moscildeba  wylis molekulebi, nawilakebi SeerTdeba da kvlav 
warmoiqmneba iseTive kristali, rogoric wyalSi gaxsnamde iyo. Tu kristaleb-
is warmoqmnis siCqare maTi gaxsnis siCqareze naklebia, maSin xsnarSi nivTiereba 
kidev SeiZleba gaixsnas. aseT xsnars ujers uwodeben. 

rac ufro meti raodenobis nivTiereba gaixsneba wyalSi, miT meti iqneba aseTi 
Sejaxebebis ricxvi. amitom raRac momentSi drois erTeulSi kristalidan xs-
narSi gadasuli nawilakebis raodenoba xsnaridan kristalis saxiT gamoyofi-
li nawilakebis raodenobas gautoldeba. sxva sityvebiT rom vTqvaT, xsnaridan 
kristalebis warmoqmnis siCqare kristalebis gaxsnis siCqaris toli iqneba. aseT 
xsnarSi meti nivTiereba aRar gaixsneba, amitom mas najer xsnars uwodeben (nax. 
1.13). 

gaxsnili 
nivTiereba

gauxsneli 
nivTiereba

ujeri xsnari najeri xsnari

ga
xs
na

kr
is
ta

l
is
 w
ar

mo
qm
na

nax. 1.13. najeri da ujeri xsnarebi. 

vinaidan nivTierebis wyalSi xsnadoba temperaturazea damokidebuli, ujeri 
da najeri xsnarebis ganmartebebi Semdegnairad Camoyalibdeba:

xsnars, romelSic nivTiereba mocemul temperaturaze kidev SeiZleba gaixsnas, 
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ujeri xsnari ewodeba.

xsnars, romelSic nivTiereba mocemul 
temperaturaze metad aRar ixsneba, najeri 
xsnari ewodeba.

ujeri da najeri xsnarebis garda, arse-
bobs zenajeri xsnarebic. 

zenajeri ewodeba xsnars, romelSic moce-
mul temperaturaze imaze meti nivTierebaa 
gaxsnili, vidre mis najerobas Seesabameba. 
rogor miiRweva es? zenajeri xsnaris mis-
aRebad, nivTierebas xsnian maRal tempera-
turaze da Semdeg frTxilad aciveben, rom 
am temperaturaze najeri xsnaris warmo-
qmniT zedmeti nivTiereba ar gamokrist-
aldes. aseT SemTxvevaSi, nivTierebis meti 
raodenobaa gaxsnili, vidre amave tem-
peraturaze najer xsnarSi iqneboda. zena-
jeri xsnari SeiZleba SevadaroT akrobats, 
romelic bagirze dgas – sakmarisia wonas-
woroba dairRves, bagiridan gadmovardeba. 
asevea zenajeri xsnaris najerSi gadayvana – sakmarisia aseT xsnarSi nivTierebis 
kristalis Cagdeba, SenjRreva, moreva, gaciveba an msgavsi moqmedebebi. am dros 
SeiniSneba xsnaridan nivTierebis gamokristaleba. zenajeri xsnaris najer xs-
narad gadaqcevis magaliTia Taflis CaSaqreba. axali Tafli Saqrebisa da sxva-
dasxva bunebrivi naerTis zenajeri xsnaria, romelic zamTarSi, gacivebis Semdeg, 
nel-nela kristaldeba, radgan temperaturis dawevisas am nivTierebebis xsna-
doba mcirdeba (nax. 1.14). 

  kiTxvebi da davalebebi:

1. rogor miviRoT:

 a) Saqris najeri xsnaridan _ ujeri?
 b) Saqris ujeri xsnaridan _ najeri?

2. TiToeul SemTxvevaSi miuTiTeT najeria Tu ara xsnari?

 a) xsnarSi Cagdebuli kristalis zoma aRar icvleba; 

 b) Saqris natexi mTlianad ixsneba CaiSi; 

 g) mduRare wyalSi mTlianad gaixsneba erTi sufris kovzi marili; 

 d) rodesac CaiSi yinulis natexebi Cayares, Wiqis fskerze Saqari 
daileqa.

CH3COO-

Na+

a)                      b)

nax. 1.14. (a) natriumis acetatis 
zenajeri xsnari; (b) natriumis ace-
tatis kristalis damatebisas iw-

yeba gamokristaleba da didi zomis 
kristalis warmoqmna. 
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1.5           xsnadobis sidide

xsnaris damzadebisas mniSvnelovania, vicodeT, ra maqsimaluri raodenoba 
SeiZ leba gaixsnas gamxsnelis erTeul moculobaSi. amisaTvis eqsperimentulad 
unda dadgindes, nivTierebis ra raodenoba warmoqmnis najer xsnars mocemul 
temperaturaze. 

nivTierebis maqsimalur raodenobas, romelic ixsneba 1 l gamxsnelSi mocemul 
temperaturaze da warmoqmnis najer xsnars, xsnadobis koeficienti, anu xsnadoba 
ewodeba.

nivTierebis wyalSi xsnadoba  aRiniSneba 
0tS -iT, an ubralod S -iT. igi gviCven-

ebs, ra masis nivTiereba gaixsneba 1 l wyalSi mocemul temperaturaze. misi 
gamoTvla SeiZleba formuliT: 

( )
( )

=t m
S

V
nivTierebis

gamxsnelis

m  – aris nivTierebis masa gramebSi (g), V – gamxsnelis moculoba litrebSi 
(l), amitom, xsnadobis sazomi erTeulia g/l. 

magaliTad, sufris marilis xsnadoba oTaxis temperaturaze aris ° =20 C
NaCl S 360  

g/l, rac imas niSnavs, rom 20 °C-ze sufris marilis najeri xsnaris misaRebad 
saWiroa, 1 l wyalSi gavxsnaT 360 g marili, xolo Tu ufro mets CavyriT, es 
zedmeti gauxsneli darCeba da najer xsnars miviRebT.

wyalSi xsnadobis sididis mixedviT nivTiereba SeiZleba iyos:

•	 xsnadi;

•	 mcired xsnadi; 

•	 praqtikulad uxsnadi. 

xsnads uwodeben nivTierebas, romlis S20°C>10 g/l; mcired xsnadi nivTierebeb-
isaTvis xsnadobis sidide 0.1-dan 10 g/l-mde meryeobs, xolo Tu  S20°C<0.1 g/l, 
maSin aseTi nivTiereba praqtikulad uxsnadia. aRsaniSnavia, rom absoluturad 
uxsnadi nivTiereba ar arsebobs, rac imas niSnavs, rom nebismieri nivTierebis 
Tundac Zalian mcire nawili mainc ixsneba wyalSi.

amocanis amoxsnis nimuSi _ 1

60 °C-ze moamzades A nivTierebis 70 g najeri xsnari. xsnari gaacives 20 °C-
mde. ra masis nivTiereba gamokristaldeba am dros? 60 °C-ze A nivTierebis xs-
nadobaa 400 g/l, xolo 20 °C-ze 200 g/l. 

moc: m(naj. xs) = 70 g
S60°C = 400 g/l
S20°C = 200 g/l
u. v. m(gamok. nivT) _ ? 
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amoxsna:
pirvel rigSi, vipovoT gaxsnili nivTierebis raodenoba sawyis najer xsnar-

Si. 60°C-ze nivTierebis xsnadoba aris 400 g/l, rac niSnavs, rom 400 g niv-
Tiereba ixsneba 1 l anu 1000 ml wyalSi. radgan wylis simkvrive aris 1 g/ml, 
anu 1000 ml wylis masa iqneba 1000 g. maSasadame, aseT SemTxvevaSi miRebuli 
xsnaris masa iqneba 1400 g. SevadginoT proporcia:

60 °C-ze 1400 g najer xsnarSi _ 400 g gaxsnili nivTiereba
    70 g najer xsnarSi – X1 g  gaxsnili nivTiereba
X1 = 20 g

Sesabamisad, am xsnarSi iqneba 50 g wyali, romlis moculobac aris 50 ml.
20 °C-ze nivTierebis xsnadoba mcirdeba da aris 200 g/l. anu 1 l (1000 ml) 

wyalSi ixsneba 200 g nivTiereba. SevadginoT proporcia da gamovTvaloT, 
ramdeni grami nivTiereba SeiZleba gaixsnas am temperaturaze 50 ml wyalSi.

20 °C-ze           1000 ml wyalSi _ 200 g gaxsnili nivTiereba
                 50 ml wyalSi _ X2 g gaxsnili nivTiereba
X2 = 10 g 

aqedan gamomdinare, gamokristaldeboda 20 g-10 g = 10 g nivTiereba.

pasuxi: gamokristalda 10 g nivTiereba. 

  kiTxvebi da davalebebi:

1. cxrilSi mocemulia zogierTi nivTierebis xsnadoba, am monacemebis 
safuZvelze upasuxeT Semdeg kiTxvebs:

nivTiereba xsnadoba 20 °C -ze, g/l xsnadoba 50 °C-ze, g/l
KCl 340 430

NaNO3 880 1100
Saqari (C12H22O11) 2040 2600

1.1 najeria Tu ujeri mocemuli xsnarebi 20 °C-ze?

  a) 25 g KCl-s daamates 100 g wyali;  b) 11 g NaNO3-s daamates 25 ml wyali;   
 g) 400 g Saqars daamates 125 ml wyali; d) 25 g KCl-s daamates 50 g wyali;   
 e) 150 g NaNO3-s daamates 75 g wyali; v) 80 g Saqars daamates 25 ml wyali.

1.2 50 °C-ze daamzades 200 g xsnari, romelic 80 g KCl-s Seicavs da Sem-
deg gaacives 20 °C-mde. ramdeni grami marili darCeba xsnarSi da ramdeni 
gamokristaldeba gacivebis Semdeg? 

1.3 20 °C-ze aiRes 125 g wyali da daamzades NaNO3-is najeri xsnari. 
 a) ra masis marili gaixsna wyalSi? b) ra masis marili gaixsneba kidev xs-

narSi, Tu mas gavacxelebT 50 °C-mde?
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podagra (anu nikrisis qari) da kenWebi TirkmelSi iseTi daavadebebia, romle-
bic gamowveulia uxsnadi nivTierebebis dagrovebiT organizmSi (nax. 1). nikri-
sis qarebis SeteviTi tkivilebi maSin iwyeba, rodesac sisxlis plazmaSi Sard-
mJavas koncentracia aRemateba mis xsnadobas, romelic 37 °C-ze aris 7 mg/100 
ml plazmaSi. SardmJavas gauxsneli nawili, nemsis formis kristalebis saxiT 
grovdeba xrtilSi, myesebsa da rbil qsovilebSi, rac iwvevs Zlier tkivilebs. 
SardmJavas kristalebi agreTve  grovdeba TirkmelTa qsovilebSi, ramac SeiZle-
ba gamoiwvios Tirkmlis dazianeba. 

organizmSi SardmJavas dagrovebis mizezebia: a) ujredebSi misi warmoqmnis 
momateba; b) roca Tirkmeli ver axerxebs mis daSlas da gamotanas organizmidan; 
g) kvebiT racionSi zedmeti purinebis (dnm-is Semadgeneli komponenti) Setana, 
romlebic organizmSi metabolizdeba SardmJavad. sakvebi, romelic iwvevs or-
ganizmSi SardmJavas donis matebas, aris: xorceuli, zogierTi Tevzeuli, soko, 
satacuri da lobio; aseve alkoholuri sasmelebi. nikrisis qarebs mkurnaloben 
kvebis racionis kontroliTa da medikamentebiT. 

Tirkmlis kenWebi myari masalaa, romelic formirdeba saSarde gzebSi. maTi 
umetesoba Sedgeba kalciumis fosfatisa da kalciumis oqsalatisgan, aseve Sesa-
Zloa Warbi SardmJavisganac. wylis arasakmarisi an mineralebis gadaWarbebuli 
raodenobiT miRebisas SesaZlebelia, mineraluri marilebis donem gadaaWarbos 
mis xsnadobas da gamoiwvios Tirkmlis qvebis formireba. rodesac Tirkmlis ken-
Wi gadis saSarde gzebSi, iwvevs Zlier tkivils da diskomforts, rac saWiroebs 
tkivilgamayuCeblebsa da qirurgiul Carevas. zogjer, Tirkmlis kenWebis daSlis 
mizniT, gamoiyeneba ultrabgerebi. Tirkmlis kenWebisadmi midrekilebis mqone 
adamianebs urCeven dReSi dalion 6-8 Wiqa wyali, raTa Tavidan aicilon SardSi 
mineralebis gajerebis done.

 

nax. 1. podagra da Tirkmlis kenWebi – uxsnadi naerTebis dagroveba organizmSi

 podagra da Tirkmlis kenWebi
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1.6         xsnaris koncentracia

wina paragrafSi xsnarebi davaxasiaTeT rogorc ujeri, najeri da zenajeri, 
magram es daxasiaTeba zogadia da arafers gveubneba imaze, Tu konkretulad ra 
masis an raodenobis nivTierebas Seicavs xsnaris garkveuli masa Tu moculoba. 
amisaTvis saWiroa xsnaris koncentraciis cnebis SemoReba.

xsnaris koncentracia gviCvenebs, ra raodenobis, masis an moculobis gaxsnil 
nivTierebas Seicavs garkveuli masis an moculobis xsnari. wyalxsnarebis raode-
nobrivi daxasiaTebisas xsnaris koncentraciis gamosaxvisaTvis xSirad iyeneben 
procentul koncentracias, anu gaxsnili nivTierebis masur wils, aseve molur 
koncentracias.

1.6.1. masuri wili

gaxsnili nivTierebis masuri wili, anu procentuli koncentracia gviCvenebs, 
Tu ra masis gaxsnil nivTierebas Seicavs 100 g xsnari.

gaxsnili nivTierebis masuri wili gamoiTvleba Semdegi formuliT:

( )ω =
m

          
 m  

n

xs

n

sadac ( )ω n  gaxsnili nivTierebis masuri wilia, mn  – gaxsnili nivTierebis 
masa (g-Si), xolo mxs  – xsnaris masa (g-Si), romelic TavisTavad gaxsnili nivTier-
ebisa da gamxsnelis masebis jamis tolia, wyalxsnarebisTvis: ( )= + 2m  m m H Oxs n .

Tu gvsurs, rom gaxsnili nivTierebis masuri wili procentulad gamovsaxoT, 
maSin formula aseT saxes iRebs:

 ( )ω = ⋅
m% 100%

 m  
n

xs

n

nax. 1.15. koncentrirebuli da ganzavebuli xsnarebi.

xsnarebis koncentraciis SefasebisTvis aseve gamoiyeneba koncentrirebuli 
da ganzavebuli xsnarebis cnebebi. koncentrirebuls uwodeben xsnars, romelSic 
gaxsnili nivTierebis koncentracia maRalia, xolo ganzavebulia xsnari, Tu is 
gaxsnil nivTierebas SedarebiT mcire raodenobiT Seicavs (nax. 1.15). erTi da 
imave koncentraciis xsnari SeiZleba erTi nivTierebisTvis ganzavebuli iyos, 
xolo meorisaTvis – koncentrirebuli, rac damokidebulia nivTierebis xsna-
dobaze. magaliTad, marilmJavas 37%-iani xsnari koncentrirebulia, rodesac 
gogirdmJavas imave koncentraciis xsnari ganzavebulia.
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ganvixiloT ramdenime amocana, romelic xsnaris koncentracias exeba:

amocanis amoxsnis nimuSi _ 2
a) 500 g xsnari Seicavs 100 g gaxsnil nivTierebas. davadginoT xsnarSi gaxs-

nili nivTierebis masuri wili (procentebSi).

moc.: =m 500xs
 g

=m 100n  g

u. v.: ( )ω %n

amoxsna: 
( )ω = ⋅ = ⋅ =

m 100 
% 100%  100% 20%

 m   500 
n

xs

n

pasuxi:  ( )ω % = 20%.n

b) ra moculobis wyali da ra masis glukozaa saWiro, rom davamzadoT glu-
kozis 250 g 5%-iani xsnari? 

moc.: =m 250xs
 g

( )ω =% 5%n
u. v.: m  n ; ( )2V H O

amoxsna:

 ( ) ( )ω ⋅ ⋅
ω = ⋅ ⇒ = = =

% mm 5% 250
% 100%              m   12.5  .

 m   1  00%  1  00% 
xsn

n

xs

n
n g

( )= + 2m  m m H Oxs n    ( )⇒ = − = − =2   m H O  m  m 250 12.5 237.5xs n  g.

radgan wylis simkvrive aris 1 g/ml, amitom wyalis moculoba iqneba 

( ) =2V H O 237.5 ml

pasuxi: m =12.5n  g; ( )2V H O = 237.5  ml.

g) ramdeni procenti natriumis nitratia najer xsnarSi 20°C-ze, Tu cnobil-

ia, rom °

3

20 C
NaNO  S = 850  g/l?

moc.: °

3

20 C
NaNO  S = 850  g/l

u. v.: ( )ω 3NaNO %

amoxsna:
°

3

20 C
NaNO  S = 850g/l    ⇒ =    m 850n  g da ( ) =2m H O 1000  g. 

( ) ( )3
2

m 850 850
NaNO % 100% 100% 100% 45.95%

m m H O 850 1000 1850
ω = ⋅ = ⋅ = ⋅ ≈

+ +
n

n

pasuxi:  ( )ω ≈3NaNO % 45.95% . 
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1.6.2. moluri koncentracia

xsnaris moluri koncentracia gviCvenebs gaxsnili nivTierebis molebis ricxvs 
1 l xsnarSi. moluri koncentracia aRiniSneba C asoTi da gamoiTvleba formu-
liT:

( )
( )

nC
V

gaxsnili nivTierebis raodenoba moli
= =

xsnaris moculoba l
 moli/l.

sadac n aris gaxsnili nivTierebis raodenoba, anu molebis ricxvi, V _ xsnaris 
moculoba litrebSi da C _ xsnaris moluri koncentracia (moluroba).

moluri koncentraciis sazomi erTeuli moli/l aseve aRiniSneba M simboloTi 
da ikiTxeba, rogorc `moluri~. magaliTad, 1 moli/l koncentraciis xsnari 
igivea, rac 1 M an erTmoluri xsnari.

amocanis amoxsnis nimuSi _ 3

a) 5 l glukozas xsnari Seicavs 2 mol gaxsnil nivTierebas, gamoTvaleT am 
xsnarSi glukozas moluri koncentracia.

moc.: V = 5 l
n = 2 moli
u. v.: C 

amoxsna:

= = =.n 2 
C 0.4 

V 5 
nivT

xs

moli

l  
moli/l;

anu xsnaris koncentraciaa 0.4 moli/l, anu 0.4 M.
pasuxi: glukozas xsnaris koncentraciaa 0.4 M. 

b) ra masis natriumis hidroqsidia saWiro 500 ml 0.1 moli/l koncentraciis 
xsnaris dasamzadeblad?

moc.: V = 500 ml = 0.5 l

C = 0.1 moli/l
u. v.: m(NaOH) – ?

amoxsna:

= .n
C

V
nivT

xs

 , saidanac n(nivT)=CV = 0.5 l ⋅ 0.1 moli/l = 0.05 moli

m = n ⋅ M = 0.05 moli ⋅ 40 g/moli = 2 g 

pasuxi: saWiroa 2 g natriumis hidroqsidi.

xsnarebSi molur da procentul koncentraciebs Soris damokidebuleba Sem-
degi formulebiT gamoisaxeba:
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10 % CMC %
M 10
⋅ ω ⋅ ρ

= ω =
ρ

sadac: C – moluri koncentraciaa, ω% – procentuli koncentracia, ρ - xs-
naris simkvrive, xolo M – gaxsnili nivTierebis moluri masa.

1.6.3. xsnaris ganzaveba

xSirad saWiroa, rom koncentrirebuli xsnarebisgan momzaddes ganzavebuli 
xsnarebi, amisaTvis koncentrirebul xsnars unda daematos gamxsneli. am proces-
Si xsnaris koncentracia mcirdeba, Tumca gaxsnili nivTierebis molebis ricxvi 
da, Sesabamisad, masa igive rCeba. 

forToxlis wvenis 
koncentratis 1 qila

3 qila wyali 4 qila forToxlis 
wveni

moreva

nax. 1.17. forToxlis wvenis koncentrirebuli xsnaris (koncentratis) 4-jer ganzaveba. 

miRebul xsnarSi izrdeba moculoba, mcirdeba koncentracia, xolo gaxsnili 
nivTierebis raodenoba igive rCeba, amitom SeiZleba CavweroT gamosaxuleba:

=1 1 2 2C V C V

sadac: 1C  aris sawyisi xsnaris koncentracia (moli/l), 1V  – sawyisi xsnar-
is moculoba (l); 2C  – saboloo (ganzavebuli) xsnaris koncentracia (moli/l), 
xolo 2V  – saboloo (ganzavebuli) xsnaris moculoba (l).

amocanis amoxsnis nimuSi _ 4
ra moculobis 10 moli/l koncentraciis gogirdmJavas xsnaria saWiro 200 

ml 0.5 moli/l koncentraciis xsnaris mosamzadeblad? 

moc.: =1C 10  moli/l
=2C 0.5  moli/l
=2V 200  ml = 0.2 l

u. v.: 1V
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amocanis amoxsnis nimuSi _ 5

gamoTvaleT marilmJavas 200 ml 0.5 moli/l da 300 ml 1 moli/l koncentra-
ciis xsnarebis Serevis Sedegad miRebuli xsnaris moluri koncentracia. 

moc: V1=200 ml=0.2 l

C1=0.5 moli/l
V2=300 ml=0.3 l

C2=1 moli/l
u. v. C3

amoxsna:

TiToeul xsnarSi nivTierebis raodenoba tolia moluri koncentraciisa 
da moculobis namravlis:

n1 = C1V1   (1)
n2 = C2V2    (2)

nivTierebis raodenoba miRebul xsnarSi iqneba:

n3 = C3V3    (3)

miRebul xsnarSi nivTierebis raodenoba tolia aRebul xsnarebSi Sema-
vali nivTierebebis raodenobebis jamisa:

n3 = n1 + n2   (4)

Tu formula (4)-Si CavsvamT (1), (2) da (3) formulebs, miviRebT, rom:

C1V1 + C2V2  = C3V3   

am formulidan gamomdinare:

C3 = 1 1 2 2

3

C V C V
V
+

amoxsna:

koncentrirebuli xsnaris ganzavebisas xsnarSi nivTierebis raodenoba ar 
icvleba: 

=1 1 2 2C V C V
saidanac, 

⋅
= = =2 2

1
1

C V 0.2 0.5V 0.01
C 10

 l 

0.01 l = 10 ml

pasuxi: 10 M gogirdmJavas 10 ml unda ganzavdes wyliT 200 ml moculobamde.  
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  kiTxvebi da davalebebi:

1. 4 g natriumis bromidi gaxsnes 54 g wyalSi. 

a) ipoveT xsnaris masa; 
b) gamoTvaleT marilis masuri wili miRebul xsnarSi.

2. 30 g natriumis tute gaxsnes 120 g wyalSi. gamoTvaleT nivTierebis 
masuri wili xsnarSi.

3. moswavlem 18 g sufris marili gaxsna wyalSi ise, rom xsnaris masa 150 
g gaxda. gamoTvaleT nivTierebis masuri wili xsnarSi.

4. gamoTvaleT 60 g natriumis tutis Semcveli 250 ml xsnaris moluri 
koncentracia.

5. gamoTvaleT 75 g kaliumis nitratis Semcveli 0.350 l xsnaris moluri 
koncentracia.

6. gamoTvaleT kaliumis qloridis masa mis 225 g 8%-ian xsnarSi.

7. ra moculobis 2 M xsnari SeiZleba davamzadoT 67.3 g natriumis 
qloridisagan?

8. ra moculobis 6 M xsnari SeiZleba davamzadoT 4.5 moli qlorwyalbad-
isagan?

9. ra masis 5%-iani xsnaris miReba SeiZleba stronciumis qloridis 50 g 
20%-iani xsnaris ganzavebiT?

10. kaliumis tutis 50 g 12%-iani xsnari ganazaves 2.5%-mde. ra masis xs-
nari miiReba am dros?

11. ra moculobis 10 M xsnaria saWiro natriumis tutis 600 ml 2 M xs-
naris dasamzadeblad.

xsnaris saboloo moculoba V3 tolia aRebuli xsnarebis moculobaTa 
jamis:

V3=V1+V2= 0.2 l + 0.3 l = 0.5 l

Tu gamosaTvlel formulaSi CavsvamT Sesabamis ricxvebs, miviRebT:

C3 = 1 1 2 2

3

C V C V
V
+

 = 
0.5 0.2  1 0.3 

0.5 

⋅ + ⋅
=

moli moli
l l

l l

l
 0.8 moli/l

pasuxi: miRebuli xsnaris moluri koncentraciaa 0.8 moli/l.
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gamxsnelSi nivTierebis gaxsna cvlis gamxsnelad gamoyenebuli siTxis fizikur 
Tvisebebs: lRobisa da duRilis temperaturebs, zedapirul daWimulobas, sim-
kvrives, siblantes da sxv. 

gavixsenoT, rom sufTa gamxsnelis lRobis temperatura yovelTvis ufro 
maRalia, vidre xsnaris. rodesac gamxsnelSi gaxsnili nivTierebis molekulebi 
nawildeba,  gamxsnelis molekulebs Soris urTierTmizidulobis Zalebi sustde-
ba. Sesabamisad, Zneldeba maTi erTmaneTTan iseT manZilze miaxloeba, rom siTxe 
gamyardes. amitomac, lRobis temperatura dabla iwevs. 

xsnarebis es Tviseba xSirad gamoiyeneba yoveldRiur cxovrebaSi. magaliTad, 
antifrizis xsnari – avtomanqanis Zravis gacivebis sistemaSi Casasxmel wyals 
emateba organuli nivTiereba eTilenglikoli, romelic mis lRobis temperatu-
ras dabla wevs, raTa es xsnari zamTarSi ar gaiyinos (nax. 1.18).

nax. 1.18. antrifrizis xsnari gacilebiT dabal temperaturaze iyineba, 
vidre sufTa wyali. 

mwerebi da Tevzebi, romlebic uZlebs Zalian dabal temperaturas, organizmSi 
warmoqmnis biologiur antifrizebs (sxvadasxva cilisgan). am gziT zogierT mw-
ers -60°C-ze dabal temperaturasTan Seguebac ki SeuZlia. 

nax. 1.19. xoWos erT-erTi saxeoba Upis ceramboides  
biologiur antifrizs warmoqmnis, raTa yinvas gauZlos. 

1.7           xsnarebis Tvisebebi
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sufTa gamxsnelis duRilis temperatura yovelTvis ufro dabalia, vidre xsnar-
is. gamxsnelSi ganawilebuli nivTierebis nawilakebi siTxis zedapirze amcirebs 
gamxsnelis molekulebis raodenobas, Tanac erTgvarad „eWideba“ da xels uSlis 
maT airad fazaSi gadasvlas. Sesabamisad, ufro maRali temperaturaa saWiro, 
rom gamxsnelis molekulebma zedapiridan „gaqceva“ da airad mdgomareobaSi ga-
dasvla moaxerxos. am efeqts Cven yoveldRiurad vxvdebiT. Tuki sufTa wyali  
100 °C-ze duRs, wyalxsnari ufro maRal temperaturaze aduRdeba. 

rac ufro didia gamxsnelSi gaxsnili nivTierebis nawilakebis koncentracia, 
miT ufro dabalia lRobis temperatura da maRalia duRilis temperatura.  

rogorc ukve aRvniSneT, ionuri naerTebi wyalSi gaxsnisas ionebad iSleba, 
xolo polarul-kovalenturi naerTebi, umetesad, molekulebis saxiT rCeba. 
magaliTad, eTilenglikoli, xsnarSi molekulebis saxiT aris, xolo sufris 
marili ki warmoqmnis ionebs (cxrili 1.2).

cxrili 1.2. sxvadasxva nivTierebis 1 molis wyalSi gaxsnisas warmoqmnili 
nawilakebis raodenoba.

nivTiereba
xsnarSi gadasuli 

nawilakebi

TiToeuli nawikalis 
raodenoba Sesabamisad, 

moli

nawilakebis 
jamuri raodenoba, 

moli

C2H6O2(Tx) C2H6O2 (wy) 1 1

NaCl(my) Na+(wy) Cl-(wy) 1 1 2

CaCl2 (my) Ca2+(wy) Cl-(wy) 1 2 3

lRobisa da duRilis temperaturis cvlileba ki xsnarSi nawilakebis ricxvzea 
damokidebuli. Sesabamisad, Tu 1 kg wyalSi gavxsniT 1 mol natriumis qlorids, 
xsnaris duRilis temperatura iqneba ufro naklebi, vidre 1 moli kalciumis 
qloridis SemTxvevaSi, romelic wyalSi gaxsnis Sedegad 3 mol ionebs warmoqmnis. 

  kiTxvebi da davalebebi:

1. romeli xsnari ufro adre gaiyineba: 1 l wyalSi gaxsnili glicer-
inis, Tu amave moculobis wyalSi gaxsnili 2 moli eTilenglikolis?

2. romel xsnars eqneba duRilis ufro maRali temperatura: 0.5 l 
wyalSi gaxsnil 1.5 mol liTiumis hidroqsidis xsnars Tu amave moculo-
bis wyalSi gaxsnil 3 mol liTiumis hidroqsidis xsnars?
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 difuzia da osmosi

sufris marilis kristali wyalSi Cagdebisas garkveuli drois Semdeg ixs-
neba, anu marilis Semadgeneli nawilakebi Tanabrad gadanawildeba mTel xsnarSi  
(nax. 1). process, romlis drosac nivTiereba maRali koncentraciis arealidan 
dablisken gadaadgildeba, difuzias uwodeben.

nax. 1. difuziis procesi.

axla ki warmovidginoT, rom gvaqvs specialuri membrana, romelic mxolod 
wylis molekulebs atarebs, xolo sxva nawilakebs _ ara. amgvar membranas nax-
evradganvlad membranas uwodeben. es membrana davamagroT Wiqis SuaSi, erT mx-
ares CavasxaT marilis dabali koncentraciis wyalxsnari, xolo meore mxares ki 
– marilis maRali koncentraciis wyalxsnari (nax. 2). ra SeiZleba moxdes?

naxevradganvladi
membrana

nax. 2. naxevradganvladi membraniT gancalkevebul xsnarebs Soris wonasworobis 
damyareba.

yvela sistema wonasworobis mdgomareobisaken miiswrafvis, amitom am WiqaSi 
iseTi procesi unda warimarTos, rom membranis orive mxares marilis koncentracia 
gaTanabrdes. amisaTvis marcxena nawilSi marilis koncentracia unda gaizardos, 
xolo marjvena nawilSi – Semcirdes. es miiRweva, Tu marilis zedmeti nawilake-
bi gadava marjvena nawilidan marcxenaSi, an wylis molekulebi gadaadgildeba 
marcxnidan marjvniv. radgan WiqaSi xsnarebs Soris naxevradganvladi membranaa, 
marilis nawilakebs gadasvla SeuZlebelia, amitom wonasworoba mxolod wylis 
molekulebis gadanawilebiT damyardeba. wonasworobis damyarebisaTvis gamxs-
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nelis molekulebis gadaadgilebas naxevradganvladi membranis gavliT osmoss 
uwodeben.    

am procesebs gansakuTrebuli mniSvneloba aqvs medicinaSi. ujreduli mem-
branebi da sxva biologiuri sistemebi naxevradganvladi membranebia. 

sisxlis wiTel ujredebs (eriTrocitebs) Tu movaTavsebT hipotonur1 wyalx-
snarSi (nax. 3), anu iseT xsnarSi, romelSic gaxsnili nivTierebebis koncentracia 
dabalia ujredSi arsebul nivTierebaTa koncentraciaze, wyali osmosiT daiw-
yebs ujredSi Sesvlas. es gamoiwvevs ujredis gabervas da SesaZlo gaskdomas. 
analogiuri procesi mimdinareobs, magaliTad, qiSmiSs an mSral xils Tu CavdebT 
wyalSi. wyali aRwevs ujredebSi, xilis gamSrali masa ibereba da SedarebiT glu-
vdeba.

Tu sisxlis wiTel ujreds movaTavsebT hipertonul2 wyalxsnarSi (nax. 3), e. 
i. xsnarSi, romelSic gaxsnili nivTierebebis koncentracia maRalia ujredSi ar-
sebul nivTierebaTa koncentraciaze, wyali osmosiT daiwyebs ujredidan gamos-
vlas. es gamoiwvevs ujredis SekumSvas. analogiuri procesi mimdinareobs mJave 
kitris momzadebisas. gluvi kitris hipertonul marilis wyalxsnarSi Cadebisas 
igi naoWdeba, rac gamowveulia kitris ujredebidan wylis gamosvliT.  

                            a)                         b)                           g)

nax. 3. eriTrociti: a) izotonur xsnarSi; b) hipotonur xsnarSi; g) hipertonur xsnarSi.

yovelive amis gamo, rodesac sisxlSi didi raodenobiT siTxe SehyavT, magali-
Tad, gadasxmis procedurebisas, iyeneben izotonur xsnars, rogoricaa fiziolo-
giuri xsnari, NaCl-is 9 g/l Semcveli wyalxsnari. igi imave koncentraciis marils 
Seicavs, rasac sisxli.

1  „hipo“ niSnavs – „naklebs“.
2 „hiper“ aRniSnavs – TavsarT „ze-“-s.
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 eleqtrolituri 
disociacia
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1.8.1. eleqtrolitebi da araeleqtrolitebi

nivTierebas, romlis wyal xsna ri an nalRobi eleq-
trul dens atarebs, eleq trolits uwodeben. xolo Tu 
nivTierebas es Tviseba ar gaaCnia, is araeleqtrolitia.

rogorc ionuri naerTebis gaxsnisas aRvniSneT, 
rodesac eleqtroliti wyalSi ixsneba, is iSleba 
ionebad da warmoqmnis xsnars, romelsac SeuZlia 
eleqtruli denis gatareba. rodesac araeleqtroli-
ti ixsneba wyalSi, is nawildeba molekulebis saxiT 
da ar iSleba ionebad. vinaidan warmoqmnili xsnari ar 
Seicavs ionebs, igi ar gaatarebs eleqtrul dens. am-
rigad, araeleqtrolitis xsnars ar SeuZlia eleqtru-
li denis gatareba. 

eleqtrolitebi klasificirdeba rogorc Zlieri, 
saSualo da susti eleqtrolitebi. 

Zlieri eleqtrolitebia Zlieri mJavebi (gogirdm-
Java, marilmJava), tuteebi (natriumis tute, kaliumis 
tute) da wyalSi xsnadi marilebi (magniumis nitrati, 
bariumis qloridi da a. S.).

Zlieri eleqtrolitebi, magaliTad, natriu-
mis qloridi, TiTqmis 100%-iT disocirdeba da mis 
wyalxsnarSi CaSvebul eleqtrodebTan dakavSirebul 
naTuras aqvs kaSkaSa naTeba (nax. 1.20). misi disociacia 
Caiwereba calmxrivi isriT:

NaCl (wy) → Na+ (wy) + Cl-(wy)
susti eleqtrolitebi wyalSi gaxsnis procesSi 

mcired disocirdeba da nawilakebis didi nawili rCe-
ba aradisocirebuli saxiT. ionebis raodenoba Zalian 
mcirea, amitom xsnari dens kargad ar atarebs da xs-
narSi CaSvebul eleqtrodebTan dakavSirebuli naTu-
ra ar kaSkaSebs, mxolod sustad anaTebs (nax. 1.21).

magaliTad, susti eleqtrolitia fTorwyalbadmJa-
va, romelic wyalSi gaxsnis procesSi mxolod mcired 
disocirdeba da warmoiqmneba wyalbad-ionebi, fTor-
id-ionebi da rCeba fTorwyalbadis molekulebi. es 
procesi Seqcevadia, amitom disociaciis procesi ur-
TierTSeqcevadi isriT gamoisaxeba:

+ −→ +←HF( ) H ( ) F ( )
disociacia

asociacia
wy wy wy

araeleqtrolitebis wyalSi gaxsnisas nivTiereba 
ionebad ar disocirdeba. magaliTad, Saqari wyal-

1.8     eleqtrolituri disociacia

Na+

Na+

Na+ Cl-

Cl-
Cl-

Zlieri eleqtroliti

nax. 1.20. Zlieri eleq-
troliti wyalSi gaxsnisas 
mTlianad disocirdeba.

H+

HF

HF HF

F-
HF

susti eleqtroliti

nax. 1.21. susti eleqtro-
liti wyalSi gaxsnisas um-
niSvnelod disocirdeba. 

saqaroza

saqaroza saqaroza

saqaroza

araeleqtroliti

nax. 1.22. araeleqtro-
liti wyalSi gaxsnisas 
molekulebis saxiT 
nawildeba xsnarSi.
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Si kargad ixsneba, magram ionebad ar iSleba, amitom misi wyalxsnari dens ar 
atarebs. Sesabamisad, masSi CaSvebul eleqtrodebTan dakavSirebuli naTura ar 
inTeba (nax. 1.22). 

→2H O
12 22 11 12 22 11C H O ( ) C H O ( )my wy

                                   saqaroza      saqarozas molekulebi xsnarSi

1.8.2.  disociaciis xarisxi 
eleqtrolitis ionebad daSlis raodenobrivi maxasiaTebelia disociaciis 

xarisxi, romelic α (alfa) asoTi aRiniSneba.
disociaciis xarisxi tolia xsnarSi ionebad daSlili nivTierebis raodenobis 

Sefardebisa gaxsnili nivTierebis saerTo raodenobasTan:

( )
( )

α =
n

  N

ionebad daSlili nivTierebis raodenoba

gaxsnili nivTierebis saerTo raodenoba

disociaciis xarisxi icvleba 0-dan 100%-mde, e. i. 0%≤α%≤100%. disociaci-
is xarisxi (%) gviCvenebs, xsnarSi arsebuli yoveli 100 molekulidan ramdeni 
molekulaa daSlili ionebad. magaliTad, α=30% niSnavs, rom yoveli 100 mole-
kulidan disocirebulia 30.

disociaciis xarisxi damokidebulia nivTierebisa da gamxsnelis bunebaze, 
aseve temperaturasa da xsnaris koncentraciaze. eleqtrolitis disociaciis 
xarisxi izrdeba xsnaris ganzavebiT.

zogadad, Zliers uwodeben iseT eleqtrolits, romlis disociaciis xarisxi 
koncentrirebul xsnarebSic ki maRalia. susti ki aris eleqtroliti, romlis 
disociaciis xarisxi Zlieri ganzavebis SemTxvevaSic ki dabalia. 

wyalSi xsnadi marilebi da tuteebi, 4NH OH -is garda, Zlieri eleqtrolitebia, 
xolo mJava SeiZleba iyos rogorc Zlieri, ise saSualo da susti eleqtroliti.

  kiTxvebi da davalebebi:

1. ivaraudeT mocemul xsnarebSi romeli nawilakebi ufro Warbobs, ionebi 
Tu molekulebi? pasuxi daasabuTeT.

a)  Na2SO4;   b)  CH3OH.  

2. KF Zlieri eleqtrolitia, HF _ susti, CH3OH ki _ araeleqtroliti. 
mocemuli naerTebi daalageT disociaciis xarisxis zrdis mixedviT. 

3. TiToeul gamosaxulebas miuTiTeT, romel process asaxavs _ Zlie-
ri eleqtrolitis disociacias, susti eleqtrolitis disociacias, Tu 
araeleqtrolitis gaxsnas:

a) K2SO4(my)→2K+(wy)+ −2
4SO (wy);   b) NH4OH(wy) +

 4NH (wy)+OH-(wy); 

g) C6H12O6(my) → C6H12O6(wy);   d) CH3OH(Tx)→CH3OH(wy); 

e) MgCl2(my)→Mg2+(wy)+2Cl-(wy);   v) HClO(wy) H+(wy)+ClO-(wy).

4. gamoTvaleT eleqtrolitis disociaciis xarisxi, Tu 2 molis wyalSi 
gaxsnisas disocirda:

a) 1.8 moli;   b) 0.6 moli;  g) 0.1 moli.
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1887 wels s. areniusma mJava daaxasiaTa, ro-
gorc nivTiereba, romelic wyalxsnarSi diso-
cirdeba wyalbadis kationad da mJavas naSTis 
anionad (nax. 1.23).

3 3 4 4HCl H Cl HNO H NO HClO H ClO+ − + − + −→ + → + → +

3 3 4 4HCl H Cl HNO H NO HClO H ClO+ − + − + −→ + → + → +

orfuZiani mJava disocirdeba or stadiad: 
mJavas molekulas jer mowydeba wyalbadis erTi 
kationi da Semdeg – meore:

2 4 4H SO H HSO+ −→ +   (I stadia)

2
4 4HSO H SO− + −+   (II stadia)

Zlier mJavebSi disociaciis I stadia srulad, 
TiTqmis 100%-iT, xolo momdevno stadiebi aras-
rulad mimdinareobs. pirvel stadiaze wyalbadis 
kationi neitraluri molekulidan wydeba, xolo 
Semdeg etapebze – uaryofiTad damuxtuli mJa-
vas anionebidan, amitom am dros unda gadailax-
os eleqtrostatikuri mizidulobis ufro didi 
Zalebi, vidre pirvel stadiazea. aqedan gamom-
dinare, xsnarSi yvelaze didi raodenobiT iqneba 
erTmuxtiani anioni da yvelaze mcire raodeno-
biT – mravalmuxtiani anioni.

nebismieri mJavas disociaciis Sedegad war-
moiqmneba wyalbadis kationi. mJavas yvela damax-
asiaTebeli Tviseba (lakmusis gawiTleba, mJave 
gemo da fuZeebis ganeitralebis unari) ganpirobe-
bulia wyalbadis kationiT. amitom eleqtroli-
turi disociaciis Teoriis Tanaxmad, mJava iseTi 
eleqtrolitia, romlis wyalxsnarSi disociaciis 
Sedegad warmoqmnil ionebs Soris kationi mxolod wyalbadis ionia.

aRniSnuli Teoriis mixedviT, nivTiereba, romelic wyalSi gaxsnisas srulad 
disocirdeba metalis kationad da hidroqsid-anionad, aris tute (nax. 1.24). 

2 2
2 2

NaOH Na OH KOH K OH

Ca(OH) Ca 2OH Ba(OH) Ba 2OH

+ − + −

+ − + −

→ + → +

→ + → +

1.9     mJavebis, fuZeebisa da marilebis  

                 eleqtrolituri disociacia

HCl

H+

HCl(wy) → H+(wy) + Cl- (wy)

H+

H+

H+

H+H+

Cl-

Cl- Cl-

Cl-
Cl-

Cl-

nax. 1.23. mJavas 
disociaciis procesi. 

NaOH

Na+

NaOH(wy) → Na+(wy) + OH- (wy)

Na+
Na+

Na+

Na+Na+

OH-

OH-
OH-

OH-

OH-

OH-

nax. 1.24. tutis 
disociaciis procesi. 
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tutes mJavas sapirispiro Tvisebebi aqvs: lakmuss alurjebs, meTilnarinjs 
ayviTlebs, fenolfTaleins Jolosfrad Rebavs. xeliT Sexebisas sapnis SegrZne-
bas tovebs. aseT Tvisebebs fuZe Tvisebebi ewodeba, rac ganpirobebulia xsnar-
Si hidroqsid-anionebis (OH-) arsebobiT. eleqtrolituri disociaciis Teoriis 
Tanaxmad, fuZe iseTi eleqtrolitia, romlis wyalxsnarSi disociaciis dros war-
moqmnil ionebs Soris anionia mxolod hidroqsidis ioni OH-.

1923 wels mecnierebma i. n. bronstedma da t. m. lourim ganavrces mJavisa da 
fuZis ganmarteba. am Teoriis mixedviT, mJava aris nivTiereba, romlis wyalxs-
narSi wyalbadis kationi ukavSirdeba wylis molekulas donorul-aqceptoruli 
meqanizmiT da warmoqmnis hidroqsoniumis ions:

   anu  H3O
+

es procesi egzoTermulia da didi raodenobiT siTbo gamoiyofa: 

 H+ + H2O → H3O
+ + Q

marilmJavas wyalxsnarSi qlorwyalbadmJava gadascems wyalbadions wylis 
molekulas da warmoiqmneba hidroqsoniumis ioni, anu mJava aris wyalbad-ionis 
donori:

+ -

    HCl         +       H2O           											H3O
+        +       Cl-

qlorwyalbadi

mJava 
(H+ donori)

wyali

fuZe  
(H+ aqceptori)

hidroqso-
niumis ioni

qlorid-
ioni

mJava xsnari

amave Teoriis mixedviT, fuZe aris nivTiereba, romelic wyalxsnarSi donor-
ul-aqceptoruli meqanizmiT wylis molekulisgan iRebs wyalbad-ions, anu fuZe 
aris wyalbad-ionis aqceptori.

magaliTad, amiaki, azotis atomis Tavisufali eleqtronuli wyvilis xarjze, 
iRebs wyalbad-ions wyalTan urTierTqmedebisas, ris gamoc warmoiqmneba amoniu-
mis kationi da hidroqsid-anioni.

    NH3          +        H2O           											NH4
+      +      OH-

+ -

amiaki

fuZe  
(H+ aqceptori)

wyali

mJava 
(H+ donori)

amoniumis 
ioni

hidroqsid-
ioni

fuZe xsnari
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mJavebisa da fuZeebis Tvisebebi da maTi Sedareba mocemulia 1.3 cxrilSi.

cxrili 1.3. mJavebisa da fuZeebis zogierTi Tviseba. 

Tviseba mJavebi fuZeebi

fuZe/mJava

areniusis 
mixedviT

xsnarSi warmoqmnis 
H+ ionebs

xsnarSi warmoqmnis 
OH- ionebs

bronsted-
louris mixedviT

H+ ionebis
donori

H+ ionebis
aqceptori

indikatorebis 
Seferva: lakmusi wiTeli lurji

indikatorebis 
Seferva: 

fenolfTaleini
ufero Jolosferi

neitralizacia aneitralebs 
fuZeebs

aneitralebs 
mJavebs

eleqtroliti/

araeleqtroliti

eleqtrolituri 
disociaciis 

Teoriis mixedviT

eleqtroliti 

(garda uxsnadi 
mJavebisa)

eleqtroliti 

(garda uxsnadi 
fuZeebisa)

wyalSi xsnadi marili pirdapir, erT safexurad disocirdeba metalis katio-
nad da mJavas naSTis anionad:

NaCl → Na+ + Cl-                       KNO3 → K+ + NO3
-

CuSO4 → Cu2+ + SO4
2  _       Al2(SO4)3 → 2Al3+ + 3SO4

2  -

  kiTxvebi da davalebebi:

1. dawereT mocemuli eleqtrolitebis wyalSi disociaciis tolobebi:
 a) KBr; b) CaCl2; g) K3PO4; d) Fe(NO3)3; e) LiBr; v) CuCl2; z) NaNO3; T) K2CO3.

2. gansazRvreT, sul ramdeni moli ioni iqneba xsnarSi, romelic miRebulia 
Semdegi raodenobis eleqtrolitis wyalSi gaxsniT: 

 a) 1 moli K2SO4; b) 2 moli KBr; g) 0.5 moli K3PO4?

3. mocemulia Semdegi ionuri naerTebi: 

 a) Cu(OH)2; b) AgCl;  g) Fe(NO3)3; d) BaCO3;  e) Ag2O; v) Na2S. ivaraudeT, 
gaatarebs Tu ara dens TiToeuli maTgani wyalTan Serevis Semdeg.

4. dawereT mocemuli mJavebisa da tuteebis disociaciis tolobebi:
 a) Ca(OH)2; b) H2SO4; g) Ba(OH)2; d) HBr.
5. qvemoT CamoTvlili romeli eleqtrolitis disociaciis Sedegad mii-

Reba wyalbadis kationebi?
 a) Ca(OH)2; b) HMnO4; g) NH4Cl; d) HCl. 

6. CamoTvlili mJavebis: 

 a) HCl, b) H2SO4,  g) HNO3  ra raodenoba Seicavs 0.5 g wyalbadions?
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1.10   mJavebisa da fuZeebis siZliere

mJavebi klasificirdeba, rogorc Zlieri da susti mJavebi. mJavebis siZliere 
ganisazRvreba wyalxsnarSi warmoqmnili wyalbad-ionebis raodenobis mixedviT. 
rogorc ukve aRvniSneT, nivTiereba, romelic srulad disocirdeba ionebad, 
Zlieri eleqtrolitia. Sesabamisad, Zlieri mJava srulad disocirdeba wyalbad-
ionisa da Sesabamisi anionis warmoqmniT, xolo susti mJava _ nawilobriv.

marilmJava Zlieri mJavaa, amitom misi disociaciis procesi gamoisaxeba mxo-
lod erTi isriT:

+ −→ +HCl H Cl

ZmarmJava ki susti mJavaa da mxolod misi mcire nawili disocirdeba, danar-
Ceni _ rCeba molekulebis saxiT. susti mJavas disociaciis procesi Seqcevadia 
da gamoisaxeba urTierTSeqcevadi isriT:

− ++3 3CH COOH CH COO H

mJavas siZlieris ufro zustad dasaxasiaTeblad gamoiyeneba disociaci-
is mudmiva, romelic wonasworobis mudmivas warmoadgens da axasiaTebs sust 
eleqtrolitebs. Zlieri eleqtroliti srulad disocirdeba, amitom wonas-
woroba TiTqmis srulad aris gadaweuli disocirebuli nawilakebisken. amitom, 
am SemTxvevaSi disociaciis tolobaSi ar iwereba ormagi isari (nax. 1.25). 

+

+

+

+

+

+

+

+

+

+

−

−

−

−−

−

−

−

−

−

HCl
1M

CH3COOH
1M

nax. 1.25. marilmJava Zlieri mJavaa, xolo ZmarmJava _ susti. 
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wonasworuli procesebis msgavsad, mJavebis disociaciasac wonaworobis mud-
mivaTi axasiaTeben, romelic Ka simboloTi aRiniSneba. 

[ ]
− +      = 3

a
3

CH COO H
K

CH COOH

am gamosaxulebaSi kvadratul frCxilebSi mocemulia TiToeuli nawilakis 
moluri koncentracia wonasworobis momentSi.

mJavas disociaciis mudmiva mocemul temperaturaze mudmivi ricxvia. misi 
mniSvnelobis mixedviT SesaZlebelia mJavas siZlieris Sefaseba. rac ufro mcirea 
disociaciis mudmiva, miT ufro sustia mJava. disociaciis mudmiva ar aris da-
mokidebuli xsnaris koncentraciaze. 

Sejamebis saxiT SeiZleba iTqvas, rom Tu HA aris Zlieri mJava, is srulad 
aris disocirebuli da wyalxsnarSi warmodgenilia mxolod H+ (H3O

+) da A--is 
saxiT. Tumca, Tu HA aris susti mJava, mis wyalxsnarSi ZiriTadad aris aradiso-
cirebuli molekulebi HA da mxolod Zalian mcire raodenobiT aris ionebi (nax. 
1.26):

HA(wy) +H2O(Tx) → H3O
+(wy) + A-(wy) (≈100% disocirebuli) 

HA(wy) +H2O(Tx) →→ H3O
+(wy) + A-(wy) (mcire % disocirebuli)           

Zlieri mJavas raodenoba susti mJavas raodenoba

HA HA
HA

HA
HA

HA HA

HA

HA

H3O
+

H3O
+

H3O
+

H3O
+

H3O
+

H3O
+

H3O
+

A-

A-

A-

A-

A-A-

A-

sawyisi 
mdgomareoba

sawyisi 
mdgomareoba

saboloo 
mdgomareoba

saboloo 
mdgomareoba

H2O

nax. 1.26. Zlieri mJava TiTqmis srulad disocirdeba, susti _ umniSvnelod. 

Zlieri mJavebia: marilmJava, azotmJava, gogirdmJava; xolo susti mJavebia: 
fTorwyalbadmJava, gogirdwyalbadmJava, azotovani mJava, ZmarmJava da sxv.
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mJava miT ufro Zlieria, rac ufro advilad gascems wyalbadis kations 
eleqtrolituri disociaciis dros. es ki damokidebulia mJavuri naSTis anionis 
muxtsa da radiusze _ rac naklebia muxti da metia radiusi, miT ufro sustad 
iqneba miziduli wyalbadis kationebi. 

amis gamo, elementTa wyalbadnaerTebis SemTxvevaSi, mJavuri siZliere peri-
odSi marcxnidan marjvnidan izrdeba, xolo jgufebSi _ zevidan qveviT. magali-
Tad, mesame periodis elementTa wyalbadnaerTebSi mJavas siZliere izrdeba rigSi  
SiH4 < PH3 < H2S < HCl, radgan am rigSi elementis radiusi TiTqmis ar icvle-
ba, muxti ki mcirdeba. halogenTa wyalbadnaerTebis SemTxvevaSi mJavuri naSTis 
muxti yvelgan erTnairia (-1), xolo radiusi zevidan qveviT izrdeba, amitom 
halogenwyalbadnaerTTa mJavuri siZliere gaizrdeba rigSi: HF < HCl < HBr < HI.

Jangbadiani mJavebis SemTxvevaSi mJavas siZliere damokidebulia O-H bmebis 
raodenobasa da maT polarizaciaze. rac ufro naklebia O-H bmaSi CarTuli wyal-
badatomebis raodenoba, miT ufro advilad scildeba isini mJavas naSTs. O-H 
bmebis polarizaciaze gavlenas axdens mJavas warmomqmnel elementTan uSualod 
dakavSirebuli Jangbadatomic, romelic maRali eleqtrouaryofiTobis gamo el-
ementis atomidan izidavs eleqtronebs da amiT zrdis O-H bmis polarizacias. 
amitom, rac ufro metia aseTi Jangbadatomebis ricxvi, miT ufro Zlieria mJava.

vTqvaT, mJavas formulaa

n mH XO

maSin elementTan uSualod dakavSirebuli Jangbadatomebis ricxvi iqneba (m – n).  
iTvleba, rom:

roca m – n = 0, mJava sustia (magaliTad, HClO, H3BO3 da sxv.);

roca m – n = 1, mJava saSualo siZlierisaa (magaliTad, HNO2, H2SO3, H3PO4 
da sxv.);

roca m – n = 2, mJava Zlieria (magaliTad, HNO3, H2SO4 da sxv.);

roca m – n = 3, mJava Zalian Zlieria (magaliTad, HClO4, HMnO4 da sxv.).

tuteebis siZliere ganisazRvreba wyalxsnarSi warmoqmnili hidroqsid-ioneb-
is raodenobis mixedviT. Zlieri fuZe (tute) wyalxsnarSi srulad disocirdeba 
metalis kationisa da hidroqsid-ionebis warmoqmniT. 

magaliTad, kaliumis tute srulad disocirdeba wyalSi kaliumis kationisa 
da hidroqsid-ionebis warmoqmiT:

2H OKOH( ) K ( ) OH ( )+ −→ +my wy wy

Zlieri tuteebi gamoiyeneba cximovani nadebis sawmendi siTxeebis dasamzade-
blad. maTSi maRalia hidroqsid-ionebis koncentracia, amitom maTi gamoyenebis 
dros saWiroa sifrTxile. 

susti tutis xsnarSi mcirea hidroqsid-ionebis koncentracia. amis magaliTia, 
amiakis wyalxsnari, romelSic aris amoniumis ioni da hidroqsid-ionebi. 
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3 2 4NH ( ) H O( ) NH ( ) OH ( )+ −+ +a Tx wy wy
                        amiaki                amoniumis hidroqsidi 

mJavebis msgavsad, fuZeebis SemTxvevaSic: rac ufro advilad disocirdeba hi-
droqsidi, miT ufro Zlieri iqneba fuZe. periodSi fuZis siZliere  marjvnidan 
marcxniv, xolo jgufSi _ zevidan qveviT gaizrdeba. 

  kiTxvebi da davalebebi:

1. daakvirdiT 1.25 naxazs. ratom aris aucilebeli SedarebisaTvis erTi 
da imave koncentraciis xsnarebis gamoyeneba?

2. SeadareT erTmaneTs disociaciis xarisxi da mudmiva.

3. mocemulia qloris mJavebi:

 a) HClO;

 b) HClO2;

 g) HClO3;

 d) HClO4. 
 daasaxeleT, maT Soris, yvelaze Zlieri da yvelaze susti. pasuxi daasa-

buTeT. 

4. SeadareT Semdeg mJavaTa siZliere:
 a) gogirdwyalbadmJava da selenwyalbadmJava;
 b) selenwyalbadmJava da bromwyalbadmJava.
 pasuxi daasabuTeT. 

5. SeadareT Semdegi hidroqsidebis siZliere:
 a) natriumis hidroqsidi da magniumis hidroqsidi;
 b) liTiumis hidroqsidi da kaliumis hidroqsidi.
 pasuxi daasabuTeT.

6. gaaanalizeT nax. 1.26 da SeadareT erTmaneTs susti da Zlieri mJavebi. 
naxazze mocemul TiToeul SemTxvevas SeusabameT TiTo magaliTi da 
SeadgineT maTi disociaciis tolobebi. 
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1.11     ionuri mimocvlis reaqciebi

reaqcias, romelic ionebis monawileobiT mimdinareobs, ionuri reaqcia ewodeba. 
ionuri reaqciebi, rogorc wesi, mJavas, tutisa da marilis xsnarebSi mimdinare 
reaqciebia.

reaqciis molekuluri tolobisgan ionuri tolobis Sesadgenad saWiroa Zlie-
ri eleqtrolitebi davweroT ionebis saxiT, xolo wyali, susti eleqtrolitebi, 
wyalSi uxsnadi an airadi nivTierebebi _ molekulebis saxiT. ganvixiloT ram-
denime magaliTi:

a) neitralizaciis reaqcia

molekuluri saxiT: + → + 2NaOH HCl  NaCl H O

sruli ionuri saxiT: + − + − + −+ + + → + + 2Na OH H Cl   Na Cl H O

Tu am tolobaSi gavabaTilebT erTnair, anu pasiur ionebs tolobis sxva-
dasxva mxares, maSin miviRebT neitralizaciis Sekvecil ionur tolobas. Sekve-
cili ionuri tolobis mixedviT nebismier mJavaze nebismieri fuZis moqmedebiT 
miiReba neitraluri nivTiereba _ wyali (nax. 1.27):

+ −+ → 2H OH   H O

mJava                       fuZe                        marili                     wyali 

marilmJava wyalinatriumis 
hidroqsidi

natriumis 
qloridi

nax. 1.27. neitralizaciis reaqcia. 

b) marilze mJavas moqmedeba

molekuluri saxiT: + → + +2 3 2 2Na CO 2HCl 2NaCl H O CO

sruli ionuri saxiT: + − + − + −+ + + → + + +2
3 2 22Na CO 2H 2Cl   2Na 2Cl H O CO

naxSirmJava aramdgradi mJavaa da xsnarSi advilad iSleba. Tu gavabaTilebT 
xsnarSi arsebul erTnair ionebs, miviRebT Sekvecil ionur tolobas:

− + →+ +2
3 2 2CO 2H  H O CO
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ionuri tolobis mixedviT, nebismier xsnad karbonatze Zlieri mJavas moqme-
debiT miiReba naxSirmJavas molekula, romelic iSleba.

g) marilze tutis moqmedeba

molekuluri saxiT: + → +2 2FeCl 2NaOH   2NaCl Fe(OH)

sruli ionuri saxiT: + − + − + −→+ + + + +2
2Fe 2Cl 2Na 2OH   2Na 2Cl Fe(OH) ↓

2Fe(OH)  wyalSi uxsnadi hidroqsidia. Tu gavabaTilebT erTnair ionebs, mi-
viRebT Sekvecil ionur tolobas:

+ −+ →2
2Fe 2OH    Fe(OH)

d) marilze marilis moqmedeba

molekuluri saxiT: →+ +3 22 3CaCl 2AgNO Ca(NO 2) AgCl
 ↓

sruli ionuri saxiT: + − + − + −+ + + → + +2 2
3 3Ca 2Cl 2Ag  2NO   Ca 2NO 2AgCl

 ↓

AgCl  wyalSi uxsnadia. Tu gavabaTilebT erTnair ionebs da SevkvecavT koefi-
cientebs, miviRebT Sekvecil ionur tolobas:

+ − →+Ag Cl AgCl↓

amrigad, ionuri reaqcia bolomde mimdinareobs im SemTxvevaSi, Tu:

1) warmoiqmneba mcired disocirebadi nivTiereba _ wyali an susti eleqtroli-
ti;

2) warmoiqmneba wyalSi mcired xsnadi nivTiereba;

3) reaqciis Sedegad gamoiyofa airi.

rodesac reaqcia mimdinareobs wyalSi uxsnad nivTierebasTan, maSin es niv-
Tiereba unda Caiweros aradisocirebuli saxiT:

magaliTad:

spilenZ(II)-is hidroqsidsa da marilmJavas Soris mimdinare reaqciis dros 
spilenZ(II)-is hidroqsidi, rogorc mcired disocirebadi naerTi, ar iwereba 
ionebis saxiT.

molekuluri saxiT:  ( ) + → +2 22
Cu OH 2HCl CuCl 2H O

sruli ionuri saxiT:  ( ) + − + −+ + → + +2
22

Cu OH 2H 2Cl Cu 2Cl 2H O

Sekvecili ionuri saxiT:  ( ) + ++ → +2
22

Cu OH 2H Cu 2H O
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  kiTxvebi da davalebebi:

1. gaaTanabreT mocemuli neitralizaciis reaqciebi da SeadgineT maTi 
sruli da Sekvecili ionuri tolobebi:

a) HCl+Ca(OH)2→CaCl2+H2O;  
b) H2SO4+NaOH →Na2SO4+H2O; 

g) H3PO4+KOH→K3PO4+H2O;  
d) H2SO4+Ba(OH)2→BaSO4+H2O.

2. dawereT mocemul nivTierebaTa Soris mimdinare reaqciebis moleku-
luri, sruli da Sekvecili ionuri tolobebi:

a) natriumis karbonati da gogirdmJava; 

b) spilenZ(II)-is qloridi da natriumis tute; 

g) kalciumis nitrati da natriumis karbonati; 

d) TuTiis hidroqsidi da marilmJava.

3. daasruleT reaqciaTa tolobebi, gaaTanabreT, dawereT maTi sruli da 
Sekvecili ionuri tolobebi:

a) H2SO4+Mg(OH)2→ 

b) ZnCO3+HCl→    

g) HCl+NaHCO3→ 

d) Fe(my)+H2SO4→ 

4. romeli ori eleqtrolitis SereviT miiReba xsnari, romelic ar 
atarebs dens? ganixileT ori SemTxveva. 

5. mocemuli Sekvecili ionuri tolobebidan SeadgineT reaqciaTa moleku-
luri tolobebi:

a) H++OH-→H2O
b) Ba2++SO4

2-→BaSO4↓
g) 2H++CO3

2-→H2O+CO2↑
d) CuO+2H+→ Cu2++H2O
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1.12          wylis ionizacia

ratom aris sufTa wyali neitraluri? am kiTxvaze pasuxis gasacemad gavixse-
noT, rom yofacxovrebaSi gamoyenebul sxvadasxva xsnars aqvs gansxvavebuli are 
(mJava an tute). magaliTad, limonis wveni Seicavs limonmJavas. eqsperimentulad 
dadgenilia, rom masSi wyalbad-ionebis raodenoba aRemateba hidroqsid-ionebis 
raodenobas. saqarTveloSi mineraluri wylebis umravlesobaSi ki hidroqsid-
ionebis raodenoba aRemateba wyalbad-ionebis raodenobas.  

rogorc vnaxeT, mJavas an tutis wyalSi gaxsnis procesSi wyals SeuZlia iyos 
wyalbad-ionis rogorc donori, ise aqceptori. anu SeiZleba iTqvas, rom wyali 
asrulebs rogorc mJavas, ise fuZis rols. 

wylis ori molekulis urTierTqmedebis dros miiReba hidroqsoniumis ioni 
da hidroqsid-ioni:

H H+ +H  H H-

H H H

O O O O

fuZe, 
protonis
aqceptori

mJava, 
protonis 
donori

mJava, 
protonis 
donori

fuZe,  
protonis 
aqceptori

+

am process wylis ionizacia ewodeba:

2 2 3H O( ) H O( ) H O ( ) OH ( )+ −+ +Tx Tx wy wy

es procesi SemoklebiT SeiZleba amgvarad Caiweros: 

+ −+2H O H OH  

eqsperimentulad dadgenilia, rom sufTa wylis ionizaciis procesSi warmo-
qmnili wyalbad-ionebisa da hidroqsid-ionebis koncentracia tolia da 25 °C-ze 
maTi moluri koncentraciebi aris 71.0 10  M−× . 

7H OH 1.0 10  M+ − −   = = ×   

es ricxvi mudmivia, xolo am koncentraciebis namravls wylis ionuri namravli 
ewodeba da aRiniSneba Kw-Ti:

( ) ( )7 7 14
wK H OH 1.0 10  M 1.0 10  M 1.0 10  + − − − −   = = × ⋅ × = ×   

14
wK 1.0 10−= ×   (25°C-ze)

roca wyalxsnarSi [H+]
 
da [OH-] tolia, xsnari neitraluria (nax. 1.28).  
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[H+]

100

10-7

10-14

[H+] > [OH-] [H+] < [OH-][H+] = [OH-]

[H+]

[H+][OH-]

[OH-]

[OH-]

  mJava xsnari       neitraluri xsnari       tute xsnari

ko
nc

en
t
r
ac

ia
, 
mo

l
i/

l

nax. 1.28. H+ da OH- ionTa koncentraciebi mJava, neitralur da tute xsnarebSi.

amgvarad, nebismier wyalxsnarSi [H+]
 
da [OH-] namravli mudmivi ricxvia da 

 25 °C-ze tolia 141.0 10−× -is:
14

wK 1.0 10−= ×   (25°C-ze)

tolobidan gamomdinareobs, rom: 

−

+
  =    

wK
OH  

H
;     +

−
  =    

wKH
OH

 

  kiTxvebi da davalebebi:

1. ratomaa sufTa wyalSi wyalbad- da hidroqsid-ionebis koncentracia 
toli?

2. SeadareT wyalbad- da hidroqsid-ionebis Tanafardoba mJava da tute 
xsnarebSi. pasuxi daasabuTeT. 

3. sufris Zmris xsnarSi 25 °C-ze hidroqsid-ionebis koncentracia  
[OH-]=10-11 M. ra iqneba am xsnarSi wyalbad-ionTa koncentracia? rogori 
are eqneba Zmars _ mJava, tute Tu neitraluri?

4. mocemuli koncentraciis xsnarebs miuTiTeT are _ mJava, tute Tu nei-
traluri?

 a) [H+] =2.0 × 10-4 M;  b) [OH-]=8.0 ×	10-3 M; 

 g) [H+] =1.9 × 10-9 M;   d) [OH-]=3.5 × 10-10 M.

5. gamoTvaleT hidroqsid-ionebis koncentracia xsnarebSi, romlebSic 
wyalbad-ionTa koncentraciaa: 

 a) yava _ 10-5 M;   b) natriumis tutis xsnari _ 10-12 M; 
 g) saponi _ 10-8 M;  d) Zmari _ 10-3 M.
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1.13                pH-is skala

1.13.1. pH da xsnaris are

xSirad sxvadasxva sferoSi (kvebis teqnologia, medicina, agronomia, Rvinis te-
qnologia da sxv.) momuSave specialistebs sWirdebaT xsnarebSi H+ da OH- ionebis 
koncentraciis codna. organizmSi mJavianobis done mniSvnelovania filtvebi-
sa da Tirkmelebis swori funqcionirebis SefasebisTvis, sakvebSi baqteriebis 
zrdis kontrolisTvis da sxv.

CvenTvis cnobilia, rom mJavianobis done izomeba pH skalaze, romelic asax-
avs wyalbad-ionebis koncentracias. neitraluri xsnarebisTvis, roca wyalbad-
ionebis koncentracia aris 71.0 10  M−× , pH 7.0-is tolia. mJava areSi, sadac wyal-
bad-ionebis koncentracia aRemateba 71.0 10  M−× -s, pH < 7. xolo tute areSi  
pH > 7, sadac wyalbad-ionebis koncentracia naklebia 71.0 10  M−× -ze (cxrili 1.4 
da nax. 1.29):

cxrili 1.4. wyalbad-ionebis koncentraciisa da xsnaris aris Sesabamisoba.

xsnaris are pH-is mniSvneloba [H+], moli/l
neitraluri 7 1.0 ×	10-7

mJava <7 >1.0 ×	10-7

tute >7 <1.0 ×	10-7

  

 

pH-is 
mniSvneloba

mJava

tute

neitraluri
[H+] = [OH-]

nax. 1.29. yoveldRiur cxovrebaSi gamoyenebuli zogierTi  
produqtisa da nivTierebis wyalxsnaris pH. 
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laboratoriaSi pH-is zustad gansazRvrisTvis, Cveulebriv, gamoiyeneba pH-
metri (nax. 1.30). aseve, SesaZlebelia indikatorebis xsnarebis (cxrili 1.5) an pH 
qaRaldis gamoyeneba (nax. 1.31) xsnaris mJavianobis an tutianobis Sesafaseblad.

    
                  nax. 1.30. pH-metri.                       nax. 1.31. indikatoris qaRaldi.  

cxrili 1.5. sxvadasxva indikatoris feri mJava, neitralur da tute areSi. 

    indika tori

 are
lakmusi meTilnarinji fenolfTaleini

universaluri 
indikatori

mJava

wiTeli
movardisfro- 

wiTeli
ufero wiTeli

neitraluri

iisferi narinjisferi ufero mwvane

tute

lurji yviTeli Jolosferi iisferi
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1.13.2. xsnaris pH-is gamoTvla

sanam pH-is mniSvnelobis gamoTvlaze gadavalT, gavixsenoT, rom aTobiTi 
logariTmi gviCvenebs, romel xarisxSi unda aviyvanoT 10, rom miviRoT Sesa-
bamisi ricxvi:

log10100 = 2 ⇒	102 = 100
log100.01 = -2 ⇒	10-2 = 0.01

log10100 = 2 log100.01 = -2

pH skala aris logariTmuli skala, romelic Seesabameba wyalbad-ionebis kon-
centracias wyalxsnarSi. maTematikurad, pH aris wyalbad-ionebis koncentraci-
is, anu +  H -is uaryofiTi logariTmi 10-is fuZiT (log).

pH log H+ = −  

magaliTad, sufTa wyalSi, sadac 7H 1.0 10  M+ −  = ×   

 ( )+ -7pH = -log H = -log 1.0 10 = - -7.00 = 7.00   ×   

wyalbad-ionebisa da hidroqsid-ionebis koncentraciebis Sesabamisoba pH-Tan 
mocemulia 1.6 cxrilSi.

cxrili 1.6. [H+] da [OH-] Sesabamisoba pH-Tan.

[H+], moli/l pH [OH-], moli/l
 

mJava

neitraluri

tute

100 0 10-14

10-1 1 10-13

10-2 2 10-12

10-3 3 10-11

10-4 4 10-10

10-5 5 10-9

10-6 6 10-8

10-7 7 10-7

10-8 8 10-6

10-9 9 10-5

10-10 10 10-4

10-11 11 10-3

10-12 12 10-2

10-13 13 10-1

10-14 14 100

ganvixiloT Sesabamisi amocanebi:
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amocanis amoxsnis nimuSi _ 6
a) gamoTvaleT mJavas xsnaris pH, Tu masSi wyalbadionebis koncentracia 

aris + −  = ⋅ 
41.0 10  H M . 

moc.: 4H 1.0 10  M+ −  = ×  . 

u. v.: pH

amoxsna:
 + = −  pH lg H

 ( )4pH lg H lg 1.0 10 4.00 4.00+ −   = − = − × = − − =   

pasuxi: mJavas xsnaris pH=4.00.

b) gamoTvaleT natriumis tutis xsnaris pH, Tu masSi tutis koncentracia 
aris 0.01 moli/l.

moc.: ( ) =C NaOH 0.01 moli/l 

u. v.: pH

amoxsna:

radgan natriumis tute Zlieri eleqtrolitia, amitom srulad 
disocirdeba ionebad: 

+ −→ +NaOH Na OH  
Sesabamisad, disociaciis Sedegad warmoqmnili hidroqsid-ionebis 

koncentracia tolia tutis koncentraciis:
2OH 0.01 1.0 10  M− −  = = × 

pH-is gamoTvlisTvis saWiroa wyalbad-ionebis kocentraciis gamoTvla. 
radgan cnobilia, rom:

14
wK H OH 1.0 10+ − −   = = ×    , aqedan

 
14

12w
2

K 1.0 10H 1.0 10
1.0 10OH

−
+ −

−−

×  = = = ⋅  ×  

( )12pH lg H lg 1.0 10 12.00 12.00+ −   = − = − × = − − =     

pasuxi: tutis xsnaris pH=12.00.
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  kiTxvebi da davalebebi:

1. ratomaa sufTa wylis pH 7-is toli?

2. rogoria niSaduris pH, Tu hidroqsid-ionTa koncentraciaa  
10-4 moli/l?

3. gansazRvreT wyalbad-ionTa koncentracia, Tu xsnaris pH aris: 

 a) 3;

 b) 8.

4. gansazRvreT pH, Tu wyalbad-ionTa koncentraciaa:

a) 1×10-2 moli/l; 

b) 1×10-12 moli/l; 

g) 1×10-7 moli/l.

5. daadgineT wyalbad- da hidroqsid-ionTa koncentracia mocemul 
xsnarebSi, romelTa pH tolia:

a) 3;  

b) 11;  

g) 6;  

d) 8;  

e) 9.

6. A xsnaris pH 4-is tolia, B xsnarisa _ 6-is.

a) romeli maTganis mJavianobaa ufro meti?  

b) daadgineT am xsnarebSi wyalbad-ionTa koncentracia; 

g) daadgineT am xsnarebSi hidroqsid-ionTa koncentracia.

7. gamoTvaleT marilmJavas 500 ml  xsnaris pH, romelic damzadebulia 
0.183 g qlorwyalbadis wyalSi gaxsniT.
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1.14         buferuli xsnarebi

adamianis organizmSi mimdinare procesebi mniSvnelovnadaa damokidebuli 
sisxlis pH-ze, romelic 7.35-7.45 farglebSi meryeobs. misi cvlileba 6.8-is qve-
viT an 8.0-is zeviT iwvevs ujredTa funqcionirebis moSlas, rac letaluri 
SedegiT SeiZleba dasruldes. amisgan organizms icavs sisxlis erT-erTi bufe-
ruli sistema. buferi aris xsnari, romelic inarCunebs pH-s mcire raodenobiT 
Zlieri mJavas an tutis damatebisas.

buferi unda Sedgebodes ori komponentisgan, susti mJavasa da misi Sesabamisi 
marilis, an susti fuZisa da Sesabamisi marilisgan. magaliTad, acetaturi buf-
eris narevi Seicavs ZmarmJavasa da natriumis acetats, xolo amiakuri buferi 
Sedgeba amoniumis hidroqsidisa da amoniumis qloridisgan. am narevze mcire 
raodenobiT Zlieri mJavas an tutis damatebis Sedegad pH mxolod umniSvnelod 
icvleba, radgan buferis komponentebi aneitralebs damatebul nivTierebebs 
(nax. 1.32).

pH

pH

pH

pH

pH

pH

H2O

mJav
a, ma

g.: 

HCl

+

tute, mag.: 
NaOH

pH

pH

pH

pH

pH

pH

buferi

mJav
a, ma

g.: 

HCl

tute, mag.: 
NaOH

+

nax. 1.32. buferul xsnarze Zlieri mJavas an tutis damatebisas 

 pH umniSvnelod icvleba.

axla ganvixiloT sisxlis erT-erTi buferuli sistema, romelsac naxSirbadis 
dioqsidi warmoqmnis. ujreduli sunTqvis saboloo produqti, naxSirorJangi, 
mudmivad warmoiqmneba Cvens organizmSi. misi nawili gadadis filtvebSi, said-
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  kiTxvebi da davalebebi:

1. CamoTvlilTagan romel nivTierebaTa narevi warmoqmnis buferul 
xsnars:

 a) HCl (Zlieri mJava) da NaCl; 
 b) HF (susti mJava) da KF; 

 pasuxi daasabuTeT.

2. susti mJavas _ ZmarmJavasa da misi natriumis marilis xsnaris magal-
iTze ganixileT buferuli sistemis arsi; ra rols asrulebs susti 
mJava? misi marili?

anac igi garemoSi gamoiyofa, xolo nawili ki ixsneba siTxeebSi – plazmasa da 
nerwyvSi, ris Sedegadac warmoiqmneba naxSirmJava.

organizmSi naxSirmJavas koncentracia mWidro kavSirSia sisxlSi naxSiror-
Jangis donesTan. Tu organizmSi naxSirorJangis done aiwevs, warmoiqmneba ufro 
meti naxSirmJava da, Sesabamisad, wyalbadis kationebi, rac pH-is Semcirebas 
iwvevs. naxSirorJangis donis Semcireba sisxlis pH-is mniSvnelobis momatebas 
iwvevs. Zlieri aRelvebis, travmis an maRali temperaturis gamo SesaZloa ada-
mians daemarTos hiperventilacia (Zalian xSiri da zedapiruli sunTqva), rac 
iwvevs organizmidan didi raodenobiT naxSirorJangis gamoTavisuflebas gare-
moSi. rodesac naxSirorJangis done normaze qvemoT ecema sisxlSi, naxSirmJava 
gardaiqmneba naxSirorJangad da wylad, rac H+-is koncentracias amcirebs da, 
Sesabamisad, zrdis pH-s. 

amrigad, buferuli sistemebi umniSvnelovanes rols asrulebs cocxal orga-
nizmebSi mimdinare procesebSi. swored amitom buferebi gamoiyeneba biologiuri 
sistemebis modelirebisTvis. garda amisa, buferebs aqtiurad iyeneben analizur 
qimiaSi mudmivi pH-is SesanarCuneblad.
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1.15         marilTa hidrolizi

saqarTveloSi mineraluri wylebis umravlesoba Seicavs hidrokarbonat-ions 
(HCO3

-). aseT wylebs susti tute are aqvs. ra aris amis mizezi? am kiTxvaze pasux-
is gasacemad gavecnoT marilTa hidrolizs. nivTierebis daSlas, wylis saSuale-
biT, hidrolizi ewodeba („hidro“ wyals niSnavs, „lizi“ _ daSlas). hidrolizdeba 
rogorc araorganuli, ise organuli nivTierebebi. 

araorganuli nivTierebebis hidrolizis magaliTia zogierTi marilis daSla 
wylis moqmedebiT. hidrolizis Sedegad xsnars SeiZleba hqondes tute, mJava an 
neitraluri reaqcia.

hidrolizis procesis Sedegad miRebuli xsnaris ares gansazRvravs marilis 
Sedgeniloba. marili SeiZleba Sedgebodes:

1. Zlieri fuZis kationisa da susti mJavas anionisgan; 
2. susti fuZis kationisa da Zlieri mJavas anionisgan; 
3. susti fuZis kationisa da susti mJavas anionisgan;
4. Zlieri fuZis kationisa da Zlieri mJavas anionisgan. 

ganvixiloT TiToeuli SemTxveva:
1. daviwyoT Zlieri fuZis kationisa da susti mJavas anionisgan warmoqmnili 

marilis, magaliTad, natriumis karbonatis hidrolizis procesiT. am dros war-
moqmnilis susti mJavas anioni (karbonat-ioni) urTierTqmedebs wylis  mole-
kulebTan, ierTebs wyalbad-ions da warmoqmnis sust mJavas. ionuri tolobis 
saxiT hidrolizi ase Caiwereba:

+ − + − −+ + + +

2
3 32Na CO HOH  2Na HCO OH

Sekvecili ionuri toloba iqneba:
− − −+ +

2
3 3CO HOH  HCO OH

xsnarSi −OH  ionebis koncentracia izrdeba.
mineralur wyals aqvs samkurnalo daniSnuleba da xSirad gamoiyeneba kuWis 

Warbi mJavianobis gasaneitraleblad. am dros hidrokarbonat-ioni reagirebs 
wyalbad-ionTan naxSirorJangisa da wylis warmoqmniT:

− ++ → +3 2 2HCO H H O CO

2. ganvixiloT susti fuZis kationisa da Zlieri mJavas anionisgan warmoqmnili 
marilis, kerZod, rkina(III)-is sulfatis hidrolizi. am dros  rkina(III)-is ioni 
reagirebs wyalTan da ikavSirebs hidroqsid-ions. 

( )+ − + −+ + + +

3 2 2
4 43

2Fe 3SO 6HOH 2Fe OH 6H 3SO

Sekvecili saxiT:

( )+ ++ +

3
3

Fe 3HOH Fe OH 3H

rogorc vxedavT, xsnarSi grovdeba wyalbad-ionebi da SeiniSneba simRvrive, 
amitom aseTi xsnari laboratoriaSi didxans ar inaxeba. 
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3. susti fuZis kationisa da susti mJavas anionisagan warmoqmnili marilis 
hidrolizis procesSi monawileobs marilis kationic da anionic. am dros hi-
drolizis procesi srulad mimdinareobs. magaliTad, aluminis sulfidi aris 
susti fuZis kationisa da susti mJavas anionis marili, amitom wyalxsnarSi sru-
lad hidrolizdeba da naleqisa da airis gamoyofa erTdroulad SeiniSneba:

( )+ → ↓ + ↑2 3 23
Al S 6HOH 2Al OH 3H S

aluminis sulfidis hidrolizi imdenad intensiurad mimdinareobs, rom igi 
wyalxsnarSi warmoqmnisTanave iSleba. am SemTxvevaSi warmoqmnili xsnaris pH da-
mokidebulia marilis SemadgenlobaSi Semavali kationis da anionis Sesabamisi 
fuZisa da mJavas disociaciis mudmivebze. 

4. rac Seexeba Zlieri fuZis kationisa da Zlieri mJavas anionisgan Sedgenil 
marilebs, isini ar hidrolizdeba. ganvixiloT natriumis sulfatis magaliTi. es 
marili wyalSi gaxsnisas disocirdeba metalis kationad da mJavas naSTis anionad:

+ −→ + 2
2 4 4Na SO 2Na SO

natriumis sulfatis disociaciiT miRebuli arc kationi da arc anioni wylis 
ionebTan ar urTierTqmedebs, amitom xsnarSi H+ da OH- ionebis koncentraciebi 
ar icvleba.

  kiTxvebi da davalebebi:

1. gadaitaneT cxrili samuSao rveulSi da SeavseT carieli ujrebi _ Ti-
Toeul marils miuTiTeT, rogori pH (pH=7, pH>7, pH<7) eqneba mis 
wyalxsnars. 

marili pH

CH3COONa

NaNO3

K2CO3

NH4Cl

Al2(SO4)3

2. pH-is ra SesaZlo mniSvneloba eqneba natriumis karbonatis wyalxs-
nars?

3. rkina(III)-is sulfatis hidrolizisas:

a) romeli nivTierebis warmoqmna iwvevs simRvrives?

b) rogori are eqneba xsnars?

g) romeli nivTierebis damatebiTaa SesaZlebeli simRvrivis Tavidan ac-
ileba?
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 ganvlili masalis Sejameba

darwmundiT, rom iciT:

• xsnari yovelTvis SeiZleba ganvixiloT, rogorc gamxsnel nivTierebaSi 
Tanabrad ganawilebuli gaxsnil nivTierebaTa nawilakebi.

• wylis molekula polarulia da masSi kargad ixsneba polarul-kovalenturi 
da ionuri naerTebi.

• nivTierebis xsnadobaze moqmedi faqtorebia gamxsnelisa da gasaxsneli niv-
Tierebis buneba, temperatura da wneva. wneva moqmedebs mxolod airadi niv-
Tierebebis xsnadobaze. 

• najeria xsnari, romelSic mocemul temperaturaze meti nivTiereba aRar ix-
sneba; xolo ujeria xsnari, romelSic mocemul temperaturaze nivTiereba 
kidev SeiZleba gaixsnas.

• xsnaris raodenobrivi Sedgenilobis gamosaxvis xerxebia procentuli da mol-
uri koncentracia. procentuli koncentracia gviCvenebs, ra masis gaxsnil 
nivTierebas Seicavs 100 g xsnari, xolo moluri koncentracia gviCvenebs, niv-
Tierebis ramden mols Seicavs 1 l xsnari.

• xsnaris Tvisebebi (lRobisa da duRilis temperaturebi, simkvrive) gansxvavde-
ba sufTa gamxsnelisagan. 

• eleqtroliti ewodeba nivTierebas, romlis wyalxsnari an nalRobi atarebs 
dens. nivTierebas, romelsac es Tviseba ar gaaCnia, araeleqtroliti ewodeba. 

• susti eleqtroliti wyalSi gaxsnisas mcired disocirdeba, xolo Zlieri ele-
qtroliti _ TiTqmis srulad. 

• disociaciis xarisxi gviCvenebs xsnarSi arsebuli nivTierebis ra nawilia 
daSlili ionebad. 

• mJava iseTi eleqtrolitia, romlis wyalxsnarSi disociaciis Sedegad warmo-
qmnil ionebs Soris kationi mxolod wyalbad-ionia. 

• fuZe iseTi eleqtrolitia, romlis wyalxsnarSi disociaciis Sedegad warmo-
qmnil ionebs Soris anioni mxolod hidroqsid-ionia. 

• Zlieri mJavebisa da fuZeebis (tuteebis) disociaciis mudmiva maRalia, xolo 
sustis _ dabali.

• elementTa wyalbadnaerTebis mJavuri siZliere izrdeba periodSi marcxnidan 
marjvniv da jgufSi _ zevidan qveviT. 

• ionuri mimocvlis reaqcia mimdinareobs mxolod maSin, rodesac miiReba mci-
red disocirebadi naerTi (wyali, naleqi an airi). 

• wyali mcired disocirdeba, misi ionuri namravli mudmivi ricxvia. 
• pH aris wyalbad-ionebis koncentraciis uaryofiTi logariTmi 10-is fuZiT 

(log).
• xsnars, romelic tutis an mJavas damatebisas mxolod mcired icvlis pH-s, 

buferi ewodeba. 
• wylis saSualebiT nivTierebis daSlas hidrolizi ewodeba. zogierTi marilis 

hidrolizis Sedegad xsnars SeiZleba hqondes neitraluri, tute an mJava are. 
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dializi aris procesi, romlis drosac xsnaridan molekulebs (nawilakebs) 
acalkeveben naxevradganvladi membranis saSualebiT. principi agebulia im faq-
tze, rom sxvadasxva zomis nawilakebi naxevradganvlad membranaSi sxvadasxva siC-
qariT gadaadgildeba. dializis bunebriv magaliTs Tirkmlis muSaoba warmoad-
gens.

sadializo parki orive 
bolodanaa Caketili

2.5 nm-iani diametris forebi

patara zomis molekulebi

didi zomis molekulebi

nax. 1. sadializo parkSi nawilakebis ganvladoba.

sawyisi mdgomareoba saboloo mdgomareoba

 _ xsnaris nawilakebi, 

mag., Na+, Cl-, glukoza

 _ koloiduri nawilakebi, 

mag., cila, saxamebeli

nax. 2. xsnaris nawilakebi sadializo membranas gadis, 
xolo koloiduri nawilakebi – vera.

 Tirkmelebi da dializi
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organizmebSi siTxeebi dializdeba Tirkmlebis saSualebiT, romlebic sistemi-
dan acilebs Warb marilebsa da wyals. zrdasruli adamianis TiToeuli Tirkmeli 
milionobiT aseT sistemas Seicavs. 

sisxli tumbo

dializati

dializebuli sisxli

sadializo 
koWa

 
 _ Sardovana da 

sxva narCeni 
produqtebi

nax. 3. xelovnuri sadializo aparati.

mas Semdeg, rac sisxli gaivlis Tirkmels, organizmisTvis sasicocxlod mniS-
vnelovani nawilakebi, magaliTad: aminomJavebi, glukoza, zogierTi ioni, wyal-
Tan erTad organizms ubrundeba, xolo ZiriTadi narCeni produqti, Sardovana, 
maTgan gancalkevdeba da Sardis saxiT gamoiyofa organizmidan.

Tu Tirkmeli ver asrulebs Tavis funqcias, ver adializebs narCen produqtebs, 
Sardovanas maRali done organizmSi sicocxlisaTvis saSiSic ki SeiZleba gaxdes. 
pacients, romelsac Tirkmlis ukmarisoba aqvs, aucilebelia Cautardes hemo-
dializi, procesi, romlis drosac xelovnuri Tirkmlis aparati sisxls asuf-
Tavebs Warbi arasasurveli nivTierebebisgan.

tipuri xelovnuri Tirkmlis aparati Sedgeba didi zomis wyliT savse avzisgan 
(nax. 3), romelic Seicavs SerCeul eleqtrolitebs. sadializo abazanis (dial-
izatis) centrSi moTavsebulia sadializo koWa an milis formis membrana, ro-
melic celulozisganaa damzadebuli. rodesac pacientis sisxli gadis sadial-
izo koWaSi, maRalkoncentrirebuli narCeni produqtebi sisxlidan dializdeba. 
rac mTavaria, am procesSi sisxli ar ikargeba, radgan membranaSi didi zomis 
nawilakebi, rogorebicaa sisxlis wiTeli ujredebi, ver aRwevs.

dializs saWiroeben avadmyofebi, romlebic Sards TiTqmis ver gamohyofen, 
ris gamoc maT organizmSi grovdeba didi raodenobis wyali, rac gulis did dat-
virTvas iwvevs. aseT pacientebs siTxeebis miReba SezRuduli aqvT da SesaZloa 
maTi dRiuri limiti ramdenime Cais kovzi wyalic ki iyos. dializis proceduras 
Tan axlavs sisxlis wnevis gazrda sadializo koWaSi cirkulirebis dros. es 
uzrunvelyofs sisxlidan maqsimaluri raodenobis wylis gamotanas. zogierT 
pacients erTi sadializo proceduris Semdeg SesaZloa 2 l-dan 10 l-mde siTxe 
moacilon. dializze myofi pacientebi, rogorc wesi, 2-3 proceduras gadian 
kviraSi da TiToeul mkurnalobas SesaZloa dasWirdes 5-7 sT.
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 Semajamebeli savarjiSoebi

1. gadaitaneT cxrili samuSao rveulSi da mocemul nivTierebebs miuCineT Se-
sabamisi adgili: NaCl, KBr, HF, MgCl2, 

NaNO3, NaOH, NH4OH, KOH, eTilis 
spirti, HCl, HBr, benzini, HNO3, H2SO4, benzoli, acetoni.

xsnaris tipi disociacia
nawilakebis tipi 

xsnarSi
nivTierebebi

Zlieri 
eleqtroliti sruli mxolod ionebi

susti  
eleqtroliti nawilobrivi

ionebi da 
molekulebi

araeleqtro-
liti ar disocir deba

mxolod 
molekulebi

2. miuTiTeT, qvemoT mocemuli nivTierebaTa wyalxsnarebi, ZiriTadad, mxolod 
ionebisagan Sedgeba, mxolod molekulebisagan, Tu ionebsac Seicavs da mole-
kulebsac?

a) NaBr; b) fruqtoza; g) NH4Cl; d) eTilis spirti; e) H2S; v) H2CO3.

3. kaliumis qloridis xsnadoba wyalSi 20 °C-ze aris 340 g/l. moswavlem aiRo 
200 g wyali da daamata 75 g es marili 20 °C-ze.

a) ramdeni grami marili gaixsna? 

b) najeria Tu ujeri miRebuli xsnari? 

4. kaliumis nitratis wyalSi xsnadoba 40 °C-ze aris 650 g/l. ramdeni grami 
marili gaixsneba 120 g wyalSi amave temperaturaze?

5. arsebobs xsnaris koncentraciis gamosaxvis ramdenime meTodi. Zalian 
gavrcelebulia gaxsnili nivTierebis masis (grami) Sefardeba  xsnaris mocu-
lobasTan (l). xsnaris Semcvelobis gamosaxvis es forma _ g/l (da mg/l) _ 
gvxvdeba mineraluri wylebis,  aseve sxvadasxva samedicino preparatis (mag: 
fiziologiuri xsnari) etiketze. gamoTvaleT glukozis xsnaris Semcveloba 
g/l, Tu 10 g glukoza gaxsnilia 200 ml mis wyalxsnarSi.

6. klindamicini lokaluri moqmedebis antibiotikia. ramdeni grami klindami-
cinia mis 60 ml xsnarSi, Tu xsnarSi misi Semcveloba 1 mg/l-is tolia?

7. erT-erT mineralur wyalSi kalciumisa da magniumis ionebis Semcveloba  
daaxloebiT erTnairia da 60 mg/l Seadgens. gansazRvreT am ionebis moluri 
Tanafardoba mocemul mineralur wyalSi. 

8. gamoTvaleT gaxsnili nivTierebis masuri wili mocemul xsnarebSi:

a) 25 g kaliumis qloridi gaxsnilia 125 g wyalSi; 
b) 12 g Saqari gaxsnes 228 g CaiSi; 
g) 80 g xsnari Seicavs 8 g kalciumis qlorids.



60

Tema 1: eleqtrolituri disociacia da xsnarebi

9. gamoTvaleT liTiumis qloridis moluri koncentracia xsnarSi, romlis 40 
ml Seicavs 2.5 g am marils.

10. piris Rrus gasasufTaveblad iyeneben xsnars, romelSic eTanolis moculo-
biTi wilia 22.5%. ra moculobis eTanols Seicavs 355 ml moculobis xsnari?

11. pacients sWirdeba 100 g glukoza dRis ganmavlobaSi. ra masis 5%-iani glu-
kozis xsnari unda miiRos amisTvis? 

12. gamoTvaleT xsnaris moluri koncentracia TiToeul SemTxvevaSi:

a) 4 l xsnari Seicavs 2 mol glukozas; 

b) 2 l xsnari Seicavs 4 g kaliumis tutes; 

g) 400 ml xsnari Seicavs 5.85 g sufris marils. 

13. gamoTvaleT, ra masis gaxsnili nivTiereba iqneba saWiro Semdegi xsnarebis 
dasamzadeblad: 

a) natriumis tutis 2 l 1.5 M; 

b) kaliumis qloridis 4 l 0.2 M; 

g) qlorwyalbadis 25 ml 6 M.

14. gamoTvaleT xsnaris moculoba TiToeul SemTxvevaSi:

a) kaliumis bromidis 2 M xsnari Seicavs 3 mol nivTierebas; 

b) natriumis qloridis 1.5 M xsnari Seicavs 15 mol nivTierebas; 

g) kalciumis nitratis 0.08 M xsnari Seicavs 0.05 mol nivTierebas. 

15. gamoTvaleT miRebuli xsnaris koncentracia TiToeul SemTxvevaSi:

a) 2 l 6 M marilmJava Seavses wyliT 6 litramde;

b) natriumis tutis 0.5 l 12 M  xsnari ganazaves 3 litramde;

g) gogirdmJavas 50 ml  xsnari, romelSic nivTierebis Semcveloba  15 mg/l-ia, 
ganazaves 250 ml-mde. 

16. gansazRvreT, ra moculobis (ml) xsnari miiReba, Tu: 

a) marilmJavas 20 ml 6 M xsnarisagan daamzades 1.5 M xsnari;

b) fosformJavas 50 ml 3 M xsnarisgan daamzades 1.5 M xsnari;

g) liTiumis qloridis 2 g/l Semcvelobis 50 ml xsnari amoaSres 10 g/l Sem-
cvelobamde.

17. gansazRvreT, ra moculobis xsnaria saWiro TiToeul SemTxvevaSi, rom 
damzaddes:

a) azotmJavas 4 M xsnarisagan 250 ml 0.2 M xsnari;
b) kaliumis nitratis 6 M xsnarisagan 20 ml 0.25 M xsnari;
g) kaliumis qloridis 8 M xsnarisagan 0.1 l 0.15 M xsnari.

18. CamoTvlili xsnarebidan gamoyaviT WeSmariti, koloiduri xsnari an suspen-
zia:

a) narevi, romlis Semadgeneli nawilakebi iseTi pataraa, rom filtris qa-
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RaldSi gadis;

b) narevi, romelSic sinaTlis danaTebisas warmoiqmneba mnaTi konusi;

g) narevi, romlis gaxsnili nawilakebi imdenad didia, rom TvaliTac xilu-
lia. 

19. erTnair pirobebSi romeli xsnari gaiyineba ufro adre _ 1 l wyalSi gaxsnili 
0.5 moli kaliumis qloridis, Tu amave moculobis wyalSi gaxsnili 0.5 moli 
kalciumis qloridis?

20. romel xsnars eqneba duRilis ufro maRali temperatura _ 0.5 l wyalSi gax-
snil 0.4 mol aluminis nitratis, Tu amave moculobis wyalSi gaxsnili 0.4 
mol ceziumis qloridis? 

21. mocemul naxazs SeusabameT CamoTvlili xsnarebi:

1                                          2
a) polaruli gamxsnelSi Sereuli arapolaruli nivTiereba; 
b) polaruli gamxsnelSi Sereuli polaruli nivTiereba;  
g) arapolaruli gamxsnelSi Sereuli polaruli nivTiereba.  

22. nivTiereba, romelic pirobiTad gamosaxulia , gaxsnilia wyalSi.  Seusa-
bameT CamonaTvali (a, b, g) mocemul diagramebs.

 a) araeleqtroliti;  b) susti eleqtroliti; g) Zlieri eleqtroliti.

23. ramdenjer unda ganvazavoT xsnari, romelSic gaxsnili nivTierebis Semcv-
elobaa 4 g/l, rom miviRoT xsnari, romelSic Semcvelobaa 2 g/l?

24. kaliumis nitratis xsnadoba wyalSi 20 °C-ze aris 320 g/l. am monacemze 
dayrdnobiT upasuxeT qvemoT CamoTvlil TiToeul SemTxvevaSi xsnari naje-
ria Tu ujeri?

a) 2 g marili Cayares 200 g wyalSi; 
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b) 19 g marili Cayares 50 g wyalSi; 

g) 68 g marili Cayares 150 g wyalSi.

25. gamoTvaleT gaxsnili nivTierebis masuri wili xsnarSi, romelic miRebulia 
15.5 g natriumis sulfatis gaxsniT 75.5 g wyalSi.

26. ramdeni grami kaliumis karbonatia mis 750 g 3.5%-ian xsnarSi?

27. ra moculobis 12%-iani (moculobiTi wili) propilis spirtis xsnarisgan 
SeiZleba 4.5 ml sufTa spirtis miReba?

28. glukozis ramdeni grami 5%-iani xsnari dagvWirdeba misgan 75 g glukozis 
misaRebad?

29. laborants sWirdeba kaliumis qloridis 0.25 l 2 M xsnaris damzadeba. ro-
gor unda daamzados man es xsnari?

30. rogoria xsnaris moluri koncentracia, Tu 15.6 g kaliumis qloridisgan 
daamzades 74 ml xsnari?

31. xsnari daamzades 70 g sufTa azotmJavasa da 130 g wylis SereviT. miRebuli 
xsnaris simkvrivea 1.21 g/l. gamoTvaleT:

 a) gaxsnili nivTierebis masuri wili xsnarSi;

 b) miRebuli xsnaris moculoba;

 g) miRebuli xsnaris moluri koncentracia;

 d) nivTierebis Semcveloba xsnarSi g/l-Si.

32. xsnarSi natriumis tutis Semcveloba 15 g/l-ia. rogoria am xsnaris moluri 
koncentracia?

33. ramden gram gaxsnil nivTierebas Seicavs mocemuli xsnarebi:

a) aluminis nitratis 2.5 l 3 M; 

b) glukozis 75 ml 0.5 M; 

g) liTiumis qloridis 235 ml 1.8 M.

34. ra moculobis: a) 2.5 M; b) 0.75 M; g) 5.6 M xsnaris damzadeba SeiZleba 
TiToeul SemTxvevaSi 25 g kaliumis tutisagan?

35. TiToeul SemTxvevaSi gamoTvaleT miRebuli xsnaris moluri koncentracia:

a) natriumis bromidis 25 ml 0.2 M xsnari ganazaves 50 ml-mde; 

b) kaliumis sulfatis 15 ml 1.2 M xsnari ganazaves 40 ml-mde; 

g) natriumis tutis 75 ml 6 M xsnari ganazaves 250 ml-mde. 

36. rogoria miRebuli xsnaris moculoba TiToeul SemTxvevaSi, Tu marilmJavas  
25 ml 5 M xsnari ganazaves: a) 2.5 M;  b) 1 M; g) 0.5 M?

37. saavadmyofoSi pacients, kvebis mizniT, usxamen siTxes Rru venaSi. yovel 
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12 saaTSi is iRebs 5% aminomJavasa da 20% glukozas Semcvel 500 g xsnars, 
romelSic Sereulia 10% lipidebis Semcveli 500 g xsnari. ramden gram ami-
nomJavas, glukozasa da lipidebs miiRebs pacienti  dRe-Ramis ganmavlobaSi? 

38. kargi xarisxis sasmels aqvs Tavisi sinji. sinji orjer aRemateba eTilis 
spirtis moculobiT wils.  magaliTad: Tu sasmels aweria sinji-80 niSnavs 
rom eTilis spirtis Semcveloba masSi 40 % moculobiTi wilia. ramdeni ml 
spirtia 750 ml aseT sasmelSi?

39. laboratoriul eqsperimentSi sufris marilis 10 ml xsnari Caasxes 24.1 g 
faifuris jamSi. WurWeli awones da jamuri masa 36.15 g gamovida. faifuris 
jami gaacxeles da xsnari amoaSres. WurWeli xelaxla awones da misi masa 25.5 
g gaxda.

a) rogori iyo sawyis xsnarSi marilis masuri wili? 

b) rogori iyo sawyisi xsnaris moluri koncentracia? 

g) Tu 10 ml sawyis xsnars gaazaveben 60 ml-mde, rogori iqneba misi moluri 
koncentracia?

40. 175 ml moculobis xsnari Seicavs 4.56 g kaliumis qlorids. xsnaris sim-
kvrivea 1.12 g/ml. gansazRvreT am xsnarSi nivTierebis masuri wili da mol-
uri koncentracia.

41. 18 °C-ze kaliumis fToridis wyalSi xsnadobaa 920 g/l. gansazRvreT, najeria 
Tu ara TiToeuli qvemoT mocemuli xsnari:

a) 35 g marils daamates 25 g wyali; 

b) 42 g marils daamates 50 g wyali; 

g) 145 g marils daamates  150 g wyali.

42. 22 g natriumis tute gaxsnes 118 g wyalSi. miRebuli xsnaris simkvrivea 1.15 
g/ml. 

a) ramdeni iqneba tutis masuri wili miRebul xsnarSi? 

b) gansazRvreT miRebuli xsnaris moculoba. 

g) rogoria am xsnaris moluri koncentracia?

43. 15.2 g liTiumis qloridis wyalSi gaxsniT miiRes 1.75 M xsnari. ra moculo-
bis xsnari miiReba?

44. ra masis natriumis bromidi unda gavxsnaT wyalSi, rom miviRoT 75 ml 1.5 M 
xsnari? 

45. mocemul wyvilebSi romeli gaiyineba ufro advilad? pasuxi daasabuTeT. 

a) kaliumis fToridis 2 M Tu kalciumis qloridis 1 M xsnari?

b) glukozis 0.5 M Tu kalciumis qloridis 0.25 M xsnari?
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46. mocemul wyvilebSi romels aqvs duRilis ufro maRali temperatura? pasuxi 
daasabuTeT.

a) glukozis 2 M Tu glicerinis 1 M xsnari?

b) magniumis qloridis 0.5 M Tu rkina(II)-is nitratis 0.5 M xsnari?

47. mocemul procesebSi romelia bronsted-louris fuZe da mJava? 

a) HBr + H2O → H3O
+ + Br _  

b) H2O + CN- →  HCN + OH- 

g) H2CO3 + H2O →  H3O
+ + HCO3

- 
d) NH4

+ + H2O → H3O
+ + NH3

48. niSaduris spirtis xsnarSi 25 °C-ze hidroqsid-ionebis koncentraciaa  
[OH-]=10-4 M, ra iqneba am xsnarSi wyalbad-ionTa koncentracia? rogori are 
eqneba niSaduris xsnars _ mJava, tute Tu neitraluri?

49. cxrilSi CamoTvlili xsnarebi daalageT mJava Tvisebebis Semcirebis mimar-
TulebiT:

xsnari pH
ludi 5.8
samzareulos gamwmendi xsnari 10.9
mwnili 3.5
SuSis sawmendi siTxe 7.6
mocvis wveni 2.9

50. gadaitaneT cxrili samuSao rveulSi da daajgufeT CamoTvlili xsnarebi 
mJava, tute da neitralur xsnarebad:

a) sisxli _ pH=7.38;   b) pomidvris wveni _ pH =4.2;  g) Zmari _ pH=2.8, 

d) yava _ pH=5.54;       e) sodiani wyali _ pH=8.22;     v) sarecxi siTxe _ pH=9.4; 

z) Tafli _ pH=3.9,    T) Sampuni _ pH =5.7;            i) wvimis wyali _ pH =7.83.

mJava tute neitraluri

51.    gadaitaneT cxrili samuSao rveulSi da SeavseT carieli ujrebi:

wyalbad-ionTa 
koncentracia

hidroqsid-ionTa 
koncentracia

pH xsnaris 
are

10-6

6
neitraluri

10-5

11
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52. marilmJavas 25 ml xsnari gaaneitrales natriumis tutis 0.15 M xsnariT, 
fenolfTaleinma feri Seicvala, roca daixarja 30 ml tutis xsnari. gansaz-
RvreT marilmJavas moluri koncentracia.

53. rogoria marilmJavas xsnaris moluri koncentracia, Tu misi 25 ml-is srul 
ganeitralebas sWirdeba kaliumis tutis 80 ml 0.25 M xsnari.

54. rogoria gogirdmJavas 50 ml xsnaris moluri koncentracia, Tu misi sruli 
ganeitralebisTvis ixarjeba natriumis tutis 30 ml 0.1 M xsnari?

55. ra moculobis 0.05 M azotmJavas xsnari daixarjeba kalciumis tutis 50 ml 
0.02 M xsnaris sruli ganeitralebisTvis?

56. mocemul sqemaSi romel SemTxvevaSi warmoadgens HX Zlier an sust eleqtro-
lits? 

HX HX
HX

H3O
+

H3O
+

H3O
+

H3O
+ H3O

+

H3O
+ H3O

+

H3O
+

X-
X-

X-
X-

X-
X-

X-

X-

HX

HX HX HX
HX

HX
HX

HX

HX

57. miuTiTeT qvemoT CamoTvlil xsnarebs, rogori are aqvs _ mJava, tute Tu 
neitraluri?

a) cremli _ pH=7.5;   b) nerwyvi _ pH=6.8;  g) pankreasis wveni _ pH=8.0;  
d) Sardi _ pH=5.9;     e) naRveli _ pH=8.4. 

58. magniumis hidroqsidi antacidis erT-erTi Semadgeneli nivTierebaa. 

a) axseniT misi moqmedebis meqanizmi kuWSi mJavianobis Sesamcireblad; 

b) dawereT magniumis hidroqsidiT marilmJavas ganeitralebis reaqciis mole-
kuluri, sruli da Sekvecili ionuri tolobebi.

59. 0.2 M natriumis tutis xsnars aneitraleben fosformJavas 50 ml  xsnariT.

a) SeadgineT reaqciis toloba; 

b) ipoveT mJavas xsnaris moluri koncentracia, Tu neitralizaciaze daix-
arja 150 ml tutis xsnari.

60. msoflioSi erT-erTi yvelaze mJave tba, patara eqo tbori, niu-iorkSi, ad-
irodakSi mdebareobs. misi pH=4.2, Tumca  tbis wylisaTvis rekomendebuli 
pH=6.5. pH-is donis asawevad, tbaSi kalciumis karbonatis fxvnils amateben. 

a) axseniT, razea damyarebuli aRniSnuli qmedeba; 

b) mJavas formula pirobiTad HX-iT aRniSneT da SeadgineT Sesabamisi reaq-
ciis toloba.

61. adamianis organizmi dRis ganmavlobaSi  1000-1400 ml kuWis wvenis gamoi-
muSavebs. misi  pH (sakvebis mixedviT) daaxloebiT 2-is tolia.

a) gamoTvaleT hidroqsoniumis ionis koncentracia aseT xsnarSi; 
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b)  antacidis  erTi tableti Seicavs 200 mg aluminis hidroqsids. SeadgineT 
neitralizaciis reaqciis toloba da gamoTvaleT, ra moculobis kuWis wvens 
gaaneitralebs ori tableti antacidi.

62. ramden mol ions warmoqmnis disociaciis dros Semdegi eleqtrolitebis  
1 moli?

a) HNO3; b) FeCl3; g) Al2(SO4)3; d) Ca(OH)2.

63. SeadgineT Semdeg marilTa disociaciis tolobebi: BaCl2, Na2CO3, Al(NO3)3.

64. fosformJavas 333 ml xsnarSi fosfat-ionis koncentraciaa 0.01 moli/l. 
gansazRvreT am ionis masa xsnarSi.

65. gamoTvaleT, ramdeni grami nivTiereba gamokristaldeba KNO3-is xsnaridan, 
Tu 50 °C-ze momzadebul 180 g najer xsnars 40 °C-mde gavacivebT. 50 °C-ze 
kaliumis nitratis xsnadobaa 800 g/l, xolo 40 °C-ze _ 600 g/l.

66. isargebleT xsnadobis grafikiT (ix. nax. 1.10 gv. 15) da gamoTvaleT, ra masis 
nivTiereba gamokristaldeba NH4Cl-is xsnaridan, Tu 70 °C-ze momzadebul 
160 g najer xsnars 50 °C-mde gavacivebT.

67. Seuries kalciumis qloridis 100 g 10%-iani da 50 g 25%-iani xsnarebi. ro-
goria marilis masuri wili miRebul xsnarSi?

68. Saqris 200 g 20%-ian wyalxsnars daamates 40 g Saqari. rogoria miRebul xs-
narSi nivTierebis masuri wili?

69. gamoTvaleT NaNO3-is masuri wili mis najer xsnarSi, Tu natriumis nitratis 
xsnadoba 30 °C-ze aris 960 g/l.

70. Seuries natriumis hidroqsidis 200 g 15%-iani da 300 g 30%-iani xsnarebi. 
rogoria gaxsnili nivTierebis masuri wili miRebul xsnarSi?

71. kuWis momatebuli mJavianobis dros eqimebi sodian wyals urCeven. rogor an-
eitralebs soda maRal mJavianobas, roca mis molekulaSi ar aris hidroqsid-
ionebi? pasuxi daasabuTeT reaqciaTa tolobebiT.

72. adre nacris wyalxsnars sarecx saSualebad iyenebdnen. nacris ZiriTadi 
Semadgeneli nivTierebaa kaliumis karbonati. miuxedavad imisa, rom es niv-
Tiereba ar Seicavs H+ da OH- ionebs, xsnari mainc ar aris neitraluri. 
axseniT es faqti, dawereT reaqciis toloba da daadgineT, ra fers miiRebs 
lakmusi nacris xsnarSi.
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 sakvlevi xsnaris koncentraciis 
gansazRvra

moculobiTi analizi raodenobiTi analizis erT-erTi uZvelesi da praqti-
kaSi farTod gamoyenebuli meTodia. meTods safuZvelad udevs qimiuri reaq-
cia, sadac sakvlevi nivTierebis raodenobas (koncentracias) adgenen cnobili, 
zusti koncentraciis mqone daxarjuli reagentis xsnaris (standartuli xsnari) 
moculobis mixedviT. meTodi martivi, swrafi, zusti da ekomoniuria. amitom, 
moculobiTi meTodi dResac aqtiurad gamoiyeneba samecniero-kvleviT, diagnos-
tikur, garemos kontrolisa da kvebis mrewvelobis laboratoriebSi. 

analizisTvis konusur kolbaSi moTavsebuli ucnobi koncentraciis saanal-
izo xsnaris 20 ml-s umateben indikators da biuretidan wveT-wveTobiT amateben 
cnobili koncentraciis xsnars. reaqciis damTavrebis (ekvivalentobis wertilis 
miRwevis) Semdeg aiTvlian daxarjuli xsnaris moculobas da gamoiTvlian sakv-
levi nivTierebis raodenobas. 

moculobiTi meTodiT zusti Sedegebis misaRebad aucilebelia ramdenime pi-
robis dacva:

• xsnarebis moculoba unda gaizomos Zalian zustad. amisaTvis saWiroa daka-
librebuli, mzomi WurWlis gamoyeneba.

• zustad unda dadgindes ekvivalentobis wertili, risTvisac xSirad iyene-
ben indikatorebs. Tumca ekvivalentobis wertilis dadgena SesaZlebelia 
indikatoris gareSec (mag., Tu reaqtivi Seferilia, xolo reaqciis produq-
ti uferoa). aseve ekvivalentobis wertilis dasadgenad SesaZlebelia rome-
lime fizikur-qimiuri maxasiaTeblis kontroli (eleqtrogamtaroba, Jang-
va-aRdgenis potenciali, pH da sxv.)
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• gamoyenebuli reagentis xsnaris (standartuli samuSao xsnaris) koncentra-
cia zustad unda iyos dadgenili. 

neitralizaciis meTodi
neitralizaciis meTodi moculobiTi analizis meTodia, romlis saSualebiT-

ac SesaZlebelia mJava da fuZe bunebis nivTierebebis swrafi da zusti gansaz-
Rvra. meTodis safuZvelia neitralizaciis reaqcia:

+ −+ → 2H OH H O

standartul xsnarebad gamoyenebulia cnobili koncentraciis mJavas an tutis 
xsnarebi. Zlieri mJava (an tutis) gatitvrisas Zlieri tutiT (an mJavaTi), ekviva-
lentobis wertilSi xsnaris pH unda iyos 7-is toli. 

Tqveni amocanaa ucnobi koncentraciis marilmJava gatitroT natriumis tutis 
standartuli xsnariT.

marilmJavas gatitvris dros mimdinareobs Semdegi qimiuri reaqcia:

+ → + 2HCl NaOH NaCl H O  

ekvivalentobis wertilSi xsnaris pH unda iyos 7-is toli.

eqsperimentisaTvis dagWirdebaT
reaqtivebi:
• saanalizo nimuSi (ucnobi koncentraciis marilmJava an ucnobi koncentra-

ciis natriumis tute)
• standartuli xsnarebi (cnobili koncentraciis natriumis tute an cno-

bili koncentraciis marilmJava)
• fenolfTaleinis xsnari

qimiuri WurWeli da xelsawyoebi:
• biureti
• sazomi kolba (100 ml-iani an 500 ml-iani)
• qimiuri Wiqa (100 ml-iani)
• pipeti (10 ml-iani)
• konusuri (erlenmeieris) kolba (100 ml-iani)
• Camrecxi gamoxdili wyliT

gaecaniT usafrTxoebis wesebs (gv. 176)
cdis msvleloba:
1. biureti kargad CarecxeT gamoxdili wyliT da Semdeg im xsnaris mcire 

moculobiT, romliTac unda SeavsoT biureti. am SemTxvevaSi natriumis 
tutis xsnariT. SeavseT biureti. darwmundiT, rom biuretis CamketTan ar 
aris haeris buStuki. 

2. 100 ml-ian konusur kolbaSi 10 ml-iani pipetis gamoyenebiT gadaitaneT 
zustad 10 ml (0.01 l) saanalizo xsnari. 

3. daamateT xsnars indikator fenolfTaleinis 2-3 wveTi. xsnari fers ar 
Seicvlis.
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4. wveT-wveTobiT amateT biuretidan tutis xsnari da Tanabrad anjRrieT 
kolba. wveTis dacemis momentSi miiReba vardisferi Seferiloba da swrafad 
qreba. roca Seferilobis gaqrobis procesi gaxangrZlivdeba, SeaneleT 
wveTebis damateba. roca xsnari miiRebs Ria vardisfer Seferilobas, ro-
melic aRar gauferuldeba, SewyviteT gatitvra.

5. CainiSneT daxarjuli xsnaris moculoba da gatitvra gaimeoreT samjer. 
Sedegebi SeitaneT cxrilSi da gamoTvaleT marilmJavas koncentracia. 

SeniSvna: analogiurad SegiZliaT gatitroT ucnobi koncentraciis tute cno-
bili koncentraciis marilmJavas xsnariT. 

cdis N daxarjuli
tutis moculoba (ml)

daxarjuli tutis
moculobis saSualo 

mniSvneloba (ml)

1

2

3

reaqciis tolobis safuZvelze gamoTvaleT marilmJavas moluri koncentra-
cia.

koncentraciis gamoTvlis nimuSi.  vTqvaT, ucnobi koncentraciis 10 ml mJavas 
xsnaris gatitvraze daixarja 16.2 ml 0.1 mol/l koncentraciis natriumis tutis 
xsnari. reaqciis tolobis mixedviT: 

+ → + 2HCl NaOH NaCl H O

1 moli marilmJavas ganeitralebaze ixarjeba 1 moli natriumis tute.
gamovTvaloT daxarjuli natriumis tutis molebis raodenoba: 

n= CV;  Sesabamisad, n(NaOH) = 0.1 
moli

l
· 

16.2 
1000

 l = 0.00162 moli

reaqciis Tanaxmad, n(NaOH) = n(HCl), Sesabamisad, n(HCl) = 0.00162 moli

gamovTvaloT sakvlev xsnarSi marilmJavas koncentracia:

 ( )= = =
0.00162 n

C ;       C HCl   0.162  /
V 0.01

moli
moli l

l

miRebuli Sedegebis safuZvelze imsjeleT da upasuxeT Semdeg kiTxvebs:

a) garda fenolfTaleinisa, romeli indikatoris gamoyeneba SegviZlia?

b) ra pirobebi unda davicvaT, raTa miviRoT zusti pasuxi?

g) kidev romeli nivTierebis gamoyeneba SeiZleba marilmJavas gasatitrad?

d) ram SeiZleba gamoiwvios cdomileba mocemuli eqsperimentis mimdinareobi-
sas?
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Tema 2. 

eleqtroqimia, 
Jangva-aRdgenis 

reaqciebi

  am Temis Seswavlis Semdeg SeZlebT upasuxoT kiTxvebs:

•	 ra principiT muSaobs elementi?

•	 ra gansxvavebaa batareasa da akumulators Soris?

•	 rogor davfaroT erTi metalis nakeTobis zedapiri meore 
metaliT?

•	 ratom icvlis gaWrili xili fers haerze dayovnebisas?
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2.1            Jangva-aRdgenis reaqciebi

yoveldRiur cxovrebaSi xSirad vxvdebiT Jangvis magaliTebs. albaT, xSirad 
SegimCneviaT daJanguli lursmani, gaSavebuli vercxlis nakeToba, an gaWrili 
vaSlis zedapirze warmoqmnili muqi Seferiloba (nax. 2.1) _ es yvelaferi Jangvis 
process ukavSirdeba. 

2.1. Jangvis Sedegebi.

Jangvas yovelTvis axlavs sapirispiro procesi _ aRdgena, amitom aseT 
reaqciebs Jangva-aRdgenis reaqciebs uwodeben. CvenTvis kargad cnobili wvis 
reaqciac Jangva-aRdgenis magaliTia. adre Jangvas miiCnevdnen, rogorc Jangba-
dis mierTebas (an wyalbadis dakargvas), xolo sapirispiro process – Jangbadis 
dakargvas (an wyalbadis mierTebas) aRdgenas uwodebdnen. Sesabamisad, SegviZlia 
vTqvaT, rom qvemoT mocemul reaqciebSi naxSirbadi da kalciumi iJangeba:

C + O2  → CO2

2Ca + O2 → 2CaO
Tumca mogvianebiT aRmoaCines, rom Jangbadi yovelTvis ar monawileobs Jang-

vis procesSi, amitomac Zveli ganmarteba Seicvala da axla is eleqtronebis 
gacema-mierTebazea dafuZnebuli. Tanamedrove ganmartebis Tanaxmad, Jangva 
aris eleqtronebis gacemis procesi, xolo aRdgena _ eleqtronebis mierTebis  
(nax. 2.2).

eleqtroni

Jangva (eleqtronis gacema)

aRdgena (eleqtronis mierTeba)

e-

A AB B
daiJanga  aRdga

nax. 2.2. Jangva-aRdgenis dros eleqtronebis mimocvlis sqema. 

magaliTad, ganvixiloT magniumis monawileobiT mimdinare ori reaqcia.

urTierTqmedeba JangbadTan:   2Mg + O2  → 2MgO



72

Tema 2. eleqtroqimia, Jangva-aRdgenis reaqciebi

Mg2+ OMg O
2

nax 2.3. magniumis oqsidis warmoqmnis sqema. 

urTierTqmedeba qlorTan:  Mg + Cl2 → MgCl2

ClCl

ClCl

Mg2+

Mg

nax 2.4. magniumis qloridis warmoqmnis sqema. 

gavixsenoT ionuri bmis warmoqmnis meqanizmi: metali gascems eleqtronebs, 
xolo arametali _ ierTebs. orive reaqciaSi magniumi kargavs eleqtronebs, is 
iJangeba (nax. 2.3 da nax. 2.4). 

Jangva-aRdgenis reaqciebis ukeT gasaazreblad ganvixiloT Jangvis ricxvi.
ionur naerTebSi Jangvis ricxvs gansazRvravs ionis muxti. Jangvis ricxvs io-

nis muxtis msgavsad aRniSnaven arabuli cifrebiT, mxolod im gansxvavebiT, rom 
Jangvis ricxvSi jer iwereba niSani da Semdeg cifri, xolo muxtis SemTxvevaSi 
jer cifrs weren da Semdeg _ niSans. rac Seexeba kovalentur naerTebs, am Sem-
TxvevaSi Jangvis ricxvi ewodeba elementis atomis pirobiT muxts molekulaSi im 
daSvebiT, rom molekula mxolod ionebisagan Sedgeba. 

Jangvis ricxvis gansazRvrisTvis unda gaviTvaliswinoT ramdenime wesi:

1. martiv nivTierebebSi atomebis Jangvis ricxvi nulis tolia:

Mg O2 N2 Ar

0
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2. martiv (erTatomian) ionebSi atomis Jangvis ricxvi igivea, rac ionis muxti:

Mg2+ N3-

+2 -3

O2-

-2

3. molekulaSi Semavali elementebis Jangvis ricxvebis algebruli jami nu-
lis tolia. mag., H2SO4-Si Jangvis ricxvebis jami aris 0:

H2 S O4

(+1) ⋅	2+6+(-2) ⋅	4=0

4. fToris, rogorc yvelaze eleqtrouaryofiTi elementis, Jangvis ricxvi 
yovelTvis –1-is tolia; 

CaF2

+2
  
-1

NaF
+1  -1

5. wyalbadis Jangvis ricxvi arametalebTan +1-ia, metalTa hidridebSi _ -1;
1 1 1 1

HCl NaH
+ − + −

6. Jangbadis Jangvis ricxvi ZiriTadad tolia –2-is. gamonaklisia:
+1 -1

2 2H O , 
+2 -1

2OF ,
+1 -1

2 2O F ;

7. 1-eli da me-2 jgufis metalebisa da aluminis Jangvis ricxvi dadebiTia da 
ricxobrivad savalento eleqtronebis raodenobis tolia.

1 2 2 2 3 1

2 3K S, MgO, AlCl ;
+ − + − + −

8. naerTebSi metalebis Jangvis ricxvi dadebiTia;

9. gardamaval metalebs, metaloidebsa da arametalebs sxvadasxva naerTSi 
SesaZloa Jangvis gansxvavebuli ricxvi hqondes. 

2 1 3 1 1 5 2 1 1

2 3 3FeCl , FeCl , K ClO , K Cl;
+ − + − + + − + −

10. rTul ionSi elementebis Jangvis ricxvebis algebruli jami ionis muxtis 
tolia, magaliTad, 2-

4SO ionSi Jangvis ricxvebis jami udris –2-s.  

S O4

6+(-2) ⋅ 4= -2

2-

Jangvis ricxvi gamoisaxeba nawilakis Tavze, jer niSniT da Semdeg _ ricxviT.

vnaxoT, Tu rogor gamoiTvleba Jangvis ricxvi:
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magaliTad, 
+ −1 x 2

2 4Na SO -Si gogirdis Jangvis ricxvis gamosaTvlelad vadgenT gan-

tolebas: ( ) ( )2 +1 + x + 4 -2 = 0;     2 + x - 8 = 0⋅ ⋅ ⇒ , saidanac = +x 6 . 

vipovoT 
+1 x -2

4KMnO -Si manganumis Jangvis ricxvi: 1+ x - 8 = 0;    x = +7⇒ .

 
+ −x 2

3K ClO -Si Cl-is Jangvis ricxvi: 1+ x - 6 = 0     x = +5.⇒

valentoba da Jangvis ricxvi erTi da igive ar aris. zogjer maTi ricxviTi 
mniSvnelobebi ar emTxveva erTmaneTs. magaliTad, wyalbadis peroqsidSi Jangba-
dis valentobaa 2, xolo Jangvis ricxvi _ -1.

H
+1 H

+1

O
-1O

-1

  kiTxvebi da davalebebi:

1. SeiZleba Tu ara Jangva mimdinareobdes aRdgenis gareSe? pasuxi axseniT 
magaliTis safuZvelze.

2. gansazRvreT mocemul naerTebSi elementTa Jangvis ricxvebi:

HCl, HNO3, SO3, Cr2O3, K2SO4, CaCO3, KMnO4, K2Cr2O7, Na2MnO4, Na2CrO4.

3. daadgineT azotis Jangvis ricxvi mocemul naerTebSi:

a) NH3;   b) N2;    g) NO2;   d) N2O.

4. daadgineT Jangbadis Jangvis ricxvi Semdeg naerTebSi:

a) H2O;  b) H2O2;   g) OF2;   d) I2O.

5. ras udris gogirdis Jangvis ricxvi Semdeg naerTebSi?

a) gogirdmJava; 

b) gogirdwyalbadi;

g) gogirdovani mJava.

6. daadgineT elementTa Jangvis ricxvebi naerTSi, romlis formulaa  
NaHCO3.

7. rogoria elementi X-is Jangvis ricxvi oqsidebSi XO da X2O3?
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Jangva-aRdgenis reaqciis tolobis Sedgenis erT-erTi meTodia eleqtronu-
li balansis meTodi, romlis arsia reaqciis dros gacemuli da SeZenili ele-
qtronebis raodenobis gaTanabreba. ganvixiloT magaliTi, magniumis wvis reaqcia 
gauTanabrebeli saxiT:

Mg + O2 
→ MgO

 
− +− →0 2Mg 2e Mg daiJanga aRmdgeni

 
− −+ →0 2

2O 4e 2O aRdga mJangavi

radgan reaqciaSi ramden eleqtronsac gascems magniumi, imdenive unda miier-
Tos Jangbadma, amitom eleqtronebis raodenoba unda gavaTanabroT umciresi 
saerTo jeradis povniT. Semdeg usj unda gavyoT TiToeul sqemaSi monawile 
eleqtronebis ricxvze:

 − +− →0 2Mg 2e Mg
4

2

 − −+ →0 2
2O 4e 2O 1

ricxvi 2 daewereba koeficientad rogorc magniums, aseve magniumis oqsids. 
miviRebT:

2Mg + O2 
→ 2MgO

mniSvnelovania yuradReba mivaqcioT oratomian martiv nivTierebebs, romelT-
ac sqemaSi vwerT ara atomis, aramed molekulis saxiT.

Jangva-aRdgenis procesi SeiZleba ramdenime saxiT aRiweros (cxrili 2.1).

cxrili 2.1. Jangva-aRdgenis procesis aRwera. 

X X+Y Y-

X gascems eleqtronebs Y ierTebs eleqtronebs

X iJangeba Y aRdgeba

X-s Jangavs Y Y aRadgina X-ma

X aris aRmdgeni Y aris mJangavi

2.2             Jangva-aRdgenis reaqciis 

                      tolobis Sedgena
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ganvixiloT sxva reaqciebic. magaliTad, qloris urTierTqmedeba kaliumis 
tutis cxel xsnarTan. reaqciis Sedegad miiReba kaliumis qloridi, kaliumis 
qlorati da wyali. SevadginoT reaqcia gauTanabrebeli saxiT:

+ → + +2 3 2Cl KOH KCl KClO H O

reaqciaSi im elementis atomebs, romlebmac Seicvales Jangvis ricxvi, davaw-
eroT Sesabamisi Jangvis ricxvebi:

− +

+ → + +
0 1 5

2 3 2Cl KOH K Cl K ClO H O

davweroT aRdgenisa da Jangvis sqemebi:

 − −+ → 1
2Cl 2e 2Cl

10
5

 − +− →0 5
2Cl 10e 2Cl 1

davuweroT Sesabamisi ricxvebi koeficientad reaqciaSi. miviRebT: 

+ → + +2 3 23Cl 6KOH 5KCl KClO 3H O

zogjer orze meti elementi icvlis Jangvis ricxvs, am SemTxvevaSi eleqtro-
nuli balansis Sedgenisas unda gaviTvaliswinoT, rom aRmdgenis mier gacemuli 
eleqtronebis ricxvTa jami unda utoldebodes mJangavis mier SeZenili ele-
qtronebis ricxvTa jams. magaliTad: 

23 2AgNO Ag NO O→ + +

am reaqciaSi Jangvis ricxvs icvlis sami elementi, vercxli, Jangbadi da azoti:

3

1 5 2 0 4 2

2

0

2AgNO Ag NO O
+ + − + −

+→ +

SevadginoT aRdgenisa da Jangvis sqemebi.

 0Ag e Ag+ −+ →
2

4 2 5 4N e N+ − ++ →

 2
22O 4e O− −− → 4 1

davuweroT Sesabamisi ricxvebi koeficientebad mocemul reaqciaSi. miviRebT: 

 2232AgNO 2Ag 2NO O→ + +
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  kiTxvebi da davalebebi:

1. romeli nawilakia aRmdgeni mocemul reaqciaSi?

Al0+Cr3+→Al3++Cr0

2. romeli nawilakia aRmdgeni mocemul reaqciaSi?

2K+Cl2→2KCl

3. S2- ioni daiJanga S0-mde. rogor Seicvala am dros protonebis ricxvi?

4. daadgineT romeli elementi iJangeba da romeli _ aRdgeba, aseve ipoveT 
mJangavi da aRmdgeni mocemul reaqciebSi:

 a) 2Sr+O2→2SrO;   b) 2Li+S→Li2S;  

 g) 2Cs+Br2→2CsBr;    d) 3Mg+N2→Mg3N2;   

 e) 4Fe+3O2→2Fe2O3;   v) Cl2+2NaBr→2NaCl+Br2;

 z) Si+2F2→SiF4;   T) 2Ca+O2→2CaO; 

 i) Mg+2HCl→MgCl2+H2;   k) 2Na+2H2O→2NaOH+H2.

5. gansazRvreT mJangavi da aRmdgeni, SeadgineT eleqtronuli balansi da 
gaaTanabreT reaqciaTa tolobebi:

 a) HCl+Zn→ZnCl2+H2;   b) CuCl2+Al→AlCl3+Cu;   

 g) Na+Cl2→NaCl;   d) Mg+HBr→MgBr2+H2;  

 e) C+H2SO4→CO2+SO2+ H2O;  v)  P+O2→P2O5; 

 z) KNO3→KNO2+O2;             T) KMnO4+HCl→MnCl2+Cl2+KCl+H2O;

 i) Sb+HNO3→Sb2O3+NO+H2O; k)  HNO3+HI→NO+I2+H2O;

 l) NO2+H2O→HNO2+HNO3.
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2.3              galvanuri elementi

warmogidgeniaT samyaro Tanamedrove eleqtronuli mowyobilobebis gareSe? 
teqnologiur progresSi gansakuTrebuli wvlili miuZRvis eleqtroqimias. eleq-
troqimia Seiswavlis urTierTgardaqmnas qimiur da eleqtrul energias Soris (nax. 
2.5). es procesebi ki efuZneba Jangva-aRdgenis reaqciebs. 

eleqtroqimiuri 
procesebi

galvanuri elementis 
muSaoba

eleqtrolizi

qimiuri energia  
gardaiqmneba eleqtrul 

energiad

eleqtruli energia 
gardaiqmneba qimiur 

energiad

nax. 2.5 eleqtroqimiuri procesebis klasifikacia.

ganvixiloT TiToeuli maTgani cal-calke da vnaxoT, rogor SeiZleba davaka-
vSiroT Jangva-aRdgenis reaqcia da eleqtruli deni.

CvenTvis cnobilia, rom Tu TuTiis firfitas CavuSvebT spilenZ(II)-is sulfa-
tis xsnarSi (nax. 2.6), TuTia, rogorc ufro aqtiuri metali, gamoaZevebs spilen-
Zs misi wyalxsnaridan, gamoyofili spilenZi daileqeba TuTiis firfitaze mow-
iTalo feris nivTierebis saxiT.

Cu2+ ioni

Zn2+ ioni

Cu2+ →	Cu

Cu
Zn →	Zn2+

Zn Zn Zn

2e-

nax. 2.6. TuTia spilenZs gamoaZeves misi marilis xsnaridan. 
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mimdinare procesis Sekvecili ionuri toloba ase gamoisaxeba:
+ ++ → +2 2Zn Cu Zn Cu

xolo Sesabamisi sqemebia:

Jangvis sqemaa:  − +− → 2Zn 2e Zn
aRdgenis sqemaa: + −+ →2Cu   2e Cu

cxadia, es procesi Jangva-aRdgenas warmoadgens, rac gulisxmobs, rom reaqcia 
eleqtronebis mimocvliT mimdinareobs. rogorc es zemoT naCveneb tolobebSi 
Cans, TuTiis atomi gascems eleqtronebs, xolo spilenZis ioni _ ierTebs. 

eleqtrons, vidre Zn-dan Cu2+-ze gadava, SualedSi Tu daxvdeba gamtari, mivi-
RebT eleqtrul dens, rasac aRZravs eleqtronebis mimarTuli moZraoba TuTi-
idan spilenZisken (nax. 2.7).

Zn Cu2+

+-
- -

+
-

+-
-

+

-

+
-

nax. 2.7. gamtaris gavliT eleqtronis gadacemisas aRiZvreba eleqtruli deni. 

amis miRweva SesaZlebelia ori naxevarelementis SeqmniT. erT naxevarelements 
warmoadgens TuTiis sulfatis xsnarSi CaSvebuli TuTiis firfita, xolo meores 
_ spilenZ(II)-is sulfatis xsnarSi CaSvebuli spilenZis firfita (nax. 2.8). ele-
qtrolitis xsnarSi CaSvebul metalis firfitas eleqtrodi ewodeba.  denis wy-
arosTan mierTebisas erT eleqtrodze yovelTvis mimdinareobs Jangva da mas 
anodi ewodeba, xolo meore eleqtrodze _ aRdgena da mas kaTodi ewodeba. 

Tu metalis firfitebs (eleqtrodebs) erTmaneTs eleqtruli wrediT davaka-
vSirebT, xolo xsnarebs _ marilis xidiT (Zlieri eleqtrolitis najeri xsnari), 
Jan gva-aRdgenis procesi spontanurad, anu TavisTavad warimarTeba. TuTiis atom-
ebi (firfitis zedapiridan) gascems eleqtronebs, warmoqmnili TuTiis ionebi ki 
ga da dis xsnar Si. am dros mimdinareobs Jangva da TuTiis firfitis masa mcirdeba 
(nax. 2.9). TuTiis eleqtrodi (anodi) imuxteba uaryofiTad. meore naxevarele-
mentSi wyalxsnarSi arsebuli spilenZis ionebi ki ierTebs eleqtronebs da mim-
dinareobs aRdgena. aRdgenili spilenZiT ifareba spilenZis eleqtrodi da misi 
masa izrdeba (nax. 2.9). is kaTods warmoadgens da dadebiTadaa damuxtuli. ufro 
aqtiuri metalis mier gacemuli eleqtronebi iwyebs mimarTul moZraobas ufro 
pasiuri metalisken (anodidan kaTodisken) da warmoiqmneba deni. voltmetri 
aCvenebs am sistemaSi Zabvis sidides.

marilis xidis gareSe sistemaSi Seiqmneba muxtis disbalansi. kerZod, TuTiis 
nitratis xsnarSi dagrovdeba Warbi dadebiTi muxti, xolo spilenZ(II)-is nitratis 
xsnarSi _ uaryofiTi. marilis xididan ionebi abalansebs Warb muxts TiToeul 
naxevarelementSi, rac wredSi denis gavlis aucilebeli pirobaa.  
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1.10e- e-

voltmetri

marilis 
xidi

NaCl(wy)

Zn
anodi

Cu
kaTodi2Cl- 2Na+

(-) (+)

2+

2+

2+--

Jangvis 
sqema:

Zn(my) → Zn2+(wy) + 2e-

aRdgenis 
sqema:

Cu2+(wy) + 2e- → Cu(my)
jamuri reaqcia:

Zn(my) + Cu2+(wy) → Zn2+(wy) + Cu(my)

NO3
-

1 M Zn(NO3)2(wy) 1 M Cu(NO3)2(wy)
Cu2+

2NO3
-Zn2+

2+

2+

2+

2+

-
-

nax. 2.8. eleqtruli denis warmoqmna TuTiisa  
da spilenZis eleqtrodebs Soris.

nax. 2.9. eleqtrodebis 
masis cvlileba.

galvanur elementSi eleqtronebi miemarTeba anodidan kaTodisken,  maSasadame, 
TuTiis firfita asrulebs anodis rols da is uaryofiTadaa damuxtuli, xolo 
spilenZis firfita asrulebs kaTodis rols da is dadebiTadaa damuxtuli.  

anodze mimdinare procesis sqema: − +− → 2Zn 2e Zn
kaTodze: + −+ →2Cu   2e Cu
gaerTianebuli reaqcia ki Semdegnairad daiwereba: 
 + ++ → +2 2Zn Cu Cu Zn
galvanur elementSi mimdinare Jangva-aRdgenis reaqcia SeiZleba sqematurad 

CavweroT (nax. 2.10): erTi xazi aRniSnavs fazaTa gayofas (myarsa da xsnars So-
ris), xolo ori vertikaluri xazi _ marilis xids. 

 

Zn(my) | Zn2+(wy) | |  Cu2+ (wy) | Cu(my)

anodi
Jangva

kaTodi
aRdgena

marilis xidi

eleqtronebi moZraobs am
mimarTulebiT gare wredis gavliT

nax. 2.10. galvanur elementSi mimdinare reaqciis sqematuri Canaweri. 

nivTierebebi gansxvavdeba Jangvisa da aRdgenis unariT. am unaris sazomi aris 
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aRdgenis standartuli potenciali (gv. 175).  
galvanuri elementis Zabva damokidebulia sistemaSi gamoyenebuli qimiuri 

elementebis aRdgenis unarze, romelsac asaxavs standartuli eleqtroduli po-
tenciali, romelTa mniSvnelobebic mocemulia danarTSi, gv. 175-ze. rac ufro 
metia gansxvaveba standartul eleqtrodul potencialebs Soris, Sesabamisad, 
metia sxvaoba maT aqtiurobas Soris da meti Zabva warmoiqmneba, romelic eqs-
perimentulad SeiZleba gaizomos voltmetris saSualebiT (nax. 2.11).

nax. 2.11.  mocemuli galvanur elementSi warmoqmnili Zabva 1.1 voltia. 

  kiTxvebi da davalebebi:

1. miwisqveSa gayvaniloba xSirad damzadebulia rkinisagan. teniani niada-
gis gavleniT, igi advilad ganicdis korozias. amis Tavidan asacileblad 
mimarTaven milebis eleqtroqimiur dacvas. kerZod, rkinis milebs gam-
tariT aerTeben magniumis naWerTan. Sedegad iqmneba eleqtroqimiuri wyvi-
li, romelSic magniumi anodis, xolo rkina _ kaTodis rols asrulebs. 

 a) romeli metalisgan romelze gadadis eleqtronebi am procesSi?
 b) rogor icavs es qmedeba rkinis milebs?

2. gaaanalizeT naxazi da upasuxeT kiTxvebs:

 

Z
in

c 
el

ec
tr

od
e

2.6 v

metali
A Cu

marilis xidi

 

Z
in

c 
el

ec
tr

od
e

0.15 v

metali
B Cu

marilis xidi

 

Z
in

c 
el

ec
tr

od
e

0.8 v

metali
C Cu

marilis xidi

a) Tqveni azriT, aqtiuria Tu ara ucnobi metalebi (A, B, C) spilenZTan Se-
darebiT?  
b) daalageT isini aqtiurobis zrdis mixedviT;
g) mocemul sqemaze qimiuri reaqcia iZleva eleqtrul dens. kidev ra pro-
cesi iciT, sadac qimiuri reaqciasa da  eleqtrul dens Soris aris kavSiri? 
ra ZiriTadi gansaxvavebaa am procesebs Soris?
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batarea aris denis portatuli wyaro, romelsac udidesi mniSvneloba aqvs 
yofa-cxovrebaSi. is warmoadgens erTmaneTTan dakavSirebul or an ramdenime 
galvanur elements.

imis mixedviT, Tu ramdeni elementi da rogoraa dakavSirebuli erTmaneTTan, 
batareebi gansxvavdeba ZabviT, denis ZaliT da a. S (nax. 2.12). 

nax. 2.12. sxvadasxva batarea. 

1800 wels a. voltam l. galvanis mier Catarebuli eqsperimentis safuZvelze  
Seqmna eleqtruli denis pirveli qimiuri wyaro. voltam  spilenZisa da vercx-
lis ramdenime firfita monacvleobiT ganalaga da yovel wyvils Soris moaT-
avsa natriumis qloridis najer xsnarSi dasvelebuli muyaos qaRaldi (nax. 2.13). 
rodesac is zeda da qveda firfitebs erTdroulad Seexo, igrZno, rom denma 
daartya. ase Seiqmna pirveli eleqtruli denis qimiuri wyaro, romelsac mec-
nieris pativsacemad voltas sveti uwodes, xolo Zabvis erTeuls _ volti.  man 
aseve daadgina, rom sxvadasxva metalis gamoyenebiT Zabvis mniSvneloba SeiZleba 
gaizardos. 

TuTia

vercxli

marilian wyalSi 
dasvelebuli qaRaldi

nax. 2.13. voltas sveti. 

elementSi eleqtrul dens warmoqmnis anodidan kaTodis mimarTulebiT moZ-
ravi eleqtronebi, anodisa da kaTodis rols asrulebs metalis firfitebi, rom-
lebic moTavsebulia eleqtrolitis xsnarSi. warmoqmnili Zabva miT metia, rac 
ufro metad aris metalebi daSorebuli erTmaneTs metalTa Zabvis eleqtroqi-
miur mwkrivSi (nax 2.14). 

Li  K  Ba  Ca  Na  Mg  Al  Mn  Cr  Zn  Fe  Co  Ni  Sn  Pb   H   Cu  Hg  Ag  Pt  Au

nax. 2.14. metalTa Zabvis eleqtroqimiuri mwkrivi.

2.4         energiis qimiuri wyaroebi
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sxvadasxva tipis batarea farTod gamoiyeneba, magaliTad, Li-Cu batareebi 
gamoiyeneba saaTebSi, eleqtrosasworebSi, kalkulatorebsa da iseT mowyobilo-
bebSi, romlebic dabal Zabvaze muSaobs (majis saaTebi, saTamaSoebi, pultebi da 
sxv.). maTSi denis wyaros warmoadgens tutiani galvanuri elementi. aseTi el-
ementebis klasificireba ramdenime kriteriumiTaa SesaZlebeli: xelaxla damux-
tvis SesaZleblobiT, SedgenilobiT, tevadobiT da a. S.

pirveli tutiani galvanuri elementi 1949 wels l. urma Seqmna. am elementis 
muSaobis principi dafuZnebulia TuTiasa da manganumis dioqsids Soris mimdin-
are reaqciaze. elements tutiani ewodeba imitom, rom eleqtrolitad masSi ka-
liumis hidroqsidia gamoyenebuli. nax. 2.15-ze gamosaxulia tutiani galvanuri 
elementis konstruqcia.

dadebiTi polusi

muxtis Semkrebi

TuTiis anodi

ionmcvleli membrana

manganumis dioqsidi

 gare korpusi

sacobi wnevis 
dasaregulireblad

damcavi Tavsaxuri

uaryofiTi polusi

nax. 2.15. tutiani elementis sqema.

TuTia-manganumis elementSi mimdinareobs reaqcia, romelic jamurad SiZleba 
ase warmovidginoT:

+ → +2 2 3Zn 2MnO Mn O ZnO

elementebi, romlebic ar imuxteba, mxolod pirdapir reaqciaze muSaobs, 
xolo elementebi, romlebic imuxteba, akumulatorebad iwodeba da maTi damux-
tvisas sapirispiro procesi mimdinareobs.  

ganvixiloT avtomobilis akumulatoris muSaobis principi. is xSirad war-
moadgens batareas, romelSic mimdevrobiT SeerTebulia 6 mcire akumulatori. 
TiToeuli maTgani iZleva 2.1-2.2 volt Zabvas, amitom avtomobilis akumulato-
ris Zabva 12.6 – 13.2 voltia.

aseT akumulatorSi erT eleqtrods warmoadgens metaluri tyvia, meores _ 
tyviis dioqsidi (PbO2). eleqtrolitad gamoiyeneba gogirdmJavas xsnari, romlis 
simkvrivea 1.23 -1.31 g/sm3 (nax. 2.16).
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  kiTxvebi da davalebebi:

1. romeli nawilaki iJangeba nikel-kadmiumis elementSi, romelSic mimdi-
nareobs reaqcia?

2Ni(OH)3+Cd→2Ni(OH)2+Cd(OH)2

2. nikel-kadmiumis elementSi anodi kadmiumis firfitaa, kaTodi ki _ nike-
lis dioqsidi. qvemoT mocemulia gauTanabrebeli reaqcia, romelic ma-
Sin mimdinareobs, roca elementi iZleva eleqtrul dens. roca elemen-
ti imuxteba, es reaqcia sapirispiro mimarTulebiT mimdinareobs:

Cd+NiO2+H2O→Cd(OH)2+Ni(OH)2
 daadgineT, rogor icvleba mJangavi elementis Jangvis ricxvi reaqciaSi, 

romelic elementis damuxtvisas mimdinareobs.

3. TuTia-manganumis elementSi mimdinare reaqciaSi miuTiTeT, romeli el-
ementi iJangeba da romeli _ aRdgeba?

kaTodi
(PbO2)

anodi
(Pb)

gogirdmJava

(H2SO4)

nax. 2.16. avtomobilis akumulatori.

akumulatori muSaobis procesSi ganimuxteba. am dros qimiuri energia gar-
daiqmneba eletroenergiad, xolo damuxtvisas, piriqiT, eleqtroenergia qimiur 
energiaSi gadadis. ganmuxtvisas kaTodze aRdgeba tyviis dioqsidi:

− + − →+ + + +←
2

2 4 4 2PbO SO 4H 2e    PbSO 2H O
ganmuxtva

damuxtva

xolo anodze _ iJangeba tyvia:
− − →+ − ←

2
4 4Pb SO 2e    PbSO

ganmuxtva

damuxtva

rodesac akumulatori damuxtvis reJimSia, zemoT moyvanili reaqciebi sapir-
ispiro mimarTulebiT mimdinareobs.

amrigad, denis calkeul wyaros warmoadgens elementebi, maT gaerTianebas _ 
batarea, xolo denis wyaros, romelsac SeuZlia damuxtva-ganmuxtvis reJimSi 
imuSaos _ akumulatori.
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2.5                  eleqtrolizi

eleqtroqimiis gamoyenebis erT-erTi sferoa sxvadasxva nakeTobis dafarva 
metalis Txeli feniT. amis mizani SeiZleba iyos, magaliTad, nakeTobis vizua-
luri mxaris, cveTisadmi medegobis da sxva Tvisebebis gaumjobeseba. rogor 
SeiZ leba amis miRweva? am kiTxvaze pasuxis gasacemad ganvixiloT eleqtrolizis 
procesi.

galvanuri elementis muSaobis ganxilvisas  Cven gavecaniT, Tu rogor war-
moiqmneba eleqtruli deni. axla vnaxoT, ra movlenebi mimdinareobs eleqtro-
litis xsnarSi CaSvebul kaTodsa da anodze, rodesac xsnarSi dens gavatarebT.

gansxvavebiT galvanuri elementisgan, eleqtrolizis dros eleqtruli energia 
gardaiqmneba qimiur energiad. `eleqtrolizi~ berZnuli sityvaa da niSnavs ele-
qtruli deniT daSlas. eleqtrolitebi nalRobSi an wyalxsnarSi disocirebulia 
kationebad da anionebad, romlebic qaosurad moZraobs. nalRobSi Tu CavuSvebT 
eleqtrodebs da gavatarebT mudmiv eleqtrul dens, maSin ionebi daiwyebs mow-
esrigebul  moZraobas: kationebi gadaadgildeba uaryofiTad damuxtuli ele-
qtrodisaken, xolo anionebi _ dadebiTad damuxtuli eleqtrodisaken.

ionebi eleqtrodebze ganimuxteba: kationebi ierTebs eleqtronebs da aRdge-
ba, xolo anionebi gascems eleqtronebs da iJangeba. CvenTvis ukve cnobilia, 
rom aRdgena mimdinareobs kaTodze, xolo Jangva _ anodze, maSasadame, eleq-
trolizis dros kaTodi uaryofiTadaa damuxtuli, xolo anodi _ dadebiTad  
(nax. 2.17). 

_+

e-

e-

+ _
inertuli 

eleqtrodebianodi

anionebi

kationebi

kaTodi

eleqtroliti

anionebi 
iJangeba

kationebi 
aRdgeba

nax. 2.17. eleqtrolizis sqema. 

eleqtrolitis  nalRobSi an wyalxsnarSi eleqtruli denis gatarebisas ele-
qtrodebze mimdinare Jangva-aRdgenis process eleqtrolizi ewodeba; xolo mowy-
obilobas, romelSic eleqtrolizi mimdinareobs, eleqtrolizers (nax. 2.18) uwo-
deben. 

denis wyaro

nax. 2.18. eleqtrolizeri. 
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ganvixiloT nalRobis eleqtrolizi natriumis qloridis magaliTze: 
sufris marilis maRal temperaturaze gacxelebiT nalRobi disocirdeba na-

triumis kationisa da qloris anionis warmoqmniT:
 + −→ +NaCl Na Cl
denis gatarebisas natriumis kationi eleqtrodidan (kaTodidan) ierTebs ele-

qtronebs da aRdgeba, qloris anioni ki miemarTeba dadebiTad damuxtuli ele-
qtrodis – anodisken, gadascems Tavis Warb eleqtrons da iJangeba (nax. 2.19). 

_+

e-

e-

+ _
inertuli 

eleqtrodebi
anodi kaTodi

Cl- Na+

NaCl-is nalRobi

nax. 2.19. natriumis qloridis nalRobis eleqtrolizi.

sqematurad NaCl-is nalRobis eleqtrolizi ase SeiZleba gamovsaxoT:

→ + -NaCl Na + Cl
kaTodze (–): anodze (+):

→+ - 0Na + e Na → 0- -
22Cl - 2e Cl

→ + 22NaCl 2Na  Cleleqtrolizi

NaCl-is nalRobis eleqtrolizis jamuri reaqcia ase Caiwereba:

↑→ + 22NaCl 2Na  Cleleqtrolizi  

  kiTxvebi da davalebebi:

1. SeadgineT Semdeg nivTierebaTa nalRobis eleqtrolizis reaqciaTa 
tolobebi:

   a) KI;   b) Na2S; g) FeBr2.

2. alumini ufro Zvirad fasobda, vidre oqro da vercxli manam, sanam XIX 
saukunis bolos ar aRmoaCines eleqtroenergia. moiZieT informacia da 
imsjeleT, ra iyo aluminis siZviris mizezi.
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eleqtrolizis procesi wyalxsnarSi gansxvavebulad mimdinareobs. es proce-
si mniSvnelovani qimiuri nivTierebebis didi raodenobiT warmoebis saSualebas 
iZleva. ase iwarmoeba, magaliTad, qlori, wyalbadi, spilenZi, tuteebi da a.S.

wyalxsnarSi eleqtrolizi ufro rTulad mimdinareobs, vidre nalRobSi. 
miuxedavad imisa, rom wyali araeleqtrolitia, igi umniSvnelod, magram mainc 
disocirdeba, amitom eleqtrolitis wyalxsnarSi garda eleqtrolitis ionebisa, 
arsebobs wylis disociaciis Sedegad warmoqmnili ionebic.  martivad wylis di-
sociacia SeiZleba ase gamovsaxoT: 

+ −+HOH H OH

nalRobisgan gansxvavebiT, xsnarSi denis gatarebisas kaTodze, metalis garda, 
Tavs iyris wylis disociaciiT warmoqmnili wyalbadis ionebi, xolo anodze _ 
mJavas naSTisa da hidroqsidis anionebi. kaTodze kationebi ganimuxteba met-
alebis eleqtroqimiuri mwkrivis gaTvaliswinebiT, konkretulad, wyalbadsa da 
mwkrivSi mis marjvniv mdgom metalis ionebs Soris ganimuxteba pasiuri metalis 
ioni da wyalbadis ioni darCeba xsnarSi. mwkrivSi wyalbadis marcxniv mdgomi 
metalebis SemTxvevaSi ganimuxteba wyalbadis ioni, xolo metalis ioni darCeba 
xsnarSi.

anodze ganmuxtvisas Jangbadiani mJavas naSTis anionsa da hidroqsidis anions 
Soris  ganimuxteba hidroqsidis, xolo mJavas naSTis anioni darCeba xsnarSi. im 
SemTxvevaSi, Tu xsnarSi aris uJangbado mJavas anioni, maSin anodze ganimuxteba 
uJangbado mJavas anioni ( −F  ionis garda) da xsnarSi darCeba hidroqsidis an-
ionebi. ganvixiloT ramdenime magaliTi.

aqtiuri metalisa da uJangbado mJavas marilis wyalxsnaris eleqtrolizi. gan-
vixiloT natriumis qloridis wyalxsnaris eleqtrolizi. kaTodze, metalis 
garda, Tavs iyris wylis disociaciiT warmoqmnili wyalbadis ionebi. vinaidan 
natriumi Zlier aqtiuri metalia, misi ionebi darCeba xsnarSi, kaTodze wyl-
is molekulebi miiRebs eleqtronebs da wyalbadi aRdgeba. anodze daiJangeba 
qlorid-ioni, radganac is uJangbado mJavas naSTia, xolo hidroqsid-ioni darCe-
ba xsnarSi. sqematurad es procesebi SeiZleba ase gamovsaxoT:

+ −→ +NaCl Na Cl
+ −+2H O H OH

kaTodze (–): anodze (+):

+Na  rCeba xsnarSi  − −− → 0
22Cl 2e Cl

 − −+ → +2 22H O 2e H 2OH

an + −+ → 2 2H 2e H

−OH rCeba xsnarSi

 ↑ ↑+ → + +2 22NaCl 2HOH H Cl 2NaOHeleqtrolizi

2.6            wyalxsnaris eleqtrolizi
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aqtiuri metalisa da Jangbadiani mJavas marilis wyalxsnaris eleqtrolizi:

2 4Na SO -is wyalxsnaris eleqtrolizi:

+ −→ + 2
2 4 4Na SO 2Na SO

+ −+2H O H OH
kaTodze (–): anodze (+):

+Na  rCeba xsnarSi −2
4SO  rCeba xsnarSi

 − −+ → +2 22H O 2e H 2OH

an + −+ → 2 2H 2e H

 − +− → +2 22H O 4e O 4H

an − −− → +2 2 4OH 4e O 2H O

+ → + ↑ +↑2 4 2 2 2 2 4Na SO 2H O 2H O Na SOeleqtrolizi

→ ↑ + ↑2 2 22H O 2H Oeleqtrolizi

aqtiuri metalisa da Jangbadiani mJavas marilis wyalxsnaris eleqtrolizis 
procesSi marili ar iRebs monawileobas da iSleba mxolod wyali. am dros mari-
li zrdis mxolod xsnaris eleqtrogamtarobas.

pasiuri metalisa da uJangbado mJavas marilis wyalxsnaris eleqtrolizi.

2CuCl -is wyalxsanris eleqtrolizi:

+ −→ +2
2CuCl Cu 2Cl

+ −+2H O H OH
kaTodze (–): anodze (+):

+ −+ →2 0Cu 2e Cu − −− → 0
22Cl 2e Cl

+H rCeba xsnarSi −OH rCeba xsnarSi

+ → + +2 2 2 2CuCl H O Cu Cl H O eleqtrolizi

+→2 2CuCl Cu Cl  eleqtrolizi

aRniSnul procesSi wyali ar iRebs monawileobas da iSleba mxolod marili.

pasiuri metalisa da Jangbadiani mJavas marilis wyalxsnaris eleqtrolizi.

4CuSO -is wyalxsnaris eleqtrolizi:

+ −→ +2 2
4 4CuSO Cu SO
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+ −+2H O H OH
kaTodze (–): anodze (+):

+ −+ →2 0Cu 2e Cu −2
4SO  rCeba xsnarSi

+H rCeba xsnarSi − +− → +2 22H O 4e O 4H

an − −− → +2 2 4OH 4e O 2H O

+ → + +4 2 2 2 42CuSO 2H O 2Cu O 2H O  Seleqtrolizi

ganxiluli magaliTebis eleqtrolizi Sejamebuli saxiT SegiZliaT ixiloT 
2.3 cxrilSi.

cxrili 2.3. zogierTi marilis eleqtrolizis produqtebi. 

xsnari 
eleqtrolizamde

produqti
kaTodze (–)

produqti
anodze (+)

eleqtrolizerSi 
darCeba

natriumis qloridi wyalbadi qlori + −
2 2H , Cl ,  Na ,  OH

natriumis sulfati wyalbadi Jangbadi + −2
2 2 4H ,  O ,  Na ,  SO

spilenZ(II)-is qloridi spilenZi qlori + −
2Cu,  Cl ,  H ,  OH

spilenZ(II)-is sulfati spilenZi Jangbadi + −2
2 4Cu,  O ,  H ,SO

Sejamebis saxiT, ori eleqtroqimiuri procesis _ galvanuri elementis muSao-
bisa da eleqtrolizis Sedareba mocemulia 2.4 cxrilSi. 

cxrili 2.4. eleqtroqimiuri procesebis Sedareba. 

galvanuri elementis muSaoba eleqtrolizi

qimiuri energia gardaiqmneba 
eleqtrul energiad

eleqtruli energia gardaiqm-
neba qimiur energiad

spontanuri procesia, anu Ta-
visTavad mimdinare

araspontanuri procesia, mis 
gansaxorcieleblad xsnarSi 
eleqtruli denis gatarebaa 

saWiro
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  kiTxvebi da davalebebi:

1. ratom SeiZleba gansxvavdebodes erTi da imave ionuri naerTis nalRo-
bisa da wyalxsnaris eleqtrolizis produqtebi?

2. SeadgineT Semdeg nivTierebaTa wyalxsnarebis eleqtrolizis reaqci-
aTa tolobebi:

   a) NaI; 
 b) K2SO4; 
 g) Hg(NO3)2

3. atareben kaliumis bromidis wyalxsnaris eleqtrolizs. eleqtrode-
bze gamoiyo A da B nivTierebebi. upasuxeT kiTxvebs:

 a) ratom atarebs dens xsnari?  

 b) ra nivTierebebia A da B? 

 g) SeadgineT am nivTierebaTa warmoqmnis sqemebi;

 d) ra nivTiereba darCa xsnarSi? 

 e) Tu miRebul xsnarSi CavawveTebT lakmuss, ra fers SevniSnavT? 

4. saWiroa rkinis nakeTobis movercxvla. 

 a) ra nivTiereba SeiZleba gamoviyenoT eleqtrolitad? 

 b)  SeadgineT kaTodze mimdinare procesis amsaxveli sqema;

 g) romel eleqtrodze mimdinareobs Jangva? 

5. Caatares vercxlis nitratis xsnaris eleqtrolizi. romeli airi da 
ra moculobiT gamoiyofa anodze, Tu kaTodze 10.8 g vercxli war-
moiqmna? 

6. Caatares spilenZis sulfatis 100 g 32%-iani xsnaris eleqtrolizi 
spilenZis srul gamoyofamde. gamoTvaleT miRebul xsnarSi gaxsnili 
nivTierebis masuri wili. 

7. rkinis 50-gramiani firfita CauSves spilenZis sulfatis xsnarSi. 
spilenZiT dafaruli firfita amoiRes, garecxes, gaaSres da awones. 
misi masa 50.8 g aRmoCnda. ramdeni grami spilenZi gamoiyo firfitaze?
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 ganvlili masalis Sejameba

darwmundiT, rom iciT:

•	 Jangva aris eleqtronebis gacemis procesi, xolo aRdgena _ eleqtronebis 
mierTebis.

•	 Jangvis ricxvi ewodeba elementis atomis pirobiT muxts molekulaSi, im daS-
vebiT, rom molekula mxolod ionebisagan Sedgeba. 

•	 elementi, romelic gascems eleqtronebs iJangeba da aRmdgenia, xolo ro-
melic ierTebs _ aRdgeba da mJangavia. 

•	 Jangva-aRdgenis reaqciis dros gacemuli eleqtronebis jamuri ricxvi mi-
erTebuli eleqtronebis jamuri ricxvis tolia. 

•	 eleqtroqimiuri procesebi efuZneba qimiuri energiis gardaqmnas eleqtrul 
energiad da, piriqiT.

•	 galvanuri elementis muSaobisas qimiuri energia gardaiqmneba eleqtrul en-
ergiad. 

•	 galvanur elementSi eleqtronebi miemarTeba anodidan kaTodisaken. 

•	 eleqtrolitis nalRobSi an wyalxsnarSi eleqtruli denis gatarebisas ele-
qtrodebze mimdinare Jangva-aRdgenis process eleqtrolizi ewodeba.  

•	 eleqtrolizis dros eleqtruli energia gardaiqmneba qimiur energiad.

•	 eleqtrolizis dros eleqtronebi miemarTeba anodidan kaTodisken. 

•	 eleqtrolizis procesSi, wyalxsnarSi aqtiuri metalis kationebis arsebobi-
sas, kaTodze aRdgeba wyalbadi; xolo pasiuri metalis kationebis SemTxvevaSi 
_ pasiuri metali.  

•	 eleqtrolizis procesSi, wyalxsnarSi Jangbadiani mJavas anionebis arsebobi-
sas, anodze gamoiyofa Jangbadi; xolo uJangbado mJavas anionebis SemTxvevaSi 
- Sesabamisi martivi nivTiereba.  
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 rogor muSaobs mzis elementi?

didi xnis ganmavlobaSi kacobrioba cdilobda mzis energiis maqsimalurad 
gamoyenebas, Tumca pirveli fotoeleqtruli elementis gamogoneba e. bekerelis 
saxels ukavSirdeba. 1939 wels man SeZlo mzis energiis pirdapir eleqtrul en-
ergiad gardaqmna farTo masStabze.  

mas Semdeg, mzis energiaze momuSave fotoelementebma didi gza gaiara. mzis 
panelebis gaiafebis garda, mwarmoeblebi muSaoben inovaciebze, magaliTad, ul-
traTxeli da gamWvirvale fotoeleqtruli minis Seqmnaze fanjrebisTvis.

mzis elementis muSaobis principi dafuZnebulia P- da N-tipis naxevargam-
tarebze. mzis sxivis energia rom eleqtrul energiad gardaiqmnas, saWiroa is 
daeces mowyobilobaze, romelic am ori tipis fenisagan Sedgeba. erTSi ele-
qtronebis siWarbea, meoreSi ki, piriqiT – deficiti (nax. 1-1). Tu am fenebs wred-
Si SevaerTebT, Warbi eleqtronebi N-tipis naxevargamtaridan wreds gaivlis da 
sabolood gadava P-tipis masalaSi, sadac eleqtronebis deficiti Seivseba (nax. 
1-2). Semdgomi sxivis moxvedris Semdeg xelaxla dairRveva masalaSi eleqtro-
nuli simkvrivis balansi da procesi gameordeba. 

mzis elementebis muSaobis princips detalurad qvemoT ganvixilavT. 

N

P

N

P

             nax. 1-1                       nax. 1-2
nax. 1. mzis energiis gardaqmna eleqtrul energiad. 

nax. 2-ze mocemulia mzis elementis agebuleba. 
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damcavi mina
metalis kontaqti

P-tipis
naxevargamtari

N-tipis
naxevargamtari

metali

nax. 2. mzis elementis konstruqcia.

N- da P-tipis naxevargamtarebi sxvadasxva masalisgan SeiZleba damzaddes, Tum-
ca yvelaze xSirad gamoiyeneba siliciumi. warmovidginoT siliciumis kristali 
(nax. 3). siliciumis atoms gare Sreze 4 eleqtroni aqvs, romelTa saSualebiTac 
igi mezobel atomebTan erTad stabilur kristalur struqturas qmnis.

SiSiSiSiSiSi

SiSiSiSiSiSi

SiSiSiSiSiSi

nax. 3. siliciumis TiToeuli atomis gare Sris oTxi eleqtroni mezobel atomebTan 
bmas amyarebs da amiT kristalur struqturas warmoqmnis. naxazi gamartivebuli saxi-

Taa mocemuli.

ra moxdeba, TU am meserSi siliciumis zogierT atoms fosforis atomiT Cava-
nacvlebT?

fosfors gare Sreze 5 eleqtroni aqvs, rac siliciumis gare Sris ele-
qtronebis raodenobasTan SedarebiT erTiT metia. fosforis atomi 5-dan 4 ele-
qtroniT mezobel siliciumis atomebTan daamyarebs kavSirebs, xolo darCenili 
erTi eleqtroni bmis warmoqmnaSi ar Caebmeba. nacvlad amisa, am erT eleqtrons 
Tavisuflad SeeZleba moZraoba (nax. 4). iseT masalas, romelSic eleqtronebs, 
bmis warmoqmnis magivrad, masalaSi Tavisuflad moZraoba SeuZlia, N-tipis nax-
evargamtars uwodeben.
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SiPSiSiPSi

SiSiSiSiSiSi

SiSiSiSiSiSi

nax. 4. N-tipis naxevargamtari miiReba siliciumis zogierTi atomis fosforis atom-
ebiT CanacvlebiT.

axla ki ganvixiloT, ra moxdeba, Tu siliciumis kristalur meserSi zogierT 
atoms boris atomebiT CavanacvlebT.

bors gare Sreze aqvs 3 eleqtroni. rodesac boris atomi siliciumis krista-
lur meserSi moxvdeba, mezobel sam siliciumis atomTan warmoqmnis bmebs, magram 
meoTxe siliciumis atomTan dasakavSirebeli eleqtroni mas ar eqneba, ris ga-
moc eleqtronisaTvis Cndeba vakanturi adgili, rasac „ormos“ uwodeben (nax. 5) 
(sqemaze aRniSnaven carieli wriT (O) an plus (+) niSniT, radgan igi eleqtronis 
naklebobas asaxavs). kristaluri mesris eleqtronebs am ormoebis dakaveba da 
ormoebidan gasvla SeuZlia, magram gaviTvaliswinoT, rom eleqtroni, romelmac 
ormo daikava, sxva atomisganaa wamosuli, rac imas niSnavs, rom am sxva atomSi 
gaCndeba ormo. sxva sityvebiT rom vTqvaT, ormoebs gadaadgileba SeuZlia. masa-
las, romelic eleqtronebis vakanturi adgilebs, e. i. ormoebs, Seicavs, P-tipis 
naxevargamtars uwodeben.

BSiBSiBSi

SiBSiBSiB

SiBSiBSiB

BSiBSiBSi

SiBSiBSiB

SiBSiBSiB

nax. 5. P-tipis naxevargamtarSi ormoebis gadaadgileba.

axali masalis miRebis mizniT kristalur meserSi minarevis Setanas, romelsac 
savalento eleqtronebis gansxvavebuli raodenoba aqvs, „dopirebas“ uwodeben.

mzis elementi miiReba P- da N-tipis naxevargamtaruli fenebis SeerTebiT 
(nax. 6). rogorc aRvniSneT, N-tipis fenaSi eleqtronebis siWarbea, xolo P-tipis 
fenaSi – ormoebis (anu vakanturi adgilebis, sadac eleqtronis naklebobaa). 
am ori fenis Sexebis adgilze eleqtronebi N-tipis naxevargamtaridan gadadis 
P-tipis naxevargamtarSi da avsebs ormoebs. es SeerTebis adgilze qmnis fenas, 
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romelSic eleqtronebi ormoebs avsebs (nax. 6). masSi warmoiqmneba eleqtruli 
veli, romelic mimarTulia P-tipis naxevargamtaridan N-tipisken.
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Tavi 2. eleqtroqimia, Jangva-aRdgenis reaqciebi

romelSic eleqtronebi ormoebs avsebs (nax. 6). masSi warmoiqmneba eleqtruli 
veli, romelic mimarTulia P-tipis naxevargamtaridan N-tipisken.

BSiBSiBSi

SiBSiBSiB

SiBSiBSiB

PSiPSiPSi

SiPSiPSiP

SiPSiPSiP

BSiBSiBSi

SiBSiBSiB

SiBSiBSiB

PSiPSiPSi

SiPSiPSiP

SiPSiPSiP

el
eq
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r
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l

i 
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l
i+ +

- -

nax. 6. mzis elementis sqema, sadac naCvenebia N- da P-tipis fenebi da maT Soris warmo-
qmnili zona.

rodesac mzis sxivebi daecema mzis elements, masalaSi arsebuli zogierT ele-
qtroni, romlebic bmis warmoqmnaSi monawileobs, aRigzneba da garkveul mo-
mentSi, bmis warmoqmnis magivrad, Tavisuflad gadaadgileba. eleqtronis bmi-
dan mowyveta cxadia gulisxmobs am adgilze ormos Seqmnasac (nax. 7-1). radgan 
SeerTebis adgilze Seqmnilia eleqtruli veli, aRniSnuli eleqtronebi mi-
izideba N-tipis naxevargamtaris mier, xolo ormoebi – P-tipis gamtaris mier  
(nax. 7-2). Sedegad miviReT Semdegi suraTs, rom N-tipis naxevargamtarSi dag-
rovda Warbi eleqtroni, xolo P-tipis naxevargamtarSi Warbi ormo (eleqtronis 
vakanturi adgilebi) (nax. 1-1). sakmarisia es ori naxevargamtari mavTuliT Se-
vaerToT erTmaneTTan, masSi aRiZvreba eleqtruli deni (nax. 1-2).

 

nax. 6. mzis elementis sqema, sadac naCvenebia N- da P-tipis fenebi da  
maT Soris warmoqmnili zona.

rodesac mzis sxivebi daecema mzis elements, masalaSi arsebuli zogierT ele-
qtroni, romlebic bmis warmoqmnaSi monawileobs, aRigzneba da garkveul mo-
mentSi, bmis warmoqmnis magivrad, Tavisuflad gadaadgileba. eleqtronis bmi-
dan mowyveta, cxadia, gulisxmobs am adgilze ormos Seqmnasac (nax. 7-1). radgan 
SeerTebis adgilze Seqmnilia eleqtruli veli, aRniSnuli eleqtronebi mi-
izideba N-tipis naxevargamtaris mier, xolo ormoebi – P-tipis gamtaris mier  
(nax. 7-2). Sedegad miviRebT Semdeg suraTs, rom N-tipis naxevargamtarSi dag-
rovda Warbi eleqtroni, xolo P-tipis naxevargamtarSi Warbi ormo (eleqtronis 
vakanturi adgilebi) (nax. 7.1). sakmarisia es ori naxevargamtari mavTuliT Se-
vaerToT erTmaneTTan, masSi aRiZvreba eleqtruli deni (nax. 7.2).
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nax. 7-1.

nax. 7-2.
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BSiBSiBSi

SiBSiBSiB

SiBSiBSiB

PSiPSiPSi

SiPSiPSiP

SiPSiPSiP

BSiBSiBSi

SiBSiBSiB

SiBSiBSiB

PSiPSiPSi

SiPSiPSiP

SiPSiPSiP
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nax. 7-1.

nax. 7-2.

BSiBSiBSi

SiBSiBSiB

SiBSiBSiB

PSiPSiPSi

SiPSiPSiP

SiPSiPSiP

BSiBSiBSi

SiBSiBSiB

SiBSiBSiB

PSiPSiPSi

SiPSiPSiP

SiPSiPSiP
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BSiBSiBSi

SiBSiBSiB

SiBSiBSiB

PSiPSiPSi

SiPSiPSiP

SiPSiPSiP

BSiBSiBSi

SiBSiBSiB

SiBSiBSiB

PSiPSiPSi

SiPSiPSiP

SiPSiPSiP
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nax. 7-1.

nax. 7-2.

BSiBSiBSi

SiBSiBSiB

SiBSiBSiB

PSiPSiPSi

SiPSiPSiP

SiPSiPSiP

BSiBSiBSi

SiBSiBSiB

SiBSiBSiB

PSiPSiPSi

SiPSiPSiP

SiPSiPSiP
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 Semajamebeli savarjiSoebi

1. gansazRvreT mocemul nivTierebebSi elementTa Jangvis ricxvebi:

O2, Al2S3, Cd3N2, MgCl2, NH3, PbO2, Na.

2. romeli nawilakia mJangavi mocemul reaqciaSi?

Cu0+2Ag+→Cu2++2Ag0

3. daadgineT elementTa Jangvis ricxvebi naerTSi, romlis formulaa Na2HPO4.

4. romeli nawilaki kargavs eleqtrons reaqciaSi Mg0+2Ag+→Mg2++2Ag0 ?

5. ra cvlilebas ganicdis Sn2+ ioni Sn2+→Sn4+ procesis dros? 

6. ra icvleba yovelTvis Jangva-aRdgenis reaqciebis dros?

7. SeadgineT Jangvis procesis amsaxveli sqema mocemuli reaqciisTvis: 

Cl2+2Br-→2Cl-+Br2

8. CamoTvlilTagan romelia aRdgenis sqema da romeli _ Jangvis?

a) S+4+4e-→S0;     b) S-2→S0+2e-;   

g) Mn+7+3e-→Mn+4;   d) Mn+7→Mn+4+3e-.

9. daadgineT, CamoTvlilTagan romelia Jangva-aRdgeniTi procesi:

a) 4Na+O2→2Na2O;     b) 3O2→2O3;  

g) AgNO3+NaCl→AgCl+NaNO3;   d) KI→K++I-.

10.  daadgineT, CamoTvlilTagan romelia Jangva-aRdgeniTi reaqcia:

a) CaCO3→CaO+CO2;  b) 2NH4Cl+Ca(OH)2→2NH3+2H2O+CaCl2;  
g) NaOH+HCl→NaCl+H2O; d) 2H2O→2H2+O2.

11. ras warmoadgens Cl2 
 mocemul reaqciaSi Jangva-aRdgenis TvalsazrisiT?

3Cl2+6NaOH→5NaCl+NaClO3+3H2O

12.  reaqciaSi AgNO3+HCl→AgCl+HNO3  mimdinareobs:

a) eleqtronebis mxolod gacema;  
b) eleqtronebis mxolod SeZena;  

g) eleqtronebis gacemac da SeZenac;  
d) eleqtronebis arc gacema da arc SeZena.

13.  gansazRvreT mocemul ionebSi elementTa Jangvis ricxvebi:
3 2
4 4 2 7 2PO ; ClO ; Cr O ; AsO .− − − −



98

Tema 2. eleqtroqimia, Jangva-aRdgenis reaqciebi

14.  Cangals faraven vercxliT, ra procesi mimdinareobs am dros Cangalze _ 
Jangva Tu aRdgena?

 denis wyaro

Cangali

AgNO3(wy)

Ag
(+) (-)

15. diagramaze naCvenebia xelsawyo, romelSic nakeToba unda moaoqrovon. 
romel wertilSi unda mivaerToT nakeToba?

 denis wyaro

metalis ionebis 
Semcveli xsnari

A B

S

+ -

a) A wertilSi, radgan is anodia;  b) A wertilSi, radgan is kaTodia;  

g) B wertilSi, radgan is anodia;  d) B wertilSi, radgan is kaTodia.

16. mocemulia galvanuri elementis sqema:

V

Zn

SO4
2- SO4

2-

Zn2+ Cu2+

1.0 M 1.0 M

Cu

marilis xidi

romeli nawilaki aRdgeba kaTodze?

a) Zn0 ;   b) Zn2+ ;   g) Cu2+;   d) Cu0.
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17.  mocemulia galvanuri elementis sqema:

V

SO4
2-SO4

2-

Cu2+ (wy)

Cu (my) 
eleqtrodi

Al(my) 
eleqtrodi

Al3+ (wy)

marilis 

xidi

voltmetrimavTuli

naxevarelementi 1 naxevarelementi 2

 a) gansazRvreT wredSi eleqtronebis mimarTuleba;

 b) rogor icvleba eleqtrodebis masebi?

18.  mocemul reaqciaSi: 
2Al0+ 3Ni2+ →3Ni0+ 2Al3+

 ramden mol eleqtrons gascems 2 moli alumini?

19.  moiyvaneT magaliTebi, raSi viyenebT gamtarebs an izolatorebs yovel-
dRiur cxovrebaSi.

20.  mimdinareobs tyviis bromidis nalRobis eleqtrolizi:

a) ra SeiniSneba anodze?  

b) ra nivTierebebi warmoiqmneba eleqtrodebze?

21.  moswavle atrebs eqsperiments _ amowmebs eqvsi nivTierebis (A- F) wyalxs-
narebis eleqtrogamtarobas da Sedegebi Seaqvs cxrilSi:

nivTiereba
ampermetris 

Cveneba, amperi

kaTodze 
gamoyofili 
nivTiereba

anodze 
gamoyofili 
nivTiereba

A 0.8 spilenZi qlori

B 1.0 wyalbadi qlori

C 0.0 _ _

D 0.8 spilenZi Jangbadi

E 1.2 wyalbadi Jangbadi

F 0.7 vercxli Jangbadi

 upasuxeT kiTxvebs:

a) CamoTvlilTagan romeli nivTierebaa araeleqtroliti?  

b) SeusabameT A-F nivTierebebi CamoTvlilebs: vercxl(I)-is nitrati, 
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spilenZ(II)-is sulfati, spilenZ(II)-is qloridi, natriumis hidroqsidi, 
Saqari, koncentrirebuli marilmJava.  

22. a) romel ionebs Seicavs: 1) kaliumis iodidi 2) oqro(III)-is qloridis wyalx-
snarebi? 
b) ra mimarTulebiT iwyebs ionebi moZraobas, Tu TiToeuli marilis wyalxs-
narSi CavuSvebT eleqtrodebs da CavrTavT dens? 
g) SeadgineT anodsa da kaTodze mimdinare procesebis amsaxveli sqemebi 
TiToeul SemTxvevaSi; 
d) ratom gamoiyofa oqro kaTodze, xolo kaliumi _ ara? 
e) moiyvaneT ori sxva marilis magaliTi, romelTa eleqtrolizi mimdin-
arebs zemoT aRniSnuli marilebis msgavsad. 

23. ratom iyeneben kaliumis permanganatsa (KMnO4) da diqromats (K2Cr2O7) 
laboratoriaSi aRmdgeni naerTebis aRmosaCenad?

24.  miuTiTeT, romeli elementisgan romelze gadadis eleqtronebi CamoTvlil 
reaqciebSi da gansazRvreT, romeli daiJanga da romeli _ aRdga:

a) 2Ca+O2→2CaO;  b) 2CO+O2→2CO2; 

g) CH4+2O2→CO2+2H2O;  d) 2CuO+C→2Cu+CO2;  

e) 4Fe+3O2→2Fe2O3;   v) Fe2O3+3CO→2Fe+3CO2.

25. CamoTvlilTagan romelia Jangva-aRdgeniTi reaqcia? daadgineT mJangavi da 
aRmdgeni TiToeul SemTxvevaSi.

a) 2Mg+CO2→2MgO+C;   b) SiO2+C→Si+CO2;   g) NaOH+HCl→NaCl+H2O; 

d) Fe+CuO→FeO+Cu;   e) C+PbO→Pb+CO. 

26. xsnarSi orvalentiani rkinis Semcvelobis dasadgenad xSirad iyeneben mJan-
gav agents _ kaliumis permanganats. analizi efuZneba reaqcias, romlis ion-
uri tolobaa: MnO4

- + 5Fe2+ + 8H+→Mn2+ + 5Fe3+ + 4H2O;

a) daadgineT mJangavi da aRmdgeni elementebi; 
b) ra daniSnuleba aqvs wyalbad-ionebs reaqciaSi? 
g) rogor unda SeiniSnos reaqciis dasruleba? 
d) SeadgineT Jangvisa da aRdgenis sqemebi.
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 SeiZleba Tu ara, limonma mogvces 
eleqtruli deni?

yvela metals gaaCnia garkveuli standartuli eleqtroduli potenciali, 
romelic sxvadasxva metalisTvis gansxvavebuli sididea (ix. danarTi gv. 175). Tu 
or sxvadasxva metals eleqtrolitis xsnarSi CavuSvebT, maTze warmoiqmneba po-
tencialTa sxvaoba, romlis denis wyarod gamoyeneba SeiZleba. aseT denis wyaros 
galvanur elements uwodeben. limoni SeiZleba gamoviyenoT, rogorc eleqtro-
litiani xsnaris WurWeli. Tu masSi CavarWobT sxvadasxva metalis firfitas da 
SevaerTebT Suqdiodur naTuras, vnaxavT, rom is ainTeba. 

eqsperimentisaTvis dagWirdebaT

reaqtivebi da masalebi:

•	 spilenZis firfita
•	 aluminis firfita
•	 eleqtrosadeni 
•	 naTura
•	 limoni

meti Zabvis misaRebad SegviZlia ramdenime limoni mimdevrobiT davukavSiroT 
erTmaneTs eleqtrosadenis saSualebiT:
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 rogor davfaroT moneta sxva 
metalis feniT?

rogorc viciT, eleqtrolizis procesSi kationebi moZraobs anodidan kaTo-
disaken. aqtiuri metalebis SemTxvevaSi kaTodze aRdgeba wyalbadi, xolo pasi-
uri metalebis SemTxvevaSi – metali. am meTodiT SesaZlebelia kaTodad gamoy-
enebuli nakeTobis galvanuri metalebiT dafarva.

eqsperimentisaTvis dagWirdebaT
reaqtivebi:

•	 spilenZis sulfatis wyalxsnari

•	 spilenZis firfita (an mavTuli)

•	 metalis moneta

qimiuri WurWeli da xelsawyoebi:

•	 eleqtrolizis abazana

•	 Stativi damWeriT

•	 denis gammarTveli, an 9-voltiani batarea

•	 Camrecxi

cdis msvleloba:

•	 moneta garecxeT da CaamagreT spilenZis sulfatis abazanaSi kaTodad, ise, 
rom moneta xsnariT, minimum, naxevrad daifaros. 

•	 anodad gamoiyeneT spilenZis naWeri/mavTuli da CarTeT denis gammarTveli. 
potencialTa sxvaoba ise daaregulireT, rom denis Zala 0.4 ampers ar aRe-
matebodes. 

•	 daaxloebiT 10 wuTis Semdeg moneta amoabruneT da gaimeoreT igive. oqmSi 
CainiSneT denis Zala da denis gatarebis dro. 
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Tema 3.  
araorganuli 

naerTebis 
mniSvnelovani 

warmomadgenlebi

  am Temis Seswavlis Semdeg SeZlebT upasuxoT kiTxvebs:

•	 ratom aris zogierTi elementi bunebaSi gavrcelebuli 
Tavisufali, zogi ki _ naerTis saxiT?

•	 ra principiT muSaobs zogierTi cecxlmaqri?

•	 ratom Rebaven xeebis Zirebs TeTrad?

•	 riT gansxvavdeba azotmJava sxva mJavebisgan?

•	 rogor davarbiloT xisti wyali?
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metalebi da maTi 
naerTebi
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3.1        metalebi garemoSi da maTi miReba

metalebi mniSvnelovan resurss warmoadgens araerT industriul procesSi. 
metalebi ZiriTadad naerTebis saxiT gvxvdeba da garemoSi maTi gavrcelebis 
formas metalis qimiuri aqtiuroba gansazRvravs. bunebaSi Tavisufali saxiT ar-
seboba SeuZlia mxolod pasiur metals, romelic eleqtroqimiuri Zabvis mwkrivSi 
wyalbadis marjvniv mdebareobs. aseTi metalebi ar iJangeba haeris JangbadiT, ar 
reagirebs wyalTan da bunebriv wylebSi arsebul mJavebTan, ris gamoc metalur 
saxes inarCunebs. danarCeni metalebi mxolod naerTebis (ZiriTadad, oqsidebisa 
da marilebis) saxiT gvxvdeba, rac garemoSi arsebul nivTierebebTan maTi urT-
ierTqmedebis Sedegia. magaliTad, s-blokis metalebi, romlebic maRali qimiuri 
aqtiurobiT gamoirCeva, bunebaSi mxolod marilebis saxiTaa, radgan ara mxolod 
isini, aramed maTi oqsidebic reagirebs wyalTan hidroqsidebis warmoqmniT. isini, 
Tavis mxriv, qimiurad aqtiurebia da garemoSi advilad gadadis marilebSi (nax. 3.1).

          silvini (KCl)                     bariti (BaSO4)                 magneziti (MgCO3)

nax. 3.1. yvela s elementi bunebaSi marilis saxiT gvxvdeba.

samrewvelo masStabiT metalTa miRebas metalurgia ewodeba. metalurgia mra-
val meTods aerTianebs. yvela maTganis safuZvelia metalis aRdgena bunebaSi 
arsebuli madnidan. amisaTvis metalurgiaSi xSirad gamoiyeneba eleqtroqimiuri  
(eleqtrolizi) (nax. 3.2) da qimiuri meTodebi. 

nax. 3.2. spilenZis miReba eleqtroliziT.  
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  kiTxvebi da davalebebi:

1. moiZieT informacia, ra naerTebis saxiTaa bunebaSi: 

     a) natriumi; b) kalciumi; g) alumini; d) rkina.

2. metaluri vercxlis sufTa saxiT misaRebad vercxli aRadgines misi wy-
alSi xsnadi marilisgan, risTvisac gamoiyenes TuTiis fxvnili. Seadgi-
neT Sesabamisi reaqciis toloba da gamoTvaleT, ra masis TuTia daix-
arjeba 1 kg vercxlis misaRebad.

3. dawereT rkina(II,III)-is oqsidisgan (Fe3O4) rkinis aRdgenis reaqciaTa 
tolobebi Semdegi aRmdgenebis gamoyenebiT:

a) naxSirbadi;
b) naxSirbad(II)-is oqsidi;
g) wyalbadi.

4. moiZieT informacia: 
a) romeli qimiuri reaqciebi mimdinareobs brZmedSi rkinis madnisgan 

Tujis gamodnobis procesSi;
b) ra gansxvavebaa Tujsa da folads Soris qimiuri Sedgenilobisa da 

fizikuri Tvisebebis mixedviT.

5. metaluri volframi, romelic naTurebis varvarebis Zafebis dasamza-
deblad gamoiyeneba, volfram(VI)-is oqsidze wyalbadis moqmedebiT mi-
iReba. daadgineT, ra moculobis (n. p.) wyalbadia saWiro 1 t volfra-
mis misaRebad.

maRali aqtiurobis mqone metalebi Znelad aR-
dgeba, amitom bunebrivi mineralebisgan isini sam-
rewvelo masStabiT mxolod nalRobis eleqtro-
liziT miiReba (ix. paragrafi 2.5). 

metalebi, romlebic SedarebiT naklebad aq-
tiuria da bunebaSi oqsidebis saxiTaa, sxvadasxva 
aRmdgenis gamoyenebiT miiReba. magaliTad, rkina 
ZiriTadad misi oqsidebidan miiReba:

+ → +2 3 2Fe O 3CO 2Fe 3CO  

es procesi metalurgiul qarxnebSi tardeba  
specialur RumelSi _ brZmedSi (nax. 3.3), romelic 
saSualebas iZleva, procesi maRal temperaturaze 
warimarTos. brZmeduli procesiT SesaZlebelia 
rkinis madnisgan gamoadnon rkiniT mdidari Se-
nadnobi _ Tuji, romlisganac SemdgomSi foladsa 
da sufTa rkinas iReben. 

nax 3.3. brZmedi ganiv WrilSi. 
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3.2        metalTa saerTo qimiuri Tvisebebi

3.2.1. wyalTan urTierTqmedeba

metalebi qimiuri aqtiurobiT erTmaneTisagan gamoirCeva, rac sxvadasxva niv-
TierebasTan maTi urTierTqmedebisas mJRavndeba. erTi-erTi yvelaze TvalsaCi-
noa metalebis wyalTan urTierTqmedeba. s-blokis elementebi liTiumi (Li), na-
triumi (Na), kaliumi (K), rubidiumi (Rb), ceziumi (Cs), kalciumi (Ca), bariumi 
(Ba) da stronciumi (Sr) wyalTan oTaxis temperaturaze urTierTqmedebs, wyal-
bads gamoaZevebs da tuteebs warmoqmnis (nax. 3.4):

+ → +2 22K 2H O 2KOH H

( )+ → +2 22
Ca 2H O Ca OH H

                        Li                                       Na                                     K

nax. 3.4. tute metalebi wyalTan aqtiurad urTierTqmedebs.

magniumi (Mg), sxva s elementebisagan gansxvavebiT, wyalTan mxolod maRal 
temperaturaze (100 °C) urTierTqmedebs:

+ → +2 2Mg H O  MgO H

miRebuli oqsidi Semdgom Zalian nela Sedis reaqciaSi wyalTan da uxsnadi 
hidroqsidis saxiT gamoileqeba:

( )+ →2 2
MgO H O  Mg OH

beriliumi (Be) ki arc cxel wyalTan Sedis reaqciaSi.
SeiZleba iTqvas, rom p-, d- da f-blokebSi Semavali metalebi wyalTan ar urT-

ierTqmedebs, Tumca amas garkveuli dazusteba sWirdeba. magaliTad, aluminis 
zedapiri, Cveulebriv, oqsidis (Al2O3) Txeli afskiT aris dafaruli da am mdgo-
mareobaSi wyalTan ar urTierTqmedebs. Tu alumins vercxliswyalSi meqanikurad 
movacilebT oqsidis fenas, maSin alumins zedapirze gadaekvreba vercxliswyali 
da miiReba amalgamirebuli alumini, romelic Zalian aqtiurad Sedis reaqciaSi 
wyalTan da gamoyofs wyalbads:
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+ → + ↑2 3 22Al 6H O  2Al(OH) 3H

rkina wyalTan wyalbadis gamoyofiT mxolod im SemTxvevaSi reagirebs, Tu  
700 °C-mde gavarvarebul rkinaze wylis orTqliT vimoqmedebT:

°

+ → +
  700  C 

2 3 4 23Fe 4H O  Fe O 4H

3.2.2. JangbadTan urTierTqmedeba

JangbadTan urTierTqmedebis reaqciac metalis aqtivobazea damokidebuli. 
Jangbadis areSi yvela metali iwvis, oqrosa da platinis garda. JangbadSi tute 
metalebi gansxvavebuli produqtebis warmoqmniT iwvis. magaliTad, liTiumis 
wvisas oqsidi miiReba:

→+ 2 24Li O  2Li O

ufro aqtiuri metalis, natriumis wvisas _ peroqsidi:

+ →2 2 22Na O   Na O

xolo kidev ufro metad aqtiuri kaliumi superoqsids warmoqmnis:

+ →2 2 42K 2O K O

meore jgufis warmomadgenlebi tute metalebze naklebad aqtiurebia, amitom 
maTi wvisas oqsidebi warmoiqmneba (nax. 3.5):

+ →22Mg O    2MgO

nax. 3.5. magniumi iwvis kaSkaSa aliT. nax. 3.6. naperwklebis warmoqmna rkinis 
wvaze miuTiTebs.

naklebad aqtiuri metalebis JangbadTan urTierTqmedeba mxolod maRal tem-
peraturaze mimdinareobs. aseTia, magaliTad, rkinis wva:

+ →2 3 43Fe 2O Fe O

es reaqcia SeiZleba vixiloT, rodesac rkinis sagans specialuri xelsawyoTi 
Wrian (nax. 3.6). Zlieri xaxunis gamo rkinis mcire nawilakebi Zalian cxelde-
ba da haerTan Sexebisas naperwklebis warmoqmniT iwvis. miRebuli produqtia 
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rkina(II,III)-is oqsidi _ Fe3O4, romelsac „rkinis xenjsac“ uwodeben. am oqsidSi 
Semavali rkinis atomebidan erTis Jangvis ricxvia +2, xolo danarCeni oris _ +3.

Jangbadis areSi wvis dros miRebul als sxvadasxva metalis SemTxvevaSi gansx-
vavebuli feri aqvs. magaliTad, liTiumis wvisas ali wiTelia, natriumis SemTx-
vevaSi _ yviTeli, kaliumis wvisas ali iisferia da a. S. (nax. 3.7).

                    
                       Li                                       Na                                   K 

nax. 3.7. sxvadasxva metali als gansxvavebul Seferilobas aniWebs. 

unda aRiniSnos, rom aseTive feris ali miiRe-
ba, Tu masSi sufTa metalis nacvlad am metalis 
marils SevitanT, magaliTad, ali yviTlad ifereba, 
Tu masSi natriumis qloridis xsnarSi dasvelebul 
wkirs SevitanT (nax. 3.8).

zogadad, elementebis mier alis Sefervis 
specifikuri unari farTod gamoiyeneba qimiur 
analizSi. analizisaTvis sakvlevi naerTis mcire ra-
odenoba platinis an niqromis mavTulisagan damza-
debuli maryuJis saSualebiT SeaqvT gazis sanaTu-
ris alis ufero nawilSi. Tu am dros xelsawyos 
– fotometris (nax. 3.9) saSualebiT gavzomavT alis 
Sefervis intensivobas, maSin SesaZlebeli gaxdeba 
nimuSSi elementis raodenobrivi Semcvelobis dad-
gena. analizis am meTods aluri fotometria ewo-
deba.

nax. 3.8. natriumis qloridis 
xsnarSi dasvelebul wkirs 

Tu SevitanT alSi, is kaSkaSa 
yviTel fers miiRebs. 
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nax. 3.9. aluri fotometri.

alis Sefervis unariT ZiriTadad metalebi gamoirCeva, TiToeulis Seferi-
loba mocemulia 3.1 cxrilSi.

cxrili 3.1. elementTa Seferiloba alSi Setanisas. 

elementi alis Seferiloba elementi alis Seferiloba

Li wiTeli Ca wiTeli  
(agurisferi)

B mwvane Sr wiTeli

Na yviTeli Cu mwvane

K iisferi Ba moyviTalo-mwvane

Rb muqi wiTeli 
(mewamuli) Cs cisferi

am meTodis saSualebiT aRmoaCines ramdenime met-
ali. magaliTad, rubidiumi, romlis naerTebic als 
sxva metalebisagan gansxvavebul fers _ muq wiTels 
(mewamuls, lalisfers) aniWebda. rubidiumis sax-
elwodeba swored am feris laTinuri saxelidan _  
rubidius _ momdinareobs. 

3.2.3. reaqcia halogenebTan

metalebi halogenebTan intensiurad urTierTq-
medebs. fToris areSi iwvis yvela metali, maT Soris, 
oqroc:

→+ 2 32Au 3F  2AuF

aseve intensiurad mimdinareobs metalTa wva qlo-
ris areSic. magaliTad, qloris areSi rkinis wviT mi-
iReba rkina(III)-is qloridi: 

nax. 3.10. alumini iodTan 
urTierTqmedebs didi 

raodenobiT siTbosa da 
sinaTlis gamoyofiT. 
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→+ 2 32Fe 3Cl  2FeCl

intensiurad mimdinareobs metalTa urTierTqmedeba bromTan da iodTanac. 
amis magaliTia reaqcia aluminsa da iods Soris, romlis drosac didi raodeno-
biT siTbo da sinaTle gamoiyofa (nax. 3.10):

+ →2 32Al 3I    2AlI

3.2.4. urTierTqmedeba marilTa wyalxsnarebTan

metalTa qimiuri aqtiurobis Sedarebisas mniSvnelovania maTi ganlageba met-
alTa eleqtroqimiuri aqtiurobis mwkrivSi. rogorc am mwkrivis gacnobisas vnax-
eT, ufro aqtiuri metali naklebad aqtiurs marilis xsnaridan aZevebs, magali-
Tad, rkina spilenZ(II)-is sulfatis wyalxsnaridan spilenZs gamoyofs (nax 3.11):

4 4CuSO Fe  FeSO Cu+ → +

nax. 3.11. spilenZ(II)-is sulfatis xsnarSi CaSvebul rkinis lursmanze SeiniSneba metal-
uri spilenZis gamoyofa.

magram SeuZlebelia CavataroT aseTi reaqcia im metalTa monawileobiT, rom-
lebic wyalTan energiulad urTierTqmedebs. magaliTad, Tu movindomebT, rom 
spilenZ(II)-is sulfatis wyalxsnaridan spilenZi natriumiT gamovaZevoT, natri-
umi wyalTan Seva reaqciaSi da tutes warmoqmnis:

+ → +2 22Na 2H O   2NaOH H

xolo miRebuli tute uxsnad spilenZ(II)-is hidroqsids gamoleqavs da, Sesabam-
isad, metalur spilenZs ver miviRebT:

( )+ → + ↓4 2 4 2
CuSO 2NaOH  Na SO Cu OH
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  kiTxvebi da davalebebi:

1. rogor icvleba periodsa da jgufSi metalebis qimiuri aqtiuroba da 
ratom?

2. ratom uSlis xels maRali qimiuri aqtiuroba bunebaSi metalebis Tavisu-
fali saxiT arsebobas? 

3. ratomaa magniumi naklebad aqtiuri, vidre natriumi da kalciumi?

4. SeadareT erTmaneTs rkinis urTierTqmedeba qlorTan da marilmJavasTan 
da upasuxeT kiTxvebs:

a) TiToeul reaqciaSi, romeli elementia mJangavi da romeli _ aRmdgeni?

b) romel SemTxvevaSi iJangeba rkina ufro metad?

g) ra daskvnis gakeTebis saSualebas iZleva mJangavTa Tvisebebis Sedareba?

5. metalTa mocemuli mwkrivis mixedviT upasuxeT kiTxvebs:

 Ag,      Cu,      Pb,      Fe,      Zn,      Mg,      Ca,      Na

(naklebad aqtiuri)  (Zlier aqtiuri)

  

 a) romeli maTgani inaxeba navTSi? axseniT mizezi;

 b) romeli maTgani ixsneba civ wyalSi? 

 g) romeli maTgani urTierTqmedebs JangbadTan Cveulebriv pirobebSi da 
romeli _ gaxurebiT? 

 d) urTierTqmedebs Tu ara isini qlorTan? sadac SesaZlebelia, Seadgi-
neT reaqciaTa tolobebi.

6. magniumis fxvnili Cayares spilenZ(II)-is sulfatis xsnarSi. WurWlis 
fskerze SeiniSna mowiTalo feris spilenZis warmoqmna.

 a) SeadgineT mimdinare reaqciis toloba;

 b) SeadgineT Jangvisa da aRdgenis sqemebi;

 g) daasaxeleT reaqciis tipi steqiometriis mixedviT;

 d) ratom aZevebs magniumi spilenZs?

 e) SeadgineT reaqciis sruli da Sekvecili ionuri tolobebi;

 v) SearCieT nivTierebaTa sxva wyvili, romelic msgavs Sedegs iZleva. 
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3.3      metalTa oqsidebi da hidroqsidebi

gamoyenebis TvalsazrisiT, metalTa naerTebidan yvelaze mniSvnelovani maTi 
oqsidebi, hidroqsidebi da marilebia. 

hidroqsidebidan, pirvel rigSi, natriumisa da kaliumis tuteebi unda gam-
ovarCioT.

natriumisa da kaliumis hidroqsidebi, romlebic mwvave natriumisa da mwvave 
kaliumis saxelwodebiTacaa cnobili, TeTri feris myari nivTierebebia. isini 
xSirad granulebis saxiTaa (nax. 3.12). tuteebi higroskopuli naerTebia _ en-
ergiulad STanTqavs wyals. garda amisa, haeridan ikavSirebs naxSirorJangs da 
karbonats warmoqmnis: 

+ → +2 2 3 22NaOH CO    Na CO H O

amitom tute hermetulad Tavdaxurul WurWelSi inaxeba. 

nax. 3.12. natriumis hidroqsidis granulebi. 

NaOH da KOH kargad ixsneba wyalSi, gaxsnisas gamoiyofa siTbo. isini Zlieri 
eleqtrolitebia, romlebic mTlianad disocirdeba wyalxsnarSi:

+ − + −→ + → +KOH K OH          NaOH Na OH
tuteebi reaqciaSi Sedis mJavebTan, mJava oqsidebsa da marilebTan. 
tuteebi, pirvel rigSi, sapnisa da gamrecxi saSualebebis warmoebaSi gamoi-

yeneba. tutis moqmedebiT cximi hidrolizdeba, ris Sedegadac wyalSi xsnadi 
naerTebi miiReba, rac recxvis efeqts mniSvnelovnad zrdis. amitom sarecxi sa-
Sualebebis umetesobas aqvs tute are (nax. 3.13). sxvadasxva Sedgenilobis tu-
teTa xsnarebs iyeneben sawarmoebSi milebis, boTlebis, sxvadasxva rezervuaris 
gasarecxad, sakanalizacio sistemebis gasawmendad da a. S. 

nax. 3.13. dasvelebul saponze moTavsebuli universaluri indikatoris qaRaldi 
mwvaned Seifera, rac gviCvenebs, rom saponSi tute area. 
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tutis, rogorc myari, aseve xsnaris saxiT, gamoyenebisas garkveuli sifrTxi-
lis dacvaa saWiro, radgan mas SeuZlia gamoiwvios kanis seriozuli damwvroba. 
tute are azianebs lorwovan garss. amitom, miuxedavad imisa, rom tute mJavas 
aneitralebs, dauSvebelia misi gamoyeneba antacidad, anu kuWis mJavianobis Sesa-
mcireblad. am mizniT iyeneben sxva naerTebs, magaliTad, aluminisa da magniumis 
hidroqsidebs. isini wyalSi uxsnadia, ris gamoc hidroqsid-anionebs ar warmo-
qmnis da, Sesabamisad, saylapavisa da kuWis lorwovani garsis gaRizianebas ar 
iwvevs. maRali mJavianobis dros kuWis wvenSi momatebulia H+-ionTa koncentra-
cia. antacidad gamoyenebuli hidroqsidi am ionebs aneitralebs, ris Sedegadac 
mJavianoba mcirdeba. ionuri saxiT reaqcia Semdegnairad gamoisaxeba:

+ ++ → +2
2 2Mg(OH) 2H Mg 2H O

rogorc vxedavT, xsnarSi mJavuri wyalbad-ionebis adgils magniumis ionebi 
ikavebs, ris gamoc mJavianoba mcirdeba. 

aluminis hidroqsidi, garda antacidad gamoyenebisa, farTod gamoiyeneba 
praqtikaSi wylis gasufTavebisas. rodesac wyali didi raodenobiT Setivnare-
bul minarevebs Seicavs, romelTa gafiltvrac rTuli da xangrZlivi procesia, 
wyals umateben aluminis sulfats, romelic hidrolizdeba da warmoqmnis alu-
minis hidroqsids:

+ → ↓ +2 4 3 2 3 2 4Al (SO 6H O 2Al(OH)  3H SO)

Al(OH)3 labiseburi naleqis saxiT gamoiyofa, romelic waritacebs nawilakebs 
da wyali sufTavdeba. 

aluminis hidroqsidi Sedis cecxlis Casaqrobad gamoyenebul qafebSic (nax. 
3.14). cecxlmaqrSi aluminis sulfatisa da natriumis hidrokarbonatis xsnare-
bia. rodesac cecxlmaqri samuSao mdgomareobaSi gadahyavT, es xsnarebi erTma-
neTs ereva da warimarTeba reaqcia:

+ → + ↓ + ↑2 4 3 3 2 4 3 2Al SO 6NaHCO 3Na SO 2Al(OH  ( ) 6CO)  

rogorc vxedavT, erTdroulad warmoiqmneba naleqic da airic, rac aqafebas 
iwvevs. qafSi arsebuli naxSirorJangi aqrobs als, xolo aluminis hidroqsidis 
suspenzia cecxlis keras aqrobs da xels uSlis alis gavrcelebas. 

natriumis
karnonati

aluminis sul-
fatis kartriji

maRali wnevis 
cilindri

wnevis 
maCvenebeli

safrqvevi

nax. 3.14. qafiani cecxlmaqri. 
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aluminis hidroqsidi, rogorc viciT, amfoteruli bunebisaa, rac imas niSnavs, 
rom is reaqciaSi Sedis rogorc mJavebTan, ise tuteebTan:

+ → +3 3 2Al(OH) 3HCl AlCl 3H O

+ →3 4NaOH Al(OH) Na[Al(OH) ]

am ukanasknel SemTxvevaSi miiReba wyalSi xsnadi kompleqsi _ natriumis tet-
rahidroqsoaluminati. 

zogadad, unda gvaxsovdes, rom alumini amfoterobas amJRavnebs ara mxolod 
hidroqsidis, aramed metalisa da oqsidis saxiTac:  

+ + → + ↑2 4 22Al 2NaOH 6H O 2Na[ Al(OH) ] 3H

+ + →2 3 2 4Al O 2NaOH 3H O 2Na[ Al(OH) ]

amitom ar SeiZleba aluminis nakeTobebis xangrZlivi kontaqti tute xsnarebT-
an, magaliTad, aluminis qvabis garecxva iseTi sarecxi saSualebiT, romelic 
Zlier tutes Seicavs.

metalTa oqsidebidan erT-erTi, romelic yvelaze farTod gamoiyeneba, kal-
ciumis oqsidia. igi miiReba kirqvis gaxurebiT 900 °C-ze:

°→ ↑+t
3 2CaCO CaO CO

kalciumis oqsids „Caumqrali kiri“ ewodeba. igi TeTri feris fxvnilia. wy-
alSi ixsneba, gaxsnisas gamoiyofa siTbo da gardaiqmneba hidroqsidad _ „Camqral 
kirad“. procesi SiSiniT mimdinareobs da cecxlis Caqrobas gvagonebs (swored 
aqedan warmodgeba misi teqnikuri saxelwodebac):

+ → +2 2CaO H O Ca(OH) Q

nax. 3.15. kirian wyalSi naxSirorJangis xan grZlivi gatarebisas xsnari jer imRvre va, 

Semdeg ki kvlav gamWvirvale xdeba.

kalciumis hidroqsidi (Ca(OH)2) TeTri feris fxvnilia. wyalSi mcired ixsneba: 
25 °C-ze 1 l wyalSi ixsneba 1.55 g hidroqsidi. ( )2

Ca OH -is wyalxsnars kiriani 
wyali ewodeba, xolo suspenzias _ kiris rZe. kiriani wyali Zlieri tutea hidro-
qsidis sruli disociaciis gamo. kirian wyalSi naxSirorJangis gatareba iwvevs 
xsnaris amRvrevas:

→+ +↓2 2 3 2Ca(OH) CO CaCO H O

Warbi raodenobiT 2CO -is gatarebisas naleqi ixsneba da xsnari isev gamWvir-
vale xdeba, wyalSi kargad xsnadi kalciumis hidrokarbonatis warmoqmnis gamo 
nax.3.15):



116

Tema 3. araorganuli naerTebis mniSvnelovani warmomadgenlebi

+ + 3 2 2 3 2CaCO CO H O   Ca(HCO )

bunebaSi es reaqcia Seqcevadia. kalciumis hidrokarbonati warmoiqmneba wvimis 
wylis gavliT niadagis karbonatul fenaSi da ixsneba miwisqveSa wylebSi. aseTi 
wylebis niadagidan gaJonvis dros, hidrokarbonati iSleba da isev warmoiqmneba 
kalciumis karbonati stalaqtitebisa da stalagmitebis saxiT (nax. 3.16): 

nax. 3.16. stalaqtitebi da stalagmitebi saTafliis mRvimeSi, quTaisSi. 

→ ↓ ↑+ +3 2  3 2 2Ca(HCO ) CaCO H O CO

zRvis wyalSi arsebul kalciumis ionebs iTvisebs cocxali organizmebi da 
Semdgom gamohyofs maT uxsnad marilebs niJarebis rifebis saxiT.

kalciumis hidroqsidis gamoyenebis erT-erTi mniSvnelovani sferoa soflis 
meurneoba, kerZod, misi saSualebiT mzaddeba iseTi farTod gamoyenebuli fungi-
cidi (sokos sawinaaRmdego saSualeba), rogoric e. w. „bordos xsnaria“ (nax 3.17).  
amisaTvis erTmaneTs ureven Sabiamnis wyalxsnarsa da kirian wyals:

 + → +4 2 2 4CuSO Ca(OH) Cu(OH) CaSO

rogorc reaqciis tolobidan Cans, miiReba uxsnadi spilenZ(II)-is hidro-
qsidi da mcired xsnadi kalciumis sulfati. amis Sedegad miiReba suspenzia, 
romelsac agronomebi mcenareebs foTlebsa da Reroebze asxureben (nax. 3.17). 
roca suspenzia SeSreba, foTlis zedapirze warmoiqmneba kalciumis sulfatis 
afski, romelic icavs mcenares sokovani daavadebisagan da, amasTan, didxans ar 
Camoirecxeba.

nax. 3.17. bordos xsnari kargi fungicidia. 
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kalciumis hidroqsidi mcenareTa dacvaSi pirdapir kiriani wylis saxiTac 
gamoiyeneba. misi saSualebiT xe-mcenareebis Zirebs aTeTreben, rac mniSvnelovnad 
amcirebs xeebze mavne mwerebis acocebis saSualebas (nax. 3.18).

nax. 3.18. mavneblebisgan dacvis mizniT xeebis Zirebs kiriani wyliT aTeTreben.

  kiTxvebi da davalebebi:

1. aCveneT natriumis tutis urTierTqmedeba mJava oqsidebTan, mJavebsa 
da marilebTan (naerTTa TiToeuli klasisaTvis dawereT, minimum, 2 
reaqcia). 

2. magniumis magaliTis msgavsad, SeadgineT aluminis hidroqsidis kuWSi 
arsebul marilmJavasTan reaqciis Sekvecili ionuri toloba.  

3. ratomaa rekomendebuli WurWlis recxvisas rezinis xelTaTmanebis 
gamoyeneba?

4. SeadgineT natriumis tutis TuTiasTan urTierTqmedebis reaqciis 
toloba. 
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natriumis marilebidan yvelaze mniSvnelovania natriumis karbonati ( )2 3Na CO , 
igive soda. igi gamoiyeneba sapnisa da minis warmoebaSi, yofa-cxovrebaSi sarecx 
saSualebad.

3NaHCO  natriumis hidrokarbonati (an bikarbonati)  _ sasmeli soda _ gamoy-
enebulia kvebis mrewvelobasa da medicinaSi. mis reaqcias ZmarTan Zalian xSirad 
iyeneben sxvadasxva saxeobis comis gasafueblad (nax. 3.19). 

3.19. gasafueblad coms sodasa da Zmars umateben. 

3NaNO  – natriumis nitrati, anu Ciles gvarjila _ gamoiyeneba azotis 
naerTebis misaRebad, aseve sasuqad.

3KNO  – kaliumis nitrati, anu indoeTis gvarjila _ gamoyenebulia miner-
alur sasuqad. 

2 3K CO  – kaliumis karbonati, anu potaSi _ gamoyenebulia mineralur sasuqad, 
qimiuri minis warmoebaSi, sapnis misaRebad da sxv.

KI – kaliumis iodidi _ gamoiyeneba medicinaSi, aseve kvebis mrewvelobaSi, ro-
gorc iodizebuli sufris marilis danamati da sxv.

kaliumi aucilebelia mcenaris zrda-ganviTarebisTvis, amitom misi marilebi 
gamoyenebulia mineralur sasuqebad. 

organizmSi natriumis ionebi, kaliumis ionebTan erTad, axorcielebs nervuli 
impulsebis gadatanas. natriumis ioni organizmSi xels uwyobs wylis dagrove-
bas, xolo kaliumis ioni _ wylis gamoyofas. Na+ Sedis sisxlis plazmaSi, K+ ki 
imyofeba ujredSi. maTi Tanafardoba aregulirebs wylis raodenobas sisxlis 
plazmaSi. adamianis organizmi Seicavs daaxloebiT 175 g kaliumis ions da 70 
g natriumis ions. sisxlSi Sedis 9 g/l NaCl. aseTi koncentraciis NaCl-is xs-
nars fiziologiuri xsnari ewodeba (nax. 3.20). igi gamoiyeneba medicinaSi sisx-
lis plazmis Sesacvlelad. adamianisaTvis kaliumis sadReRamiso norma Seadgens 
2-5 g-s, natriumisa ki daaxloebiT 10-30 g-s. aseve farTo gamoyeneba aqvs NaCl-

3.4                     marilebi
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is 10%-ian xsnars, e. w. `hipertonul” xsnars, romelic gamoiyeneba Wrilobebis 
dasamuSaveblad. misi antimikrobuli Tvisebebi damyarebulia osmosisa da difu-
ziis principze. kerZod, am xsnarSi mikrobebi kargavs wyals, ris gamoc maTi aq-
tiuroba mkveTrad mcirdeba.

nax. 3.20. fiziologiuri xsnari.

me-2 jgufis metalebidan biologiaSi didi mniSvneloba aqvs magniumsa da kal-
ciums. magniumi Sedis qlorofilis SedgenilobaSi (nax. 3.21), romlis saSuale-
biTac mimdinareobs fotosinTezi _ Jangbadisa da naxSirwylebis warmoqmna wyli-
sa da naxSirorJangisagan.

mcenare

qloroplasti

qlorofili

nax. 3.21. qlorofilis molekula. 

magniumi Sedis organizmSi (daaxloebiT 25 g) da ZiriTadad Tavmoyrilia Zv-
lebSi. magniumis ionebi organizmSi aucilebelia nervuli sistemis normaluri 
funqcionirebisaTvisac.

kalciumis ionebi (Ca2+) organizmSi didi raodenobiTaa. is Sedis Zvlebsa da 
kbilebSi kalciumis fosfatisa (Ca3(PO4)2) da kalciumis fToridis (CaF2) saxiT. 
amitom kalciumis Semcveli sakvebis miReba gansakuTrebiT saWiroa mozardebi-
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saTvis. sadReRamiso moTxovnileba kalciumis ionze 1 g-ia. saSualod adamianis 
organizmSi Sedis 1 kg elementi kalciumi. garda Zvlebisa, is saWiroa sisxlis 
Sededebisa da nervuli sistemis normaluri muSaobisTvis. kalciumi SeiTviseba 
rZis produqtebisgan D vitaminis meSveobiT. kalciumis nakleboba organizmSi 
iwvevs daavadebas, romelsac raqiti ewodeba (nax. 3.22).

normaluri Zvlebi raqiti

nax. 3.22. raqiti gamowveulia D vitaminis naklebobiT, rac, Tavis mxriv, iwvevs  
kalciumis cvlis darRvevas da Zvlebis simyifes, rac adreul asakSi maT  

deformacias iwvevs. 

kalciumis marilebidan yvelaze mniSvnelovania karbonati, romelsac iyeneben 
mSeneblobaSi, metalurgiaSi, cementis warmoebaSi, Caumqrali kirisa da 2CO -is 
misaRebad, kbilis fxvnilis dasamzadeblad, qaRaldis warmoebaSi, e. w. „carcis 
qaRaldis“ dasamzadeblad da a. S.

kalciumis sxva marilebidan bunebaSi gavrcelebulia sulfati mineral Ta-
baSiris saxiT _ ⋅4 2CaSO 2H O . TabaSiri TeTri feris fxvnilia, wyalSi mcired 
xsnadi (2 g/l). gaxurebisas kargavs wyals da gardaiqmneba alebastrad, romelic 
gamoyenebulia medicinaSi, arqiteqturaSi, mSeneblobaSi da a. S (nax. 3.23).

nax. 3.23. TabaSiris gamoyenebis sferoebi. 

kalciumisa da aluminis naerTebis gamoyenebis mniSvnelovani sferoa cementis 
warmoeba. cementi warmoadgens kalciumis silikatisa da aluminatis narevs da 
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  kiTxvebi da davalebebi:

1. gaixseneT da SeadgineT fotosinTezis reaqciis toloba. 

2. SeadgineT sodasa da Zmars Soris mimdinare reaqciis toloba. 

3. paragrafSi mocemuli informaciis safuZvelze upasuxeT kiTxvebs:
a) ramden mol kaliumisa da natriumis ions Seicavs adamianis orga-

nizmi?
b) ramden mol magniumisa da kalciumis ions Seicavs adamianis orga-

nizmi?
g) ra masis kaliumis qloridi Seicavs imdenive kaliumis ions, ramdeni-

caa sadReRamiso norma?
d) ra masis natriumis qloridi Seicavs imdenive natriumis ions, ram-

denicaa sadReRamiso norma?
e) ramdeni moli kalciumis fosfati Seicavs imdenive kalciumis ions, 

ramdenicaa sadReRamiso norma?

4. cementis erT-erTi Semadgeneli nawilia kalciumis aluminati. amgvari 
cementis Sekvris procesi gamoixateba gantolebiT:

2Ca(AlO2)2 + 10H2O → Ca2Al2O5 
∙ 7H2O + 2Al(OH)3

 ramdeni l wyalia saWiro 100 kg kalciumis aluminatis Semcveli 
amgvari cementis Sesakvrelad?

bunebrivi mineralebis gamowviT miiReba.
cements ureven qviSas da amateben wyals, ris Semdegac iwyeba cementis Sekvra 

da xelovnuri qvis _ betonis warmoqmna (nax. 3.24).

                              a)                                               b)   

3.24. (a) cementis qarxana; (b) xelovnuri qva _ betoni. 

saqarTveloSi, kerZod kaspSi, adgilobrivi nedleulis gamoyenebiT cementi 
aqtiurad iwarmoeba me-20 saukunis pirveli naxevridan. 
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3.5                  wylis sixiste

albaT, SegimCneviaT minaduRi Caidnis kedlebze. ra aris misi warmoqmnis 
mizezi?

bunebrivi wyali met-naklebi raodenobiT Seicavs kalciumisa da magniumis 
marilebs. Tu bunebriv wyalSi Mg2+ da Ca2+-ionebis Semcveloba didia, maSin wyali 
xistia, Tu aRniSnuli ionebi wyalSi Zalian mcire raodenobiTaa, maSin _ rbili. 
rbilia: wvimis wyali, wyaros wyali da sxv.

Mg2+ da Ca2+-is ionebis saerTo raodenobis mixedviT wyali SeiZleba iyos rbi-
li, xisti da Zalian xisti.

rbil wyalSi ionebis Semcveloba 2 mmoli/l-ze naklebia, xist wyalSi saSualod 
2-10 mmoli/l-s Seadgens da Zalian xist wyalSi 10 mmoli/l-ze metia. yvelaze 
xistia okeanis wyali (65 mmoli/l).

xisti wylis gamoyeneba teqnikuri miznebisTvis (centraluri gaTbobisaTvis) 
da gasarecxad mizanSewonili ar aris, radgan centraluri gaTbobis milebSi 

3CaCO -is gamoleqvis Sedegad sistema male gamodis mwyobridan, xolo recxvis 
dros kalciumisa da magniumis ionebi reaqciaSi Sedis saponTan (ZiriTadi niv-
Tiereba _ C17H35COONa) da warmoqmnis wyalSi uxsnad kalciumisa da magniumis 
marils, romelTac recxvis unari ar aqvs (nax. 3.25):

+ ++ → +2
17 35 17 35 22C H COONa Ca    (C H COO) Ca 2Na  

nax. 3.25. sarecxi manqanis nawilze magniumisa da kalciumis marilebis naleqi. 

bunebriv wyalSi Ca2+ da Mg2+ ionebis arsebobis gamo sapnis garkveuli raode-
noba ixarjeba wylis `darbilebaze~ da mxolod amis Semdeg iwyebs Tavisi funqci-
is Sesrulebas. xisti wylis dasarbileblad teqnikaSi mimarTaven mis damuSavebas 
sxvadasxva meTodiT, rac wyalSi Ca2+ da Mg2+ ionebis koncentracias amcirebs da 
wyals `arbilebs~.

arCeven sami saxis sixistes: karbonatuls, arakarbonatuls da saerTos.
karbonatuli sixiste gamowveulia wyalSi kalciumisa da magniumis hidro-

karbonatebis (Ca(HCO3)2 da Mg(HCO3)2) arsebobiT, arakarbonatuli sixiste ki 
gamowveulia kalciumisa da magniumis qloridebiTa da sulfatebiT. sixiste saer-
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Toa, Tu wyalSi aris rogorc karbonatuli, ise arakarbonatuli sixistis gamom-
wvevi marilebi.

karbonatuli sixistis acileba SesaZlebelia wylis aduRebiT, duRilis pro-
cesSi hidrokarbonatebi iSleba da gamoyofili 3CaCO  ileqeba WurWlis kedle-
bze minaduRis saxiT (nax. 3.26):

+ +→3 2  3 2 2Ca(HCO ) CaCO H O CO

( )→ +3 2  22
Mg(HCO )  Mg OH 2CO

nax. 3.26. minaduRi Caidnis kedlebze. 

amitom karbonatul sixistes droebiTi sixistec ewodeba. arakarbonatuli 
sixistis acileba wylis aduRebiT ver xerxdeba, radgan qloridebi da sulfate-
bi gacxelebiT ar ileqeba, amitom arakarbonatul sixistes mudmiv sixistesac 
uwodeben.

xisti wylis dasarbileblad teqnikaSi mimarTaven wylis damuSavebas: 
1) kalciumis tutiT, romelic droebiT sixistes acilebs

( )+ → +3 2  3 22
Ca(HCO ) Ca OH    2CaCO 2H O

es meTodi ufro ekonomiuria, vidre wylis aduReba.
2) sarecxi sodis saSualebiT, romelic wyals aclis rogorc droebiT, ise 

mudmiv sixistes:

+ → +3 2  2 3 3 3Mg(HCO ) Na CO   MgCO 2NaHCO

+ → +4 2 3 3 2 4CaSO Na CO    CaCO Na SO

3) natriumis fosfatis saSualebiT, romelic sodaze ufro efeqturia imis 
gamo, rom gamoleqili kalciumisa da magniumis fosfatebi ufro naklebad xsna-
dia, vidre karbonatebi:

+ → +4 3 4 3 4 2  2 43CaSO 2Na PO   Ca (PO ) 3Na SO

+ → +4 3 4 3 4 2  2 43MgSO 2Na PO    Mg (PO ) 3Na SO

dReisaTvis wyals arbileben ionitebis saSualebiT. ioniti warmoadgens maRal-
molekulur, myar organul nivTierebas, romlis ConCxi Seicavs fiqsirebul an-
ionebs da masTan dakavSirebul moZrav kationebs, romlebic mimoicvleba wyalSi:
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ioniti ioniti2 Na  + Ca Ca  + 2Na+_ _ +

2

ioniti xist wyalSi arsebuli kalciumisa da magniumis ionebs boWavs da xsnar-
Si maT nacvlad gadadis Na+ ionebi, ris Sedegadac wyali „rbildeba“ (nax. 3.27).

xisti wyali „rbili“ wyali

Sesasvleli gamosasvleli

wyali rbildeba, 
radgan kalci-

umisa da magniumis 
ionebs anacvlebs 
natriumis ionebi.

mimocvla

natriumis ioni

magniumis 
ioni

magniumis 
ioni

kalciumis ioni

kalciumis 
ioni

nax. 3.27. wylis damarbilebeli mowyobiloba, romelSic moTavsebulia ioniti. 

  kiTxvebi da davalebebi:

1. romel qimiur nivTierebebs iyeneben saojaxo pirobebSi WurWlis 
minaduRis mosaSoreblad? pasuxi daasabuTeT. 

2. SeadareT erTmaneTs wylis darbilebis meTodebi, mimoixileT 
TiToeulis dadebiTi da uaryofiTi mxareebi. romeli maTgania 
yvelaze efeqturi? pasuxi daasabuTeT. 

3. romeli nivTierebiT SeiZleba sodis Canacvleba wylis darbilebis 
procesSi? pasuxi daasabuTeT. 

4. 3.27 naxazis mixedviT aRwereT wylis darbilebis procesi.
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3.6           mZime metalebi da garemos  

                        dabinZureba

metalebi, sxvadasxva naerTis saxiT, xSirad xdeba garemos qimiuri dabinZurebis 
wyaro. aseT metalebs warmoadgens ZiriTadad e. w. „mZime metalebi“, romlebsac 
miekuTvneba 50 mae-ze meti atomuri masis mqone metalebi, magaliTad, tyvia, ver-
cxliswyali, kadmiumi, qromi, kala, spilenZi, rkina, TuTia da sxv. mZime metalebs 
miakuTvneben dariSxans da selensac miuxedavad imisa, rom es elementebi metal-
oidebs warmoadgens.

mZime metalTa naerTebi garemosaTvis gansakuTrebuli xifaTis Semcvelia, 
radgan maTi umetesoba maRali toqsikurobiT xasiaTdeba. unda aRiniSnos, rom 
am metalebis didi nawili aseve warmoadgens mikroelementebs, anu iseT element-
ebs, romlebic Zalian mcire raodenobiT aucilebelia organizmisaTvis. mikro-
elementebi Sedis im fermentTa SedgenilobaSi, romlebic mravali  biologi-
uri procesis warmmarTvelia. amitom yoveli mZime metalisaTvis SemoRebulia 
zRvrulad dasaSvebi koncentracia (zdk), romelic gviCvenebs, ra SemcvelobiT 
SeiZleba iyos mZime metali garemos obieqtebSi (niadagSi, wyalsa da haerSi), rom is 
usafrTxod CaiTvalos.

garemoSi mZime metali SeiZleba moxvdes rogorc bunebrivad, aseve adamianis 
moqmedebiT, anu anTropogenurad. 

 garemoSi moxvedrili mZime metalTa naerTebi sxvadasxva gziT xvdeba cocxal 
organizmebSi da dasaSvebze ufro maRali koncentraciis SemTxvevaSi mavne zemo-
qmedebas axdens maTze. 

adamianis organizmze mZime metalebisa da maTi naerTebis toqsikuri zemoq-
medeba ori ZiriTadi gziT xorcieldeba:

1) mZime metalis ions unari aqvs, daukavSirdes organizmSi arsebul mniS-
vnelovan nivTierebebs, magaliTad, fermentebs, nukleinis mJavebs da 
daarRvios maTi sasicocxlo funqciebi.

2) mZime metalis kations SeuZlia Caanacvlos organizmisTvis saWiro 
metali, magaliTad, Pb2+ ioni Caenacvleba Zn2+ ions, romelic sasicocxlo 
mniSvnelobis mqone fermentis Semadgeneli komponentia, ris Sedegadac es 
fermenti mwyobridan gamova. 

gavecnoT zogierT mZime metals, romlebic garemos problemur damabinZure-
blebs miekuTvneba.

dariSxani

Sxami

nax. 3.30. dariSxani da misi Semcveli naerTebi maRali toqsikurobiT gamoirCeva. 
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dariSxani (As). dariSxani (nax. 3.30) yvelaze toqsikuria im elementebs Soris, 
romlebsac adamiani Tavisi moRvaweobis sxvadasxva sferoSi iyenebs. garemoSi 
dariSxanis moxvedra sxvadasxva gziTaa SesaZlebeli. esenia: dariSxanis mopoveba-
gadamuSavebis samTamadno samuSaoebi, spilenZis, tyviisa da TuTiis gamodnoba, 
qvanaxSiris wva da a. S. maRali sisufTavis dariSxani aucilebeli komponentia 
mzis batareebSi, SuqdiodebSi, lazerebSi, integralur sqemebSi, naxevargam-
tarebSi da a. S. garda amisa, dariSxan(III)-is oqsidi (As2O3) da marilebi, romlebic 
dariSxans arsenit- (AsO2

-) da arsenat- (AsO3
3-) ionebis saxiT Seicavs, sxvadasxva 

pesticidis saxiT gamoiyeneba. garemoSi sxvadasxva gziT moxvedrili dariSxanis 
naerTebi aRwevs mcenareebSi da am gziT xvdeba kvebiT jaWvSi.  

dariSxani da misi naerTebi Zlieri kancerogenebia. isini iwvevs kanis, RviZlis, 
nawlavebis, Sardis buStisa da filtvebis simsivnes. gansakuTrebiT xSiria kanis 
kiboTi im adamianebis daavadeba, romlebsac uSualo kontaqti aqvT dariSxanis 
Semcvel naerTebTan. 

saqarTvelosaTvis dariSxaniT garemos dabinZurebis problema metad aqtua-
luria, vinaidan arsebobs misi sabado, romlis aqtiuri eqspluatacia mimdin-
areobda sabWoTa periodSi. amJamad rogorc sabado, ise gamamdidrebeli qarxana 
faqtobrivad aRar funqcionirebs, amitom warmoebis narCenebis gavrcelebis 
safrTxis Tavidan asacileblad aucilebelia saTanado monitoringis ganxor-
cieleba da konservaciuli samuSaoebis Catareba.

tyvia (Pb). tyvia warmoebaSi erT-
erTi yvelaze farTod gamoyenebuli 
mZime metalia. metaluri tyvia da 
misi naerTebi (oqsidebi, hologenide-
bi, karbonatebi, qromati, sulfati 
da sxv.) gamoiyeneba: akumulatorebis 
(nax. 3.31), rezinis, minis, minanqris, 
emalis, sarCilavis warmoebaSi; man-
qanaTmSeneblobaSi, poligrafiaSi, 
saRebavebis (tyviis TeTra, sxvadasxva 
pigmenti) dasamzadeblad, laq-saRe-
bavebis mdgradobis gasazrdelad 
da sxv. metaluri tyvia gamoiyeneba 
γ-gamosxivebisagan dasacavad. tyviis 
organuli naerTi _ tetraeTiltyvia 
benzinis antidetonatoruli danamatia.

adamianisaTvis tyvia zomierad toqsikuria. mis mier gamowveulia qronikuli 
mowamvla _ `saturnizmi~. 

saqarTveloSi tyviiT dabinZurebis erT-erTi wyaro iyo setyvis sawinaaRm-
dego sistema, romelSi tyvia(II)-is iodidi gamoiyeneboda. is temperaturisa da 
mzis sinaTlis moqmedebiT iSleba da metaluri tyviis saxiT azianebs garemos. 

gavixsenoT, rom Zalian didi xnis ganmavlobaSi tyviiT garemos dabinZurebis 
ZiriTad mizezs tetraeTiltyvia (nax. 3.32) warmoadgenda, romelsac benzinis 
xarisxis gazrdis mizniT iyenebdnen.  

nax. 3.31. tyviiT dabinZurebis ZiriTad 
wyaros akumulatorebi warmoadgens. 
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Sidawvis ZravaSi tetraeTiltyviis wvisas war-
moiqmneba metaluri tyvia da/an tyvia(II)-is oqsi-
di. orive maTgani ileqeba Zravis detalebze da 
azianebs maT.  

tyviis Semcveli benzinis gamoyenebiT garemos 
dabinZurebam iseT globalur masStabebs miaRwia, 
rom XXI saukunis dasawyisidan misi akrZalva dai-
wyo da sadReisod umravles qveyanaSi, maT Soris, 
saqarTveloSic  aRar gamoiyeneba.

vercxliswyali (Hg) vercxliswyali toqsikuria 
rogorc martivi nivTierebis (nax. 3.33), aseve 
naerTebis saxiTac. misi gavrcelebis anTropogen-
ur wyaroebs miekuTvneba: qloris eleqtroqimiuri 
warmoeba; vercxliswylis Semcveli pesticidebis, farmacevtuli preparatebis, 
gemebis saRebavebis, organuli sinTezis katalizatorebis, xelsawyoebis da a. S. 
damzadeba da gamoyeneba.

nax. 3.33. vercxliswyali. 

vercxliswyali upiratesad wylebis dabinZurebas iwvevs. Tavdapirvelad es 
mZime metali wyalSi Hg2+-is saxiT gadadis, xolo Semdeg mikroorganizmebis moq-
medebiT Zalze toqsikur vercxliswylis organul naerTebs warmoqmnis, romle-
bic advilad aRwevs wylis binadar organizmebSi (planqtonSi, wyalmcenareebSi, 
moluskebSi, TevzebSi da sxv.), saidanac kvebiT jaWvSi erTveba. aseTi formiT 
vercxliswyali gansakuTrebiT saSiSia adamianisa da cxovelebisaTvis, radgan igi 
swrafad xvdeba sisxlSi, gadadis tvinSi da azianebs mas, rac gaSeSebiT, orienta-
ciis dakargviT, mxedvelobis gauaresebiT da sxva simptomebiT gamoixateba. 

kadmiumi (Cd). kadmiumi (nax. 3.34) gamoiyeneba nikel-kadmiumiani akumula-
torebis, avtomobilebis radiatorebis, atomuri reaqtorebis maregulirebeli 
Reroebis, sxvadasxva Senadnobis, sasuqebis, pesticidebis, sawvavis danamatebis 
warmoebaSi. garda amisa, kadmiumis naerTebs sxvadasxva polimeruli nakeTobis 
damzadebisas iyeneben. kadmiumis bevri araorganuli naerTi Termomedegi pigmen-
tia da gamoiyeneba rezinis nakeTobebisa da tyavis SesaRebad, feradi minis, em-
alisa da minanqris dasamzadeblad, laqebisa da poligrafiuli saRebavebis war-
moebaSi da a. S. 

nax. 3.32. tetraeTiltyviis 
molekulis struqtura. 
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garemoSi kadmiumis moxvedris bevri gza 
arsebobs. esenia: Tujis, foladisa da sxva 
Senadnobebis warmoeba, nagvis wva, dize-
lis sawvaviT momuSave transportis gam-
onabolqvi, Tambaqos kvamli, kadmiumSem-
cveli sasuqebis gamoyeneba da a. S.

adamianis organizmSi kadmiumi upirates-
ad kvebiTi jaWvebiT xvdeba. kadmiumis 
ZiriTadi toqsikuroba imaSi gamoixateba, 
rom Cd2+ ionebis Warbi raodenobiT dag-
roveba organizmSi kalciumis deficits 
iwvevs.  

unda aRiniSnos, rom kadmiumis maRali 
toqsikurobis gamo sastikad akrZalulia 
sabavSvo saTamaSoebis SesaRebad kadmiumis 
Semcveli saRebavebis (nax. 3.35) gamoyeneba, 
aseve izRudeba sxvadasxva sferoSi metal-
uri kadmiumisa da misi naerTebis gamoyene-
ba, mkacri kontrolia dawesebuli kadmiu-
mis Semcveli narCenebis marTvazec. 

kvebiT jaWvSi mZime metalTa moxvedris erT-erTi gzaa maTi ionebis Sewova 
mcenareTa mier. mcenareTa umetesobisaTvis es procesi nela mimdinareobs. ro-
gorc wesi, aseTi mcenareebisaTvis mZime metalebi toqsikurad moqmedebs. magram 
arsebobs gansakuTrebuli mcenareebi _ hiperakumulatorebi, romlebsac didi 
raodenobiT mZime metalebis SeTviseba da maTi SeboWva SeuZlia. aseTi mcenareebi 
gamoiyeneba fitoremediaciaSi _ teqnologiaSi, romelic qimiurad dabinZure-
buli garemos gasasufTaveblad gamoiyeneba. fitoremediaciuli teqnologiebi 
ekologiurad yvelaze megobrulia, radgan isini mcenareTa bunebriv unarzea 
dafuZnebuli.  

  kiTxvebi da davalebebi:

1. moiyvaneT garemos dabinZurebis bunebrivi da anTropogenuri faqtorebis 
magaliTebi.

2. ratom ar SeiZleba gatexili Termometris moTavseba sayofacxovrebo 
narCenebSi?

3. moiZieT informacia fitoremediaciuli teqnologiebis Sesaxeb.

nax. 3.34. kadmiumi. 

nax. 3.35. kadmiumis Semcveli 
yviTeli pigmenti. 
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arametalebi da maTi 
naerTebi 
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3.7        arametalTa wyalbadnaerTebis  

           zogadi daxasiaTeba da gamoyeneba

3.7.1.  fuZe da mJava Tvisebebi

arametalTa wyalbadnaerTebi aqroladi nivTierebebia. isini wyalxsnarebSi 
SeiZleba amJRavnebdes mJava, fuZe an neitralur Tvisebebs, rac periodulobis 
cxrilSi arametalis mdebareobazea damokidebuli. 

gavixsenoT, rom uJangbado mJavaTa siZliere periodulobis cxrilSi marcx-
nidan marjvniv, aseve zevidan qveviT izrdeba. zogadad, mJava Tvisebebs me-16 
(VIA) da me-17 (VIIA) jgufebis elementTa wyalbadnaerTebi amJRavnebs, maTgan 
yvelaze Zlier mJavebs halogenTa wyalbadnaerTebi warmoadgens. 

fuZe Tvisebebs rac Seexeba, aseTi unariT mxolod amiaki (NH3) gamoirCeva, 
radgan mas donoruli Tvisebebis mqone Tavisufali eleqtronuli wyvili aqvs, 
romelsac wyalbad-ionis dakavSireba SeuZlia. me-15 (VA) jgufis sxva elemen-
tebs azotTan SedarebiT bevrad dabali eleqtrouaryofiToba aqvs. amitom maTi 
wyalbadnaerTebis polaroba mcirea, Semcirebulia wyalbadis kationis mierTebis 
unari da, Sesabamisad, Sesustebulia fuZe Tvisebebic. magaliTad, fuZe Tvisebebi 
fosfins (PH3) Zalian sustad aqvs gamoxatuli, xolo arsinsa (AsH3) da stibins 
(SbH3) _  saerTod ar gaaCnia. 

me-14 (IVA) jgufis arametalTa wyalbadnaerTebi wyalSi praqtikulad usxnadi 
naerTebia, Sesabamisad, isini fuZe da mJava Tvisebebs ar amJRavnebs.

arametalTa wyalbadnaerTebi gamoyenebis TvalsazrisiT mniSvnelovan naer-
Tebs warmoadgens. maT Soris, SeiZleba gamovarCioT meTani, amiaki, wyali, go-
girdwyalbadi da qlorwyalbadi.

3.7.2. meTani (CH4)

meTani ufero da usuno airia, romelic wyalSi ar ixsneba. is bunebrivi airis 
mTavari Semadgeneli nawilia. didi xania, rac adamiani misi wviT miRebul ener-
gias yoveldRiurad iyenebs:

+ → +4 2 2 2CH 2O CO 2H O

reaqcia Zlier egzoTermulia: 1 moli meTanis dawvisas 890 kj siTbo gamoi-
yofa. meTani ZiriTadi sawvavia samzareulos qurebis, gaTbobis qvabebis, Tboe-
leqtrosadgurebisa da zogierTi Sigawvis ZravebisaTvis. garda amisa, meTani 
gamoiyeneba iseTi mniSvnelovani naerTis misaRebad, rogoricaa acetileni:

→ +4 2 2 22CH C H 3H

aseve, meTanisa da wylis orTqlis katalizuri gardaqmniT miiReba CO-sa da 
wyalbadis narevi, romelic nedleulia alkanebisa da spirtebis warmoebaSi.

3.7.3. amiaki (NH3)

amiaki ufero, mkveTri sunis mqone, wyalSi kargad xsnadi (20 °C-sa da 1 atm. 
wnevaze 1 l wyalSi daaxloebiT 720 l amiaki ixsneba) airia. es naerTi, ZiriTadad, 
azotovani sasuqebis warmoebaSi gamoiyeneba, romlebic amoniumis marilebs war-
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moadgens, amiaki nedleulia aseve azotmJavas warmoebaSi (nax.3.36).  

nax. 3.36. azotmJavas warmoeba.

amiakis JangbadTan urTierTqmedebis produqtebi damokidebulia reaqciis 
pirobebze. katalizatoris Tanaobisas reaqciis produqtebia azotis monooqsidi 
da wyali, xolo katalizatoris gareSe _ azoti da wyali. 

3.7.4. gogirdwyalbadi (H2S)
gogirdwyalbadi (H2S) ufero, usiamovno (laye kvercxis) sunis mqone wyalSi 

xsnadi airia. is toqsikuria _ CasunTqvisas uerTdeba sisxlSi arsebul cilas 
_ hemoglobins, romelic rkinis ionebs Seicavs da maTi saSualebiT Jangbadi 
gadaaqvs.  am reaqciis Sedegad rkinis ionebi iblokeba da kargavs Jangbadis mi-
erTebis unars, ris gamoc organizmSi Jangbadis miwodeba izRudeba. amas SeiZleba 
letaluri Sedegic mohyves _ adamiani gaigudos. amitom gogirdwyalbadTan muSa-
obisas gansakuTrebuli sifrTxilis dacvaa saWiro. haerSi misi arsebobis Semow-
mebis erT-erTi meTodia tyvia(II)-is nitratSi dasvelebuli qaRaldi, romelic 
H2S-sTan Sexebisas Savdeba, radgan warmoiqmneba Savi feris tyvia(II)-is sulfidi:

2 2Pb S PbS+ −+ → ↓

gogirdwyalbadi gvxvdeba bunebriv Tbil wylebSi, maT Soris, saqarTveloSic 
kerZod, Tbilisis zogierT ubanSi (nax. 3.37). 

nax 3.37. gogirdis abanoebi, abanoTubani, Tbilisi. 
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aseTi wylebi „gogirdiani wylebis“ saxeliTaa cnobili da kanis daavadebaTa 
samkurnalod gamoiyeneba. aseTi TvisebiT gamoirCeva „gogirdian wyalSi“ Sema-
vali elementuri gogirdi, romelic wyalSi gaxsnili gogirdwyalbadis haeris 
JangbadTan urTierTqmedebis Sedegad warmoiqmneba:

2H2S + O2 → 2H2O + 2S

3.7.5. halogenebis wyalbadnaerTebi

fTorwyalbadi (HF)  ufero, mkveTri sunis mqone, wyalSi kargad xsnadi airia, 
romelic maRali toqsikurobiT gamoirCeva. is susti mJavaa, radgan fTorwyal-
badis molekulebs Soris wyalbaduri bmebia, rac mJavas eleqtrolitur disocia-
cias aferxebs. HF cnobilia imiT, rom urTierTqmedebs siliciumis dioqsidTan:

4HF + SiO2 → SiF4 + 2H2O
amitom siliciumis dioqsidis Semcveli masala, magaliTad mina, fTorwyalbad-

mJavaSi „lRveba“, ris gamoc HF-is wyalxsnars „mlRob mJavas“ uwodeben (nax. 3.38).

nax. 3.38. mina fTorwyalbadmJavaSi „lRveba“.

am Tvisebis gamo minis WurWelSi „mlRobi mJavas“ Casxma ar SeiZleba da mas 
plastmasis WurWelSi inaxaven (nax. 3.39). HF gamoiyeneba: minis nakeTobebisTvis 
simqrqalis misacemad, qanebis qimiur analizSi, metalis zedapiris gasawmendad, 
metalTa nakeTobebze graviurebis dasatanad da a. S.

qlorwyalbadi (HCl) ufero, mkveTri sunis mqone, wyalSi kargad xsnadi airia. 
misi wyalxsnari Zlieri mJavaa da mas qlorwyalbadmJavas, anu marilmJavas uwode-
ben. marilmJavas farTo gamoyeneba aqvs _ metalTa zedapirebis wmenda, madnebis 
gadamuSaveba, sxvadasxva qimiuri sinTezi da a. S. marilmJava Sedis kuWis wvenis 
SedgenilobaSi, sadac is sakvebis monelebaSi monawileobs. 

marilmJavas koncentrirebuli xsnari 37%-mde HCl-s Seicavs. rogorc Zlieri 
mJava, advilad disocirdeba:

HCl H Cl+ −→ +
marilmJavas marilebi _ qloridebi farTod gamoiyeneba. magaliTad, NaCl kvebis 
mrewvelobaSi Seucvleli nivTierebaa, radgan gamoiyeneba, rogorc sufris mari-
li da konservanti. garda amisa, natriumis qloridi nedleulia qloris, qlor-
wyalbadisa da sxva nivTierebaTa warmoebaSi. 

qlorid-ionebis aRmomCenia Ag+ ionebi, romelTa urTierTqmedebisasac TeTri, 
xaWosebri naleqi warmoiqmneba (nax. 3.40):

Ag+ + Cl- → AgCl ↓
aseve uxsnad marilebs warmoadgens vercxl(I)-is bromidi da iodidi, amitom 

vercxl(I)-is kationi halogenid-anionebis aRmomCenad iTvleba. Tumca, unda 
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aRiniSnos, rom es meTodi ar gamodgeba fTorid-ionebis 
SemTxvevaSi, radgan vercxl(I)-is fToridi xsnadi maril-
ia. fTorid-ionebis aRmomCenad Ca2+ ionebi gamoiyeneba:

Ca2+ + 2F _ → CaF2 ↓
bromwyalbadi da iodwyalbadi ufero, usuno, wyal-
Si kargad xsnadi naerTebia. maTi wyalxsnarebi Zlieri 
mJavebia. qlorwyalbadsa da fTorwyalbadTan Sedare-
biT HBr da HI naklebad mdgradi naerTebia. isini Ziri-
Tadad organul sinTezSi gamoiyeneba.

zogjer gamoyenebas poulobs iseTi halogenSemcveli 
nivTierebebic, romlebic aramdgradia, an mxolod xs-
naris saxiT arsebobs. amis magaliTia qloris wyalxsnari, 
romelsac „qloriani wyali“ ewodeba. wyalSi gaxsnisas 
qlori nawilobriv reagirebs wyalTan da warmoiqmneba 
ori mJavas _ qlorwyalbadmJavasa da qveqlorovani mJa-
vas (HClO) narevi:

2 2H O+Cl HCl+HClO
es reaqcia Seqcevadia, magram wonasworoba marjvniv 

ixreba, radgan HClO aramdgradia da TandaTanobiT 
iSleba:

→ +HClO HCl O
am dros gamoiyofa atomuri Jangbadi, amitom „qlori-

ani wyali“ Zlieri mJangavia. mas SeuZlia daJangos zogi-
erTi saRebavi, ris gamoc maTeTrebel saSualebad gamoi-
yeneba. garda amisa, atomuri Jangbadi spobs baqteriebs. 
am Tvisebazea damyarebuli qloris gamoyeneba wylis sa-
dezinfeqciod. 

maTeTrebel da sadezinfeqcio saSualebad iyeneben e. w. „Javelis wyalsac“, 
romelic tutis civ xsnarSi qloris gatarebiT miiReba:

+ → + +2 22NaOH Cl NaCl NaClO H O

qveqlorovani mJavas natriumTan marili _ natriumis hipoqloriti (NaClO) 
aseve advilad iSleba atomuri Jangbadis gamoyofiT:

→ +NaClO NaCl O

nax. 3.39. fTorwyal-
badmJavas plastmasis 
WurWelSi inaxaven.

nax. 3.40. marilmJavasa 
da vercxl(I)-is nitra-
tis xsnarebis Serevis 
Sedegad xaWosebri Te-
Tri naleqi miiReba.

  kiTxvebi da davalebebi:

1. dawereT vercxl(I)-is bromidisa da iodidis warmoqmnis Sekvecili ionuri 
tolobebi.

2. moiZieT informacia Semdegi marilebis gamoyenebis Sesaxeb: 

   a) KCl, b) CaCl2, g) KBr, d) KI.
3. vercxlis halogenidebi sinaTleze iSleba metaluri vercxlis gamoyofiT. 

moiZieT informacia praqtikaSi am reaqciis gamoyenebis Sesaxeb.
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4. kaliumis tutis cxel xsnarSi qloris gatarebiT miiReba KCl da KClO3. 
SeadgineT reaqciis toloba da gaaTanabreT eleqtronuli balansis 
meTodiT.   

5. bromi da iodi wyalTan qloris msgavsad urTierTqmedebs. dawereT am 
reaqciaTa tolobebi.

6. mocemulia meTanis katalizuri gardaqmnis reaqcia gauTanabrebeli saxiT:

CH4+H2OCO+H2 
_ Q

a) warmoadgineT reaqcia gaTanabrebuli saxiT;
b) ra qmedebebiT SeiZleba gadavanacvloT wonasworoba ise, rom produqtis 

gamosavlianoba gaizardos?

7. amiakis miRebis laboratoriul meTodad amoniumis marilebze tutis 
moqmedeba gamoiyeneba:

+ → + ↑ +4 3 2NH Cl NaOH NaCl NH H O

SeadgineT am reaqciis Sekvecili ionuri toloba.

8. gaaanalizeT mocemuli energetikuli diagrama da upasuxeT kiTxvebs:

si
st

em
is

 e
ne

r
gi

a

reaqciis mimdinareoba

N2 + 3H2

2NH3

a) daasaxeleT reaqciis tipi klasifikaciis yvela SesaZlo niSnis mixedviT;

b) ratom ar iyeneben Zalian maRal temperaturas amiakis warmoebaSi?

g) rogor unda Seicvalos wneva da temperatura, rom produqtis gamosav-
lianoba iyos maqsimaluri?

9. rogor icvleba arametalTa wyalbadnaerTebis mJavuri siZliere perio-
debsa da jgufebSi?

10. paragrafSi mocemuli informaciis safuZvelze SeadgineT amiakis 
JangbadTan urTierTqmedebis reaqciebis tolobebi katalizatoriT da 
mis gareSe. reaqciebi gaaTanabreT eleqtronuli balansis meTodiT, 
miuTiTeT TiToeul SemTxvevaSi mJangavi da aRmdgeni.
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3.8        gogirdis oqsidebi da mJavebi

gavrcelebisa da gamoyenebis TvalsazrisiT arametalTa mniSvnelovan naer-
Tebs warmoadgens gogirdis, azotis, fosforisa da naxSirbadisa oqsidebi; go-
girdis, azotisa da fosforis mJavebi da maTi marilebi.

3.8.1. gogirdis oqsidebi
gogirdi JangbadTan warmoqmnis or oqsids: di-

oqsidsa (SO2)  da trioqsids SO3, romlebic mJava 
oqsidebia.

gogirdis dioqsidi ( 2SO )  ufero, mkveTri sunis 
mqone, haerze mZime, maxrCobela airia. wyalSi kar-
gad xsnadia _ n. p.-Si 1 moculoba wyalSi ixsneba 40 
moculoba 2SO . am dros dioqsidis nawili wyals 
uerTdeba da gogirdovan mJavas warmoqmnis: 

+ 2 2 2 3SO H O   H SO

gogirdis dioqsidis wyalTan urTierTqmede-
ba Seqcevadi procesia da wonasworoba ZiriTa-
dad gadaweulia marcxniv. amitom 2 3H SO  mxolod 
wyalxsnarSi arsebobs, is aramdgradia da advilad 
iSleba:

→ + ↑2 3 2 2H SO H O SO  

gogirdis dioqsidi antiseptikia _ baqteriebs 
spobs. amis gamo mas iyeneben Rvinis Sesanaxi WurW-
lis kasrebisa da qvevrebis sadezinfeqciod, xili-
sa da bostneulis dasakonserveblad da a. S. garda 
amisa, SO2 gamoiyeneba gogirdmJavas warmoebaSi, sa-
feiqro mrewvelobaSi, rogorc maTeTrebeli, rad-
ganac igi saRebavebTan ufero naerTs warmoqmnis 
(nax. 3.41).

gogirdis dioqsidi maRal temperaturaze (450°C) da katalizatoris Tanaobi-
sas gogirdis trioqsids warmoqmnis (nax. 3.42):

+ 2 2 32SO O    2SO

nax. 3.42. gogirdis trioqsidis miReba gogirdmJavas warmoebis erT-erTi safexuria da 
is specialur danadgarSi mimdinareobs, romelsac „kontaqtur aparatsac“ uwodeben. 

gargris Ciri damuSavebis 
gareSe

gogirdis dioqsidiT 
damuSavebuli gargris Ciri

 nax. 3.41. gogirdis dioq-
sidi kargi konservantia _ 
produqts rogorc gafu-

Webis, aseve feris Secvlis-
ganac icavs.
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gogirdis trioqsidi ( )3SO  advilad moZravi ufero siTxea. misi duRilis tem-
peraturaa 45°C, xolo lRobis _ 17°C. igi xarbad ierTebs wyals didi raodeno-
bis siTbos gamoyofiT da warmoqmnis gogirdmJavas:

+ →3 2 2 4SO H O   H SO
SO3 mJava oqsidis yvela Tvisebas amJRavnebs. is ZiriTadad gogirdmJavas war-

moebasa da qimiur mrewvelobaSi gamoiyeneba.

3.8.2. gogirdmJava (H2SO4)
koncentrirebuli gogirdmJava warmoadgens ufero, blant, mZime siTxes. is 

wyals xarbad STanTqams da am dros didi raodenobiT siTbo gamoiyofa, amitom 
gogirdmJavas wyalSi ganzavebisas didi sifrTxilea saWiro.

gvaxsovdes: ar SeiZleba koncentrirebul gogirdmJavaze wylis dasxma!  
wyali momentalurad aduRdeba da gaaSxefebs gogirdmJavas wveTebs, romelTa 
kanze moxvedra iwvevs damwvrobas da xangrZlivad Seuxorcebel wylulebs. gan-
zavebisas gogirdmJava wvrili WavliT frTxilad unda Caisxas wylian WurWelSi, 
romlis kedlebi onkanis wyliT unda civdebodes. amasTan, saWiroa ganuwyveteli 
moreva (nax. 3.43).

mJava

didi raode-
nobiT siTbos 

gamoyofa

mJavaze wylis 
damateba

xsnarma SeiZleba daiwyos 
duRili da gaaSxefos 

koncentrirebuli mJavas 
wveTebi

mJavaH2O

H2O
wyalze mJavas 

damateba

warmoqmnil siTbos 
STanTqams wyali

x 
nax. 3.43. koncentrirebuli mJavas ganzavebisas mJava unda daematos wyals da araviTar 

SemTxvevaSi _ piriqiT. 

ganzavebuli gogirdmJava Zlier orfuZian mJavas warmoadgens. is, praqtiku-
lad, srulad disocirdeba: 

+ −+

2
2 4 4H SO 2H SO  

gogirdmJava tipuri Zlieri mJavaa. ganzavebuli 2 4H SO  reaqciaSi Sedis aqti-
ur metalebTan, metalTa oqsidebTan, hidroqsidebTan da mraval marilTan. 

koncentrirebuli gogirdmJavas Tvisebebi gansxvavdeba ganzavebuli mJavas 
Tvisebebisagan. koncentrirebuli gogirdmJava Zlieri wyalwamrTmevi da Zlieri 
mJangavia. mas SeuZlia organuli naerTebis danaxSireba, magaliTad, Saqarze go-
girdmJavas Tu davawveTebT, Saqari gaSavdeba, radgan misi molekulebi wyals 
dakargavs da maT nacvlad naxSirbadi darCeba (nax. 3.44):

 + →2 4H SO  ( )
12 22 11 2C H O 12C 11H Okonc.



137

Tema 3. araorganuli naerTebis mniSvnelovani warmomadgenlebi

gogirdmJava

Saqari 
(saqaroza)

nax. 3.44. gogirdmJavasa da Saqris urTierTqmedeba.

koncentrirebuli gogirdmJavas mJangavi Tviseba spilenZTan mis urTierT-
qmedebaSic mJRavndeba:

2 4 4 2 2Cu 2H SO CuSO SO 2H O( )+ → + ↑ +konc.

koncentrirebuli 2 4H SO  Cveulebriv pirobebSi ar urTierTqmedebs rki-
nasTan, aluminTan da zogierT sxva metalTan, rac saSualebas iZleva, rom rki-
nis cisternebiT transportirdes. am dros metalis zedapirs gadaekvreba fena, 
romelTanac koncentrirebuli gogirdmJava ar moqmedebs. rkinasTan koncentri-
rebuli gogirdmJava mxolod maRal temperaturaze Sedis reaqciaSi: 

( )2 4 2 4 2 23
2Fe 6H SO Fe SO 3SO H) 6( O+ → + ↑ +konc.

3.8.3. gogirdmJavas marilebi

gogirdmJavas marilebidan (sulfatebidan) mxolod 
zogierTia xsnadi. magaliTad, praqtikulad uxsnadia 
BaSO4. amitom sulfat-ionebis aRmomCenia bariumis 
kationebi. maTi urTierTqmedebiT sulfat-ionebTan 
gamoiyofa mJavebSi uxsnadi TeTri feris kristaluri 
naleqi (nax. 3.45):

+ −+ →2 2
4 4Ba SO    BaSO

gogirdmJavas didi praqtikuli mniSvneloba aqvs, is 
mraval samrewvelo procesSi gamoiyeneba, magaliTad, 
mJavebis, sasuqebis, sxvadasxva marilis warmoebaSi. go-
girdmJavas katalizur Tvisebebs xSirad iyeneben organ-
uli naerTebis sinTezSi; 25%-iani gogirdmJava avtoman-
qanebis akumulatorebis eleqtrolitia da a. S. farTod 
gamoiyeneba sulfatebic, magaliTad:

natriumis sulfati gamoiyeneba medicinaSi, sodisa 
da minis warmoebaSi; 

⋅4 2CaSO  2H O  _ TabaSiri. gamoiyeneba medicinaSi, samSeneblo saqmeSi, xelovne-
basa da yofa-cxovrebaSi.

nax. 3.45. bariumis 
sulfatis naleqis 

warmoqmna.
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⋅4 2CuSO  5H O  _ Sabiamani, romelic, „bordos xsnaris“ saxiT, erT-erT yvelaze 
uvnebel pesticidad iTvleba. 

4BaSO  _ bariti gamoiyeneba medicinaSi, rentgenografiaSi kontrastul masad 
(nax. 3.46).

nax. 3.46. muclis Rrus rentgenograma, romelSic TeTri feriT Cans,  
Tu rogor ganawilda bariumis sulfati nawlavebSi.

  kiTxvebi da davalebebi:

1. SeadgineT natriumis sulfitis gogirdmJavasTan urTierTqmedebis sru-
li da Sekvecili ionuri tolobebi.

2. ramdenjer mZimea gogirdis dioqsidi haerze?

3. SeadgineT gogirdis trioqsidis urTierTqmedebis reaqciebi:

a) rkina(III)-is oqsidTan;

b) kaliumis tutesTan. 

4. dawereT reaqciaTa tolobebi, romlebic ganzavebuli gogirdmJavas Tvise-
bebs asaxavs, kerZod, misi urTierTqmedeba metalebTan, fuZe oqsidebTan, 
fuZeebTan.

5. mocemulia metalebTan gogirdmJavas urTierTqmedebis ori SemTxveva:

 a) ( )+ → +2 4 4 2Fe H SO FeSO Hganz.

 b) ( )+ → + +2 4 4 2 2Cu 2H SO . CuSO SO 2H Okonc

 romeli elementia mJangavi TiToeul reaqciaSi? ra daskvnis gakeTeba Sei-
Zleba am reaqciebis mixedviT gogirdmJavas mJangavi Tvisebebis Sesaxeb?

6. natriumis sulfats mravalmxrivi gamoyeneba aqvs. moiZieT informacia 
misi gamoyenebis Sesaxeb. 
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3.9        naxSirbadis oqsidebi da mJavebi

3.9.1. naxSirorJangi (CO2) da misgan warmoqmnili naerTebi

naxSirorJangi, anu naxSirbad(IV)-is oqsidi, anu naxSirbadis dioqsidi ufero, 
usuno, haerze mZime airia, romelic wyalSi kargad ixsneba. am dros igi warmoqm-
nis naxSirmJavas, romelic aramdgradia da advilad iSleba, amitom naxSirorJan-
gis wyalTan urTierTqmedebis reaqcia Seqcevadia:

+ 2 2 2 3CO H O   H CO

naxSirmJavas warmoqmnis gamo gazian wyals momJavo gemo aqvs da sasiamovno 
dasalevia. garda amisa, naxSirorJangi kargi konservantia _ mis areSi mikroor-
ganizmebis didi nawili ver mravldeba da mas sakvebisa da sxvadasxva sasmelis 
Sesanaxad iyeneben.  

naxSirmJava, rogorc sxva orfuZiani mJavebi, ori rigis marilebs _ hidrokar-
bonatebsa da karbonatebs warmoqmnis. hidrokarbonatebi wyalSi xsnadia. kar-
bonatebidan ki wyalSi ixsneba 1-eli jgufis metalTa marilebi. yvela hi-
drokarbonati gacxelebiT karbonatad gardaiqmneba: 

→ + +
   t    

3 2 3 2 22NaHCO Na CO H O CO

xolo karbonatebi, garda 1-li jgufis metalebis karbonatebisa, gaxurebiT 
fuZe oqsidebad da naxSirbadis dioqsidad iSleba:

→ +
   t    

3 2CaCO CaO CO

naxSirorJangs sublimaciis unari aqvs. is gamoiyeneba cecxlmaqrebSi, gan-
sakuTrebiT maSin, rodesac cecxlis Casaqrobad wylis gamoyeneba ar SeiZleba; 
magaliTad, rodesac xanZris mizezi gaumarTavi eleqtrogayvanilobaa, an iwvis 
wyalze ufro msubuqi siTxe, magaliTad, benzini an navTobi.

sawarmoo miznebisaTvis naxSirorJangis miReba sawvavis dawviT an karbonateb-
is daSliT SeiZleba, Tumca sasmelis gazirebisaTvis iyeneben naxSirorJangs, 
romelic bunebriv sabadoebSi moipoveba, an bunebrivi procesebiT, magaliTad, 
alkoholuri sasmelis daduRebisas warmoiqmneba (nax. 3.47).

nax. 3.47. Rvinis daduReba.
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naxSirorJangis aRmoCena SeiZleba alis CaqrobiT _ anu im Tvisebis gamoyen-
ebiT, rom CO2 wvas xels uSlis. aseve, misi aRmoCena SesaZlebelia kirian wyalSi 
gatarebiT, radgan kalciumis karbonatis warmoqmnis gamo xsnari imRvreva:

( ) + → ↓ +2 3 22
Ca OH CO CaCO H O

naxSirmJavas marilebi _ karbonatebi farTod gamoiyeneba mraval sferoSi. 
maTi aRmoCena 2 gziTaa SesaZlebeli: 

1) karbonatebze mJavas moqmedebiT, rodesac gamoiyofa naxSirbad(IV)-is oq-
sidi _ airi, romelic wvas xels uSlis:

+ −+ → + ↑2
3 2 22H CO H O CO  

2) karbonatis Semcvel xsnarze kalciumis kationebis moqmedebiT. am dros mi-
iReba TeTri naleqi, romelic mJavaSi xsnadia: 

+ −+ → ↓2 2
3 3Ca CO CaCO  

3.9.2. naxSirbad(II)-is oqsidi (CO)

naxSirbad(II)-is oqsidi, anu naxSirbadis monooqsidi, anu „mxuTavi airi“ ufero, 
usuno, ugemo airia. CO-s hemoglobinTan dakavSireba 200-300-jer ufro mar-
tivad SeuZlia, vidre Jangbads, amitom CO-s CasunTqvisas sisxli swrafad kar-
gavs Jangbadis gadatanis unars, rac sabolood adamianis daRupvis mizezi xdeba. 
swored amitom naxSirbad(II)-is oqsids `mxuTav airsac“ uwodeben.

naxSirbad(II)-is oqsidi naxSirbadis Semcveli sawvavis arasruli wvisas miiReba. 
rogorc viciT, rodesac naxSirbadi iwvis, naxSirorJangi warmoiqmneba:

+ →2 2C O CO

Tu miRebuli CO2 wvis keras droulad ar scildeba, magaliTad, Rumelis 
cudi gawovis gamo, maSin is zRudavs sawvavTan Jangbadis Sexebas da TviTon Sedis 
reaqciaSi gavarvarebul naxSirTan:

+ →2C CO 2CO

JangbadSi CO cisferi aliT iwvis da naxSirorJangs warmoqmnis:

+ →2 22CO O 2CO

amitom naxSirbadis Semcveli sawvavis cisferi aliT wva srul wvaze miuTiTebs 
(nax. 3.48).
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naxSirbadis Semcveli sawvavis 
arasruli wva

naxSirbadis Semcveli sawvavis 
sruli wva

nax. 3.48. bunebrivi airis wvisas lurji feris ali migvaniSnebs srul,  
xolo yviTeli _ arasrul wvaze. 

CO kargi aRmdgenia da xSirad gamoiyeneba metalTa misaRebad:

+ → + 2CuO CO Cu CO

  kiTxvebi da davalebebi:

1. kalciumis karbonatidan naxSirorJangi ori gansxvavebuli gziT Sei-
Zleba miviRoT. SeadgineT Sesabamisi reaqciebis tolobebi.

2. ramdenjer mZimea naxSirorJangi haerze?

3. SeadgineT natriumis karbonatisa da hidrokarbonatis warmoqmnis 
reaqciaTa tolobebi.

4. kaliumis tutis 100 g xsnarSi naxSirbadis dioqsidis gatarebis Sede-
gad miiRes xsnari, romelic 10 g kaliumis hidrokarbonatsa da 2.76 g 
kaliumis karbonats Seicavs. daadgineT sawyis xsnarSi tutis masuri 
wili. 
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3.10      azotis oqsidebi da mJavebi 

azoti xuTive Jangvis ricxvis Sesabamis oqsids warmoqmnis:

2 2 3 2 2 5N O, NO,  N O ,  NO ,  N O

maTgan gansakuTrebuli praqtikuli mniSvneloba azot(II)-isa da azot(IV)-is 
oqsidebs gaaCnia, radgan isini azotmJavas warmoebaSi gamoiyeneba da amasTan, 
garemos problemuri damabinZureblebia. 

azot(II)-is oqsidi azotis JangbadTan uSualo urTierTqmedebiT miiReba, rac 
mxolod gansakuTrebul pirobebSi, Zalian maRal temperaturaze xdeba (magali-
Tad, elWeqis dros, eleqtruli ganmuxtvisas):

+ 2 2N O 2NO

amitom reaqcia Zlier endoTermulia. NO warmoiqmneba aseve amiakis katali-
zuri Jangvisas, rac amiakidan azotmJavas miRebis sawarmoo meTodSi gamoiyeneba:

3 2 24NH 5O 4NO 6H O+ → +

NO ufero da usuno, wyalSi uxsnadi airia, romelic Zlier toqsikuria. 
is marilarwarmomqmnel, anu neitralur oqsids warmoadgens. haerze advilad 
ierTebs Jangbads da azotis dioqsids warmoqmnis:

2NO + O2 → 2NO2

NO2 – azotis dioqsidi anu azot(IV)-is oqsidi mkveTri sunis mqone mura feris 
airia. damaxasiaTebeli feris gamo „meliis kudsac“ uwodeben. Zlier toqsikuria. 
wyalSi gaxsnisas masTan reagirebs da warmoqmnis or mJavas _ azotovan mJavasa da 
azotmJavas:

+ → +2 2 2 3H O 2NO HNO HNO

aseve xdeba tuteebTan urTierTqmedebis drosac _ miiReba orive mJavas Sesa-
bamisi marilebi _ nitriti da nitrati.

azotovani mJava (HNO2) aramdgradi mJavaa, haeris Jangba-
diT advilad iJangeba da azotmJavas warmoqmnis. es Tviseba 
gamoiyeneba azotmJavas warmoebis bolo etapze, rodesac 
azotis dioqsids wyalSi JangbadTan erTad atareben:

+ + →2 2 2 32H O 4NO  O 4HNO

azotmJava (HNO3) ufero, mbolavi siTxea. sinaTleze da 
temperaturis moqmedebiT is advilad iSleba azotis dio-
qsidis gamoyofiT, romelic xsnars moyviTalo an wiTel 
fers aZlevs (nax. 3.49).

→ + ↑ + ↑
   t   

3 2 2 24HNO 2H O 4NO  O nax. 3.49. azotmJava, 
romelic nawilobriv 

daSlilia.
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HNO3 Zlieri mJava da Zlieri mJangavia. sxva mJavebisagan imiT gamoirCeva, rom 
metalebTan misi urTierTqmedebisas wyalbadi ar gamoiyofa. mas SeuZlia reaqciaSi 
Sevides rogorc aqtiur, aseve pasiur metalebTan. am dros sxvadasxva produqti 
miiReba, rac azotmJavas koncentraciaze, temperaturasa da metalis aqtiuro-
bazea damokidebuli. rogorc wesi, rac ufro ganzavebulia mJava, miT ufro 
metad aRdgeba azoti. magaliTad, spilenZTan koncentrirebuli azotmJavas ur-
TierTqmedebisas NO2 gamoiyofa (nax. 3.50):

( )3 3 2 22
Cu 4HNO Cu NO 2NO H) 2( O+ → + ↑ +konc.

nax. 3.50. spilenZis monetis urTierTqmedeba azotmJavasTan.

xolo ganzavebuli mJavas SemTxvevaSi NO miiReba:

( )3 3 22
3Cu 8HNO 3 O( Cu NO 2 O 4) N H+ → + ↑ +ganz.

unda aRiniSnos, rom ganzavebuli azotmJava arametalebTan analogiurad mo-
qmedebs.

TaviseburebiT gamoirCeva azotmJavas marilebic. yvela nitrati wyalSi xsna-
dia. isini gaxurebisas iSleba da am dros produqtebis warmoqmna metalis aqti-
urobazea damokidebuli, magaliTad, aqtiuri metalebis nitratebi nitritisa da 
Jangbadis gamoyofiT iSleba:

→ + ↑
   t   

3 2 22KNO 2KNO O

pasiur metalTa nitratebi (spilenZis garda) daSlisas metali, azotis dioq-
sidi da Jangbadi gamoiyofa:

→ + ↑ + ↑
   t   

3 2 22AgNO 2Ag 2NO O

xolo saSualo aqtivobis metalTa da spilenZ(II)-is nitratis daSlisas meta-
lis oqsidi, NO2 da Jangbadi gamoiyofa:

( ) → + ↑ + ↑
   t   

3 2 22
2Cu NO 2CuO 4NO 2O

azotmJava da misi marilebi ZiriTadad mineraluri sasuqebis warmoebaSi gamoi-
yeneba.
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  kiTxvebi da davalebebi:

1. SeadgineT azotmJavas urTierTqmedebis reaqciaTa tolobebi:

 a) fuZe oqsidTan;

 b) fuZesTan;

 g) marilTan.

2. SeadgineT reaqciaTa tolobebi, romlebic mimdinareobs:

 a) azotis dioqsidsa da kaliumis tutes Soris;

 b) azotovan mJavasa da haeris Jangbads Soris.

3. ganzavebuli azotmJavas magniumTan urTierTqmedebisas warmoiqmneba 
magniumisa da amoniumis nitratebi da gamoiyofa wyali. SeadgineT am 
reaqciis toloba, gaaTanabreT eleqtronuli balansis gamoyenebiT.

4. fosforTan koncentrirebuli azotmJavas urTierTqmedebiT miiReba 
fosformJava da gamoiyofa NO2, xolo ganzavebuli azotmJavas SemTx-
vevaSi _ fosformJava da NO.  SeadgineT orive reaqciis toloba, gaaTan-
abreT eleqtronuli balansis gamoyenebiT.

5. ganixileT teqstSi mocemuli reaqciebi, romlebic nitratebis daSlas 
asaxavs, da TiToeulSi miuTiTeT, romeli elementia mJangavi da romeli 
_ aRmdgeni.

6. azotmJavas 0.2 M xsnaris ramdeni ml iqneba saWiro natriumis hidroq-
sidis 80 ml 0.6 M xsnaris gasaneitraleblad?

7. gamoTvaleT 6.4 g spilenZis koncentrirebul azotmJavasTan urT-
ierTqmedebisas gamoyofili airis moculoba (n. p.).

8. mocemuli sqemis mixedviT SeasruleT gardaqmnebi:

NH3→NO→NO2→HNO3→NaNO3→NaNO2
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3.11        mineraluri sasuqebi 

mcenaris zrda-ganviTarebisaTvis saWiroa TiTqmis yvela elementi, magram 
met-naklebi raodenobiT. mcenares didi raodenobiT sWirdeba e. w. „makroelemen-
tebi“: kaliumi, azoti da fosfori. danarCeni elementebi saWiroa Zalian mcire 
raodenobiT, amitom maT mikroelementebs uwodeben. sasuqebs, romlebic mxolod 
erT mkvebav elements Seicavs, ewodeba martivi, xolo sasuqebs, romlebic erTze 
met mkvebav elements Seicavs – kompleqsuri.

azotiani sasuqebia Sardovana, nitratebi da amoniumis marilebi. azotiani 
sasuqebis xarisxi ganisazRvreba marilSi element azotis masuri wilis  mixedviT.

sasuqebidan azots yvelaze meti masuri wiliT Seicavs amoniumis nitrati, 
anu amoniumis gvarjila NH4NO3, amitom mas yvelaze farTod iyeneben. amoniumis 
gvarjilas iReben azotmJavaze amiakis moqmedebiT:

→+3 3 4 3NH HNO  NH NO

saerTod, amoniumis yvela marili azotiani sasuqia, magram misi qloridi NH4Cl 
naklebad aris gamoyenebuli, radgan is zogierT mcenareze (kartofili, vazi, 
Tambaqo) cudad moqmedebs. Zvirfasi azotiani organuli sasuqia Sardovana anu 
karbamidi (NH2)2CO. amoniumis nitratis garda, farTod iyeneben kaliumis gvar-
jilas KNO3, romelic kompleqsur sasuqs warmoadgens, radgan Seicavs or ele-
ments _ kaliumsa da azots. 

kaliumiani sasuqia kaliumis yvela marili, gansakuTrebiT ki nitrati, fos-
fati, sulfati. qloridebis gamoyenebas, saerTod, eridebian. kaliumiani sasuqia 
nacaric, romelic Seicavs K2CO3-sa da mikroelementebs (nax. 3.51).

nax. 3.51. nacars sasuqad iyeneben. 

fosforian sasuqebad fosformJavas wyalSi xsnadi marilebi iTvleba. sauke-
Teso kompleqsuri sasuqia amofosi _ amoniumis dihidrofosfatisa da amoniumis 
hidrofosfatis narevi, romelic Seicavs or elements _ azotsa da fosfors. 
amofosze kaliumiani sasuqebis, magaliTad, KCl-is damatebiT iReben kombinire-
bul sasuqs _ amofoskas, romelic mcenarisaTvis saWiro samive makroelements 
(N, K, P) Seicavs.
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  kiTxvebi da davalebebi:

1. moiZieT informacia, Tu ra roli aqvs kaliums, azotsa da fosfors 
mcenaris zrda-ganviTarebaSi. 

2. romeli sasuqi ufro met azots Seicavs, karbamidi Tu amoniumis gvar-
jila? pasuxi daasabuTeT Sesabamisi gamoTvlebiT.

3. moiZieT informacia sasuqebis araswor gamoyenebasTan dakavSirebuli 
problemebis Sesaxeb. 

4. mindvris kulturebis gamosakvebad 1 heqtarze saWiroa 65 kg amoniumis 
gvarjila. 

 a) ra masis azotmJavas 20%-iani xsnaria saWiro mis misaRebad?

 b) ra masis karbamidi Caanacvlebs am masis amoniumis gvarjilas?
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3.12       arametalTa oqsidebi, rogorc  

                garemos damabinZureblebi 

3.12.1. gogirdisa da azotis oqsidebi

arametalTa zogierTi oqsidi garemos problemur damabinZurebels warmoad-
gens. magaliTad, SO2, garda imisa, rom is pirdapir toqsikur zemoqmedebas axdens 
organizmze, azotis oqsidebTan (NO da NO2) erTad atmosferoSi mTel rig qi-
miur gardaqmnebs ganicdis, rasac Tan „mJava wvimebis“ warmoqmna axlavs (nax. 3.52):

→ →2 2 3 2 4SO H SO H SO

→ →2 3 2 4SO SO H SO

→ → →2 2 3NO NO HNO HNO

nax. 3.52. mJava wvimebis Sedegebi.

es reaqciebi inicirdeba ultraiisferi sxivebiT da haeris Jangbadis an ozonis 
monawileobiT mimdinareobs.

gamoangariSebulia, rom mJava wvimebis 60-
70% gogirdis dioqsidiT aris gamowveuli. 
SO2 da mJava naleqebi iwvevs metalis nake-
TobaTa korozias da organuli masalebis _ 
tyavis, qaRaldis, qsovilebis, rezinisa da 
saRebavebis daSlas. 

SO2-is bunebriv wyaroebs, pirvel rigSi, 
miekuTvneba: vulkanebi, tyis xanZrebi, go-
girdis Semcveli naerTebis mikrobiologi-
uri gardaqmnebi da sxv. anTropogenul wya-
ros ZiriTadad gogirdSemcveli sawvavis wva 
warmoadgens. garemosaTvis gansakuTrebiT 
saSiSia rezinis nakeTobebis, magaliTad, Zve-
li saburavebis dawva, radgan am dros didi raodenobiT SO2-is garda, muri da 
mxuTavi airic gamoiyofa (nax. 3.53).

anTropogenuri warmoSobis azotis oqsidebia NО da NО2, romlebic ZiriTa-

nax. 3.53. saburavebis dawva garemos 
did zians ayenebs.  
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dad saTbobis wvis dros, 1000 °С-ze ufro maRal temperaturaze warmoiqmne-
ba. garemoSi maTi gamoyofis ZiriTadi wyaroa benzinze momuSave saavtomobilo 
transporti. saavtomobilo Zravebis mwarmoeblebi cdiloben, ZravaSi Seiqmnas 
sawvavis sruli wvis pirobebi, ris Sedegadac izrdeba wvis temperatura da mniS-
vnelovnad imatebs  Zravis simZlavre. magram garemosaTvis es efeqti dadebiTi 
araa: marTalia, gamonabolqvSi CO-s Semcveloba mcirdeba, magram am tempera-
turaze warmoiqmneba azotis oqsidebi da kancerogenuli bunebis policikluri 
aromatuli naxSirwyalbadebi. am problemis gadasaWrelad Tanamedrove avtomo-
bilebSi specialuri katalizatorebi gamoiyeneba, romlebic gamonabolqvSi ro-
gorc CO-s, aseve azotis oqsidebis Sesamcirebladaa gankuTvnili.  

azotis monooqsidi usunoa, ar aRizianebs sasunTq gzebs da amitom mas ada-
miani ver SeigrZnobs. magram CasunTqvisas NO hemoglobins ukavSirdeba da mas 
JangbadTan dakavSirebis unars ukargavs, rac SeiZleba gagudvis mizezi gaxdes. 

NO haerTan Sexebisas NO2-Si gadadis. miRebuli azotis dioqsidi gansakuTre-
biT Zlierad aRizianebs lorwovan garss. organizmSi, tenian zedapirebTan kon-
taqtis Sedegad, azotis dioqsidisagan warmoiqmneba azotovani mJava da azotmJa-
va, romlebic azianebs filtvebs, ris Sedegadac sisxlidan siTxe filtvis RruSi 
gadadis da CasunTqul haerTan Serevisas qafdeba, rac filtvsa da haers Soris 
aircvlas abrkolebs. yovelive es mniSvnelovnad zRudavs sunTqvas. organizmze 
aseTi zemoqmedebis gamo azotis oqsidebi seriozul safrTxes warmoadgens ada-
mianis janmrTelobisaTvis maSinac ki, rodesac haerSi maTi Semcveloba dasaSveb 
zRvarze dabalia.

mJava wvimebis saxiT azotis oqsidebi iwvevs mcenaris ujredebSi mJavianobis 
zrdas, rac seriozul zians ayenebs maT. azotis dioqsidis mcenaresTan uSualo 
kontaqtis Sedegad foTlebi (an wiwvebi) yviTldeba an mewamul fers iRebs (nax. 
3.54).

nax. 3.54. mJava wvimebis Sedegad foTlebze SeiniSneba mewamuli feris laqebi. 

3.12.2. naxSirbadis oqsidebi

naxSirbad(II)-is oqsidi (CO), anu „mxuTavi airi“, romelic naxSirbadSemcveli 
naerTebis arasruli wvis dros warmoiqmneba, erT-erTi yvelaze toqsikuri aira-
di damabinZurebelia. naxSirbad(II)-is oqsidis bunebrivi emisiis wyaroebia vul-
kanebis moqmedeba da atmosferoSi meTanis fotoqimiuri Jangva. CO-s anTropo-
genuri warmoqmna, upirveles yovlisa, sawvavis wvasTanaa dakavSirebuli. am mxriv 
avtomobili erT-erT pirvel adgilzea. Sidawvis ZravebSi sawvavis wvisaTvis op-
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timaluri pirobebi mxolod garkveul samuSao reJimSi miiRweva, rodesac Zravis 
simZlavre daaxloebiT 75%-iT gamoiyeneba. CO-s gamoyofa am dros minimaluria. 
yvela danarCen SemTxvevebSi ki, gansakuTrebiT  Zravis daqoqvisas da `uqm~ re-
JimSi misi muSaobisas, CO-s Semcveloba gamonabolqvSi gansakuTrebiT maRalia. 
naxSirbadis monooqsidis garemoSi gamoyofisagan Tavis asacileblad mowinave 
avtomwarmoebeli kompaniebi avtomobilis mayuCSi amontaJeben specialur katal-
izatorebs, romlebic sawvavis bolomde, CO2-mde daJangvas uwyobs xels (nax. 
3.55). 

nax. 3.55. avtomobilis katalizuri gardamqmneli, romelSic specialuri 
katalizatoria moTavsebuli. 

avtomobilebis garda, CO SeiZleba gamoiyofodes nebismier sawvavze momuSave 
sayofacxovrebo gamaTboblebis moqmedebisasac, Tu raime mizeziT maTSi sawvavis 
sruli wva ar mimdinareobs. amisi xSiri mizezia wvis kameris arasakmarisi venti-
lacia, rodesac wvis produqtebi wvis keridan cudad gaiwoveba.  

naxSirbadis dioqsidi (CO2), anu naxSirorJangi, normalur bunebriv pirobebSi 
atmosferos moculobis daaxloebiT 0.03%-s Seadgens. atmosferuli CO2 niad-
agTan, wyalTan da cocxal organizmebTan (gansakuTrebiT, mcenareebTan) mud-
miv cvlaSia, rac naxSirorJangis bunebriv wrebrunvas qmnis. naxSirbadis dioq-
sidis bunebrivi emisiis wyaro mravalgvaria _ vulkanebis amofrqveva, sunTqvis 
procesi, organuli naerTebis mikrobiologiuri daSla, tyis masivebis xanZrebi. 
amas emateba didi moculobis `anTropogenuri CO2~, romelic sxvadasxva saxis 
saTbobis wvis dros gamoiyofa. cxadia, aseTi masStaburi emisia atmosferoSi 
katastrofuli raodenobis CO2-is dagrovebas gamoiwvevda, rom ar mimdinareob-
des misi uwyveti bunebrivi fiqsacia, romelic ZiriTadad fotosinTeziT, okean-
is wyalSi gaxsniT, tutemiwa metalebis oqsidebTan SeerTebiT da zogierTi sxva 
procesis saSualebiT xorcieldeba. 

naxSirbadis dioqsidis gamoyofisa da SeboWvis procesebs Soris dedamiwaze 
dinamikuri wonasworuli mdgomareobaa damyarebuli, romelic materikebisa da 
okeanisaTvis erTnairadaa damaxasiaTebeli. am wonasworobis darRveva, cxadia, 
did safrTxes Seuqmnis planetaze sicocxlis arsebobas. am mxriv uaRresad did 
ekologiur problemebs qmnis, erTi mxriv, CO2-is emisiis zrda sawvavis Seuz-
Rudavi raodenobiT wvis Sedegad, meore mxriv ki CO2-is fiqsaciis Seferxeba 
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mcenareuli safaris Semcirebis gamo, rac Tan sdevs urbanizacias, tyeebis Cexvas 
da a. S. 

naxSirorJangis koncentraciis mateba planetis globalur ekologiur prob-
lemas _ e. w. `saTburis efeqts~ qmnis. am efeqtis arsi SemdegSi mdgomareobs: 
mzis sxivebis siTburi energiis nawili dedamiwas aTbobs, nawili ki infrawiTeli 
sxivebis saxiT dedamiwis zedapiridan airekleba da varskvlavTSoris sivrceSi 
brundeba. amiT planetaze normaluri siTburi balansi myardeba. atmosferoSi 
zogierTi airi, maT Soris, naxSirorJangi, am infrawiTel sxivebs STanTqavs, ris 
gamoc areklili siTbos nawili troposferoSi rCeba da kosmosSi aRar brundeba 
(nax. 3.56) haerSi naxSirbadis dioqsidis koncentraciis kritikul donemde gaz-
rdisas siTbos Sekavebis procesma SeiZleba iseTi masStabi miiRos, rom planetis 
siTburi balansi dairRves da dedamiwa marTlac saTburs daemsgavsos. yovelive 
amas ki globaluri daTbobis gamowveva da dedamiwisaTvis aunazRaurebeli zara-
lis miyeneba SeuZlia. 

  
nax. 3.56. saTburi da saTburis efeqti. 

  kiTxvebi da davalebebi:

1. moiZieT informacia, Tu ra gzebs mimarTaven garemos dabinZurebis 
Sesamcireblad? ganixileT TiToeuli damabinZureblis SemTxveva cal-
calke. 

2. axseniT tyis gaCexviT gamowveuli uaryofiTi zegavlena garemoze. 

3. ratomaa aucilebeli, rom avtomobilis katalizuri gardamqmneli 
gamarTulad muSaobdes? 

4. bolo wlebSi zogierTi tbisa da wyalsatevis pH-is mniSvnelovani 
kleba SeiniSneba. ivaraudeT gamomwvevi mizezebi da imsjeleT, rogor 
SeiZleba am problemis mogvareba.
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 ganvlili masalis Sejameba

darwmundiT, rom iciT:

•	 s-blokis elementebi bunebaSi mxolod naerTebis saxiTaa gavrcelebuli. 

•	 samrewvelo masStabiT metalebs iReben maTi madnis gadamuSavebiT. 

•	 wyalTan aqtiurad urTierTqmedebs 1-eli da me-2 jgufis metalebi, garda 
magniumis da beriliumisa.

•	 Jangbadis areSi yvela metali iwvis, oqrosa da platinis garda.

•	 wvisas elementebi als gansxvavebul Seferilobas aniWebs, rasac efuZneba qi-
miuri analizis meTodi _ aluri fotometria. 

•	 aqtiuri metali masze naklebad aqtiur metals aZevebs marilis wyalxsnaridan.

•	 magniumisa da kalciumis ionebis Semcveloba ganapirobebs wylis sixistes. 

•	 arsebobs sami sxvadasxva saxis sixiste: karbonatuli, arakarbonatuli da 
saerTo. karbonatul sixistes ganapirobebs magniumisa da kalciumis hidro-
karbonatebi, arakarbonatuls _ sulfatebi da qloridebi, xolo saerTos _ 
orive.

•	 karbonatul sixistes droebiTi sixiste ewodeba da misi moSoreba SesaZlebe-
lia wylis aduRebiT an kalciumis tutiT. 

•	 arakarbonatul sixistes mudmivi sixiste ewodeba da misi moSoreba SesaZlebe-
lia: sarecxi sodis, natriumis fosfatis an ionitebis saSualebiT. 

•	 garemos mZime metalebiT dabinZureba SeiZleba iyos bunebrivi an anTropo-
genuli faqtorebiT.

•	 mZime metalebi adamianis organizmSi ukavSirdeba mniSvnelovan naerTebs da ar-
Rvevs maT funqciebs an anacvlebs sxva metalebs fermentebis SedgenilobaSi. 

•	 koncentrirebuli gogirdmJava Zlieri mJangavi da wyalwamrTmevia. ganzavebi-
sas gogirdmJava aucileblad unda Caisxas wyalSi, mudmivi morevis pirobebSi, 
da ara, piriqiT!

•	 koncentrirebuli azotmJava Zlieri mJangavia; sxva mJavebisgan gansxvavebiT, 
azotmJavas metalebTan urTierTqmedebisas ar gamoiyofa wyalbadi. 

•	 sasuqebi Seicavs mcenareebis zrda-ganviTarebisaTvis aucilebel mikroele-
mentebs _ natriums, kaliumsa da fosfors. 

•	 gogirdisa da azotis oqsidebi haerSi arsebul wylis orTqlTan urTierTq-
medebiT warmoqmnis mJava wvimebs.

•	 naxSirbadis dioqsidis koncentraciis zrda iwvevs saTburis efeqts.  
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  rogor moviqceT, Tu Termometri 

gagvityda?

vercxliswyali SeiZleba daiRvaros sxvadasxva xelsawyos (Termometris, 
manometris da sxv.) gatexvis an dazianebisas (nax. 1), amitom aucilebelia vi-
codeT, rogor moviqceT msgavs SemTxvevaSi.  vercxliswyali advilad orTql-
deba, gansakuTrebiT 18 °C-ze ufro maRal temperaturaze. misi orTqli Zalian 
toqsikuria, gansakuTrebiT nervuli sistemisaTvis. intoqsikacia gamoixateba 
piris RruSi „metalis gemos“ SegrZnebiT, Tavis tkiviliT, gulisreviT, madis 
daqveiTebiT, sxeulis temperaturis momatebiT da sxv. 

nax. 1. samedicino Termometris gatexva vercxliswylis daRvris erT-erTi yvelaze 
xSiri mizezia. 

haerSi vercxliswylis zRvrulad dasaSvebi koncentracia (zdk) 0.3 mg/m3-is 
tolia. oTaxSi standartuli samedicino Termometris gatexvisas, romelSic 
daaxloebiT 2 g vercxliswyalia, haerSi misi koncentracia ramdenime wuTis 
Semdeg 4-5 mg/m3 xdeba, anu zdk-s 15-16-jer aRemateba. 

vercxliswylis wveTebi Zlier moZravia da ami-
tom maTi Segroveba Znelia. gansakuTrebiT saSiSia 
mcire zomis wveTebi, romlebic TvaliT uxilavia 
da SeiZleba dagrovdes iatakis napralebSi, kedel-
sa da iataks Soris RriWoebsa da msgavs adgile-
bSi (nax. 2), saidanac TandaTanobiT aorTqldeba da 
haeris mudmivi mowamvlis wyarod iqceva.

rogor SevagrovoT daRvrili vercxliswyali da 
rogor gavauvnebloT misi daRvris adgili? es kiTxva 
aqtualuria ara mxolod laboratoriis, aramed sax-
lis pirobebSic!

pirvel rigSi, unda vicodeT, rom mtversasrutiT 
vercxliswylis Segroveba dauSvebelia! haerTan er-
Tad Sewovili vercxliswylis nawili uwvriles 
wveTebad daiSleba, mtversasrutis Zravis temperaturis gavleniT aorTqldeba, 
misgan gamomaval haeris nakads gamohyveba da mTels oTaxSi ise gaibneva, rom 
verc SevniSnavT. garda amisa, misi nawili daefineba mtversasrutis Zravis nawi-

nax. 2. vercxliswylis mci-
re zomis wveTebi advilad 

grovdeba miudgomel 
adgilebSi.
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lebs, daazianebs maT, Semdeg ki droTa ganmavlobaSi aorTqldeba da mtversas-
rutis CarTvisas haerSi gaifrqveva (nax. 3).

nax. 3. kategoriulad akrZalulia vercxliswylis Segroveba 
mtversasrutiT an cocxiT!

aseve dauSvebelia cocxiT an jagrisiT vercxliswylis Segroveba, radgan cocx-
Tan Sexebisas  msxvili wveTebi iSleba da uamravi wvrili, Znelad Sesagrovebeli 
wveTi warmoiqmneba (nax. 3).

pirveli, rac vercxliswylis daRvris SemTxvevaSi unda movimoqmedoT, 
oTaxidan adamianebisa da cxovelebis gayvanaa. amis Semdeg, Tu gareT Zalian 
ar cxela, unda gavaRoT fanjara, Tumca isic unda gaviTvaliswinoT, rom ar 
SevqmnaT orpiri qari, rac vercxliswylis wveTebis gabnevas da misi orTqlis 
mTels SenobaSi gavrcelebas gamoiwvevs. 

daRvrili vercxliswylis Segrovebis proceduris dawyebis win unda movi-
maragoT yvela saWiro masala. esenia:

1. erTjeradi niRabi
2. sodiani wyali
3. dolbandi
4. rezinis xelTaTmanebi
5. „baxilebi“ an Sesabamisi zomis polieTilenis paketebi
6. qaRaldis furclebi
7. bamba an mcire zomis saxatavi funji, aseve sasurvelia plastmasis erTjeradi 

Sprici, webvadi lenti (e. w. „skotCi“)
8. sawmendi tiloebi
9. kaliumis permanganatis 5%-iani xsnari (an rkina(III)-is qloridis 5%-iani 

xsnari)
10. gogirdis fxvnili (an aluminis mavTuli, romlis erTi bolo CaSvebulia 

tutis 5-10%-ian xsnarSi, an sasmeli sodis najer xsnarSi, romelic 5-10 
wT-iT wamoduRebulia)

11. plastmasis boTli an qila (SeiZleba minisac), romelSic Casxmulia 3/4-mde 
wyali, da romelsac mWidrod ergeba saxuravi

12. konteinerebi da polieTilenis paketebi.

proceduris dawyebis win unda gavikeToT erTjeradi niRabi, romelSic 
Cafenilia sodian wyalSi dasvelebuli dolbandi. isic unda vicodeT, rom 
aseTi niRabi saSiSi orTqlis mxolod mcire nawils akavebs, amitom dasuf-
Tavebis procesSi unda vecadoT, rom Rrmad ar visunTqoT, aseve saWiroa, 
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periodulad gavideT sufTa haerze. xelze unda movirgoT xelTaTmanebi, 
xolo fexze „baxilebi“ an polieTilenis paketebi unda amovicvaT, raTa meta-
lis wveTebi fexsacmlis Zirs ar miekras. mxolod amis Semdeg unda daviwyoT 
vercxliswylis wveTebis Segrovebis procedura. 

Tavdapirvelad unda SevagrovoT SedarebiT msxvili wveTebi _ amisaTvis 
viRebT qaRaldis furcels, da masze, rogorc aqandazze, avagorebT vercx-
liswylis wveTebs. am dros „cocxis“ funqcia SeiZleba Seasrulos mcire zo-
mis saxatavma funjma, kaliumis permanganatis an rkina(III)-is qloridis 5%-ian 
xsnarSi dasvelebulma bambam, an Tundac qaRaldis sxva furcelma (nax. 4). 
aseve vercxliswylis wveTebis Sesagroveblad SeiZleba gamoviyenoT plast-
masis erTjeradi Sprici nemsis gareSe (nax. 5) an webvadi lenti. Segrovebuli 
wveTebi unda movaTavsoT plastmasis qilaSi an boTlSi, romelSic Casxmulia 
3/4-mde wyali (wylis fena  vercxliswyals aorTqlebisagan daicavs _ nax. 7).

nax. 4. wveTebis Segroveba qaRaldis 
ori furclis saSualebiT.

nax. 5. wveTebis Segroveba SpriciT.

magram unda gvaxsovdes, rom am dros rCeba uwvrilesi wveTebic, romelTa 
meqanikurad Segroveba Zalian Znelia. maT Sesagroveblad ramdenime efeqturi 
saSualeba arsebobs: 

• gogirdis fxvnili. gogirdi advilad Sedis reaqciaSi vercxliswyal-
Tan da warmoqmnis sulfids, romelic advilad ar iSleba. amitom im adgils, 
sadac SesaZlebelia iyos vercxliswylis wveTebi, unda movayaroT gogirdis 
fxvnili (amisaTvis yvelaze efeqturia e. w. „koloiduri gogirdi“, romlis 
preparatic soflis meurneobaSi gamoiyeneba) da Semdeg movagrovoT dayrili 
fxvnili mSrali bambiT, naWriT an raime msgavsi saSualebiT (nax. 6). Segrove-
buli masis wyalSi moTavseba araa saWiro. is unda movaTavsoT konteinerSi da 
gavukeToT Sesabamisi warwera.

nax. 6. vercxliswylis Segroveba gogirdis fxvniliT. 
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• aluminis mavTuli.  vercxliswyali advilad warmoqmnis e. w. amalgamas 
metalebTan, maT Soris, aluminTan. oRond amisaTvis saWiroa, winaswar gavaaq-
tiuroT alumini _ misi zedapiridan movaciloT oqsidis fena. es Zneli araa _ 
Tu aluminis mavTuls 5-10%-ian tutis xsnarSi ramdenime wuTiT movaTavsebT, 
SevniSnavT, rom zedapiridan daiwyeba buStukebis gamoyofa. es niSnavs, rom 
aluminis zedapiri oqsidisagan gaTavisuflda da mzadaa gamoyenebisaTvis. 
sakmarisia, aseTi mavTuli  vercxliswylis uwvriles wveTebs Seexos _ is mag-
nitiviT miikravs maT (nax. 7). 

nax. 7. vercxliswylis wveTebis Segroveba aluminis mavTuliT. 

ukeTesia, Tu aluminis mavTuls gavabrtyelebT _ amiT misi zedapiris far-
Tobi gaizrdeba da Semcirdeba procesis xangrZlivoba. Tu tutis xsnari ar 
mogvepoveba, misi Secvla SesaZlebelia sasmeli sodis najeri xsnariT, ro-
melic gamoyenebamde 5-10 wT-iT unda wamovaduRoT. gamoyenebis Semdeg amal-
gamirebuli aluminis mavTuli unda movaTavsoT wylian qilaSi, oRond mas 
mWidrod ar unda davaxuroT Tavi, radgan amalgamirebuli alumini reaqciaSi 
Sedis wyalTan da gamoiyofa wyalbadi. rodesac buStukebis gamoyofa Sewyde-
ba, alumini mTlianad gaixsneba da WurWlis fskerze darCeba vercxliswylis 
wveTebi. mxolod amis Semdeg SeiZleba WurWelze saxuravis dafareba.

sabolood, farTi, romelzec vercxliswyali daiRvara, unda moiwmindos 
kaliumis permanganatis an rkina(III)-is qloridis xsnariT, Semdeg wyliT da 
bolos mSrali naWriT. amis Semdeg oTaxi ramdenime saaTis ganmavlobaSi unda 
ganiavdes. am dros ukve orpiri ganiavebaa saWiro.  rasakvirvelia, sasurve-
lia, rom oTaxSi SexvideT mxolod mas Semdeg, roca Sesabamisi samsaxuri 
Seamowmebs haerSi vercxliswylis orTqlis koncentracias da mas uxifaTod 
CaTvlis. es gansakuTrebiT im SemTxvevaSia saWiro, Tu Cven mier Catarebuli 
procedurebi uSualod vercxliswylis daRvris Semdeg ar ganxorcielda. 

unda gvaxsovdes: ar SeiZleba vercxliswylis Sesagroveblad gamoyenebuli 
masalis (qaRaldi, Sprici, bamba, naWeri, gogirdiani masa da sxv.) moTavseba 
sayofacxovrebo nagavSi! es yvelaferi unda saguldagulod SevfuToT po-
lieTilenis paketebSi da movaTavsoT Tavdaxurul konteinerSi. gamoyenebuli 
masala, iseve rogorc wyliani WurWeli, romelSic Segrovebuli vercxliswya-
lia, unda SevinaxoT gril, kargad ganiavebad adgilze (magaliTad, aivanze) da 
rac SeiZleba male CavabaroT Sesabamis samsaxurs.
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 Semajamebeli savarjiSoebi

1. cxrilSi mocemulia tute metalebis zogierTi maxasiaTebeli:

elementi
protonebis 

ricxvi
duRilis 

temperatura
lRobis 

temperatura
qimiuri 

aqtiuroba

liTiumi 3 180 1330

natriumi 11 98 890

kaliumi 19 64 760

rubidiumi 37 ? ?

ceziumi 55 29 690

a) rogor icvleba tute metalTa lRobisa da duRilis temperaturebi
   jgufSi zevidan qveviT?   

b) miaxloebiT ivaraudeT rubidiumis gamotovebuli monacemebi. 

g) ramdeni eleqtroni,  eleqtronuli Sre da savalento eleqtronia 
   rubidiumis atomSi?

2. spilenZ(II)-is  hidroqsidis Ria cisfer fxvnils Tu gavaxurebT, fxvnili gaS-
avdeba da orTqli gamoiyofa.

a) SeadgineT miTiTebuli reaqciis toloba; 

b) miuTiTeT reaqciis niSnebi; 

g) daasaxeleT reaqciis tipi. 

3. cxrilSi mocemulia informacia sami mniSvnelovani metalis, maTi gavrcele-
buli madnebis ZiriTadi nivTierebisa da miRebis gzebis Sesaxeb:

metali madnis ZiriTadi nivTiereba miRebis gza

rkina Fe2O3 naxSirbadiT aRdgena

alumini Al2O3 eleqtrolizi

natriumi NaCl eleqtrolizi

a) TiToeul SemTxvevaSi daasaxeleT madnis ZiriTadi nivTiereba. 

b) naerTTa romel klass miekuTvneba TiToeuli maTgani? 

g) daalageT es metalebi qimiuri aqtiurobis Semcirebis mixedviT; 

d) ra gziT miiReben CamoTvlilTagan yvelaze pasiurs da ratom ar gamodgeba 
    es gza aqtiurebis misaRebad?

e) moiyvaneT gansxvavebuli metalebis TiTo magaliTi, romelic cxrilSi 
    miTiTebuli gziT SeiZleba miiRon. 
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4. sqemaze naCvenebia dabali xarisxis madnidan spilenZis gamoyofis sqema. mada-
ni ZiriTadad Seicavs spilenZ(II)-is  sulfids. mcire minarevebis saxiT ki 
vercxls, oqros, kadmiumsa da rkinas.

A B C

1 tona (1000 kg) minerali, 
romelSic spilenZis madania

10 kg spilenZis 
madnis koncentrati

2.5 kg 99% 
Semcvelobis spilenZi

a) ras uwodeben madans? 
b) rodisaa madani dabali xarisxis? 
g) ras udris spilenZis masuri wili B etapze? 
d) ratom SeiZleba iyos momgebiani spilenZis gamoyofa dabali xarisxis
   madnidan? 
e) romeli qimiuri reaqciiT SeiZleba gamovyoT spilenZi mocemuli madnidan? 
v) ra ekologiuri problema SeiZleba mohyves spilenZis miRebis am process? 
z) ramdeni kilogrami spilenZ(II)-is  sulfidia 1 t madanSi?

5. metalebidan dedamiwis qerqSi yvelaze maRali SemcvelobiT aris alumini, 
Semdeg ki _ rkina. cxrilSi mocemulia informacia rkinisa da aluminis maTi 
madnebidan miRebis Sesaxeb. 

rkina alumini

gavrcelebuli madani hematiti boqsiti

madnis ZiriTadi niv-
Tiereba Fe2O3 Al2O3

miRebis gza CO-Ti aRdgena eleqtrolizi

brZmedis maqsimaluri 
temperatura, ºC 1900 1000

rogor gamoeyofa meta-
li sareaqcio narevs

lRveba da grovdeba brZ-
medis fskerze

lRveba da grovdeba brZ-
medis fskerze

Tanaproduqtebi
gogirdisa da naxSirba-
dis dioqsidebi, wida

naxSirbadis dioqsidi

a) TiToeul SemTxvevaSi gansazRvreT metalebi iJangeba Tu _ aRdgeba? 

b) SeadgineT madnidan metalis miRebis orive reaqcia; 

g) alumini bevrad Zviria, vidre rkina, miuxedavad imisa, rom alumini ufro 
    gavrcelebuli metalia. ivaraudeT mizezi; 
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e) foladi da alumini eqvemdebareba meorad gadamuSavebas. ratom aris es 
Zalian mniSvnelovani? 

v) moiyvaneT msgavsi gziT metalis miRebis kidev erTi magaliTi; 

z) ra ekologiuri problema SeiZleba gamoiwvios warmoebis am procesebma?

6. axseniT naxSirbadis wrebrunva bunebaSi. ra roli aqvs naxSirorJangs proce-
sebSi: sunTqva, wva da fotosinTezi?

7. gadaxazeT mocemuli diagrama da SeavseT: a) nivTierebaTa teqnikuri saxele-
bi; b) nivTierebaTa qimiuri formulebi.

kalciumis 
karbonati

kalciumis
hid roqsidi (myari)

kalciumis hid roq_
sidi (wyalxsnari)

kalciumis 
oqsidi

a)

a)

a) a)

b)

b)

b) b)

 aRwereT, rogor gadadis es nivTierebebi erTmaneTSi. SeadgineT reaqciaTa 
tolobebi. 

8. ganzavebul gogirdmJavas amateben sinjarebs, romlebSic moTavsebulia niv-
Tierebebi: spilenZ(II)-is  oqsidi, kalciumis hidroqsidi, magniumi, natriumis 
karbonati. 

a) romel maTganSi SeiniSneba airis gamoyofa? 

b) romel maTganSi Seifereba xsnari? 

g) romel maTganSi warimarTeba neitralizaciis reaqcia? 

d) daasaxeleT yvela marili, romlebic am eqsperimentis msvlelobisas war-
moiqmneba. 

e) SeadgineT reaqciaTa tolobebi.

9. ramdeni moli fosformJava Seicavs imdenive molekulas, ramdenic aris 9.8 g 
gogirdmJavaSi?

10.  ramdeni grami spilenZi gamoiyofa 30-gramian rkinis firfitaze, romelic 
CaSvebulia Sabiamnis xsnarSi, Tu  firfitis masa reaqciis Sedegad 2.4 g-iT 
gaizarda?
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Tema 3. araorganuli naerTebis mniSvnelovani warmomadgenlebi

11.  30 ml naxSirbad (II) oqsidisa da 20 ml Jangbadis narevi aafeTqes. romeli 
airi da ra moculobiT darCeba reaqciaSi Seusvleli? CaTvaleT, rom mocu-
lobebi gazomilia erTnair fizikur pirobebSi.

12.  wyalbadisa da Jangbadis 30 ml narevis afeTqebis Semdeg, reaqciaSi Seusv-
leli darCa 4.8 ml Jangbadi. ipoveT wyalbadisa da Jangbadis moculobiTi 
wilebi (%) sawyis narevSi. CaTvaleT, rom moculobebi gazomilia erTnair 
fizikur pirobebSi.

13. 3.5 g orvalentiani metalis mJavasTan urTierTqmedebiT miiReba 1.4 l wyal-
badi (n. p.). daasaxeleT es metali.

14. spilenZisa da koncentrirebuli gogirdmJavas urTierTqmedebis Sedegad 
gamoiyo 5.6 l (n. p.) gogirdis dioqsidi. gamoTvaleT reaqciaSi Sesuli 
spilenZisa da gamoyofili marilis masebi.

15. aluminisa da spilenZis 40 g narevs daamates natriumis hidroqsidis Sem-
cveli xsnari, ris Sedegadac gamoiyo 6.72 l wyalbadi. gamoTvaleT sawyis 
narevSi Semavali metalebis masuri wilebi (%).

16. mocemulia aluminis, magniumisa da spilenZis narevi. gansazRvreT narevis 
procentuli Sedgeniloba Tu cnobilia, rom am narevis 2.5 gramze natriu-
mis tutis damatebisas gamoiyofa 1.12 l wyalbadi, xolo 2.5 g amave narevis 
marilmJavaTi damuSavebisas ki 2.24 l wyalbadi. 

17. spilenZisa da aluminis 0.5 g Senadnobi daamuSaves Warbi tutis xsnariT. 
miRebuli naSTi garecxes da gaxsnes koncentrirebul azotmJavaSi. xsnari 
amoaSres da miRebuli naSTi gaaxures. darCenili myari naSTis masa aRmoCnda 
0.2 g. gamoTvaleT spilenZisa da aluminis masuri wilebi sawyis narevSi. 

18. 15.04 g spilenZis nitratis nawilobrivi Termuli daSliT warmoiqmna 8.56 g 
myari naSTi. gansazRvreT reaqciis gamosavlianoba da miRebuli naSTis Sed-
geniloba.

19. kalciumis karbonatisa da kalciumis oqsidis 1.6 g narevi gaaxures da war-
moiqmna 1.16 g kalciumis oqsidi. gamoTvaleT sawyis narevSi komponentebis 
masuri wilebi.

20. ramden gram fosfors Seicavs 50 g Zvali, Tu masSi fosfori mxolod kalciu-
mis fosfatis saxiTaa, romlis masuri wilic ZvalSi 62%-s Seadgens?

21. ra moculobis wyali unda daematos azotmJavas 100 ml 53%-ian  xsnars (ρ = 
1.325 g/ml) 15%-iani xsnaris dasamzadeblad?

22. 120 ml azotis monooqsidisa da azotis dioqsidis narevi Seuries 100 ml 
Jangbads. reaqciis dasrulebis Semdeg airTa narevSi aRmoCnda 60 ml Jang-
badi. gansazRvreT sawyis narevSi airTa procentuli Semcveloba.

23. rkinis, rkina(II)-is oqsidisa da rkina(III)-is oqsidis 20 g narevi daamuSaves 
marilmJavaTi, ris Sedegadac gamoiyo 2.24 l (n. p.) airi. imave 20 g narevis 
wyalbadiT aRdgeniT gamoiyo 4.23 g wyali. gansazRvreT narevis Sedgeniloba.



160

 saerTo Semajamebeli savarjiSoebi

davaleba 1. amoniumis marilebi

1.1.  amoniumis nitrati gamoiyeneba soflis meurneobasa da azotis oqsidebis 
warmoebaSi. amoniumis nitrati gacxelebiT iSleba da warmoqmnis wyalsa da 
azot(I)-is oqsids, romelic cnobilia „mamxiarulebeli airis“ saxeliT da 
gamoiyeneba anesTeziisaTvis. 

 dawereT amoniumis nitratis daSlis reaqciis toloba.

1.2.  SeadgineT amoniumis nitratis miRebis reaqcia amiakisa da mJavas urTierTq-
medebiT. gamoTvaleT miRebuli produqtis masa, Tu reaqciaSi srulad Sevida 
2.24 l (n. p.) amiaki.

1.3.  amoniumis nitriti aramdgradia da advilad iSleba:

 → +4 2 2 2NH NO N 2H O

 a) gamoTvaleT ra moculobis (n. p.) azoti gamoiyofa 25 ml 0.5 moli/l kon-
centraciis amoniumis nitritis xsnaris gacxelebisas.

 b) daasaxeleT mocemul reaqciaSi mJangavi da aRmdgeni.

1.4.  amoniumis karbonati aris TeTri feris myari nivTiereba. gamoiyeneba „niSa-
duris spirtis“ dasamzadeblad, sakonditro warmoebaSi, cecxlmaqrebSi, qso-
vilebis SesaRebad da sxv. 

 gacxelebiT amoniumis karbonati advilad iSleba:

( ) → + +4 3 3 2 22
NH CO 2NH H O CO

 ra gziT aRmoaCenT reaqciis Sedegad gamoyofil amiaksa da naxSirorJangs?

1.5.  amoniumis karbonati wyalSi xsnadia, xolo TuTiis karbonati _ wyalSi ux-
snadi. am informaciis gamoyenebiT aRwereT, rogor miiRebT amoniumis kar-
bonatidan sufTa TuTiis karbonats mSrali saxiT. SeadgineT Sesabamisi reaq-
ciis toloba.

1.6.  Warbi amoniumis karbonatis urTierTqmedebiT fosformJavasTan miiReba 
amoniumis fosfati, romelic gamoiyeneba sasuqad. 

 SeadgineT aRwerili reaqciis toloba.

1.7.  gamoTvaleT azotisa da fosforis masuri wili amoniumis fosfatSi.

1.8.  niadagSi amoniumis fosfatis Setanis Semdeg kalciumis hidroqsidis xsnaris 
(kiriani wylis) damateba iwvevs azotis dakargvas. axseniT es faqti da pasuxi 
daasabuTeT Sesabamisi reaqciis tolobiT. 

1.9. amoniumis sulfati gamoiyeneba puris cxobis procesSi. misi miReba SeiZleba 
amiakis urTierTqmedebiT gogirdmJavasTan:

 ( )+ →3 2 4 4 42
2NH H SO NH SO
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 20 ml amiakis Semcveli xsnari gatitres 0.15 moli/l gogirdmJavas xsnariT. 
srul neitralizaciaze daixarja 10.5 ml gogirdmJava. gamoTvaleT amiakis 
koncentracia mis wyalxsnarSi.

davaleba 2. spilenZi da misi naerTebi

spilenZi da misi naerTebi aqtiurad gamoiyeneba yoveldRiur cxovrebaSi. 
spilenZis Semcveli erT-erTi farTod gavrcelebuli mineralia qalkopiriti _ 
CuFeS2.

2.1. gamoTvaleT ramdeni spilenZis miReba SeiZleba 20 tona qalkopiritis gada-
muSavebis Sedegad, Tu cnobilia, rom es madani 5% minarevs Seicavs. 

2.2. qalkopiritis haerze gaxurebis Sedegad miiReba spilenZ(II)-isa da rkina(III)-
is oqsidebi da gamoiyofa mkveTri sunis mqone gogirdis dioqsidi. SeadgineT 
Sesabamisi reaqciis toloba.

2.3. spilenZ(II)-is oqsididan spilenZis miReba SeiZleba aRdgeniT, wyalbadis an 
naxSirbadis gamoyenebiT. SeadgineT am reaqciaTa tolobebi.

2.4. aRdgeniT miRebuli spilenZi Cveulebriv Seicavs minarevebs. sufTa spilenZis 
misaRebad iyeneben eleqtrolizs. 

 moswavleebma spilenZis misaRebad Caatares spilenZ(II)-is nitratis wyalxsna-
ris eleqtrolizi inertuli eleqtrodebis gamoyenebiT. naxazze naCvenebia 
mowyobilobis sqema:

spilenZ(II)-is 
nitratis 
xsnari

uaryofiTi 
eleqtrodi

dadebiTi 
eleqtrodi

ampermetri 
denis Zalis 
gasazomad

A

qimiuri 
Wiqa

mudmivi denis 
wyaro

 a) spilenZ(II)-is nitratis wyalxsnaris eleqtrolizis dros kaTodze gamoi-
yofa spilenZi. daasaxeleT anodze gamoyofili produqti.

 b) dawereT spilenZ(II)-is nitratis wyalxsnaris eleqtrolizis Sejamebuli 
reaqciis toloba.

 g) moswavleebma Seiswavles mudmivi denis sxvadasxva mniSvnelobisTvis ka-
Todze gamoyofili spilenZis masis damokidebuleba xsnarSi denis gatarebis 
droze. miRebuli Sedegebis safuZvelze aages mrudebi.
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 gaaanalizeT grafiki da axseniT, rogor aris damokidebuli gamoyofili 
spilenZis masa: 1) denis gatarebis droze; 2) denis Zalaze.

 d) gamoTvaleT spilenZis atomTa ricxvi, romelic gamoiyo kaTodze 20 wT-is 
ganmavlobaSi 0.6 amperi denis gatarebisas. 

2.5. spilenZi urTierTqmedebs koncentrirebul azotmJavasTan. am dros mimdin-
areobs reaqcia:

 ( )+ → + +3 3 2 22
Cu 4HNO Cu NO 2NO 2H O

 a) gansazRvreT am reaqciaSi aRmdgeni da mJangavi elementebi.

 b) romeli garegnuli niSnebi axlavs Tan reaqciis mimdinareobas?

 g) Warbi raodenobiT spilenZi daamates 25 ml 10 moli/l koncentraciis 
azotmJavas xsnars. gamoTvaleT gamoyofili azotis dioqsidis moculoba (n. 
p.).

 d) qvemoT mocemul sqemaze warmodgenilia spilenZ(II)-is nitratis gardaqmna 
sxvadasxva reaqciaSi.
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Savi myari naSTi
A

Savi naleqi
A

wyali

mura wiTeli airi
B

Cu(NO3)2 (myari)

Cu(NO3)2 (wyalxsnari)

ufero airi, 
romelic anTebs  
mbJutav kvars C

gaxureba

+ reagenti X

spilenZ(II)-is
fosfatis cisferi 

naleqi

cisferi naleqi D

+ NaOH

 

 i) dawereT A, B, C da D nivTierebebis formulebi. 

 ii) SeadgineT spilenZ(II)-is nitratis daSlis reaqciis toloba

 iii) daasaxeleT reagenti X da SeadgineT misi spilenZ(II)-is fosfatTan  
    reaqciis Sekvecili ionuri toloba. 

davaleba 3. gogirdmJava da sulfatebi

3.1 gogirdmJava erT-erTi yvelaze Zlieri mJavaa da mravalmxriv gamoiyeneba 
mrewvelobaSi. 

 a) ras niSnavs Zlieri mJava?

 b) dawereT wyalxsnarSi gogirdmJavas disociaciis toloba.

3.2. mrewvelobaSi gogirdmJava miiReba kontaqturi meTodiT, ramdenimesafexu-
riani gardaqmniT. erT-erT safexurze gogirdis Semcveli madnis gadamuSave-
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biT miRebul gogirdis dioqsids Jangaven JangbadiT da miiReba gogirdis 
trioqsidi:

( ) ( ) ( )+ 2 2 32SO O 2SOa a a

 a) rogor gavlenas moaxdens wnevis cvlileba gogirdis trioqsidis warmoqm-
naze? 

 b) am procesSi katalizatorad iyeneben vanadium(V)-is oqsids. axseniT katal-
izatoris moqmedebis principi.

3.3. ganzavebuli gogirdmJava gamoiyeneba sulfatebis misaRebad. 

 moswavlem miiRo TuTiis sulfati TuTiis karbonatidan.

 safexuri 1) 20 ml 0.4 moli/l koncentraciis gogirdmJavas xsnars daamata 
Warbi TuTiis karbonati reaqciis dasrulebamde.

 safexuri 2) miRebuli narevi gafiltra.

 safexuri 3) filtrati frTxilad aaorTqla TuTiis sulfatis heptahidra-
tis kristalebis warmoqmnamde.

 a) rogor SeamCnevT, rom pirvel safexurze Catarebuli reaqcia dasrulda?

 b) ratom emateba TuTiis karbonati Warbad?

 g) dawereT mimdinare reaqciis toloba da gamoTvaleT miRebuli TuTiis 
sulfatis kristalhidratis masa.

 d) kidev romeli nivTierebis gamoyeneba SeiZleba ganzavebuli gogirdmJava-
dan TuTiis sulfatis misaRebad?

3.4. gogirdmJavas koncentraciis gansazRvris mizniT moswavlem Caatara analizi 
gatitvris meTodis gamoyenebiT. konusur kolbaSi moaTavsa 20.0 ml gogird-
mJavas ucnobi koncentraciis xsnari (sakvlevi xsnari) da daamata ramdenime 
wveTi fenolfTaleini. 

 biureti Seavso 0.2 moli/l koncentraciis natriumis hidroqsidis xsnariT 
da gatitra sakvlevi xsnari. ekvivalentobis wertilis misaRwevad daixarja 
25.0 ml natriumis tutis xsnari. am dros mimdinareobs reaqcia:

 + → +2 4 2 4 22NaOH H SO Na SO 2H O

 mocemuli informaciis safuZvelze upasuxeT qvemoT mocemul kiTxvebs:

 a) rogor icvleba indikatoris feri zemoT aRweril procesSi.

 b) gansazRvreT gogirdmJavas koncentracia Semdegi etapebis mixedviT:

i. gamoTvaleT natriumis hidroqsidis xsnarSi gaxsnili nivTierebis molebis 
ricxvi. 

ii. reaqciis tolobis mixedviT gansazRvreT daxarjuli gogirdmJavas 
molebis ricxvi. 
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iii. gamoTvaleT gogirdmJavas koncentracia da pasuxi gamosaxeT mocemul 
erTeulebSi _ moli/l da g/l.

3.5. bariumis sulfati aris wyalsa da mJavaSi uxsnadi marili, romelsac iyeneben 
kuW-nawlavis rentgenografiul analizSi. 

 am marilis miReba SeiZleba Warb bariumis qloridze ganzavebuli gogirdmJa-
vas moqmedebis Sedegad. 

 a) dawereT am dros mimdinare reaqciis molekuluri da Sekvecili ionuri 
tolobebi.

 b) rogor gamoyofT miRebuli narevidan mSral, sufTa bariumis sulfats? 
aRwereT procesi Tanamimdevrulad. 

 g) bariumis sulfatis misaRebad gamoiyenes 20.0 ml 0.5 moli/l koncentra-
ciis gogirdmJava. maqsimum, ra masis bariumis sulfatis miRebaa SesaZlebeli 
am eqsperimentis Sedegad?

 d) moswavleebma Caatares zemoT aRwerili eqsperimenti da miRebuli bari-
umis sulfatis masa aRmoCnda 1.92 g. gamoTvaleT reaqciis procentuli gamo-
savlianoba.

 e) ratom miiRes moswavleebma ufro mcire raodenobis naleqi, TeoriulTan 
SedarebiT? daasaxeleT ori mizezi. 

3.6. koncentrirebuli gogirdmJava reagirebs spilenZTan qvemoT mocemuli reaq-
ciis mixedviT:

2 4 4 2 2O( )Cu 2H SO CuSO SO 2H+ → + +konc.

 a) daasaxeleT mJangavi da aRmdgeni mocemul reaqciaSi.

 b) 25 ml 12 moli/l koncentraciis cxel gogirdmJavas Warbad daamates 
spilenZi. gamoTvaleT gamoyofili gogirdis dioqsidis moculoba (n. p.).

 g) reaqciis Sedegad miRebul xsnars wveT-wveTobiT daamates natriumis hi-
droqsidis xsnari. dawereT am dros mimdinare reaqciis toloba. ra garegani 
cvlileba SeiniSneba am reaqciis mimdinareobis dros?

3.7. Sabiamnis kristalebis misaRebad moswavlem Caatara eqsperimenti. spilenZ(II)-
is oqsids daamata gogirdmJava da miRebuli xsnari frTxilad amoaSro. am 
dros warmoiqmna spilenZ(II)-is sulfatis pentahidrati (Sabiamani).

 a) SeadgineT spilenZ(II)-is oqsidis gogirdmJavasTan reaqciis toloba.

 b) dawereT spilenZ(II)-is sulfatis pentahidratis formula. 

 g) ra masis Sabiamani warmoiqmna, Tu 8 g spilenZ(II)-is oqsidi gaixsna Warb go-
girdmJavaSi. 

 d) spilenZ(II)-is sulfati ionuri naerTia. ratom ar atarebs dens es naerTi 
myar mdgomareobaSi da atarebs wyalxsnarSi?

 e) spilenZ(II)-is sulfatis wyalxsnaris eleqtrolizis dros kaTodze gamoi-
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yofa spilenZi, xolo anodze SeiniSneba airis gamoyofa. 

 SeadgineT kaTodsa da anodze mimdinare procesebis amsaxveli sqemebi da ele-
qtrolizis Sejamebuli toloba. 

 v) eleqtrolizis Sedegad miRebul xsnarSi meTilnarinjis CawveTebisas mi-
iReba wiTeli feri. axseniT amis mizezi.

davaleba 4. halogenebi da maTi naerTebi

4.1. fTori Zalian aqtiuri elementia da energiulad urTierTqmedebs wyalTan. 
am dros miiReba fTorwyalbadi da Jangbadis naerTi fTorTan, romelSic 
Jangbadis Jangvis ricxvia +2. SeadgineT aRwerili reaqciis toloba.

4.2. fTorwyalbadi wyalSi xsnadi naerTia da warmoqmnis fTorwyalbadmJavas, 
romelic susti eleqtrolitia. dawereT fTorwyalbadmJavas disociaciis 
toloba.

4.3. fTorwyalbadmJava reagirebs kalciumis hidroqsidTan wyalSi uxsnadi kal-
ciumis fToridis warmoqmniT, romelic gamoiyeneba aluminis warmoebaSi, 
muxruWebis zedapirebis dafarvisas da sxv. 

( )+ → +2 22
2HF Ca OH CaF 2H O

 a) dawereT am reaqciis ionuri toloba.

 b) ra minimaluri moculobis kalciumis hidroqsidis 0.150 moli/l koncen-
traciis xsnaria saWiro, rom 0.2 g HF srulad Sevides reaqciaSi? ra masis 
naleqi gamoiyofa am dros?

4.4. fTorwyalbadmJavas „mlRob mJavas“ uwodeben, radgan reaqciaSi Sedis minas-
Tan, romelic Seicavs siliciumis dioqsids. dawereT siliciumis dioqsidsa 
da fTorwyalbadmJavas Soris mimdinare reaqciis toloba, romlis drosac 
warmoiqmneba siliciumis tetrafToridi da wyali. 

4.5. qlori Zlier momwamlavi, agresiuli airia. is Zlieri mJangavia. ufro aqti-
uria, vidre bromi da iodi. magaliTad, is aZevebs iods iodidebidan.

 a) dawereT qlorsa da kaliumis iodids Soris mimdinare reaqciis toloba da 
daasaxeleT mJangavi da aRmdgeni.

 b) ra garegnuli cvlileba SeiniSneba am reaqciis mimdinareobis dros?

 g) qlori reaqciaSi Sedis metalur rkinasTan da rkina(III)-is qlorids warmo-
qmnis. SeadgineT reaqciis toloba.

 d) daasaxeleT ori gza, romliTac SesaZlebeli iqneba am reaqciis siCqaris 
gazrda.

4.6. kalciumis qloridis wyalxsnari gamoiyeneba medicinaSi kalciumis naklebo-
bis da kaliumis siWarbis sawinaaRmdegod. 

 a) daasaxeleT bmis tipi kalciumis qloridSi. 
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 b) SeadgineT kalciumis qloridis nalRobis eleqtrolizis dros kaTodsa da 
anodze mimdinare rocesebis sqemebi.

 g) dawereT im nivTierebaTa formulebi, romlebic miiReba kalciumis qlori-
dis wyalxsnaris eleqtrolizis dros.

4.7. qlori reagirebs natriumis hidroqsidis civ xsnarTan Semdegi reaqciis 
mixedviT:

+ → + +2 2Cl 2NaOH NaCl NaClO H O

 am dros miRebuli natriumis hipoqloriti gamoiyeneba, rogorc maTeTrebeli 
da sadezinfecio saSualeba baqteriebis, virusebisa da sokoebis winaaRmdeg. 

 134.4 ml (n. p.) qlori gaatares 100 ml 0.250 moli/l kocentraciis natriumis 
tutis xsnarSi. 

 a) gamoTvaleT TiToeuli reagentis raodenoba molebSi.

 b) gansazRvreT, romeli reagenti iyo Warbi da ramdeni darCa reaqciaSi Seus-
vleli.

 g) gamoTvaleT miRebuli natriumis hipoqloritis masa. 

4.8. mrewvelobaSi qlori miiReba natriumis qloridis wyalxsnaris eleqtro-
liziT. 

 a) dawereT am dros mimdinare reaqciis Sejamebuli toloba.

 b) gamoTvaleT, ra moculobis (n. p.) qlori miiReba 200 g 5.85 %-iani xsna-
ris eleqtrolizis Sedegad. CaTvaleT, rom reaqcia mimdinareobs 100%-iani 
gamosavlianobiT. 

4.9. a) qlori reagirebs natriumis bromidis xsnarTan. am dros gamoiyofa bromi 
da xsnari icvlis fers. 

 SeadgineT aRwerili reaqciis toloba da ivaraudeT, ra fers miiRebs xsnari.

   b) kaliumis bromidi gamoiyeneba medicinaSi epilefsiuri movlenebis sam-
kurnalod. ra masis kaliumis bromidi unda miiRos dReSi adamianma, Tu mas 
esaWiroeba 16 mg bromid-ioni yoveldRiurad?

4.10. iodi erT-erTi yvelaze mniSvnelovani elementia, romelic ganapirobebs 
adamianis farisebri jirkvlis normalur funqcionirebas. iods ver gamoi-
muSavebs adamianis organizmi da misi miReba SeiZleba sakvebi produqtebidan, 
iodizebuli sufris marilidan da, saWiroebis SemTxvevaSi, medikamenturi 
danamatebidan. mozardisTvis yoveldRiuri doza aris 150 mkg. 

 a) gamoTvaleT ramdeni mikrogrami kaliumis iodidis miRebaa saWiro iodis 
dRiuri dozis Sesavsebad. 

 iodizebul sufris marilSi iodi SeiZleba iyos ori saxiT, kaliumis iodidis 
(KI) an kaliumis iodatis (KIO3). marilSi iodis Semcveloba unda iyos saSua-
lod 40 mkg/g. 
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 b) gamoTvaleT, ra masis kaliumis iodids unda Seicavdes 100 g sufris mari-
li, rom masSi iodis koncentracia iyos 40 mkg/g.

 g) gamoTvaleT, ra masis kaliumis iodats unda Seicavdes 100 g sufris mari-
li, rom masSi iodis koncentracia iyos 40 mkg/g.

davaleba 5. rkina da misi naerTebi

rkina aris erT-erTi uZvelesi metali, romelsac adamiani bevr sferoSi moix-
mars. garda amisa, rkina warmoadgens umniSvnelovanes mikroelements, romelic 
saWiroa Cveni organizmis normaluri funqcionirebisTvis.

5.1. foladisa da Tujis warmoebisTvis rkinis miReba xdeba brZmedSi. sawyis 
nedleulad SeiZleba gamoyenebuli iyos rkinis Semcveli madnebi, romlebic 
ZiriTadad oqsidebis saxiT gvxvdeba. 

 erT-erT warmoebaSi rkinis misaRebad gamoiyenes rkina(III)-is oqsidi da koqsi 
(naxSirbadi). am dros mimdinare procesebi SeiZleba Semdegnairad aRvweroT: 

• pirvel etapze koqsis (naxSirbadis) wviT haerze miiRes naxSirorJangi.

• meore etapze naxSirorJangi koqsTan urTierTqmedebiT aRadgines naxSir-
badis monooqsidamde.

• mesame etapze naxSirbadis monooqsidis gamoyenebiT aRadgines rkina misi 
oqsididan.

 a) dawereT TiToeul etapze mimdinare reaqciaTa tolobebi. 

 b) rkinis kidev erTi wyaro aris magnetiti _ Fe3O4 (rkina(II, III)-is oqsidi). 
ra masis rkina miiReba TiToeul SemTxvevaSi, Tu gadasamuSaveblad aiRes 1 
tona rkina(III)-is oqsidi da 1 tona rkinis xenji? CaTvaleT, rom reaqciebi 
warimarTa 100%-iani gamosavlianobiT. 

 g) rkina advilad iJangeba nestian garemoSi da ganicdis korozias. daasax-
eleT ori saSualeba, romliTac SeiZleba rkinis koroziis Tavidan acileba. 

5.2. rkinadeficituri anemia aris paTologiuri mdgomareoba, romlis drosac 
sisxlSi hemoglobinis raodenobis Semcirebis gamo organoebsa da qsovilebs 
saWiro raodenobis Jangbadi ver miewodeba, rac negatiurad aisaxeba mTli-
anad adamianis organizmis funqcionirebaze.

 anemiis Tavidan asacileblad mniSvnelovania rkiniT mdidari sakvebi, ro-
melic moicavs rogorc cxovelur, ise mcenareul produqtebs. aRsaniSnavia, 
rom adamianis organizmi cxoveluri produqtebisgan ufro met rkinas iT-
visebs.

 saWiroebis SemTxvevaSi SesaZlebelia samkurnalod medikamenturi saSuale-
bebis miReba, romlebSic rkina SeiZleba iyos sulfatis an hidroqsidis saxiT. 
mozardebSi rkinis dRiuri norma saSualod aris 12 mg. 

 rkinadeficituri anemiis erT-erTi samkurnalo preparati warmoadgens sus-
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penzias, romelic Seicavs rkinas, rkina(III)-is hidroqsidis saxiT. cnobilia, 
rom rkinis Semcveloba aris 50 mg/ml. gamoTvaleT, ra masis rkina(III)-is hi-
droqsidi iqneba am preparatis 1 ml-Si. 

5.3. rkina gansxvavebulad reagirebs ganzavebul da koncentrirebul gogirdm-
JavasTan. 

 a) rkina ganzavebul gogirdmJavasTan Sedis Canacvlebis reaqciaSi rkina(II)-is 
marilis warmoqmniT. dawereT Sesabamisi reaqciis toloba.

 b) civi koncentrirebuli gogirdmJava rkinas apasiurebs, Sesabamisad, misi 
gadatana SesaZlebelia rkinis cisternebiT. cxeli koncentrirebuli go-
girdmJava reagirebs rkinasTan, rkina(III)-is sulfatis, gogirdis dioqsidisa 
da wylis warmoqmniT. dawereT reaqcia da gaaTanabreT eleqtronuli balan-
sis gamoyenebiT. 

5.4. rkina aqtiuri metalia da aZevebs masze pasiur metalebs marilTa wyalxs-
narebidan. 

 5-gramiani rkinis lursmani CauSves xsnarSi, romelic Seicavda 0.01 mol 
spilenZ(II)-is sulfats. reaqciis dasrulebis Semdeg lursmani amoiRes, wy-
liT garecxes, gaaSres da awones. ra masa eqneba lursmans? 

 

davaleba 6. mZime metalebi

6.1. TuTia 

 sfaleriti aris TuTiis sulfidis Semcveli minerali, romelic TuTiis erT-
erT mTavar wyaros warmoadgens. 

 a) ra masis TuTiis miReba SeiZleba 1 tona sfaleritis damuSavebis Sedegad, 
Tu masSi TuTiis sulfidis Semcveloba aris 80%?

 b) dawereT TuTiis sulfidis haerze gamowvis reaqciis toloba.

 g) TuTia mniSvnelovani mikroelementia imunuri sistemis funqcionirebisa 
da metaboluri procesebis sworad mimdinareobisTvis. zrdasruli adamian-
isTvis TuTiis yoveldRiuri dozaa saSualod 10 mg. TuTiis sulfatis Sem-
cvel danamatebs daavadeba „aknes“ samkurnalod iyeneben. ra masis TuTiis 
sulfati Seicavs 10 mg TuTias?

 d) TuTia gamoiyeneba galvanostegiaSi rkinis nakeTobebis dasafarad, maTi 
koroziisgan dacvis mizniT. rogor icavs galvanostegia rkinas daJangvisgan? 

6.2 kobalti

 kobalti mniSvnelovani mikroelementia, romelic Sedis B12 vitaminis (kobal-
amini) SedgenilobaSi. am vitaminis naklebobis SemTxvevaSi iniSneba preparati 
hidroqsikobalamini, romlis molekuluri formulac aris C62H89CoN13O15P. 

 a) ra masis hidroqsikobalamini Seicavs 1000 mg kobalts?



170

 b) kobaltis erT-erTi naerTia misi Sereuli oqsidi Co3O4 – kobalt(II, III)-is 
oqsidi. am oqsidis wyalbadTan urTierTqmedebiT miiReba kobalti. dawereT 
reaqciis toloba.

 g) kobalt(II)-is qloridi gamoiyeneba haerSi tenianobis aRmosaCenad. 
kobalt(II)-is qloridi ierTebs wyals da miiReba kristalhidrati, romelsac 
uwylo marilisgan gansxvavebuli feri aqvs:

2 2 2 2CoCl 6H O CoCl 6H O+ ⋅

 moiZieT informacia, Tu rogor icvleba feri am procesSi. gamoTvaleT, ram-
deni grami kobalt(II)-is qloridia saWiro 100 g wylis dasakavSireblad. 

6.3 tyvia

 tyvia warmoebaSi erT-erTi yvelaze farTod gamoyenebuli mZime metalia. 
organizmebisaTvis toqsikuri elementia. 

 a) tyviis miReba SeiZleba tyvia(II)-is bromidis nalRobis eleqtroliziT. 

 daasaxeleT am procesis mimdinareobis dros kaTodsa da anodze gamoyofili 
nivTierebebi.

 b) tyvia(II)-is nitratis urTierTqmedebiT kaliumis iodidTan miiReba yvi-
Teli feris naleqi. dawereT am reaqciis molekuluri da Sekvecili ionuri 
tolobebi. 

6.4. vercxli

 vercxli gamoiyeneba saiuveliro saqmeSi. garda amisa, mas aqvs msubuqi 
baqtericiduli Tvisebebi.

 a) vercxlis erT-erTi yvelaze farTod gamoyenebuli naerTia vercxl(I)-is 
nitrati, romelic miiReba vercxlze koncentrirebuli azotmJavas moqmedeb-
iT. am dros aseve gamoiyofa mura feris airi. dawereT mimdinare reaqciis 
toloba da gaaTanabreT eleqtronuli balansis gamoyenebiT.

 b) vercxl(I)-is nitratSi CauSves TuTiis firfita. ra cvlileba SeiniSneba am 
dros? SeadgineT Sesabamisi reaqciis toloba.

 g) vercxlis qloridi wyalSi uxsnadia. dawereT misi miRebis reaqcia ori 
marilis urTierTqmedebiT.

 d) vercxlis bromidi sinaTleze iSleba martivi nivTierebebis warmoqmniT. 
SeadgineT reaqciis toloba. moiZieT informacia am reaqciis gamoyenebis Ses-
axeb. 
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simbolo qarTuli 
saxelwodeba

laTinuri 
saxelwodeba

rogor wavikiTxoT 
formulaSi

H wyalbadi Hydrogenium haS

O Jangbadi Oxygenium o      

C naxSirbadi Carboneum ce

N azoti Nitrogenium en

S gogirdi Sulphur es

P fosfori Phosphorus pe

Si siliciumi Silicium silicium

Cl qlori Chlorum qlor

F fTori Fluorum fTor

Br bromi Bromum brom

I iodi Iodium iod

Fe rkina Ferrum ferum

Al alumini Aluminium alumin

Na natriumi Natrium natrium

K kaliumi Kalium kalium

Li liTiumi Lithium liTium

Ca kalciumi Calcium kalcium

Mg magniumi Magnesium magnium

Ba bariumi Barium barium

He heliumi Helium helium

Ne neoni Neon neon

Kr kriptoni Kryptonum kripton

Ar argoni Argon argon

Zn TuTia Zincum cinkum

Sn kala Stannum stanum

Pb tyvia Plumbum plumbum

Cr qromi Chromium qrom

Mn manganumi Manganum manganum

Co kobalti Cobaltum kobalt

Ni nikeli Niccolum nikel

As dariSxani Arsenicum arsenikum

Cu spilenZi Cuprum kuprum

Ag vercxli Argentum argentum

Au oqro Aurum aurum

Hg vercxliswyali Hydrargyrum hidrargirum

Pt platina Platinum platinum

U urani Uranium uranium

cxrili I.  rogor iwereba  da rogor ikiTxeba zogierTi 
qimiuri  elementis simbolo
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metalTa eleqtroqimiuri aqtiurobis mwkrivi

Li  K  Ba  Ca  Na  Mg  Al  Mn  Cr  Zn  Fe  Co  Ni  Sn  Pb   H   Cu  Hg  Ag  Pt  Au

aqtiuroba mcirdeba

mJavebidan wyalbads aZevebs mJavebidan wyalbads 
ver aZevebs

qimiaSi xSirad gamoyenebuli erTeulebi

prefiqsi piko (p) nano (n) mikro (mk) mili (m) santi (s) deci (d) kilo (k)

mniSvneloba 10-12 10-9 10-6 10-3 10-2 10-1 103

ganzomileba sigrZe dro masa moculoba raodenoba

erTeuli metri wami grami litri moli

aRniSvna m wm g l moli

sigrZe:

1 m = 1012 pm = 109 nm = 106 mkm = 103 mm = 102 sm = 10-3 km

dro:

1 wm = 109 nwm = 106 mkwm = 103 mwm   

1 wT = 60 wm    

1 sT = 60 wT = 3600 wm

masa:

1 g = 109 ng = 106 mkg = 103 mg = 10-3 kg

moculoba:

1 l = 106 mkl = 103 ml = 1 dm3 = 10-3 m3

raodenoba:

1 moli = 106 mkmoli = 103 mmoli = 10-3 kmoli
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elementTa fardobiTi eleqtrouaryofiTobebis cxrili

1
H

2.2

3
Li
1.0

4
Be
1.6

5
B

2.0

6
C

2.6

7
N

3.0

8
O

3.4

9
F

4.0

11
Na
0.9

12
Mg
1.3

13
Al
1.6

14
Si
1.9

15
P

2.2

16
S

2.6

17
Cl
3.2

19
K

0.8

20
Ca
1.0

21
Sc
1.4

22
Ti
1.5

23
V

1.6

24
Cr
1.7

25
Mn
1.6

26
Fe
1.8

27
Co
1.9

28
Ni
1.9

29
Cu
1.9

30
Zn
1.7

31
Ga
1.8

32
Ge
2.0

33
As
2.2

34
Se
2.6

35
Br
3.0

37
Rb
0.8

38
Sr
1.0

39
Y

1.2

40
Zr
1.3

41
Nb
1.6

42
Mo
2.2

43
Tc
2.1

44
Ru
2.2

45
Rh
2.3

46
Pd
2.2

47
Ag
1.9

48
Cd
1.7

49
In
1.8

50
Sn
2.0

51
Sb
2.1

52
Te
2.1

53
I

2.7

55
Cs
0.8

56
Ba
0.9

57
La*
1.1

72
Hf
1.3

73
Ta
1.5

74
W
1.7

75
Re
1.9

76
Os
2.2

77
Ir

2.2

78
Pt
2.2

79
Au
2.4

80
Hg
1.9

81
Tl
1.8

82
Pb
1.8

83
Bi
1.9

84
Po
2.0

85
At
2.2

87
Fr
0.7

88
Ra
0.9

89
Ac**
1.1

 < 1.0
 1.0-1.4
 1.5-1.9

 < 1.0
 1.0-1.4
 1.5-1.9
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marilebis, fuZeebisa da mJavebis wyalSi xsnadobis cxrili

ionebi H+
4NH+ K+ Na+ Ag+ 2Ba + 2Ca + +2Mg 2Zn + 2Cu + 2Hg + 2Pb + 2Fe + 3Fe + 3Al +

OH− xs* xs xs _ xs mx u u u _ u u u u

F− xs xs xs xs xs u u u mx mx xs u mx xs mx

Cl− xs xs xs xs u xs xs xs xs xs xs mx xs xs xs

Br− xs xs xs xs u xs xs xs xs xs mx mx xs xs xs

I− xs xs xs xs u xs xs xs xs xs u u xs _ xs

2S − xs** xs xs xs u _ _ _ u u u u u u _

3NO− xs xs xs xs xs xs xs xs xs xs xs xs xs xs xs

2
3SO − xs* xs xs xs mx mx mx mx mx _ _ u mx _ _

2
4SO − xs xs xs xs mx u mx xs xs xs xs u xs xs xs

2
3CO − xs* xs xs xs u u u u u _ _ u u _ _

2
3SiO − u _ xs xs u u u u u _ _ u u _ _

3
4PO − xs xs xs xs u u u u u u u u u u u

3CH COO− xs xs xs xs mx xs xs xs xs xs xs xs xs _ _

* _ naerTi advilad iSleba airis gamoyofiT: 

 4 3 2NH OH NH H O→ ↑ + ;        2 3 2 2H SO H O SO→ + ↑ ;      2 3 2 2H CO H O CO→ + ↑  

** _ xsnaridan airis saxiT gamoiyofa:  2H S ↑  

xs _ xsnadi;  mx _ mcired xsnadi; u _ uxsnadi; „–“ _ naerTi ar arsebobs an 
wyliT iSleba.
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zogierTi elementis aRdgenis standartuli 
potencialis cxrili

aRdgenis reaqcia standartuli eleqtroduli potenciali, v

 
+ −+ →Au e Au +1.69

 
+ −+ →Ag e Ag +0.80

 
+ −+ →2Cu 2e Cu +0.34

 
+ −+ →3Fe 3e Fe -0.04

 
+ −+ →2Pb 2e Pb -0.13

 
+ −+ →2Ni 2e Ni -0.26

 
+ −+ →2Cd 2e Cd -0.40

 
+ −+ →2Fe 2e Fe -0.45

 
+ −+ →2Zn 2e Zn -0.76

 
+ −+ →3Al 3e Al -1.66

 
+ −+ →2Mg 2e Mg -2.36

 
+ −+ →Na e Na -2.71

 
+ −+ →2Ca 2e Ca -2.87

 
+ −+ →K e K -2.93

 
+ −+ →Li e Li -3.05
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   usafrTxoebis wesebi saskolo sabunebismetyvelo        
laboratoriaSi muSaobis procesSi

piradi usafrTxoebis mizniT 
aucilebelia, loboratoriuli 

samuSaoebis Sesrulebis dros, ataroT 
xalaTi, damcavi saTvale, gamoiyenoT 

damcavi xelTaTmanebi.

nebismier eleqtrul 
xelsawyosTan muSaobis 
SemTxvevaSi xelebi unda 

gqondeT mSrali.

Tu romelime nivTiereba 
dagesxaT kanze, saswrafod 

CamoibaneT didi 
raodenobiT wyliT.

gamoyenebis win 
aucileblad SeamowmeT 
minis WurWeli, rom ar 

iyos dazianebuli an 
gabzaruli.

laboratoriuli samuSaos 
damTavrebis Semdeg 

yvelaferi daabruneT Tavis 
adgilze. daasufTaveT 

samuSao magida. daibaneT 
xelebi sapniT. gamorTeT 
eleqtruli xelsawyoebi.

dauSvebelia 
labora toriaSi 

sirbili da 
TamaSi.

moerideT nivTierebebis 
orTqlis SesunTqvas. 

dauSvebelia 
nivTierebebis Sexeba, 
daynosva an gasinjva.

darwmundiT, rom zustad 
iciT, Tu sad mdebareobs 

pirveladi daxmarebis 
nakrebi, cecxlsaqrobi, 

usafrTxoebis Sxapi, 
Tvalebis dasabani.

laboratoriaSi nebismier 
dros akrZalulia Wama 
da sma. ar gamoiyenoT 

laboratoriuli 
WurWeli saWmlis 

Sesanaxad.

nebismieri SemTxvevis 
Sesaxeb dauyovnebliv 

SeatyobineT 
maswavlebels.

laboratoriaSi 
muSaobis dros unda 

gecvaT daxuruli 
fexsacmeli. grZeli 
Tma unda SeikraT da 
ar gamoiyenoT didi 

samkauli.

arasodes imuSaoT 
laboratoriaSi 

ufrosis 
Tandaswrebis 

gareSe.

yuradRebiT waikiTxeT yvela 
instruqcia. Tu romelime 
instruqcia an procedura 

gaugebaria, samuSaos dawyebis win 
hkiTxeT maswavlebels.

gacxelebis dros 
arasodes mimarToT 

sinjaris piri Tqvenken 
an sxvisken.



177

damxmare masala

W
W

W
.C

H
E

M
IS

T
R

Y
.G

E
W

W
W

.C
H

E
M

C
LU

B
.E

D
U

.G
E

ს
ა
ქ
ა
რ

თ
ვ
ე
ლ

ო
ს
 პ

რ
ო

ფ
ე
ს
იო

ნ
ა
ლ

ქ
იმ

იკ
ო

ს
თ

ა
 ა

ს
ო

ც
ია

ც
ია

WW
W.

CH
EM

CL
UB

.E
DU

.G
E

A P
G
eo

rg
ia

C

qi
mi

u
r
i 

el
em

en
t
eb

is
 p

er
io

d
u
l

o
bi

s 
c
xr

il
i 

(g
r
Ze

l
i)



178

damxmare masala
qi

mi
u
r
i 

el
em

en
t
eb

is
 p

er
io

d
u
l

o
bi

s 
c
xr

il
i 

(m
o
kl

e)



179

damxmare masala

gamosaTvleli davalebebis pasuxebi

1.5

1.2. 40.8 g; 39.2 g. 1.3. a) 110 g; b) 27.5 g.

1.6

1. a) 58 g; b) 6.9 %. 2. 20 %. 3. 12 %. 4. 6 M. 5. 2.1 M. 6. 18 g. 7. 0.58 l. 8. 0.75 l. 9. 200 
g. 10. 240 g. 11. 120 ml. 

1.8

4. a) 90 %; b) 30 %; g) 5 %. 

1.9 

2. a) 3 moli; b) 4 moli; g) 2 moli. 6. a) 0.5 moli; b) 0.25 moli; g) 0.5 moli.

1.12 

3. 10-3 M. 5. a) 10-9; b) 10-2; g) 10-6; d) 10-11.

1.13

2. 10. 3. a) 10-3; b) 10-8. 4. a) 2; b) 12; g) 7. 5. a) 10-3, 10-11; b) 10-11, 10-3; g) 10-6, 10-8;  d) 
10-8, 10-6; e) 10-9, 10-5. 6. b) 10-4, 10-6; g) 10-10, 10-8. 7. 2.

1-eli Tavis Semajamebeli savarjiSoebi 

3. a) 17 g. 4. 78 g. 5. 50 g/l. 6. 0.00006 g. 7. 3:5. 8. a) 16.67 %; b) 5 %; g) 10 %. 9. 1.47 
M. 10. 79.875 ml. 11. 2000 g. 12. a) 0.5 M; b) 0.0355 M; g) 0.25 M. 13. a) 120 g; b) 59.6 
g; g) 5.475 g. 14. a) 1.5 l; b) 10 l; g) 0.625 l. 15. a) 2 M; b) 2 M; g) 3 mg/l. 16. a) 80 
ml; b) 100 ml; g) 10 ml. 17. a) 12.5 ml; b) 0.833 ml; g) 1.875 ml. 23. 2-jer. 25. 0.1703. 
26. 26.25 g. 27. 37.5 ml. 28. 1500 g. 30. 2.82 M. 31. a) 0.35; b) 165.3 ml; g) 0.0067 M; d) 
423.5 g/l. 32. 0.375 M. 33. a) 1597.5 g; b) 6.75 g; g) 17.9775 g. 34. a) 0.1784 l; b) 0.5946 
l; g) 0.0796 l. 35. a) 0.1 M; b) 0.45 M; g) 1.8 M. 36. a) 50 ml; b) 125 ml; g) 250 ml. 37. 
50 g; 200 g; 100 g. 38. 300 ml. 39. a) 0.116; b) 2.39 M; g) 0.398 M. 40. 0.02326; 0.3428 M. 
42. a) 0.157; b) 121.74 ml; g) 4.518 M. 43. 0.2043 l. 44. 11.5875 g. 52. 0.18 M. 53. 0.8 M. 
54. 0.03 M. 55. 40 ml. 61. a) 10-2, 10-12; b) 1.5 l. 62. a) 2 moli; b) 4 moli; g) 5 moli; 
d) 3 moli. 64. 316.35 mg. 65. 12.5 g. 66. 10.35 g. 67. 0.15. 68. 0.333. 69. 0.4898. 70. 0.24. 

2.6

5. 0.56 l. 6. 23 %. 7. 6.4 g. 

me-2 Tavis Semajamebeli savarjiSoebi

18. 6 moli. 

3.1 

2. 301 g. 5. 365 m3.

3.4

3. a) 4.5 moli, 3 moli; b) 1.04 moli, 25 moli; g) 3.73-9.7 g; d) 25.16-76.05 g; 
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 e) 0.008 moli. 4. 56.96 l. 

3.8

2. 2.2-jer.

3.9

2. 1.5-jer. 4. 7.84 %. 

3.10

6. 240 ml. 7. 4.48 l. 

3.11

4. a) 255.9 kg; b) 25.8 kg. 

me-3 Tavis Semajamebeli savarjiSoebi

4. g) 2.475 kg, 24.75 %; z) 3.71 kg. 9. 0.1 moli. 10. 19.2 g. 11. 5 ml. 12. 56 %; 44 %. 
14. 16 g; 40 g. 15. 13.5 %; 86.5 %. 16. 35.6 %; 48 %; 16.4 %. 17. 32 %; 68 %.  18. 74 %. 
19. 62.5 %; 37.5 %. 20. 6.2 g. 21. 335.6 ml. 22. 66 %; 34 %. 23. 5.6 g; 7.2 g; 7.2 g. 

saerTo Semajamebeli savarjiSoebi

1.2. 8 g. 1.3. a) 0.28 l. 1.7. 28.2 %; 20.8 %. 1.9. 0.1575 moli/l. 2.1. 6.592 t. 2.4. d) 
2.25∙1021. 2.5. g) 2.8 l. 3.3. g) 2.296 g. 3.4. i) 0.005 moli; ii) 0.0025 moli; iii) 0.125 
moli/l, 12.25 g/l. 3.5. g) 2.33 g; d) 82.4 %. 3.6. b) 3.36 l. 3.7. g) 25 g. 4.3. b) 33 ml. 
4.7. a) 0.006 moli, 0.025 moli; b) 0.013 moli; g) 0.447 g. 4.8. b) 22.4 l. 4.9. b) 23.8 
mg. 4.10. a) 196 mkg; b) 5.23 mg; g) 6.74 mg. 5.1. b) 700 kg, 724 kg. 5.2. 95.54 mg. 5.4. 5.08 
g. 6.1. a) 536.25 kg; g) 24.8 mg. 6.2. a) 23 g; g) 120.9 g. 
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gamoyenebuli resursebi:

1. https://el.ge
2. https://iupac.org
3. https://www.cas.org
4. https://www.britannica.com
5. https://chem.libretexts.org
6. https://www.acs.org
7. v. papuniZe, g. xatisaSvili, T. saduniSvili. mcenare janmrTeli garemo-

saTvis. baTumi, "aWara", 2006

suraTebi:

https://www.shutterstock.com/  
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