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Tavi 1. 
nivTierebaTa 

mravalferovneba - 
araorganuli 
nivTierebebi

  am Tavis Seswavlis Semdeg SeZlebT upasuxoT kiTxvebs:

•	  rogori saxiT gvxvdeba nivTierebebi Cven garSemo?

•	 ratom atarebs zogierTi nivTierebis wyalxsnari dens?

•	 ra mniSvneloba aqvs neitralizaciis reaqcias adamianis orga­
nizmSi?

•	 rogor viyenebT zogierT araorganul nivTierebas Cvens yovel­
dRiurobaSi?

•	 rogor gamovTvaloT eqsperimentisaTvis saWiro nivTierebebis 
raodenoba?
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1.1 	  araorganuli nivTierebebi Cven 

                          irgvliv

Cven garSemo arsebuli nivTierebebi pirobiTad or jgufad, araorganul da 
organul nivTierebebad iyofa. araorganuli nivTierebis SedgenilobaSi SeiZle-
ba Sediodes periodulobis cxrilis nebismieri elementi, xolo organuli niv-
Tiereba aucileblad Seicavs naxSirbads da aseve SeiZleba Seicavdes wyalbads, 
Jangbads, azots, gogirds, fosforsa da halogenebs. unda aRiniSnos, rom naxSir-
badis oqsidebi, naxSirmJava, karbonatebi da zogierTi sxva araorganul naerTebs 
miekuTvneba. 

am TavSi araorganul nivTierebebs gavecnobiT. pirvel rigSi, ganvixiloT, Tu 
romeli araorganuli nivTierebebi arsebobs da gavigoT, ra saxiT gvxvdeba isini 
garemoSi.

1.1.1. araorganul nivTierebaTa klasifikacia

gavixsenoT, rom qimiuri elementebis mier warmoqmnil martiv nivTierebebs 
metalebad, metaloidebad da arametalebad yofen (nax. 1.1).

martivi nivTierebebi

metalebi metaloidebi arametalebi

nax. 1.1. martivi nivTierebebis pirobiTi dayofa.

araorganul naerTebs rac Seexeba, rogorc viciT, isini ZiriTadad oqsidebad, 
mJavebad, fuZeebad da marilebad iyofa (nax. 1.2).

araorganul nivTierebaTa ZiriTadi klasebi

oqsidebi fuZeebi mJavebi marilebi

nax. 1.2. araorganul naerTTa ZiriTadi klasebi.

me-8 klasis qimiis kursidan CvenTvis cnobilia, rom am nivTierebebidan zo-
gierTi haerSi gvxvdeba (azoti, Jangbadi, argoni, naxSirorJangi da sxv.), zogi _ 
niadagSi (oqsidebi, marilebi), zogi ki _ wyalSi gaxsnili saxiT (marilebi, haeris 
airadi komponentebi). 
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O
46%

Si
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Al
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4%
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danarCeni 
elementebi 1%

nax. 1.3. dedamiwis qerqSi ZiriTadi qimiuri elementebis Semcveloba.

araorganuli nivTierebebis udidesi nawili dedamiwis qerqSi sxvadasxva naer-
Tis saxiT aris gavrcelebuli. martivi nivTierebis formiT mxolod ramdenime 
elementi gvxvdeba: oqro, vercxli, platina, naxSirbadi, gogirdi da zogierTi 
sxva. sainteresoa, rom dedamiwis qerqis masis TiTqmis 99% mxolod 8 elementis 
naerTebis saxiTaa warmodgenili (nax. 1.3). 

dedamiwis qerqis qimiuri Sedgeniloba yvelgan erTnairi araa, amitom nax. 
1.3-ze elementTa procentuli Semcveloba gasaSualoebul monacemebs warmoad-
gens. zogierT qanSi ama Tu im elementis Semcveloba maRalia, zogSi ki _ dabali. 
elementiT mdidar adgils sabados uwodeben, elementiT mdidar wiaRiseuls ki 
_ madans. dedamiwis qerqSi yvelaze meti masuri wili aqvs Jangbads, romelic 
oqsidebisa da marilebis SedgenilobaSi Sedis. meore adgili siliciums ukavia, 
romelsac garemoSi SiO2-isa da silikatebis saxiT vxvdebiT (nax. 1.4). 

nax. 1.4. silicium(IV)-is oqsidis karka-
suli struqtura. lurji burTulebi 
siliciumis atomebia, wiTeli – Jang-
badis. naerTs giganturi kovalenturi 

struqtura aqvs da pirobiTad misi 
umartivesi formula SeiZleba warmo

vidginoT, rogorc SiO2.

SiO2 -is bunebrivi forma aris kaJmiwa, romelic ZiriTadad qviSis, qarsis, ka-
Jis, kvarcisa da sxva mineralebis saxiT gvxvdeba (nax. 1.5). misi formebis mraval-
ferovneba kristalis wyobiTa da minarevebis arsebobiT ganisazRvreba.
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	    kaJi                                  kvarci                              qarsi

nax. 1.5. SiO2 -is Semcveli bunebrivi mineralebi. 

1.1.2. qimiuri bmebi araorganul nivTierebebSi

araorganuli nivTierebebi warmoqmnilia metaluri, ionuri da kovalenturi 
bmebis saSualebiT. 

gavixsenoT, rom metalSi gvaqvs dadebiTad damuxtuli kationebi da uaryofi-
Tad damuxtuli, Tavisuflad moZravi „eleqtronebis zRva“. maT Soris aRiZvreba 
eleqtrostatikuri urTierTmizidulobis Zala, romelsac metaluri bma ewo-
deba (nax. 1.6). aseTi bmis arseboba ganapirobebs metalTa bzinvarebas, plastiku-
robas, eleqtro- da siTbogamtarobas.
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+ +
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nax. 1.6. metaluri bma.

arametalebsa da metaloidebSi atomebi erTmaneTs saziaro eleqtronuli 
wyvilebis warmoqmnis xarjze ukavSirdeba. gavixsenoT, rom aseT kavSirs koval-
enturi bma ewodeba (nax. 1.7).

nax. 1.7. arametalTa atomebi erTmaneTs saziaro eleqtronuli wyvilebis xarjze ukav-
Sirdeba. amis magaliTia kovalenturi bmis warmoqmna qloris atomTa Soris.

metalTa da arametalTa Soris naerTebis warmoqmnisas metalis gare Sridan 
advilad wydeba eleqtronebi, romlebic arametalze gadadis. amis Sedegad mi-
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iReba dadebiTad da uaryofiTad damuxtuli ionebi, romlebic urTierTmizidu-
lobis ZaliT ukavSirdeba erTmaneTs. aseT bmas ionur bmas vuwodebT (nax. 1.8).

nax. 1.8. ionuri bmis warmoqmna metalsa (Mg) da arametals (O) Soris.

  kiTxvebi da davalebebi:

1.	 araorganul naerTTa romel klasebs warmoadgens qvemoT mocemuli 
naerTebi? (gaixseneT naswavli masalidan)

	 a) CO2          b) MgCl2          g) H2SO4          d) Ca(OH)2 

2.	 bunebaSi kaliumi da kalciumi ZiriTadad marilebis formiT gvxvdeba; 
kaliumi silikatis, nitratisa da qloridis saxiTaa warmodgenili, 
xolo kalciumi SeiZleba fosfatis, karbonatis, sulfatisa da fTo-
ridis saxiT Segvxvdes. SeadgineT Sesabamis nivTierebaTa formulebi.

3.	 bariti warmoadgens bariumis sulfatis Semcvel bunebriv minerals. 
daadgineT bariumis masuri wili bariumis sulfatSi.

4.	 ratom ar gvxvdeba bunebaSi tute metalebi da maTi oqsidebi Tavisu-
fali saxiT?

5.	 saqarTveloSi moipoveba minerali piroluziti. moipoveT informacia 
misi Sedgenilobis Sesaxeb. sad aris am mineralis sabado? 

6.	 cnobilia, rom nivTierebebis Tvisebebs maTSi arsebuli bmebi ganapi-
robebs. gaixseneT mocemuli nivTierebebis Tvisebebi da amis safuZ-
velze gansazRvreT, rogori tipis qimiuri bmaa TiToeul maTganSi.

	 a) rkina;		  b) Jangbadi; 		  g) natriumis qloridi;	
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1.2	                    oqsidebi

oqsidebi dedamiwaze Zalze gavrcelebuli naerTebia. amis dasamtkiceblad 
is faqtic ki sakmarisia, rom oqsidebia wyali da dedamiwis qanebis Semadgeneli 
ZiriTadi nawili _ siliciumis dioqsidi. oqsidi, rogorc gvaxsovs, binaruli anu 
ori elementisagan Semdgari naerTia, romelTaganac erT-erTs Jangbadi warmoad-
gens. 

1.2.1. oqsidebis miReba

1) oqsidebi ramdenime gziT miiReba. erT-erTia martivi nivTierebis Jangbad-
Tan uSualo SeerTeba. aseTi reaqciebi xSirad martivi nivTierebis haerze an 
Jangbadis areSi wvis saSualebiT xorcieldeba:

+ →22Mg O 2MgO         + →2 2C O CO         + →2 2 54P 5O 2P O

zogierTi elementis (mag.: oqros, halogenebisa da sxv.) oqsidi maTi Jangbad-
Tan uSualod urTierTqmedebis Sedegad ver miiReba.

2) rTuli nivTierebebis sruli wvis Sedegad ZiriTadad miiReba oqsidi yvela 
im elementisa, romlebic Sedis am nivTierebis SedgenilobaSi.

2 2 2 22H S 3O 2SO 2H O+ → +            + → +4 2 2 2CH 2O CO 2H O

3) oqsidebis miReba aseve SesaZlebelia zogierTi rTuli nivTierebis (Sesa-
bamisi fuZis/mJavas/marilis) daSliT, risTvisac maT maRal temperaturaze acx-
eleben:

° +→t
3 2CaCO CaO CO                          

° +→t
3 2 3 22Al(OH) Al O 3H O

° + +→t
2 2 3 2 2Cu (OH) CO 2CuO H O CO

       3 2 22H SO SO H O+→

1.2.2. oqsidebis klasifikacia

oqsidTa klasifikacia dafuZnebulia maT qimiur Tvisebebze, kerZod, mJavas-
Tan an tutesTan urTierTqmedebisas marilis warmoqmnis unarze. amis mixedviT 
ganasxvaveben neitralur, mJava, fuZe da amfoterul oqsidebs (nax. 1.9).

marilwarmomqmneli oqsidebi marilarwarmomqmneli 
oqsidebi

fuZe
oqsidebi

 (Na2O, CaO da sxv.)

amfoteruli
oqsidebi

 (ZnO, Al2O3 da sxv.)

mJava
oqsidebi

 (CO2, SO3 da sxv.)

neitraluri 
oqsidebi

 (CO, N2O da sxv.)

oqsidebi

nax. 1.9. oqsidebis klasifikacia. 
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oqsids, romelic tutesTan an mJavasTan urTierTqmedebisas marilsa da wy-
als ar warmoqmnis,  neitraluri anu marilarwarmomqmneli oqsidi ewodeba. maT 
miekuTvneba CO, NO, N2O da zogierTi sxva.

danarCeni oqsidebi marilwarmomqmnel oqsidebs miekuTvneba. ganvixiloT 
TiToeuli tipis oqsidTa Tvisebebi.

1.2.3. mJava oqsidebis Tvisebebi

mJava oqsidebs mJavebi Seesabameba (cxrili 1.1). 

cxrili 1.1. mJava oqsidebi da maTi Sesabamisi mJavebi.

mJava oqsidi mJava mJava oqsidi mJava

CO2 H2CO3 N2O3 HNO2 

SiO2 H2SiO3 N2O5 HNO3 

SO2 H2SO3 CrO3 H2CrO4 

SO3 H2SO4 Cl2O7 HClO4 

P2O5 H3PO4 Mn2O7 HMnO4

mJava oqsidebs ZiriTadad arametalebi warmoqmnis. mJava oqsidebSi elemen-
tisa da Jangbadis atomebi erTmaneTs kovalenturi bmiT ukavSirdeba. Tumca, 
mJava oqsidi SeiZleba iyos metaloidis an cvalebadvalentiani metalis oqsidic, 
romelSic metals maRali valentoba aqvs (mag., Mn2O7). 

1) mJava oqsidebis umetesoba mJavas uSualod wylis mierTebis Sedegad war-
moqmnis  (CvenTvis cnobili oqsidebidan gamonakliss SiO2 warmoadgens). amasTan, 
mJava oqsidsa da mis Sesabamis mJavaSi elementi erTsa da imave valentobas am-
JRavnebs.

mJava oqsidi  +  wyali →  mJava

magaliTad:

→
VI VI

3   2 2 4  SO + H O  H SO               →2

V V

3 4 2 5 OP O  + 3H    2H PO

2) mJava oqsidi sxva oqsidebisagan imiT gamoirCeva, rom marilsa da wyals mx-
olod tutesTan urTierTqmedebisas warmoqmnis: 

mJava oqsidi  +  tute →  marili  +  wyali
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magaliTad:

→3 2 4   2SO  + 2NaOH   Na SO + H O        →2 32 2CO  + Ca(OH    CaCO + H) O

mJava oqsidsa da tutes Soris reaqciis tolobis Sedgenisas SesaZlebelia 
visargebloT meTodiT, romelic qvemoT moyvanil magaliTSia aRwerili: 

praqtikuli magaliTi _ 1.
SevadginoT kaliumis tutesTan fosfor(V)-is oqsidis urTierTq­

medebis reaqciis toloba.
rogorc viciT, am SemTxvevaSi unda miviRoT marili da wyali:

+ → +2 5 2KOH P O H Omarili

marilis SedgenilobaSi unda Sediodes fuZeSi Semavali metali da  
im mJavas naSTi, romelic mocemul mJava oqsids Seesabameba. am Sem-
TxvevaSi mJava oqsidia P2O5. misi Sesabamisi mJava aris H3PO4. sqemaSi 
mJava oqsidis qveS davweroT am mJavas formula:

+ → +

3 4

2 5 2

H PO

KOH P O H Omarili

warmovidginoT, rom fuZesa (KOH) da mJavas (H3PO4) Soris mimdin-
areobs neitralizaciis reaqcia. gavixsenoT, aseT SemTxvevaSi rogor 
unda SevadginoT miRebuli marilis formula (metalis valentoba 
fuZeSi OH-jgufebis raodenobis tolia, xolo mJavuri naSTis valen-
toba mJavaSi metalis atomebiT Canacvlebis unaris mqone H-atomebis 
raodenobas udris). miviRebT, rom warmoqmnili marilis formulaa 
K3PO4 .  amis Semdeg CavsvaT sqemaSi marilis formula da reaqciis 
toloba warmovadginoT gaTanabrebuli saxiT:

+ → +2 5 3 4 26KOH P O 2K PO 3H O

1.2.4. fuZe oqsidebis Tvisebebi

fuZe oqsids mxolod metali warmoqmnis. fuZe oqsidebSi metalsa da Jangbads 
Soris ionuri bmaa.

1) fuZe oqsidebs fuZeebi Seesabameba, Tumca yvela fuZe oqsidi wyalTan uSua-
lod ar reagirebs. am unars mxolod is fuZe oqsidi amJRavnebs, romelsac wyalSi 
xsnadi fuZe, anu tute Seesabameba. aseT oqsidebs warmoqmnis tute da tutemiwa 
metalebi, kerZod: Li, Na, K, Rb, Cs, Ca, Sr da Ba. metali fuZe oqsidsa da Sesabamis 
tuteSi erTsa da imave valentobas amJRavnebs.

fuZe oqsidi +  wyali →  tute
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magaliTad:

→2 2Na  + H O O  2NaOH       →2 2Ca  + H O O  Ca(OH)

2) fuZe oqsidi, sxva oqsidebisagan gansxvavebiT, mxolod mJavasTan urTierTq-
medebisas warmoqmnis marilsa da wyals: 

fuZe oqsidi +  mJava →  marili  +  wyali

magaliTad:

→2 2 4 2 4 2K  + H SO    K SO + HO O         → 2 2Fe  + 2HCl   F ClO e + H O

ganvixiloT aseTi reaqciis tolobis Sedgenis magaliTi:

praqtikuli magaliTi _ 2.
SevadginoT magniumis oqsidTan marilmJavas urTierTqmedebis 

reaqciis toloba.
rogorc viciT, am SemTxvevaSi unda miviRoT marili da wyali:

+ → + 2MgO HCl H Omarili

marilis SedgenilobaSi unda Sediodes fuZe oqsidSi Semavali 
metali da   moreagire mJavas naSTi. sqemaSi fuZe oqsidis qveS 
davweroT misi Sesabamisi fuZis formula. gaviTvaliswinoT, rom 
fuZe oqsidsa da mis Sesabamis fuZeSi metali erTsa da imave va-
lentobas amJRavnebs, amitom MgO -s Sesabamisi fuZis formula 
iqneba Mg(OH)2:

2

2(OH)Mg

MgO HCl H O+ → +marili

warmovidginoT, rom fuZesa (Mg(OH)2) da mJavas (HCl) Soris mim-
dinareobs neitralizaciis reaqcia. aseT SemTxvevaSi warmoqmni-
li marilis formula iqneboda MgCl2. amis Semdeg CavsvaT sqemaSi 
marilis formula da reaqciis toloba warmovadginoT gaTanabre-
buli saxiT:

+ → +2 2MgO 2HCl MgCl H O
 

3) fuZe da mJava oqsidebi erTmaneTTanac reagirebs da marils warmoqmnis.

fuZe oqsidi +  mJava oqsidi →  marili 
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magaliTad:

→2 3 2 4K  + SO   KO   SO               + →2 2 2 3Na O CO Na CO

ganvixiloT aseTi reaqciis tolobis Sedgenis magaliTi:

praqtikuli magaliTi _ 3.
SevadginoT kalciumis oqsidTan fosfor(V)-is oqsidis urT­

ierTqmedebis reaqciis toloba.
rogorc viciT, am SemTxvevaSi reaqciis produqti marilia:

→2 5  C  + P O  aO  marili

zemoT ganxiluli magaliTebis mixedviT, sqemaSi fuZe oqsidis 
qveS davweroT misi Sesabamisi fuZis formula, mJava oqsidis qveS 
ki _ Sesabamisi mJavasi. gaviTvaliswinoT, rom fuZe oqsidsa da mis 
Sesabamis fuZeSi metali erTsa da imave valentobas amJRavnebs, 
amitom CaO -s Sesabamisi fuZis formula iqneba Ca(OH)2:

+ →

2 3 4

2 5

Ca(OH) H PO

CaO P O marili

warmovidginoT, rom fuZesa (Ca(OH)2 ) da mJavas (H3PO4 ) Soris 
neitralizaciis reaqcia mimdinareobs. aseT SemTxvevaSi warmoqm-
nili marilis formula iqneboda Ca3(PO4)2. amis Semdeg CavsvaT 
sqemaSi marilis formula da reaqciis toloba warmovadginoT 
gaTanabrebuli saxiT:

→2 5 3 4 2 + P O  3CaO  Ca PO( )
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  kiTxvebi da davalebebi:

1.	 miiReT Semdegi oqsidebi martivi nivTierebis JangbadTan urTierq-
medebiT:

	 a) spilenZ(II)-is oqsidi		  b) gogird(IV)-is oqsidi

	 g) TuTiis oqsidi			   d) liTiumis oqsidi

2.	 CamoTvlilTagan cal-calke amoiwereT neitraluri, mJava, fuZe da am-
foteruli oqsidebi:

	 ZnO , CO2, CO, N2O5,  BaO, Al2O3 , SO2, Li2O, NO, SiO2.

3.	 SeadgineT Semdegi oqsidebis wyalTan urTierTqmedebis reaqciaTa 
tolobebi: 

	
SO2, K2O, SrO, N2O5.

4.	 daasruleT da warmoadgineT reaqciaTa tolobebi gaTanabrebuli saxiT:

	 a) + →42 23 HO SOFe 		

	 b) + →32 4O H POK

	 g) + →2 5S Or N O

	 d) + →2NaOH SiO 			

	 e) + →2 3Ba( ) SOOH

	 v) + →2 5KOH P O 		

5.	 daadgineT ucnobi tutemiwa metalis oqsidis formula, Tu cnobilia, 
rom masSi Jangbadis masuri wilia 40%. 

6.	 ucnobi M metali warmoqmnis oqsids, romlis formulaa MO. upasuxeT 
kiTxvebs:

a) periodulobis cxrilis romel jgufSi mdebareobs es metali?

b) ramdeni savalento eleqtroni aqvs am metals? 

g) oqsidTa romel klass miekuTvneba aRniSnuli oqsidi?

d) rogori tipis bmaa aRniSnul oqsidSi?
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1.3 	  tuteebis, mJavebisa da marilebis 

                        wyalxsnarebi

tuteebis,  mJavebisa da marilebis TvisebaTa umetesoba wyalxsnarebSi 
mJRavndeba. amitom, vidre am naerTebis Tvisebebs gavecnobodeT, mokled gan-
vixiloT maTi wyalSi gaxsnis procesi.

1.3.1. eleqtrolituri disociacia

nax. 1.10-ze gamosaxulia xelsawyo, romlis saSualebiTac mowmdeba xsnarebis 
eleqtrogamtaroba: Tu xsnari damuxtul nawilakebs _ ionebs Seicavs, maSin 
is dens gaatarebs da naTura ainTeba. aRmoCnda, rom sufTa wyali dens ar at-
arebs, xolo Tu masSi gavxsniT marils, mJavas an tutes, naTura ainTeba. Saqris, 
glukozis, spirtisa da sxva nivTierebaTa wyalxsnarebis SemTxvevaSi xelsawyo 
gviCvenebs, rom isini dens ar atarebs.

nivTierebas, romlis wyalxsnari an nalRobi eleqtrul dens atarebs, eleq­
trolits uwodeben. xolo Tu nivTierebas es Tviseba ar gaaCnia, is araeleqtro­
litia. 

nax. 1.10. xsnaris eleqtrogamtarobis Sesamowmebeli xelsawyo. marcxena WurWelSi 
araeleqtrolitis xsnaria, marjvenaSi _ eleqtrolitis.

amrigad, aRmoCnda, rom marilebi, mJavebi da tuteebi 
wyalSi gaxsnisas ionebad iSleba. am process eleqtroli­
turi disociacia ewodeba. 

gavixsenoT, rom wylis molekula polarulia _ mis 
erT mxares uaryofiTi muxtia Tavmoyrili, sawinaaRm-
dego mxares ki _ dadebiTi (nax. 1.11). rodesac wyalSi 
ionuri naerTi, magaliTad, NaCl  ixsneba, wylis mole-
kulebi uaryofiTi polusiT +Na  ionebs miizidavs, xolo 
dadebiTi polusiT _ −Cl  ionebs (nax. 1.12). amis Sede-
gad kristalSi  +Na  da −Cl  ionebs Soris mizidulobis 
Zala 81-jer mcirdeba, ris gamoc kristali iSleba da 
misi Semadgeneli ionebi wyalSi gadadis. wyalSi gadasul 
ionebs hidratirebuli ionebi ewodeba.

nax. 1.11. wylis mole
kulis polaroba.
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hidratire-
buli ionebi

nax. 1.12. wyalSi natriumis qloridis eleqtrolituri disociacia. 

NaCl -is ionebad daSla ase gamoisaxeba:
+ −→ +NaCl Na Cl

zogadad, eleqtrolituri disociaciis dros marili metalis kationad da 
mJavas naSTis anionad iSleba. am dros kationis muxtis mniSvneloba marilSi 
metalis valentobas udris, xolo anionis muxti _ mJavuri naSTis valentobas 
uaryofiTi niSniT, magaliTad: 

		  3 3KNO K NO+ −→ + 		  2 2
4 4CuSO Cu SO+ −→ +

		
2

2FeCl Fe 2Cl+ −→ + 		  3 2
2 4 3 4Al (SO ) 2Al 3SO+ −→ +

tute wyalSi gaxsnisas metalis kationad da hidroqsid-ionad disocirdeba:

		  NaOH Na OH+ −→ + 		  ( ) 2
2

Ba OH Ba 2OH+ −→ +

xolo mJavas eleqtrolituri disociaciis dros xsnarSi wyalbadis kationi 
da mJavuri naSTis anioni warmoiqmneba:

		  HCl H Cl+ −→ + 		  33HNO H NO+ −→ +

1.3.2. eleqtrolitTa wyalxsnarebSi mimdinare reaqciebi

eleqtrolitTa xsnarebis qimiuri urTierTqmedebis dros reaqciaSi monaw-
ileobs ara molekulebi, aramed ionebi. magaliTisaTvis ganvixiloT tutisa da 
mJavas wyalxsnarebis Serevisas mimdinare neitralizaciis reaqcia:

2 4 2 4 22NaOH H SO Na SO 2H O+ → +(wy) (wy) (wy) (Tx)

am reaqciaSi reagentebi _ tute da mJava _ ionebad daSlili saxiT miiReben 
monawileobas.  warmoqmnili produqtebidan marili ionebis formiT iqneba, xolo 
wyali _ molekulebis, radgan is araeleqtrolitia da ionebad ar iSleba. amis 
gaTvaliswinebiT reaqcia SeiZleba davweroT ionuri tolobis saxiT, romelSic 
eleqtrolitebi ionebad aris warmodgenili: 
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miRebul tolobas srul ionur tolobas uwodeben. 
ionuri tolobis marcxniv da marjvniv erTnairi wevrebi erTmaneTs abaTi-

lebs:

SevkvecoT koeficientebi:

ris Sedegadac miviRebT mokle anu Sekvecil ionur tolobas, romelic 
gviCvenebs, Tu romel ionebs Soris warimarTa reaqcia:

amrigad, wyalxsnarSi natriumis tutesa da gogirdmJavas Soris mimdinare 
reaqciis Sedegad warmoqmneba wylis molekulebi, +Na  da  −2

4SO ionebi ki xsnarSi 
rCeba. aseT ionebs „pasiur“ ionebs uwodeben.

ganvixiloT SemTxveva, rodesac reagentebic da produqtebic ionebad diso-
cirdeba:

3 3NaNO KCl NaCl KNO+ → +(wy) (wy) (wy) (wy)

aq yvela ioni pasiuri aRmoCndeba da isini erTmaneTs gaabaTilebs:

am SemTxvevaSi miRebuli wyalxsnari warmoadgens narevs, romelic oTxi saxis 
ions ( +Na , +K , −Cl  da −

3NO ) Seicavs. aseT xsnars Tu amovaSrobT, miviRebT myar  
narevs, romelSic aris rogorc reagentebi, aseve produqtebi. amitom aseTi reaq-
cia Seqcevadia da misi dawerisas Seqcevadobis niSans iyeneben: 

3 3NaNO KCl NaCl KNO+ +(wy) (wy) (wy) (wy)

wyalxsnarSi ionuri mimocvlis reaqcia mxolod im SemTxvevaSi ganxorciel-
deba, Tu ionebis urTierTqmedebiT warmoqmnili nivTiereba ar disocirdeba. 
wylis garda, aseTi SeiZleba iyos naerTi, romelic wyalSi ar ixsneba da naleqis 
saxiT gamoiyofa. magaliTisaTvis ganvixiloT reaqcia tyvia(II)-is nitratsa da 
kaliumis iodids Soris (nax. 1.13):
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nax. 1.13. tyvia(II)-is nitratze kaliumis iodidis damatebisas 
yviTeli feris naleqi gamoiyofa. 

+ → + ↓3 2 3 2Pb(NO ) 2KI 2KNO PbI

sruli ionuri toloba iqneba: 

2
3 3 2Pb 2NO 2K 2I 2K 2NO PbI+ − + − + −+ + + → + + ↓

rogorc vxedavT, aq +K  da −
3NO  pasiuri ionebia. amitom Sekvecili ionuri 

toloba ase Caiwereba:

+ −+ → ↓2
2Pb 2I PbI

nax. 1.14. natriumis karbonatsa da marilmJavas Soris urTierTqmedebis Sedegi.

ionebs Soris reaqciis produqti SeiZleba airis saxiTac gamoiyos. amis maga-
liTia reaqcia natriumis karbonatsa da marilmJavas Soris, romlis Sedegadac 
warmoqmnili naxSirmJava aramdgradi mJavaa da wylisa da naxSirorJangis warmo-
qmniT iSleba (nax. 1.14): 
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+ − + − + −+ + + → + + + ↑2
3 2 22Na CO 2H 2Cl 2Na 2Cl H O CO

+ −+ → + ↑2
3 2 22H CO H O CO

reaqciis ionuri tolobebis Sedgenisas imis dasadgenad, Tu romeli ionebi 
warmoqmnian xsnad naerTebs da romeli _ uxsnads, unda visargebloT sacnobaro 
informaciiT _ mJavebis, fuZeebisa da marilebis wyalSi xsnadobis cxriliT, ro-
melic wignis boloSia (gv. 172) mocemuli.

  kiTxvebi da davalebebi:

1.	 gamoiyeneT xsnadobis cxrili (gv. 172) da dawereT:
	 a) wyalSi uxsnadi marilis, mJavasa da fuZis TiTo magaliTi;
	 b) wyalSi xsnadi marilis, mJavasa da fuZis TiTo magaliTi.

2.	 SeadgineT Semdegi naerTebis eleqtrolituri disociaciis tolobebi:
	 a) KOH 		  b) 2Ca(OH) 		  g) 3HNO 			 

	 d) 3 4Na PO 	 e) 3AlCl 		  v) 2 4 3Fe (SO )

3.	 gaaTanabreT qvemoT mocemuli reaqciebi da SeadgineT maTi sruli da 
Sekvecili ionuri tolobebi:

	 a) + → + 2HCl NaOH NaCl H O 	

	 b) + → +3 4 3 4 2H PO KOH K PO H O 	

	 g) + → +3 2 3 2 2HNO Ca(OH) Ca(NO ) H O

4.	 SeadgineT Semdeg nivTierebaTa urTierTqmedebis reaqciebi da war-
moadgineT maTi Sekvecili ionuri tolobebi:

a)	 qlorwyalbadmJava da kalciumis hidroqsidi;
b)	 gogirdmJava da kaliumis hidroqsidi;
g)  azotmJava da bariumis hidroqsidi.
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1.4 	                mJavebi

me-8 klasis qimiis kursSi Cven gavecaniT nivTierebaTa klass, romelTac mJa-
vebs uwodeben. gavixsenoT, rom:

•	 mJava aris rTuli nivTiereba, romelic Sedgeba metalis atomiT Canacv-
lebis unaris mqone wyalbadatomisa da mJavuri naSTisagan;

•	 metalis atomiT Canacvlebis unaris mqone wyalbadatomebis raodenobis 
mixedviT mJava SeiZleba iyos erTfuZiani, orfuZiani da a. S.;

•	 mJavuri naSTis Sedgenilobis mixedviT ganasxvaveben Jangbadian da uJang-
bado mJavebs.

Jangbadian mJavebSi metalis atomebiT Canacvlebis unaris mqone wyalbada-
tomebi mJavas naSTis warmomqmnel elements Jangbadatomis saSualebiT ukavSird-
eba, rasac “Jangbadis xidsac” uwodeben; xolo uJangbado mJavebSi _ uSualod. 
maTi grafikuli formulebi ase gamoisaxeba:

Al
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H

H
O HMg

O

O

H

H
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O
H

O
S

O

O

O

H

H

O
P

O
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H

S

H

H Cl

               H2SO4                                            H3PO4                          HCl                 H2S                     

mJavebSi atomTa Soris kovalenturi bmebia.
zogadad mJava SeiZleba gamovsaxoT formuliT:

HnA

sadac n aris metalis atomiT Canacvlebis unaris mqone wyalbadatomTa rao
denoba, xolo A _ mJavas naSTi.

mJavebis saxelwodebebis gaxsenebas SeZlebT wignis boloSi mocemuli cxri-
lidan (cxrili III gv. 170).

1.4.1. mJavebis miReba

1) uJangbado mJavebi wyalbadisa da Sesabamisi arametalis urTierTqmedebiT 
miiReba:

wyalbadi +  arametali →  uJangbado mJava

magaliTad:

2 2H    Cl    2HCl+ →(a) (a) (a) 			  2 2H    S    H S+ →(a) (my) (a)

miRebuli airadi nivTierebebi, qlorwyalbadi da gogirdwyalbadi, wyalSi 
gaxsnis Sedegad warmoqmnis mJavebs, Sesabamisad qlorwyalbadmJavasa (marilmJa-
vas) da gogirdwyalbadmJavas.

2) Jangbadiani mJavas miRebis ZiriTadi meTodia Sesabamisi mJava oqsidis wy-
alSi gaxsna, rasac mJava oqsidebis TvisebebSi gavecaniT:
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mJava oqsidi +  wyali →  mJava

magaliTad:

+ →2 5 2 3 4 P O  3H O    2H PO 		  + →3 2 2 4SO    H O    H SO

gamonaklisia SiO2, romelic wyalTan ar urTierTqmedebs.
3) garda amisa, mJavebi miiReba Sesabamis marilebze sxva mJavebis moqmedebiT. 

es reaqciebi wyalxsnarebSi mimdinare ionuri mimocvlis reaqciebs warmoadgens 
da im SemTxvevaSi warimarTeba, Tu reaqciis erT-erT produqtad airi an naleqi 
miiReba. magaliTad: 

+ → + ↑2 2 Na S  2HCl    2NaCl H S 	        + → + ↓2 3 2 4 2 4 2 3 Na SiO  H SO    Na SO H SiO 	

Sesabamisi Sekvecili ionuri tolobebi iqneba:

2
2 2H  S    H S+ −+ → ↑ 			 

2
3 2 32H SiO  H SiO+ −+ → ↓

1.4.2. mJavebis Tvisebebi

mJavebis umetesoba wyalSi xsnadia. am dros isini disocirdeba wyalbadis ka-
tionisa da mJavuri naSTis anionis warmoqmniT, magaliTad:

HCl H Cl+ −→ + 		  3 3HNO H NO+ −→ +

amitom mJava SeiZleba asec ganvmartoT: mJava iseTi eleqtrolitia, romelic 
disociaciis dros kationis saxiT mxolod H+ ionebs warmoqmnis.

xsnarSi  H+ ionis  arseboba ganapirobebs mJavaTa saerTo Tvisebebs:
1) yvela mJavas aqvs mJave gemo (gvaxsovdes, rom qimiuri reaqtivis gemos gas-

injva dauSvebelia!). sakvebSi Semavali mJavebi ZiriTadad organuli nivTierebe-
bia, magaliTad, limonmJava, ZmarmJava, askorbinmJava (igive vitamini C), rZemJava 
da sxv. (nax. 1.15). cocxal organizmebSi gvxvdeba zogierTi araorganuli  mJavac. 
amis magaliTia marilmJava (HCl), romelic kuWis wvenSia da ferment pepsinTan 
erTad saWmlis monelebaSi monawileobs (nax. 1.16).

nax. 1.15. citrusis mJave gemos masSi 
Semavali mJavebi (magaliTad, limonmJava, 

askorbinmJava da sxv.) ganapirobeben.

HCl
pepsini

HCl + 
pepsini

nax. 1.16. marilmJavasa da ferment 
pepsinis moqmedeba xorcis naWerze.
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2) mJavaTa wyalxsnarebis pH<7 (nax. 1.17). mJavebi specifikurad moqmedeben 
indikatorebTan (nax. 1.18, cxrili 1.2). 

nax. 1.17. xelsawyo (pH-metri) gviCvenebs, 

rom xsnaris pH = 3.12, rac imas niSnavs, 

rom WiqaSi mJavas xsnaria.

nax. 1.18. indikator lakmusis  

qaRaldis feri gviCvenebs, rom limoni 

mJavas Seicavs.

cxrili 1.2. sxvadasxva indikatoris feri mJava, neitralur da tute areSi.

    indikatori

 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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3) mJavaTa umravlesoba reaqciaSi Sedis metalebTan, ris Sedegadac wyalbadi 
gamoiyofa: 

metali +  mJava →  marili + wyalbadi

magaliTad:

+ → + ↑2 2Zn  2HCl   ZnCl  H
mJavadan wyalbadis gamoZevebis unari yvela metals ar gaaCnia. es Tviseba 

maT aqtiurobazea damokidebuli. zogadad, metalTa aqtiuroba SeiZleba Seva
fasoT e. w. metalTa eleqtroqimiuri aqtiurobis mwkrivSi misi adgilmdeba
reobis mixedviT _  rac ufro aqtiuria metali, miT ufro marcxnivaa mwkrivSi 
ganlagebuli (nax. 1.19). 

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

nax. 1.19. metalTa eleqtroqimiuri aqtiurobis mwkrivi. 

mJavadan wyalbadis gamoZeveba SeuZlia metalebs, romlebic aqtiurobis 
mwkrivSi wyalbadis marcxnivaa ganlagebuli, xolo wyalbadis marjvniv mdebare 
metalebs amis unari ar gaaCnia (nax. 1.19).  

aqve unda aRiniSnos, rom rac ufro aqtiuria metali, miT ufro intensiurad 
urTierTqmedebs mJavasTan (nax. 1.20).

nax. 1.20. marilmJavaSi CaSvebulia magniumis, TuTiisa da spilenZis naWrebi.  
reaqcia mimdinareobs mxolod magniumisa da TuTiis SemTxvevaSi.

4) mJava reaqciaSi Sedis fuZe oqsidebTan, ris Sedegadac marili da wyali mi-
iReba (gavixsenoT oqsidTa Tvisebebidan):

fuZe oqsidi +  mJava →  marili + wyali

magaliTad:

+ → +2 4  4 2MgO    H SO  MgSO    H O
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5) mJava neitralizaciis  reaqciaSi Sedis fuZeebTan 
marilisa da wylis warmoqmniT: 

fuZe +  mJava →  marili + wyali

magaliTad:

+ → + 2NaOH   HCl   NaCl  H O

6) mJavebi urTierTqmedebs aseve sxva mJavaTa marilebT-
an. es ionuri mimocvlis reaqciaa da im SemTxvevaSi mimdi-
nareobs, Tu miRebuli produqtebidan erT-erTi naleqis 
an airis saxiT gamoiyofa xsnaridan. amis magaliTia mJa-
vaTa urTierTqmedeba karbonatebTan, romlis drosac nax-
SirorJangi gamoiyofa (nax. 1.21):

  kiTxvebi da davalebebi:

1.	mocemulia mJavaTa formulebi:

	 HCl, H3PO4, Hl, HNO3, H2S, H2CO3, HBr, H2SiO3, H2SO4, HF, H2SO3, HNO2.

	 gaixseneT me-8 klasis masala da cal-calke amoiwereT Jangbadiani da 
uJangbado mJavebi; TiToeuls miuwereT saxelwodeba.

2.	mJavaTa formulebidan cal-calke amowereT erTfuZiani, orfuZiani, 
samfuZiani mJavebi: HCl, H3PO4, Hl, H2S, HNO3, H2SO4.

3.	SeadgineT Semdegi mJavebis grafikuli formulebi:

	 a) HBr            b) 2 3H SO           g) 4HClO
	 romeli tipis bma gvxvdeba aRniSnul naerTebSi?

4.	cxrilSi 1.1 (gv. 12) mocemuli informaciis safuZvelze SeadgineT Sem-
degi mJavebis miRebis reaqciaTa tolobebi:

	 a) 4HClO           b) 3HNO           g) 2 3H SO

5.	daakvirdiT nax. 1.20-ze mocemul suraTs. 
	 a) ratom ar gamoiyofa airis buStukebi marjvena sinjaraSi? 
	 b) romel sinjaraSi mimdinareobs reaqcia ufro intensiurad da ratom?

6.	daasruleT da warmoadgineT reaqciaTa tolobebi gaTanabrebuli saxiT:

	 a) + →Ca     HCl  			   b) →+ 3 4Mg    H PO

	 g) + →2 3 2 4Al O     H SO   		  d) + →3CaO     HNO  

7.	daasruleT da warmoadgineT reaqciaTa tolobebi gaTanabrebuli saxiT. 
aseve, SeadgineT maTi Sekvecili ionuri tolobebi:

    a) + →2Ca(OH)      HI 	  b) →+3 32K S O    HNOi   	  g) + →2 2 4Na S     H SO  

nax. 1.21. marilmJavas 
urTierTqmedeba kal-
ciumis karbonatTan.
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1.5     fuZeebi da amfoteruli hidroqsidebi

me-8 klasis qimiis kursSi, mJavebTan erTad, gavecaniT fuZeebsac. gavixsenoT, 
rom:

•	 fuZe aris rTuli nivTiereba, romelic Sedgeba metalis kationisa da erTi 
an ramdenime hidroqsilis (OH) jgufisagan;

•	 fuZeebs hidroqsidebsac uwodeben;
•	 fuZe hidroqsilis imden jgufs Seicavs, ramdeni valentobac aqvs masSi 

Semaval metals. 
hidroqsidebSi, Jangbadiani mJavebis msgavsad, metalis atomi wyalbadatoms 

„Jangbadis xidis” saSualebiT ukavSirdeba. Sesabamisad, maTi aRnagoba grafiku-
lad Semdegnairad gamoisaxeba:
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                          KOH                          Mg(OH)2                      Al(OH)3 

fuZeebSi metalsa da hidroqsilis jgufs Soris ionuri bmaa, xolo hidro-
qsilis jgufSi wyalbadisa da Jangbadis atomebi erTmaneTs  kovalenturi bmiT 
ukavSirdeba.

fuZeebi klasificirdeba wyalSi maTi xsnadobis mixedviT. wyalSi xsnad fu-
Zeebs tuteebs uwodeben. tuteebia: 

LiOH , NaOH , KOH , RbOH , CsOH , 2Ca(OH) , 2Sr(OH) , 2Ba(OH) .

xsnad fuZeebs miekuTvneba aseve amoniumis hidroqsidi 4NH OH , romlis wy-
alxsnars „niSaduris spirtsac“ uwodeben. mas samedicino da sayofacxovrebo 
miznebiT iyeneben.

danarCeni hidroqsidebi wyalSi uxsnadia (nax. 1.22).

nax. 1.22. uxsnadi hidroqsidebi. mar-
cxnidan marjvniv:

2Fe(OH) , 3Fe(OH) , 2Cu(OH) , 2Ni(OH) .
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1.5.1. fuZeebis miReba

tute da uxsnadi fuZe gansxvavebuli meTodebiT miiReba. tutis miReba ori 
gziT SeiZleba:

1) tute da tutemiwa metalebis wyalTan urTierTqmedebiT:

metali +  wyali →  tute + wyalbadi

magaliTad:

+ → + ↑2 22Na   2H O   2NaOH  H 		  ( )+ → + ↑2 22
Ba   2H O   Ba OH   H

2) tute da tutemiwa metalTa oqsidebis wyalTan urTierTqmedebiT:

fuZe oqsidi +  wyali →  tute

magaliTad:

+ →2 2Na O   H O   2NaOH 		  + →2 2CaO   H O   Ca(OH)  

3) wyalSi uxsnadi fuZe am meTodebiT ar miiReba, radgan Sesabamis metalebsa 
da maT oqsidebs wyalTan urTierTqmedebis unari ar gaaCnia. amitom uxsnadi 
fuZe miiReba wyalSi xsnad Sesabamis marilze tutis moqmedebiT (nax. 1.23): 

     ( )+ → +↓4 2 42
FeSO    2NaOH   Fe OH Na SO

reaqciis Sekvecili ionuri toloba iqneba:

( )2
2

Fe    2OH    Fe OH+ −+ → ↓

nax. 1.23. rkina(II)-is hidroqsidis miReba rkina(II)-is sulfatze tutis moqmedebiT.

1.5.2. fuZeebis Tvisebebi

tutesTan Sexeba kanze iseTi SegrZnebas iwvevs, TiTqos sapons vexebodeT. igi 
kans azianebs da wylulebs aCens, amitom tuteebTan muSaobisas sifrTxilis ga-
moCenaa saWiro. 

tuteebi wyalSi gaxsnisas disocirdeba da hidroqsid-ionebs warmoqmnis:

NaOH Na OH+ −→ + 		  2
2Ca(OH) Ca 2OH+ −→ +
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amrigad, tute iseTi eleqtrolitia, romelic disociaciis dros anionis saxiT 

mxolod OH− ionebs warmoqmnis. swored es ioni gansazRvravs tuteTa saerTo 
Tvisebebs:

1) tute indikatorebs specifikur fers aZlevs (cxrili 1.2 gv. 24). tutis wy-
alxsnaris pH > 7 (nax. 1.24):

nax. 1.24. universaluri indikatoris qaRaldis Seferilobis mixedviT  

sakvlevi xsnaris pH=10, rac  gviCvenebs, rom xsnars tute are aqvs.

2) tute urTierTqmedebs mJava oqsidTan marilisa da wylis warmoqmniT (gavix-
senoT oqsidTa Tvisebebidan):

tute +  mJava oqsidi →  marili + wyali

magaliTad:

+ → +3 2 4 22NaOH   SO    Na SO   H O

3) tute urTierTqmedebs im metalebis xsnad marilebTan, romlebic uxsnad 
fuZeebs warmoqmnis. aseTi reaqcia ukve ganvixileT rkina(II)-is hidroqsidis war-
moqmnis magaliTze (nax. 1.23). 

4) yvela fuZe, rogorc xsnadi, ise uxsnadi, Sedis neitralizaciis reaqciaSi:

fuZe +  mJava →  marili + wyali

magaliTad:

+ → + 2NaOH   HCl   NaCl   H O 	 ( ) + → +2 4 42 2C Ou OH  H SO   Cu O 2H  S

5) garda amisa, uxsnadi hidroqsidebi gacxelebisas iSleba:

fuZe →  fuZe oqsidi + wyali

magaliTad:

( ) °→ +t
22

Cu OH   CuO  H O 		  ( ) °→ +t
2 3 23

2Fe OH    Fe O    3H O

maRal temperaturaze gacxelebisas aseve iSleba zogierTi tute, magaliTad, 
liTiumis, kalciumis, stronciumisa da bariumis tuteebi.
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1.5.3. amfoteruli oqsidebi da hidroqsidebi

oqsidi, romelic urTierTqmedebs rogorc tutesTan, aseve mJavasTan, maril-
isa da wylis warmoqmniT, amfoteruli oqsidia. 

amfoterul oqsidebs metalebi warmoqmnis, magaliTad ZnO,  2 3Al O , 2 3Cr O  da 
zogierTi sxva. maT SeesabamebaT amfoteruli hidroqsidebi (cxrili 1.3), romle-
bic, amfoteruli oqsidebis msgavsad, urTierTqmedebs rogorc fuZesTan, aseve 
mJavasTan. amfoteruli hidroqsidebia: 2Zn(OH) , 3Al(OH) , 3Cr(OH) , 3Fe(OH) da 
zogierTi sxva. vinaidan amfoteruli hidroqsidebi wyalSi uxsnadi naerTebia, 
isini uxsnadi fuZeebis msgavsad, Sesabamis marilze tutis moqmedebiT miiReba. 

cxrili 1.3. amfoteruli oqsidebisa da hidroqsidebis Sesabamisoba.

amfoteruli
oqsidi

amfoteruli 
hidroqsidi

amfoteruli hidroqsidis 
mJavuri forma

ZnO 2Zn(OH) 2 2H ZnO

2 3Al O 3Al(OH) 2HAlO

2 3Cr O 3Cr(OH) 2HCrO

1) amfoteruli oqsidi mJavebTan fuZe oqsidis msgavsad urTierTqmedebs:

amfoteruli oqsidi +  mJava →  marili  +  wyali

magaliTad:

2 2ZnO + 2HCl  ZnCl  + H O→
	 2 3 3 2Al O + 6HCl   2AlCl + 3H O→

	

am tipis reaqciebis Sedgenis meTodi iseTivea, rogoric fuZe oqsidebis Sem-
TxvevaSi.

2) amfoteruli hidroqsidis mJavasTan urTierTqmedeba ar gansxvavdeba 
neitralizaciis reaqciebisagan - marili warmoiqmneba hidroqsidSi Semavali met-
alis kationisa da mJavuri naSTis anionisagan:

2 2 2Zn(OH) 2HCl ZnCl 2H O+ → +

3) rac Seexeba tutesTan urTierTqmedebas, am SemTxvevaSi  amfoterul hi-
droqsidSi Sevamavali metali mJavur naSTSi aRmoCndeba: 

2 2 2 22NaOH Zn(OH) Na ZnO 2H O+ → +
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SeiZleba iTqvas, rom amfoteruli hidroqsidi am dros mJavas rols asru-
lebs. amisaTvis misi formula mJavas saxiT unda CavweroT (cxrili 1.3):

4) tuteebTan urTierTqmedebisas amfoteruli oqsidi mJava oqsidis msgavs 
Tvisebas avlens:

amfoteruli oqsidi +  tute →  marili  +  wyali

magaliTad:

2 2 2ZnO + 2NaOH   Na ZnO  + H O→
 	 2 3   2 2Al O + 2NaOH   2NaAlO  + H O→

am tipis reaqciebis Sedgenis meTodi iseTivea, rogoric mJava oqsidebis Sem-
TxvevaSi.

  kiTxvebi da davalebebi:

1.	 miiReT LiOH da Sr(OH)2:

a) Sesabamisi metalisgan;

b) Sesabamisi fuZe oqsidisgan.

2.	 miiReT spilenZ(II)-isa da rkina(III)-is hidroqsidebi Sesabamisi sul-
fatebisgan. SeadgineT Sesabamisi reaqciebi da Sekvecili ionuri 
tolobebi. 

3.	 miiReT Zn(OH)2, Al(OH)3  da Fe(OH)3 Sesabamisi qloridebisgan. 

4.	 miiReT natriumis karbonati, sulfati da fosfati tutisa da Sesa-
bamisi mJava oqsidis urTierTqmedebiT. 

5.	 daasruleT da warmoadgineT reaqciaTa tolobebi gaTanabrebuli sax-
iT:

	 a) + →3 3 4Al(OH) H PO 		  b) + →3 2 4Fe(OH) H SO

	 g) + →2 3Zn(OH) HNO 		  d) + →3Cr(OH) HCl

6.	 cxrili 1.3-is mixedviT SeadgineT qrom(III)-is oqsidisa da natriumis 
tutis urTierTqmedebis reaqciis toloba.
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1.6 	                marilebi

marilebi, rogorc viciT, ionuri naerTebia da Sedgeba metalis kationebi-
sa  da mJavuri naSTis anionebisagan. gavixsenoT isic, rom marilTa saxelwodeba 
masSi Semavali metalisa da mJavuri naSTis saxelwodebebis mixedviT iwarmoeba 
(ixileT cxrili III gv. 170). 

1.6.1. marilebis miReba

marilebis miReba bevri sxvadasxva xerxiT SeiZleba. gavecnoT zogad meTo-
debs. unda aRvniSnoT, rom TiToeul meTods garkveuli SezRudvebi aqvs.

1)	 metalisa da arametalis urTierTqmedeba: 

metali + arametali → marili
 

magaliTad (nax. 1.25):

    		 °+ →tFe   S   FeS 	
	

am meTodiT mxolod uJangbado mJavaTa 
marilebis miRebaa SesaZlebeli.

2)	 metalTa urTierTqmedeba mJavebTan: 

metali + mJava → marili + wyalbadi
 

magaliTad (nax. 1.26):

+ → + ↑2 2Zn   2HCl   ZnCl  H

am meTodiT SesaZlebelia mxolod im 
metalTa marilebis miReba, romlebic met-
alTa aqtiurobis mwkrivSi wyalbadis mar-
cxnivaa ganlagebuli (nax. 1.19 da nax. 1.20). 

3)	 mJavasa da fuZe oqsids Soris reaqcia:

fuZe oqsidi  + mJava → marili + wyali
 

magaliTad:

+ → +2 2MgO   2HCl  MgCl    H O

am meTodis gamoyenebiT TiTqmis yvela marilis 
miReba SeiZleba.

4)	 neitralizaciis reaqcia:

fuZe  + mJava → marili + wyali
 

nax. 1.25. rkinisa da gogirdis 
SeerTebiT rkina(II)-is sulfidis 

miReba.

nax. 1.26. TuTiaze 
marilmJavas moqmedeba.
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magaliTad:

2 4 2 4 22KOH H SO K SO 2H O+ → +
es xerxic universaluria da TiTqmis yvela marilis miRebis SesaZleblobas 

iZleva.

5)	 mJava oqsidisa da tutis urTierTqmedeba:    

mJava oqsidi  +  tute  →   marili  +  wyali
       

magaliTad:

+ → +2 3 4 2Ca(OH) SO CaSO H O

am xerxiT mxolod Jangbadiani mJavebis marilebi miiReba. 

6)	 fuZe oqsidisa da mJava oqsidis urTierTqmedeba:

fuZe oqsidi  + mJava oqsidi  →   marili

magaliTad:

+ →2 3CaO   CO    CaCO

am meTodiTac mxolod Jangbadiani mJavebis marilebis miRebaa SesaZlebeli.

7)	 metalisa da marilis urTierTqmedeba:

metali I  + marili I → metali II +  marili II

magaliTad (nax. 1.27):

+ → +4 4 CuSO    Fe   FeSO    Cu

nax. 1.27. Sabiamnis (spilenZ(II)-is sulfatis) xsnarSi CaSvebul rkinis lursmanze  
SeiniSneba metaluri spilenZis gamoyofa.

es meTodi dafuZnebulia metalTa Tvisebebze, gamoaZevos marilis wyalxs-
naridan Tavisze naklebad aqtiuri metali. amitom metalsa da  marilis wyalxs-
nars Soris reaqcia mxolod im SemTxvevaSi warimarTeba, Tu  metalTa aqtiurobis 
mwkrivSi Tavisufali metali ufro marcxnivaa, vidre _ marilis SedgenilobaSi 
myofi. 
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8)	 marilisa da mJavas urTierTqmedeba:

marili I   +  mJava I →  marili II  +  mJava II

magaliTad:

+ → + ↑+2 3 2 2Na CO  2HCl  NaCl    O H CO

3 3AgNO HCl AgClHNO+ → + ↓

am xerxs aqvs SezRudva: misi ganxorcielebisaTvis 
aucilebelia, erT-erTi produqti mainc xsnaridan 
airis an naleqis saxiT gamoiyofodes (nax. 1.28).

9)	 marilisa da tutis urTierTqmedeba:

marili I    +  tute  →  marili II  +   fuZe

magaliTad:

2 2MgCl 2KOH 2KCl Mg(OH)+ → + ↓

es ionuri mimocvlis reaqciaa da mxolod im SemTxvevaSi warimarTeba, Tu 
miRebuli produqti naleqia. gavixsenoT, rom swored am gziT miiReba uxsnadi 
fuZeebi. 

10)	sxvadasxva marilis urTierTqmedeba:

marili I    +  marili II →  marili III  +   marili IV (uxsnadi)

magaliTad (nax. 1.29):

43 2 2 3 4Ba(NO ) Na  SO  2NaNO BaSO+ → ↓+

es reaqciac ionuri mimocvlisaa da misi ganxor-
cielebisaTvis saWiroa, miRebuli marilebidan erT-
erTi uxsnad nivTierebas warmoadgendes.

1.6.2. marilebis Tvisebebi

yvela marili kristaluri nivTierebaa. wyalSi xs-
nadobis mixedviT isini iyofa wyalSi xsnad, mcired 
xsnad da praqtikulad uxsnad marilebad (ixileT xs-
nadobis cxrili gv. 172). 

wyalSi gaxsnisas marili metalis kationad da mJa-
vuri naSTis anionad disocirdeba:

2 2
4 4CuSO Cu SO+ −→ + 		

2
2CaCl Ca 2Cl+ −→ +

nax. 1.28. marilmJavasa 
da vercxl(I)-is nitratis 
xsnarebis Serevis Sedegad 
xaWosebri TeTri naleqi 

miiReba.

nax. 1.29. bariumis sulfa-
tis naleqis warmoqmna.
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amitom wyalxsnarebSi marilis Tvisebebs mis SedgenilobaSi Semavali kationisa 
da anionis Tvisebebi gansazRvravs. am Tvisebebs Cven marilebis miRebis xerxebis 
aRwerisas gavecaniT (ix. bolo oTxi meTodi). 

1) zogierTi marili maRal temperaturaze gaxurebisas iSleba, magaliTad  
(nax. 1.30):

°→ +t
3 2MnCO MnO CO

nax. 1.30. manganum(II)-is karbonatis daSla gaxurebiT. 

2) zogierTi marilis mniSvnelovani Tvisebaa  kristalhidratebis warmoqmnis 
unari. 

1.6.3. kristalhidratebi

marilis disociaciis dros xsnarSi gadasuli ionebi wylis molekulebiTaa 
garSemortymuli (am process hidratacia ewodeba). zogierTi ioni ise Zlier ika-
vSirebs wylis molekulebs, rom xsnaris amoSrobisas isini kristalis Sedgenilo-
baSi rCeba. myar nivTierebas, romelic Seicavs wylis molekulebis gansazRvrul 
raodenobas, kristalhidrats uwodeben, xolo kristalhidratis SedgenilobaSi 
Semaval wyals kristalizaciuri wyali ewodeba. 

kristalhidratSi marilsa da wyals Soris kavSirs wertiliT gamosaxaven, 
xolo marilis erTi formuluri erTeulis mier mierTebuli wylis molekulebis 
raodenobas _ ricxvebiT. kristalhidratis dasaxelebisas marilis saxelwodebas 
emateba berZnuli ricxviTi saxeliT gamosaxuli prefiqsi (mono-, di-, tri_ da 
a.S.), romelic wylis molekulaTa raodenobas gviCvenebs da sityva „hidrati“. 
magaliTad:

2 2CaCl 2H O⋅

kalciumis qloridis 
dihidrati

4 2FeSO 7H O⋅

rkina(II)-is sulfatis 
heptahidrati

4 2CuSO 5H O⋅

spilenZ(II)-is sulfatis 
pentahidrati

kristalhidratis warmoqmna xSirad kristalis ferzec aisaxeba. magaliTad, 
spilenZ(II)-is sulfati TeTri fxvnilia, xolo Tu mas mcire raodenobiT wyals 
davamatebT, cisfer fxvnils miviRebT, romelsac Sabiamnis saxeliT vicnobT (nax. 
1.31). procesi qimiuri reaqciis saSualebiT Semdegnairad gamoisaxeba:
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4 2 4 2CuSO 5H O CuSO 5H O+ → ⋅

maRal temperaturaze gaxurebisas Sabiamani kristalizaciur wyals kargavs 
da misgan kvlav uwylo marili miiReba (nax. 1.32): 

t
4 2 4 2CuSO 5H O CuSO 5H O°⋅ → +

nax. 1.31. Sabiamnis warmoqmna uwylo  
spilenZ(II)-is sulfatze wylis moqmedebiT.

nax. 1.32. Sabiamnis daSla  
gaxurebiT.

  kiTxvebi da davalebebi:

1.	miiReT mocemuli marilebi metalisa da arametalis urTierTqmedebiT:

	 a) NaCl                b) CuS                g) 2 3Al S
	 rogori tipis bmebi gvxvdeba aRniSnul naerTebSi?

2.	miiReT natriumis sulfati Semdegi meTodebiT:

	 a) fuZe oqsidisa da mJavas urTierTqmedebiT;
	 b) tutisa da mJava oqsidis urTierTqmedebiT;
	 g) neitralizaciis reaqciiT;
	 d) marilisa da mJavas urTierTqmedebiT;
	 e) marilisa da tutis urTierTqmedebiT.

3.	magniumis karbonati gaxurebisas or oqsidad iSleba. SeadgineT am proce-
sis amsaxveli reaqciis toloba.

4.	daasruleT da warmoadgineT reaqciaTa tolobebi gaTanabrebuli saxiT. 
aseve, SeadgineT maTi Sekvecili ionuri tolobebi:

	 a) + →2 4 3 2Fe (SO ) BaCl 		  b) + →3 3AlCl AgNO

	 g) + →3 4 2K PO CaCl 		  d) + →2 3 3 2Na CO Ca(NO )

5.	natriumis karbonatze fosformJavas moqmedebiT gamoiyo airi, romelic 
aqrobs mbJutav kvars. SeadgineT am procesis amsaxveli reaqciis toloba.

6.	daakvirdiT nax. 1.32-ze mocemul suraTs. daasaxeleT ori niSani, romle-
bic kristalhidratis daSlaze miuTiTebs.
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1.7       araorganuli naerTebis gamoyeneba

araorganuli naerTebi yoveldRiur cxovrebaSi farTod gamoiyeneba. amis 
Sesaxeb uamravi informaciis moZieba SeiZleba. am paragrafSi mxolod zogierT 
maTgans gavecnobiT.

silicium(IV)-is oqsidi (SiO2 ) – axal 
nayid fexsacmelSi an zogierT sxva 
nivTSi SeiZleba aRmovaCinoT mcire zo-
mis paketi, romlis daniSnulebaa tenis 
STanTqma (nax. 1.33). paketSi moTavsebu-
lia silikageli _ siliciumis dioqsidi  
naxevradgamWvirvale granulebis saxiT, 
romelsac forovani struqtura gaaCnia. 
swored am forebiT SeuZlia silikagels 
sxvadasxva airis, maT Soris wylis orTq-
lis STanTqma.

garda amisa, SiO2 silikagelis saxiT 
gamoiyeneba filtrebad, katalizatorad 
da sxva daniSnulebiT.

siliciumis dioqsidi qviSis saxiT 
didi raodenobiT gamoiyeneba minis war-
moebaSi.

naxSirbad(IV)-is oqsidi igive naxSirorJangi (CO2 ) TvisebaTa mravalferovnebis 
gamo mravalmxriv gamoiyeneba (nax. 1.34). magaliTad, is warmoqmnis e. w. „mS-
ral yinuls“,  romelic sxvadasxva produqtis gasayini da Sesanaxi saSualebaa. 
naxSirorJangi wvas xels uSlis, amitom mas cecxlmaqrebSi  iyeneben. sasmeli, 
romelSic   naxSrorJangia gaxsnili, sasiamovno dasalevia. garda amisa, CO2  kar-
gi konservantia, radgan xels uSlis baqteriebis gamravlebas. am TvisebaTa gamo 
naxSirorJangi sasmelebis gazirebisaTvis gamoiyeneba, magaliTad, mineraluri 
wyali, limonaTi da sxv. miuxedavad mravalmxrivi gamoyenebisa, didi raodenobiT 
naxSirorJangi mavnebelia adamianis organizmisaTvis.

nax. 1.34. naxSirorJangis gamoyenebis magaliTebi.

kalciumis oqsidi (CaO) kirqvis gamowviT miiReba da „Caumqrali kiris“ sax-
eliTaa cnobili. es oqsidi uZvelesi droidan gamoiyeneba mSeneblobaSi.  CaO 
advilad ierTebs wyals da miiReba „Camqrali kiri“: 

nax. 1.33. silikagelis forovani  
granulebi siliciumis dioqsids  

warmoadgens.
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+ →2 2CaO H O Ca(OH)

2Ca(OH)  ikavSirebs haerSi arsebul naxSirorJangs:

+ → +2 2 3 2Ca(OH) CO CaCO H O

am reaqciis Sedegad warmoqmnili kalciumis karbonati haerze Sreba, qvavdeba 
da mtkiced aduRabebs qvebs, agurebsa da msgavs samSeneblo masalas. 

aluminis oqsidi (Al2O3 ) bunebaSi sxvadasxva formiT, magaliTad, mineral ko-
rundis saxiT gvxvdeba. korundis erT-erTi nairsaxeobaa lali – yvelasaTvis 
cnobili Zvirfasi qva, romelsac saiuveliro saqmis garda, lazerul teqnikaSic 
iyeneben (nax. 1.35).

nax. 1.35. Zvirfasi minerali _ lali lazeruli danadgarebis erT-erTi 
umniSvnelovanesi nawilia.

natriumis hidroqsidi (NaOH) anu natriumis tute, mwvave natriumisa da kaus-
tikuri sodis saxelebiTacaa cnobili. misi gamoyeneba mravalmxrivia: sapnis, 
qaRaldis, xelovnuri boWkosa da sxvaTa warmoeba, qimiuri mrewveloba, tute 
akumulatorebis eleqtrolitebis damzadeba da a. S. natriumis tutes Seicavs 
sayofacxovrebo sawmendi siTxeebi, romlebic efeqturad wmends sakanalizacio 
sistemas, zedapiridan acilebs Rrmad Camjdar cxims da a. S. 

magniumis hidroqsidi (Mg(OH)2 ), aluminis hidroqsidTan (Al(OH)3) erTad, Se-
dis kuWis momatebuli mJavianobis sawinaaRmdego preparatebis _ antacidebis 
SedgenilobaSi (nax. 1.36). is aneitralebs kuWSi arsebul marilmJavas da amiT 
amcirebs mJavianobas.

nax. 1.36. antacidebi SeiZleba Segvxvdes rogorc abebis an kafsulebis, 
aseve suspenziis saxiTac. 
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gogirdmJava (H2SO4 ) farTod gamoiyeneba qimiur mrewvelobaSi, navTobis gad-
amuSavebis procesSi, agreTve sasuqebis, saRebavebis, boWkoebisa da tyavis war-
moebaSi. gogirdmJava aseve gamoiyeneba eleqtrolitad tyviis akumulatorebSi, 
mravali qimiuri reaqciis katalizatorad da a. S.

qlorwyalbadmJava (HCl), kerZod ki misi wyalxsnari, romelsac marilmJavas 
vuwodebT, farTod gamoiyeneba medicinasa da kvebis mrewvelobaSi. garda amisa,  
marilmJavaTi amuSaveben metalebs, iyeneben sxvadasxva nakeTobis gasawmendad da 
a. S.

natriumis qloridi (NaCl) yvelasaT-
vis cnobilia rogorc sufris marili. is 
gamoiyeneba aramarto sakvebisaTvis gemos 
misacemad, aramed konservantadac, radgan 
xels uSlis sxvadasxva mikroorganizmis 
gamravlebas. am Tvisebas iyeneben yvelis 
warmoebaSi, mwnilebis damzadebisas, xor-
ceulisa da Tevzeulis damuSavebisaTvis 
da a.S.

vercxl(I)-is qloridi (AgCl)  gamoiy-
eneba fotofirebis, fotoqaRaldebisa da 
rentgenis firebis dasamzadeblad (nax. 
1.37), rac dafuZnebulia am naerTis un-
arze, daiSalos sinaTlis sxivebis moq-
medebiT: 

→ + 22AgCl  2Ag Cl

am dros gamoyofili vercxli firs an qaRalds aSavebs. amitom firze an qa-
Raldze arsebuli is adgilebi, romlebzec ufro meti sinaTle moxvda, ufro 
metad gamuqdeba. 

spilenZ(II)-is sulfatis pentahidrats (CuSO4 · 5H2O) Sabiamnis saxeliT vicnobT. 

Sabiamani kalciumis hidroqsidTan erTad gamoiyeneba bordos xsnaris dasamzade-
blad, romelsac asxureben mcenareebs, raTa isini sxvadasxva daavadebisagan da-
icvan (nax. 1.38). unda aRiniSnos, rom „bordos xsnari“ erT-erT yvelaze uvnebel 
pesticidad iTvleba.

nax. 1.38. Sabiamani da „bordos xsnariT“ Sewamluli vazi.

nax. 1.37. fotofirze miRebuli 
 gamosaxuleba.
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bariumis sulfati (BaSO4), „bariumis fafis” saxiT, gamoiyeneba rentgenogra-
fiaSi, rogorc kontrastuli nivTiereba (nax. 1.39). 

nax. 1.39. muclis Rrus rentgeno-
grama, romelSic TeTri feriT Cans, 
Tu rogor ganawilda bariumis sul-

fati nawlavebSi.

kalciumis sulfatis dihidrati (CaSO4 · 2H2O), igive TabaSiri, Sesvelebis Sem-
deg advilad iRebs sasurvel formas da male myardeba. am Tvisebis gamo is gamoi-
yeneba travmatologiaSi motexilobis dasafiqsireblad, xelovnebis sferoSi _ 
qandakebebis dasamzadeblad, mSeneblobaSi _ kedlebis Sesalesad da a. S. (nax. 
1.40.).

nax. 1.40. TabaSiris gamoyenebis magaliTebi.

natriumis karbonati (Na2CO3) da hidrokarbonati (NaHCO3) yofa-cxovrebaSi 
aqtiurad gamoiyeneba. Na2CO3 sarecxi sodis saxeliTaa cnobili. igi didi ra-
odenobiT gamoiyeneba sapnis warmoebaSi, aseve sxvadasxva sarecx saSualebaSi. 
NaHCO3-s natriumis bikarbonatsa da sasmel sodasac uwodeben. xSirad diasax-
lisebi coms mozelisas umateben sasmel sodasa da Zmars. maTi urTierTqmedebis 
Sedegad gamoiyofa airi, romelic coms afuebs:

+ → + + ↑3 3 3 2 2NaHCO CH COOH CH COONa H O CO
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nitratebi da fosfatebi (magaliTad, KNO3, NH4NO3, (NH4)3PO4 da sxv.) miner-
aluri sasuqebis saxiT gamoiyeneba. mcenarisaTvis umniSvnelovanesi elementebia 
kaliumi, azoti da fosfori. kulturuli mcenareebis mosavlis aRebis Semdeg 
niadagSi am elementebis Semcveloba mcirdeba, ris gamoc is ifiteba.  nayofi-
erebis gasazrdelad niadagSi SeaqvT e. w. mineraluri sasuqebi (nax. 1.41), romle-
bic aRniSnuli elementebis Semcvel marilebs warmoadgens.

nax. 1.41. mineraluri sasuqi.

  kiTxvebi da davalebebi:

1.	 moiZieT informacia Semdegi nivTierebebis gamoyenebis Sesaxeb:

	 a) SO2			   b) TiO2 		  g) ZnO 		

	 d) KOH		  e) MgCl2		  v) KCl

	 z) HNO3		  T) H3PO4		  i) NH4NO3

2.	 bordos xsnaris dasamzadeblad erTmaneTs ureven Sabiamnisa da kal-
ciumis hidroqsidis xsnarebs. SeadgineT am dros mimdinare reaqciis 
toloba. daasaxeleT miRebuli naerTebi.

3.	 magniumis hidroqsidis Semcveli antacidi kuWSi arsebul marilmJavas 
aneitralebs. SeadgineT Sesabamisi reaqciis toloba.
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1.8	       genetikuri kavSirebi araorganul  

                       naerTTa Soris
araorganul naerTTa klasebis calkeul warmomadgenlebs Soris garkveuli 

kavSirebi arsebobs, rac saSualebas gvaZlevs, isini urTierTgardaqmnebis meS-
veobiT miviRoT.

metalebisgan warmoebul naerTebs Soris ZiriTadad 2 saxis kavSiria: 
tute da tutemiwa metalebis Semcveli naerTebisaTvis:

fuZe
oqsidi marilimetali tute

magaliTad: 

2 3 2Ca CaO Ca(OH) Ca(NO )→ → →

metalebisaTvis, romlebic tuteebs ar warmoqmnis:

fuZe
oqsidi fuZemetali

xsnadi 
marili

magaliTad: 

→ → →4 2Cu CuO CuSO Cu(OH)

msgavsi kavSirebi gvaqvs arametalebis SemTxvevaSic: 

mJava
oqsidi mariliarametali

xsnadi 
mJava

magaliTad: 

→ → →2 5 3 4 3 4P P O H PO Na PO

uxsnadi mJavas SemTxvevaSi Semdegnairi kavSirebia: 

mJava
oqsidi

uxsnadi 
mJava

arametali
xsnadi 
marili

magaliTad: 

→ → →2 2 3 2 3Si SiO K SiO H SiO

amrigad, SeiZleba SevadginoT naerTTa klasebs Soris kavSiris zogadi saerTo 
sqemac:

fuZe
oqsidi

marili

metali

mJava
oqsidiarametali

tute

xsnadi 
mJava
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magaliTad:

msgavsi kavSirebis sqemebis Sedgena SesaZlebelia rTuli nivTierebisgan mar-
tivis miRebis mimarTulebiTac:

fuZe metalimarili
fuZe

oqsidi

magaliTad:

→ → →3 3 2 3FeCl Fe(OH) Fe O Fe

am gardaqmnebis Sesruleba Semdegi reaqciebis Tanmimdevruli ganxorciele-
biT SeiZleba:

+ → ↓ +3 3FeCl 3NaOH Fe(OH) 3NaCl
°→ +t

3 2 3 22Fe(OH) Fe O 3H O
°+ → +t

2 3 2 3Fe O 2Al 2Fe Al O

  kiTxvebi da davalebebi:

1.	 ganaxorcieleT Semdegi gardaqmnebi:

a) ( ) ( )→ → → 32 2
Ba BaO Ba OH   Ba NO  		

b) → → →2 3 3 3Al Al O AlCl l(OH)A
g) → → →2 2 3 2 3SSO H O K SS O 			
d) ( )→ →2 2

CuCl Cu OH CuO

2.	 miiReT Tanmimdevruli gardaqmnebiT natriumis fosfati, Tu sawyisi niv-
Tierebaa: 

 a) natriumi;		  b) fosfori.
 rogor icvleba bmis tipi nivTierebebSi gardaqmnis TiToeul etapze?

3.	 SeasruleT gardaqmnebi: 

a) bariumis karbonati → bariumis oqsidi → bariumis tute  → bariumis 
sulfati

b) fosfor(III)-is oqsidi → fosfor(V)-is oqsidi → kalciumis fosfati

g) → → → → →2 2 3 2 4 2 4 3 4H S SO SO H SO Al (SO ) BaSO
d) → → →2 2Cl CuCl NaCl AgCl
e) → → → → →2 3 2 4Ca Ca(OH) CaCO CaO Ca(OH) CaSO
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1.9 	  qimiuri reaqciebis klasifikacia

qimiuri reaqciebi sxvadasxva niSnis mixedviT klasificirdeba, magaliTad: 
steqiometriis, energiis cvlilebis, Seqcevadobisa da sxv. (nax. 1.42).

qimiuri reaqcia

steqiometriis 
mixedviT

Seqcevadobis 
mixedviT

energiis cvlilebis 
mixedviT

Seuqcevadi

Seqcevadi

endoTermuli

egzoTermuli

SeerTebis

daSlis

Canacvlebis

mimocvlis

nax. 1.42. qimiuri reaqciebis klasifikacia zogierTi niSnis mixedviT. 

1.9.1. steqiometriuli klasifikacia

reagentebisa da produqtebis raodeno-
bis mixedviT, anu steqiometriulad, qimiuri 
reaqciebi 4 ZiriTad jgufad iyofa:

SeerTebis reaqcia  _ rodesac ori an meti 
reagentidan mxolod erTi produqti miiReba.

SeerTebis reaqcias sinTezsac uwodeben. is 
sqematurad SeiZleba ase gamovsaxoT:

A AB B+

SeerTebis reaqciis magaliTebi mravlad 
Segvxvda wina paragrafebSi, magaliTad, rode-
sac vecnobodiT martivi nivTierebebisgan oq-
sidebis an marilebis warmoqmnas (nax. 1.43 da nax. 
1.44): 

+ →22Mg  O   2MgO 	 + →22K  Cl   2KCl 

SeerTebis reaqcia SeiZleba ganxorcieldes 
rTuli nivTierebebis monawileobiTac, magali-
Tad:

nax. 1.43. magniumis wva misi 
JangbadTan SeerTebis reaqciaa.

nax. 1.44. kaliumisa da 
qloris SeerTebis reaqcia 
intensiurad mimdinareobs.
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+ →2 2CaO  H   Ca(OH)O  	 + →2 3 2 2 5P O  O   P O  

daSlis reaqcia  _ rodesac erTi rTuli nivTierebidan miiReba ori an meti 
axali nivTiereba.

daSlis reaqcias analizsac uwodeben. is sqematurad SeiZleba ase gamovsaxoT:

AA BB +

daSlis reaqciis dros SeiZleba miviRoT calkeuli elementebi Tavisufali 
saxiT, magaliTad (nax. 1.45):

°→ +t
22HgO  2Hg   O

daSlis reaqciis produqtebs SeiZleba warmoadgendes ramdenime rTuli niv-
Tiereba, magaliTad (nax. 1.46):

°→ + +t
2 2 2 23Cu OH)   2CuO H( C  O O CO

nax. 1.45. vercxliswyal(II)-is 
oqsidis daSla.

nax. 1.46. malaqitis 
daSla. sinjaraSi miReb-
uli Savi feris fxvnili 
spilenZ(II)-is oqsidia. 

sinjaris kedlebze Sein-
iSneba wylis wveTebi. 
reaqciis Sedegad nax-

SirorJangis gamoyofas 
adasturebs WiqaSi mo-

Tavsebuli kiriani wylis 
amRvreva.

Canacvlebis reaqcia  _ rodesac martivi nivTierebis atomebi Caanacvlebs 
naerTSi Semavali romelime elementis atomebs.

Canacvlebis reaqcia sqematurad SeiZleba ase gamovsaxoT:

A B A BC C+ +

Canacvlebis reaqcias SevxvdiT mJavebisa da marilebis Tvisebebis Seswavlisas, 
magaliTad, mJavebis metalebTan urTierTqmedebisas metalis atomebi 
wyalbadatomebs anacvlebs:

+ → + ↑2 4 4 2Fe H SO FeSO H

amave tipisaa reaqcia, rodesac metali marilidan sxva metals aZevebs  
(nax. 1.47):
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+ → + ↓3 3 2Cu 2AgNO Cu(NO ) 2Ag

Canacvlebis reaqcia mimdinareobs agreTve tute da tutemiwa metalebis wy-
alTan urTierTqmedebis drosac (gaixseneT tuteebis miRebis meTodebi).

nax. 1.47. spilenZis urTierTqmedeba vercxl(I)-is nitratTan. spilenZis 
mavTulze SeiniSneba vercxlis nafifqis gamoyofa.

mimocvlis reaqcia  _ rodesac reaqciaSi monawile rTuli nivTierebebis 
Semadgeneli nawilebi mimoicvleba.

mimocvlis reaqcia sqematurad SeiZleba ase gamovsaxoT:

CA C ADB B D+ +

mimocvlis reaqciebi upiratesad wyalxsnarebSi xorcieldeba da ionebs Soris 
mimdinare anu ionuri mimocvlis reaqciebs warmoadgens (ix. Tavi 1.3). gavixsenoT, 
rom am dros erT-erTi produqti mainc unda warmoadgendes mcired disocirebad 
naerTs (mag., wyals), uxsnad an airad nivTierebas:

+ → +3 4 3 4 23KOH H PO K PO 3H O

+ → ↓ +2 2CuCl 2NaOH Cu(OH) 2NaCl

+ → + ↑2 2K S 2HCl 2KCl H S

reaqciebis steqiometriuli klasifikaciis dros calke ganixilaven rTuli 
nivTierebebis wvis reaqciebs, romlebic reaqciaTa zemoT CamoTvlil tipebs ar 
ganekuTvneba:

+ → +2 22ZnS 3O 2ZnO 2SO
		

+ → +2 5 2 2 2C H OH 3O 2CO 3H O

1.9.2. klasifikacia energiis cvlilebis mixedviT

reaqciis mimdinareobas xSirad Tan axlavs energiis SesamCnevi cvlileba _ 
siTbos gamoyofa an STanTqma. qimiuri reaqciebiT gamowveul siTbur procesebs 
Seiswavlis qimiis dargi, romelsac Termoqimias uwodeben.  reaqciis Sedegad 
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gamoyofili an STanTqmuli siTbos raodeno-
bas reaqciis siTbur efeqts uwodeben da Q  
asoTi aRniSnaven.

Termoqimiurad reaqciebi 2 jgufad _ eg-
zoTermul da endoTermul reaqciebad iyofa:

egzoTermuli reaqcia  _ rodesac reaqciis 
Sedegad energia gamoiyofa. 

egzoTermuli reaqciis aRsaniSnavad 
produqtebis mxares iwereba „+Q“. magaliTad 
(nax. 1.48): 

+ → + ↑ +2 22Na 2H O 2NaOH H Q

egzoTermul reaqciebs warmoadgens 
organul da araorganul naerTTa wvis 
reaqciebic. magaliTad:

+ → +2 2C O CO Q

+ → + +4 2 2 2CH 2O CO 2H O Q

am dros gamoyofil energias adamiani yofa-cxovrebaSi moixmars. dResac, en-
ergiis mniSvnelovan wyarod saTbobi wiaRiseulis (magaliTad: navTobis, qvanax-
Sirisa da sxva resursebis) wvis dros gamoyofili siTbo gamoiyeneba.  

endoTermuli reaqcia  _ rodesac reaqciis Sedegad energia STainTqmeba. 
endoTermuli reaqciis aRsaniSnavad produqtebis mxares iwereba „_ Q“. 
endoTermuli reaqciebi yoveldRiur cxovrebaSic gvxvdeba, magaliTad, nam-

cxvris gamocxobisas diasaxlisebi xSirad iyeneben gamafxvierebels, romlis 
erT-erTi komponentia sasmeli soda (NaHCO3), romelsac comSi ureven. cxobis 
procesSi warimarTeba daSlis reaqcia, romelic mudmiv gacxelebas moiTxovs:

°→ + + −t
3 2 3 2 22NaHCO Na CO H O CO Q

rogorc vxedavT, am dros gamoiyofa naxSirorJangi da wylis orTqli, rac 
coms afuebs da namcxvari ufro haerovani gamodis.

1.9.3. qimiuri reaqciis Seqcevadoba 

rogorc viciT, qimiuri reaqciis Sedegad reagentebidan produqtebi war-
moiqmneba. zogierTi qimiuri reaqciis dros iseTi produqtebi miiReba, romle-
bic kvlav sawyis nivTierebebad gardaiqmneba. magaliTad, amiakis sinTezis dros 
wyalbadidan da azotidan amiaki miiReba:

+ →2 2 3N 3H 2NH

miRebuli amiakis nawili, imave pirobebSi,  SeiZleba azotad  da wyalbadad 
daiSlos:

→ +3 2 22NH N 3H

nax. 1.48. natriumis wyalTan 
urTierTqmedeba egzoTermuli 

reaqciis magaliTia.
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am dros SeiZleba iTqvas, rom reaqcia ori, urTierTsapirispiro mimarTule-
biT mimdinareobs.

zogadad, qimiuri reaqcia SeiZleba mimdinareobdes mxolod erTi mimarTule-
biT, e. i. reagentebidan produqtebis warmoqmnis mxares, an orive mimarTulebiT. 
amis mixedviT asxvaveben Seqcevad da Seuqcevad reaqciebs.

Seuqcevadi reaqcia _ rodesac reaqcia  mxolod erTi mimarTulebiT xorciel-
deba. 

am dros reagentebsa da produqtebs erTmaneTTan erTi isriT (→) vakavSirebT. 
Seuqcevadi reaqciis magaliTia spilenZ(II)-is hidroqsidis daSla:

°→ +t
2 2Cu(OH) CuO H O  

Seqcevadi reaqcia _ rodesac reaqcia uwyvetad mimdinareobs rogorc pirda-
piri, ise sapirispiro mimarTulebiT.

reaqciis Seqcevadobas aRniSnaven ori, urTierTsawinaaRmdegod mimarTuli 
isriT ( ). magaliTad:

  kiTxvebi da davalebebi:

1.	 warmoadgineT reaqciaTa tolobebi gaTanabrebuli saxiT da miuTiTeT 
maTi tipi reaqciis siTburi efeqtis mixedviT:

	 a) + → +2 3Al     l   All  Q 			   b) + → −53  2PCl Cl  PCl   Q

	 g) → −+3   2 3   2Al(OH) Al O H O Q 	 d) + → −2   2H   I   HI Q

	 e) →+ + +2 3  2 3Al  Fe O   Al O    Fe  Q          v) ⋅ → + −42 24   CuSO   C Q5H O Hu OSO  

2.	 warmoadgineT reaqciaTa tolobebi gaTanabrebuli saxiT; cal-calke 
amoiwereT daSlis, SeerTebis, Canacvlebisa da mimocvlis reaqciebi:

	 a) ° + →3  2
tCaCO  CaO  CO           b) + → ↓ +3 2 2 4 4 3 Ba(NO ) K SO  BaSO KNO

	 g) + → +2 3 2 2Cr O    H     Cr   H O                 d) + →2 2 Na O H O NaOH

	 e) + →2 3Fe Cl    FeCl    	        v) + → +3 4 3 4 2LiOH H PO Li PO H O  

3.	 rogor gamoisaxeba reaqciis toloba, romelic gviCvenebs, rom kaliu-
mis oqsidis mier wylis mierTeba egzoTermuli reaqciaa?	  

4.	 gogirdis dioqsidsa da Jangbads Soris SeerTebis reaqcia egzoTer-
muli da Seqcevadia. SeadgineT Sesabamisi reaqciis toloba, romelic 
srulad asaxavs aRniSnul informacias.

5.	 vazis Sesawamlad iyeneben Sabiamnis xsnars, romelsac Zvelad spilenZis 
WurWelSi inaxavdnen. ratom ar SeiZleboda am mizniT rkinis an alu-
minis WurWlis gamoyeneba?
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 ganvlili masalis Sejameba

darwmundiT, rom iciT:

•	 Cven irgvliv arsebuli nivTierebebi pirobiTad araorganul da organul niv-
Tierebebad iyofa.

•	 oqsidebi klasificirdeba rogorc mJava, fuZe, amfoteruli da neitraluri (mari-
larwarmomqmneli)  oqsidebi. 

•	 mJava oqsidi urTierTqmedebs tutesTan marilisa da wylis warmoqmniT.
•	 fuZe oqsidi urTierTqmedebs mJavasTan marilisa da wylis warmoqmniT.
•	 mJava oqsidebs Seesabameba mJavebi, xolo fuZe oqsidebs _ fuZeebi.
•	 amfoterulia oqsidi, romelic urTierTqmedebs rogorc tutesTan, ise mJavas-

Tan, marilisa da wylis warmoqmniT. 
•	 amfoterul oqsidebs amfoteruli hidroqsidebi Seesabameba.
•	 wyalxsnarSi ionuri mimocvlis reaqcia mxolod im SemTxvevaSi ganxorcieldeba, 

Tu warmoqmnili nivTiereba ar disocirdeba.  
•	 mJava aris rTuli nivTiereba, romelic Sedgeba metalis atomiT Canacvlebis una-

ris mqone wyalbadatomisa da mJavuri naSTisgan.
•	 mJavebi wyalSi gaxsnisas disocirdeba wyalbadis kationisa da mJavuri naSTis ani-

onis warmoqmniT.
•	 mJavaTa umravlesoba reaqciaSi Sedis metalebTan, ris Sedegadac wyalbadi gamoi-

yofa. 
•	 mJavadan wyalbadis gamoZeveba SeuZlia metalebs, romlebic aqtiurobis mwkrivSi 

wyalbadis marcxniv aris ganlagebuli, xolo wyalbadis marjvniv mdebare meta-
lebs amis unari ar gaaCnia.

•	 fuZe aris nivTiereba romelic Sedgeba metalis kationisa da erTi an ramdenime 
hidroqsilis (OH) jgufisgan.

•	 wyalSi xsnad fuZeebs tuteebi ewodeba.
•	 tute iseTi eleqtrolitia, romelic disociaciis dros anionis saxiT mxolod

OH− ionebs warmoqmnis.
•	 mJavisa da fuZis urTierTqmedebis reaqcias neitralizaciis reaqcia ewodeba.
•	 amfoteruli hidroqsidebi urTierTqmedebs rogorc mJavasTan, aseve tutesTan.
•	 marilebi ionuri naerTebia da Sedgeba metalis kationisa da mJavuri naSTis an-

ionisgan. 
•	 metalsa da marilis wyalxsnars Soris reaqcia mxolod im SemTxvevaSi warimarTe-

ba, Tu metalTa aqtiurobis mwkrivSi Tavisufali metali ufro marcxnivaa, vidre 
_ marilis SedgenilobaSi myofi. 

•	 marilebi urTierTqmedebs mJavebTan, tuteebTan da marilebTan im SemTxvevaSi, Tu 
erT-erTi produqti xsnaridan airis an naleqis saxiT gamoiyofa.

•	 myar nivTierebas romelic Seicavs wylis molekulebis gansazRvrul raodenobas, 
kristalhidrats uwodeben, xolo kristalhidratis SedgenilobaSi Semaval wyals 
kristalizaciuri wyali ewodeba. 

•	 qimiuri reaqciebi steqiometriis mixedviT klasificirdeba oTx ZiriTad jgufad: 
SeerTebis, daSlis, Canacvlebisa da mimocvlis.

•	 qimiuri reaqciebi energiis cvlilebis mixedviT klasificirdeba egzoTermul da 
endoTermul reaqciebad.

•	 qimiuri reaqciebi Seqcevadobis mixedviT klasificirdeba Seqcevad da Seuqcevad 
reaqciebad.
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1.	 gogirdis urTierTqmedebiT JangbadTan warmoiqmneba X nivTiereba, romlis wy-
alSi gaxsniTac miiReba Y nivTiereba. qvemoT CamoTvlilTagan romeli SeiZleba 
iyos X nivTiereba da rogori buneba eqneba Y nivTierebis wyalxsnars?

S    X    Y
+ H2O+ O2

X nivTierebis formula
Y  nivTierebis wyalxsnaris 

buneba

a)
2SO mJava

b)
3SO neitraluri

g)
2SO fuZe

d)
3SO mJava

2.	 cnobilia, rom kvercxis naWuWi ixsneba marilmJavaSi buS-
tukebis gamoyofiT. am informaciidan gamomdinare, moce-
muli nivTierebebidan romeli SeiZleba Sediodes kvercxis 
naWuWis SedgenilobaSi?

	 a) 3CaCO 		  b) CaO 	 g) 2Ca(OH) 		  d) 2CaCl

3.	 marilmJavasTan natriumis hidrokarbonatis urTierTqmedebis Sedegad gamoi-
yofa airi. CamoTvlili Tvisebebidan romeli SeiZleba gamoviyenoT gamoyo-
fili airis dasaxasiaTeblad?

I – amRvrevs kirian wyals; 
II – anTebs mbJutav kvars;
III – urTierTqmedebs natriumis hidroqsidis wyalxsnarTan; 
IV – aqvs mZafri suni.

a) I da II		  b) III da IV		  g) I da III		  d) II da IV 

4.	 cnobilia, rom metali X gamoaZevebs metal Y-s marilTa wyalxsnarebidan, xolo 
metali Z ver gamoaZevebs X da Y metalebs maT marilTa wyalxsnarebidan. 

→4 4 X + YSO XSO + Y 		
4 Z XSO+ → 			 

4 Z YSO+ →

CamoTvlili Tanmimdevrobebidan romeli aCvenebs sworad metalTa aqtiuro-
bis klebas?

a) > >X Y Z  		  b) > >Y Z X  

g) > >X Z Y  		  d) > >Z Y X

 Semajamebeli savarjiSoebi
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5.	 saWiroa konteineri vercxl(I)-is nitratis Sesanaxad. CamoTvlilTagan rom-
eli metalisagan unda iyos damzadebuli es konteineri?

a) TuTiisagan		  b) oqrosagan		
g) tyviisagan		  d) rkinisagan

6.	 metali M warmoqmnis oqsids, romlis zogadi formulaa M2O. periodulobis 
cxrilis romel jgufSi mdebareobs es metali?

a) IA (1)           b) IIA (2)          g) VIIA (17)          d) VIIIA (18)

7.	 CamoTvlilTagan romel nivTierebaSia atomTa iseTive Tanafardoba metalsa 

da arametals Soris, rogoricaa kaliumis sulfidSi ( 2K S )?

a) natriumis oqsidSi		  b) natriumis qloridSi

g) magniumis oqsidSi		  d) magniumis qloridSi

8.	 moswavlem Seiswavla ucnobi ufero Txevadi nivTiereba da daadgina, rom es 
nivTiereba ar ucvlis fers fenolfTaleins; xolo Tu masSi CavagdebT Tu-
Tiis naWers, SeiniSneba airis buStukebis gamoyofa. 

CamoTvlilTagan romeli SeiZleba iyos ucnobi nivTiereba?

I – 2H O ;		  II – HCl ;	   III – NaOH .	

a) mxolod I			   b) mxolod II
g) rogorc I, aseve II		  d) rogorc II, aseve III

9.	 X elementi urTierTqmedebs qlorTan da warmoqmnis XCl2 Sedgenilobis 

naerTs. CamoTvlilTagan romeli SeiZleba iyos X?

a) alumini			  b) azoti

g) natriumi		  d) magniumi

10.	mocemulia naerTis formula ( )2 4 3
X SO , sadac X-iT ucnobi metalia aRniSnu-

li. periodulobis cxrilis romel jgufSi SeiZleba mdebareobdes es metali?

a) IA (1)           b) IIA (2)           g) IIIA (13)           d) IVA (14)

11.	CamoTvlilTagan romeli nivTiereba urTierTqmedebs LiOH-Tan marilisa da 
wylis warmoqmniT?

a) KCl 	    b) CaO 	   g)  NaOH 	     d) 2 4H SO

12.	mocemuli nivTierebebidan:

 I – 2Cl ;	 II – 2H O ;	 III – 2Na O .	

romeli urTierTqmedebs kalciumTan?
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a) mxolod I			   b) mxolod III
g) rogorc I, aseve II		  d) rogorc II, aseve III 

13.	mocemuli nivTierebebis wyvilebidan: 

I – Ca  da 2H O ;		  II – Mg  da 2 4H SO ;		  III – Cu  da HCl .	
romelTa urTierTqmedebis Sedegad warmoiqmneba wyalbadi?

a) mxolod I			   b) mxolod III
g) rogorc I, aseve II		  d) rogorc II, aseve III 

14.	mocemuli nivTierebebidan: 

I – 2Cl ;		  II – HCl ;	 III – NaOH .	
romeli urTierTqmedebs aluminTan?

a) mxolod I			   b) rogorc I, aseve II
g) rogorc I, aseve III		  d) samive

15.	CamoTvlilTagan romeli debuleba exeba tutes?

I – Seicavs erT an ramdenime hidroqsilis jgufs;
II – reaqciaSi Sedis mJavebTan marilisa da wylis warmoqmniT;
III – indikator lakmusis xsnars awiTlebs.

a) mxolod I			   b) rogorc I, aseve II
g) rogorc I, aseve III		  d) samive

16.	cnobilia, rom X2O fuZe oqsidia. qvemoT CamoTvlilTagan romeli debulebaa 
swori?

I – X  elementi metalia;
II – 2X O reaqciaSi Sedis HCl -Tan marilisa da wylis warmoqmniT;
III – 2X O reaqciaSi Sedis NaOH -Tan marilisa da wylis warmoqmniT.

a) mxolod I			   b) rogorc I, aseve II
g) rogorc I, aseve III		  d) rogorc II, aseve III

17.	cnobilia, rom X elements axasiaTebs Semdegi reaqciebi:

+ → +2 2X 2HCl XCl H          + → +2 2 2X 2NaOH Na XO H

qvemoT CamoTvlilTagan romeli SeiZleba iyos X elementi?

a) Ca 		  b) Fe 		  g) Al 		  d) Zn

18.	CamoTvlilTagan romeli naerTi gaixsneba wyalSi iseTi xsnaris warmoqmniT, 
romelic lakmuss awiTlebs?

a) 2Na O 		  b) 2N O 		 g) 2SiO 	 d) 2 5P O
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19.	CamoTvlilTagan romeli naerTi gaixsneba wyalSi iseTi xsnaris warmoqmniT, 
romelSic meTilnarinji yviTel fers iRebs?

a) CaO          b) 3SO           g) 2SiO          d) CuO

20.	ucnobi X nivTiereba reagirebs sxvadasxva nivTierebasTan qvemoT mocemuli 
sqemis mixedviT.

nivTiereba
reagirebs

magniumTan

natriumis karbonatTan

spilenZ(II)_is oqsidTan

miiReba wyalbadi

miiReba naxSirorJangi

miiReba spilenZ(II)_is sulfati

CamoTvlilTagan romeli SeiZleba iyos X nivTiereba?

a) natriumis sulfati		  g) natriumis hidroqsidi
g) gogirdmJava			   d) qlorwyalbadmJava

21.	X elementi spilenZTan warmoqmnis or naerTs:  CuX  da 2CuX . periodulobis 

cxrilis romel jgufSi SeiZleba mdebareobdes X elementi?

a) IA (1)		  b) IIA (2)		  g) IIIA (13)		  d) VIIA (17)

22.	mocemul formulaSi 4XSO , X SeiZleba iyos

a) Al		  b) Ar		  g) Mg		  d) Na

23.	mocemulia periodulobis cxrilis Sabloni. A, B, C da D elementebidan rom-
eli warmoqmnis mJava oqsids?

a) A		  b) B		  g) C		  d) D

24.	X elementis oqsidi wylis garkveul raodenobasTan urTierTqmedebisas war-
moqmnis xsnars, romlis pH=4; xolo Y elementis oqsidis wyalTan urTierTq-
medebiT miRebul xsnarSi indikatori lakmusi lurjdeba. amis safuZvelze Sei-
Zleba davaskvnaT, rom ...
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a) X metalia, xolo Y _ arametali.		
b) X arametalia, xolo Y _ metali.
g) orive elementi metalia.
d) orive elementi arametalia.

25.	ucnobi X elementi warmoqmnis XO oqsids, romlis gogirdmJavasTan urT-
ierTqmedebisas marili miiReba. qvemoT CamoTvlil debulebaTagan romelia 
swori?

a) X elementi metalia, xolo XO _ mJava oqsidi.
b) X elementi metalia, xolo XO _ fuZe oqsidi.
g) X elementi arametalia, xolo XO _ mJava oqsidi.
d) X elementi arametalia, xolo XO _ fuZe oqsidi.

26.	mocemulia periodulobis cxrilis Sabloni. X elementis mdebareobis mixed-
viT SeiZleba davaskvnaT, rom ... 

a) X elementi metalia, xolo XO _ mJava oqsidi.
b) X elementi metalia, xolo XO _ fuZe oqsidi.
g) X elementi arametalia, xolo XO _ mJava oqsidi.
d) X elementi arametalia, xolo XO _ fuZe oqsidi.

27.	mocemulia periodulobis cxrilis Sabloni. laTinuri asoebiT aRniSnuli 
elementebidan romeli warmoqmnis fuZe oqsids?

a) A da B		  b) A da D		  g) B da C		  d) C da D
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28.	mocemulia periodulobis cxrilis Sabloni. laTinuri asoebiT aRniSnuli 
elementebidan romeli ori warmoqmnis naerTs elementTa atomebis Tanafar-
dobiT 1 :1?

a) A da C		  b) A da D		  g) B da C		  d) B da D

29.	naxazze naCvenebia oTxi sinjara, romlebSic moaTavses spilenZis, rkinis, mag-
niumisa da TuTiis erTnairi firfitebi da TiToeuls daamates ganzavebuli 
marilmJava. romel sinjaraSi iqneboda moTavsebuli spilenZi?

a) b) g) d)

30.	oTx WurWelSi moaTavses kalciumis karbonatis erTi da igive raodenoba. amis 
Semdeg Caatares oTxi sxvadasxva eqsperimenti:

I _ WurWels daamates ganzavebuli marilmJava;

II _ WurWels daamates natriumis tute;

III _ WurWeli gaacxeles maRal temperaturaze;

IV _ WurWels daamates wyali.

romel SemTxvevaSi gamoiyofa naxSirorJangi?

a) I da II		  b) II da IV		  g) III da IV		  d) I da III
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31.	naxazze figuruli frCxiliT naCvenebia niadagis pH-is zRvrebi, romlebSic 
garkveuli saxis bostneuli kargad izrdeba.

pH
5.0 6.0 7.0 8.0 9.0

fermerma gazoma niadagis pH,  romelic 5.5-is toli aRmoCnda.

riT unda daamuSaos fermerma niadagi, rom is bostneulis mosayvanad vargisi 
gaxdes?

a) marilmJavaTi			   b) natriumis qloridiT
g) kalciumis oqsidiT		  d) Cveulebrivi wyliT

32.	mocemuli oqsidebidan romeli unda gaixsnas wyalSi, rom miRebul xsnars pH-
is yvelaze maRali ricxviTi mniSvneloba hqondes?

a) 2Na O 		  b)MgO 		  g) 2CO 		  d) 3SO

33.	cxrilSi mocemulia informacia X, Y da Z metalebis Tvisebebis Sesaxeb:

metali
airis gamoyofa  marilmJavasTan 

urTierTqmedebisas 
airis gamoyofa  wyalTan 

urTierTqmedebisas

X + +

Y - -

Z + -

am informaciis mixedviT, rogori TanmimdevrobiT iqnebian ganlagebulni es 
metalebi Zabvis eleqtroqimiur mwkrivSi?

a) X, Z, Y			   b) X, Y, Z
g) Z, X, Y			   d) Z, Y, X

34.	moswavlem specialur mowyobilobaSi (ix. naxazi) Caatara cda: 

ganz. marilmJava

marmarilos natexebi

wyali

X
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ra nivTiereba  SeiZleba iyos X ?

a) 2O 		  b) 2CO 	 g) 2H 		  d) 4CH

35.	moswavlem specialur mowyobilobaSi (ix. naxazi) Caatara cda: 

ganz. marilmJava

TuTiis granulebi

wyali

X

ra nivTiereba  SeiZleba iyos X ?

a) 2O 		  b) 2CO 	         g) 2H 		     d) 4CH

36.	mariami da levani skolis laboratoriaSi atarebdnen 
cdebs metalTa Tvisebebis gamosakvlevad. maT sx-
vadasxva metali marilmJavaSi moaTavses. mariamma 
amisaTvis gamoiyena TuTia, xolo  levanma _ spilenZi. 
mariamma SeniSna sinjaraSi airis buStukebis gamoyo-
fa, levanTan ki airi ar gamoyofila.

upasuxeT kiTxvebs:

a) romeli airi gamoiyo mariamis mier Catarebul eqs-
perimentSi?

b) ratom miiRes moswavleebma gansxvavebuli Sedegi? 
daasaxeleT erTi mizezi.

g) TuTiis garda, romeli metali unda gamoeyenebina levans, rom marilmJavas-
Tan reaqciis Sedegad airi gamoyofiliyo?

37.	A, B da C konteinerebSi moTavsebulia Sesabamisad natriumis, magniumisa da 
vercxlis naWrebi. am sami metalis amosacnobad mocemulia wyali da marilm-
Java.

a) romeli fizikuri TvisebiT SeiZleba ganvasxvavoT A metali danarCeni ori 
metalisagan?
b) ra moxdeba, Tu samive konteiners wyals davamatebT? 

g) ra moxdeba, Tu samive konteiners marilmJavas davamatebT? 

d) SeadgineT Sesabamisi qimiuri reaqciebis tolobebi. 

mariami    levani
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38.	X, Y da Z metalebia. X aZevebs Y-s misi qloridis xsnaridan, magram ar Sedis 
reaqciaSi Z metalis nitratTan. 

2 2X YCl XCl Y+ → + 	 3 2X Z(NO )+   

daalageT mocemuli metalebi aqtiurobis klebis mixedviT.

39.	oTxi gansxvavebuli metalis erTi da imave zomis firfitebi moaTavses erTi 
da imave raodenobisa da koncentraciis marilmJavas xsnarSi (ix. naxazi).

                             A                       B                       C                    D
naxazze mocemuli informaciis mixedviT: 

a) daalageT metalebi aqtiurobis klebis mixedviT. 

b) metalTa aqtiurobis mwkrivis gamoyenebiT asoebiT aRniSnul TiToeul 
metals SeusabameT erTi metali.

40.	moswavlem qimiuri reaqtivebis sawyobSi aRmoaCina sami danomrili WurWeli 
(1, 2, 3). man icoda, rom erT-erT WurWelSi iyo cximovani nadebis sawmendi 
siTxe. cnobilia, rom aseTi siTxeebi ZiriTadad KOH-s an NaOH-s Seicavs. 

moswavlem pH-metris gamoyenebiT gazoma TiToeuli siTxis pH da miRebuli 
Sedegebi Cawera cxrilSi:

WurWlis # siTxis pH

1 3.8
2 7.0
3 12.8

a) romel WurWelSia cximovani nadebis sawmendi siTxe?

b) SesaZlebelia Tu ara fenolfTaleinis gamoyenebiT ganvasxvaoT erTmaneTi-
sagan es siTxeebi? 

41.	xSir SemTxvevaSi kuWis problemebi gamowveulia kuWis wvenSi arsebuli mJavas 
(marilmJavas) siWarbiT. am problemis mogvarebis mizniT gamoiyeneba magniumis 
hidroqsidis Semcveli  preparatebi, romlebsac  antacidebs uwodeben. 

a) rogor moqmedebs magniumis hidroqsidi kuWSi arsebul mJavasTan? Seadgi-
neT am procesis amsaxveli qimiuri toloba.

b) sxvadasxva farmakologiuri kompaniis mier warmoebuli preparatebi ant-
acidis SemcvelobiT  erTmaneTisagan gansxvavdeba. maT Sesadareblad unda 
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ganisazRvros, marilmJavas garkveuli koncentraciis xsnaris ra moculobis 
ganeitraleba SeuZlia antacidis erT abs. cxrilSi mocemulia eqsperimentis 
Sedegebi, romlebic miRebulia sami sxvadasxva kompaniis (X, Y da Z) mier war-
moebuli antacidebis kvlevisas:

kompania
antacidis 1 abis 

masa, g
ganeitralebuli marilmJavas  

moculoba, ml

X 2.00 25.00
Y 1.20 18.00
Z 1.50 24.00

TiToeul SemTxvevaSi gamoTvaleT, ramden ml marilmJavas aneitralebs 1  g 
antacidi da daadgineT, romeli kompaniis preparatia  yvelaze efeqturi.

42.	ucnobi martivi nivTiereba M miRebulia qa-
nebSi Semavali naerTisagan. eqsperimentulad 
dadginda, rom es elementi periodulobis 
cxrilis meore jgufSi mdebareobs. 
a) ucnobi nivTiereba metalebs miekuTvneba 
Tu arametalebs?

b) oTaxis temperaturaze rogoria ucnobi 
nivTierebis agregatuli mdgomareoba: airadi, Txevadi Tu myari?

g) daasaxeleT ori fizikuri Tviseba, romelic SeiZleba axasiaTebdes moce-
mul nivTierebas.

d) M simbolos gamoyenebiT dawereT im naerTebis formulebi, romlebic mi-
iReba mocemuli elementis JangbadTan da qlorTan urTierTqmedebiT.

43.	laboratoriaSi moswavlem erT WiqaSi Caasxa ganzavebuli marilmJava, meoreSi 
_ sufris marilis wyalxsnari, xolo mesameSi _ natriumis hidroqsidis wyalx-
snari, magram daaviwyda Wiqebze Sesabamisi warwerebis gakeTeba. 

nivTierebebis identifikaciis mizniT moswavlem danomra Wiqebi (I, II, III) da 
Caatara cdebi fenolfTaleinis xsnarisa da magniumis naWrebis gamoyenebiT.  
Sedegebi mocemulia cxrilSi:

cdaSi gamoyenebuli 
nivTiereba

cdis Sedegebi

I II III
fenolftaleini ufero Jolosferi ufero

magniumi
cvlileba ar 
SeiniSneba

cvlileba ar 
SeiniSneba

gamoiyofa airi

a) eqsperimentis Sedegebis mixedviT, romel WiqaSi romeli nivTiereba iyo 
moTavsebuli?

b) romeli indikatoris gamoyenebiT SeiZleba samive nivTierebis identifika-
cia?
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44.	moswavlem laboratoriaSi Caatara eqsperimenti, romlis drosac akvirdebo-
da reaqcias aluminsa da spilenZ(II)-is qlorids Soris. qvemoT mocemulia es 
reaqcia gauTanabrebeli saxiT:

2 3Al CuCl Cu AlCl Q+ → + +

moswavlem eqsperimentis msvleloba asaxa qvemoT mocemul cxrilSi:

moqmedeba vizualuri efeqti

1. qimiur WiqaSi Cavasxi 100 ml 

wyali da masSi gavxseni 5 g 2CuCl .

1.1 xsnarma miiRo momwvano-cisferi 
Seferiloba.

2. miRebul xsnarSi Cavde 1.5 g alu-
minis folga da wkiriT movurie 1 
wuTis ganmavlobaSi.

2.1 aluminis zedapiri nawilobriv 
daifara muqi yavisferi feniT.

2.2. qimiuri Wiqa gaTba.

3. davakvirdi Wiqas 10 wuTis Semdeg. 3.1. xsnari WiqaSi gauferulda.

3.2. Wiqis fskerze SeiniSneba mow-
iTalo-yavisferi naleqi.

a) reaqciis toloba warmoadgineT gaTanabrebuli saxiT.

b) romeli dakvirvebis safuZvelze SeiZleba davaskvnaT, rom reaqciis Sedegad 
gamoiyo metaluri spilenZi?

g) ram gamoiwvia xsnaris gauferuleba 10 wuTis Semdeg?

d) ratom gaTba Wiqa?

45.	sam WurWelSi, romlebSic moTavsebuli iyo wyali, daamates sxvadasxva niv-
Tiereba:

I-Si _ Na 	 	 II-Si _ 2K O 		  III-Si _ 2 5P O

miRebuli xsnarebidan romelSi miiRebs fenolfTaleini Jolosfers?
pasuxi axseniT da daasabuTeT Sesabamisi reaqciebis tolobebiT. 

46.	cnobilia, rom bariumis ionebi wyalxsnaris saxiT toqsikuria adamianis orga-
nizmisaTvis. miuxedavad amisa, rentgenografiiT kuWis Seswavlisas bariumis 
sulfats iyeneben. 

axseniT, SeiZleba Tu ara amave mizniT qvemoT CamoTvlili  bariumis marilebis 
gamoyeneba: 

•	 bariumis qloridi;
•	 bariumis nitrati;
•	 bariumis karbonati.

amisaTvis gamoiyeneT xsnadobis cxrili da aseve gaiTvaliswineT, rom kuWi 
marilmJavas Seicavs. saWiroebis SemTxvevaSi pasuxi daasabuTeT qimiuri reaq-
ciis tolobis saSualebiT. 



61

Tavi 1. nivTierebaTa mravalferovneba

47.	qvemoT mocemul suraTebze warmodgenilia ramdenime metalis urTierTq-
medeba cxel wyalTan (nax. 1) da marilmJavasTan (nax. 2).

kalciumi      spilenZi       rkina       magniumi        TuTia

airis buStukebi

nax. 1. metalebis urTierTqmedeba cxel wyalTan.

kalciumi      spilenZi       rkina       magniumi        TuTia

nax. 2. metalebis urTierTqmedeba marilmJavasTan.

naxazebze mocemuli informaciis safuZvelze: 

a) daalageT metalebi aqtiurobis klebis mixedviT;
b) SeadgineT im reaqciaTa tolobebi, romlebic metalebsa da wyals Soris 
warimarTeba;
g) SeadgineT im reaqciaTa tolobebi, romlebic metalebsa da marilmJavas  
Soris warimarTeba.

48.	mocemuli gaqvT Semdegi reagentebi: spilenZi, magniumis oqsidi, bariumis 
qloridi, ganzavebuli gogirdmJava da marilmJava.
ramdeni sxvadasxva marilis miReba SeiZleba mxolod am reagentebis gamoy-
enebiT? SeadgineT Sesabamisi reaqciebis tolobebi. daasaxeleT miRebuli 
marilebi. 

49.	A, B, C, D da E  metalebis aqtiurobis Sesaswavlad gamoiyenes xelsawyo, 
romelic naxazzea naCvenebi. metalebis nimuSebi erTnairi iyo da yvela Sem-
TxvevaSi gamoiyeneboda erTi da imave koncentraciisa da moculobis ganzave-
buli gogirdmJavas xsnari. 

Sprici

ganz. gogirdmJava

metali
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TiToeul SemTxvevaSi gazomes gamoyofili wyalbadis moculoba reaqciis 
dawyebidan 1 wuTSi. miRebuli Sedegebi warmodgenilia diagramaze.

 A                  B                 C                 D                  E
metalebi

ga
mo

yo
f
il

i 
ai

r
is

 m
o
c
u
l

o
ba

, 
ml

25

20

15

10

5

0

a) daalageT mocemuli metalebi aqtiurobis klebis mixedviT.

b) am cdebis Casatareblad gamoyenebuli iyo Semdegi metalebi: kalciumi, mag-
niumi, tyvia, TuTia da rkina. isargebleT metalTa aqtiurobis mwkriviT da 
daadgineT, romeli asoTi romeli metali iyo aRniSnuli.

50.	sqemaze mocemulia magniumisaTvis damaxasiaTebeli gardaqmnebi:

magniumis hidroq­
sidi + wyalbadi

magniumis oqsidi

+ wylis 
orTqli

+ marilmJava

+ Y airi

+ Z nivTiereba

X nivTiereba
+ wyalbadi

magniumis sulfati
+ wyalbadi

magniumi

mocemuli informaciis mixedviT daadgineT, ras warmoadgens X, Y da Z niv-
Tierebebi da SeadgineT sqemaze mocemuli gardaqmnebis amsaxveli reaqciebis 
tolobebi.   
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51.	sinjaraSi moTavsebuli malaqiti ( 2 2 3Cu (OH) CO ) gaacxeles, ris Sedegadac is 
daiSala. gamoyofili airi gaatares kirian wyalSi _ 2Ca(OH)  (ix. nax.). 

kiriani wyali

malaqiti

gacxeleba

gacxelebis dros mimdinareobs qimiuri reaqcia (mocemulia gauTanabrebeli 
saxiT):

2 2 3 2 2Cu (OH) CO ( ) CuO( ) H O( ) CO ( )→ + +my  my  a a

a) reaqcia warmoadgineT gaTanabrebuli saxiT.
b) romeli garegnuli niSnebiT SeiZleba davrwmundeT, rom am dros qimiuri 
reaqcia mimdinareobs? 
g) ra SeiniSneba sinjaraSi, romelSic kiriani wyalia? SeadgineT Sesabamisi 
reaqciis toloba.

52.	naxazze naCveneb mowyobilobaSi atarebdnen haeris nakads:

kiriani wyali

spilenZi

haeri

gacxeleba

uwylo spilenZ(II)-is sulfati

a) qvemoT mocemul cxrilSi CamoTvlilia cvlilebebi, romlebic am dros Sei
niSneba. gadaxazeT cxrili samuSao rveulSi da SeadgineT Sesabamis reaqciaTa 
tolobebi.

cvlileba: reaqciis toloba:

uwylo spilenZ(II)-is sulfatma 
Seicvala feri da cisferi gaxda.

kiriani wyali aimRvra.

spilenZis granulebi gaSavda.

b) haerSi romeli nivTierebebis arsebobaze migvaniSnebs zemoT aRwerili eqs-
perimenti?
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53.	ipoveT Sesabamisoba cxrilSi mocemul oqsidebsa da maTTvis damaxasiaTebel 
Tvisebebs Soris. 

gadaxazeT cxrili samuSao rveulSi da Sesabamis ujraSi dasviT niSani X.

2SO CO 2Li O 2 3Al O 2SiO FeO

reagirebs  marilmJavasTan 

reagirebs natriumis tutesTan

marilebs ar warmoqmnis

Tvisebebi
oqsidebi 

54.	sqemaze mocemulia kalciumis naerTebis gardaqmnebi. mocemuli informaciis 
mixedviT daadgineT, ras warmoadgens X, Y da Z nivTierebebi da SeadgineT 
gardaqmnebis Sesabamisi reaqciebis tolobebi.

Y nivTiereba 
(xsnarSi)

+ H2O

+ CO2

+ HCl

 +

 +

gacxeleba

CaCO3 CO2

H2O

 + H2O
Z nivTiereba 

(myari)

Ca(OH)2

X nivTiereba
(myari)

55.	sxvadasxva metalis aqtiurobis Sesadareblad 
xSirad iyeneben Canacvlebis reaqcias. naxazze 
naCvenebia eqsperimenti, romelSic spilenZ(II)-is 
sulfatis xsnarSi CaSvebulia rkinis  lursmani:

a) daasaxeleT ori niSani, romelic adasturebs, 
rom reaqcia warimarTa. 
b) SeadgineT Sesabamisi reaqciis toloba.
g) ra moxdeba, Tu piriqiT, spilenZis mavTuls mo-
vaTavsebT rkina(II)-is sulfatis xsnarSi?
d) ra daskvnis gakeTeba SeiZleba am eqsperimentiT 
rkinisa da spilenZis aqtiurobis Sesaxeb?
e) imave meTodiT rogor SeadarebdiT erTmaneTs 
vercxlisa da spilenZis aqtiurobas?
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56.	isargebleT metalTa aqtiurobis mwkriviT, gadaxazeT samuSao rveulSi qve-
moT mocemuli cxrili (pirveli striqoni nimuSia) da SeavseT. Tu metals 
SeuZlia marilidan metalis gamoZeveba, Sesabamis ujraSi dasviT  niSani , 
xolo Tu ara _ .

Pb Mg Zn Ag

3 2Pb(NO )

3 2Mg(NO )

3 2Zn(NO )

3AgNO

SeadgineT yvela SesaZlo reaqciis toloba.

57.	mocemulia oqsidebi:

SO3, NO, K2O, ZnO.
a) romeli oqsidi urTierTqmedebs mxolod mJavebTan da romeli _ mxolod 
tuteebTan? oqsidTa romel klass miekuTvnebian isini? 

b) romeli oqsidi urTierTqmedebs rogorc mJavasTan, ise tutesTan? oqsidTa 
romel klass miekuTvneba aseTi oqsidebi? 

g) romeli oqsidi ar urTierTqmedebs mJavasTan da tutesTan? oqsidTa romel 
klass miekuTvneba aseTi oqsidebi? 

d) SeadgineT Sesabamis reaqciaTa tolobebi.

58.	cxrilSi mocemuli informaciis mixedviT daalageT metalebi aqtiurobis zr-
dis mixedviT:

kobalti
maRal temperaturaze (daaxloebiT 300°C-ze) nela urTierTq-
medebs JangbadTan.

rkina
Jangbadis areSi Zlieri gaxurebisas (daaxloebiT 300°C-ze) 
iwvis naperwklebis warmoqmniT. 

magniumi gaxurebisas advilad aaldeba da iwvis.

volframi
nela urTierTqmedebs JangbadTn Zalian maRal temper-
aturazec ki (daaxloebiT 3000°C-ze).

59.	kirqvis natexi, romlis ZiriTadi Semadgeneli nivTierebaa kalciumis kar-
bonati, gaaxures maRal temperaturaze. gacivebis Semdeg  miRebul masas 
wveT-wveTobiT daamates wyali, ra drosac gamoiyo didi raodenobiT siTbo. 

gansazRvreT ra procesebi mimdinareobs TiToeul etapze da SeadgineT Sesa-
bamis reaqciaTa tolobebi. 
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xsnaris pH gviCvenebs, rogori bunebisaa xsnari: mJava, fuZe Tu neitraluri. 
pH-is mniSvnelobis gansazRvra SeiZleba rogorc specialuri xelsawyoTi, aseve 
indikatoriT, romelic saxlis pirobebSic SegviZlia movamzadoT. 

indikators xSirad amzadeben wiTeli kombostosgan. es efuZneba wiTel komb-
ostoSi nivTiereba antocianinis arsebobas, romelic wyalxsnarSi iisferia, mJava 
da tute areSi ki fers icvlis: Zlier mJava areSi wiTelia, xolo Zlier tute 
areSi _ moyviTalo-mwvane fers iRebs. kombostosgan damzadebuli indikatoris 
gamoyenebiT SesaZlebelia mJava da tute bunebis nivTierebebis pH-is miaxloe-
biTi gansazRvra.

Cveni mizania, davamzadoT indikatori wiTeli kombostosgan da misi saSuale-
biT davadginoT im xsnarebis pH, romlebic yoveldRiurad gvxvdeba.

eqsperimentisaTvis saWiro resursebi:
wiTeli kombosto 100 g;
limonis wveni _ 20 ml; 
TeTri Rvinis an vaSlis Zmari 20 ml; 
sufris marili _ 1 g; 
vaSlis wveni _ 20 ml; 
Txevadi saponi _ 20 ml (sasurvelia gamWvirvale); 
Sampuni _ 20 ml (sasurvelia gamWvirvale); 
WurWlis sarecxi siTxe _ 20 ml;
sasmeli sodis xsnari _ 20 ml; 
gazquris an niJaris sawmendi saSualeba 20 ml; 
WurWeli indikatoris xsnaris mosamzadeblad (mag, didi zomis qimiuri Wiqa an 

mominanqrebuli qvabi. aucilebelia, SeiZlebodes WurWlis gacxeleba eleqtro- 
an gazquraze); 

qimiuri Wiqebi (100 an 200 ml-iani, an imave zomis gamWvirvale minis an plast-
masis Wiqebi; 

pipeti;  
sawuri bade.
amocanis Sesruleba SegiZliaT rogorc skolis laboratoriaSi, aseve saxlSi. 

Sesabamisad, SeiZleba gamoiyenoT laboratoriuli WurWeli an SecvaloT isini im 
nivTebiT, romlebic advilad xelmisawvdomia, magaliTad:

SeiZleba Siecvalos

qimiuri pipeti                                   samedicino pipeti          Sprici

 rogor davadginoT yoveldRiurad 
gamoyenebuli xsnarebis pH?
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SeiZleba Siecvalos

                qimiuri Wiqa                                  gamWvirvale plastmasis Wiqa

SeiZleba Siecvalos

                minis wkiri                                          plastmasis kovzi 

eqsperimentis msvleloba:

•	 mcenareuli indikatoris dasamzadeblad  daaxloebiT 0.5 l-ian WurWelSi 
moaTavseT 100 g daqucmacebuli wiTeli kombosto da daamateT wyali, 
daaxloebiT 250 ml.

•	 WurWeli moaTavseT eleqtro- an gazquraze da aduReT iqamde, vidre xs-
nari ar miiRebs muq iisfer Seferilobas. ufrosis daxmarebiT WurWeli 
frTxilad gadmodgiT quridan da gaaciveT. gamoiyeneT sawuri bade da 
kombostos wveni frTxilad gadmoasxiT SedarebiT mcire WurWelSi.

•	 plastmasis an minis gamWvirvale Wiqebs daawereT qvemoT CamoTvlili niv-
Tierebebis (wyali, limonis wveni,  TeTri Rvinis an vaSlis Zmari, vaSlis 
wveni, sufris marilis wyalxsnari, sasmeli sodis wyalxsnari, saponi, Sam-
puni, sawmendi saSualeba) saxelebi. SegiZliaT sxva nebismieri xsnari ai-
RoT.

•	 TiToeul Wiqas pipetiT daamateT kombostos wvenis 5-10 wveTi da mouri-
eT minis wkiriT an plastmasis kovziT. sasurvelia, Sedegebi daafiqsiroT 
fotoebze.

•	 daakvirdiT feris cvlilebas TiToeul WiqaSi da CainiSneT cdis oqmSi, 
romelic qvemoTaa mocemuli (cxrili 1).

•	 gamoiyeneT wiTeli kombostosgan miRebuli indikatoris feris cvlilebis 
Skala, romelic cxril 2-sa da suraTebzea mocemuli. SeadareT Tqven mier 
miRebul ferebs da daadgineT sakvlevi xsnarebis pH-is miaxloebiTi mniS-
vnelobebi.
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cxrili 1. eqsperimentis oqmi (cxrili gadaitaneT rveulSi da SeavseT):

nivTiereba feri miaxloebiTi pH

gamoxdili wyali

limonis wveni

TeTri Rvinis an vaSlis Zmari

vaSlis wveni

sufris marilis wyalxsnari

sasmeli sodis wyalxsnari

saponi

Sampuni

sawmendi saSualeba

cxrili 2. kombostosgan damzadebuli indikatoris feri sxvadasxva pH-ze.  

feri muqi wiTeli Ria iisferi iisferi
lurji-
mwvane

mwvane-yvi­
Teli

miaxloebiTi 
pH 1-2 3-5 7 8-10 11-13

pH 1-2

pH 4-5
pH 7

pH 9-10

pH 12-13

wiTeli kombostos indikatori

mJava                                                              fuZe
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             pH=1 pH=2 pH=3 pH=4 pH=5 pH=6 pH=7 pH=8 pH=9 pH=10  pH=11 pH=12

pH
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aqamde qimiur reaqciebs imis mixedviT vaxasiaTebdiT, Tu romeli nivTiere-
bebi reagirebs erTmaneTTan da romeli produqtebi warmoiqmneba amis Sedegad. 
aranakleb mniSvnelovania, yuradReba mivaqcioT  qimiuri reaqciebis raodenobriv 
mxares. magaliTad, warmovidginoT, rom vmuSaobT laboratoriaSi da saWiroa Ca-
vataroT reaqcia rkinasa da gogirds Soris, raTa miviRoT rkina(II)-is sulfidi 
(nax. 1.49):

+ →Fe  S FeS

nax. 1.49. reaqcia rkinasa da gogirds Soris, romlis drosac 
warmoiqmneba rkina(II)-is sulfidi.

reaqciis toloba gviCvenebs, rom am reaqciis Casatareblad nivTierebebi unda 
aviRoT toli raodenobebiT, rac imas niSnavs, rom yovel 1 atom rkinaze 1 atomi 
gogirdi unda modiodes. zustad aseT Tanafardobas Tu ar aviRebT, an gogirdi 
dagvrCeba zedmeti, an rkina. aseT SemTxvevaSi sufTa produqts ver miviRebT, 
radgan masSi Sereuli iqneba reaqciaSi Seusvleli nivTiereba. 

magram rogor aviRoT nivTierebaTa toli raodenobebi? atomTa daTvla Seu-
Zlebelia, amitom gansazRvruli raodenobis nivTierebas iReben masis an mocu-
lobis mixedviT. vnaxoT, ras iwonis TiTo atomi rkina da gogirdi (gavixsenoT, 
rom elementis atomis masa am elementis fardobiTi atomuri masisa da masis 
atomuri erTeulis Sesabamisi ricxvis namravlis tolia):

( ) 2 24 234
rA (Fe) 1.66 10 56m 9.2Fe   1.66 1 96 100 −− −⋅ = ⋅ ⋅ == ⋅ ⋅g g g;

( ) 2 24 234
rA (S) 1.66 10 32m 5.312 10S   1.66 10− − −= ⋅ = ⋅ ⋅ =⋅ ⋅g g g.

cxadia, aseTi mcire masebis awona SeuZlebelia. saWiroa, nivTierebebi iseTi 
masebiT aviRoT, rom maTi awona realuri iyos. davuSvaT, aRebuli gvaqvs 56 g 
rkina da 32 g gogirdi – anu nivTierebaTa iseTi masebi, romlebic ricxobrivad 
maT fardobiT atomur masas utoldeba. gamovTvaloT am masis nivTierebebSi at-
omebis ricxvi, rasac N-iT aRniSnaven:

1.10 	  nivTierebis raodenobis sazomi 

            erTeuli – moli. moluri masa
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( ) 23
23N

1
56Fe   

9.2
6.02

6
0

9 0
1

−
= = ⋅

⋅
g

g

( ) 23
235.312 10

32
N S   6.02 10

−
= = ⋅

⋅
g

g

rogorc vxedavT, aseT masebSi atomTa toli 
raodenobebia. miRebuli ricxvi ase gamoisaxe-
ba: 

602 213 670 000 000 000 000 000

am ricxvs italieli mecnieris amadeo avo-
gadros (nax. 1.50) pativsacemad avogadros 
ricxvs uwodeben. 

imisTvis, rom warmovidginoT, Tu ramdenad 
didi ricxvia avogadros ricxvi, SeiZleba ase-
Ti Sedareba moviyvanoT: Tu vecdebiT, daviT-
valoT am ricxvamde da yovel erT wamSi 10-mde 
viTvliT, maSin 1 weliwadSi daTvlili gveqneba 
mxolod ⋅ 83.15 10 -mde, xolo Tavidan bolomde dasaTvlelad TiTqmis 2 kvintil-
ioni ( ⋅ 151.91 10 ) welia saWiro.

aseT did ricxvebTan dakavSirebuli maTematikuri moqmedebebis gasamartive-
blad SemoiRes erTeuli, romelsac moli ewoda. 1 moli aris nivTierebis is ra­
odenoba, romelic 6.02 · 1023 nawilaks Seicavs.  

erTeulTa saerTaSoriso sistemaSi (SI) moli nivTierebis raodenobis sazom 
erTeuls warmoadgens. Tanamedrove ganmartebiT, moli aris nivTierebis is ra­
odenoba, romelic Seicavs 6.02 · 1023 struqturul nawilaks, anu imdenives, ramdeni 
atomicaa 12 g naxSirbadSi (kerZod, 12C izotopSi). 

struqturul nawilakSi igulisxmeba atomi, molekula, eleqtroni, protoni, 
neitroni an ioni. Tu nivTiereba giganturi struqturisaa, maSin struqturul 
nawilakad pirobiT molekulas anu formulur erTeuls miiCneven. magaliTad, 

wylis umciresi nawilakia wylis molekula _ H2O, spilenZisa – spilenZis atomi 

(Cu), xolo sufris marilis _ Na+ da Cl_  ionebisagan Sedgenili pirobiTi mole-

kula (NaCl) anu formuluri erTeuli. aqedan gamomdinare, wylis erTi moli Sei-
cavs 6.02 · 1023 molekulas, spilenZis erTi moli _  6.02 · 1023 atoms, xolo sufris 
marilis erTi moli _ 6.02 · 1023  formulur erTeuls.

molebis raodenoba aRiniSneba berZnuli  ν (niu) an laTinuri n (en) asoTi. 
1 moli nivTierebis masa ricxobrivad gramebSi gamosaxul mis fardobiT mole­

kulur masas udris.

1 moli nivTierebis masas moluri masa ewodeba.  

moluri masa aRiniSneba M asoTi. moluri masis erTeulia g/moli.

nax. 1.50. amadeo avogadro 
(Amadeo Avogadro).
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magaliTad:

naxSirbadis atomis fardobiTi atomuri masaa =rA (C) 12 , 

naxSirbadis moluri masa iqneba ( ) =M C 12   g/moli;

oqros atomis fardobiTi atomuri masaa =rA (Au) 197 , 

oqros moluri masa iqneba ( ) =M Au 197 g/moli;

wylis fardobiTi molekuluri masaa ( ) = ⋅ =r 2M H O 2 1 +16 18 ,

wylis moluri masa iqneba ( ) =2M H O 18 g/moli;

natriumis hidroqsidis fardobiTi molekuluri masaa

( ) + +rM NaOH 23 16= 1 = 40 ,

natriumis hidroqsidis moluri masa iqneba ( ) =M NaOH 40g/moli. 

rogorc vxedavT, fardobiT molekulur da atomur masasa da molur masas 
Soris erTi gansxvavebaa – fardobiT molekulur da atomur masas ganzomileba 
ar aqvs, xolo moluri masis ganzomilebaa g/moli. 

amrigad, sxvadasxva nivTierebis 1 molis masa gansxvavebulia, miuxedavad imi-
sa, rom isini toli raodenobiT nawilakebs Seicaven (cxrili 1.4, nax. 1.51).

cxrili 1.4. zogierTi nivTierebis 1 moli. 

nivTiereba
nivTierebis 
raodenoba, 

moli

struqturuli 
nawilakebis 

raodenoba, cali

struqturuli 
nawilakebis 
dasaxeleba

nivTierebis 
masa, g

spilenZi ( Cu ) 1 ⋅ 236.02 10 atomi 64

gogirdi ( S ) 1 ⋅ 236.02 10 atomi 32

saqaroza  
( 12 22 11C H O )

1 ⋅ 236.02 10 molekula 342

natriumis qlo­
ridi  

(NaCl )
1 ⋅ 236.02 10

formuluri 
erTeuli 58.5

vercxlis- 
wyal(II)-is oqsidi  

(HgO )
1 ⋅ 236.02 10

formuluri 
erTeuli 217

spilenZ(II)-is 
sulfatis 

pentahidrati, 
Sabiamani  

( ⋅4 2CuSO 5H O )

1 ⋅ 236.02 10
formuluri 

erTeuli 250
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vercxliswyal(II)-is 
oqsidi

saqaroza
spilenZi

gogirdi

Sabiamani, spilenZ(II)-is 
sulfatis pentahidrati

natriumis qloridi

nax. 1.51. zogierTi nivTierebis 1 moli.

  kiTxvebi da davalebebi:

1.	 gamoTvaleT mocemul ionur naerTTa moluri masebi:

	 a) Ca(OH)2		
b) CaCl2		

g) K2CO3 

	 d) Ca3(PO4)2 		  e) FeSO4		  v) Cu(NO3)2  

2.	 gamoTvaleT mocemul molekulur naerTTa moluri masebi:

	 a) C2H5OH	 b) HCN		  g) CCl4
	 d) C6 H6	 e) NH3 	 	 v) CH3Br

3.	 propilacetati (C5H10O2) naerTia, romelic msxlis sunsa da gemos 
ganapirobebs. gamoTvaleT am naerTis moluri masa.
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1.11 	      molisa da moluri masis 

                 praqtikuli gamoyeneba

xSirad saWiroa imis gamoTvla, Tu ra masa aqvs nivTierebis garkveul raode-
nobas, an piriqiT. ganvixiloT, ra maTematikuri aparatia saWiro aseTi gamoTv-
lebis Sesasruleblad.

nivTierebis molebis raodenobasa (n) da misi Semadgeneli nawilakebis ricxvs 
(N) Soris damokidebulebis gamosaxatavad gamoiyeneba avogadros mudmiva, ro-
melic gviCvenebs 1 mol nivTierebaSi arsebuli nawilakebis ricxvs. is aRiniSneba 
N

A
  simboloTi da misi ganzomilebaa moli_1. 

23
23 1

A
6.02 10

N 6.02 10 − ⋅
= ⋅ =moli

moli

xolo aRniSnuli damokidebuleba ase gamoisaxeba:

=
A

Nn
N

 

(gamoTvlebis gasamartiveblad avogadros mudmivas = ⋅ 23
AN 6.02 10 moli-1 xSir-

ad damrgvalebuli mniSvnelobiT _ = ⋅ 23
AN 6 10  moli-1 iyeneben)

xolo nivTierebis molebis raodenobasa da masas Soris kavSirs Semdegi for-
mula gamoxatavs:

=
mn
M

sadac m nivTierebis masaa gramebSi, xolo M – nivTierebis moluri masa,  
g/moli.

zemoT moyvanili formulebidan advilad SegviZlia gamoviyvanoT damokideb-
uleba nivTierebis masasa da nawilakebis ricxvs Soris:

=
A

m N
M N

   

vnaxoT, rogor gamoiyeneba es formulebi tipuri amocanebis amoxsnisas:

amocanis amoxsnis nimuSi _ 1
amocana: rkinisa da foladis nakeTobebis koroziisagan dasacavad maT zeda-

pirs TuTiiT (Zn) faraven. dadgenilia, rom 1 kvadratuli metri zedapiris 
dasafarad saWiroa ⋅ 253 10  TuTiis atomi. ramden mols Seadgens TuTiis at-
omTa es raodenoba? ra masis TuTiaSia am raodenobis atomebi? 

amoxsna:
SevadginoT mocemuloba:

moc.: ( ) ⋅ 25N Zn = 3 10 atomi
u. v. : ( )n Zn - ?   ( )m Zn - ? 

amocanis amoxsnisas dagvWirdeba formula: 

=
A

Nn
N

 da damxmare sidide = ⋅ 23
AN 6 10  moli-1.
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amocanis amoxsnis nimuSi _ 2

amocana: xSirad avtomanqanis akumulatorSi eleqtrolitad gogirdmJavas 
iyeneben. ra masis mJava daixarjeba 1 akumulatorisaTvis saWiro eleqtro-
litis mosamzadeblad, Tu cnobilia, rom amisaTvis daaxloebiT 20 moli 
gogirdmJavaa saWiro? ramden atoms Seicavs mJavas es raodenoba? 

amoxsna:

SevadginoT mocemuloba:

moc.: 
2 4n(H SO ) = 20 moli

u. v. : 2 4m(H SO ) - ?    ( )N - ? at.

masis dasadgenad gamoviyenoT formula:

=
mn
M

, saidanac = ⋅m n M   da damxmare sidide 2 4M(H SO ) , romelic unda 

ganvsazRvroT fardobiTi molekuluri masis mixedviT:

⋅ ⋅ ⋅r 2 4M (H SO ) = 2 1+1 32 + 4 16 = 98 ;   2 4M(H SO ) = 98g/moli.

CavsvaT formulaSi mniSvnelobebi:
25

23 1
3 10n(Zn) 50

6 10 −
⋅

= =
⋅ moli

moli.

pasuxi: TuTiis atomTa es raodenoba Seadgens 50 mols.
masis dadgena SeiZleba ori gziT:
1) gamoviyenoT formula, romelic gviCvenebs damokidebulebas nivTierebis 

masasa da nawilakebis ricxvs Soris:

23 1

m N
M 6 10 −

=
⋅ moli

, saidanac 23 1

N Mm
6 10 −

⋅
=

⋅ moli
.

dagvWirdeba aseve damxmare sidide =M(Zn) 65 g/moli (radgan =rA (Zn) 65 ).
CavsvaT formulaSi mniSvnelobebi:

253 10 65
m(Zn)

⋅ ⋅

=

g

moli
236 10⋅

moli

3250= g.

2) gamoviyenoT amocanis wina nawilSi dadgenili molebis ricxvi. am dros 
dagvWirdeba formula: 

= ⋅m n M  da damxmare sidide _ =M(Zn) 65 g/moli.

CavsvaT formulaSi mniSvnelobebi:

m(Zn) 50= moli 65×
g

moli
3250= g.

pasuxi: am raodenobis atomebi aris 3250 g TuTiaSi. 
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amocanis amoxsnis nimuSi _ 3
amocana: Saqari, romelsac yoveldRiur cxovrebaSi viyenebT, warmoadgens 

nivTiereba saqarozas, romlis formulaa 12 22 11C H O . Saqris erTi natexis ma-
saa 6.84 g. ramden mol saqarozas Seicavs aseTi natexi da saqarozas ramdeni 
molekulaa masSi?

amoxsna:
SevadginoT mocemuloba:

moc.: 12 22 11m(C H O ) = 6.84 g.

u. v.:  12 22 11n(C H O ) - ?  12 22 11N(C H O ) - ? 

CavsvaT formulaSi mniSvnelobebi:

2 4m(H SO ) 20= moli 98⋅
moli

g 1960= g.

amocanis pirobis mixedviT aseve unda dadgindes atomTa saerTo raode-
noba.

gogirdmJavas (H2SO4) erTi molekula Seicavs 7 atoms:

1 molekula H2SO4

2 atomi H 4 atomi O1 atomi S
 

Sesabamisad, 1 mol gogirdmJavaSi jamurad aris 7 moli atomi (2 moli wy-
albadis, 1 moli gogirdisa da 4 moli Jangbadis). amitom atomebis saerTo 
ricxvi iqneba gogirdmJavas molekulebis ricxvze ( 2 4N(H SO )) 7-jer meti. 

= ⋅ 2 4N(   ) 7 N(H SO )at.

gogirdmJavas molekulebis ricxvis gamosaTvlelad dagvWirdeba formu-
la: 

=
A

Nn
N

, saidanac = ⋅ AN n N  da damxmare sidide = ⋅ 23
AN 6 10 moli-1.

CavsvaT formulaSi mniSvnelobebi:

2523
2 4

1N(H SO ) 20 6 1 1.0 2 10−= ⋅ ⋅⋅ =moli moli molekula.

xolo atomTa ricxvi iqneba:

= ⋅ = ⋅ ⋅ = ⋅25
2 4

25N(  .) 7 N(H SO ) 7 0 8.41.2 1 10at atomi.

pasuxi: 20 mol gogirdmJavaSi ⋅ 258.4 10 atomia.
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molebis ricxvis dasadgenad gamoviyenoT formula: 

=
mn
M

 da damxmare sidide 12 22 11M(C H O ) , romelic unda ganvsazRvroT far-

dobiTi molekuluri masis mixedviT:

⋅ ⋅ ⋅r 12 22 11M (C H O ) =12 12 + 22 1+11 16 = 342 ;   12 22 11M(C H O ) = 342 g/moli.

CavsvaT formulaSi mniSvnelobebi:

6.84
n =

g

342
g

0.02=

moli

moli.

pasuxi:  Saqris erTi natexSi 0.02 moli saqarozaa.

molekulebis ricxvis gamoTvla SesaZlebelia 2 gziT: 
1) gamoviyenoT formula:

=
A

m N
M N

, saidanac 
⋅

= Am N
N

M
; aseve damxmare sidideebi = ⋅ 23

AN 6 10 moli_1 da 

12 22 11M(C H O ) = 342 g/moli.

CavsvaT formulaSi mniSvnelobebi:

6.84
N =

g
236 10⋅

⋅
moli

342
g

moli

221.2 10= ⋅  molekula.

2) gamoviyenoT amocanis wina nawilSi dadgenili molebis ricxvi. am dros 
dagvWirdeba formula: 

=
A

Nn
N

, saidanac = ⋅ AN n N da damxmare sidide = ⋅ 23
AN 6 10  moli_1.

CavsvaT formulaSi mniSvnelobebi:

223 1 2N 0. 10 1.2 02 6 10 −= ⋅ ⋅ = ⋅moli moli molekula.

pasuxi:  Saqris erTi natexSi saqarozas 
221.2 10⋅ molekulaa.
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  kiTxvebi da davalebebi:

1.	 ramdeni molia:
	 a) ⋅ 241.8 10 atomi alumini? 
	 b) ⋅ 243 10 molekula naxSirbad(IV)-is oqsidi?

2.	 ramdeni molekulaa:
	 a) 10 moli wyali?
	 b) ⋅ 63 10 moli meTani?

3.	 ramdeni atomia 10 mol naxSirbad(IV)-is oqsidSi?  

4.	 glukoza Sedis yvela mcenareuli da cxoveluri organizmis Sedgeni-
lobaSi. misi formulaa C6H12O6. am formulis gamoyenebiT upasuxeT 
qvemoT mocemul kiTxvebs.

	 a) TiToeuli Semadgeneli elementis ramdeni atomia 0.5 mol
	    glukozaSi?
	 b) ramden mol glukozaSia 24 moli Jangbadis atomi?
	 g) ra masa aqvs glukozis ⋅ 229 10  molekulas? 

5.	 gadaxazeT rveulSi da SeavseT cxrili:

nivTiereba masa, g
nivTierebis 

raodenoba, moli
molekulaTa 

ricxvi
atomTa ricxvi

6 6
C H 7.8

2H O 0.5

2CO 2.4 ·1022 

3CH OH 1.2 ·1024

6.	 ipoveT mocemuli nivTierebebis masa:
	 a) 1.5 moli aluminis oqsidi		  b) 0.6 moli wyali 

	 g) 0.1 moli natriumis tute		  d) 10 moli natriumis tute       

7.	 gadaiyvaneT molebSi:
	 a) 71 g Cl2 			   b) 10 g CaCO3  	
	 g) 10 g KHCO3		  d) 0.1 g KHCO3	  

8.	 romeli met molekulas Seicavs:
	 a) 71 g Cl2 Tu 20 g H2?	            b) 1 g CaCO3 Tu 1 g H2?
	 g) 1 g CaO Tu 1 g CuO ?	            d) 1 g CaCO3  Tu 0.1 moli CaCO3?

9.	 romeli met atoms Seicavs:
	 a) 1.8 g H2O Tu 0.2 g H2 ?		  b) 0.1 moli CaCO3 da 0.1 g H2 ?
	 g) 1.6 g O2 Tu 0.1 moli S?		 d) 3.2 kg O2 Tu 100 moli O3?
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1.12 	          avogadros kanoni.  

              airebis moluri moculoba

nivTierebis agregatuli mdgomareobis gacnobisas aRvniSneT, rom myar da Tx-
evad mdgomareobaSi nawilakebi erTmaneTTan, airadTan SedarebiT, ufro mWidro-
daa ganlagebuli. amitom rac ufro didia aseTi nivTierebis nawilakis zoma, 
miT metia mis mier dakavebuli moculoba. magaliTad, wylis 1 moli, anu ⋅ 236 10  
molekula ikavebs 18 ml moculobas, rac daaxloebiT 2 sufris kovzis tolia, 
xolo amave raodenobis Saqris molekula 17 sufris kovzs gaavsebs. aseTi gansx-
vaveba imiTaa gamowveuli, rom Saqris molekula wylis molekulaze gacilebiT 
didia. 

gavarkvioT, ra moculobas daikavebs amave raodenobiT aRebuli airadi niv-
Tierebebi. airebSi, myari da Txevadi nivTierebebisagan gansxvavebiT, nawilakebs 
Soris manZilebi maT zomebs mniSvnelovnad aRemateba, amitom molekulis zoma 
airis mier dakavebul moculobaze gavlenas ar axdens. 

samagierod, airis moculobaze did gavlenas axdens fizikuri pirobebi, ker-
Zod, temperatura da wneva. moculobis temperaturaze damokidebuleba imaSi 
gamoixateba, rom rodesac airi cxeldeba, misi nawilakebi ufro swrafad moZrao-
bs da airi farTovdeba. rac Seexeba wnevas _ misi gazrdiT nawilakebi erTmaneTs 
uaxlovdeba, airi ikumSeba da moculoba mcirdeba. 

amrigad, airis moculoba damokidebulia temperaturasa da wnevaze, magram 
araa damokidebuli imaze, Tu romeli nivTierebaa airad mdgomareobaSi. magali-
Tad, Tu erTnair fizikur pirobebSi buStebs heliumiT, JangbadiTa da amiakiT 
erTnair moculobamde gavberavT, maTSi molekulebis toli ricxvi iqneba, miuxe-
davad imisa, rom am airebis molekulaTa zomebi erTmaneTisagan gansxvavdeba  
(nax. 1.52).

nax. 1.52. erTnair fizikur pirobebSi sxvadasxva airis toli 
moculobebiT gaberil buStebSi molekulebis erTnairi ricxvia.

zemoT aRniSnuli kanonzomiereba airTa Tvisebebze dakvirvebis Sedegad aR-
moaCina avogadrom. man 1811 wels Camoayaliba kanoni, romelic dRes avogadros 
kanonis saxelwodebiTaa cnobili:
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sxvadasxva airis toli moculobebi erTnair wnevasa da temperaturaze moleku­
laTa tol ricxvs Seicavs. 

nebismieri airis 1 molis mier dakavebuli moculobis dasadgenad  mecnierebis 
mier SerCeulia konkretuli fizikuri pirobebi, kerZod, 1 atm wneva da 0°C  (anu 
101.3 kpa da 273 K), rasac normaluri pirobebi uwodes (Semoklebuli aRniSvna _ 
n. p.). eqsperimentulad dadgenilia, rom am pirobebSi nebismieri airis 1 moli 
ikavebs  22.4 l moculobas (nax. 1.53). am sidides airis moluri moculoba ewo-
deba da aRiniSneba rogorc MV . 

1 moli He
4 g He

0°C (273K)
1 atm.

1 moli O2
32 g O2

0°C (273K)
1 atm.

1 moli N2
28 g N2

0°C (273K)
1 atm.

V = 22.4 l

nax. 1.53. sxvadasxva airis moluri moculoba n. p.-Si.

moluri moculoba (VM = 22.4 l/moli) aris gadamyvani sidide airis molebis 
ricxvsa (n) da litrebSi gamosaxul moculobas (V, l-Si) Soris da maT Soris ka-
vSiri gamoisaxeba formuliT: 

=
M

Vn
V

, rac normaluri pirobebisaTvis ase gamoisaxeba:  
Vn

22.4
=

l/moli
.

amrigad, SegviZlia gamoviyvanoT formulebi, romlebic airadi nivTierebebi-
saTvis erTmaneTTan akavSirebs:

masasa (g-Si) da moculobas (l-Si):

 	 =
M

V m
V M

  xolo n. p.-Si  
V m

22.4 M
=

l/moli

nawilakebis raodenobasa da moculobas (l-Si):

 	 =
A M

N V
N V

   xolo n. p.-Si  23 1

N V
6 10 22.4−

=
⋅ moli l/moli

es formulebi xSirad gamoiyeneba praqtikuli miznebisaTvis. qvemoT moyva-
nilia tipuri amocanebis amoxsnis magaliTebi:



81

Tavi 1. nivTierebaTa mravalferovneba

amocanis amoxsnis nimuSi _ 4
amocana: cecxlmaqrSi moTavsebulia 8.8 kg naxSirbad(IV)-is oqsidi. ra 

moculobas daikavebs es airi n. p.-Si? 
amoxsna:
SevadginoT mocemuloba:
moc.: ( ) =2m CO = 8.8 8800kg g
u. v. : ( )2V CO - ? 

amocanis amoxsnisas dagvWirdeba formula, romelic erTmaneTTan akav-
Sirebs airadi nivTierebis masasa da moculobas: 

=
V m

22.4 M
 , saidanac =

22.4mV
M

, aseve damxmare sidide 2M(CO ) , romelic 

unda ganvsazRvroT fardobiTi molekuluri masis mixedviT:

⋅ ⋅r 2M (CO ) =1 12 + 2 16 = 44 ;  2M(CO ) = 44  g/moli.

CavsvaT formulaSi mniSvnelobebi:

2

22.4
V(CO ) =

l

moli
8800⋅ g

44
g

moli

4480= l.

pasuxi: airi daikavebs 4480 l moculobas.

amocanis amoxsnis nimuSi _ 5

amocana: dadgenilia, rom  n. p.-Si 1 moli nebismieri 
airiT SesaZlebelia  fexburTis 4 burTis gaberva. ra 
moculoba aqvs fexburTis burTs? 

amoxsna:
SevadginoT mocemuloba:

moc.: n (4 burTSi) = 1 moli

u. v. :  V (1 burTis)?

amocanis amoxsnisas dagvWirdeba formula, romelic erTmaneTTan akav-
Sirebs airadi nivTierebis molebsa da moculobas: 

=
Vn

22.4
, saidanac =V 22.4n .

radgan saWiroa gamovTvaloT 1 burTis moculoba, jer unda gamovT-
valoT, ramdeni moli airi iqneba 1 burTSi:
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  kiTxvebi da davalebebi:

1.	 mocemuli debulebebidan romelia swori? 

	 a) 1 moli wyali n. p.-Si ikavebs 22.4 l moculobas.

	 b) 1 moli wyalbadi n. p.-Si ikavebs 22.4 l moculobas.

	 pasuxi daasabuTeT.

2.	 romeli ufro met molekulas Seicavs: 

	 a) 0.5 moli Jangbadi Tu 1.12 l wyalbadi (n. p.)?

	 b) 66 g naxSirorJangi Tu 44.8 l azoti?

3.	 romelSi ufro meti wyalbadatomia: 

	 a) 1.8 g wyalSi Tu 2.24 l wyalbadSi (n. p.)?

	 b) 3 · 1024 molekula meTanSi Tu 112 l amiakSi (n. p.)?

4.	 cxrili gadaitaneT rveulSi da SeavseT gamotovebuli ujrebi:

nivTiereba
nivTierebis 

raodenoba, moli
molekulebis 

ricxvi
moculoba 

(n. p.), l
masa, g

Jangbadi ( 2O ) 3 

azoti ( 2N ) 6.72 

meTani ( 4CH ) 5.6 

ozoni ( 3O ) 0.1

wyalbadi ( 2H ) 0.4

amiaki ( 3NH ) ⋅ 233 10

n 1n = 0.25
4 4

= =
(4 burTSi)

(1 burTSi) moli.

CavsvaT formulaSi mniSvnelobebi:

V ( ) 22.4=
l

moli
1 burTis 0.25⋅ moli 5.6= l.

pasuxi: burTis moculobaa 5.6 l.



83

Tavi 1. nivTierebaTa mravalferovneba

praqtikaSi avogadros kanoni sxvadasxva miznisaTvis gamoiyeneba. magaliTad, 
SegviZlia ucnobi airadi nivTierebis formulis dadgena, risTvisac sakmarisia 
moluri masis gansazRvra misi simkvrivis saSualebiT. ramdenadac airis 1 moli 
n. p.-Si 22.4 l moculobas ikavebs, Tu viciT airis simkvrive, anu 1 l airis masa, 
advilad gamovTvliT mis molur masas:

= ⋅ ρM 22.4

sadac ρaris airis simkvrive n. p.-Si (ganzomileba _ g/l).

magaliTisaTvis ganvixiloT, Tu rogor dgindeba ucnobi airis Sedgeniloba 
misi simkvrivis mixedviT. 

amocanis amoxsnis nimuSi _ 6

amocana: ucnobi airis  eqsperimentuli Seswavlisas dadginda, rom is 
warmoadgens oratomian martiv nivTierebas, romlis simkvrive n. p.-Si 
aris 1.25 g/l. daadgineT ucnobi airis formula. 

amoxsna:

SevadginoT mocemuloba:

moc.: ( )ρ 2X =1.25 g/l
u. v. : X - ? 
gamoviyenoT formula: 

= ⋅ ρ2M(X ) 22.4

CavsvaT formulaSi ρ -s mniSvneloba:

2M(X ) 22.4=
l

1.25⋅
g

moli l
28= g/moli; amitom =r 2M (X ) 28 , saidanac 

= = =r r 2A (X) M (X ) : 2 28 : 2 14  es azotis fardobiTi atomuri masaa, e. i. 

ucnobi airi azotia.

pasuxi: ucnobi airis formulaa 2N .

xSirad saWiroa ori airis Sedareba, romeli ufro msubuqi an mZimea. avogad-
ros kanonidan gamomdinare, erTnairi wnevisa da temperaturis pirobebSi toli 
moculobis or sxvadasxva airs gansxvavebuli simkvrive eqneba, rac maT molur 
masebs Soris gansxvavebidan gamomdinareobs. es kanonzomiereba Semdegi formu-
lis saxiT Caiwereba:

ρ
=

ρ
1 1

2 2

M
M

1.13 	     avogadros kanonis praqtikuli 	  

          gamoyeneba. airis fardobiTi simkvrive
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sadac ρ1  da ρ2 airTa simkvriveebia, xolo 1M  da 2M  _ maTi moluri masebi.

amrigad, SeiZleba davaskvnaT, rom toli moculobis airebis  moluri masebi 
ise Seefardeba erTmaneTs, rogorc maTi simkvriveebi.

airTa simkvriveebis fardobas fardobiT simkvrives uwodeben da D asoTi 

aRniSnaven: 
1 1

2 2

MD
M

ρ
= =

ρ

fardobiTi simkvrive aris ricxvi, romelic gviCvenebs, ramdenjer mZime an msu­
buqia erTi airi meoreze. am sidides ganzomileba ar gaaCnia. 

xSirad praqtikaSi fardobiTi simkvrive eqsperimentulad ganisazRvreba 
yvelaze msubuqi airis _ wyalbadis mimarT. wyalbadis mimarT fardobiTi sim-

kvrive aRiniSneba rogorc 
2HD  da gviCvenebs, ramdenjer metia sakvlevi airis 

moluri masa wyalbadis molur masaze (2 g/moli), anu ramdenjer mZimea sakvlevi 

airi wyalbadze:

=
2H

MD
2

wyalbadis garda, amave mizniT xSirad gamoiyeneba haeri, rogorc yvelaze 
xelmisawvdomi. am SemTxvevaSi airis moluri masa unda Seefardos haeris saSualo 
molur masas, romelic aris 29 g/moli. miRebuli sidide aRiniSneba rogorc D

h
 

_ simkvrive haeris mimarT da gviCvenebs, ramdenjer mZimea sakvlevi airi haerze:

=
MD
29h

magaliTisaTvis ganvixiloT, Tu rogor iyeneben am sidideebs praqtikuli 
miznebisaTvis.

amocanis amoxsnis nimuSi _ 7
amocana: ramdenjer mZimea Jangbadi wyalbadze? 
amoxsna:
SevadginoT mocemuloba:

moc.: 
2O

u. v. : 
2HD - ? 

gamoviyenoT formula: 

=
2H

MD
2

 da damxmare sidide 2M(O ) , romelic unda ganvsazRvroT far-

dobiTi molekuluri masis mixedviT: ⋅r 2M (O ) = 2 16 = 32 ; 2M(O ) = 32g/moli.
CavsvaT formulaSi es mniSvneloba:

= =
2H

32D 16
2

.

pasuxi: Jangbadi wyalbadze 16-jer mZimea.
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amocanis amoxsnis nimuSi _ 8
amocana: eqsperimentulad dadginda, rom ucnobi keTilSobili airi 

1.38-jer mZimea haerze. daadgineT ucnobi airis formula. 
amoxsna:
SevadginoT mocemuloba:

moc.: =D (X) 1.38h

u. v. : X - ? 

gamoviyenoT formula: 

=
M(X)

D (X)
29h , saidanac = ⋅M(X) 29 D (X)h : 

CavsvaT formulaSi D (X)h -is mniSvneloba:

M(X) 29 1.38 40= ⋅ ≈g moli g/moli; amitom =rA (X) 40 . aseTi fardo-
biTi atomuri masis mqone keTilSobili airia argoni.

pasuxi: ucnobi airis formulaa Ar.

  kiTxvebi da davalebebi:

1.	 ucnobi oratomiani airis simkvrive n. p.-Si daaxloebiT 1.43 g/l-is 
tolia. daadgineT am airis formula. 

2.	 ras udris gogirdis dioqsidis simkvrive Jangbadis mimarT?

3.	 gamoTvaleT mocemuli airebis fardobiTi simkvriveebi wyalbadis 
mimarT: 

	 a) 2N 		   b) 2Cl 		 g)  2SO 	 d) 2CO . 

4.	 gamoTvaleT mocemuli airebis fardobiTi simkvriveebi haeris mimarT: 

	 a) 2F 	  	 b)Ne 		  g)  2CO 	 d) 4 10C H . 

5.	 gamoiangariSeT ucnobi airis fardobiTi molekuluri masa, Tu misi 
simkvrive wyalbadis mimarT aris 32. miRebuli Sedegi SeadareT mesame 
davalebaSi mocemuli airebis fardobiT simkvriveebs da ivaraudeT, 
romeli maTgani SeiZleba iyos ucnobi airi.

6.	 daadgineT ucnobi martivi oratomiani airis formula, Tu misi sim-
kvrive haeris mimarT aris 0.97.
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1.14      nivTierebaTa moluri Tanafardoba 

                qimiur reaqciaTa tolobebSi

praqtikuli saqmianobisas metad mniSvnelovania ganisazRvros, qimiuri reaq-
ciis msvlelobisas ra raodenobis produqtis miRebaa SesaZlebeli reagentis mo-
cemuli raodenobidan, an piriqiT, ra raodenobis reagentebi daixarjeba saWiro 
raodenobis produqtis misaRebad. amis dadgenis saSualebas gvaZlevs qimiuri 
reaqciis tolobaSi arsebuli koeficientebi, romlebic reaqciaSi monawile re-
agentebisa da produqtebis raodenobriv Tanafardobas gviCvenebs. 

am sakiTxis ukeTesad gaazrebis mizniT ganvixiloT magaliTi yoveldRiuri 
cxovrebidan. warmovidginoT, rom sauzmisaTvis unda movamzadoT sendviCi, ro-
melic warmoadgens puris 2 naWers Soris Cadebul loris naWers (nax. 1.54). 

nax. 1.54. sendviCis damzadeba.

warmovadginoT es sqemis saxiT:

2 naWeri puri   +   1 naWeri lori   →  1 sendviCi

sqemidan Cans, rom saWiro ingredientebisa da miRebuli produqtis raodeno-
baTa Tanafardobaa 2 :1 :1. am Tanafardobis mixedviT SesaZlebelia nebismieri ra-
odenobis sendviCis dasamzadeblad saWiro ingredientebis ricxvis gamoangariSe-
ba. amisaTvis TiToeuli ingredientis raodenoba proporciulad imdenjer  unda 
gavzardoT, ramdeni produqticaa saWiro.  magaliTad, Tu 3 sendviCis damzadeba 
gvsurs, maT mosamzadeblad 3-jer meti ingredienti dagvWirdeba (nax. 1.55): 

3 · 2 = 6                    3 · 1 = 3                   3 · 1 = 3

                                 6 naWeri puri      +     3 naWeri lori      →       3 sendviCi

nax. 1.55. 3 cali sendviCis damzadeba.

Sesabamisad, n cali sendviCis damzadebas 2n cali puris naWeri da n cali 
loris naWeri dasWirdeba.

zemoT aRweril magaliTs SevusabamoT airad nivTierebaTa Soris realurad 
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mimdinare qimiuri reaqcia, rodesac naxSirbad(II)-is oqsidisa da Jangbadis urT-
ierTqmedebiT naxSirbad(IV)-is oqsidi miiReba:

( ) ( ) ( )+ →2 22CO O 2COa a a

qimiuri reaqciis tolobaSi koeficientebi molekulebis Tanafardobas 
aCveneben. zemoT mocemuli reaqcia gviCvenebs, rom 2 molekula CO2-is misaRebad 
saWiroa reaqciaSi Sevides 2 molekula CO da 1 molekula O2. vnaxoT, ra moxdeba, 
Tu reagentebis raodenobas proporciulad gavzrdiT da TiToeuls 6·1023-jer 
meti raodenobiT aviRebT:

( ) ( ) ( )2
2

3
26 10 [ ]2CO O 2CO+ →⋅ ⋅ a a a

aqedan miviRebT, rom: 

( ) ( ) ( )2
2

23
2

23 32( CO O 2 CO6 10 ) (6 10 ) (6 10 )→⋅ ⋅ ⋅+a a a

rogorc viciT, 6·1023 warmoadgens nivTierebis 1 mols, amitom bolo toloba 
SeiZleba warmovadginoT Semdegi saxiT:

( ) ( ) ( )2 2)CO2 1( ) ( ( )O 2 CO+ →a a amoli moli moli

amrigad, reaqciis tolobaSi koeficientebi gviCvenebs reagentebsa da 
produqtebs Soris molur Tanafardobas. 

rodesac reaqcia airebs Soris mimdinareobs, avogadros kanonis mixedviT 
erTnair wnevasa da temperaturaze molebis Tanafardoba moculobaTa Tanafar-
dobasac asaxavs. amitom erTnair fizikur pirobebSi yovel 2 l CO-sTan reaq-
ciaSi Seva 1 l O2 da miiReba 2 l CO2 :

( ) ( ) ( )2 2O2( ) ( ) ( )CO 1 2 CO+ →a al l l a

amrigad, airadi nivTierebebis urTierTqmedebisas koeficientebi reagentebisa 
da produqtebis moculobebsac gviCvenebs. 

rac Seexeba reaqciaSi monawile nivTierebaTa masur Tanafardobas, is koe-
ficientebis Tanafardobisagan gansxvavebuli iqneba, radgan am dros moluri 
masebia gasaTvaliswinebeli: 

( ) ( ) ( )2 2)2 C(28 CO )1) (3 4O O2 42(+ →a a ag g g

reagentebisa da produqtebis masebs Tu SevadarebT, isini toli iqneba, rac 
kidev erTxel migvaniSnebs masis mudmivobis kanonze: 

⋅ + ⋅ = ⋅ =2 28 1 32 88 2 44 88

vnaxoT, praqtikulad rogor ganisazRvreba reaqciaSi monawile nivTierebaTa 
raodenoba.
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amocanis amoxsnis nimuSi _ 9
amocana: ramdeni moli Jangbadi gamoiyofa 4 moli wylis daSliT? 
amoxsna:
SevadginoT mocemuloba:

moc.: ( )2n H O = 4 moli

u. v. :  2n(O ) - ? 

SevadginoT reaqciis toloba:

→ +2 2 22H O 2H O

SevadginoT proporcia, romelSic asaxuli iqneba reaqciis tolobaSi 
nivTierebaTa moluri Tanafardoba:

               reaqciis mixedviT: 2 moli -sgan miiReba 1 moli2 2H O O

         mocemulobis mixedviT: 4 moli -sgan - - - - - moli2 2H O x O

saidanac: 4
x =

moli 1
2

⋅ moli

moli
2= moli

pasuxi: miiReba 2 moli 2O .

zemoT ganxiluli magaliTi ukeT rom warmovidginoT, SegviZlia nax. 1.56-ze 
mocemuli TvalsaCinoebiT vixelmZRvaneloT:

4 moli wylidan warmoiqmneba 4 moli wyalbadi da 2 moli Jangbadi.

2 moli wyali warmoqmnis 2 mol wyalbads da 1 mol Jangbads;

proporciulad,

nax. 1.56. wylis daSlis reaqciis sqematuri gamosaxuleba.
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axla ganvixiloT magaliTi, romelic airad nivTierebaTa Soris mimdinare 
reaqcias exeba:

amocanis amoxsnis nimuSi _ 10
amocana: ra moculobis wyalbadia saWiro 0.1 l airadi qlorwyalba-

dis misaRebad? moculobebi gazomilia erTnair pirobebSi. 
amoxsna:
SevadginoT mocemuloba:

moc.:  ( )V HCl = 0.1l

u. v. : 2V(H ) - ? 
SevadginoT reaqciis toloba:

+ →2 2H ( ) Cl ( ) 2HCl( )a a a

SevadginoT proporcia, romelSic asaxuli iqneba reaqciis tolobaSi 
nivTierebaTa moculobiTi Tanafardoba:

              reaqciis mixedviT: 
2H 2 HCl1 l -sgan miiReba l

        mocemulobis mixedviT: 
2x H - - - - - 0.1 HCl l -sgan l

saidanac:
1 0.1

x =
⋅l l

2 l
0.05= l

pasuxi: saWiroa 0.05 l 2H .

  kiTxvebi da davalebebi:

1.	 ramdeni moli wyalbadi gamoiyofa 0.1 moli wylis daSlis Sedegad? 

2.	 ramdeni moli wyali daiSala, Tu gamoiyo 3 moli Jangbadi?

3.	 mocemulia meTanis wvis reaqcia gauTanabrebeli saxiT:

 	 + → +4 2 2 2CH O CO H O
a) gaaTanabreT reaqcia.
b) ramdeni moli naxSirorJangi gamoiyofa 3 moli meTanis wvis Sedegad?
g) ramdeni moli Jangbadia saWiro 0.2 moli meTanis dasawvavad?  
d) ramdeni moli wyali miiReba, Tu reaqciaSi Sevida 1 moli Jangbadi?

4.	 naxSirbad(II)-is oqsidis da Jangbadis urTierTqmedebiT miiRes naxSir
bad(IV)-is oqsidi. reaqciis tolobis mixedviT gamoTvaleT 0.5 l  
naxSirbad(II)-is oqsidTan reaqciaSi Sesuli Jangbadisa da am dros 
miRebuli naxSirbad(IV)-is oqsidis moculobebi. CaTvaleT, rom mocu-
lobebi gazomilia erTnair pirobebSi.
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1.15 	   gaangariSebebi qimiur reaqciaTa 

                   tolobebis mixedviT
Cven ukve ganvixileT, Tu rogor ganisazRvreba reagentebisa da produqtebis 

molebis raodenoba reaqciis tolobis mixedviT. praqtikuli miznebis gansaxor-
cieleblad xSirad es ar aris sakmarisi, radgan nivTierebaTa saTanado raode-
nobiT asaRebad saWiroa maTi awona an moculobis gazomva. amisaTvis ki saWiroa 
reaqciaSi monawile nivTierebaTa masebis da/an moculobebis gansazRvra.

praqtikuli amocanebis amosaxsnelad Zalian mosaxerxebelia Semdegi moqmede-
bebis Sesruleba:

•	 SevadginoT mocemuloba; 
•	 SevadginoT reaqciis toloba;
•	 mocemuli sidideebi gadaviyvanoT molebSi (Tu es saWiroa) Sesabamisi 

formulebisa da damxmare sidideebis gamoyenebiT;
•	 reaqciis koeficientebis mixedviT SevadginoT proporcia da ganvsazRv-

roT saZiebeli nivTierebis molTa ricxvi;
•	 miRebuli molebis raodenoba gadaviyvanoT saZiebel ganzomilebaSi (mag-

aliTad, masaSi an moculobaSi) Sesabamisi formulebisa da damxmare si-
dideebis gamoyenebiT.

nivTierebis raodenobas, masasa da moculobas Soris kavSirs wina paragrafeb-
Si gavecaniT. qvemoT mocemulia sqema (nax. 1.57), romelic erTgvarad ajamebs 
damokidebulebas aRniSnul sidideebs Soris. 

nawilakTa ricxvi

masa moculoba

moli

=
A

N
n

N

=
m

n
M =

M

V
n

V

= ⋅ AN n N

= ⋅m n M = ⋅ MV n V

nax. 1.57. kavSiri nivTierebis masas, raodenobasa da moculobas Soris.

ganvixiloT praqtikul amocanaTa amoxsnis magaliTebi:

amocanis amoxsnis nimuSi _ 11
amocana: ra masis marili miiReba 0.1 moli aluminis marilmJavaSi srulad 

gaxsnis Sedegad? 
amoxsna:
SevadginoT mocemuloba:
moc.: ( )n Al = 0.1moli

u. v. : 3m(AlCl ) - ? 
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amocanis amoxsnis nimuSi _ 12
amocana: ra moculobis wyalbadi (n. p.) gamoiyofa 5.4 g aluminis marilm-

JavaSi srulad gaxsnis Sedegad? 

amoxsna:

SevadginoT mocemuloba:

moc.: ( )m Al = 5.4g
u. v. : 2V(H ) - ? 

SevadginoT reaqciis toloba:

+ → + ↑3 22Al 6HCl 2AlCl 3H

mocemuli masa gadaviyvanoT molebSi, risTvisac gamoviyenoT formula:  

=
mn
M

 da damxmare sidide =M(Al) 27 g/moli.

CavsvaT formulaSi mniSvnelobebi:
5.4

n(Al) =
g

27
g

0.2=

moli

moli.

SevadginoT proporcia, romelSic asaxuli iqneba reaqciis tolobaSi niv-
TierebaTa moluri Tanafardoba:

SevadginoT reaqciis toloba:
+ → + ↑3 22Al 6HCl 2AlCl 3H

SevadginoT proporcia, romelSic asaxuli iqneba reaqciis tolobaSi niv-
TierebaTa moluri Tanafardoba:

              reaqciis mixedviT: 2 moli -sgan miiReba moli 3Al 2 AlCl

        mocemulobis mixedviT: 0.1 moli -sgan - - - - - moli 3Al x AlCl

saidanac: 0.1 2
x =

⋅moli moli

2 moli
0.1= moli

davadginoT 0.1 moli aluminis qloridis masa, risTvisac gamoviyenoT for-
mula:

= ⋅m n M  da damxmare sidide = + ⋅ =3M(AlCl ) 27 3 35.5 133.5 g/moli.
CavsvaT formulaSi mniSvnelobebi:

3m(AlCl ) 0.1= moli 133.5⋅
g

moli
13.35= g.

pasuxi: miiReba 13.35 g 3AlCl .
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               reaqciis mixedviT: 
2Al 3 H2 moli - iT gamoiyofa moli

        mocemulobis mixedviT: 
2Al x H0.2 moli - iT - - - - - moli

saidanac: 0.2
x =

moli 3
2

⋅ moli

moli
0.3= moli

davadginoT 0.3 moli wyalbadis moculoba, risTvisac gamoviyenoT for-
mula:

= ⋅ MV n V  da damxmare sidide =MV 22.4 l/moli.

CavsvaT formulaSi mniSvnelobebi:

2V(H ) 0.3= moli 22.4⋅
l

moli
6.72= l.

pasuxi: gamoiyofa 6.72 l wyalbadi.

  kiTxvebi da davalebebi:

CaTvaleT, rom mocemul amocanebSi yvela fizikuri gazomva Catarebulia 
n. p.-Si.
1.	bunebrivi airis ZiriTadi komponentia meTani (CH4). misi sruli wvis dros 

gamoiyofa naxSirorJangi da wyali. 
a) SeadgineT Sesabamisi reaqciis toloba.
b) ra moculobis Jangbadi daixarja, Tu reaqciaSi Sevida 5 moli meTani? 
g) ra masis wyali gamoiyofa reaqciis Sedegad, Tu miRebuli naxSirorJan-

gis moculobaa 5.6 l?
d) ramdeni moli naxSirorJangi gamoiyofa, Tu reaqciaSi Sevida 4.8 g Jang-

badi?
2.	aluminis sulfati gamoiyeneba higienur saSualebebSi, kerZod deodoran

tebSi. qvemoT mocemulia misi miRebis reaqcia gauTanabrebeli saxiT:

+ → + ↑2 4 2 4 3 2Al H SO Al (SO ) H
a) reaqciis toloba warmoadgineT gaTanabrebuli saxiT.
b) ra moculobis wyalbadi gamoiyofa, Tu reaqciaSi Sevida 10.8 g alumini? 
g) ra masis marili miiReba, Tu reaqciis Sedegad gamoiyo 6.72 l wyalbadi?  
d) ra masis gogirdmJava Sevida reaqciaSi, Tu miRebuli marilis masaa  

13.68 g?
3.	rkina(III)-is marilebi gamoiyeneba Camdinare da sasmeli wylebis gasa-

sufTaveblad. rkinisa da qloris urTierTqmedebis Sedegad warmoiqmna 
rkina(III)-is qloridi.

a) SeadgineT Sesabamisi reaqciis toloba.
b) ramdeni moli rkina Sevida reaqciaSi, Tu warmoiqmna 32.5 g rkina(III)-is 

qloridi?
g) ra masis marili miiReba, Tu reaqciaSi Sevida 2.13 g qlori?
d) ra moculobis qlori Sevida reaqciaSi, Tu daxarjuli rkinis masaa 2.8 g?
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gavixsenoT paragrafSi 1.14 ganxiluli magaliTi, romelic sendviCebis momza-
debas exeboda (nax. 1.51 da nax. 1.52). TiTo sendviCis dasamzadeblad saWiro iyo 
puris 2 naWeri da loris 1 naWeri. ra moxdeba, Tu ingredientebs am Tanafardo-
biT ar aviRebT? 

davuSvaT, gvaqvs 6 naWeri puri da 4 naWeri lori. miuxedavad imisa, rom 4 
naWeri loriT 4 sendviCis damzadeba SeiZleba, realurad mxolod 3 sendviCis 
damzadebas SevZlebT, rasac puris eqvsive naWeri dasWirdeba, xolo loris 1 
naWeri zedmeti aRmoCndeba (nax. 1.58). 

nax. 1.58. sendviCebis damzadeba, rodesac erT-erTi ingredienti Warbia.

rogorc vxedavT, puris naWrebis raodenobam saSualeba ar mogvca, rom lo-
ris yvela naWeri gamogveyenebina. am SemTxvevaSi puris naWrebi aris ingredienti, 
romelic zRudavs damzadebuli sendviCebis raodenobas, amitom is SemzRudavi, 
anu malimitirebeli ingredientia. rac Seexeba lors, is zedmeti rCeba da Warbad 
aRebul ingredients warmoadgens.

amjerad ganxiluli magaliTi gadavitanoT realur qimiur reaqciaze, romlis 
drosac wyalbadidan da Jangbadidan wylis orTqli miiReba:

( ) ( ) ( )+ →2 2 22H O 2H Oa a a

reaqciis tolobidan vxedavT, rom reagentebisa da produqtis moluri Tana-
fardobaa 2 : 1 : 2, anu yoveli 2 molekula H2 reagirebs 1 molekula O2-Tan, ris 
Sedegadac 2 molekula H2O miiReba. 

aviRoT 2 WurWeli, romlebSic reagentebis molekulebi sxvadasxva Tanafar-
dobiTaa (nax. 1.59). sqemidan Cans, rom A WurWelSi pirobiTad 10 molekula wyal
badi da 5 molekula Jangbadia, xolo B WurWelSi _ 10 molekula H2  da 6 mole-
kula O2 . 

A B

nax. 1.59. sqema gviCvenebs, rom A da B WurWelSi wyalbadisa
(nacrisferi burTulebi) da Jangbadis (wiTeli burTulebi) molekulebi 

sxvadasxva TanafardobiTaa.

1.16 	  malimitirebeli da Warbi reagenti
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WurWelSi wyvetili xaziT gamovyoT molekulaTa jgufebi, ise, rom TiToeul 
jgufSi reagentebi reaqciisaTvis saWiro TanafardobiT iyos _ anu 2 molekula 
H2 da 1 molekula O2 (nax. 1.60). reaqciis ganxorcielebis Semdeg TiToeuli aseTi 
jgufisgan 2 molekula H2O miiReba.

A A

                                             reaqciamde                           reaqciis Semdeg

nax. 1.60. reaqciis sqematuri gamosaxuleba, romelzec naCvenebia, rom 
reaqciis msvlelobisas reagentebi srulad ixarjeba.

A WurWelSi wyalbadisa da Jangbadis narevi Seicavs molekulebis zustad 
im ricxvs, rac saWiroa wylis warmoqmnisTvis, amitom aq zedmeti araferi rCeba 
(nax. 1.60). am tipis narevs steqiometriuli ewodeba.

steqiometriulia narevi, romelSic reagentebis raodenobis Tanafardoba 
zustad Seesabameba reaqciis tolobaSi arsebul Tanafardobas. am SemTxvevaSi 
reagentebi srulad gardaiqmeba produqtebad. 

rodesac sareaqciod aRebul narevSi reagentebis Tanafardoba gansxvavdeba 
reaqciis tolobaSi arsebuli Tanafardobisagan, erT-erTi reagenti srulad ix-
arjeba, danarCeni ki reaqciaSi Seusvleli rCeba. 

nivTierebas, romelic srulad Sedis reaqciaSi da produqtis raodenobas 
gansazRvravs, malimitirebeli reagenti ewodeba, xolo nivTierebas, romelic 
reaqciaSi srulad ar ixarjeba _ Warbi reagenti.

B B

                                            reaqciamde                           reaqciis Semdeg

nax. 1.61. reaqciis sqematuri gamosaxuleba, romelzec naCvenebia, rom 
reaqciis msvlelobisas erT-erTi reagenti Warbadaa aRebuli.
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B WurWelSi arsebuli narevi swored aseT SemTxvevas warmoadgens. rogorc 
nax. 1.61-ze mocemuli sqemidan Cans, wyalbadis molekulebi srulad daixarjeba, 
xolo Jangbadis molekulebidan 1 reaqciaSi Seusvleli rCeba. 

B WurWelSi warmoqmnili wylis raodenobas wyalbadis sawyisi raodenoba 
gansazRvravs, amitom am SemTxvevaSi malimitirebeli reagenti aris wyalbadi, 
xolo Warbi – Jangbadi. 

am tipis praqtikuli amocanebis amoxsnis erT-erTi gza moicavs Semdegi moq-
medebebis Sesrulebas:

•	 SevadginoT mocemuloba; 
•	 SevadginoT reaqciis toloba;
•	 davadginoT reagentebis molebis ricxvi;
•	 ganvsazRvroT romeli reagentia malimitirebeli da romeli _ Warbi;
•	 malimitirebeli reagentis raodenobis mixedviT ganvsazRvroT saZiebeli 

nivTierebis molTa ricxvi;
•	 miRebuli molebis raodenoba gadaviyvanoT saZiebel ganzomilebaSi (mag-

aliTad, masaSi an moculobaSi) Sesabamisi formulebisa da damxmare si-
dideebis gamoyenebiT.

ganvixiloT praqtikul amocanaTa amoxsnis magaliTebi, romlebSic saWiroa 
produqtis raodenobis gansazRvra malimitirebeli reagentis raodenobis mixed-
viT:

amocanis amoxsnis nimuSi _ 13

amocana: 2.7 g masis aluminis naWeri moaTavses marilmJavas xsnarSi, 
romelic  0.5 mol HCl-s Seicavs. ra moculobis (n. p.) wyalbadi gamoiyofa 
am dros? 

amoxsna:
SevadginoT mocemuloba: 

moc.: m(Al) = 2.7g 

n(HCl) = 0.5 moli 

u. v. : V(H2) - ?
SevadginoT reaqciis toloba:

+ → + ↑3 22Al 6HCl 2AlCl 3H

davadginoT aluminis molTa ricxvi, risTvisac gamoviyenoT formu-
la:

=
mn
M

, da damxmare sidide =M(Al) 27 g/moli.

CavsvaT formulaSi mniSvnelobebi:

2.7
n(Al) =

g

27
g

0.1=

moli

 moli

SevadginoT proporcia, romelSic asaxuli iqneba reaqciis tolobaSi 
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reagentebis moluri Tanafardoba:

   reaqciis mixedviT: Al 6 HCl2 mol -Tan urTierTqmedebs moli

    mocemulobis mixedviT: Al X HCl0.1 mol -Tan - - - - - - - - - - moli

saidanac:

0.1 6
x =

⋅moli moli

2 moli
0.3= moli

miviReT, rom 0.1 mol aluminTan reaqciaSi  Sedis 0.3 moli HCl, amo-
canis pirobis mixedviT ki aRebulia ufro meti, 0.5 moli HCl.

amrigad,  HCl Warbadaa aRebuli, Al ki malimitirebeli reagentia. ami-
tom produqtis raodenoba aluminis molTa ricxvis mixedviT unda da-
vadginoT.

SevadginoT proporcia, romelSic asaxuli iqneba reaqciis tolobaSi 
aluminisa da wyalbadis moluri Tanafardoba:

reaqciis mixedviT: 
2Al 3 H2 moli - iT gamoiyofa moli

  mocemulobis mixedviT: 
2Al - - - - - - - X H0.1 moli - iT moli

saidanac:
0.1 3

x =
⋅moli moli

2 moli
0.15= moli

davadginoT 0.15 moli wyalbadis moculoba (n. p.), risTvisac gamoviy-
enoT formula:

= ⋅ MV n V  da damxmare sidide =MV 22.4 l/moli.

CavsvaT formulaSi mniSvnelobebi:

2V(H ) 0.15= moli 22.4⋅
l

moli
3.36= l.

pasuxi: gamoiyofa 3.36 l wyalbadi.



97

Tavi 1. nivTierebaTa mravalferovneba

  kiTxvebi da davalebebi:

1.	 laye kvercxis suns ganapirobebs masSi warmoqmnili gogirdwyalba-
di, romelic haerze wvisas warmoqmnis gogirdis dioqsidsa da wylis 
orTqls. SeadgineT Sesabamisi reaqciis toloba da daadgineT, romeli 
reagentia Warbi, Tu 3 l gogirdwyalbadi Seuries imave moculobis 
Jangbads (n. p.).

2.	 fosforis triqloridi gamoiyeneba mcenareTa mavneblebis sawinaaRm-
dego saSualebebis warmoebaSi. igi miiReba misi Semadgeneli element-
ebis Sesabamisi martivi nivTierebebis urTierTqmedebiT. 

a) SeadgineT Sesabamisi reaqciis toloba.

b) ramdeni moli fosfor(III)-is qloridi miiReba, Tu reaqciisaTvis 
aRebulia 0.4 moli fosfori da 0.3 moli qlori?

g) romeli nivTiereba da ra raodenobiT darCeba reaqciaSi Seusvleli?

3.	 mocemulia qimiuri reaqciis toloba:

	 + → + ↑2 4 4 2Zn H SO ZnSO H

ra moculobis wyalbadi gamoiyofa (n. p.), Tu reaqciisaTvis aRebulia 
13 g TuTia da 0.1 moli gogirdmJava?  

4.	 mocemulia qimiuri reaqcia gauTanabrebeli saxiT:

+ →2 2NO O NO

a) reaqciis toloba warmoadgineT gaTanabrebuli saxiT.

b) ra masis produqti miiReba, Tu sareaqciod aRebuli iyo 2.24 l 
azot(II)-is oqsidi da 4.48 l Jangbadi (n. p.)? 

5.	 tyvia(II)-is nitratisa da natriumis iodidis urTierTqmedebiT miiReba  
natriumis nitrati da yviTeli feris naleqi _ tyvia(II)-is iodidi.
a) SeadgineT Sesabamisi reaqciis toloba.

b) ra masis naleqi warmoiqmneba, Tu reaqciisaTvis aRebulia 33.1 g  
tyviis nitrati da amave masis natriumis iodidi?
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 qanebi da mineralebi dedamiwis qerqSi

dedamiwis qerqi qanebiTaa agebuli. qani sxvadasxva Sedgenilobis mineralebis 
erTobliobaa, romlisganac agebulia dedamiwis qerqi. qanebs geologiis dargi – 
petrografia (petros – qva, grafos – aRwera) Seiswavlis.

qanebs warmoSobis mixedviT 3 ZiriTad jgufad – magmur, danaleq da metamor-
ful qanebad yofen. maT warmoqmnas e. w. `geologiuri cikli~ aRwers (nax. 1.62).  

gaciveba

gamofitva

gadatana

maRali wneva da 
tempratura

maRali wneva da 
tempratura

gamoleva

vulkanis 
amofrqveva

magmuri qani

danaleqi qani

metamorfuli 
qani

nax. 1.62. qanebis warmoSobis geologiuri cikli.  

qanebis geologiuri cikli milionobiT wlis ganmavlobaSi mimdinareobs da 
martivad Semdegnairad aRiwereba: vulkanidan amofrqveuli gamlRvali masa 
(lava) gacivebis Semdeg magmur qanebs warmoqmnis. droTa ganmavlobaSi qarisa 
da wvimebisagan gamofituli magmuri qanebi gadaitaneba mdinareebis, zRvebisa 
da okeaneebis fskerze, sadac danaleqi qanebi formirdeba. am qanebs dedamiwis 
siRrmeSi arsebuli maRali wneva da temperatura metamorful qanebad gardaqm-
nis.
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magmuri qanebi vulkanis amofrqvevis Sedegad warmoqmnili magmis gacivebiT 
yalibdeba, amitom maT vulkanur qanebsac uwodeben.

magmuri qani SeiZleba warmoiqmnas swrafi an neli gacivebiT. magmis swrafi 
gacivebisas mineralSi mikroskopuli kristalebi warmoiqmneba, xolo neli 
gacivebiT miiReba msxvili kristalebi, romlebsac yovelTvis SevniSnavT, Tu 
minerals davakvirdebiT. amis magaliTia bazalti da graniti (nax. 1.63). 

                                 bazalti                                          graniti

nax. 1.63. bazalti da graniti magmuri qanebia. isini farTodaa gavrcelebuli  
da mSeneblobaSi gamoiyeneba.

danaleqi qani warmoadgens Sreebad daleqil da gamyarebul fenebs, romlebic 
eroziis Sedegad daSlili mineralebis namsxvrevebisagan Sedgeba. maTSi gvxvdeba 
sxvadasxva marili (silikatebi, karbonatebi), agreTve organuli naSTebisgan war-
moqmnili Sreebi (magaliTad, qvanaxSiri) (nax. 1.64).

                                 kirqva                                          qvanaxSiri

nax.1.64. kirqva da qvanaxSiri farTod gavrcelebuli danaleqi qanebia.

metamorfuli qanebi miwisqveSa mxurvalebisa da wnevis gavleniT warmoiqm-
neba. maTTvis damaxasiaTebelia talRovani an danaoWebuli zolebi, romlebsac 
mineralebi qmnis. metamorfuli qanis tipuri warmomadgenelia marmarilo (nax. 
1.65.).
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nax. 1.65. marmarilo tipuri metamorfuli qania, romelic kirqvisagan warmoiqmneba.  
marmarilosagan amzadeben qandakebebs; mas aseve iyeneben   mSeneblobaSi, rogorc  

Zvirfas mosapirkeTebel masalas.

saqarTveloSi magmuri, danaleqi da 
metamorfuli warmoSobis qanebi grani
tebis, bazaltebis, kirqvebis, marmariloe-
bis, kvarcitebisa da sxva mineralebis saxi-
Taa gavrcelebuli. 

mTlianobaSi dedamiwis qerqis mTe-
li moculobis 90% agebulia magmuri da 
metamorfuli qanebisagan, magram dedamiwis 
zedapirze ZiriTadad danaleqi qanebi War-
bobs (75%). swored kirqvianma danaleqma qa-
nebma Semoinaxa mTel msofliosa da maT So-
ris saqarTveloSic dinozavrebis nakvalevi 
(nax. 1.66). mecnierebi varaudoben, rom es 
qanebi SedarebiT rbili iyo da swored ami-
tom aRibeWda masze preistoriuli cxove-
lis fexis anabeWdi, Semdeg ki qanma daiwyo 
gaqvaveba da dRevandel mdgomareobamde 
ase moaRwia.

nax. 1.66. kirqvis Semcvel qanze 
aRbeWdili dinozavris nakvalevi.
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VIII klasis kursis Seswavlisas aRvniSneT, rom atomebis, molekulebis, ionebis, 
protonebis, neitronebisa da zogierT  sxva nawilakTa masebi mcire ricxvebia da 
jeradia masis atomuri erTeulisa (1 mae=1.66∙10-24 g). masasa da nawilakTa raode-
nobas Soris kavSiris dadgena seriozul samecniero problemas warmoadgenda da 
am sakiTxs mravali mecnieri swavlobda.

mTavari roli am sakiTxis kvlevaSi ekuTvnis nobelis premiis laureats  
(1926 w. _ fizika) frang Jan perens (nax. 1.67). man SeZlo rogorc avogadros 
ricxvis gamoTvla, aseve atomebisa da molekulebis „awona“. man gansazRvra da 
Semdeg daazusta, rom avogadros ricxvi 6.02∙1023-is tolia. rogorc aRvniSneT,  
atomebisa da molekulebis masebis gansazRvrisaTvis dRes masis atomuri erTeu-
liT sargebloben, romelic naxSirbadis 12C izotopis atomis masis 1/12 nawilis 
tolia. 

Semdgom dadginda urTierTdamokidebuleba mae-s, masasa (g) da avogadros 
ricxvs Soris. aRmoCnda, rom  6.02 · 1023 ∙ mae=1 g. aRniSnuli ricxvisaTvis Sem-
oiRes laTinuri saxelwodeba moli (raodenoba, Tv-
ladi simravle) da 1971 wels zoma-wonis generalur 
konferenciaze gadawyda, rom is iqneboda SI sistemaSi 
nivTierebis raodenobis sazomi erTeuli. amrigad, niv-
Tierebis erTi moli Seesabameba mis 6.02∙1023 cal at-
oms, molekulas an nivTierebis sxva struqturul er-
Teuls. simartivisaTvis xSirad iyeneben ricxvs 6∙1023. 
erTi moli nivTierebis masa ricxobrivad tolia mae 
an fardobiT erTeulebSi gamosaxuli misi masisa gan-
zomilebiT g/moli. erTi moli nivTierebis masas mol-
uri masa ewodeba. magaliTad: rkinis erTi atomis masa 
tolia 56 mae. fardobiTi atomuri masa Ar = 56. xolo 
moluri masa M = 56 g/moli. aseve, erTi molekula go-
girdmJavas masaa 98 mae,  fardobiTi molekuluri masa  
Mr = 98, xolo moluri masa M = 98 g/moli. 

 vin gamoTvala avogadros ricxvi?

nax. 1.67. Jan pereni.
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praqtikaSi xSirad gvWirdeba, gamovTvaloT airis moculoba iseT fizikur 
pirobebSi, romlebic gansxvavdeba normaluri pirobebisagan (1 atm wneva da 0°C 
temperatura, rac SI sistemaSi* udris 273.15K-s, romelic mrgvaldeba da gamoiy-
eneba 273K).

aseT SemTxvevaSi unda gaviTvaliswinoT, rom moculoba temperaturis pirda-
pirproporciulad da wnevis ukuproporciulad icvleba. es asaxulia Semdeg 
formulaSi:

1

0 0 1 1

0

P V P V=
T T

sadac V0 aris normalur pirobebSi (P0=1 atm, T0=273K) airis mier dakavebuli 
moculoba (l), xolo V1 _ aris moculoba (l), romelsac igive airi P1 wnevasa da 
T1 temperaturaze daikavebs. 

qvemoT moyvanilia magaliTebi, romlebSic Cans, Tu rogor icvleba 1 moli 
airis mier dakavebuli moculoba normalurisagan gansxvavebul pirobebSi.

amocanis amoxsnis nimuSi _ 14

amocana: ra moculobas daikavebs 1 moli airi standartul pirobebSi, anu 
25°C da 1 atm wnevis pirobebSi? 

amoxsna:
SevadginoT mocemuloba:

moc.: n=1 moli
P0 = 1 atm
T0 = 0°C + 273 = 273K
P1 = 1 atm
T1 = 25°C + 273 = 298K
u. v. : V

1
 _ ?

amocanis amoxsnisas dagvWirdeba formula, romelic erTmaneTTan akav-
Sirebs moculobas, wnevasa da temperaturas sxvadasxva fizikur pirobebSi: 

1

0 0 1 1

0

P V P V=
T T

, saidanac 
1

0
1

0 1

0
V TP V

T P
=

gamovTvaloT V
0
:

0V 22.4 n 22.4= ⋅ = l

CavsvaT formulaSi mniSvnelobebi:

0 10

1
1

0

1P VV
T

T
P

= =
atm 22.4 298 K⋅ ⋅l

273 K 1⋅ atm
24.5≈ l.

pasuxi: airi daikavebs 24.5 l moculobas.

 airis moculobis gamoTvla normalurisagan 
gansxvavebul fizikur pirobebSi
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amocanis amoxsnis nimuSi _ 15

amocana: laboratoriaSi temperatura aris 20°C, xolo wneva _ 0.94 atm. 
ra moculobas daikavebs aseT pirobebSi 1 moli airi? 

amoxsna:
SevadginoT mocemuloba:

moc.: n=1 moli
P0 = 1 atm
T0 = 0°C + 273 = 273K
P1 = 0.94  atm
T1 = 20°C + 273 = 293K
u. v. : V

1
 _ ?

amocanis amoxsnisas dagvWirdeba formula, romelic erTmaneTTan akav-
Sirebs moculobas, wnevasa da temperaturas sxvadasxva fizikur pirobebSi: 

1

0 0 1 1

0

P V P V=
T T

, saidanac 
1

0
1

0 1

0
V TP V

T P
=

gamovTvaloT V
0
:

0V 22.4 n 22.4= ⋅ = l

CavsvaT formulaSi mniSvnelobebi:

0 10

1
1

0

1P VV
T

T
P

= =
atm 22.4 293 K⋅ ⋅l

273 K 0.94⋅ atm
25.6≈ l.

pasuxi: airi daikavebs 25.6 l moculobas.

* SI sistemaSi temperatura kelvinebSi (K) gamoisaxeba. celsiusis gradusi kelvinebSi gadaiyvaneba 
Semdegi formuliT: 

oT = t + 273
sadac T aris kelvinebSi gamosaxuli temperatura, xolo t°– celsiusis gradusebSi.
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 ganvlili masalis Sejameba

darwmundiT, rom iciT:

•	 1 moli aris nivTierebis is raodenoba, romelic 6.02 · 1023 nawilaks Seicavs. 
am ricxvs avogadros ricxvi ewodeba.

•	 1 moli nivTierebis masas moluri masa ewodeba. 

•	 sxvadasxva airis toli moculobebi erTnair wnevasa da temperaturaze mole-
kulaTa tol ricxvs Seicavs. 

•	 normalur pirobebSi (1 atm wneva da 0 °C) 1 moli airis mier dakavebuli mocu-
loba aris 22.4 l. am sidides airis moluri moculoba ewodeba.

•	 toli moculobis airebis moluri masebi ise Seefardeba erTmaneTs, rogorc 
maTi simkvriveebi. 

•	 fardobiTi simkvrive gviCvenebs, ramdenjer mZime an msubuqia erTi airi meo-
reze. 

•	 reaqciis tolobaSi koeficientebi gviCvenebs reagentebsa da produqtebs So-
ris molur Tanafardobas.

•	 airadi nivTierebebis urTierTqmedebisas koeficientebi reagentebisa da 
produqtebis moculobebs gviCvenebs.

•	 nivTierebas, romelic srulad Sedis reaqciaSi da produqtis raodenobas 
gansazRvravs, malimitirebeli reagenti ewodeba, xolo nivTierebas, romelic 
reaqciaSi srulad ar ixarjeba _ Warbi reagenti. 
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 Semajamebeli savarjiSoebi

1.	 moswavlem 2.4 g masis mqone magniumis 
granulebi moaTavsa qimiur WurWelSi da 
daafara rezinis Tavsaxuri, romelsac 
morgebuli hqonda minis milebi (ix. nax.). 
amis Semdeg WurWelSi erT-erTi mili-
dan Warbad daamata marilmJava, reaqciis 
Sedegad gamoyofili airi ki wyalSi Ca-
pirqvavebul qilaSi Seagrova.
a) SeadgineT am dros mimdinare qimiuri 
reaqciis toloba.
b) romeli tipisaa aRniSnuli reaqcia?
g) gamoTvaleT aRebuli magniumis raode-
noba molebSi.
d) gamoTvaleT reaqciis Sedegad gamoyo-
fili wyalbadis moculoba (n. p.).
e) ra Seicvleba, Tu moswavle magniumis nacvlad vercxls gamoiyenebs? 

2.	 manqanis usafrTxoebis baliSi dar-
tymis dros iSleba da ivseba air-
iT, romelic gamoiyofa masSi mo-
Tavsebuli 130 g natriumis azidis 
(NaN3) daSlis Sedegad. am reaqciis 
produqtebia natriumi da azoti.

a) SeadgineT zemoT aRwerili reaq-
ciis toloba.

b) ramdeni moli natriumis azidia 
usafrTxoebis baliSSi? 

g) ra moculobis azoti gamoiyofa (n. p.) baliSis gabervisas?

d) ra moxdeboda, usafrTxoebis baliSSi natriumis azidi saWiroze meti ra-
odenobiT rom yofiliyo?

3.	 qimiur WiqaSi Cadges sanTeli da mis garSemo 
Wiqis fskerze moaTavses mcire raodenobiT 

sasmeli soda ( 3NaHCO  _ natriumis hidrokar-
bonati). sanTeli aanTes da Wiqis kedlis Cay-
olebiT frTxilad Caasxes marilmJava. gamoiyo 
airis buStukebi. garkveuli drois Semdeg san-
Teli Caqra.

a) SeadgineT WiqaSi marilmJavas damatebisas mim-
dinare reaqciis toloba.
b) ratom Caqra sanTeli?
g) gamoTvaleT gamoyofili airis moculoba (n. p.), Tu reaqciisaTvis aRebuli 
iyo 0.84 g sasmeli soda da is srulad Sevida mJavasTan reaqciaSi. 

HCl

H2

H2

Mg wyali

wyali

sanTeli

NaHCO3
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4.	 sarecxi sodis ( 2 3Na CO ) warmoebaSi gamoiyeneba solveis procesi, romelic 
ramdenime safexurisagan Sedgeba. am procesis bolo etapia sasmeli sodis 
( 3NaHCO ) maRal temperaturaze gacxeleba, ris Sedegadac warmoiqmneba 
sarecxi soda, wyali da naxSirorJangi. 
a) SeadgineT aRwerili procesis amsaxveli qimiuri toloba.

b) dawereT sasmeli sodisa da sarecxi sodis qimiuri saxelwodebebi.

g) ramdeni kg sarecxi sodis miRebaa SesaZlebeli 42 kg sasmeli sodisgan?

5.	 zogierTi medikamenti, magaliTad, SuSxuna aspirini Seicavs limonmJavasa da 
natriumis hidrokarbonats. limonmJava samfuZiani organuli mJavaa, romlis 
formula simartivisaTvis SeiZleba ase warmovidginoT _ 3H A , sadac A mJavas 
naSTs gamosaxavs. aspirinis abis wyalSi gaxsnis Sedegad mimdinareobs reaqcia 
da gamoiyofa airi. qvemoT mocemulia am dros mimdinare reaqcia dausrule-
beli da gauTanabrebeli saxiT:

3 3 3H A NaHCO Na A ... ...+ → + +

a) daasruleT da warmoadgineT reaqciis toloba gaTanabrebuli saxiT. 

b) romeli movlena mianiSnebs, rom aspirinis abis wyalSi gaxsnisas qimiuri 
reaqcia mimdinareobs?

g) ra moculobis (n. p.) naxSirorJangi gamoiyofa aspirinis 1 abis srulad gax-
snisas, Tu is  840 mg natriumis hidrokarbonats Seicavs? 

6.	 adamianis organizmisaTvis kaliumis saWiro maragis Sesavsebad sakvebi dana-
matis saxiT gamoiyeneba kaliumis fosfati ( 3 4K PO ). kaliumis dRiuri norma 
zrdasruli adamianisTvis saSualod 3900 mg-ia. 

a) SeadgineT kaliumis fosfatis miRebis reaqciis toloba Sesabamisi mJavasa 
da tutis urTierTqmedebiT.

b) ra masis kaliumis fosfati Seicavs adamianis organizmisTvis saWiro kaliu-
mis dRiur normas? 

7.	 moswavlem Caatara eqsperimenti wyalbadis misaRebad naxazze mocemuli mow
yobilobis gamoyenebiT:

ganz. gogirdmJava

TuTia

wyali

wyalbadi
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a) SeadgineT am dros mimdinare reaqciis toloba.

b) gamoTvaleT gamoyofili wyalbadis moculoba (n. p.), Tu reaqciisaTvis aRe-
buli iyo 0.65 g TuTia, romelic srulad gaixsna gogirdmJavaSi.

g) CamoTvlilTagan romelia is metalebi, romlebic TuTiis nacvlad SeiZleba 
iyos gamoyenebuli: spilenZi, rkina, magniumi Tu vercxli?

d) ratom aris aseTi meTodiT wyalbadis miRebisas dauSvebeli natriumis an 
kaliumis gamoyeneba?

e) wyalbadis garda, kidev romeli airis miRebaa SesaZlebeli mocemuli mowy-
obilobis saSualebiT? pasuxi daasabuTeT Sesabamisi reaqciis tolobiT.

8.	 4.8 g kalciums daamates 3.6 g wyali, ris Sedegadac warmoiqmna fuZe da gamoi-
yo airi. 

a) SeadgineT Sesabamisi reaqciis toloba.

b) gamoTvaleT kalciumisa da wylis raodenobebi molebSi.

g) daadgineT, romeli reagenti iyo Warbad aRebuli.

d) gamoTvaleT gamoyofili wyalbadis moculoba (n. p.).

9.	 erlenmeieris kolbaSi moaTavses ucnobi orvalentiani metalis karbonati  

( 3XCO ) masiT 0.84 g da daamates marilmJava. gamoyofili naxSirorJangi Sea-

groves ise, rogorc naCvenebia naxazze. misi moculoba 224 ml aRmoCnda (n. p.). 

gazgamtari mili

marilmJava

wyali

XCO3

a) SeadgineT Sesabamisi reaqciis toloba.

b) gamoTvaleT gamoyofili airis raodenoba molebSi.

g) daadgineT ucnobi karbonatis moluri masa.

d) romel metals aRniSnavs X?

10.	natriumis nitrati TeTri kristaluri nivTierebaa, romlis gaxurebiT natri-
umis nitriti  da Jangbadi miiReba. Jangbadis misaRebad aiRes am nivTierebis 
8.5 g da gaaxures srul daSlamde. 

a) SeadgineT mimdinare reaqciis toloba.

b) romeli tipisaa zemoT aRniSnuli reaqcia?

g) ramdeni moli natriumis nitrati daiSala?

d) gamoTvaleT warmoqmnili Jangbadis moculoba (n. p.).
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11.	faifuris jamze gaaxures 5.6 grami rkinisa da 4 grami gogirdis narevi. 

a) SeadgineT reaqciis toloba.

b) gamoTvaleT aRebuli reagentebis raodenoba molebSi.

g) gamoTvaleT reaqciis Sedegad miRebuli naerTis raodenoba (molebSi) da 
masa.

d) romeli nivTiereba darCeboda reaqciaSi Seusvleli? gamoTvaleT misi 
raodenoba (molebSi) da masa.

12.	moswavlem qimiuri Wiqa moaTavsa sasworze, masSi Cayara kalciumis karbonati 
da daamata marilmJava (ix. nax.). moswavle reaqciis dawyebidan 50 wamis ganma-
vlobaSi, 10-10 wamis SualediT iwerda sasworis Cvenebas. 

CaCO3

bamba

marilmJava

184.00

miRebuli Sedegebi mocemulia cxrilSi:

Wiqis masa SigTavsiT, g 184.00 183.85 183.73 183.63 183.58 183.56

dro, wm 0 10 20 30 40 50

a) ratom Semcirda Wiqis masa?

b) SeadgineT Sesabamisi reaqciis toloba.

g) eqsperimentis monacemebis mixedviT, ra masis kalciumis karbonati Sesula 
reaqciaSi 50 wm-is ganmavlobaSi?

d) drois romel SualedSi gamoiyo yvelaze meti naxSirorJangi? 

e) gamoTvaleT wina kiTxvaSi aRniSnul SualedSi gamoyofili naxSirorJangis 
moculoba (n. p.).

13.		mocemulia qimiuri reaqciis toloba:

 2 2 4 4BaCl Na SO 2NaCl BaSO ↓+ → +

ramdeni molia reaqciis Sedegad warmoqmnili natriumis qloridi, Tu cnobi-
lia, rom  reaqciaSi Sevida 2 moli natriumis sulfati?

a) 0.5 moli	 b) 1 moli	 g) 2 moli	 d) 4 moli
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14.		erTsa da imave fizikur pirobebSi 1 l  CO-sa da 1 l  CO2-s aqvT ...

a) erTnairi masa da molekulebis toli ricxvi.
b) erTnairi masa da molekulebis gansxvavebuli ricxvi.
g) sxvadasxva masa da molekulebis toli ricxvi.
d) sxvadasxva masa da molekulebis gansxvavebuli ricxvi.

15.		4 l Jangbadi n. p.-Si Seicavs imdenive molekulas, ramdensac Seicavs ...

a) 1 l amiaki			   b) 2 l qlori
g) 4 l naxSirorJangi		  d) 8 l heliumi 

16.		ra moculobis Jangbadi (n. p.) SeiZleba miviRoT 18 g wylis daSliT?

 a) 11.2 l	     b) 22.4 l		 g) 0.5 l	 d) 1 l

17.		2 l moculobis mqone 4 hermetul WurWelSi gansxvavebul temperaturasa da 
wnevaze moaTavses airebi:

WurWlis # airi temperatura°C wneva, atm

1 Ne 30 1.5

2 CO2 30 1.2

3 H2 20 1.0

4 CH4 20 1.0

romel WurWelSia airTa molekulebis erTnairi raodenoba?

a) 1 da 2 	     b) 1 da 4	        g) 2 da 3	 d) 3 da 4

18.		CamoTvlilTagan romel SemTxvevaSia aRebuli molekulebis igive ricxvi (n. 
p.-Si), ramdenic 0.5 mol  CO2-Sia?

a) 5.6 l  		  b) 7.5 l  		  g) 11.2 l  		  d) 22.4 l  

19.		qvemoT mocemuli cxrili gviCvenebs oTxi nimuSis masasa da moculobas erT-
nair fizikur pirobebSi.

nimuSi masa (g) moculoba (ml)

A 30 60
B 40 50
C 45 90
D 90 120

romeli nimuSebi SeiZleba warmoadgendes erTsa da imave nivTierebas?

a) A da B		  b) A da C 		  g) B da C		  d) C da D

20.		mocemulia qimiuri reaqciis toloba:

 2 3CaO CO CaCO+ →

ra masis kalciumis oqsidi Sevida reaqciaSi, Tu cnobilia, rom am dros  war-
moiqmna 200 g kalciumis karbonati? 

a) 156 g		  b) 112 g		  g) 78 g			  d) 56 g
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21.		mocemulia qimiuri reaqciis toloba:

 2 2CuO H Cu H O+ → +
ra masis spilenZi miiReba, Tu reaqciaSi Sevida 2 g wyalbadi?

a) 18 g		  b) 32 g		 g) 64 g		 d) 128

22.		solveis procesi 1864 wlidan sasmeli sodis (NaHCO3) misaRebad gamoiyeneba. 
am procesSi erT-erTi safexuri Semdegi reaqciiT aRiwereba: 

 3 2 2 3 4NaCl NH CO H O NaHCO NH Cl+ + + → +

ra masis sodis miRebaa SesaZlebeli 117 g natriumis qloridisagan?

a) 117 g		  b) 84 g			  g) 168 g		  d) 107 g

23.		cxrilSi mocemulia eqsperimentis Sedegebi, romlis mixedviTac ganisazRvra 
ucnobi airadi nivTierebis moluri masa. 

parametrebi cdis Sedegebi

airis masa, g 6.4

airis moculoba, l 4.48

temperatura, °C 0

wneva, atm 1.0

ras udris naerTis moluri masa am monacemebis mixedviT? 

a) 19.4 g/moli		  b) 28.8 g/moli		
g) 32.0 g/moli		  d) 144 g/moli

24.		n. p.-Si 1 litr neonsa da 1 litr kriptons aqvT erTnairi ...

a) atomTa raodenoba   b) masa	   g) simkvrive   d) eleqtronTa raodenoba

25.		qvemoT CamoTvlilTagan romeli Seicavs imave raodenobis molekulas, ram-
deni molekulac aris 3 l wyalbadSi? CaTvaleT, rom moculobebi gazomilia 
erTnair fizikur pirobebSi. 

a) 3 l NH3         b) 2 l CH4       g) 1.5 l  N2      d) 1 l  CO2

26.		mocemulia reaqciis gaTanabrebuli  toloba: 

 22Na Cl 2NaCl+ →

ramdeni grami reaqciis produqti warmoiqmneba, Tu cnobilia, rom daixarja 
22.4 l qlori (n. p.)? 

a) 58.5 g		  b) 117 g		  g) 163 g		  d) 234 g
27.		toli moculobis sam WurWelSi, erTnair fizikur pirobebSi (n. p.) moaTavses 

TiTo moli O2, N2 da  Ar. CamoTvlili debulebebidan romelia marTebuli?
a) argonis molekulebis ricxvi metia Jangbadisa da azotis molekulebis 
ricxvze;
b) Jangbadis molekulebis ricxvi metia argonisa da azotis molekulebis 
ricxvze;
g) azotis molekulebis ricxvi metia argonisa da Jangbadis molekulebis 
ricxvze;
d) samive WurWelSi molekulebis ricxvi Tanabaria.
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28.		ramdeni molia 8 g natriumis hidroqsidi?

a) 0.20 moli     b) 0.40 moli     g) 0.02 moli     d) 0.04 moli

29.		X, Y da Z buStebi erTnair pirobebSi gaberes erTsa da imave moculobamde. 
amisaTvis gamoiyenes azoti, heliumi da naxSirorJangi. naxazis mixedviT rom-
eli airia TiToeul buStSi?

 

X

Y

Z

X Y Z
a) heliumi naxSirorJangi azoti

b) heliumi azoti naxSirorJangi

g) naxSirorJangi heliumi azoti

d) azoti naxSirorJangi heliumi

30.		ra masis naxSirbad(IV)-is oqsidi miiReba 24 g naxSirbadis sruli wvisas?

a) 8.8 g	 b) 88 g		 g) 44 g		 d) 4.4 g

31.		ramdeni atomia 0.5 mol amiakSi (NH3)?

a)  230.5 6 10⋅ ⋅ 			   b)  230.5 17 10⋅ ⋅
g)  230.5 4 17 6 10⋅ ⋅⋅ ⋅ 		  d)  230.5 4 6 10⋅⋅ ⋅

32.	reaqciis tolobis mixedviT 2 2 33H N 2NH+ → , ramdeni moli amiaki miiReba, Tu 
reaqciaSi Sevida 6 moli wyalbadi?

a) 2		 b) 3      	 g)  4 		  d)   6

33.	reaqciis tolobis mixedviT 2 2 54P 5O 2P O+ → , ramdeni moli fosfor(V)-is oq-
sidi miiReba 2 moli fosforis Warb JangbadSi dawvis Sedegad?

a) 1		 b) 2      	 g) 3		  d) 4
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34.	reaqciis tolobis mixedviT 
2 2 34Al 3O 2Al O+ → , ramdeni moli aluminis oq-

sidi miiReba 1 moli aluminis Warb JangbadTan urTierTqmedebiT?

a) 0.5		  b) 1      	 g) 2		  d) 4

35.	reaqciis tolobis mixedviT 2 4 4 2Zn H SO ZnSO H+ → + ↑ , ramdeni moli wy-
albadi gamoiyofa 1.5 moli TuTiis Warb gogirdmJavaSi gaxsniT?

a) 1		 b) 1.5		  g) 3		  d) 6

36.	ramdeni molia 241.2 10⋅  atomi gogirdi?

a) 1		 b) 2		  g) 3		  d) 4

37.	ramdeni molia 239 10⋅  molekula naxSirorJangi?

a) 1		 b) 1.5		  g) 3		  d) 4

38.	ramden molekulas Seicavs 2.5 moli wyali?

a) 236 10⋅ 		  b) 239 10⋅ 		  g) 241.2 10⋅ 		  d) 241.5 10⋅

39.	ramden molekulas Seicavs 1.5 moli wyalbadi?

a) 236 10⋅ 		  b) 239 10⋅ 		  g) 241.2 10⋅ 		  d) 241.5 10⋅

40.	ramden atoms Seicavs 2 moli wyali?

a) 236 10⋅ 		  b) 241.2 10⋅ 		  g) 241.5 10⋅ 		  d) 243.6 10⋅

41.	ramden atoms Seicavs 1 moli gogirdmJava ( 2 4H SO )?

a) 236 10⋅ 		  b) 241.2 10⋅ 		  g) 243.6 10⋅ 		  d) 244.2 10⋅

42.	ramdeni gramia 2 moli wyali?

a) 18 g     b) 36 g     g) 9 g     d) 2 g

43.	ramdeni gramia 0.1 moli naxSirorJangi?

a) 0.1 g     b) 2.2 g     g) 4.4 g     d) 44 g

44.	ramdeni gramia 0.2 moli azotmJava ( 3HNO )?

a) 6.3 g     b) 12.6 g     g) 63 g     d) 126 g

45.	ramdeni gramia 2.5 moli kalciumis karbonati ( 3CaCO )?

a) 2.5 g     b) 25 g     g) 250 g     d) 100 g

46.	ramdeni molia 14 grami azoti?

a) 0.5 moli	 b) 1 moli	 g) 14 moli	 d) 28 moli

47.	ramdeni molia 8 grami spilenZ(II)-is oqsidi (CuO )?

a) 0.1 moli	 b) 0.8 moli	 g) 8 moli	 d) 10 moli

48.	ramdeni molia 9.8 grami gogirdmJava ( 2 4H SO )?

a) 0.1 moli	 b) 1 moli	 g) 2 moli	 d) 10 moli
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49.	ramdeni molia 1.01 grami kaliumis nitrati ( 3KNO )?

a) 0.1 moli	 b) 1 moli	 g) 10 moli	 d) 0.01 moli 

50.	ramdeni molia 2.24 l Jangbadi (n. p.)?

a) 0.1 moli     b) 0.2 moli     g) 0.4 moli     d) 10 moli

51.	ramdeni molia 5.6 l meTani (n. p.)?

a) 0.1 moli	 b) 0.2 moli	 g) 5.6 moli	 d) 0.25 moli

52.	ramdeni molia 11.2 l naxSiroJangi (n. p.)?

a) 0.1 moli     b) 0.2 moli     g) 0.5 moli     d) 2 moli

53.	ramdeni molia 4.48 l wyalbadi (n. p.)?

a) 0.1 moli     b) 0.2 moli     g) 0.4 moli     d) 5 moli

54.	ra moculobas daikavebs 2 moli naxSirbadis monoqsidi (n. p.)?

a) 11.2 l     b) 22.4 l     g) 44.8 l     d) 4.48 l

55.	ra moculobas daikavebs 0.2 moli acetileni (n. p.)?

a) 2.24 l     b) 3.36 l     g) 4.48 l     d) 5.6 l

56.	ra moculobas daikavebs 1.5 moli naxSirorJangi (n. p.)?

a) 22.4 l     b) 33.6 l     g) 44.8 l     d) 56 l

57.	ra moculobas daikavebs 0.3 moli ozoni (n. p.)?

a) 2.24 l     b) 3.36 l     g) 6.72 l     d) 13.44 l

58.	ramden atoms Seicavs 16 g gogirdis fxvnili?

a) 233 10⋅      b) 236 10⋅      g) 241.2 10⋅      d) 241.5 10⋅

59.	ramden molekulas Seicavs 16 g meTani ( 4CH )?

a) 233 10⋅      b) 236 10⋅      g) 241.2 10⋅      d) 241.5 10⋅

60.	ramdeni gramia 241.2 10⋅  atomi rkina?

a) 5.6 g     b) 56 g     g) 112 g     d) 12 g

61.	ramdeni gramia 239 10⋅  atomi spilenZi?

a) 32 g     b) 64 g     g) 96 g     d) 112 g

62.	ramdeni gramia 11.2 l 2CO  (n. p.)?

a) 11 g     b) 11.2 g     g) 22 g     d) 44 g

63.	ramdeni gramia 5.6 l azoti (n. p.)?

a) 3.5 g     b) 7 g     g) 14 g     d) 28 g

64.	ra moculobas daikavebs 32 g Jangbadi (n. p.)?

a) 11.2 l     b) 22.4 l     g) 44.8 l     d) 56 l
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65.	ra moculobas daikavebs 88 g naxSirorJangi (n. p.)?

a) 11.2 l     b) 22.4 l     g) 44.8 l     d) 89.6 l

66.	ra moculobas daikavebs 241.2 10⋅  molekula wyalbadi (n. p.)?

a) 11.2 l     b) 22.4 l     g) 44.8 l     d) 56 l

67.	ra moculobas daikavebs 241.5 10⋅ molekula qlori (n. p.)?

a) 11.2 l     b) 22.4 l     g) 44.8 l     d) 56 l

68.	ramden molekulas Seicavs 56 l acetileni?

a) 233 10⋅      b) 236 10⋅      g) 241.2 10⋅      d) 241.5 10⋅

69.	ramden atoms Seicavs 44.8 l heliumi (n. p.)?

a) 233 10⋅      b) 236 10⋅      g) 241.2 10⋅      d) 241.5 10⋅

70.	ra moculobis wyalbadi (n. p.) gamoiyofa reaqciis dros, Tu 6.5 g TuTia sru-
lad gaixsna Warb gogirdmJavaSi? 

2 4 4 2Zn H SO ZnSO H+ → + ↑

a) 2.24 l     b) 3.36 l     g) 4.48 l     d) 5.6 l

71.	reaqciis mixedviT, ramdeni grami kalciumis karbonati gaixsna Warb marilm-
JavaSi, Tu gamoiyo 5.6 l naxSirorJangi (n. p.)?

3 2 2 2CaCO 2HCl CaCl CO H O+ → + ↑ +

a) 5.6 g     b) 12.5 g     g) 25 g     d) 50 g

72.	ras udris airis fardobiTi molekuluri masa, Tu misi fardobiTi simkvrive 
wyalbadis mimarT udris 14-s?

a) 2	        b) 14        g) 28        d) 42

73.	ras udris naxSirorJangis fardobiTi simkvrive wyalbadis mimarT?

a) 2	        b) 22        g) 44        d) 88	

74.	ucnobi airis fardobiTi simkvrive haeris mimarT udris 1.52-s. romeli airia 
es? gaiTvaliswineT, rom haeris saSualo moluri masa aris 29 g/moli.

a) 2H         b) 2CO         g) CO         d) 2NO

75.	ras udris airis fardobiTi molekuluri masa, Tu misi fardobiTi simkvrive 
heliumis mimarT udris 4-s?

a) 4	        b) 8        g) 12        d) 16

76.	ras udris gogirdis dioqsidis fardobiTi simkvrive Jangbadis mimarT?

a) 2	        b) 16        g) 32        d) 64
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Tavi 2.
navTobi da misi 

produqtebi, 
bunebrivi airi - 

warmodgena organul 
naerTebze

   am Tavis Seswavlis Semdeg SeZlebT upasuxoT kiTxvebs:

•	  ra ganapirobebs organuli naerTebis mravalferovnebas?

•	 ra nivTierebebisagan Sedgeba navTobi da bunebrivi airi?

•	 ra miiReba navTobis gadamuSavebis Sedegad?

•	 romel organul naerTebs viyenebT yoveldRiur cxovrebaSi?

•	 romeli qimiuri naerTebi abinZurebs garemos?

•	 rogor SevamciroT ekologiuri safrTxeebi Cvens planetaze?
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wina TavSi gavecaniT nivTierebebs, romlebic araorganul naerTTa klasebs 
miekuTvneba. iqve aRvniSneT, rom elementi naxSirbadi warmoqmnis naerTTa mra-
valmilionian nairsaxeobas, romelTagan umravlesoba organul naerTebs war-
moadgens da mxolod  mcire nawili _ araorganuls. 

organul naerTTa mravalferovnebas ganapirobebs naxSirbadatomis unari, 
naerTebSi daukavSirdes sxva naxSirbadatomebs da sxvadasxva sigrZis jaWvebi 
warmoqmnas. garda amisa, naxSirbadatoms SeuZlia kovalenturi bmiT daukav-
Sirdes sxva elementTa atomebsac (ZiriTadad, wyalbads, Jangbads, azotsa da 
gogirds). amasTanave, organuli naerTebi SeiZleba gansxvavdebodes ara marto 

SedgenilobiT, aramed aRnagobiTac. organul naerTTa magaliTebia: meTani (CH4), 

eTileni (C2H4), acetileni (C2H2), benzoli (C6H6), eTanoli anu Rvinis spirti 

(C2H5OH), ZmarmJava (CH3COOH), glukoza (C6H12O6), fruqtoza (C6H12O6); saqaroza 

(C12H22O11), romelsac yofa-cxovrebaSi Saqars vuwodebT da mravali sxva.

garemoSi organuli naerTebi gvxvdeba navTobis, bunebrivi airisa da sxva wia-
Riseulis SedgenilobaSi, garda amisa, asrulebs umniSvnelovanes rols coc
xal organizmebSi. amerikis qimiuri sazogadoebis qimiuri referatuli servisis 
(CAS _ Chemical Abstracts Service) mier aRricxulia, rom organul da araorganul 
naerTTa saerTo ricxvi 176 milionia, saidanac araorganuli naerTebis ricxvi 
naxevar milions ar aRemateba. am saTvalavSi ar Sedis nukleinis mJavebi da cile-
bi (isini daaxloebiT 68 milionia). swored organuli nivTierebebis simravle 
daedo safuZvlad organuli qimiis, rogorc qimiis calke dargis Camoyalibebas. 

organuli da araorganuli nivTierebebi mTeli rigi TaviseburebebiT gansx-
vavdeba (cxrili 2.1):

pirvel rigSi, sxvaoba naerTTa struqturaSia _ organuli nivTierebebi 
ZiriTadad kovalenturi naerTebia, xolo araorganuli SeiZleba samive tipis 
qimiur bmas Seicavdes; 

bevri organuli naerTi erTi da imave Sedgenilobisaa, magram erTmaneTisagan 
aRnagobiT gansxvavdeba, rasac araorganul naerTTa Soris iSviaTad vxvdebiT (am 
movlenas izomeria ewodeba);  

araorganuli nivTierebebisagan gansxvavebiT, organul naerTebs lRobisa da 
duRilis dabali temperatura aqvs. maRal temperaturaze bevri maTgani iSleba 
(naxSirdeba);

araorganul naerTTa didi nawili wyalSi xsnadia, maSin rodesac organuli 
naerTebisaTvis ufro metad damaxasiaTebelia Txevad organul nivTierebebSi _ 
organul gamxsnelebSi gaxsnis unari; 

organuli nivTierebebis umravlesoba, mcire gamonaklisis garda, iwvis, ara-
organuli nivTierebebis umravlesoba ki _ ara. 

2.1 	         organuli naerTebis 

                    mravalferovneba
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cxrili 2.1. araorganul da organul naerTTa ganmasxvavebeli Tvisebebi.

Tviseba araorganuli nivTierebebi organuli nivTierebebi

qimiuri bmis buneba
kovalenturi, ionuri, 
metaluri

ZiriTadad kovalenturi

izomeria
mxolod zogierT 
SemTxvevaSi

umetes SemTxvevaSi

duRilis da lRobis 
temperatura

icvleba farTo 
diapazonSi

ZiriTadad dabali

xsnadoba
didi nawili wyalSi 
xsnadia

didi nawili upiratesad 
organul gamxsnelebSi 
ixsneba

wvis unari axasiaTebs mcire nawils axasiaTebs umetesobas

organul nivTierebebs Zalian didi mniSvneloba aqvs yoveldRiur cxovrebaSi, 
radgan isini gamoiyeneba, rogorc:

•	 energiis wyaro (magaliTad, bunebrivi airi, navTobproduqtebi);
•	 sakvebi nivTierebebi (magaliTad, naxSirwylebi, cilebi, cximebi); 
•	 sxvadasxva masala (magaliTad, merqani, bunebrivi, xelovnuri da sinTe-

zuri boWkoebi, rezini, polimerebi da sxv.);
•	 medikamentebi da a. S. (nax. 2.1).

mcenareuli zeTi

rezinis saburavebi

boTlebi

karaqi

saqsovi Zafebi

milebi

puri

medikamentebi

saTamaSoebi

nax. 2.1. organuli nivTierebebis gamoyenebis magaliTebi.
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organuli qimia gansakuTrebiT mniSvnelovania biologiisa da medicinisaT-
vis. nebismieri cocxali arseba, ZiriTadad, organuli naerTebisagan Sedgeba 
da nivTierebaTa cvla,  romelic safuZvlad udevs sasicocxlo procesebs, 
umTavresad organul naerTTa gardaqmnebs warmoadgens. samkurnalo prepa-
ratebis daaxloebiT 80% organuli bunebisaa. amitom organuli qimia warmoad-
gens safuZvels iseTi disciplinebisaTvis, rogorebicaa bioqimia, farmakologia, 
polimerebis qimia da sxv.

 

  kiTxvebi da davalebebi:

1.	 ra gansxvavebaa organul da araorganul naerTTa Tvisebebs Soris?

2.	 daasaxeleT sami araorganuli da sami organuli nivTiereba, romelTac  
diasaxlisebi samzareuloSi iyeneben.

3.	 mocemulia: araorganuli nivTiereba _ kaliumis qloridi da organu-
li nivTiereba _ butani. kaliumis qloridi gamoiyeneba sasuqad, xolo 
butani _ sawvavad.

qvemoT CamoTvlili Tvisebebidan romeli Seesabameba kaliumis 
qlorids da romeli _ butans?

a) lRobis temperatura: -138°C;		

b) haerze energiulad iwvis;

g) lRobis temperatura: 770°C;		

d) Seicavs ionur bmas;

e) oTaxis temperaturaze warmoadgens airs.
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2.2 	  organuli nivTierebebis aRnagoba

wina paragrafSi aRvniSneT, rom organul naerTTa simravle maTi Sedgenilo-
bisa da aRnagobis  TaviseburebebiTaa ganpirobebuli. yovelive es asaxulia or-
ganul naerTTa aRnagobis TeoriaSi, romlis zogierT debulebas qvemoT gavec-
nobiT:

organuli naerTebis SedgenilobaSi Semavali elementebis atomebi erTmaneTs 
gansazRvruli TanmimdevrobiT, maTi valentobis Sesabamisad ukavSirdeba.

naxSirbadi cvalebad valentobas (II da IV) amJRavnebs, Tumca organul naerTeb-
Si yovelTvis oTxvalentiania da sxva atomebs ZiriTadad kovalenturad, sazi-
aro eleqtronuli wyvilis warmoqmniT ukavSirdeba. molekulaTa struqturis 
gamosaxvisas saziaro wyvils ori wertiliT an erTi xaziT aRniSnaven: 

C HH
H

H
C HH

H

H

Cl
Cl

Cl

Cl

Cl
CCl C Cl

Cl Cl

Cl Cl

CCl C

organul naerTebSi naxSirbadatomebs, garda erTmagisa, SeuZlia warmoqmnas 
ormagi da sammagi bmebic: 

H

H H

H H

CH C H

H H

CH C HCH C

aseve vxvdebiT nivTierebebs, romlebSic naxSirbadatomebi cikls warmoqmnis:

H

H

H

H

H

H

C

C

H

H

C

C

H

H

H

H

C

C

H

H

H

H H

C
C

H
C

C C
C

organuli naerTebis Tvisebebi damokidebulia ara marto maTi molekulebis 
Sedgenilobaze, aramed molekulaSi atomTa SeerTebis Tanamimdevrobazec.

arsebobs erTnairi Sedgenilobisa da sxvadasxva aRnagobis organuli 
nivTierebebi. aseT nivTierebebs izomerebi ewodeba (berZnulad isos niSnavs 
tols,  meros _ nawils). magaliTad, naerTs formuliT C2H6O, ori sxvadasxva 
aRnagobis nivTiereba, anu 2 izomeri Seesabameba:
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O H

H H

H H

CH C C H

H H

H H

OH C

                       eTanoli                             dimeTileTeri

izomerebis fizikur-qimiuri Tvisebebi gansxvavebulia, magaliTad, zemoT 
mocemuli naerTebidan eTanoli oTaxis temperaturaze siTxea da misi duRilis 
temperaturaa 78°C, xolo dimeTileTeri airia, romelic -24°C temperaturaze 
Txevaddeba. es ori naerTi qimiuri TvisebebiTac gansxvavdeba _ eTanoli 
natriumTan urTierTqmedebs, dimeTileTeri ki _ ara. 

izomeria organul naerTTa simravlis erT-erTi mizezia. arsebobs izomeriis 
sxvadasxva saxe. 

yovelive zemoT Tqmuli imaze miuTiTebs, rom organuli naerTis Tvisebebis 
gasagebad aucilebelia, vicodeT misi aRnagoba. amitom organuli nivTierebebi 
sxvadasxva tipis formulis saSualebiT gamoisaxeba (cxrili 2.2):

cxrili 2.2. organul naerTTa gamosaxva sxvadasxva tipis formuliT.

formulis tipi magaliTi

molekuluri 3 8C H 3 6C H 6 6C H 2 6C H O

gavrcobili 
struqturuli

H

H

H

H

H

H
C CH HC

H

H

H H
C CH HC

H

C

C

C

C

C

C

H

HH

H

H H

H

H

H
C OH HC

Semoklebuli 
struqturuli

CH2 CH3H3C CH CH2H3C
H

C

C

H

CH

CH

CH

CH
CH2 OHH3C

xazovani OH

molekuluri formula gviCvenebs, romeli elementis atomi ra raodenobiTaa 
molekulis SedgenilobaSi;

gavrcobili struqturuli formula gviCvenebs yvela bmas, rogorc naxSirba-
datomebs, ise naxSirbadatomsa da sxva elementTa atomebs Soris;

Semoklebuli struqturuli formula gviCvenebs yvela bmas, garda bmebisa 
naxSirbadatomsa da wyalbads Soris. aseT formulaSi wyalbadatomebi Sesabamis 
naxSirbadebTan aris miwerili;
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xazovani (naxSirbadovani ConCxis) formula gviCvenebs organuli naerTis nax-
Sirbadovani ConCxis aRnagobas. bmebi aqac xazebiTaa gamosaxuli, oRond, sxva 
formulebisagan gansxvavebiT, texili wiris yoveli monakveTis boloSi igulisx-
meba naxSirbadatomi Sesabamisi raodenobis wyalbadatomebTan erTad, xolo Tu 
organuli nivTiereba Seicavs sxva elementis atoms an atomTa jgufs, is aucile-
blad mieTiTeba. mag., eTanolis xazovani formula (cxrili 2.2). 

molekulebs xSirad gamosaxaven burTulRerovani da naxevarsferuli mod-
elebiTac, romlebic molekulis sivrcul aRnagobas ufro TvalsaCinod gamo-
saxavs (nax. 2.2):

C
H

HH

H

O C
H

H

nax. 2.2. eTanolis (C2H5OH) struqturis gamosaxva sxvadasxva saSualebiT.

  kiTxvebi da davalebebi:

1.	 CamoTvaleT mizezebi, romlebic ganapirobebs organul nivTierebaTa 
simravles.

2.	 	cxrili gadaixazeT rveulSi da SeavseT gamotovebuli formulebiT:

gavrcobili 
struqturuli

Semoklebuli 
struqturuli

xazovani

CH2

CH2

H2C

H2C

H

H

H

H
CH C

H

H

H

H
C C H

H

H

H H

H
C CC

H

H
H C
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organul naerTTa umartivesi klasi aris naxSirwyalbadebi _ naxSirbadisa da 
wyalbadis naerTebi, warmogidgenT am klasis zogierT warmomadgenels: 

    meTani _ 4CH         eTani _ 2 6C H       eTileni _ 2 4C H     acetileni _ 2 2C H

    

C HH

H

H            

H

H H

H H

CH C

  

H

H H

CH C

   

HCH C

nax. 2.3. naxSirwyalbadebis sxvadasxva klasis warmomadgenlebi.

naxSirwyalbadebis zogadi formulaa CnHm. 

naxSirwyalbadebi, Tavis mxriv, calkeul klasebad iyofa, magaliTad, asxvave-
ben najer, ujer da aromatul naxSirwyalbadebs. naxSirwyalbadis `najeroba~ da 
„ujeroba“ imazea damokidebuli, naerTSi ramdenad aris gajerebuli naxSirba-
datomTa valentoba wyalbadatomebiT. najer naxSirwyalbadebSi mxolod erTmagi 
bmebia da naxSirbadatomebTan dakavSirebuli wyalbadatomebis raodenoba maqsi-
maluria (magaliTad, nax. 2.3 _ meTani da eTani). ujer naxSirwyalbadebSi ormagi 
an sammagi bmebia da aq naxSirbadatomebs wyalbadatomTa mierTeba kidev SeuZlia 
(magaliTad, nax. 2.3 _ eTileni da acetileni). 

naxSirwyalbadebSi wyalbads sxva elementis atomiT an atomTa jgufiT Tu  Ca-
vanacvlebT, sxvadasxva klasis organul nivTierebebs miviRebT. magaliTad, meTa-
nis molekulaSi erT-erT wyalbadatoms -OH jgufiT Tu SevcvliT, miviRebT 
meTilis spirts anu meTanols, romelic organuli nivTierebebis sxva klasis _ 
spirtebis warmomadgenelia. 

          

C HH

H

H                         

C OHH

H

H
meTani                    meTilis spirti, anu meTanoli

2.3 	 organuli nivTierebebis klasifikacia
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rogorc vxedavT, meTilis spirti warmoadgens nivTierebas, romelSic -OH 
jgufi mierTebulia naxSirwyalbadis nawilTan, kerZod, -CH3 jgufTan. atomTa 
jgufs, romelic naxSirwyalbadidan wyalbadatomis mocilebisas rCeba, naxSirwy­
albadovan radikals uwodeben. zogadad aseT radikals R-iT aRniSnaven, amitom 
naxSirwyalbadisa da spirtis formulebi zogadad Semdegnairad gamoisaxeba:

R H                             R OH
                        naxSirwyalbadi                     spirti

-OH jgufis garda, naxSirwyalbadis radikals SeiZleba daukavSirdes sxva 
atomi an atomTa jgufi, romlebsac funqciur jgufebs (cxrili 2.3) uwodeben.  
molekulaSi aseTi jgufis arseboba naerTis qimiur Tvisebebs gansazRvravs. 

cxrili 2.3. funqciuri jgufebi da maTi saxelwodebebi.

OH

hidroqsilis
jgufi

karbonilis
jgufi

karboqsilis
jgufi

eTeruli
jgufi

esteruli
jgufi

amino
jgufi

funqciuri  jgufebis mixedviT arCeven organul naerTTa Semdeg klasebs (qve-
moT mocemul formulebSi R’ da R”  SeiZleba aRniSnavdes gansxvavebul an erTsa 
da imave radikalebs):

spirtebi _ naerTebi, romlebSic naxSirwyalbadis radikalTan dakavSirebulia 
hidroqsilis jgufi, maTi zogadi formulaa:

R OH
aldehidebi da ketonebi _ naerTebi, romlebSic naxSirwyalbadis radikalebT-

an dakavSirebulia karbonilis jgufi:
ketonebis zogadi formulaa:

xolo aldehidebis: 

R
H

C
O

karbonmJavebi _ naerTebi, romlebic Sedgeba naxSirwyalbadis radikalisa da 
masTan dakavSirebuli karboqsilis jgufisagan: 

R
OH

C
O
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martivi eTerebi _ naerTebi, romlebSic naxSirwyalbadis radikalebi Jangba-
datomiT ukavSirdeba erTmaneTs: 

O
esterebSi  naxSirwyalbadis radikalebi SeerTebulia esteruli jgufiT:

O
C

O

aminebi _ naerTebi, romlebSic naxSirwyalbadis radikalTan dakavSirebulia 
amino jgufi:

R NH2

  kiTxvebi da davalebebi:

1.	 organul naerTTa romel klass miekuTvneba TiToeuli nivTiereba? 
gadaxazeT  cxrili da Sesabamis ujraSi dasviT niSani X. 

spirti aldehidi ketoni karbonmJava eTeri esteri amini

H3C      OH

2.	 dawereT iseTi spirtis, aldehidis, ketonis, karbonmJavas, eTeris, 
esterisa da aminis formula, romelSic R radikals -CH3 warmoadgens. 
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2.4 	 najeri naxSirwyalbadebi _ alkanebi

naxSirwyalbadebi, rogorc ukve aRvniSneT, umartivesi organuli nivTierebe-
bia zogadi formuliT CnHm. naxSirwyalbadebis calkeul klasebs qmnis najeri 
da ujeri naxSirwyalbadebi.  

najer naxSirwyalbadebs saerTaSoriso saxelwodeba _ alkanebi mieniWa IUPAC-
is mier (IUPAC – International Union of Pure And Applied Chemistry _ Teoriuli 
da gamoyenebiTi qimiis saerTaSoriso gaerTianeba). alkanebis istoriuli 
saxelwodebaa parafinebi, rac umoqmedos niSnavs. 

alkanebi naxSirwyalbadebia, romelTa molekulebSi naxSirbadatomebi 
erTmaneTTan dakavSirebulia martivi (erTmagi) bmebiT. maTi zogadi formulaa 
CnH2n+2. magaliTad, Tu alkanSi 5 naxSirbadatomia, maSin masSi wyalbadatomTa 
raodenoba iqneba: 2·5+2=12 , Sesabamisad, aseTi alkanis formulaa C5H12.

najeri naxSirwyalbadebi qmnis alkanebis homologiur rigs, romelic msgavsi 
qimiuri Tvisebebis mqone naerTTa gaerTianebas warmoadgens (cxrili 2.4). 

cxrili 2.4. alkanebis homologiuri rigis pirveli 7 wevri.

dasaxeleba
molekuluri 

formula
struqturuli formula

meTani 4CH CH4

eTani 62C H CH3 CH3

propani 83C H CH3 CH2
CH3

butani 104C H CH3 CH2
CH2 CH3

pentani 125C H CH3 CH2
CH2 CH2 CH3

heqsani 146C H CH3 CH2
CH2 CH2 CH2 CH3

heptani 167C H CH3 CH2
CH2 CH2 CH2 CH2 CH3

rogorc cxrili 2.4-dan Cans, yoveli momdevno wevri wina wevrisgan gansxvavdeba 
erTi naxSirbadatomiTa da 2 wyalbadatomiT. am jgufs (CH2) homologiuri 
sxvaoba, xolo wevrebs, romlebic erTmaneTisagan erTi an ramdenime CH2 jgufiT 
gansxvavdeba, homologebi ewodeba. maSasadame, alkanebi erT-erT homologiur 
rigs warmoadgens da maT msgavsi qimiuri Tvisebebi gaaCnia. 

alkanebis pirveli 4 wevris saxeli (meTani, eTani, propani da butani) 
trivialuria (istoriulad Camoyalibda), danarCenebisaTvis ki saxelwodeba 
Semdegi principiT iwarmoeba:  

naxSirbadatomTa raodenobis Sesabamis berZnul an laTinur ricxviT saxels 
unda davamatoT daboloeba „-ani“. 

alkanebs SeiZleba hqondes rogorc sworxazovani, ise ganStoebuli aRnagoba, 
rac alkanebis izomerebis arsebobas ganapirobebs. magaliTad, C4H10 _ butani Sei-
Zleba arsebobdes ori saxiT:
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H3C  CH2  CH2  CH3

                

H3C  CH CH3

CH3

                         n-butani                                                  izo-butani
                (sworxazovani aRnagoba)                  (ganStoebuli aRnagoba)

sworxazovani aRnagobis alkanebSi dasaxelebas emateba prefiqsi `n~ (niSnavs 
normalurs), xolo ganStoebulis dasaxelebas _ prefiqsi „izo“. rodesac al-
kani ganStoebebis mqone ramdenime izomers warmoqmnis, maSin saWiro xdeba dasax-
elebis sxva wesis gamoyeneba. am SemTxvevaSi unda gairkves, atomTa romeli jgufi 
qmnis ganStoebas anu romeli radikalia Canacvlebuli ZiriTad naxSirwyalbadSi. 

alkanidan radikali rom warmoiqmnas, mas wyalbadis erTi atomi unda mos-
cildes. alkanidan warmoqmnil radikals zogadad alkils uwodeben. alkilebis 
dasaxelebisas Sesabamisi alkanis saxelwodebaSi sufiqsi „-ani“ unda Seicvalos 
da gaxdes „-ili“ (cxrili 2.5): 

cxrili 2.5. alkanebidan miRebuli alkilis radikalebi da maTi saxelwode-
bebi.

alkani radikali

formula saxelwodeba formula saxelwodeba

4CH meTani 3CH− meTili

62C H eTani 2 3CH CH− −  an 2 5C H− eTili

Camnacvlebeli jgufebis raodenobis misaTiTeblad ki gamoiyeneba prefiqsebi: 
di _ ori, tri _ sami, tetra _ oTxi, penta _ xuTi da a. S.

ganStoebuli naxSirwyalbadis dasaxelebisas unda gaviTvaliswinoT Semdegi 
wesebi:

•	 gamovyoT yvelaze grZeli jaWvi (romelic yvelaze met naxSirbadatoms Sei-
cavs): 

C  C

C  C  C  C                       

C  C

C  C  C  C
                      sworia                                 arasworia

•	 davnomroT im bolodan, romelTanac yvelaze axloa Camnacvlebeli jgufi:

C C

C  C  C  C  C  C                  

C C

C  C  C  C  C  C
   6      5     4      3      2      1            1      2     3      4      5      6              
                 sworia                                      arasworia
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•	 mivuTiToT im naxSirbadatomis nomeri (anu lokanti), romelTanac Camnacvle-
belia mierTebuli:

C C

C  C  C  C  C  C                  

C C

C  C  C  C  C  C
   6      5     4      3      2      1            1      2     3      4      5      6              

        2,4-dimeTilheqsani                          3,5-dimeTilheqsani

                 sworia                                      arasworia

•	 Tu sxvadasxva Camnacvlebeli gvaqvs, isini dainomreba da dasaxeldeba anbanis 
mixedviT:

C  C C

C  C  C  C  C  C  C      

C  C C

C  C  C  C  C  C  C
  1      2     3      4      5      6      7       1      2     3      4      5      6      7              

        3-eTil-5-meTilheptani                  5-meTil-3-eTilheptani

                 sworia                                      arasworia

•	 Camnacvlebeli jgufebis Semdeg saxeldeba yvelaze grZel jaWvSi arsebuli 
naxSirbadatomebis ricxvis Sesabamisi alkani. magaliTad, Tu grZeli jaWvi 
Seicavs 4 naxSirbads, saxelwodebaSi iqneba butani, Tu 5-s - pentani da a.S. 

•	 Tu jaWvSi gvaqvs erTze meti Camnacvlebeli da maTgan ori Tanabradaa daSo-
rebuli jaWvis bolodan, maSin jaWvi dainomreba imgvarad, rom lokantebis 
jami iyos umciresi. 

ganvixiloT ganStoebuli naxSirwyalbadebis dasaxelebis ramdenime magaliTi:

      

CH3

H3C  CH  CH2  CH3  
1     2        3              4 	

CH3 CH3

H3C  CH  CH  CH2  CH3  
1     2        3            4         5

               2 _ meTilbutani		              2,3 _ dimeTilpentani                       

saxelwodebidan formulis Sedgenisas unda vimoqmedoT garkveuli Tanmim
devrobiT (nax. 2.4). magaliTad, SevadginoT 2,2,4-trimeTilpentanis formula:
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CH3 CH3 CH3 CH3

CH3 CH3

C  C  C  C  C  C  C  C  C  C

CH3  C  CH2  CH  CH3  C  C  C  C  C

davnomroT

SevavsoT

2,2,4_trimeTilpentani

wyalbadato
mebiT

davweroT 5 naxSirbadatomi, 
radgan saxelwodebaSi gvaqvs 

pentani, romelic Seicavs 
naxSirbadis 5 atoms.

miTiTebul lokantebs mi
vuerToT meTilis jgufebi, 
radgan saxelwodebis mixed
viT Canacvlebuli gvaqvs 
mxolod meTilis 3 jgufi.

1      2      3      4      5

1     2      3      4      5

nax. 2.4. saxelwodebidan formulis Sedgenis etapebi.

garda RiajaWviani aRnagobis alkanebisa, arsebobs cikluri anu Sekrul­
jaWviani alkanebic. cikluri ewodeba iseT naerTs, romlis molekulaSi 
naxSirbadatomebisagan warmoqmnili jaWvi Sekrulia sxvadasxva zomis ciklis 
saxiT. aseT naxSirwyalbadebs cikloalkanebi anu cikloparafinebi ewodeba. 
cikloalkanebis dasaxelebisas Sesabamisi alkanis saxelwodebas emateba prefiqsi 
_ ciklo. magaliTad (cxrili 2.6):

cxrili 2.6. cikloalkanebis warmomadgenlebi. 

ciklopropani ciklobutani ciklopentani cikloheqsani

3 6C H 4 8C H 5 10C H 6 12C H

CH2

CH2H2C

CH2

CH2H2C

H2C

H2C

H2C

CH2

CH2

CH2

CH2

CH2

CH2

CH2

H2C

H2C

cikloalkanebis Sedgenilobidan gamomdinare, maTi zogadi formulaa CnH2n. 
amitom cikloalkanebi alkanebis izomerebs ar warmoadgens. 
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  kiTxvebi da davalebebi:

1.	 daakvirdiT alkanebis formulebs (cxrili 2.4) da ecadeT Tavad 
daweroT me-8, me-9 da me-10 wevrebis molekuluri formulebi. 

2.	 raze miuTiTebs najer naxSirwyalbadebSi sityva `najeri~?

3.	 daasaxeleT Semdegi naerTebi:

a)

CH3
CH2 CH2

CH2

CH2 CH3

b)

CH3

CH2 CH2 CH2

CH3

g)
CH3

CH2

CH2

CH3
d)

CH3

CH2 CH2

CH3

e)

CH3

CH CH

CH3

CH3CH3

v)

CH3

CH CH2 CH2
CH3 CH3

z)

CH3

CH CH2

CH2CH3 CH3

T) CH3 C

CH3

CH3

CH3
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2.5 	  alkanebis Tvisebebi da gamoyeneba

alkanebis  homologiur rigSi molekuluri masis zrdasTan erTad izrdeba 
lRobisa da duRilis temperatura. rigis pirveli oTxi wevri oTaxis temper-
aturaze airadia, momdevno wevrebi (me-5-dan me-16-mde) _ Txevadi, xolo ufro 
meti masis mqone alkanebi _ myari nivTierebebi.

alkanebi wyalSi ar ixsneba. Txevadi da myari alkanebis simkvrive  icvleba 
0.69 g/ml-dan 0.79 g/ml-mde, rac imas niSnavs, rom isini wyalze msubuqia.

yvela alkani iwvis naxSirbad(IV)-is oqsidisa da wylis warmoqmniT. amasTan, 
meTani Jangbadis sakmarisi miwodebisas cisferi aliT iwvis (nax. 2.5):

→ ++4 2 2 2CH 2O   C 2H+O O Q

Jangbadis naklebobis pirobebSi meTani arasrulad iwvis da naxSirbad(II)-is 
oqsidi (rac xSirad arasworad damontaJebuli gamaTboblebiT adamianis mowamv-
lis mizezi xdeba) an muri warmoiqmneba:

+ +→+4 2 22CH 3O  2CO 4H O Q 		  →+ + +4 2 2CH O  C 2H O Q
meTanisa da Jangbadis narevis anTebas SeiZleba 

Zlieri afeTqeba mohyves, Tu narevSi komponentebis 
moculobiTi Tanafardobaa 1 : 2. meTani Tu haer-
Tanaa Sereuli, maSin es Tanafardoba aris 1 : 10. 
aseTi Zlier feTqebadsaSiSi narevi SeiZleba war-
moiqmnas, Tu binaSi bunebrivi airi iJoneba. unda 
aRiniSnos, rom meTanis dagroveba gansakuTrebiT 
xSiria maRaroebSi (meTani qvanaxSiris maRaroebSi 
gvxvdeba, amitom mas maRaros airsac uwodeben), sa-
dac is afeTqebis mizezi xdeba. 

alkanebisaTvis damaxasiaTebelia Canacv-
lebis reaqciebi. magaliTad, qlorTan reagireba 
sinaTleze. am dros qloris atomebi wyalbada-
tomebs anacvlebs. nax. 2.6-ze mocemulia meTanis 
qlorTan urTerTqmedebis reaqcia, saidanac Cans, 
rom qloris raodenobidan gamomdinare, SeiZleba 
miviRoT erT-, or-, sam- da oTx Canacvlebuli naerTi. 

CH4  +  Cl2 
hn   CH3Cl   +   HCl

+Cl2 

+Cl2 

+Cl2 

CH2Cl2  +  HCl

CHCl3  +  HCl

CCl4  +  HCl

nax. 2.6. meTanis qlorTan moqmedebis sqema.

es reaqcia mimdinareobs mxolod sinaTleze. qlorCanacvlebuli alkanebi 
ZiriTadad gamxsnelebad gamoiyeneba. 

nax. 2.5. meTanis arasruli 
(marcxniv) da sruli 

(marjvniv) wva.
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alkanebis gamoyeneba

alkanebi bunebaSi ZiriTadad bunebrivi airisa da navTobis SedgenilobaSi 
gvxvdeba. maTi wvisas didi raodenobiT siTbo gamoiyofa, ris gamoc alkanebis 
gamoyeneba upiratesad energetikul miznebs emsaxureba.  

meTani bunebrivi airis ZiriTadi Semadgeneli komponentia. is gamoiyeneba 
samzareulos qurebSi, gamaTboblebSi, TboeleqtrosadgurebSi da a. S. zogjer 
amave mizniT iyeneben propan-butanis gaTxevadebul narevsac _  e. w. „gaTxevade-
bul airs“, romelic specialur balonebSia  CaWirxnuli (nax. 2.7). rogorc bune-
brivi, aseve „gaTxevadebuli airi“ avtomobilebis sawvavadac gamoiyeneba. 

parafinisagan (myari alkanebis narevi C19H40 
_ C36H74) amzadeben sanTlebs. misi 

saSualebiT JRenTen qaRalds, romelic wyalgaumtari xdeba da SesafuTad ga
moiyeneba. aseve parafiniT faraven xils, ris Sedegadac misi Senaxvis xangrZli
voba izrdeba, amasTanave, sinotivesa da mimzidvel iersaxes inarCunebs (nax. 2.7). 

samedicino preparati vazelinis zeTi alkanebis narevia, romelTa moleku-
lebSi naxSirbadatomTa ricxvi 5-dan 15-mdea, xolo vazelini – myari da Txevadi 
najeri naxSirwyalbadebis narevia, romelTa molekulebSi 12-dan 25-mde naxSir-
badatomia.   

nax. 2.7. alkanebis gamoyenebis magaliTebi. 

  kiTxvebi da davalebebi:

1.	 SeadgineT alkanis molekuluri formula, Tu misi molekulis Sedge-
nilobaSi Semavali wyalbadatomebis raodenobaa:
a) 28; 		  b) 32;		  g) 44.

2.	 daadgineT najeri naxSirwyalbadis molekuluri formula, Tu 0.05 
moli iwonis 3.6 g-s. 

3.	 ipoveT najeri naxSirwyalbadis formula, Tu cnobilia, rom 5.6 l-is 
(n. p.) masaa 11 g. 

4.	 gamoTvaleT, ra moculobis Jangbadia saWiro 4.4 g propanis sruli 
wvisaTvis (n. p.)?

5.	 salaSqro gazquraSi moTavsebulia 1.12 m3 butani. dawereT butanis 
sruli wvis reaqcia da gamoTvaleT gamoyofili naxSirbad(IV)-is 
oqsidis moculoba (n. p.). 



132

Tavi 2  navTobi da misi produqtebi, bunebrivi airi

rogorc ukve aRvniSneT, ujer naxSirwyalbadebSi  gvxvdeba erTmaneTTan or-
magi an sammagi bmiT dakavSirebuli naxSirbadatomebi. ormagi bmis Semcvel nax-
Sirwyalbadebs alkenebs uwodeben, sammagbmians ki _ alkinebs.

alkenebis zogadi formulaa CnH2n, xolo alkinebis _ CnH2n-2. maTi homologi-
uri rigebis warmomadgenlebs SegviZlia gavecnoT cxrilSi 2.6.

cxrili 2.6. alkanebis, alkenebisa da alkinebis homologiuri rigebi.

alkanebi alkenebi alkinebi

formula
saxelwo­

deba
formula

saxelwo­
deba

formula
saxelwo­

deba

eTani 2 6C H eTeni 
(eTileni) 2 4C H eTini 

(acetileni)
2 2C H

propani 3 8C H propeni 
(propileni)

3 6C H propini 3 4C H

butani
4 10C H buteni 4 8C H butini 4 6C H

pentani 5 12C H penteni 5 10C H pentini 5 8C H

heqsani
6 14C H heqseni 6 12C H heqsini 6 10C H

heptani
7 16C H hepteni 7 14C H heptini 7 12C H

rogorc cxrilidan Cans, alkenebisa da alkinebis saxelwodeba iwarmoeba Se-
sabamisi alkanebis saxelwodebidan. am SemTxvevaSi alkanis aRmniSvneli sufiqsi 
„-an“ icvleba Sesabamisad sufiqsebiT „-eni“ da „-ini“. aqve unda aRiniSnos, rom zo-
gierTi ujeri naxSirwyalbadi istoriuli saxelwodebiT dResac farTod moix-
senieba, magaliTad, eTens (C2H4) eTilens uwodeben, eTins (C2H2) _ acetilens da 
a. S.

ujer naxSirwyalbadebSi, iseve rogorc alkanebSi, izomerebis arsebobas iwvevs 
naxSirbadovani ConCxis aRnagoba. garda amisa, alkenebsa da alkinebSi izomeria 
ganpirobebulia jeradi bmis mdebareobiTac, magaliTad, butini (C4H6) SeiZleba 
arsebobdes sammagi bmis Semcveli ori izomeris saxiT:

CH C CH2 CH3 CH3 C C CH3

ujeri naxSirwyalbadebis dasaxelebisas unda gaviTvaliswinoT Semdegi wesebi:

•	 gamovyoT yvelaze grZeli jaWvi, romelic Seicavs ormag an sammag bmas: 

2.6 	 ujeri naxSirwyalbadebi _ alkenebi 

                         da alkinebi
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C  C  C  C  C

C

C            

C  C  C  C  C

C

C
               sworia                                 arasworia

•	 davnomroT jaWvi im bolodan, romelTanac ufro axlosaa ormagi an sam-
magi bma:

            1      2     3      4      5                  5      4     3      2      1

C  C  C  C  C                           C  C  C  C  C
                  sworia                                     arasworia

•	 Tu jeradi bma Tanabradaa daSorebuli jaWvis orive bolodan, maSin dain-
omreba im kididan, romelTanac ufro axloa Camnacvlebeli jgufi: 

                  1      2     3      4                    4      3     2      1   

C  C  C  C  

C                              

C  C  C  C  

C
                 sworia                                      arasworia

•	 alkanebis dasaxelebis msgavsad, Camnacvlebeli jgufis Semdeg saxeldeba 
grZel jaWvSi arsebuli naxSirbadatomebis ricxvis Sesabamisi alkeni an 
alkini.  

•	 dasaxelebisas vuTiTebT im lokantis umcires nomers, romelTanac jera-
di bmaa, Semdeg ki _ sufiqss, magaliTad: 

CH2 CH CH2 CH3

but-1-eni da ara but-2-eni

•	 ganStoebuli ujeri naerTebis SemTxvevaSi, Camnacvleblebi saxeldeba da 
mieTiTeba imave principiT, rogorc alkanebis SemTxvevaSi: 

CH2 C CH3

CH3

1        2         3        

                    

CH2 C CH2 CH3

CH3

1        2           3             4

 
                   meTilpropeni                      2-meTilbut-1-eni

CH3 C CH CH3

CH3

1        2           3             4

                

CH3 C C C

CH3

CH3

CH3

                        2-meTilbut-2-eni                   4,4-dimeTilpent-2-ini

alkenebSi gvxvdeba izomeriis kidev erTi saxe _ geometriuli anu cis-
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trans izomeria. izomeriis es saxe mxolod ormagbmiani naerTebisaTvisaa 
damaxasiaTebeli. im SemTxvevaSi, Tu erTnairi Camnacvlebeli jgufi ormagi bmis 
erT mxaresaa, aseT izomers cis-izomers uwodeben, xolo Tu sxvadasxva mxares _ 
trans-izomers (nax. 2.8  da nax. 2.9). 

            cis-mdgomareoba                         trans-mdgomareoba

nax. 2.8. xelebis mdgomareoba naTlad gviCvenebs gansxvavebas cis_ da  
trans-izomerebis aRnagobas Soris. 

H3

C C
CC H3

H H

                                     H3

C C
C H

H CH3

                                     cis-but-2-eni                       trans-but-2-eni

nax. 2.9. but-2-enis cis_ da trans_ izomerebi.

  kiTxvebi da davalebebi:

1.	 SeadgineT n-heqs-3-enis cis-trans izomerebis formulebi.
2.	 cxrili gadaixazeT rveulSi, daasaxeleT Semdegi naerTebi. Tu naerTs 

gaaCnia cis-trans izomerebi, Sesabamis ujraSi dasviT niSani X.

struqturuli formula dasaxeleba cis-trans izomerebi

CH2 CH2

CH2 C CH3

CH3

CH3 CH2 C C CH3

CH3 CH C C CH3

CH3

CH3

C C

HH

CH3

CH2

C C

CH2H

H

CH3

CH2CH3
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2.7	          ujeri naxSirwyalbadebis  

                    qimiuri Tvisebebi

alkanebisagan gansxvavebiT, alkenebi iwvis mna-
Ti aliT:  

++ → +2 4 2 2 2C H 3O   2CO 2H O Q

mnaTi aliT wva ganpirobebulia maTSi nax
Sirbadis didi masuri wiliT.  gacxelebisas, eTi
lenis molekulebis daSlis dros warmoqmnili 
naxSirbadi ver aswrebs wvas. igi jer varvardeba, 
rac alis naTebas iwvevs, xolo Semdeg srulad iw-
vis alis gareTa nawilSi.    

acetileni, sxva alkinebis msgavsad, haerze iw-
vis Wvartliani aliT (nax. 2.10); vinaidan naxSir-
badis masuri wili molekulaSi Zalian didia, igi 
ver aswrebs wvas da gamoiyofa Wvartlis saxiT. 
magram Tu wvis areSi damatebiT SevitanT haers an 
acetilens davwvavT sufTa Jangbadis areSi, Wvar-
tliani ali kaSkaSa alad gardaiqmneba:

+ ++ →2 2 2 2 22C H 5O   4CO 2H O Q

najer naxSirwyalbadebTan SedarebiT ujeri 
naxSirwyalbadebi ufro reaqciis unariania, rac 
jeradi bmis TvisebebiT aris ganpirobebuli. 

ormagi da sammagi bmis xarjze ujeri naxSir-
wyalbadebisaTvis damaxasiaTebelia mierTebis 
reaqciebi. am dros ormagi bma wydeba da war-
moiqmneba naerTi erTmagi bmebiT. amis magaliTia 
eTilenis mier bromis mierTeba:

H2 CC H2 + Br2 CH2 CH2

Br Br

xolo alkinebis SemTxvevaSi SesaZlebelia 
nawilobrivi an sruli gajereba bromis atomebiT:

H CC H + Br2 CH CH

Br Br 		

H CC H + 2Br2 CH CH

Br Br

Br Br

unda aRiniSnos, rom bromis mierTeba ujeri naerTebis aRmomCeni reaqciaa da 
mas „bromis tests“ uwodeben. broms mura wiTeli feri aqvs da Tu mis xsnars al-
kens an alkins davamatebT, is gauferuldeba. najeri naxSirwyalbadi ki bromian 
xsnars fers ar Seucvlis (nax. 2.11). 

nax. 2.10. haerze acetileni 
Wvartliani aliT iwvis.

 
nax. 2.11. bromis testi: 

najerma naxSirwyalbadma xsnars 
feri ar Seucvala (marjvniv), 
xolo ujeri naxSirwyalbadis 
Semcvel sinjaraSi damatebuli 
bromiani xsnari gauferulda 

(marcxniv).
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garkveul pirobebSi, katalizatorebis Tanaobisas, ujer naxSirwyalbadebs 
wyalbadis mierTeba SeuZlia. aseT reaqcias hidrireba ewodeba. am dros alkinidan 
alkeni an alkani, xolo alkenidan alkani miiReba:

2 2 2 3 3CH CH H CH CH= + → −
kataliz.

alkeni alkani

2 2 2CH CH H CH CH≡ + → =
kataliz.

alkini alkeni

2 3 3CH CH 2H CH CH≡ + → −
kataliz.

alkini alkani

hidrirebis sapirispiro procesia dehidrireba. am dros naxSirwyalbadidan 
wyalbadis atomebi moixliCeba, ris Sedegadac ujeri naerTebi miiReba. zogadad 
es reaqciebi Semdegi saxiT SeiZleba gamovsaxoT:

_ H2                                              
_ H2

n 2n 2 n 2n n 2n 2C H C H C H+ −→ →
kataliz.            kataliz.

alkani alkeni alkini

2 6 2 4 2 2
2 2H HC H C H C H

( (

− −→ →
.kataliz kataliz.

eTani eTeni eTini
eTileni) acetileni)

gamoyeneba

eTileni farTod gamoiyeneba mrewvelobis mraval dargSi. misi maRali kon-
centraciiT CasunTqva aqveiTebs mgrZnobiarobas, ris gamoc adre operaciebis 
dros sanarkoze saSualebad gamoiyeneboda. eTileni aCqarebs nayofis damwife-
bas, rasac praqtikaSi xSirad  mimarTaven (nax. 2.12). 

nax. 2.12. eTileni nayofis damwifebis dasaCqareblad gamoiyeneba.

1,2-diqloreTani, romelic eTilenis mier qloris mierTebiT miiReba, sauke-
Teso gamxsnelia. mas iyeneben fisebis gasaxsnelad da qsovilebis gasawmendad. 
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igi aseve gamoiyeneba soflis meurneobaSi vazis filoqseras winaaRmdeg da mar-
cvleulis sacavTa dezinfeqciisTvis. 

eTilenze qlorwyalbadis  moqmedebiT iReben qloreTans, romelic Zvelad 
medicinaSi travmebisa da msubuqi operaciebis dros adgilobrivi anesTeziisaT-
vis gamoiyeneboda.

alkinebidan yvelaze farTo gamoyeneba hpova acetilenma. Jangbadis areSi misi 
wvis temperatura 3200 °C-s aRwevs, ris gamoc iyeneben metalTa nakeTobebis  av-
togenuri SeduRebisa da Wris dros (nax. 2.13). acetilenis qlorwarmoebulebi 
saukeTeso gamxsnelebia.  acetilens iyeneben ZmarmJavas, eTilis spirtisa da zo-
gierTi sxva naerTis misaRebad.

nax. 2.13. Jangbadis areSi acetilenis wva maRal temperaturas iZleva, rac 
avtogenuri SeduRebisas gamoiyeneba.

  kiTxvebi da davalebebi:

1.	 SeadgineT alkenisa da alkinis molekuluri formulebi, Tu maTi 
molekulebis SedgenilobaSi Semavali naxSirbadatomebis ricxvia:

	 a) 8; 		  b) 10;		  g) 13.

2.	 SeadgineT alkenisa da alkinis molekuluri formulebi, Tu maTi 
molekulebis SedgenilobaSi Semavali wyalbadatomebis ricxvia:

	 a) 16; 		  b) 28;		  g) 42.

3.	 gamoTvaleT naxSirbadis masuri wili eTanis, eTilenisa da acetile-
nis molekulaSi. romeli maTgani daiwveba ufro Wvartliani aliT da 
ratom?

4.	 ganaxorcieleT Semdegi gardaqmnebi: 

2 2 2 4 2 4 2C H C H C H Br→ →

5.	 dawereT propenis wvis, hidrirebisa da bromirebis reaqciebi. 

6.	 gamoTvaleT wyalbadis moculoba (n. p.), romelic saWiroa 8.4 g pro-
penis hidrirebisaTvis.
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polimeri berZnuli sityvaa da niSnavs bevr nawils („poli“ – bevri da „meros“ 
– nawili). polimerebs maRalmolekulur naerTebs anu makromolekulebsac uwo-
deben.

polimeri aris uzarmazari molekula, romelic erTmaneTTan qimiurad daka-
vSirebul atomTa erTnair jgufebs Seicavs. logikuria, rom maTi molekuluri 
masac Zalian didia _ is zogjer ramdenime milions aRwevs. 

polimeri miiReba monomerisgan _ dabalmolekuluri naerTisgan, romelic, 
rogorc wesi, ujer bmas Seicavs. polimeris warmoqmnis anu polimerizaciis reaq­
ciis dros monomerebSi ujeri bmebi wydeba da warmoqmnili nawilakebi erTmaneTs 
gadaebmeba. magaliTad, eTilenis polimerizaciiT miiReba polieTileni (nax. 2.14)

C C

H

H H

H

+ C C

H

H H

H

+ C C

H

H H

H

+ C C

H

H H

H

+ C C

H

H H

H

+ C C

H

H H

H
eTilenis molekulebi (monomeri)

C C

H

H H

H

C C

H

H H

H

C C

H

H H

H

C C

H

H H

H

C C

H

H H

H

C C

H

H H

H

CH3

polieTileni (polimeri)

nax. 2.14. polimerizaciis procesi. 

Semoklebuli saxiT eTilenis polimerizaciis reaqcia ase Caiwereba:

nCH2 = CH2  ( CH2  CH2 ) n

                              monomeri                  polimeri

polimeris formula gviCvenebs, atomTa romeli jgufebia erTmaneTTan dakavSire-
buli (nax. 2.15). aseT jgufs ganmeorebad rgols, elementarul rgols an ganmeorebad 
erTeulsac uwodeben. formulaSi n -iT aRniSnulia polimerizaciis xarisxi, romelic  
gviCvenebs polimeris erT makromolekulaSi saSualod ramdeni aseTi rgoli meordeba.

( CH2  CH2 ) n

polimeri

ganmeorebadi rgoli polimerizaciis xarisxi

nax. 2.15. polimeris formula. 

2.8 	             polimerebi
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praqtikaSi gamoyenebuli organuli nivTierebebis umetes nawils polimere-
bi warmoadgens. polimeri SeiZleba iyos sinTezuri, xelovnuri da bunebrivi. 
yovelwliurad daaxloebiT 350 milioni tona plastmasa iwarmoeba, romlis Ziri-
Tad Semadgenel nawils polimerebi warmoadgens. polimerebis gamoyeneba mra-
valmxrivia (nax. 2.16).

nax. 2.16. polimerebi uamravi nivTis dasamzadeblad gamoiyeneba.

sayovelTaod cnobili polimerebia:
polieTileni sinTezuri polimeria, TeTri ferisaa, wyalze msubuqi da Sexebi-

sas cximovania. igi wylis, mJavebis, tuteebisa da organuli gamxsnelebis  mimarT 
mdgradia. Txeli polieTileni gamWvirvalea.

polieTilens iyeneben SesafuTi afskebis, milebis, saojaxo nivTebis (saTlis, 
Zabris, bidonebis, kasrebisa da sxv.) dasamzadeblad. 

polipropileni polieTilenTan SedarebiT ufro msubuqi da mtkicea, uZlebs 
ufro maRal temperaturas. igi, polieTilenis msgavsad, gamoyenebulia milebis, 
manqanaTa detalebis, teqnikuri qsovilebisa da sxvaTa dasamzadeblad.

polivinilqloridi saukeTeso masalaa sadenebis saizolaciod, milebisa da xe-
lovnuri tyavis dasamzadeblad (nax. 2.17).  polivinilqloridi miiReba acetilenisagan, 
iseve rogorc polivinilacetati, romelic warmoadgens sinTezuri webos safuZvels.

nax. 2.17. polivinilqloridi mravali nakeTobis dasamzadeblad gamoiyeneba.
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  kiTxvebi da davalebebi:

1.	 ras ewodeba monomeri? polimeri? ratom uwodeben polimers makro-
molekulas?

2.	 ra gansxvavebaa polieTilenisa da polipropilenis fizikur Tvisebebs 
Soris?

3.	 SeadgineT Semdegi naerTebis polimerizaciis reaqciebi:

a) H2 CC H CH3       b) H CC H CH3CH3      g) H CC H CH3Cl

4.	 daadgineT Sesabamisoba monomersa da polimers Soris:

monomeri polimeri

1. H2 CC H2 a)

nCH3

CH3

CH C

CH3

2. H2 CC H CH2 CH3 b) CH2 CH2

n

3.
H CC CH3CH3

CH3
g)

CH2 CH

CH2

CH3

n

5.	 cxrili gadaitaneT rveulSi da SeavseT Tqven mier moZiebuli infor-
maciiT:

polimeri Tvisebebi gamoyeneba

polieTileni

polipropileni

polivinilqloridi
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2.9 	          bunebrivi polimerebi

maRalmolekulur naerTebs, romlebic bunebaSia gavrcelebuli, bunebriv 
polimerebs anu biopolimerebs uwodeben. isini cocxali organizmebis umniS-
vnelovanesi Semadgeneli nawilebia da mraval sasicocxlo funqcias asrulebs.

biopolimerebs miekuTvneba cilebi, naxSirwylebi da nukleinis mJavebi. cile-
bi (nax. 2.18) ujredebSi samSeneblo, satransporto, katalizur da sxva fun-
qciebs asrulebs. polimeruli naxSirwylebi (nax. 2.19) (saxamebeli, glikogeni da 
celuloza) organizmisaTvis samarago da samSeneblo nivTierebebs warmoadgens. 
nukleinis mJavebi _ rnm da dnm  (nax. 2.20), ujredis genetikuri informaciis 
matarebelia. 

nax. 2.18. cila albuminis makromolekulis modeli.

nax. 2.19. saxameblisa (zeviT) da celulozis (qveviT) makromolekulebis  
fragmentebis modelebi.
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nax. 2.20. rnm-isa (zeviT) da dnm-is (qveviT) makromolekulebis modelebi.

kauCuki bunebrivi warmoSobis polimeria da mcenare  heveas rZismagvari gam-
onayofisagan miiReba (nax. 2.21). nedli kauCukis vulkanizaciiT (maRal temper-
aturaze gogirdTan urTierTqmedebiT) iReben rezins.

nax. 2.21. heveas wvenidan rezinis miReba rTuli teqnologiuri procesia.

gasuli saukunis 20-ian wlebSi rezinsa da mis nakeTobebze moTxovna imde-
nad gaizarda, rom  saWiro gaxda misi sinTezuri miReba. sadReisod cnobilia 
sinTezuri kauCukis 2500-ze meti saxeoba. maT Soris aRsaniSnavia butadienuri 
kauCuki, romelic TvisebebiT yvelaze metad uaxlovdeba bunebriv kauCuks. mas 
iyeneben saburavebis, fexsacmlis lanCebis, xelTaTmanebisa da rezinis sxva nake-
TobaTa dasamzadeblad (nax. 2.22). 

nax. 2.22. rezinis nakeTobebi.
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boWkoebi

boWko sami saxis arsebobs – bunebrivi, xelovnuri da qimiuri. bunebrivi boWko 
warmoSobis mixedviT iyofa mcenareul da cxovelur boWkoebad (nax. 2.23). cxove-
luri boWko cilovania, xolo mcenareuli – celulozuri. cxoveluri boWkoe-
bia Tma, Zua, matyli abreSumi da obobas qseli, mcenareuli ki – bamba, seli, 
kanafi, juTi.

nax. 2.23. bunebrivi boWkoebi. 

bunebrivi polimerebis gadamuSavebiT miRebul boWkos xelovnuri boWko ewo-
deba, xolo sinTezuri polimerebisagan miRebuls – sinTezuri (nax. 2.24).

nax. 2.24. sinTezuri da xelovnuri boWkoebi.

xelovnuri boWkoebia viskoza da acetaturi boWko, romelsac celulozis 
gadamuSavebiT iReben. sinTezuri boWkoebia neiloni, kaproni, enanti da sxv.

  kiTxvebi da davalebebi:

1.	 CamoTvaleT TqvenTvis cnobili biopolimerebi. ra rols asrulebs 
TiToeuli maTgani cocxal organizmebSi?

2.	 ratom iwvevs rezinis masalebis dawva haerSi gogirdis dioqsidis mox-
vedras? 

3.	 gaixseneT, romel halogenTan urTierTqmedebisas iRebs saxamebeli 
lurj Seferilobas?

4.	 moiZieT informacia  viskozisa da neilonis gamoyenebis Sesaxeb.
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organuli naerTebis aRnagobis gacnobisas aRvniSneT, rom naxSirbadatomebi 
warmoqmnis rogorc RiajaWvian, aseve ciklur naerTebs (paragrafi 2.2). ciklur 
naxSirwyalbadebs, romelTa zogadi formulaa n 2n 6C H − , aromatul naxSirwyal­
badebs anu arenebs uwodeben. maTi umartivesi warmomadgenelia benzoli, romlis 
formulaa 6 6C H .

benzolis struqturuli formula sxvadasxva saxiT SeiZleba Caiweros:

C

C

C

C

C

C

H

H

H

H

H

H

CH

CH

CH

CH

CH

CH

simartivisaTvis benzolis struqturas gamosaxaven bolo 3 formuliT.  
benzolis molekula brtyelia da Taviseburi aRnagoba aqvs (nax. 2.25), rac mas 

rogorc najeri, aseve ujeri naxSirwyalbadebisagan ganasxvavebs.

    
nax. 2.25. benzolis molekulis modelebi.

miuxedavad imisa, rom benzolis struqturul formulaSi 3 ormag bmas vxe-
davT, isini bunebiT alkenebSi arsebuli ormagi bmebisagan gansxvavebulia. es 
dasturdeba bromis testiT _ benzoli, ujeri naxSirwyalbadebisagan gansxvave-
biT, bromian xsnars ar auferulebs. 

benzolis aseTi Tviseba misi aRnagobis Taviseburebidan gamomdinareobs. kv-
levebma daadastura, rom benzolis molekulaSi naxSirbadatomebs Soris  yve-
la bma erTnairia, rac molekulis qimiur mdgradobas ganapirobebs. amitom mis 
struqturas eqvskuTxedSi Caxazuli rgoliTac gamosaxaven, am rgols benzolis 
birTvs uwodeben. ciklur naxSirwyalbadebs, romelTa SedgenilobaSi erTi an 
meti benzolis birTvia, aromatul naxSirwyalbadebs miakuTvneben. 

aromatuli naxSirwyalbadi, romelic benzolis birTvTan dakavSirebul alki-
lis erT an ramdenime radikals Seicavs, benzolis homologs warmoadgens. mono-

2.10 	     aromatuli naxSirwyalbadebi 

                         anu arenebi
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Canacvlebuli homologis dasaxeleba iwyeba Sesabamisi Camnacvlebeli jgufis 
dasaxelebiT. magaliTad:

HC 3

                                

2HC 5

               meTilbenzoli (toluoli)               eTilbenzoli

xolo orCanacvlebuli aromatuli naerTebis dasaxelebisas benzolis naxSir-
badatomebi iseTi TanmimdevrobiT dainomreba, rom Sesabamisi cifrebis jami iyos 
minimaluri. Tu Camnacvlebeli sxvadasxva jgufia, dasaxeldeba qarTuli anbanis 
mixedviT. magaliTad, 

                 

1,2-dimeTilbenzoli    1,3-dimeTilbenzoli   3-eTil-1-meTilbenzoli

qimiuri Tvisebebidan ganvixiloT wva da hidrireba. benzoli iwvis Wvartliani 
aliT:

6 6 2 2 22C H 15O 12CO 6H O+ → +

hidrireba (wyalbadis mierTeba) ki  sakmaod rTul pirobebSi,  katalizatoris 
Tanaobisas, mimdinareobs da miiReba cikloheqsani:

+ 3H2
katalizatori

temperatura, wneva

benzoli da misi homologebi gamoiyeneba nedleulad wamlebis, saRebrebis, 
Sxamqimikatebis, plastmasebisa da mravali sxva organuli naerTis sinTezisaTvis. 
isini gamoiyeneba, agreTve, gamxsnelebad.
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  kiTxvebi da davalebebi:

1.	 gadaixazeT da SeavseT cxrili:

struqturuli formula molekuluri formula saxelwodeba

H3

C

C

2H5

H3

C

C

H3

H3

CH3C

C

H3

H3 CH3

C

C

H3

H3

C

C

2H5

CH3

5C2

CH

H

3

C2H5

2.	 SeadgineT toluolis wvisa da hidrirebis reaqciis tolobebi.
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2.11 	 naxSirwyalbadebis bunebrivi wyaroebi

naxSirwyalbadebis umniSvnelovanesi wyaroebia: bunebrivi da navTobis Tanmx-
lebi airi, navTobi, qvanaxSiri.

bunebrivi airi warmoadgens narevs, romlis ZiriTadi komponentia meTani. misi 
Semcveloba damokidebulia sabados adgilmdebareobaze da 80-97% farglebSi 
meryeobs. meTanTan erTad bunebrivi airis SedgenilobaSi ZiriTadad gvxvdeba 
eTani, propani da butani; mcire nawili modis SedarebiT maRalmolekulur al-
kanebze, azotze, naxSirbad(IV)-is oqsidsa da sxva nivTierebebze. rac ufro metia 
naxSirwyalbadis molekuluri masa, miT naklebia misi Semcveloba bunebriv airSi.

bunebrivi airi miwis qveS arsebul cariel adgilebSi _ qvabulebSi gvxvdeba.  
misi mopoveba da gamoyeneba pirvelad Cinelebma daiwyes daaxloebiT aTi sauku-
nis win da amisaTvis bambukisagan damzadebul milsadenebs iyenebdnen. sadReisod 
bunebrivi airi moipoveba specialuri teqnikuri saSualebebiT, romelTa gamoy-
enebiTac xdeba airis Segroveba, pirveladi gasufTaveba da transportireba (nax. 
2.26).

bunebrivi airi ZiriTadad sawvavad gamoiyeneba. igi, myar da Txevad sawvavTan 
SedarebiT, ufro iafia da, rac mTavaria, misi wvis produqtebi ekologiurad 
SedarebiT sufTaa. bunebriv airs, agreTve, qimiuri mrewvelobis mraval dargSi 
nedleulis mniSvnelovan wyarod iyeneben.

nax. 2.26. bunebrivi airis mopoveba.

navTobis Tanmxlebi airi navTobis sabadoebSi, navTobis Tavzea dagrovebuli, 
zogjer ki maRali wnevis moqmedebiT masSia gaxsnili. adre am airs iqve wvavdnen, 
magram amJamad agroveben da rogorc sawvavad, ise qimiur nedleulad iyeneben. 
navTobis Tanmxleb airSi meTani SedarebiT mcire raodenobiTaa, metia misi ho-
mologebi, ris gamoc am airisgan meti nivTierebis miRebaa SesaZlebeli.

racionaluri gamoyenebis mizniT, navTobis Tanmxleb airs fraqciebad yofen. 
Txevadi naxSirwyalbadebi (pentani, heqsani da sxv.) warmoqmnis e. w. `airis ben-
zins~, romelsac benzinSi amateben misi ukeT aalebisaTvis. Semdeg gamoyofen 
propan-butanis narevs, romelic `gaTxevadebuli airis~ saxiT sawvavad gamoiy-
eneba. bolos rCeba e. w. `mSrali airi~ – meTanisa da eTanis narevi, romelic ro-
gorc sawvavad, ise acetilenis, wyalbadisa da zogierTi sxva naerTis misaRebad 
gamoiyeneba.   

zogjer navTobis Tanmxlebi airidan gamoyofen individualur naxSirwyal-
badebs da maT safuZvelze mTel rig naerTTa sinTezs axorcieleben.

qvanaxSiri naxSirwyalbadebis kidev erTi bunebrivi wyaroa.  igi Savi feris 
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masaa, romelic warmoqmnilia dedamiwis wiaRSi mcenareul narCenebze mikroor-
ganizmebis moqmedebiT. uhaero sivrceSi mcenareuli biomasis bioqimiuri daSlis 
procesi Semdeg safexurebs moicavs: 

biomasa → torfi → mura naxSiri → qvanaxSiri → anTraciti (maRali sisuf-
Tavis qvanaxSiri).

am produqtebSi naxSirbadis Semcveloba 65-92%-s Seadgens. siTbos maqsimal-
uri raodenoba gamoiyofa anTracitis wvisas, minimaluri – mura naxSiris wvisas, 
xolo qvanaxSirs, siTbos warmoqmnis unaris mixedviT, Sualeduri adgili ukavia. 

qvanaxSiri specialur SaxtebSi moipoveba (nax. 2.27).

nax. 2.27. qvanaxSiri da misi mopoveba. saqarTveloSi qvanaxSiri moipoveba 
tyibulSi, tyvarCelsa da axalcixeSi.

naxSirwyalbadebis miReba SeiZleba qvanaxSiris koqsviT, e. i. maRal temper-
aturaze uhaerod gaxurebiT. qvanaxSiris dakoqsvis process warmoebaSi atare-
ben specialur sakoqsav RumelebSi 1000°C temperaturaze. am dros qvanaxSiris 
SedgenilobaSi Semavali rTuli nivTierebebi TandaTanobiT iSleba. sabolood 
warmoiqmneba oTxi ZiriTadi komponenti: koqsi, qvanaxSiris fisi, amiakiani wyali 
da koqsis airi.

koqsi naxSiris msgavsi nivTierebaa, iyeneben rogorc sawvavad, aseve metal-
urgiaSi foladis warmoebis procesSi. dakoqsvis Sedegad warmoqmnili aqroladi 
produqtebis gacivebiT miiReba qvanaxSiris fisi da amiakiani wyali. qvanaxSiris 
fisis fraqciuli gamoxdiT iReben sxvadasxva naxSirwyalbadsa da maT nawarmebs.

  kiTxvebi da davalebebi:

1.	 CamoTvaleT bunebrivi airis SedgenilobaSi arsebuli naerTebi. niv-
TierebaTa romel klass miekuTvneba TiToeuli maTgani?

2.	 ra upiratesoba aqvs bunebrivi airis sawvavad gamoyenebas sxva sawvavTan 
SedarebiT?

3.	 ra aris „gaTxevadebuli airi“, „mSrali airi“?
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2.12 	                navTobi

navTobi Txevadi naxSirwyalbadebis narevia, romelic mas-
Si gaxsnil myar da airad naxSirwyalbadebsac Seicavs. igi 
muqi feris, zeTiseburi, specifikuri sunis mqone siTxea (nax. 
2.28), wyalze odnav msubuqi da masSi praqtikulad uxsnadia. 
sxvadasxva sabadodan mopovebuli navTobis TvisebiTi da ra-
odenobrivi Sedgeniloba gansxvavebulia, magram yvela maTgani 
Seicavs alkanebs (ZiriTadad araganStoebuli aRnagobis), cik-
loalkanebsa da arenebs. naxSirwyalbadebis garda, navTobis 
SedgenilobaSi Sedis daaxloebiT 10% Jangbad-, gogird- da 
azotSemcveli organuli naerTebi. 

navTobis mopoveba da gadamuSaveba umniSvnelovanesi pro-
cesia (nax. 2.29). mTeli msoflios energetika da ekonomika 
mniSvnelovnad aris damokidebuli navTobis fasze. navTobi 
mudmivad warmoiqmneba okeanis fskerze, magram msoflioSi 
misi moxmareba gacilebiT metia, amitom mas milevad resursebs 
miakuTvneben, iseve rogorc bunebrivi airi da qvanaxSiri. 

nax. 2.29. navTobis mopoveba. 

navTobis gadamuSaveba
navTobis  gadamuSaveba aris procesi, romlis drosac 

naxSirwyalbadTa calkeuli fraqciebi miiReba. amisaTvis 
gamoxdis anu distilaciis meTods mimarTaven. sawarmoo 
masStabiT navTobs xdian specialur danadgarSi (nax. 2.30), 
romelsac sareqtifikacio sveti ewodeba

sareqtifikacio svetSi qveda mxridan Sedis daaxloe-
biT 350°C-mde gacxelebuli navTobis orTqli, romelic 
svetSi zeviT asvlisas TandaTan civdeba. am dros, rac 
ufro msubuqia naxSirwyalbadi, miT ufro maRla kon-
densirdeba da siTxis saxiT gamoiyofa. svetis sxvadasxva 
simaRleze gakeTebulia Semkrebi mowyobiloba, romelSic 
navTobis calkeuli fraqciebi grovdeba da svetidan gamo-
dis. nax. 2.31-ze mocemulia navTobis gamoxdis erT-erTi 
teqnologiuri sqema. amgvarad miiReba fraqciebi, romle-
bic gansazRvrul temperaturul intervalSi gamoixdeba. 
aqve unda aRiniSnos, rom sxvadasxva qveyanaSi navTobis fraqciebis temperatu-
ruli intervali gansxvavebulia. zogierT SemTxvevaSi gansxvavebaa fraqciebis 
saxelwodebebs Sorisac.

nax. 2.28.
nedli navTobi.

nax. 2.30. navTobis 
gamoxdis sawarmoo 

danadgarebi.
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sawvavi airi, C1−C4, <40°C

benzini, C5−C11, 40−200°C

ligroini (nafTa), C8−C14, 150−250°C

navTi, C12−C18, 180−300°C

gazoili, C14−C25, 275−350°C

gudroni, >C40, >450°C

mazuTi, C14−C35, >300°C

Rumeli

navTobi

sareqtifikacio 
sveti

nax. 2.31. navTobis fraqciuli gamoxdis teqnologiuri sqema. 

navTobis gamoxdisas, pirvel rigSi, gamoiyofa narevi airadi naxSirwyal-
badebisa (C1–C4), romelTa duRilis temperatura 40°C-s ar aRemateba. es narevi 
sawvavad gamoiyeneba.

amis Semdeg, 40–200°C temperaturul intervalSi miiReba yvelaze dabalmdu-
Rare fraqcia – benzini, romelic C5–C11 naxSirwyalbadebs Seicavs. am fraqciis 
Semdgomi gamoxdiT gamoyofen  petroleinis eTerisa (40–70°C) da benzinis (70–
200°C) qvefraqciebs. petroleinis eTeri gamoiyeneba gamxsnelad laq-saRebavebis 
warmoebaSi, qimwmendaSi (laqebis amosayvanad) da a. S. benzins ki saavtomobilo da 
saaviacio sawvavad iyeneben.  

Semdegi fraqciaa ligroini, romelsac nafTasac uwodeben. es fraqcia C8–C14 
naxSirwyalbadebs Seicavs da 150–250°C temperaturul intervalSi duRs. lig-
roini traqtorebis sawvavad gamoiyeneba.

fraqcias, romelic C12–C18 naxSirwyalbadebs Seicavs, navTs uwodeben. navTis 
fraqcia 180–300°C diapazonSi duRs. navTi didi xnis ganmavlobaSi yoveldRiur 
cxovrebaSi gamoiyeneboda, magaliTad, saWmlis mosamzadebel da gamaTbobel 
navTqurebSi, aseve navTis lamfebSi – gasanaTeblad.  amJamad is ZiriTadad reaq-
tiuli Zravebis sawvavad gamoiyeneba.

275°C-ze da ufro maRal temperaturaze ixdeba gazoilis fraqcia, romelic  
C14–C25 naxSirwyalbadebisagan Sedgeba. am fraqciisagan mzaddeba dizelis 
Zravebis sawvavi. 

navTobis gamoxdis Semdeg rCeba mazuTi – Savi feris blanti siTxe, romelsac 
saqvabe danadgarebSi sawvavad iyeneben. aseve SesaZlebelia mazuTis gamoxda Sem-
cirebul wnevaze, romlis drosac miiReba alkanebis sxvadasxva narevi, magali-
Tad, sacxeb-sapoxi saSualebebi, samanqano zeTi, vazelini, parafini da sxv. ma-
zuTis gamoxdis Semdeg rCeba gudroni, romelsac gadamuSavebis Semdeg sagzao 
mSeneblobaSi iyeneben.

  kiTxvebi da davalebebi:

rogorc gvaxsovs, fraqciuli gamoxdis teqnologias haeris komponen-
tebis gamosacalkevebladac iyeneben. SeadareT navTobisa da haeris 
fraqciuli gamoxdis teqnologiebi.



151

Tavi 2  navTobi da misi produqtebi, bunebrivi airi

2.13 	     garemos qimiuri dabinZureba

garemos qimiuri dabinZureba globaluri ekologiuri problemaa, romelic 
gamowveulia rogorc bunebrivi faqtorebiT (nax. 2.32),  aseve adamianis saqmiano-
biT, anu anTropogenuri faqtorebiT (nax. 2.33). 

bunebrivi movlenebi: vulkanebi, mtvriani qariSxlebi, tyis xanZrebi da sxva 
bunebrivi kataklizmebi xSirad imdenad masStaburia, rom garemos seriozul 
zians ayenebs. magaliTad, vulkanebis mier amofrqveuli ferfli, mtveri da to-
qsikuri nivTierebebi garemoSi ifanteba da savalalo Sedegebs iwvevs. cnobilia 
faqti, rodesac vulkanis amofrqvevis Sedegad ferflis nawilakebisgan warmo-
qmnilma `mSralma nislma~ TviTmfrinavebis frenac ki SezRuda. Tu gaviTval-
iswinebT, rom dedamiwaze 600-mde moqmedi vulkania, advili misaxvedria, rom 
maTi wili garemos dabinZurebaSi sakmaod didia.

nax. 2.32. bunebrivi kataklizmebi.

anTropogenuri faqtorebis garemoze zemoqmedeba dakavSirebulia sxvadasxva 
qimiuri naerTis warmoebasa da gamoyenebasTan. msoflioSi yovelwliurad aso-
biT milioni tona qimiuri produqti iwarmoeba, rac garemoSi toqsikuri damabi-
nZureblebis moxvedras ganapirobebs. 

nax. 2.33. anTropogenuri faqtorebis garemoze zemoqmedeba. 

garda warmoebisa, garemoSi toqsikuri naerTebis gabnevis mizezia adamianis 
yoveldRiuri saqmianobac. davakvirdeT, Tu ra raodenobiT movixmarT sayo-
facxovrebo qimiis saSualebebs (magaliTad, sarecx da sawmend fxvnilebsa da 
siTxeebs, maTeTreblebs, sadezinfeqcio xsnarebsa da sxv.), pesticidebs, SesafuT 
masalebs, navTobproduqtebs, medikamentebs, elementebs, akumulatorebs da a. S. 

sadReisod garemos qimiuri dabinZurebis masStabebma sagrZnoblad gadaaWarba 
bunebriv aRdgeniT procesebs, rac, pirvel rigSi, uaryofiTad aisaxeba cocxal 
organizmebze.

gavecnoT garemos mniSvnelovan damabinZureblebs.
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navTobi
navTobis mopoveba msoflio ekonomikisa da warmoebisaTvis umniSvnelovanesi 

procesia. mopovebisa da transportirebisas xSiria navTobis daRvris SemTxveve-
bi. fizikuri Tvisebebidan gamomdinare (wyalze msubuqi da masSi uxsnadia) nav-
Tobi wylis zedapirs afskis saxiT efineba da wylis binadrebs Jangbadis wyaros 
uxSobs. garda amisa, is uSualod ekvris cxovelebs sxeulis zedapirze (nax. 2.34). 

nax. 2.34. navTobiT dabinZureba da misi Sedegebi.

benzoli
benzoli da misi homologebi Zlier toqsikuri naerTebia. 1980 wlidan aSS-Si, 

did britaneTsa da evrokavSiris qveynebSi maRali toqsikurobis gamo benzolis  
warmoeba da gamoyeneba mkveTrad SeizRuda. benzoli 20 yvelaze saSiSi naerTis 
siaSi me-6 adgilzea toqsikurobisa da gavrcelebis jamuri efeqtiT. miuxedavad 
amisa, yovelwliurad milionamde tona benzoli iwarmoeba. amitom is erT-erT 
yvelaze problemur ekologiur damabinZureblad rCeba.

pesticidebi
pesticidebi mcenareTa mavneblebis sawinaaRmdego preparatebis saerTo sax-

elwodebaa (nax. 2.35). isini garemos yvelaze ufro gavrcelebuli damabinZure-
blebia. amJamad pesticidebs miekuTvneba 1000-ze meti naerTi, romlebic  qimiur 
nivTierebaTa sxvadasxva klass warmoadgens. pesticidebis uaRresad farTo mox-
mareba garemoSi maT masStabur gavrcelebas iwvevs. sxvadasxva pesticidiT dabi-
nZurebulia sasoflo-sameurneo savargulebis uzarmazari teritoriebi, grun-
tis wylebi, wyalsatevebi da a. S. pesticidebis Semadgeneli komponentebi umetes 
SemTxvevaSi uaRresad toqsikuri naerTebia, romlebic advilad xvdeba kvebiT 
jaWvSi da mravali daavadebis mizezi xdeba. am mxriv gansakuTrebiT saSiSia qlo-
ris Semcveli organuli naerTebi.

nax. 2.35. pesticidebi da maTi gamoyeneba.
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zedapirulad aqtiuri nivTierebebi 

zedapirulad aqtiuri nivTierebebi, romlebic Cven mier yoveldRiur cxovre-
baSi moxmarebul sarecx saSualebaTa ZiriTadi Semadgeneli nawilia, wylis qimi-
uri dabinZurebis yvelaze mniSvnelovan wyaros warmoadgens. igi amcirebs wylis 
zedapirul daWimulobas, rac qafis warmoqmnas aadvilebs, es ki wylis binadre-
bze Zalze negatiurad zemoqmedebs (nax. 2.36). 

nax. 2.36. zedapirulad aqtiuri nivTierebebis mimarT sayofacxovrebo da samrewvelo 
moTxovnileba Zalze didia. am naerTebis farTo gamoyenebam bevri samrewvelo qalaqis 

mdinareebsa da wyalsatevebSi qafis dagroveba gamoiwvia.

mZime metalebi

ekologiur qimiaSi mZime metalebs uwodeben iseT metalebs, romelTa sim-
kvrive 5 g/sm3-s aRemateba. adamiani samrewvelo saqmianobaSi aqtiurad iyenebs 
35 sxvadasxva metals, romelTagan 23 mZime metalia. es elementebi gansazRvru-
li, mcire raodenobiT cocxali organizmis aucilebel komponentebs warmoad-
gens, magram nebismieri maTganis Warbi koncentracia mwvave an qronikul mowam-
vlas iwvevs. sadReisod yvelaze mniSvnelovan ekologiur problemebs, tyviis, 
vercxliswylis, kadmiumis, qromisa da zogierTi sxva mZime metalis Semcveli 
naerTebis garemoSi moxvedra iwvevs. mZime metalebis Semcvel naerTebTan erTad, 
garemos mniSvnelovan damabinZureblebad ganixileba metaloidebis _ dariSxanisa 
da selenis Semcveli naerTebic.  

tyviis (Pb) naerTebiT garemos dabinZureba uSualo kavSirSia maT 
gamoyenebasTan. gansakuTrebiT didi raodenobiT tyvia garemoSi xvdeboda e. w. 
„eTilirebuli benzinis“ gamoyenebisas, rodesac benzins oqtanobis mosamateblad, 
tyviis naerTebs umatebdnen. tyviiT garemos dabinZurebas imdenad masStaburi 
xasiaTi hqonda, rom aseTi benzinis gamoyeneba bevr qveyanaSi aikrZala. garemoSi 
tyviis moxvedris wyaroa aseve tyviis Semcveli saRebavebi, romlebic farTod 
gamoiyeneboda, vidre tyviis toqsikurobaze gaamaxvilebdnen yuradRebas. 
sadReisod tyviiT garemos dabinZureba akumulatorebSi tyviis gamoyenebas 
ukavSirdeba. 



154

Tavi 2  navTobi da misi produqtebi, bunebrivi airi

dariSxani (As)  yvelaze toqsikuria im elementebs Soris, romlebsac adamiani 
Tavisi moRvaweobis sxvadasxva sferoSi iyenebs. dariSxanis yvela naerTi momwam-
lavia. gacxelebisas isini iSleba da dariSxanis momwamlavi orTqli gamoiyofa. 
dariSxani, rogorc metaloidi, gamoiyeneba naxevargamtarebis dasamzadeblad, 
amitom moipoveba da gadamuSavdeba didi raodenobiT. swored esaa dariSxanis 
Semcveli naerTebis garemoSi moxvedris mizezi.

haerSi moxvedrili zogierTi airadi nivTiereba, iseTic ki, romelic 
yovelTvisaa atmosferoSi, garkveuli koncentraciis zeviT saSiSi toqsikanti 
xdeba. kerZod, garemosaTvis seriozuli zaralis miyeneba SeuZlia naxSirbadis, 
gogirdisa da azotis oqsidebs, ozons, meTans, gogirdwyalbadsa da sxva airebs.

naxSirbadis monooqsidi (CO) naxSirbadSemcveli naerTebis arasruli wvis  
dros warmoiqmneba, erT-erTi yvelaze toqsikuri airadi damabinZurebelia. 
gavixsenoT, rom mas „mxuTav airs“ uwodeben, radgan sisxlis hemoglobins 
ukavSirdeba da Jangbadis ukmarisobas iwvevs. dResdReobiT atmosferoSi 
daaxloebiT 60 milioni tona naxSirbadis monooqsidia. 

CO-s anTropogenuri warmoqmna, upirveles yovlisa, sawvavis wvasTanaa 
dakavSirebuli. am mxriv avtomobili erT-erT pirvel adgilzea (nax. 2.46).

atmosferoSi, rogorc Ria sivrceSi, nivTierebebi swrafad gadaadgildeba 
da ganzavdeba, amitom avtomobilebis gamonabolqvSi Semavali CO haerSi saSiSi 
raodenobiT ar unda grovdebodes. miuxedavad amisa, zogierT pirobebSi CO-Ti 
haeris lokalurma dabinZurebam SeiZleba gansakuTrebiT saSiS zRvrebs miaRwios. 
es xdeba, magaliTad, didi qalaqebisa da avtomagistralebis Tavze, rodesac 
garemo pirobebis zemoqmedebiT haeris masebis gadaadgileba izRudeba. 

atmosferos sxva damabinZureblebs Semdeg paragrafSi gavecnobiT.

nax. 2.37. Sidawvis ZravebSi wvis optimaluri pirobebi mxolod garkveul  
samuSao reJimSi miiRweva, rodesac Zravis simZlavre daaxloebiT 75%-iT gamoiyeneba. 
CO-s gamoyofa am dros minimaluria. yvela danarCen SemTxvevaSi, gansakuTrebiT ki  

axladamuSavebuli Zravis gamonabolqvSi, CO-s Semcveloba maRalia. am dros 
SesaZlebelia gamoiyos azotis monooqsidic (NO). yovelive zemoT aRniSnuli aucile-

blad unda gaiTvaliswinos yvela mZRolma.
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2.14 	    qimiuri dabinZurebiT gamowveuli  

                   ekologiuri problemebi

saTburis efeqti

miuxedavad imisa, rom naxSirorJangi (CO2) haeris SedgenilobaSi Sedis da 
adamianisTvis toqsikur airs ar warmoadgens, haerSi misi koncentraciis zrda 
saSiSia, radgan is mwvave ekologiur problemas _ „saTburis efeqts“ iwvevs. am 
problemas me-8 klasSi ukve gavecaniT. gavixsenoT, rom atmosferoSi arsebuli 
CO2, rogorc saTburis mina, mzis sxivebisgan miRebul energias dedamiwaze 
akavebs. atmosferoSi naxSirorJangis maRali raodenobiT dagrovebis SemTxvevaSi 
am procesma SeiZleba iseTi masStabi miiRos, rom planetis siTburi balansi 
dairRves da dedamiwa marTlac saTburs daemsgavsos, rasac klimatis Secvla, 
globaluri daTboba da amasTan dakavSirebuli savalalo Sedegebi mohyveba.

ozonis Sris gamofitva
gavixsenoT, rom ozonis Sre dedamiwaze arsebul cocxal organizmebs mzis 

ultraiisferi gamosxivebis mavne zemoqmedebisagan icavs. ozonis Sris gamofitva 
erT-erTi mwvave ekologiuri problemaa, romelic atmosferos qimiuri dabi-
nZurebiT, magaliTad, halogenebis Semcveli organuli naerTebiTaa gamowveu-
li. es nivTierebebi gamoiyeneba macivar-danadgarebSi, dezodorantebSi, cecx-
lmaqrebSi, mcenareTa dacvis saSualebebSi  da sxv. iTvleba rom TiTo aseTi 
molekula 100 000-mde ozonis molekulas Slis. 

mJava wvimebi
mJava wvimebi Tanamedroveobis umwvavesi ekologiuri problemaa, Tumca axali 

ar aris. amas mowmobs faqti, rom termini „mJava wvima~ pirvelad r. smitma 1872 
wels gamoiyena. 

unda aRiniSnos, rom bunebrivi wvima Tavadac susti mJava reaqciisaa, masSi 
gaxsnili naxSirorJangis gamo: 

magram bunebriv wvimasTan SedarebiT, mJava wvima 1000-jer ufro mJava bunebi-
saa. amitom naxSirorJangi mJava wvimebis warmomqmnel airad ar iTvleba.

mJava wvimebis warmoqmnis ZiriTadi wyaro aris wiaRiseuli sawvavis gamoyeneba 
avtomobilebsa da TboeleqtrosadgurebSi. am dros sawvavis  SedgenilobaSi min-
arevis saxiT arsebuli gogirdis naerTebidan gogirdis dioqsidi warmoiqmneba. 
pirobiTad es procesi SeiZleba ase gamovsaxoT:

2 2S O SO+ →

warmoqmnili SO2 wvimis wyalSi gaxsnisas sust mJavas _ gogirdovan mJavas 
warmoqmnis:

garda amisa, haeris JangbadTan urTierTqmedebisas gogirdis dioqsidi gogir-
dis trioqsidSi gadadis:



156

Tavi 2  navTobi da misi produqtebi, bunebrivi airi

miuxedavad imisa, rom es ukanaskneli reaqcia Seqcevadia, mcire raodenobiT 
warmoqmnili SO3 Tavis mxriv Sedis wvimis wyalTan reaqciaSi da miiReba Zlieri 
mJava – gogirdmJava: 

a Tx wy+ → 43 2 2SO H O SOH( ) ( ) ( )

dadgenilia, rom mJava wvimebis 60-70% gogirdis dioqsidiT aris gamowveuli. 
Tumca am saxis naleqebis warmoqmnaSi aseve monawileobs azotis dioqsidi (NO2), 
romelic, Tavis mxriv, azotovan mJavasa (HNO2) da azotmJavas (HNO3)  wyaroa. 

mJava wvimebi azianebs kirqvisa da marmarilos nagebobebs, gansakuTrebiT did 
safrTxes uqmnis mcenareul safars (nax. 2.38), iwvevs organuli masalebis _ tya-
vis, qaRaldis, qsovilebis, rezinisa da saRebavebis daSlas.

nax. 2.38. mJava wvimebis Sedegebi.

mJava wvimebi mniSvnelovnad aZlierebs metalTa korozias, romlis arssac 
me-8 klasSi gavecaniT. rogorc gvaxsovs, metalis nakeTobebs sxadasxva meTodiT 
icaven. magaliTad, SeRebviT, koroziisadmi mdgradi metaliT dafarviT da sxv.

garda amisa, erT-erTi efeqturi meTodia e. w. „proteqtoruli dacva“ _ meta-
lis koroziisagan dacva ufro aqtiuri metalis saSualebiT. misi arsi Semdegia: 
Tu ori metali erTmaneTs exeba, maSin tenian garemoSi korozias ganicdis is met-
ali, romelic ufro aqtiuria (anu metalTa aqtiurobis mwkrivSi ufro marcxniv 
mdebareobs), xolo meore naklebad ziandeba. magaliTad, Tu rkinis milsadens 
kontaqti eqneba aluminis naWerTan, maSin rkina naklebad ganicdis korozias  
(nax. 2.39). 

amave mizeziT, garemoSi arsebul aluminis konsutruqciaSi dauSvebelia masze 
naklebad aqtiuri metalis, magaliTad, spilenZis gamoyeneba, radgan es aluminis 
korozias daaCqarebs da nakeToba daziandeba. 

nax. 2.39. aluminis naWrebi, romlebsac rkinis milebze amagreben koroziisagan 
proteqtoruli dacvis mizniT.
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 qimia da mdgradi ganviTareba

adamianis moRvaweobam, industrializaciisa da urbanizaciis ganviTarebam  
globaluri ekologiuri problemebi warmoSva, romelTa masStaburoba 
kacobriobis momavals riskis qveS ayenebs. aqedan gamomdinare, adamianma 
awmyos moTxovnebis dasakmayofileblad ekonomikis ganviTarebisa da bunebrivi 
resursebis aTvisebis iseT gzebs unda mimarTos, rom amiT momavali Taobebi ar 
daazaralos. am Tvalsazriss mdgradi ganviTarebis koncefcia ewodeba.

mdgradi ganviTareba ekonomikur, socialur da ekologiur mimarTulebebs 
moicavs. 

ekonomikur nawils miekuTvneba milevadi resursebis (navTobi, bunebrivi airi, 
qvanaxSiri, madneuli da sxv.) maqsimalurad racionalurad xarjva da energiis 
damzogavi an alternatiuli wyaroebis (wyalbadi, mzis energia, qaris energia, 
Termuli wylebi da sxv.) moZieba da maTi ekonomikurad gamarTlebuli marTva. 

ekologiuri TvalsazrisiT umniSvnelovanesia biosferos damabinZurebeli 
nivTierebebisa da masalebis raodenobis Semcireba, ozonis xvrelis, „saTburis 
efeqtisa“ da mJava wvimebis problemebis mogvareba. aseTive RonisZiebebia 
sayofacxovrebo da sawarmoo narCenebis Semcireba  utilizaciisa da gadamuSavebis 
meSveobiT da qimiuri teqnologiebis imgvari ganviTareba, romelic garemos 
daicavs da resursebs dazogavs.

mdgradi ganviTarebis koncefciis gamoZaxilia qimiis axali mimarTuleba _ 
mwvane qimia, romelic gasuli saukunis 90-ian wlebSi Camoyalibda. mwvane qimiis 
mizania iseTi teqnologiebis Seqmna, romlebic qimiur warmoebas ekologiurad 
usafrTxos gaxdis da, amavdroulad, ekonomikurad momgebiani iqneba. 

mwvane qimiis koncefcia 12 ZiriTad princips moicavs (nax. 2.40). 

dabinZurebis 
kontroli

efeqturi kata
lizatorebi

naklebi Tana
produqtebi

usafrTxo 
gamxsnelebi

mwvane qimia
energo-

efeqtianoba

ganaxlebadi 
resursebi

biodegradire
badi naerTebi

avariebis 
Semcireba

usafrTxo 
produqtebi

usafrTxo 
warmoeba

racionaluri 
sinTezi

unarCeno 
warmoeba

nax. 2.40. mwvane qimiis 12 ZiriTadi principi.

•	 unarCeno warmoeba _ warmoebis iseTi sistemis Seqmna, romelsac narCenebis 
warmoqmna ar axlavs Tan. am principis mixedviT, narCenebis marTvis yvelaze 
efeqturi meTodi maTi warmoqmnis Tavidan acilebaa.

•	 racionaluri sinTezi _ sinTezis procesis imgvarad dagegmva, rom aRebuli 
reagentebi maqsimalurad srulad gardaiqmnas samizne produqtad. am prin-
cips atomTa ekonomiur gamoyenebasac uwodeben.

•	 usafrTxo warmoeba _ qimiuri sinTezis iseTi proceduris SemuSaveba, rom-
lis drosac ar gamoiyofa adamianis janmrTelobisa da garemosaTvis mavne 
nivTierebebi.
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•	 usafrTxo naerTebi _ garemosa da adamianis janmrTelobisaTvis saziano 
produqtebis Canacvleba SedarebiT usafrTxo nivTierebebiT, romlebic 
imave funqcias SeiTavsebs. 

•	 usafrTxo gamxsnelebi _ sadReisod qimiur sinTezSi gamoyenebuli gamxs-
nelebi garemos saSiS damabinZureblebs miekuTvneba, amitom saWiroa maqsi-
malurad Semcirdes maTi gamoyeneba, an Canacvldes SedarebiT usafrTxo,  
e.w. „mwvane gamxsnelebiT“.

•	 energoefeqturoba _ zogierTi reaqciis ganxorcielebas esaWiroeba maRa-
li wneva da temperatura, rac didi raodenobiT energiis xarjvas moiTxovs. 
amitom SeZlebisdagvarad unda Semcirdes msgavsi procesebis saWiroeba. es, 
Tavis mxriv, Seamcirebs rogorc energiis xarjebs, aseve naxSirorJangisa da 
wvis sxva produqtebis garemoSi gamoyofas. 

•	 ganaxlebadi resursebi _ warmoebis procesSi gamoyenebuli resursebi sa-
survelia iyos ganaxlebadi, produqtebi da narCenebi ki _ gadamuSavebadi. 
amrigad, Tu raime saxis narCeni warmoiqmneba, misi sxva saxis warmoebaSi 
CarTva iqneba SesaZlebeli.

•	 naklebi Tanaproduqtebi _ organuli nivTierebebis sinTezis procesSi, 
xSirad samizne produqtTan erTad warmoiqmneba sxva nivTierebebic, rom-
lebsac Tanaproduqtebs vuwodebT. mwvane qimiis principia, procesi ise 
daigegmos, rom maqsimalurad aviridoT Tavidan Tanaproduqtebis warmo-
qmna. es, Tavis mxriv, narCenebis warmoqmnasac Seamcirebs.

•	 efeqturi katalizatorebi _ rogorc viciT, katalizatorebi iseTi niv-
Tierebebia, romlebic cvlis qimiuri reaqciis mimdinareobis siCqares, Tum-
ca, Tavad ar ixarjeba. yovelTvis umjobesia, rom reaqcia mimdinareobdes 
katalizatoris gamoyenebiT. am SemTxvevaSi procesi energoefeqturi iqneba.

•	 biodegradirebadi naerTebi _ mwvane qimiis principia iseTi naerTebis miRe-
ba, romlebic Tavisi funqciis Sesrulebis Semdeg daiSleba garemosa da 
adamianisaTvis uvnebel nivTierebebad. 

•	 dabinZurebis kontroli _ unda SemuSavdes kontrolis iseTi sistema, ro-
melic momentalurad daafiqsirebs dabinZurebas, vidre savalalo Sedegs 
miviRebdeT. 

•	 avariebis Semcireba _ unda SemuSavdes warmoebis iseTi meTodebi, romlebic 
maqsimalurad amcirebs potenciuri xanZrebis, afeTqebebis da, zogadad, 
riskebis albaTobas. 

mwvane qimiis principebis realizaciis erT-erTi TvalsaCino magaliTia 
ZmarmJavas sinTezis axali teqnologia, romelic dafuZnebulia meTanolsa da 
naxSirbad(II)-is oqsids Soris mimdinare reaqcize:

3 3CH OH CO CH COOH+ →katal.

am reaqciisaTvis SerCeulia iseTi katalizatori, romelic, garda imisa, 
rom produqtis udanakargod miRebas uzrunvelyofs, saerTod ar warmoqmnis 
narCenebs da energiis minimalur xarjebs moiTxovs.  

amJamad mwvane qimiis ganviTareba xorcieldeba energiis ganaxlebadi 
wyaroebis moZiebis, tradiciulad gamoyenebuli organuli gamxsnelebis 
Canacvlebis, biodegradirebadi polimerebis Seqmnisa da sxva mimarTulebebiT. 
Zalian perspeqtiulia aseve bioteqnologiuri midgomebis SemuSaveba, romelTa 
principia qimiuri reaqciis gansaxorcieleblad mikroorganizmebisa da maTi 
fermentebis gamoyeneba.
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 benzinis detonaciuri medegoba

benzinis erT-erTi mniSvnelovani maxasiaTebelia detonaciuri medegoba. det-
onacia sawvavisa da haeris narevis SekumSvisas TviTafeTqebas niSnavs.

rac ufro Zlieri SekumSvis unari aqvs benzinis orTqlisa da haeris narevs, 
miT metia benzinis detonaciuri medegoba.

Zravis normaluri muSaobisaTvis cilindrSi moxvedrili benzinisa da haeris 
narevi SekumSvisas TavisiT, naperwklis gareSe ar unda afeTqdes. winaaRmdeg 
SemTxvevaSi Zravis muSaobis efeqturoba mcirdeba da  misi detalebi ziandeba. 
amitom, rac metia sawvavis detonaciuri medegoba, miT met simZlavres ganaviTa-
rebs Zrava. 

detonaciisadmi yvelaze naklebi medegoba aqvs araganStoebul alkanebs,  xo
lo meti _ ganStoebul alkanebs, cikloalkanebsa da arenebs. benzinis detona
ciur medegobas afaseben e.  w. „oqtanuri ricxviT“ anu „oqtanobiT“. amisaTvis 
benzinis nimuSs adareben izooqtanisa da n-heptanis standartul narevebs. 
magaliTad, Tu benzinis detonaciuri medegoba iseTivea, rogoric aqvs 98% 
izooqtanisa da 2% n-heptanis Semcvel narevs, maSin am benzinis oqtanuri ricxvia 
98. benzinis marka swored oqtanuri ricxvis mixedviT ganisazRvreba, magaliTad, 
„regularis“ markis benzinis oqtanoba aranakleb 92 unda iyos, „premiumis“ _ 95, 
xolo “superis” _ 98 (nax. 2.41).

nax. 2.41. benzinis markebi.

avtoinJinrebi manqanis Zravis Seqmnisas gaTvlas romelime konkretuli 
oqtanobis benzinze akeTeben. xSirad rekomendebuli sawvavis marka avtomanqanis 
benzinis avzis Casasxmel yelTan aris miTiTebuli.
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 plastmasis nairsaxeobebi

plastmasis saidentifikacio kodi

kodi plastmasis tipi magaliTebi
gada-

muSavebadi

PETE

polieTilen-
tereftalati

sasmeli da miner-
aluri wylebisa  da 
gamagrilebeli  sas-
melebis boTlebi.

HDPE

maRali sim-
kvrivis poli-

eTileni

rZis produqciis, 
Sampunebisa da ze-

Tis boTlebi. rZe

PVC

polivinil
qloridi

sarecxi saSuale-
bebis konteinerebi, 

milebi.

LDPE

dabali sim-
kvrivis poli-

eTileni

produqtebis 
SesafuTi, boTlebi 
aragazirebuli sas-

melebisaTvis.

PP
polipropileni

iogurtis, saweblis 
konteinerebi.

PS
polistireni

erTjeradi moxma
rebis WurWeli.

sxva
sxva plastmasa

wylis didi mocu-
lobis boTlebi, 

diskebi.

biodegradire-
badi plastmasa

bioplastmasis boT-
lebi.
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 ganvlili masalis Sejameba

darwmundiT, rom iciT:

•	 elementi naxSirbadi warmoqmnis naerTTa mravalmilionian nairsaxeobas, 
romelTagan umravlesoba organul naerTebs warmoadgens da mxolod  mcire 
nawili – araorganuls.

•	 organul naerTTa mravalferovnebas ganapirobebs naxSirbadatomis unari, 
naerTebSi daukavSirdes sxva naxSirbadatomebs da sxvadasxva sigrZis jaWvi 
warmoqmnas.

•	 bevri organuli naerTi erTi da imave Sedgenilobisaa, magram erTmaneTisagan 
aRnagobiT gansxvavdeba, am movlenas izomeria ewodeba.

•	 organuli naerTebis SedgenilobaSi Semavali elementebis atomebi erTmaneTs 
gansazRvruli TanmimdevrobebiT, maTi valentobebis Sesabamisad ukavSirdeba.

•	 organul naerTebSi naxSirbadi yovelTvis oTxvalentiania da sxva atomebs 
ZiriTadad kovalenturad, saziaro eleqtronuli wyvilis warmoqmniT ukavSirdeba.

•	 organuli naerTebis Tvisebebi damokidebulia aramarto maTi molekulebis 
Sedgenilobaze, aramed molekulaSi atomTa SeerTebis Tanamimdevrobazec.

•	 organul naerTTa umartivesi klasi aris naxSirwyalbadebi _ naxSirbadisa da 
wyalbadis naerTebi.

•	 naxSirwyalbadebi calkeul klasebad iyofa. asxvaveben najer, ujer da aromatul 
naxSirwyalbadebs.

•	 alkanebi naxSirwyalbadebia, romelTa molekulebSi naxSirbadatomebi erTmaneTTan 
dakavSirebulia erTmagi bmebiT. maTi zogadi formulaa CnH2n+2.

•	 najeri naxSirwyalbadebi qmnis alkanebis homologiur rigs, romelic msgavsi 
qimiuri Tvisebebis mqone naerTebis gaerTianebas warmoadgens.

•	 alkanebis  homologiur rigSi molekuluri masis zrdasTan erTad izrdeba lRobisa 
da duRilis temperatura. rigis pirveli oTxi wevri oTaxis temperaturaze 
airadia, momdevno wevrebi (me-5-dan me-16-mde) _ Txevadi, xolo ufro meti masis 
mqone alkanebi _ myari nivTierebebia.

•	 ujer naxSirwyalbadebSi  gvxvdeba erTmaneTTan ormagi an sammagi bmiT 
dakavSirebuli naxSirbadatomebi. ormagi bmis Semcvel naxSirwyalbadebs alkenebs 
uwodeben, sammagbmians ki _ alkinebs. alkenebis zogadi formulaa CnH2n, xolo 
alkinebis _ CnH2n-2.

•	 najer naxSirwyalbadebTan SedarebiT, ujeri naxSirwyalbadebi ufro reaqciis 
unariania, rac jeradi bmis TvisebebiT aris ganpirobebuli. 

•	 polimeri aris uzarmazari molekula, romelic erTmaneTTan qimiurad dakavSire-
bul atomTa erTnair jgufebs Seicavs. misi molekuluri masa Zalian didia _ is 
zogjer ramdenime milions aRwevs. 

•	 maRalmolekulur naerTebs, romlebic bunebaSia gavrcelebuli, bunebriv poli-
merebs anu biopolimerebs uwodeben. biopolimerebs miekuTvneba cilebi, naxSir-
wylebi da nukleinis mJavebi.

•	 ciklur naxSirwyalbadebs, romelTa zogadi formulaa CnH2n-6, aromatul 
naxSirwyalbadebs anu arenebs uwodeben. maTi umartivesi warmomadgenelia 
benzoli, romlis formulaa C6H6.

•	 naxSirwyalbadebis umniSvnelovanesi wyaroebia: bunebrivi da navTobis Tanmxlebi 
airi, navTobi, qvanaxSiri.

•	 navTobi Txevadi naxSirwyalbadebis narevia, romelic masSi gaxsnil myar da airad 
naxSirwyalbadebsac Seicavs. igi muqi feris, zeTiseburi, specifikuri sunis mqone 
siTxea, wyalze odnav msubuqi da masSi praqtikulad uxsnadia.
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 Semajamebeli savarjiSoebi

1.	 CamoTvlilTagan romeli miekuTvneba naerTTa imave klass, romelsac C3H8?
a) CH4	 	 b) C4H8			  g) C5H8		 d) C5H10

2.	 oTxi naxSirbadatomis Semcveli alkanis formulaa:

a) C4H10	 	 b) C4H8			  g) C4H6		 d) C4H4

3.	 suraTze mocemulia A, B, C da D naxSirwyalbadebi.

A B

CC C

H

H

H

H

H

H

H

H C C C

H

H

H

H

H

H

H

C

H

H

H

C D

H C

C C C

H

H

H

H H

H

H

H

H

C

H

H
C C

H

H

H

H

a) daasaxeleT naxSirwyalbadi A;

b) dawereT naxSirwyalbad B-s molekuluri formula;

g) romeli naxSirwyalbadebi warmoadgens erT homologiur rigs?

d) romelia ujeri naxSirwyalbadi? dawereT misi saxelwodeba.

e) daasaxeleT erTi Tviseba, romelic ganasxvavebs ujer naxSirwyalbadebs 
najerisagan.

4.	 moswavles evaleboda daesaxelebina organuli naerTebi. man dasaxelebebi 
Seadgina Semdegnairad:

a) 1,2-dimeTilbutani;

b) 1,2,3-trimeTilpropani;

g) 1-meTil-2,2-dimeTilpropani.

ra Secdoma dauSva moswavlem? dawereT Sesabamisi organuli naerTebis swori 
dasaxelebebi. 
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5.	 romeli debulebaa swori alkanebis homologiuri rigis daxasiaTebisas?  

I. maT aqvT msgavsi qimiuri Tvisebebi;

II. maTi zogadi formulaa CnH2n+2;

III. homologebi erTmaneTisgan gansxvavdeba erTi an ramdenime -CH2 jgufiT.

a) I da III		  b) II da III	 g) mxolod III	   d) samive debuleba marTebulia.

6.	 dawereT mocemul organul naerTTa struqturuli formulebi. romel maT-
gans axasiaTebs cis _ trans izomeria?

a) 2,3-dimeTilpent-2-eni			   b) 3,4-dimeTilpent-2-eni

g) 1,2,3-trimeTilciklopropani		  d) 1,2,3-trimeTilciklobutani

7.	 mocemulia eTanis wvis reaqciis arasruli toloba:

2 6 2 22C H 7O 4CO 6 ___+ +→

qvemoT CamoTvlilTagan romelia gamotovebuli produqtis formula?

a) H2		  b) H2O			  g) CH4	 		  d) C2H2

8.	 grafikze mocemulia alkanebis, kerZod, pentanis (C5H12), heqsanis (C6H14), 
heptanisa (C7H16) da nonanis (C9H20) duRilis temperaturis molur masaze 
damokidebuleba (wneva _ 1 atm).
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a) oqtanis (C8H18) moluri masaa 114 g/moli. grafikis mixedviT, ras udris 
oqtanis duRilis temperatura imave pirobebSi?

b) rogori damokidebulebaa naxSirwyalbadebis duRilis temperaturasa da 
molur masas Soris?

9.	 eTeni (eTileni) aris qimiuri mrewvelobisaTvis erT-erTi mniSvnelovani or-
ganuli nivTiereba. weliwadSi milionobiT tona eTileni iwarmoeba da ZiriTa-
dad gamoiyeneba sinTezuri boWkosa da  polieTilenis warmoebaSi.

a) dawereT eTenis (eTilenis) molekuluri da struqturuli formula;

b) dawereT reaqcia, romliTac eTilenidan miiReba polieTileni;

g) daasaxeleT ori samomxmareblo produqti, romlebSic gamoiyeneba polie-
Tileni.
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10.	mocemulia erT-erTi polimeri:

C C

H

H CH3

H

C C

H

H CH3

H

C C

H

H CH
3

H

C C

H

H CH3

H

C C

H

H CH3

H

C C

H

H CH3

H

a) gamoyaviT ganmeorebadi rgoli;

b) dawereT Sesabamisi monomeri da daasaxeleT;

g) dawereT polimerizaciis reaqcia, romliTac aRniSnuli polimeri miiReba.

11.	bunebrivi airi da qvanaxSiri aris ori sxvadasxva saxis sawvavi, romlebic wvi-
sas gamoyofs energias. bunebrivi airi Sedgeba daaxloebiT 80% meTanis, 10% 
eTanis, 4% propanis, 2% butanisa da sxva komponentebisgan. qvanaxSiris daax-
loebiT 50%-s Seadgens naxSirbadi, darCenil nawilSi naerTebis saxiT Sedis 
elementi wyalbadi, gogirdi, azoti da sxva. 

a) organul naerTTa romel klass miekuTvneba bunebrivi airis Semadgeneli 
ZiriTadi komponentebi?

b) dawereT butanis formula;

g) qvanaxSiris wvis procesSi, garda naxSirorJangisa, warmoiqmneba sxvadasxva 
airi. daasaxeleT erTi airi, romlis gamoyofac iwvevs mJava wvimebis warmoqm-
nas da dawereT am airis wyalTan urTierTqmedebis reaqciis toloba.

12.	manqanis ZravSi benzinis wvisas warmoiqmneba sxvadasxva nivTiereba. CamoTv-
lilTagan romeli uwyobs xels mJava wvimebis formirebas?

a) naxSirorJangi			  b) naxSirbadis monooqsidi
g) azotis oqsidebi		  d) wyali

13.	CamoTvlili meTodebidan romeli gamoiyeneba navTobidan sxvadasxva fraqciis 
misaRebad? 

a) filtracia			   b) kristalizacia
g) qromatografia		  d) gamoxda 

14.	eTanoli (samedicino spirti, Rvinis spirti) miiReba glukozis fermentaciiT, 
Semdegi tolobis mixedviT:

↑+→6 12 6 2 5 2C H O 2C H OH 2CO  

a)  ramdeni grami eTanoli gamoiyofa 36 grami glukozis fermentaciiT?
b)  ra moculobis (n. p.) naxSirorJangi miiReba 36 grami glukozis daSliT?
g) eTanolis miReba aseve SesaZlebelia eTenidan (C2H4). organul naerTTa 
romel klass miekuTvneba eTeni?

15.	buteni da oqteni homologebs warmoadgens. romeli debulebaa marTebuli 
maTTvis?

a) maT aqvT erTnairi duRilis temperatura;
b) isini Seicavs wyalbadatomTa erTsa da imave ricxvs;
g) maT aqvT erTi da igive moluri masa;
d) isini erTmaneTisgan gasxvavdeba ramdenime -CH2 

jgufiT.
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16.	suraTze mocemulia navTobis fraqciebad dayofis sqema:

X

Y

Z

benzini

ligroininavTobi

romeli fraqciebi Seesabameba X-s, Y-sa da Z-s:

X Y Z
a) Tanmxlebi airebi mazuTi navTi

b) Tanmxlebi airebi navTi mazuTi

g) navTi Tanmxlebi airebi mazuTi

d) mazuTi Tanmxlebi airebi navTi

17.	romeli organuli naerTis molekulas asaxavs mocemuli burTulRerovani 
modeli?

a) propanis

b) pentanis 

g) oqtanis

d) izobutanis

18.	bunebrivi airis ZiriTadi Semadgeneli komponentia:

a) eTani		  b) propani		  g) meTani		  d) butani

19.	romel rigSia mocemuli myari saTbobis magaliTebi?

a) torfi, navTobi, qvanaxSiri;		 b) mura naxSiri, qvanaxSiri, wyalairi;
g) antraciti, qvanaxSiri, navTobi;	 d) torfi, antraciti, qvanaxSiri.

20.	romel rigSia mocemuli mxolod alkanebi:

a) C2H4; C2H2; C2H6.		  b) C4H10; C2H4; C2H6.	
g) C3H6; C2H4; C2H6.		  d) C3H8; C2H6; C4H10.

21.	meTanis sruli wvis produqtebia:

a) CO2 da H2O		  b) CO da H2O		 g)  C da H2O		  d) CO2 da H2
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22.	eTilenis struqturi formulaa:

C C

H

H H

H

CamoTvlili organuli naerTebidan romeli xasiaTdeba eTilenis msgavsi qi-
miuri TvisebebiT?

a) C
C

H

H

H
C

H

H
H

b) C C

H

H

H

H

H

H

g) C C

H

H

H

H

C

H

H

H

H

d) C C

H

H

H

H

O

H

H

23.	CamoTvlilTagan romelia alkanis molekula?

a) C2H4		  b) C4H8			  g) C4H10		  d) C5H10

24.	mocemuli reaqciebidan romeli gamosaxavs meTanis arasrul wvas?

a) CH4 + 2O2 → CO2 + 2H2O		  b) CH4 + O2 → C + 2H2O
g) CH4 + O2 → C + 2H2			   d) 2CH4 + 4O2 → 2CO2 + 4H2O

25.	suraTze mocemuli xelsawyo gamoiyenes ucnobi X airis gansazRvrisTvis:

airi X

bromiani 
xsnari

sinjaraSi airis gatarebis Semdeg bromiani xsnari ar gauferulda. romeli 
airi SeiZleba iyos X?

a) C2H4             b) C2H2             g) C2H6             d) C3H6

26.	moswavlem reaqciis Sedegad miiRo ori produqti: A da B

C C

H

H

H

H

H

C

H

C

H

H

H

H

C C

H

H

HC

H

H

H+R

                                                       A                                         B

man gaakeTa Semdegi daskvnebi:

1. A nivTiereba ujeria;
2. B gaauferulebs bromian xsnars;
3. R molekula Seicavs naxSirbadis 7 atoms. 

moswavlis mier gakeTebuli daskvnebidan romelia swori?

a) 1 da 3;		  b) 1 da 2;		  g) 2 da 3;		  d) yvela sworia.
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27.	organul naerTTa romel klass miekuTvneba sqemaze gamosaxuli nivTiereba:

naxSirbadi

Jangbadi

wyalbadi

a) aldehidi		  b) spirti		  g) ketoni		  d) eTeri

28.	 romeli funqciuri jgufia Semoxazuli naerTSi?

O

CH3

CH

O CH3

C O CH

a) esteris		 b) spirtis		  g) aldehidis		 d) karbonmJavasi

29.	ramdeni molia 1.8·1022 molekula meTani?

a) 0.003 moli	   b) 0.030 moli	  g) 0.30 moli		 d) 3 moli

30.	moswavleebma Caatares analizi haeris nimuSisa, romelic aRebuli iyo qalaqSi 
transportiT yvelaze gadatvirTuli adgilidan. nimuSSi aRmoCnda Semdegi 
airebi:

naxSirbad(IV)-is oqsidi, naxSirbad(II)-is oqsidi, meTani, azoti, azot(IV)-is oq-
sidi, Jangbadi, gogird(IV)-is oqsidi.

a) romeli ori airi uwyobs xels „saTburis efeqts“?

b) romeli ori airia mJava wvimebis gamomwvevi?

31.	gamoTvaleT naxSirbadis monooqsidis moculoba (n. p.), romelic gamoiyofa 
3.2 g meTanis arasruli wvis dros:

4 2 22CH 3O 2CO 4H O+ → +

32.	bunebrivi airis erT-erTi komponentia eTani. 

a) SeadgineT eTanis sruli da arasruli wvis reaqciis tolobebi;
b) arasruli wvis romeli produqtia gansakuTrebiT saSiSi da ratom? 

33.	tbebsa da wyalsacavebSi mJava wvimebi  pH-s amcirebs, ramac droTa ganmavloba-
Si, SesaZloa, gamoiwvios wyalSi arsebuli cocxali organizmebis daRupva. 
magaliTad, pH-is umniSvnelo cvlilebac ki gavlenas axdens Tevzebis norm-
alur sasicocxlo procesebze, iwvevs maT gadagvarebas da gamravlebis unari-
anobis Semcirebas.
bunebaSi wylis pH-is cvlileba umetesad mJava wvimebis gamo xdeba. mJava 
wvimebis warmoqmna ZiriTadad gamowveulia airebiT, romlebic sawvavis wvis 
procesSi gamoiyofa. erT-erTi aseTi airia gogirdis dioqsidi.
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a) SeadgineT reaqciaTa tolobebi, romlebic gogirdis dioqsidis warmoqmnas 
da misgan mJavas formirebas asaxavs.

b) rogor SeiZleba Semcirdes mJava wvimebis warmoqmna? 

34.	carcis (kalciumis karbonatis _ 3CaCO  _ erT-er-
Ti forma) natexze mJavas moqmedebis Sesaswavlad 
moswavlem laboratoriaSi Caatara Semdegi eqsperi-
menti: 

sami erTnairi zomis carcis natexi moaTavsa sam sin-
jaraSi (A, B da C). 
1) A sinjaras daamata marilmJava; 
2) B sinjaras daamata imave moculobis wyali da mas-
Si miliT Cabera amonasunTqi haeri; 
3) C sinjaras daamata imave moculobis wyali. 

meore dRes moswavle daakvirda eqsperimentis Sede-
gebs da isini cxrilSi Seitana:

sinjara dakvirvebis Sedegebi

A carci srulad aris gaxsnili.

B carcis natexis zoma mcirediT Semcirebulia.

C cvlileba ar SeiniSneba.

a) SeadgineT A sinjaraSi mimdinare reaqciis toloba.
b) bevri qandakeba damzadebulia marmarilosagan, romelic ZiriTadad kal-
ciumis karbonatisagan Sedgeba. Ria cis qveS mdebare aseTi qandakebebi xSir-
ad ziandeba mJava wvimebis moqmedebis Sedegad. miRebuli efeqti marilmJavas 
moqmedebis analogiuria. A sinjaraSi miRebuli Sedegebis safuZvelze axseniT 
mJava wvimebis moqmedebis efeqti marmarilos qandakebebze. 
g) CaTvaleT, rom mJava wvima azotmJavas Seicavs da SeadgineT marmarilosTan 
misi urTierTqmedebis amsaxveli qimiuri reaqciis toloba. 

d) cnobilia, rom haerSi arsebuli naxSirbadis dioqsidi ixsneba wvimis wyalSi 
da warmoiqmneba naxSirmJava, romelsac niadagSi arsebuli uxsnadi kalciumis 
karbonati xsnad hidrokarbonatSi gadahyavs. B sinjaraSi mimdinare procesic 
analogiurad mimdinareobs. SeadgineT Sesabamisi reaqciis toloba.
e) ra aris C sinjaraSi Catarebuli eqsperimentis mizani?

35.	mJava wvimiT gamowveuli SemJavebisas niadags umateben kalciumis oqsids, ro-
melic wyalSi gaxsnis Sedegad warmoqmnis kalciumis hidroqsids. 

a) SeadgineT kalciumis oqsidis wyalTan urTierTqmedebis reaqciis toloba.

b) CaTvaleT, rom niadagis mJavianobis mateba gamoiwvia gogirdis dioqsidis 
wyalSi gaxsnis Sedegad miRebulma mJavam, romelic Semdeg gaaneitrales kal-
ciumis hidroqsidiT. SeadgineT aRwerili procesis Sesabamisi reaqciebis 
tolobebi. 

A B C
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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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cxrili II. oqsidebis mJavebsa da fuZeebTan Sesabamisoba

mJava oqsidi mJava fuZe oqsidi fuZe

2CO 2 3H CO 2Li O LiOH

2SiO 2 3H SiO 2K O KOH

2SO 2 3H SO 2Na O NaOH

3SO 2 4H SO 2ORb RbOH

2 5P O 3 4H PO CaO 2Ca(OH)

2 3N O
2HNO BaO 2Ba(OH)

2 5N O
3HNO MgO 2Mg(OH)

3CrO 2 4H CrO CuO 2Cu(OH)

2 7Cl O 4HClO FeO 2Fe(OH)

2 7Mn O 4HMnO MnO 2Mn(OH)

cxrili III. mJavebisa da marilebis nomenklatura

mJavas formula mJavas saxelwodeba
mJavuri naSTis 

anioni
Sesabamisi marilis 

saxelwodeba

HCl qlorwyalbadmJava Cl− qloridi

HBr bromwyalbadmJava Br− bromidi

HI iodwyalbadmJava l− iodidi

HF fTorwyalbadmJava F− fToridi

2H S gogirdwyalbadmJava 2S − sulfidi

2 3H CO naxSirmJava 2
3CO − karbonati

2 4H SO gogirdmJava 2
4SO − sulfati

2 3H SO gogirdovani mJava 2
3SO − sulfiti

3HNO azotmJava 3NO− nitrati

2HNO azotovani mJava 2NO− nitriti

3 4H PO fosformJava 3
4PO − fosfati

2 3H SiO siliciummJava 2
3SiO − silikati

3CH COOH ZmarmJava
3CH COO− acetati
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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 nano (n) mikro (mk) mili (m) santi (s) deci (d) kilo (k)

mniSvneloba 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 = 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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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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gamosaTvleli davalebebis pasuxebi

gv. 10, 1.1.

3. 58.8%.

gv. 50_65, Semajamebeli savarjiSoebi.

41. b) X _ 12.5 ml, Y _ 15 ml, Z _ 16 ml.

gv. 73, 1.10. 

1. a) 74 g/moli; b) 111 g/moli; g) 138 g/moli; d) 310 g/moli; e) 152 g/moli;  
v) 188 g/moli. 2. a) 46 g/moli; b) 27 g/moli; g) 154 g/moli; d) 78 g/moli;  
e) 17 g/moli; d) 95 g/moli. 3. 102 g/moli.

gv. 78, 1.11.

1. a) 3 moli; b) 5 moli. 2. a) 6 ·1024; b) 1.8 ·1030.  3. 1.8 ·1025.  4. a) naxSirbadi _  
1.8 ·1024, wyalbadi _ 3.6 ·1024, Jangbadi _ 1.8 ·1024;  b) 4 moli; g) 27 g. 

5. 

nivTiereba masa, g nivTierebis raodenoba, 
moli

molekulaTa 
ricxvi

atomTa 
ricxvi

C6H6 7.8 0.1 6 ·1022 7.2 ·1023

H2O 9 0.5 3 ·1023 9 ·1023

CO2 1.76 0.04 2.4 ·1022 7.2 ·1022

CH3OH 10.56 0.33 2 ·1023 1.2 ·1024

6.  a) 153 g; b) 10.8 g; g) 4 g; d) 400 g. 7. a) 1 moli; b) 0.1 moli; g) 0.1 moli;  
d) 0.001 moli. 8. a) H2; b) H2; g) CaO; d) 0.1 moli CaCO3. 9. a) H2O; b) CaCO3;  
g) tolia; d) O3. 

gv. 82, 1.12.   

2. a) Jangbadi; b) azoti. 3. a) tolia; b) meTanSi. 

4. 

nivTiereba nivTierebis raode­
noba, moli

molekulaTa 
ricxvi

moculoba (n. 
p.), l

masa, g

Jangbadi (O2) 3 1.8 ·1024 67.2 96

azoti (N2) 0.3 1.8 ·1023 6.72 8.4

meTani (CH4) 0.25 1.5 ·1023 5.6 4

ozoni (O3) 0.1 6 ·1022 2.24 4.8

wyalbadi (H2) 0.2 1.2 ·1023 4.48 0.4

amiaki (NH3) 0.5 3 ·1023 11.2 8.5
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gv. 85, 1.13.

2. 2. 3.  a) 14; b) 35.5; g) 32; d) 22. 4. a) 1.31; b) 0.69; g) 1.52; d) 2. 5. 64. 

gv. 89, 1.14. 

1. 0.1 moli. 2. 6 moli. 3. b) 3 moli; g) 0.4 moli; d) 1 moli. 4. 0.25 l Jangbadi da 
0.5 l naxSirorJangi.  

gv. 92, 1.15. 

1. b) 224 l; g) 9 g; d) 0.075 moli. 2. b) 13.44 l; g) 34.2 g; d) 11.76 g. 
3. b) 0.2 moli; g) 3.25 g; d) 1.68 l. 

gv. 97, 1.16

2. b) 0.2 moli; g) 0.2 moli fosfori. 3. 2.24 l. 4. b) 4.6 g. 5. b) 46.1 g.

gv. 105_114, Semajamebeli savarjiSoebi.

1. g) 0.1 moli;  d) 2.24 l. 2. b) 2 moli; g) 67.2 l. 3. g) 0.224 l. 4. g) 26.5 kg.  
5. g) 0.224 l. 6. b) 7 g. 7. b) 0.224 l. 8. b) kalciumi _ 0.12 moli, wyali _ 0.2 moli; 
d) 2.24 l. 9. b) 0.01 moli; g) 84 g/moli. 10. g) 0.1 moli; d) 1.12 l. 11. b) rkina _  
0.1 moli, gogirdi _ 0.125 moli; g) 8.8 g; d) 0.8 g. 12. g) 1 g; e) 0.076 l. 

gv. 131, 2.5.

4. 11.2 l. 5. 4480 l. 

gv. 137, 2.7.

3. eTani _ 80%, eTileni _ 85.7%, acetileni _ 92.3%. 6. 4.48 l. 

gv. 162_168, Semajamebeli savarjiSoebi. 

14. a) 18.4 g; b) 8.96 l. 31. 4.48 l.
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4.	 https://chem.libretexts.org

5.	 https://www.acs.org
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