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Sesavali

  
gifiqriaT odesme, rogor miiReba is lamazi ferebi, romlebic axali wlis 

Rames iSleba caze? iciT Tu ara imis Sesaxeb, rom Tqveni Savi fanqris guli da 
beWdis briliantis qva erTsa da imave atomebs Seicavs? wagikiTxavT eqspert-
kriminalistebi rogor adgenen, romeli sawamlavi gamoiyena damnaSavem? 
gainteresebT, ratom ar iZireba yinuli wyalSi? gainteresebT, rogor zrdian 
uzarmazar kristalebs? an ratom icvlis fers foToli Semodgomaze? iciT, 
rogor muSaobs manqanis akumulatori an Tqveni mobiluri telefonis batarea? 
aq CamoTvlili da kidev mravali sakiTxi, sxva sabunebismetyvelo mecnierebebTan 
erTad, aris qimiis Seswavlis sagani. 

 

qimiis codna mniSvnelovania TiTqmis yvela specialobis adamianisaTvis. 
qimia Zalian mWidro kavSirSia Cvens yoveldRiurobasTan. qimiis codna da misi 
ZiriTadi principebis gaazreba saWiroa eqimebis, meqanikosebis, mexanZreebis, 
kriminalistebis, advokatebis, garemos dacvis specialistebis, kvebis 
teqnologebis, mzareulebisa da sxva mravali specialobis adamianisaTvis. 
qimiuri procesebi udevs safuZvlad axali masalebis Seqmnas, romelic Cvens 
cxovrebas martivsa da usafrTxos xdis, iZleva energiis axali wyaroebis moZiebis 
saSualebas imisaTvis, rom garemos naklebi ziani miadges. qimiis saSualebiT 
SesaZlebelia bevri daavadebis aRmoCena, misi kontroli da gankurneba. qimiis 
saSualebiT xdeba medikamentebisa da sakvebi produqtebis usafrTxoebisa da 
sisufTavis kontroli.  
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ras saqmianoben qimikosebi

qimikosTa saqmianobis sfero Zalian farToa. isini qmnian axal nivTierebebsa 
da masalebs, aumjobeseben maT xarisxsa da miRebis xerxebs. maT wamyvani poz-
iciebi ukaviaT metalurgiaSi, farmacevtul mrewvelobaSi, sasuqebis warmoebaSi, 
mcenareTa dacvis saSualebebis sinTezsa da daxvewaSi, laq-saRebavebis, akumu
latorebisa da saburavebis SeqmnaSi, kvebis mrewvelobis teqnologiebis SemuSave-
basa da gaumjobesebaSi. garda amisa, qimikosebs evalebaT kvebis produqtebis 
kvebiTi Rirebulebisa da usafrTxoebis Semowmeba; atmosferos, wylebisa da ni-
adagis qimiuri dabinZurebis Semcirebisa da kontrolis meqanizmebis SemuSaveba. 

qimikosTa erT-erTi mniSvnelovani funqciaa pedagogiuri saqmianoba. isini qi
miis sxvadasxva sakiTxs aswavlian skolebSi, profesiul da umaRles saswavleb
lebSi. qimiis Seswavla aucilebelia maTTvis, visac surs daeuflos iseT 
specialobas, rogoricaa: qimikosi, biologi, eqimi, farmacevti, kvebis teqnologi 
da sxv.
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Tavi 1. wyali

Tavi 1
wyali

 am Tavis Seswavlis Semdeg SeZlebT upasuxoT kiTxvebs:

•	 ra mniSvneloba aqvs xsnarebs bunebaSi?

•	 ratom ar iZireba yinuli wyalSi?

•	 ratom aris wyali Txevadi oTaxis temperaturaze?

•	 SeiZleba Tu ara erTi elementi ramdenime nivTierebis 
saxiT arsebobdes?

•	 rogor ganasxvavebT narevs naerTisagan?

•	 rogor gaasufTavebT sufris marils, Tu mas Sereuli 
aqvs qviSis nawilakebi?
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Tavi 1. wyali

1.1 	  nivTierebebi Cven irgvliv _ wyali

nivTiereba materiis Semadgeneli nawilia. yvelaferi, rasac aqvs masa da rac 
sivrceSi garkveul moculobas ikavebs, nivTierebas warmoadgens. Cven garSemo 
arsebuli sagnebi, buneba Tu samyaro Zalian bevri sxvadasxva Sedgenilobisa da 
Tvisebis mqone nivTierebisagan Sedgeba, amis magaliTebia: 

•	 wyali, romelic aris rogorc Cven irgvliv, aseve Cven organizmSi da romlis 
gareSec sicocxle SeuZlebelia; 

•	 haeri, romliTac vsunTqavT; 
•	 miwa, romelzec vimyofebiT da romelic gvasazrdoebs; 
•	 mina, romlisganac mzaddeba fanjris SuSebi, WurWeli da sxv.; 
•	 qaRaldi, romlisganac mzaddeba wignebi, rveulebi da a. S. 

Tavdapirvelad gavecnoT wyals 
_ erTaderT nivTierebas, romelic 
dedamiwaze erTdroulad samive ag
regatul mdgomareobaSi SeiZleba 
Segvxvdes. wyali arsebobs siTxis, 
orTqlisa da yinulis saxiT. wyliT 
dafarulia dedamiwis zedapiris 2/3-
ze meti da misi saerTo masa 1.4∙1018 
tonas Seadgens. Txevadi wylis udi
desi nawili zRvebsa  da okeaneebSia 
(nax. 1.1). is aseve gvxvdeba tbebis, 
mdinareebis, nakadulebis, miwisqveSa 
wylebisa da sxva saxiT. 

myari saxiT wyali didi raode
nobiTaa dedamiwis ukidures Crdi
loeTsa da samxreTSi, sadac is 
yinulovan masivebs warmoqmnis, 
aseve maRalmTian regionebSi, sadac 
is Tovlisa da myinvarebis saxiT 
arsebobs. 

rac Seexeba airad wyals, 
dadgenilia, rom Cvens planetaze arsebuli wylis saerTo raodenobis 0.001% 
haerSi wylis orTqlis saxiTaa. igi mudmivad warmoiqmneba okeaneebis, zRvebis, 
tbebisa da mdinareebis zedapiridan aorTqlebis Sedegad da dedamiwis atmos
feroSi Rrublebis saxiT grovdeba. es ki amindis formirebis mniSvnelovani 
faqtoria, radgan aorTqlebis Semdeg kondensirebuli wylis wveTebi wvimis, 
Tovlisa da sxva atmosferuli naleqebis saxiT kvlav dedamiwas ubrundeba da 
mis Txevad wylebs uerTdeba. amas wylis wrebrunvas, anu wylis cikls uwodeben 
(nax1.2), rac TqvenTvis ukve cnobilia bunebis kursidan.  

haerSi wylis Semcvelobas tenianobiT afaseben. tenianobis sidide 
mniSvnelovnadaa damokidebuli temperaturaze, geografiul da klimatur 
faqtorebze, amitom haeris tenianoba dedamiwis sxvadasxva regionSi gansxva
vebulia. 

nax. 1.1. dedamiwis didi nawili wyliT 
aris dafaruli.
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Tavi 1. wyali

 
nax. 1.2. wylis wrebrunva, anu wylis cikli.

cocxal bunebaSi wyals udidesi mniSvneloba aqvs. mis gareSe sicocxle ver 
iarsebebs, radgan sasicocxlo procesebi wylovan areSi ganxorcielebul gar
daqmnaTa erTobliobas warmoadgens. garda amisa, wyali uSualod monawileobs 
cocxal organizmebSi mimdinare procesebSi, rogorebicaa, magaliTad, sakvebis 
moneleba, energiis warmoqmna, fotosinTezi da sxva. amitom wyali didi 
raodenobiT Sedis cocxali organizmebis SedgenilobaSi. dadgenilia, rom yoveli 
cocxali organizmis masis naxevarze mets wyali Seadgens, magaliTad, adamianis 
sxeulSi wylis Semcveloba daaxloebiT 70%-ia, kitrisa da sazamTros nayofebSi 
_ daaxloebiT 90%.

  kiTxvebi da davalebebi:

gadaxazeT cxrili samuSao rveulSi. cxrilis marcxena svetSi CamowereT 
Tqven garSemo arsebuli ramdenime nivTi. marjvena svetSi TiToeulis 
gaswvriv miuTiTeT, romeli nivTierebebisagan Sedgeba es nivTebi.

nivTi nivTiereba

lursmani rkina
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Tavi 1. wyali

1.2 	 nivTierebis agregatuli mdgomareoba

wylis garda, samyaroSi arsebuli sxva nivTierebebic sxvadasxva agregatul 
mdgomareobaSi gvxvdeba, rac TqvenTvis cnobilia bunebisa da fizikis kursebidan. 
ganvixiloT nivTierebaTa sami agregatuli mdgomareoba _ myari, Txevadi da 
airadi.  

nivTierebis agregatuli mdgomareoba damokidebulia temperaturaze. erTi 
da igive nivTiereba sxvadasxva temperaturaze SeiZleba gansxvavebuli saxiT 
gvxvdebodes. sufris marili, romelsac myar nivTierebad vTvliT, maRal tem
peraturaze SeiZleba galRves da gaTxevaddes. aseve Txevadi wyali sayinuleSi 
yinulad gardaiqmneba. amitom miRebulia, rom nivTierebis agregatuli mdgoma
reoba davaxasiaToT imis mixedviT, Tu ras warmoadgens is oTaxis temperaturis 
pirobebSi (200C). am pirobebSi wyali aris Txevadi, sufris marili _ myari, 
naxSirorJangi ki _ airadi. 

myari

(yinuli)

myar mdgomareobaSi nivTie
rebis Semadgeneli nawilakebi 
erTmaneTTan Zalian axlos 
aris ganlagebuli. myar niv
Tierebas aqvs gansazRvruli 
forma da moculoba, rome
lic misi nawilakebis zomazea 
damokidebuli. 	   

Txevadi

(wyali)

Txevad mdgomareobaSi nivTie
rebas gansazRvruli forma ar 
gaaCnia, is iRebs im formas, ro
gor WurWelSicaa moTavsebuli. 
siTxeSi nawilakebi arc ise mWid
rod aris ganlagebuli erT
maneTTan, rogorc myar niv
TierebaSi. Txevad mdgomareo
baSi nivTierebas  yovelTvis 
aqvs gansazRvruli moculoba, 
rac misi nawilakebis zomazea 
damokidebuli.

airadi

(orTqli)

airad mdgomareobaSi nivTie
rebas ar aqvs gansazRvruli 
forma. airis Semadgeneli nawila
kebi qaosurad moZraobs da maT 
Soris manZili imdenad didia, 
rom TviT nawilakebi SeiZleba 
wertilebad CaiTvalos. raki na
wilakebis zoma mxedvelobaSi ar 
miiReba, amitom airis moculoba 
WurWlis moculobis tolia. 
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Tavi 1. wyali

ganvixiloT, ra xdeba, rodesac nivTiereba erTi agregatuli mdgomareobi
dan meoreSi gadadis. temperaturis gazrdiT myari nivTierebebi lRveba, siTxe ki 
duRs da orTqldeba. gacivebisas piriqiT _ airi siTxeSi gadadis, siTxe ki myardeba 
(nax. 1.3.). 

 

nax. 1.3. nivTierebis agregatuli mdgomareobis cvlileba.

 
zogierT nivTierebas SeuZlia myari mdgomareobidan 

pirdapir airadSi gadasvla, rasac sublimacia ewodeba. 
aseTi nivTierebebia iodi (nax. 1.4), myari naxSirorJangi 
(e. w. „mSrali yinuli“), wyali da sxv. yinvaSi gafenili 
sarecxi swored imitom Sreba, rom wyali yinulidan 
pirdapir orTqldeba. arsebobs sublimaciis 
sapirispiro procesic, romlis drosac airi pirdapir 
myar naleqad iqceva, ris magaliTsac setyva da Tovli 
warmoadgens.

  kiTxvebi da davalebebi:

1. sqemaze (nax. 1.3) gamosaxulia nivTierebis agregatuli mdgomareobebis 
cvlileba. 
a) ras uwodebdiT sqemaze cifrebiT gamosaxul TiToeul process?
b) mokled aRwereT am procesebis mimdinareoba.
g) moiyvaneT TiToeuli procesis or-ori magaliTi.

2. CamoTvaleT Tqven garSemo myari, Txevadi da airadi agregatuli mdgo
mareobis mqone nivTierebebis 3-3 magaliTi.

1 3

5

6

4

2

nax. 1.4. iodis 
sublimacia.
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Tavi 1. wyali

erTi agregatuli mdgomareobidan meoreSi gadasvla uSualodaa damokidebuli 
temperaturaze, rac, Tavis mxriv, nivTierebis Semadgeneli nawilakebis Tbur 
moZraobasTan aris kavSirSi. ganvixiloT, ra xdeba lRobisa da duRilis procesSi 
(nax. 1.5 da 1.6). 

nivTierebis lRobis procesis dros myari nivTiereba Tbeba, misi nawilakebi 
iReben energias da iwyeben intensiur moZraobas. amis xarjze myari nivTiereba far-
Tovdeba. garkveul temperaturaze, romelsac lRobis temperaturas uwodeben,  
nawilakebi iReben iseT energias, 
rom Sordebian erTmaneTs da niv-
Tiereba Txevad mdgomareobaSi 
gadadis. 

duRilis dros Txevadi niv-
Tiereba cxeldeba da misi 
nawilakebi SeZenili energiis xar-
jze ufro swraf moZraobas iwye-
ben, ris gamoc siTxe farTovde-
ba. garkveul temperaturaze, 
romelsac duRilis temperatu-
ras uwodeben, nawilakebis ener-
gia aWarbebs maT Soris arsebul 
mizidulobis Zalebs, ris gamoc 
isini wydebian siTxes da  airad 
mdgomareobaSi gadadian. 

airis gacivebisas misi nawilake-
bis moZraobis siCqare mcirdeba, 
isini  erTmaneTs uaxlovdeba da 
siTxe warmoiqmneba, rasac konden-
sacia ewodeba (nax. 1.7). Semdgomi 
gacivebisas siTxis Semadgeneli 
nawilakebis moZraoba imdenad 
neldeba, rom TiTqmis Cerdeba da 
iwyeba gamyareba.

ganvixiloT wylis agregat-
uli mdgomareobis cvlileba. 
moswavlem kolbaSi moaTavsa yi-
nuli, masSi CauSva Termometri 
da daiwyo WurWlis gaTboba (nax. 
1.8), amis paralelurad iniSnavda 
Termometris Cvenebas. miRebuli 
monacemebis safuZvelze moswav-
lem aago diagrama, romelic 
droSi temperaturis cvlilebas 
gviCvenebs (nax. 1.9).

diagramis mixedviT,  gaTbo-
bis sawyis etapze, AB SualedSi, 

1.3 	 agregatuli mdgomareobis cvlileba

nax. 1.5. yinulis lRoba.

nax. 1.6. wylis duRili.

nax. 1.7. fanjris minebze wylis wveTebi 
wylis orTqlis kondensaciis gamo 

warmoiqmneba. 
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Tavi 1. wyali

kolbis SigTavsis temperatu-
ra -70C -dan 00C -mde gaizarda. 
B wertilSi (00C -ze) yinulma 
lRoba daiwyo. lRobis proce-
si grZeldeboda  manam, sanam C 
wertilSi  yinuli mTlianad ar 
gaTxevadda. warmoqmnilma wy-
alma daiwyo gaTboba, vidre D 
wertilSi wylis temperaturam 
1000C-s ar miaRwia. D wertilSi 
wyalma daiwyo duRili. amis Sem-
deg, DE SualedSi mimdinareobda 
wylis duRili. rogorc vxedavT, 
uSualod lRobisa da duRilis 
procesSi temperatura ar icv-
leba, am dros gaTbobaze daxar-
juli energia erTi agregatuli mdgomareobidan meoreSi gadasvlas xmardeba.

 nax. 1.9. diagrama, romelic wylis agregatuli mdgomareobis cvlilebas asaxavs.

  kiTxvebi da davalebebi:

daakvirdiT nax. 1.9-ze gamosaxul diagramas da upasuxeT Semdeg kiTxvebs:

a) ramdeni dro dasWirda yinulis srulad galRobas?
b) ramdeni dro dasWirda galRobis Sedegad miRebuli wylis aduRebas?
g) romel SualedebSi ar icvleba temperatura? pasuxi dasaabuTeT.
d) romel SualedebSi icvleba temperatura? pasuxi dasaabuTeT.

nax. 1.8. eqsperimenti wylis agregatuli 
mdgomareobis cvlilebis Sesaswavlad.
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Tavi 1. wyali

1.4 	   nivTierebis fizikuri Tvisebebi

nivTierebebis Tvisebebi SesaZlebelia, Tvi
sobrivad da raodenobrivad, fizikuri si
dideebis saSualebiT davaxasiaToT, rasac 
fizikur Tvisebebs uwodeben. saxeldobr, niv-
Tierebebs axasiaTeben iseTi fizikuri Tvise-
bebis saSualebiT, rogorebicaa misi duRilisa 
da lRobis temperaturebi, simkvrive, suni, 
feri, gemo, eleqtro- da siTbogamtaroba, 
aqroladoba, xsnadoba da a. S. magaliTad:

vercxliswyali movercxlisfro metalia 
(nax. 1.10.), romelic lRveba – 37.90C-ze da 
duRs 3570C-ze; 200C-ze misi simkvrivea 13.6 g/
sm3. igi kargi eleqtro- da Tbogamtaria. vercxliswyali wyalSi uxsnadi, advilad 
aqroladi da momwamlavi nivTierebaa.

gavecnoT zogierT mniSvnelovan fizikur Tvisebas.
fizikisa da bunebis kursebidan TqvenTvis ukve cnobilia, rom nivTierebis 

simkvrive gviCvenebs nivTierebis masas moculobis erTeulSi. es sidide gamoiTvleba 
formuliT:

ρ = m
v

sadac: ρ _ nivTierebis simkvrivea, m _ nivTierebis masa, xolo V _ moculoba, 
romelsac is ikavebs. qimiaSi ufro xSirad simkvrivis erTeulad myari da Txevadi 
nivTierebebisaTvis gamoiyeneba g/ml anu g/sm3, xolo airebisaTvis g/l anu g/dm3.

cxrilSi 1.1 mocemulia zogierTi farTod gavrcelebuli nivTierebis 
simkvrive. nivTierebis simkvrive temperaturazea damokidebuli, amitom simkvrivis 
ricxobriv monacems xSirad uTiTeben, Tu ra temperaturazea is gazomili. airadi 
nivTierebis SemTxvevaSi uTiTeben wnevasac, radgan misi simkvrive am sididezecaa 
damokidebuli. 

cxrili 1.1. zogierTi nivTierebis simkvrive (*-iT aRniSnulia nivTierebaTa narevi).

myari Txevadi airadi

nivTiereba
simkvrive 
200C-ze
(g/sm3)

nivTiereba
simkvrive
200C-ze
 (g/sm3)

nivTiereba
simkvrive
200C-ze
(g/dm3)

oqro 19.30 wyali (40C) 1.00 amiaki 0.76

alumini 2.70 mzesumziris 
zeTi* 0.91 azoti 1.25

spilenZi 8.92 benzini* 0.88 haeri* 1.29

rkina 7.86 vercxliswyali 13.60 wyalbadi 0.09

vercxli 10.50 eTilis spirti 0.78 naxSirorJangi 1.96

nax. 1.10. vercxliswylis 
wveTebi.
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 rogorc wesi, erTi da imave nivTierebis simkvrive myar mdgomareobaSi metia, 
vidre TxevadSi. myar nivTierebaSi nawilakebi ufro axlos aris erTmaneTTan, 
vidre siTxeSi, amitom myari nivTierebis erTsa da imave moculobaSi ufro meti 
masa moiyris Tavs, vidre TxevadSi. siTxidan airSi gadasvlisas nawilakebi kidev 
ufro meti manZiliT scildeba erTmaneTs, 
amitom am dros nivTierebis simkvrive mkveTrad 
mcirdeba.

fizikuri Tvisebebidan Zalian mniSvnelo-
vania duRilisa da lRobis temperaturebi, 
romelTa saSualebiTac SegviZlia davadginoT, 
romel agregatul mdgomareobaSia nivTier-
eba Cveulebriv pirobebSi da ra temperatu-
raa saWiro, rom man es mdgomareoba Seicvalos  
(nax. 1.11). 

lRobis temperatura aris temperaturis 
is maCvenebeli, romelzec myari nivTiereba 
iwyebs Txevad mdgomareobaSi gadasvlas, an 
Txevad mdgomareobaSi myofi nivTiereba iwyebs 
gamyarebas. am maxasiaTebliT nivTierebebi 
mniSvnelovnad gansxvavdeba erTmaneTisagan.

duRilis temperatura aris temperatura, 
romelzec Txevad mdgomareobaSi arsebuli nivTiereba airad mdgomareobaSi 
gadadis. cxadia, amave temperaturaze xdeba airis gaTxevadeba anu kondensacia. 

cxrili 1.2. zogierTi nivTierebis lRobisa da duRilis temperaturebi.  

nivTiereba
lRobis 

temperatura, 0C
nivTiereba

duRilis 
temperatura, 0C

Jangbadi -218 eTilis spirti 78

gogirdi 119 gogirdi 445

alumini 660 alumini 2470

rkina 1535 spilenZi 2562

    kiTxvebi da davalebebi:

1.	 ucnobi sufTa nivTierebis 54 g ikavebs 20 sm3 moculobas. gamoTvaleT 
am nivTierebis simkvrive da cxrilSi 1.1 moZebneT, ra nivTiereba 
SeiZleba iyos is.

2.	 maRaroelma ipova oqrosferi Seferilobis mineralis patara natexi. is 
mixvda, rom es SeiZleboda yofiliyo an Zvirfasi metali oqro, an rkinis 
piriti (FeS

2
), romelsac oqros matyuaras eZaxian. man awona natexi da 

misi masa aRmoCnda 16.5 g, moaTavsa wylian sazom WurWelSi (menzuraSi). 
wylis donem menzuraSi 3.3 sm3-iT moimata. am informaciis safuZvelze 
daadgineT, maRaroelis mier napovni natexi namdvilad oqroa Tu ara.

nax. 1.11. nivTierebis lRobis 
temperaturis gansazRvris 

martivi meTodi.
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nivTierebebis Tvisebebs Soris gan
sxvaveba ganpirobebulia imiT, rom yvela 
nivTierebas mxolod misTvis damaxasia
Tebeli Sedgeniloba da struqtura aqvs.  
rac ufro metia msgavseba sxvadasxva 
nivTierebis Semadgenel nawilakebs So-
ris, miT metia msgavseba maT Tvisebebs 
Sorisac. 

yoveli nivTiereba umciresi nawi
lakebisagan Sedgeba. aseT nawilake-
bs xSirad molekulebi warmoadgenen. 
molekula aris nivTierebis umciresi 
nawilaki, romelsac aqvs am nivTierebi-
saTvis damaxasiaTebeli qimiuri Tvise-
bebi. molekulebis arsebobas Semdegi 
faqtebi adasturebs:

sunis gavrceleba _ suni, romelic 
saWmlis momzadebisas SeiZleba Sevig
rZnoT, gamowveulia haerSi sxvadasxva 
airadi nivTierebis molekulebis gav
rcelebiT (nax. 1.12). es molekulebi 
cxviris lorwovan garsSi xvdeba da am 
gziT SeigrZnoba Cven mier.	 

xsnaris Seferva _ wylian Wur-
WelSi sakvebi saRebavis erT wveTs Tu  
CavawveTebT, saRebavis molekulebi Tan-
daTanobiT mTel WurWelSi gavrcelde-
ba da Seferili xsnari miiReba (nax. 
1.13).	  

amrigad, nivTierebebis Tvisebebi 
swored am nawilakebis _ molekulebis TvisebebiT aixsneba. 

Tavis mxriv, molekulebic Sedgeba ufro mcire nawilakebisagan, romlebsac 
atomebs uwodeben. TiToeuli nivTierebis molekulas mxolod misTvis damaxasi-
aTebeli atomuri Sedgeniloba aqvs. atomebi sxvadasxvagvaria _ isini erTmaneTisa-
gan gansxvavdeba zomiT, masiT da aseve sxva parametrebiT, romelTac mogvianebiT 
gavecnobiT. swored es gansazRvravs gansxvavebas nivTierebebis Tvisebebs Soris. 
amitom nivTierebis individualur Tvisebebs ganapirobebs misi molekulis Sedge-
niloba da nawilakebis ganlagebis Tanmimdevroba, anu nivTierebis struqturuli 
agebuleba. 

magaliTad, wyali da sufris marili gansxvavebuli Tvisebebis mqone nivTiere
bebia _ wyali ufero da ugemo siTxea, xolo sufris marili mlaSe gemos mqone mya
ri nivTierebaa, romelic ufero kristalebs warmoadgens. am nivTierebebis mode

1.5 	      nivTierebis Sedgeniloba _  

                molekulebi da atomebi

nax. 1.12. saWmlis momzadebisas gacxe
leba xels uwyobs sxvadasxva airadi 

nivTierebis haerSi gavrcelebas.

nax. 1.13. xsnarSi saRebavis 
molekulebis gavrceleba.
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lebs Tu davakvirdebiT (nax. 1.14), maT Sedgenilobasa da agebulebas Soris gansx-
vaveba aSkaraa.

suraTze gamosaxuli modelebidan Cans, rom wylis TiToeuli molekula 3 ato
misagan Sedgeba, maTgan 2 erTnairia, erTi _ gansxvavebuli (atomebi sferoebis 
saxiTaa gamosaxuli). wylis molekulebisagan gansxvavebiT, sufris marili Sedgeba 
ori sxvadasxva nawilakisagan, romlebic qmnian struqturas, sadac es nawilakebi 
erTmaneTis garSemoa ganlagebuli. 

                         
	                   sufris marili		    	               wyali	

nax. 1.14. sufris marilisa da wylis molekulaTa modelebi. 

sufris marilis struqturis Tavisebureba imiTaa gamowveuli, rom is Sedgeba 
damuxtuli nawilakebis _ ionebisagan (ionebs ufro detalurad mogvianebiT 
gavecnobiT). es ionebi ori saxisaa _ erTi warmoadgens dadebiTad damuxtul 
nawilaks, xolo meore _ uaryofiTad damuxtuls. dadebiTi da uaryofiTi 
muxtebi, rogorc viciT, erTmaneTs miizidavs, amitom sufris marili, wylisagan 
gansxvavebiT, calkeuli molekulebisagan ki ar Sedgeba, aramed erTmaneTTan 
dakavSirebuli ionebis erTobliobaa.

  kiTxvebi da davalebebi:

1.	Sedgeba Tu ara yvela nivTiereba molekulebisagan?
2.		ra gansxvavebaa atomsa da molekulas Soris?
3.		ramdeni sxvadasxva saxis molekula iqneba Saqris wyalxsnarSi?
4.		sunamos flakons Tavaxdils Tu davtovebT, garkveuli xnis Semdeg misi 

suni mTel oTaxSi SeigrZnoba. rogor axsniT am movlenas?
5.		moiyvaneT ori magaliTi, romlebic migvaniSneben, rom nivTierebebi 

umciresi nawilakebisagan Sedgeba.
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Tavi 2
haeri

 am Tavis Seswavlis Semdeg SeZlebT upasuxoT kiTxvebs:

•	 ram SeiZleba Secvalos haeris Sedgeniloba?

•	 rogor mixvdebiT, warimarTa Tu ara qimiuri reaqcia?

•	 ra icvleba da ra ar icvleba qimiuri reaqciebis dros?

•	 sad „qreba“ sanTeli, rodesac is iwvis?

•	 ratom iJangeba rkinis lursmani?

•	 ratom aris saSiSi gaumarTavi gamaTbobeli?
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dedamiwis atmosfero aris haeri, romelic gars akravs Cvens planetas. 
atmosfero SeiZleba warmovidginoT, rogorc airebis „sabani“ dedamiwis garSemo. 
is daaxloebiT 700 km sisqisaa. Cven vcxovrobT yvelaze dabal fenaSi, romelsac 
troposferos uwodeben (nax. 2.1). 

 

egzosfero

Termosfero

mezosfero

stratosfero

troposfero

ozonis 
Sre

nax. 2.1. dedamiwis atmosferos nawilebi.

dedamiwis mizidulobis Zalis gavleniT 
airebis yvelaze mkvrivi fena swored tro
posferoSia. rac ufro zemoT avdivarT, is 
swrafad Txeldeba. cnobilia, rom atmosferos 
masis daaxloebiT 90 % Tavmoyrilia yvelaze 
dabla, 16 km-ian fenaSi. 

ganvixiloT, ras warmoadgens haeri. 
es aris airTa bunebrivi narevi, romelic 
dedamiwis atmosferul Sres warmoqmnis. haeri 
aucilebelia dedamiwis zedapirze mcxovrebi 
cocxali organizmebis arsebobisaTvis, 
ramdenadac haerSi arsebul Jangbads isini 
sunTqvis procesSi iyeneben. 

haeris Sedgeniloba mocemulia cxrilSi 2.1.
haeris Sedgeniloba mcired icvleba 

weliwadis sezonebis mixedviT, aseve mcire 
gansxvavebebia geografiuli adgilmdebareobis 
mixedviT. magaliTad, wvimian sezonSi haerSi 
wylis orTqlis raodenoba metia, vidre 

2.1 	   	    haeris Sedgeniloba

nax. 2.2. ase gamoiyureba 
dedamiwa da misi atmosfero 
kosmosuri Tanamgzavridan.
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gvalvian periodSi, aseve zRvispira regionebSi ufro meti wylis orTqlia, vidre 
kontinentis siRrmeSi. samrewvelo regionebSi, sadac meti qarxana muSaobs da bevri 
transporti moZraobs, haerSi metia naxSirorJangisa da im airebis wili, romlebic 
sawvavis wvisas warmoqmnil gamonabolqvSia. Tumca, vinaidan haeri gamudmebiT 
moZraobs, haeris damabinZurebeli airebi atmosferoSi gaibneva. 

cxrili 2.1. haeris moculobiTi da masuri Sedgeniloba.

nivTiereba
Semcveloba moculobis 

mixedviT, %
Semcveloba masis 

mixedviT, %

azoti (N2) 78 75.5

Jangbadi (O2) 21 23.1

argoni (Ar) 0.93 1.3

naxSirorJangi (CO2) 0.03 0.05

danarCeni komponentebi
(wylis orTqli, ozoni, 
wyalbadi, neoni, heliumi, 
meTani, kriptoni, azotis 
oqsidebi da sxv.)

0.04 0.05

haeri atmosferoSi araTanabradaa ganawilebuli, Tumca misi komponentebis 
Tanafardoba yvelgan erTnairia. rac ufro zeviT avdivarT, haeri miT ufro 
gauxSoebulia (misi simkvrive Semcirebulia). amitomaa, rom maRalmTian regionebSi 
ufro gaZnelebulia sunTqva. alpinistebi Zalian maRal  mTebze asvlisas Jangbadis 
balonebs iyeneben. 

  kiTxvebi da davalebebi:

1.	 sworia Tu ara termini „haeris molekula“? pasuxi daasabuTeT.
2.	 cxrilSi 2.1 mocemulia informacia haeris moculobiTi Sedgenilobis 

Sesaxeb. am monacemebidan gamomdinare, upasuxeT Semdeg kiTxvebs:
	 a) daaxloebiT ramdeni molekula azoti modis yovel erT molekula 

Jangbadze? 
	 b) daaxloebiT ramdeni molekula azoti da ramdeni molekula Jangbadi 

modis yovel erT molekula naxSirorJangze?
3.	 akvalangistebi Rrmad CayvinTvisas iyeneben balonebs, romlebSic haeris 

nacvlad Catumbulia heliumisa da Jangbadis narevi. moiZieT informacia 
amis mizezebis Sesaxeb.

4.	 moiZieT informacia marsis atmosferos Sesaxeb. SeadareT dedamiwisa da 
marsis atmosferoebis Sedgeniloba.
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2.2          haeris calkeuli komponentebi _ 

                     azoti da Jangbadi
haerSi yvelaze didi raodenobiT azoti gvxvdeba. is oratomian martiv niv

Tierebas (N2) warmoadgens, romelic ufero, usuno da ugemo airia. azoti qimiurad 
sakmaod pasiuria da sxva nivTierebebTan Znelad urTierTqmedebs. Jangbadisagan 
gansxvavebiT, azoti xels ar uwyobs Zalian bevri sxvadasxva saxis mikroorganizmis 
ganviTarebas, amitom azotis areSi Senaxuli sakvebi didxans inarCunebs ucvlel 
saxes da ar fuWdeba. 

  nax. 2.3. Txevadi azoti.

azoti _1960C-ze duRs. gaTxevadebuli azoti ufero siTxea (nax. 2.3). is Zalian 
civia, amitom gamoiyeneba sakvebi produqtebis sawarmoebSi sakvebis swrafad 
gasayinad da didxans Sesanaxad. Txevadi azoti gamoiyeneba medicinaSic _ mis areSi 
inaxaven organoebs, organizmis sxvadasxva qsovils (nax. 2.4).

 
nax. 2.4. Txevad azotSi swrafi gayinvisaTvis iyeneben.

rogorc TqvenTvis ukve cnobilia, Jangbadi, azotis msgavsad, oratomiani 
martivi nivTierebaa (O2), romelsac ar aqvs feri, suni da gemo, magram, azoti
sagan gansxvavebiT, igi qimiurad Zalian aqtiuria, rac mis mravalricxovan 
Tvisebebs ganapirobebs. garda imisa, rom Jangbadi sunTqvisaTvis da, zogadad, 
sicocxlisaTvis aucilebel nivTierebas warmoadgens, igi xels uwyobs wvisa da 
Jangvis procesebs, rasac SemdgomSi dawvrilebiT gavecnobiT. 
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Jangbadi, azotis msgavsad, Zalian dabal tempe
raturaze Txevaddeba. Txevadi Jangbadi cisferi siTxea 
(nax. 2.5), romlis duRilis temperaturac _1830C-ia.

Jangbadi haerSi Semavali airebidan yvelaze 
mniSvnelovania, radgan mis gareSe sicocxle 
SeuZlebeli iqneboda. organizmSi moxvedrili Jangbadi 
hemoglobinis meSveobiT miewodeba organizmis ujredebs 
da mimdinareobs e. w. „sunTqvis procesi“, romelic 
sityvierad ase gamoisaxeba:

glukoza + Jangbadi  naxSirorJangi + wyali + energia

sunTqvis procesSi gamoyofili energia saSualebas 
gvaZlevs SevinarCunoT sxeulis temperatura, vimoZ
raoT, viazrovnoT da a. S. Jangbadi aseve xels uwyobs 
Cven organizmSi mimdinare aseulobiT sxva process. 
aRsaniSnavia, rom sunTqvis procesi damaxasiaTebelia TiTqmis yvela cocxali 
organizmisTvis. 

Jangbads mravalmxrivi gamoyeneba aqvs 
(nax. 2.6), magaliTad:

•	 TviTmfrinavebSi yovelTvis aqvT Jangba
dis maragi iseve, rogorc myvinTavebsa 
da kosmonavtebs.

•	 Jangbadi gamoiyeneba medicinaSi _ im 
pacientebs, romlebsac damoukideblad 
sunTqva uWirT, sunTqvis gasaadvileb
lad specialuri niRbis saSualebiT 
JangbadiT gamdidrebul haers awvdian.

•	 Jangbadi gamoiyeneba foladis warmoe
baSi, rkinis madnis damuSavebasa da sxva 
metalurgiul procesebSi.

•	 Jangbadisa da acetilenis (airadi niv
Tiereba _ C2H2) narevi gamoiyeneba avto
genuri SeduRebisTvis. am narevis wvis 
dros gamoiyofa didi raodenobiT siTbo 
da alis temperatura  3200°C-mde aRwevs, 
rac saSualebas iZleva, damuSavdes iseTi 
metalebi, romlebsac lRobis maRali 
temperatura gaaCniaT. 

 nax. 2.5. Txevadi 
Jangbadi.

  kiTxvebi da davalebebi:

1.	 ra daniSnulebiT gamoiyeneba azoti?
2.	 ratomaa Jangbadi sicocxlisaTvis aucilebeli?
3.	 haeri gaacives -2000C-mde, Semdeg ki nela SeaTbes. jer romeli airi 

aorTqldeba, Jangbadi Tu azoti? pasuxi daasabuTeT.

nax. 2.6. Jangbadis gamoyenebis 
magaliTebi.
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2.3        haeris calkeuli komponentebi _  

        keTilSobili airebi da naxSirorJangi

haeris komponentebs Soris gavrcelebis mixedviT me-3 adgilzea argoni, 
romelic erTatomiani molekulebis saxiTaa (Ar). is inertul anu keTilSobil 
airebs miekuTvneba. haerSi am airebis sxva warmomadgenlebicaa, kerZod, heliumi 
(He), neoni (Ne), qsenoni (Xe) da radoni (Rn), oRond gacilebiT ufro mcire 
raodenobiT. keTilSobili airebi azotTan SedarebiTac ki ufro pasiurebia, 
rac maTi gamoyenebis sferoebs ganapirobebs. magaliTad, argoni uzrunvelyofs 
inertuli garemos Seqmnas Cveulebriv volframis naTurebSi. 

keTilSobili airebisaTvis damaxasiaTebelia denis gatarebisas energiis 
gamosxiveba, rac sxvadasxva feris naTebiT vlindeba (nax. 2.7). amitom sareklamo 
ganaTebaSi gamoyenebul naTurebSi swored keTilSobili airebia moTavsebuli. 

nax. 2.7. inertuli anu keTilSobili airebi.

keTilSobil airebs Soris yvelaze msu
buqia heliumi. mas teqnikaSi mravalmxri
vi gamoyeneba aqvs. garda amisa, heliums 
iyeneben buStebis Sesavsebad, radgan is 
Zalian msubuqi da usafrTxoa (nax. 2.8). 

naxSirorJangi anu naxSirbadis dioqsidi 
warmoadgens samatomian rTul nivTierebas, 
romelic naxSirbadisa da Jangbadis 
atomebisagan Sedgeba (CO2). naxSirorJangi 
dedamiwaze mudmivad warmoiqmneba sunTqvisa 
da wvis procesebis Sedegad da haerSi xvdeba. 
amis miuxedavad, naxSirorJangi haerSi 
mudmivi raodenobiT narCundeba, radgan mis 
did nawils iTviseben mcenareebi, romlebic 
naxSirorJangisa da wylis gamoyenebiT Jangbadsa da glukozas gamoimuSaveben. am 
process fotosinTezs uwodeben da mis ganxorcielebas mzis sinaTlis energia 
sWirdeba (nax. 2.9). fotosinTezi sityvieri sqemiT ase gamoisaxeba: 

naxSirorJangi + wyali + mzis energia  glukoza + Jangbadi

nax. 2.8. heliumiT gaberili buSti 
haerze msubuqia, amitom is maRla 

mifrinavs.
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naxSirorJangi ufero, usuno airia. 
unda aRiniSnos, rom is _78°C-mde myaria, 
ufro maRal temperaturaze ki pirda-
pir airad mdgomareobaSi gadadis. amis 
gamo myar naxSirorJangs „mSral yinul-
sac“ (nax.2.10) uwodeben. is gamoiyeneba 
sxvadasxva produqtis Sesanaxad, daba-
li temperaturis Sesaqmnelad da a. S. 

wyalSi gatarebisas naxSirorJangis 
mcire nawili ixsneba masSi (oTaxis tem-
peraturaze misi xsnadoba 1.45 g/l-s 
Seadgens) da sasiamovno momJavo gemos 
aZlevs. amis gamo naxSirorJangs sasme-
lebis gazirebisaTvis iyeneben. garda 
amisa, naxSirorJangi kargi konservantia 
_ mis areSi mikroorganizmebi ver mrav-
ldeba. 

naxSirorJangi xels uSlis wvas, ami-
tom Tu naxSirorJangian WurWelSi an-
Tebul kvars SevitanT, is Caqreba. am 
Tvisebis gamo naxSirorJangs cecxl-
maqrebSi iyeneben.

naxSirorJangs axasiaTebs agreTve 
kiriani wylis amRvrevis unari. magali-
Tad, Tu kirian wyalSi amosunTqul 
haers gavatarebT, is aimRvreva. am 
Tvisebas  naxSirorJangis aRmosaCenad 
iyeneben. 

  kiTxvebi da davalebebi:

1.	 SeadareT erTmaneTs sunTqvisa da fotosinTezis procesebi. ra msgavseba 
da gansxvavebaa maT Soris?

2.	 sawvavis wvisas didi raodenobiT Jangbadi ixarjeba, xolo naxSirorJangi 
aseve didi raodenobiT gamoiyofa. ra uzrunvelyofs haerSi maTi balansis 
SenarCunebas?

3.	 ratom mifrinavs caSi heliumiT gaberili buSti? 

nax. 2.10. myari naxSirorJangi, 
romelsac “mSral yinulsac” uwodeben.

nax. 2.9. fotosinTezis sqematuri 
gamosaxuleba.

naxSirorJangi

Jangbadi

glukoza
wyali

mzis sinaTle
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2.4     haeris dayofa calkeul komponentebad

haerSi Semavali nivTierebebi _ azoti, Jangbadi, argoni da sxvebi Zalian mniS-
vnelovania qimiuri mrewvelobis, medicinisa da sxva sferoebisaTvis, sadac isini  
sufTa saxiT gamoiyeneba. am nivTierebebis ZiriTadi wyaro haeria, saidanac xdeba 
maTi gamoyofa.

vnaxoT, rogor acileben erTmaneTisgan haerSi Semaval airebs. amJamad gamoy-
enebuli teqnologia efuZneba gansxvavebas haeris komponentebis fizikur Tvise-
bebs, kerZod, maT duRilis temperaturebs Soris. aseT teqnologias fraqciuli 
gamoxda ewodeba. teqnologiis arsia haeris gaTxevadeba da misi komponentebis 
cal-calke Segroveba. warmoebis sqema mocemulia nax. 2.11-ze.

1

2

3

4

5

haeri Se-
dis tumbos 
filtrSi

scildeba 
naxSiror-
Jangi da 
wyali

haeri 
ikumSeba da 

civdeba

haeri far-
Tovdeba, 

Zlier civdeba 
da Txevaddeba
Txevadi haeri 
_ 200°C-ze

Txevadi haeri 
nela Tbeba

nivTierebebi 
orTqldeba 

da airebi adis 
svetSi du-
Rilis tem-
peraturebis 

mixedviT

azoti	 -196 °C

argoni 	 -186 °C

Jangbadi	 -183 °C

kriptoni	 -153 °C

qsenoni 	 -108 °C

duRilis 
tempera-

tura
nivTiereba

nax. 2.11. haeridan calkeuli airebis gamoyofis teqnologiuri sqema

(sqemis damaxsovreba savaldebulo ar aris).

sqemaze warmodgenili teqnologia Semdeg safexurebs moicavs:

•	 pirvel safexurze haeri ifiltreba, raTa mas moscildes mtvris nawilakebi.

•	 meore safexurze  haers scildeba wylis orTqli, naxSirorJangi da sxva aire-
bi, romlebic haeris damabinZureblebia. amisaTvis haers jer iqamde aciveben, 
vidre wylis orTqli mTlianad ar gaTxevaddeba, Semdeg ki gaatareben spe-
cialur zedapirze, romelic STanTqavs naxSirbadis dioqsids da sxva damabi-
nZurebel airebs.

•	 mesame safexurze haeri maRali wneviT iWirxneba, ikumSeba da civdeba.

•	 meoTxe safexurze SekumSuli haeri swrafad gadaitumbeba sxva mowyobiloba-
Si, sadac is farTovdeba da misi temperatura kidev ufro iklebs. 
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•	 mesame da meoTxe safexuri ramdenjerme meordeba. roca temperatura daax-
loebiT _200°C-s miaRwevs, haeris yvela komponenti Txevaddeba, garda neoni-
sa da heliumisa. amitom es airebi scildeba Txevad haers. airTa am narevidan 
calkeul komponentebs naxSiris zedapirze STanTqmis saSualebiT gamoyofen. 

•	 mexuTe safexurze gaTxevadebuli airi gadadis milSi, sadac nel-nela Tbeba. 
airebi grovdeba sxvadasxva cilindrSi, maTi duRilis temperaturebis Sesa-
bamisad. pirveli duRils iwyebs azoti, Semdeg _ danarCeni airebi.

  kiTxvebi da davalebebi:

1. ras efuZneba fraqciuli gamoxdis teqnologia?

2. haeris fraqciuli gamoxdis procesSi ra TanmimdevrobiT gamodis 
svetidan haeris komponentebi? pasuxi daasabuTeT.

3. haeris fraqciuli gamoxdis procesSi romel etapebze civdeba haeri da 
romelze - Tbeba?

4. -2000C-ze neoni da heliumi ar Txevaddeba. am informaciis safuZvelze 
ra SeiZleba davaskvnaT heliumisa da neonis duRilis temperaturebis 
Sesaxeb?

5. romel etapze scildeba haers naxSirorJangi?

6. moiZieT informacia da upasuxeT Semdeg kiTxvebs:

	 a) garda haerisa, kidev romeli narevebis dasayofad gamoiyeneba 
fraqciuli gamoxdis meTodi?

	 b) ra  msgavseba da gansxvavebaa haersa da Tqven mier moZiebul narevs 
Soris?
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adamianis yoveldRiuri saqmianoba haerSi iseTi nivTierebebis moxvedras 
iwvevs, romlebic ̀ ucxoa~ atmosferosaTvis. bevri maTgani toqsikuri TvisebebiT 
gamoirCeva da saSiSia janmrTelobisaTvis, zogierTi ki qimiurad agresiulia da 
azianebs rogorc cocxal organizmebs, aseve nakeTobebs, Senobebsa da aracocxal 
bunebas. aseT naerTebs qimiur damabinZureblebs uwodeben. informacia haeris 
ZiriTadi damabinZureblebis Sesaxeb moyvanilia cxrilSi 2.2.

cxrili 2.2. haeris ZiriTadi damabinZureblebi.

damabinZurebeli da misi 
ZiriTadi Tvisebebi

rogor warmoiqmneba? ra ziani moaqvs mas?

naxSirbadis monooqsidi 
(CO) _ ufero da usuno 
airi, wyalSi ar ixsneba.

warmoiqmneba, roca 
sawvav wiaRiseulSi 
Semavali naxSirbad-
Semcveli naerTebi 
iwvis Jangbadis uk-
marisobisas, magali-
Tad, avtotranspor-
tis gamonabolqvSi.

momwamvlelia Zalian mcire 
raodenobiTac ki. is re-

agirebs sisxlis hemoglo-
binTan da xels uSlis ujre-
debSi Jangbadis gadatanaSi, 
rasac xSirad mohyveba le-
taluri (momakvdinebeli) 

Sedegi. 

gogirdis dioqsidi (SO2) 
_ mkveTri sunis mqone 
airi, wyalSi xsnadia.

warmoiqmneba  go-
girdSemcveli sawvavi 

wiaRiseulis wvis 
Sedegad. am damabi-
nZureblis ZiriTadi 
wyaroa qvanaxSirze 

momuSave energosad-
gurebi.

aRizianebs Tvalebsa da 
yels, iwvevs sunTqvis prob-
lemebs. ixsneba wvimis wy-
alSi da warmoqmnis mJava 

wvimebs, rac iwvevs kirqvis 
Senobebis, qandakebebis da-

zianebas. zrdis niadagisa da 
bunebrivi wylebis mJavia

nobas da xels uSlis mcena-
reebisa da cocxali orga-

nizmebis ganviTarebas.

azotis oqsidebi, 

NO da NO2.

NO ufero, mkveTri su-
nis mqone airia, NO2 ki 
mura feris mkveTri su-
nis mqone airia, romelic 
wyalSi kargad ixsneba.

warmoiqmneba, roca 
manqanis ZravaSi 

maRali temperatura 
miiRweva, radgan am 

dros haerSi Semavali 
azoti da Jangbadi 
urTierTqmedebs 

erTmaneTTan. 

iwvevs sunTqvis proble-
mebs, azianebs sasunTq gzebs, 

mcenareebs, ixsneba wvimis 
wyalSi da warmoqmnis mJava 

wvimebs.

cxrilidan Cans, rom haeris dabinZurebis ZiriTadi mizezia sawvavi wiaRiseulis 
(qvanaxSiri, navTobi da bunebrivi airi) wva, rac ZiriTadad gasaTbobad,  trans-

2.5        haeris dabinZurebis problema
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portisTvis da eleqtroenergiis mis-
aRebad gamoiyeneba. sawvavi ZiriTadad 
naxSirwyalbadebs anu naxSirbadisa da 
wyalbadis naerTebs warmoadgens, Tum-
ca wiaRiseuli  xSirad sxva elementebs, 
magaliTad, gogirdsac Seicavs. sawvavis 
wva globalur ekologiur problemebs 
qmnis, radgan am procesis Sedegad gare-
moSi cocxali organizmebisTvis saxif-
aTo nivTierebebi gamoiyofa. 

haeris dabinZurebis problema did 
qalaqebsa da samrewvelo centreb-
Si gansakuTrebiT mwvavea (nax. 2.12). 
haeris sisufTaveze zrunva Zalian 
mniSvnelovania  da TiToeuli Cven-
ganis movaleobaa. dReisaTvis haeris 
dabinZurebis Sesamcireblad ramdenime 
mniSvnelovani rekomendacia arsebobs:

•	 energosadgurebis gamonabolqv-
Si arsebuli narCeni airebis gadamuSave-
ba, raTa isini haerSi ar moxvdnen;

•	 qarxnebis aRWurva qimiuri da 
meqanikuri filtrebiT, rac xels uSlis 
mavne airebisa da myari nawilakebis 
haerSi gamoyofas;

•	 satransporto saSualebebis aR-
Wurva specialuri katalizatorebiT, 
romlebic gamonabolqv airebSi CO-s 
Semcvelobas amcirebs;

•	 energiis generaciisaTvis sawvavi 
wiaRiseulis wvis procesis Semcireba 
da mis nacvlad energiis alternatiuli 
wyaroebis (mzis, qaris, hidroeleqtro-
sadgurebis energia, wyalbadis wvis en-
ergia da sxv.) gamoyeneba.  

  kiTxvebi da davalebebi:

1.	 haeris dabinZurebis winaaRmdeg mimarTuli RonisZiebebidan prioritetulia 
energiis alternatiuli wyaroebis moZieba. ra niSniT irCeven aseT wyaroebs?

2.	 adamianis yoveldRiuri saqmianobidan ra iwvevs haeris dabinZurebas?
3.	 qvemoT CamoTvlilia sayofacxovrebo narCenebis utilizaciis procesebi, 

romlebic haeris dabinZurebas iwveven: a) mcenareuli  narCenebis, magaliTad, 
Camocvenili foTlebis dawva; b) gacveTili rezinis saburavebis dawva; g) 
sayofacxovrebo nagvis dawva. ratom iwvevs TiToeuli es procesi haeris 
dabinZurebas. rogor SeiZleba maTi Secvla?

nax. 2.12. haeris dabinZurebis prob-
lema gamsakuTrebiT did qalaqebsa da 

samrewvelo centrebSi igrZnoba.
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Tavi 3
elementTa 

organizebis 
principebi

 am Tavis Seswavlis Semdeg SeZlebT upasuxoT kiTxvebs:

•	 rogor viTardeboda warmodgenebi atomis Sesaxeb? 
•	 rogor alagebdnen mecnierebi maTTvis nacnob elementebs?
•	 ra informacias iZleva elementebis periodulobis cxrili 

elementebisa da maTi naerTebis Sesaxeb?
•	 ra ZalebiT ukavSirdeba nivTierebebSi nawilakebi erTmaneTs?
•	 ratom atarebs metali siTbosa da eleqtrul dens?
•	 riT gansxvavdeba erTmaneTisagan araorganuli nivTierebebi?
•	 ra icvleba mJavisa da fuZis urTierTqmedebis dros?
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3.1                 atomis aRnagoba

Sexeduleba atomis Sedgenilobis Sesaxeb didi xnis ganmavlobaSi icvleboda,  
rasac SegiZliaT am Tavis bolos mocemul masalaSi gaecnoT. dReisaTvis 
dadgenilia, rom atomi Sedgeba dadebiTad damuxtuli birTvisagan da mis garSemo 
moZravi eleqtronebisagan (nax. 3.1). atombirTvSi ori saxis nawilakia _ protoni, 
romelsac dadebiTi muxti aqvs da neitroni, romelsac muxti ar gaaCnia. protonebs, 
neitronebsa da eleqtronebs subatomuri nawilakebi ewodeba.

protoni

neitroni

eleqtroni

 nax. 3.1. atomis modeli. 

atombirTvis garSemo moZravi eleqtronebi Zalian mcire zomisa da masis mqone, 
uaryofiTad damuxtuli nawilakebia. atomSi maTi raodenoba yovelTvis protone
bis ricxvis tolia da radgan eleqtronis muxtis absoluturi mniSvneloba pro
tonis muxtis tolia, atomis jamuri muxti 0-s udris, e. i. atomi eleqtroneitra
lur nawilaks warmoadgens. 

nax. 3.2. mzis sistemis planetebi.

atomis aRnagobis aseT models „planetur models“ uwodeben, radgan atom
birTvis garSemo moZravi eleqtronebi SeiZleba mzis garSemo moZrav planetebs 
SevadaroT (nax. 3.2).  am msgavsebiT SeiZleba aixsnas, Tu ratom ar ecema 
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uaryofiTmuxtiani eleqtroni dadebiTi 
muxtis mqone atombirTvze _ isini xom 
erTmaneTs izidavs?! miuxedavad imisa, 
rom planetebs mze izidavs gravitaciuli 
ZaliT, maT aqvT sakmarisi energia 
imisaTvis, rom orbitaze darCnen da  mzis 
garSemo imoZraon. aseve xdeba dedamiwis 
orbitaze Tanamgzavris gaSvebisas _ mas 
eniWeba sakmarisi energia, raTa orbitaze 
imoZraos da ar Camovardes. swored asevea 
atomSic _ eleqtronis moZraobis energia 
akompensirebs birTvTan mizidvis Zalas da 
akavebs mas birTvis garSemo. 

amrigad, eleqtrons aqvs gansazRvruli 
energia, rac sakmarisia imisaTvis, rom 
man birTvis garSemo imoZraos. aRmoCnda, 
rom planetebis msgavsad, romlebic 
mzidan garkveuli manZiliT dacilebul 
orbitebze moZraoben, eleqtronebisTvisac 
gansazRvrulia, moZraobisas birTvidan ra manZilze unda imyofebodnen. 

sivrcis im nawils, sadac eleqtroni moZraobs birTvis garSemo, eleqtronuli 
garsi ewodeba. xSirad am garss eleqtronul Sres an eleqtroenergetikul donesac 
uwodeben.

cnobilia, rom atombirTvis garSemo sul 7 eleqtronuli Sre SeiZleba iyos (nax. 
3.3). TiToeul Sreze SeiZleba moTavsdes eleqtronTa garkveuli ricxvi, romelic 
ase iangariSeba:

Ne- = 2n2

sadac n Sris nomers gviCvenebs.

amrigad, 1-l Sreze SeiZleba moZraobdes 2 eleqtroni, me-2 Sreze _ 8, me-3 Sreze 
_ 18 da a. S. 

magaliTad, Tu atomSi 7 protonia, maSin masSi 7 eleqtroni unda iyos. amaTgan 2 
eleqtroni 1-l Sreze moTavsdeba, danarCeni 5 ki _ me-2-ze.

  kiTxvebi da davalebebi:

1.	romeli subatomuri nawilakebisgan Sedgeba atomi? 
2.	rogor arian damuxtuli protonebi, eleqtronebi da neitronebi?
3.	romeli formuliT gamoiTvleba energetikul doneze eleqtronebis 

maqsimaluri raodenoba?
4.	gamoTvaleT eleqtronebis maqsimaluri ricxvi, romelic SeiZleba 

moTavsdes me-4, me-5, me-6 da me-7 eleqtronul Sreebze.
5.	ramdeni eleqtronia atomSi, romelsac atombirTvSi aqvs:

a) 16 protoni da 16 neitroni
b) 15 protoni da 16 neitroni 
g) 17 protoni da 20 neitroni

nax. 3.3. uranis atomis modeli. 
atombirTvis garSemo 7 

eleqtronuli Srea.
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•	 yvelaferi Sedgeba umciresi nawilakebisgan.

•	 am umcires nawilaks man atomi uwoda, 
romelic berZnulad ganuyofels niSnavs.

demokrite
(Democritus)

Zv.w 460 - Zv.w 370

 aristotele
(Aristotle)

Zv.w 384 - Zv.w 322

jon daltoni
(John Dalton)
1766 – 1844

jozef jon tomsoni 
(Joseph Tomson)

1856 – 1940

•	 yvelaferi Sedgeba oTxi elementisgan:

•	 aRmoaCina eleqtroni.

•	 mis mier mowodebuli atomuri modeli 
Sedarebulia „qiSmiSian pudings“.

•	 miiRo nobelis premia fizikaSi 1906 wels.

•	 erTi da imave elementis atomebi msgavsia.

•	 atomi Seadara myar, patara burTs.  

•	 aRmoaCina protoni da 
atombirTvi.

•	 eleqtronebi moZraobs 
dadebiTad damuxtuli 
atombirTvis irgvliv.

•	 miiRo nobelis premia 
qimiaSi 1908 wels.

ernest rezerfordi
(Ernest Rutherford)

1871 – 1937

  atomis aRnagobis Seswavlis istoria

haeri,        cecxli,         miwa    da   wyali
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 nils bori
(Niels Bohr)
1885 – 1962

jeimz Ceduiki
(James Chadwick)

1891 – 1974

 murai gel-mani
(Murray Gel-Mann)

1929 - 2019

•	 eleqtronebi moZraobs atom
birTvis irgvliv sxvadasxva 
energetikul doneze.

•	 mis mier mowodebulia atomis 
planeturi modeli.

•	 miiRo nobelis premia fizikaSi 
1922 wels.

•	 aRmoaCina neitroni, risTvisac mas 1935 wels 
mieniWa nobelis premia. 

•	 aRmoaCina protonebsa da neitronebze ufro 
mcire nawilakebi _ kvarkebi.

•	 miiRo nobelis premia fizikaSi 1969 wels.

ervin Sredingeri                luis de broili         verner haizenbergi
(Erwin Schrödinger)              (Louis De Brogile)          (Werner Heizenberg)
    1887 – 1961                         1892 – 1987                     1901 – 1976 

•	 Tanamedrove atomuri Teoria efuZneba 1920 wlidan dRemde 
dagrovil faqtebs.

•	 uaryofiTad damuxtuli eleqtronebi moZraobs eleqtronul 
RrubelSi. SeuZlebelia imis gansazRvra, Tu ra wertilSi imyofeba 
eleqtroni drois mocemul momentSi. 

•	 samivem miiRo nobelis premia fizikaSi. Sredingerma _ 1933, de 
broilma -1929, xolo haizenbergma 1932 wels.

  atomis aRnagobis Seswavlis istoria
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3.2            subatomuri nawilakebi

subatomur nawilakebs Tavisi aRniSvnebi gaaCnia: protoni p simboloTi 
gamoisaxeba, xolo atomSi protonebis ricxvi _ NP simboloTi; neitronebs 
aRniSnaven n-iT, maT raodenobas Nn-iT; xolo eleqtronebisa da maTi ricxvis 
aRniSvnisTvis gamoiyeneba Sesabamisad  e_  da Ne_

 (cxrili 3.1). 

cxrili 3.1. subatomuri nawilakebi.

nawilaki simbolo muxti
masuri 
ricxvi

masa (g) masa (mae)

protoni p +1 1 1.67∙10-24 1.01

neitroni n 0 1 1.67∙10-24 1.01

eleqtroni e- -1 0 9.11∙10-28 0.00055

qimiuri elementebis maxasiaTeblebi maT atomebSi 
subatomuri nawilakebis raodenobiT ganisazRvreba. 
elementis individualobas mis atombirTvSi protonebis 
ricxvi gansazRvravs. am ricxvis sididis mixedviT 
TiToeul elements Tavisi nomeri aqvs miniWebuli, rasac 
atomuri, anu  rigobrivi nomeri ewodeba da Z simboloTi 
aRiniSneba. periodulobis cxrilSi elementebi swored 
am nomrebis mixedviTaa dalagebuli, magaliTad, pirveli 
elementia wyalbadi (H) da misi nomeria 1, liTiumisaTvis 
Z(Li)=3, magniumisaTvis Z(Mg)=12 da a. S. (nax. 3.4)

atomi mTlianad eleqtroneitraluria, amitom yoveli 
elementis atoms unda hqondes imdeni eleqtroni, ramdeni 
protonicaa mis birTvSi. aqedan gamomdinare, elementis 
atomuri nomeri gviCvenebs atomSi rogorc protonebis, 
aseve eleqtronebis raodenobas. amrigad:

 
 Z = NP = Ne-

cxrili 3.1-dan Cans, rom protonisa da neitronis masebi TiTqmis erTmaneTis 
tolia da TiToeulis masa 1 mae-s udris. eleqtronis masa maT masaze gacilebiT 
naklebia (daaxloebiT 1836-jer). amitom atomis masa ZiriTadad atombirTvSia 
Tavmoyrili da mas gamoiTvlian protonebisa da neitronebis jamuri masis mixed
viT, xolo eleqtronebis masas ugulebelyofen. 

protonebisa da neitronebis jamur raodenobas masuri ricxvi ewodeba da A 
simboloTi aRiniSneba. amrigad:

 
 A = NP + Nn

1
H

3
Li

4
Be

11
Na

12
Mg

nax. 3.4. 
periodulobis 

cxrilis fragmenti.
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  kiTxvebi da davalebebi:

1. ras gviCvenebs atomuri nomeri? romeli simboloTi aRiniSneba?

2.	 ratom aris atomi eleqtroneitraluri?

3.	 ras ewodeba masuri ricxvi?

4.	 mocemulia atomi, romlis atombirTvSi 2 protoni da 2 neitronia. 
	 cxrili 3.1-is mixedviT iangariSeT, ramdenjer mZimea am atomis birTvi 

eleqtronebis jamur masaze. 

5.	 ramden subatomur nawilaks Seicavs: 

a) naxSirbadi (C)?
b) magniumi (Mg)? 
g) rkina (Fe)? 

	 mocemuli elementebisaTvis gamoiyeneT periodulobis cxrilSi 
miTiTebuli atomuri nomrebi da mTel ricxvamde damrgvalebuli atomuri 
masebi.

6.	 elementis atomis masuri ricxvia 55. masSi neitronebis ricxvi atomur 
nomerze 5-iT metia. am mocemulobidan gamomdinare:

	 a) ramdeni protoni, neitroni da eleqtronia am atomSi?
	 b) romel elements warmoadgens es atomi?

7.	 gadaxazeT cxrili samuSao rveulSi da pirvel striqonSi mocemuli 
magaliTis mixedviT SeavseT carieli ujrebi (mocemuli elementebisa
Tvis gamoiyeneT periodulobis cxrilSi miTiTebuli atomuri nomrebi 
da mTel ricxvamde damrgvalebuli atomuri masebi):

elementis 
simbolo

atomuri 
nomeri

masuri 
ricxvi

protonebis 
ricxvi

eleqtronebis 
ricxvi

neitronebis 
ricxvi

F 9 19 9 9 10

Na 11

7

K

20

S

13

52
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3.3                   izotopebi

bunebaSi arsebobs iseTi atomebi, romlebsac erTnairi atomuri ricxvi aqvs, 
magram maTi masuri ricxvebi gansxvavdeba. sxva sityvebiT, aseT atomebs atombir
TvSi protonebis erTnairi raodenoba aqvs, neitronebisa ki _ gansxvavebuli. 
amitom isini erTsa da imave qimiur elements miekuTvneba da maT izotopebi ewodeba. 
izotopebis magaliTi nax. 3.5-zea moyvanili.

atomuri
masa

atomuri
nomeri

protoni

proTiumi deiteriumi triTiumi

neitroni eleqtroni

nax. 3.5. wyalbadis izotopebi.

izotopis qimiuri simbolos gamosaxvisas  iwereba elementis simbolo da mas 
marcxniv qveda mxares  ewereba atomuri nomeri, zeda mxares ki _ masuri ricxvi. 
magaliTad, wyalbadis izotopebia 1

1 H, 2
1 H da 3

1 H (nax. 3.5).
bunebaSi gavrcelebuli elementebis umetesoba izotopebis narevs warmoadgens. 

amitom fardobiT atomur masad iTvleba saSualo izotopuri masa, romlis 
gamosaTvleladac TiToeuli izotopis masa mravldeba mis procentul wilze da 
miRebuli mniSvnelobebi ikribeba.

magaliTad, qlori bunebaSi gavrcelebulia 2 izotopis saxiT: 35
17 Cl da 37

17 Cl. 
amasTan, pirvelis Semcveloba bunebriv izotopur narevSi aris 75%, xolo meorisa 
_ 25%.  qloris saSualo izotopuri atomuri masa iqneba:

Ar(Cl) = 35 ∙ 75%
100%

+ 37 ∙ 25%
100%

 = 35.5

analogiurad SeiZleba gamovTvaloT izotopuri Sedgenilobis mqone nebismieri 
elementis saSualo izotopuri atomuri masa, rasac saSualo atomur masasac 
uwodeben.
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  kiTxvebi da davalebebi:

1.  ras ewodeba izotopi?

2.  ra ganapirobebs izotopebis masebs Soris sxvaobas?

3.  rogor gamoiTvleba elementis saSualo izotopuri atomuri masa?

4. romeli elementis izotopebia gamosaxuli qvemoT mocemul naxazze? 
gamoTvaleT TiToeul izotopSi subatomuri nawilakebis ricxvi. 

 
5. cirkoniumi (Zr) _ moruxo-TeTri metalia, romelic bunebaSi ramdenime 

izotopis saxiT gvxvdeba. cirkoniums iyeneben atomur reaqtorebSi. garda 
amisa, misgan iReben xelovnur Zvirfas qvas (cirkoni), romelic briliants 
waagavs da saiuveliro saqmeSi farTod gamoiyeneba. cxrilSi mocemulia 
Zr-is izotopebis fardobiTi gavrceleba:

izotopi masa (mae) gavrceleba (%)

cirkonium-90 90 51.45

cirkonium-91 91 11.22

cirkonium-92 92 17.15

cirkonium-94 94 17.38

cirkonium-96 96 2.80

	 a) iangariSeT protonebisa da neitronebis ricxvi TiToeul izotopSi;

	 b) gaaanalizeT cxrilis monacemebi da gansazRvreT, yvelaze metad romeli 
izotopi ganapirobebs element Zr-is saSualo atomur masas;

	 g) iangariSeT cirkoniumis saSualo izotopuri atomuri masa.

6.	 magniums gaaCnia sami izotopi, Semdegi masiTa da bunebaSi gavrcelebiT:  
24 mae (78.99%), 25 mae (10.04%) da 26 mae (11.01%). iangariSeT Mg-is 
saSualo atomuri masa.
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3.4                       ionebi

ganvixiloT SemTxveva, rodesac nawilakSi protonebisa da eleqtronebis 
raodenoba erTmaneTs ar utoldeba. cxadia, am dros protonebis ricxvi SeiZleba 
aRematebodes eleqtronebis raodenobas, an  masze naklebi iyos. pirvel SemTxvevaSi 
nawilakis jamuri muxti dadebiTi iqneba, meore SemTxvevaSi ki _ uaryofiTi. 
zogadad, aseT damuxtul nawilaks ioni ewodeba. 

atomidan ioni im SemTxvevaSi warmoiqmneba, rodesac qimiuri elementis atomebi 
naerTebs warmoqmnian. qimiuri reaqciebis mimdinareobis dros atomSi SeiZleba 
Seicvalos mxolod eleqtronebis raodenoba, magram ara protonebis, rac imas 
niSnavs, rom am dros elementi ar icvleba.

atomidan ioni SeiZleba ori gziT warmoiqmnas (nax. 3.6):
•	 	atomis mier erTi an meti eleqtronis mierTebiT (SeZeniT) _ am dros miiReba 

nawilaki, romelSic protonebis raodenoba eleqtronebis raodenobaze 
naklebia, amitom mTlianobaSi nawilaki uaryofiTad imuxteba. uaryofiTad 
damuxtul ions anioni ewodeba.

•	 	atomis mier erTi an meti eleqtronis gacemiT (dakargviT) _ am SemTxvevaSi 
protonebis raodenoba darCenili eleqtronebis raodenobaze meti 
aRmoCndeba da atomi dadebiTad daimuxteba. dadebiTad damuxtul ions 
kationi ewodeba. 

 neitraluri atomebi

eleqtron(eb)is 
dakargva        

eleqtron(eb)is                                                                         
SeZena

kationi

anioni 

nax. 3.6. atomidan ionis warmoqmnis ori gza. 

atomis an ionis muxti q simboloTi aRiniSneba da Semdegnairad gamoiTvleba:    

      
q = NP 

_ Ne-

anionebsa da kationebs ase gamosaxaven:

 
An_

  
Bn+

sadac A da B qimiuri elementebis simboloebia, n_  da n+  ki _ maTi muxtis 
mniSvnelobebi.
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magaliTad:

natriumis atomSi:

NP=11; Ne-=11

q=11-11=0

amitom natriumis atomi 
neitraluria.

Tu natriumi erT eleqtrons 
gascems, miiReba nawilaki, romelSic

NP=11; Ne-=10

q=11-10=+1

amrigad, warmoiqmneba natriumis 
dadebiTi ioni (kationi), romelic 

ase aRiniSneba:

Na+

qloris atomSi:

NP=17;  Ne-=17

q=17-17=0

amitom qloris atomi neitraluria.
Tu qlori erT eleqtrons 

miierTebs, miiReba nawilaki, 
romelSic

NP=17;  Ne-=18

q=17-18=-1

amrigad, warmoiqmneba qloris 
uaryofiTi ioni (anioni), romelic 

ase aRiniSneba:

Cl-

  kiTxvebi da davalebebi:

1.	 ras ewodeba:
	 a) ioni? 	 b) kationi?	 g) anioni?
2.	 romeli nawilakebis raodenoba icvleba atomSi ionebis warmoqmnis dros?
3.	 rogor daimuxteba: 
	 a) kalciumis atomi, Tu is 2 eleqtrons gascems? 
	 b) aluminis atomi, Tu is 3 eleqtrons gascems? 
	 g) Jangbadis atomi, Tu is 2 eleqtrons miierTebs? 
	 d) azotis atomi, Tu is 3 eleqtrons miierTebs?
4.	 cxrili gadaxazeT samuSao rveulSi. cxrilis pirvel striqonSi mocemuli 

magaliTis mixedviT SeavseT cxrilis carieli ujrebi (mocemuli ele
mentebisaTvis gamoiyeneT periodulobis cxrilSi miTiTebuli atomuri 
nomrebi da mTel ricxvamde damrgvalebuli atomuri masebi):

elementi Np Nn q Ne_
 A

F 9 10 0 9 19

Mg 12 10 24

S 16 _2 32

Na 11 12 +1

P 15 18 31
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3.5             periodulobis kanoni

dReisaTvis periodulobis cxrili 118 qimiuri elementiT aris Sevsebuli. 
ukanaskneli elementebi cxrils misi Seqmnidan 150 wlisTavze, 2019 wels daemata. 
swored amitom gaerTianebuli erebis organizaciam 2019 weli qimiur elementTa 
periodulobis cxrilis wlad gamoacxada. 

periodulobis cxrili agebulia periodulobis kanonis mixedviT, romelic 
Semdegnairad formulirdeba:

qimiuri elementebis Tvisebebi, maT mier warmoqmnili martivi da rTuli 
nivTierebebis formebi da qimiuri Tvisebebi atomuri nomris zrdis Sesabamisad 
periodulad meordeba.  

ganvixiloT, ras niSnavs elementTa Tvisebebis perioduli ganmeorebadoba. 
magaliTisaTvis aviRoT periodulobis cxrilis fragmenti, romelzec 1-dan 20-is 
CaTvliT atomuri nomris mqone elementebia gamosaxuli (nax. 3.7). 

 

jgufi

protonebis ricxvi

eleqtronuli Sre

eleqtronebis 
ganawileba Sreebze

pe
r
io

d
i

nax. 3.7. periodulobis cxrilis pirveli oci elementis
eleqtronuli Sreebis aRnagoba.

yuradRebiT davakvirdeT nax. 3.7-ze mocemul cxrilSi erTmaneTis qveS gan
lagebul elementTa atomebis eleqtronul aRnagobas. es elementebi eleqtronuli 
Sreebis raodenobiT gansxvavdeba, magram maT gare eleqtronul Sreze eleqtronTa 
erTnairi ricxvi aqvT. magaliTad, H, Li, Na da K bolo Sreze TiTo eleqtrons 
floben, Be, Mg da Ca _ or-or eleqtrons, B da Al – sam-sams da a. S. 

eleqtronul aRnagobaSi msgavseba elementTa Tvisebebis da, Sesabamisad, maTi 
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naerTebis formebis msgavsebaSi aisaxeba. magaliTad, naerTebSi elementebi H, Li, 
Na da K  I-valentiania, Be, Mg da Ca – II-valentiani, B da Al – III-valentiani da a. 
S. aseTive kanonzomiereba vlindeba am elementebis mier warmoqmnili naerTebis 
Tvisebebis Sedarebisas, rasac SemdgomSi gavecnobiT.

amrigad, gamodis, rom qimiuri elementebis atomuri nomris zrdasTan erTad 
periodulad meordeba gare eleqtronuli Sris aRnagoba, xolo erTnairi 
aRnagobis gare Sris mqone elementebisagan warmoqmnili martivi da rTuli 
nivTierebebi msgavs Tvisebebs amJRavnebs. swored esaa periodulobis kanonis arsi 
da periodulobis cxrilis safuZveli. 

  kiTxvebi da davalebebi:

1.	 ramdeni elementia dReisaTvis cnobili?

2.	 CamoayalibeT periodulobis kanoni.

3.	 romeli eleqtronuli Sris eleqtronebi ganapirobeben elementis 
valentobas?

4.	 SeadareT Semdegi elementebis eleqtronuli Sreebis aRnagoba:

	 a) C da Si.

	 b) Si da S.

	 ra msgavseba da gansxvaveba SeiniSneba maT Soris? 

5.	 daasaxeleT 3 elementi, romelTa gare Sreze 7-7 eleqtronia.

6.	 moZebneT periodul cxrilSi elementebi, romelTa atomuri (rigobrivi) 
nomrebic Seesabameba: 

	 a) Tqvens asaks

	 b) dabadebis Tves

	 g) dabadebis ricxvs

	 zogadad daaxasiaTeT es elementebi. internetSi moiZieT informacia 
maTi gamoyenebis Sesaxeb.

7.	 periodulobis cxrilSi moiZieT is elementebi, romelTa saxelwodebebi 
momdinareobs geografiuli obieqtebis dasaxelebidan. moiZieT infor
macia maTi aRmoCenis istoriis Sesaxeb. 

8.	 moiZieT informacia, vin aRmoaCina bolo, 118-e elementi.

9.	 periodulobis cxrilSi moiZieT ramdenime elementi, romelsac 
saxelwodeba mieniWa gamoCenili mecnierebis pativsacemad. 

10. periodulobis cxrilSi moiZieT ramdenime elementi, romelTa simbolo 
emTxveva Tqvens an Tqveni megobrebis laTinur inicialebs (saxelisa da 
gvaris pirvel asoebs).
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  qimia _ praqtikuli sagani

qimia praqtikuli mecnierebaa, romelic efuZneba eqsperimentul kvlevebs. 
qimiis yvela kanoni laboratoriaSi Catarebuli kvlevis Sedegebs asaxavs. SeiZ
leba iTqvas, rom laboratoria qimiis saxlia. 

rogorc yvela sxva mecnieri, qimikosic samecniero meTodebs eyrdnoba. cxril
Si warmodgenilia samecniero meTodis etapebi, romlebic dagexmarebaT kvlevis 
CatarebaSi. 

 

sakvlevi SekiTxvis dasma
•	gansazRvreT Tqveni kvlevis mizani da 

dasviT sakvlevi SekiTxva.

•	moiZieT informacia sxvadasxva 
wyaroebidan sakvlevi sakiTxis garSemo. 

•	gamoTqviT varaudi, Tu ra Sedegs 
elodebiT eqsperimentidan.

•	eqsperimentis Sedegebi warmodgineT Se
sabamisi cxrilis an naxazis formiT da 
gaanalizeT.

•	Catarebuli eqsperimentis safuZvelze 
gaeciT pasuxi dasmul sakvlev SekiTxvas da 
miRebuli Sedegebi gauziareT sxvebs.

•	gansazRvreT cvladebi, SearCieT 
resursebi (saWiro mowyobiloba da 
nivTierebebi) da CaatareT eqsperimenti.

informaciis moZieba 
sakvlevi sakiTxis garSemo

hipoTezis/varaudis 
Camoyalibeba

eqsperimentis Catareba

monacemTa Segroveba da 
gaanalizeba

daskvnebis gamotana da 
Sedegebis wardgena

Zalian mniSvnelovania, eqsperimentis Catarebis dros SecvaloT mxolod erTi 
parametri da SeiswavloT misi gavlena sakvlev parametrze. yvela sxva parametri 



173

unda iyos mudmivi. magaliTad, Tu swavlobT Saqris xsnadobaze temperaturis 
gavlenas, Tqven unda cvaloT mxolod temperatura, anu is parametri, risi gav
lenis Seswavlac gindaT. am parametrs (am SemTxvevaSi temperaturas) damouki
debeli cvladi ewodeba. 

TqvenTvis cnobilia, rom Saqars sxvadasxva temperaturaze aqvs gansxvavebuli 
xsnadoba  wyalSi. gaxsnili nivTierebis masa sxvadasxva temperaturaze iqneba is 
parametri, romelsac eqsperimentis procesSi daakvirdebiT. am parametrs (gaxsnili 
nivTierebis masa sxvadasxva temperaturaze) damokidebuli cvladi ewodeba.

eqsperimentis procesSi yvela sxva parametri unda iyos mudmivi. mag., wylis 
moculoba, Saqris forma (fxvnili an natexebi). am parametrebs sakontrolo 
cvladebi ewodeba. 

nebismieri sakiTxis Seswavla samecniero meTodiT kompleqsuri procesia da 
Tqvengan mravalferovan qmedebebs moiTxovs. esenia:

sakvlevi SekiTxvis dasma da 
problemis gansazRvra

modelebis Seqmna da 
gamoyeneba

kvlevis dagegmva da 
Catareba

monacemTa analizi da 
interpretacia

maTematikuri aparatisa da 
ist-is gamoyeneba

movlenebisa da procesebis 
axsna da problemebis 
gadaWris gzebis Zieba

mtkicebulebebze 
dafuZnebuli 

argumentirebuli diskusia
informaciis moZieba, 
Sefaseba da gaziareba
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   xsnaris pH da misi mniSvneloba

yoveldRiur cxovrebaSi

qimikosebs sxvadasxva nivTierebis analizis Catarebisas xSirad uwevT pH-is 
gazomva. pH gviCvenebs wyalbad-ionebis koncentracias xsnarSi da migviTiTebs, 
rogori bunebisaa esa Tu is xsnari: mJava, fuZe Tu neitraluri. 

sxvadasxva cocxal sistemas gaaCnia Tavisi optimaluri pH diapazoni, romlis 
SenarCunebas xSirad gadamwyveti roli aqvs normaluri cxovelqmedebisTvis. ma
galiTad, niadagisaTvis es maCvenebelia 4.0-8.0 (niadagis tipis mixedviT), zRvebisa 
da okeaneebisaTvis _ 8.2, kuWis wvenisaTvis _ 1.7, adamianis sisxlisaTvis ki _ 
7.35. es ukanaskneli Zalze mniSvnelovania, sisxlis pH-is mcirediT, Tundac 0.1 
erTeuliT Secvlamac ki SeiZleba mZime da gamousworebeli Sedegebi gamoiwvios. 
amitomac organizms gaaCnia damcavi meqanizmi _ buferuli sistema, romelsac aqvs 
unari sisxlis pH daicvas mciredi cvlilebisganac ki. 

amrigad,  pH-is dadgenas di
di mniSvneloba aqvs. es SesaZ
lebelia rogorc xelsawyoTi, 
aseve indikatoriT. xelsawyo 
gviCvenebs zust pH-s (ricxviT 
mniSvnelobas), xolo indika-
tori _ miaxloebiTs (gavarCevT 
mJava, fuZe da neitralur ares). 

Cven irgvliv, bunebasa Tu 
yofacxovrebaSi, xSirad vxvde
biT fuZe-mJava indikatorebs. 
magaliTad, rodesac CaiSi li-
monis naWers CavagdebT an mis 
wvens CavasxamT, davinaxavT, 
rom Cais feri gaRiavdeba. amis 
mizezi isaa, rom limonis wvenSi Semavali 
mJavebi moqmedebs CaiSi arsebul indika-
torebTan da fers ucvlis maT. 

niadagis mJavianobiT an fuZianobi-
Taa ganpirobebuli yvavilebis Seferi-
loba. zogierTi yvavili (magaliTad, 
vardi) fuZe areSi wiTeli Seferilo-
bisaa, mJave niadagSi ki misi Seferiloba 
icvleba cisfriT. es imaze miuTiTebs, 
rom yvavilebi Seicavs fuZe-mJava indi-
katorebs. xsnarebis bunebis dasadgenad 
qimikosebi yvelaze xSirad iyeneben lak-
muss, romelic mRierebis _ liqenebisgan 
(nax. 3.40) miiReba. 

mravali mcenaris yvavili da nayo
fi warmoadgens indikatorTa wyaros. 

nax. 3.41. wiTeli kombosto.

nax. 3.40. liqenebi.
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cnobilia, rom wiTeli vardis 
furclebi iRebs kaSkaSa mwvane 
Seferilobas fuZe, xolo var
disfer Seferilobas mJava xsna
rebSi. wiTeli alublis wveni 
fuZe xsnarebSi mwvanea, neit
ralurSi _ cisferi, xolo mJava 
areSi_wiTeli. analogiuri Tvi
sebebi aqvT wiTel kombostos, 
mocvs da sxv. (nax. 3.41 da 3.42).

nax. 3.42. wiTeli kombostosgan miRebuli 
indikatoris ferebi sxvadasxva pH-ze.
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   ZmarSi mJavas raodenobis gansazRvra

cnobilia, rom Zmars aqvs mJave gemo, rac ganpirobebulia masSi ZmarmJavas 
(CH3COOH) arsebobiT. ZmarmJava warmoiqmneba RvinoSi Semavali spirtis gardaq
mniT, anu fermentaciiT, rac mikroorganizmebis saSualebiT xorcieldeba. Rvinis 
garda, ZmarmJava SeiZleba warmoiqmnas sxva produqtis fermentaciiTac. sxvadas
xva gziT miRebuli Zmari SeiZleba gansxvavebuli raodenobis ZmarmJavas Seicavdes. 
aseve ZmarmJavas SemcvelobiT SeiZleba gansxvavdebodes saxlis pirobebSi damzade
buli Rvinis Zmari da qarxnul pirobebSi Rvinisgan miRebuli Zmari. 

am eqsperimentSi Tqven gansazRvravT ZmarmJavas Semcvelobas, risTvisac 
gamoiyenebT  titracias. daadgenT, ra raodenobis natriumis tute (NaOH) ixarjeba 
xsnarSi Semavali mJavas gasaneitraleblad. am dros mimdinareobs reaqcia:

CH3COOH + NaOH → CH3COONa + H2O

reaqciis Catarebisas xsnars unda daamatoT indikatori, romlis feris 
cvlilebac  reaqciis dasrulebaze mianiSnebs. am eqsperimentSi SegiZliaT 
gamoiyenoT rogorc wiTeli kombostos indikatori, aseve fenolfTaleini. 

eqsperimentis sakvlevi SekiTxva iqneba Semdegi: 

romeli ufro meti raodenobiT Seicavs ZmarmJavas, Rvinis Zmari Tu vaSlis 
Zmari?

eqsperimentisTvis saWiro masala da reaqtivebi:
•	 qimiuri Wiqa (500 ml-iani) _ 1 cali

•	 100 an 250 ml-iani boTlebi (nimuSebisa da indikatorisTvis) _ 3 cali 
•	 erlenmeieris kolba (100 an 250 ml-iani) _ 2 cali

•	 menzura (10 ml-iani) _ 1 cali

•	 menzura (25 ml-iani) _ 1 cali

•	 pipetebi (1, 2 an 5 ml-iani) _ 2 cali

•	 minis wkiri _ 3 cali	
•	 Zmari (minimum 2 sxvadasxva saxis) _ 20-20 ml
•	 gamoxdili wyali

•	 natriumis tutis 5%-iani wyalxsnari

•	 wiTeli kombosto _ 100 g

eqsperimentis msvleloba:

1.	 moamzadeT wiTeli kombostos indikatori:

daaxloebiT 100 g wiTeli kombosto daaqucmaceT, moaTavseT qimiur WiqaSi an 
mominanqrebul qvabSi, daamateT 200-250 ml wyali da xarSeT 5-10 wT. gagrilebis 
Semdeg wveni gawureT dolbandSi an wvril badeSi. es etapi sasurvelia winaswar 
gakeTdes saxlis pirobebSi.
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2.	 maswavleblis daxmarebiT moamzadeT 5%-iani natriumis tutis xsnari 
(daicaviT usafrTxoebis wesebi!).

3.	 erlenmeieris kolbaSi aiReT 5 ml sakvlevi xsnari (magaliTad, Rvinis Zmari) 
da  gamoxdili wyliT ganazaveT 50 ml-mde. 

4.	 pipetiT daamateT wiTeli kombostos indikatoris xsnaris 2-3 ml. CainiSneT 
xsnaris feri.

5.	 calke aiReT 50 ml gamoxdili wyali da daamateT indikatoris igive 
raodenoba, daakvirdiT fers da SeinaxeT Sesadareblad. 

6.	 xsnars amateT natriumis tutis xsnari wveT-wveTobiT, nel-nela, Tan 
iTvaleT wveTebis raodenoba. kolbis SigTavss periodulad mourieT. procesi 
gaagrZeleT, vidre xsnari imave fers ar miiRebs, rogoric Sesadarebel nimuSs 
hqonda.  gadaxazeT qvemoT mocemuli cxrili da Sesabamis ujraSi CawereT 
wveTebis raodenoba, romelic daixarjeba feris Secvlaze. 

 7.	 sando monacemebis misaRebad sasurvelia, eqsperimenti, sul cota, 3-jer 
ganmeordes.

8.	 gaimeoreT igive meore sakvlevi nimuSisaTvis (vaSlis Zmari). gaiTvaliswineT, 
rom, Tu sxvadasxva nimuSisaTvis erTsa da imave WurWels an pipets iyenebT, is 
yoveli gamoyenebis Semdeg saguldagulod unda gairecxos.

Rvinis Zmris nimuSis 
moculoba, ml

gatitvraze daxarjuli 
natriumis tutis 

wveTebis raodenoba

cda 1 5

cda 2 5

cda 3 5

natriumis tutis wveTebis saSualo raodenoba

		
igive cxrili moamzadeT meore nimuSisTvis.

9.	 gaakeTeT saTanado daskvna.

10.	 gauziareT miRebuli Sedegebi Tqvens klaselebs da SeadareT maT Sedegebs.

rekomendacia: igive eqsperimenti SeiZleba CaataroT biuretis gamoyenebiT. 

gaaanalizeT mocemuli eqsperimenti samecniero meTodis TvalsazrisiT. Cans 
Tu ara yvela etapi? gamoyaviT eqsperimentSi cvladebi. moifiqreT, risi Secvla 
SegiZliaT eqsperimentis ufro meti sizustiT Casatareblad. kidev romeli 
xsnarebis mJavianobis dadgena SeiZleba imave meTodiT?
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qaRaldis qromatografia

es meTodi gamoiyeneba nivTierebaTa narevis dasayofad. magaliTad, misi 
saSualebiT SegviZlia gavigoT, ramdeni gansxvavebuli feris saRebavia melanSi, 
romliTac Sevsebulia Savi feris markeri. amisaTvis saWiroa Semdegi moqmedebebis 
Sesruleba: 

 

1. dasviT msxvili wertili 
markeriT filtris qa
Raldis centrSi. daa
yovneT, rom gaSres. ase 
daitaneT imave adgilze 
kidev 3-4 wveTi centrSi 
an daawveTeT Savi melani.

2 . miRebul laqaze daaw
veTeT ramdenime wveTi 
samedicino spirti.

3. saRebavi nel-nela 
daiwyebs gavrcelebas da 
sxvadasxva feris rgolebs 
warmoqmnis.

	
gamodis, rom melanSi Sedis sxvadasxva feris nivTierebebi, romlebic erTad 

Sav fers qmnis. es feradi nivTierebebi spirtSi gansxvavebulad ixsneba, amitom 
TiToeuli filtris qaRaldze sxvadasxva siCqariT gadaadgildeba (yvelaze 
kargad xsnadi _ yvelaze swrafad), ris Sedegadac qaRaldze rgolebs viRebT. 
miRebul suraTs qromatogramas uwodeben. 

amrigad, qaRaldis qromatografia dafuZnebulia nivTierebebis gamxsnelSi 
xsnadobasa da qromatografiis qaRaldTan maT urTierTqmedebaze. 

 

1. am feradi wertilebiT 
aRniSnulia ori nivTie
rebis narevi. narevi gax
snilia Sesaferis gam
xsnelSi.

2. ori nivTiereba ga
daadgildeba qaRaldze 
sxvadasxva siCqariT maTi 
gamxsnelSi gansxvavebuli 
xsnadobisa da qaRaldTan 
sxvadasxva mizidulobis 
Zalis gamo. 

3. sabolood miiReba ori 
erTmaneTisgan dacile
buli nivTiereba. 

	
qromatografiis gamoyeneba SeiZleba aseve nivTierebebis identifikaciisaTvis. 

magaliTad, mocemulia ucnobi narevi X, romelic SeiZleba Seicavdes A, B, C da 
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D nivTierebebs, romlebic acetonSi kargad ixsneba. saWiroa davadginoT, romel 
nivTierebebs Seicavs ucnobi narevi. amis gamosakvlevad unda SevasruloT Semdegi 
moqmedebebi:

 

1. unda aviRoT X, A, B, 
C, da D nivTierebebis 
xsnarebi acetonSi. fil-
tris qaRaldze gavav-
loT fanqriT xazi qveda 
kididan daaxloebiT 0.5 
sm-ze. mocemuli nivTier-
ebebi davitanoT xazze 
laqebis saxiT. 

2.  qaRaldi cilindru-
lad SevkraT samagriT da 
CavuSvaT WurWelSi, rom
lis fskerze mcire rao
denobiT acetonia Cas
xmuli. davaxuroT saxu
ravi. acetoni daiwyebs 
qaRaldis Sesvelebas. ro
desac is samagramde miaR-
wevs, qaRaldi unda amovi-
RoT.

3. davakvirdeT miRebul 
laqebs: X daiyo sam laqad, 
romelTagan ori aris ima
ve manZilze gadaadgi
lebuli, rogorzec A da 
B. xolo mesame_rogorc 
D. es imis maCvenebelia, 
rom X Seicavs A, B da D 
nivTierebebs.

	

garda qaRaldisa, qromatografia sxva saxiTac tardeba. dReisaTvis misi 
mravali saxesxvaoba arsebobs. qimiur analizSi qromatografia qimikosisaTvis 
Zalian mosaxerxebeli meTodia, romelic gamoiyeneba: 

•	 nivTierebebis identifikaciisaTvis;

•	 minarevebisgan nivTierebis gasufTavebisaTvis; 

•	 garemos obieqtebSi, magaliTad, haeris, niadagisa da wylis nimuSebSi sxvadasxva 
nivTierebis, maT Soris garemos damabinZureblebis gansazRvrisaTvis;

•	 sakvebSi mavne minarevebis dasadgenad;

•	 medikamentebisa da sakvebi danamatebis xarisxis gasakontroleblad;

•	 doping-kontrolSi, anu imis dasadgenad, iRebda Tu ara sportsmeni akrZalul 
preparatebs

da mravali sxva miznisaTvis.
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   nivTierebebis Seswavla

qimia sxvadasxva mimarTulebebs 
moicavs. esenia:

•	 araorganuli qimia
•	 organuli qimia
•	 analizuri qimia
•	 fizikuri qimia
•	 koloiduri qimia
•	 bioqimia
•	 bioorganuli qimia
•	 maRalmolekulur naerTTa qimia
da sxv.

qimikosebi Seiswavlian rogorc ara
cocxal bunebaSi, aseve cocxal orga
nizmSi warmoqmnili naerTebis qimiur ur-
TierTqmedebebs (reaqciebs)  da am dros 
warmoqmnil produqtebs. 

isini did daxmarebas uweven mediko-
sebsa da biologebs, acnoben maT am niv-
TierebaTa Tvisebebs da SesaZlo qimiur 
cvlilebebs, Sesabamisad, aZleven saWiro 
rekomendaciebs. vinaidan farmacevtuli 
preparatebisa da samedicino masalebis 
umetesoba qimiuri reaqciebis Sedegad 
miiReba, qimiis mcodne TanamSromlebi 
aqac Seucvlelebi arian. 

arsebobs kidev erTi dargi, romelsac 
mcodne qimikosebi sWirdeba. esaa toqsik-
ologia, romelic bunebriv da xelovnur 
toqsinebs (momwamlav nivTierebebs), maT 
miReba-gamoyofas, qimiur bunebasa da cocxal organizmebze zemoqmedebas ikv-
levs. am dargs udidesi mniSvneloba aqvs, raTa Tavidan aviciloT sxvadasxva 
momwamlavi nivTierebisgan momavali saSiSroeba. 
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   usafrTxoebis wesebi saskolo sabunebismetyvelo        
laboratoriaSi muSaobis procesSi

piradi usafrTxoebis mizniT 
aucilebelia loboratoriuli 

samuSaoebis Sesrulebis dros ataroT 
xalaTi, damcavi saTvale, gamoiyenoT 

damcavi xelTaTmanebi.

nebismier eleqtrul 
xelsawyosTan muSaobis 
SemTxvevaSi xelebi unda 

gqondeT mSrali.

Tu romelime nivTiereba 
dagesxaT kanze, saswrafod 

CamoibaneT didi 
raodenobiT wyliT.

gamoyenebis win 
aucileblad SeamowmeT 
minis WurWeli, rom ar 

iyos dazianebuli an 
gabzaruli.

laboratoriuli samuSaos 
damTavrebis Semdeg 

yvelaferi daabruneT Tavis 
adgilze. daasufTaveT 

samuSao magida. daibaneT 
xelebi sapniT. gamorTeT 
eleqtruli xelsawyoebi.

dauSvebelia 
laboratoriaSi 

sirbili da 
TamaSi

moerideT nivTierebebis 
orTqlis SesunTqvas. 

dauSvebelia 
nivTierebebis Sexeba, 
daynosva an gasinjva.

darwmundiT, rom zustad 
iciT, Tu sad mdebareobs 

pirveladi daxmarebis 
nakrebi, cecxlsaqrobi, 

usafrTxoebis Sxapi, 
Tvalebis dasabani.

laboratoriaSi nebismier 
dros akrZalulia Wama 
da sma. ar gamoiyenoT 

laboratoriuli 
WurWeli saWmlis 

Sesanaxad.

nebismieri SemTxvevis 
Sesaxeb dauyovnebliv 

SeatyobineT 
maswavlebels.

laboratoriaSi 
muSaobis dros unda 

gecvaT daxuruli 
fexsacmeli. grZeli 
Tma unda SeikraT da 
ar gamoiyenoT didi 

samkauli.

arasodes imuSaoT 
laboratoriaSi 

ufrosis 
Tandaswrebis 

gareSe.

yuradRebiT waikiTxeT yvela 
instruqcia. Tu romelime 
instruqcia an procedura 

gaugebaria, samuSaos dawyebis win 
hkiTxeT maswavlebels.

gacxelebis dros 
arasodes mimarToT 

sinjaris piri Tqvenken 
an sxvisken.
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   qimiuri WurWeli da mowyobilobebi

qimiuri Wiqa sinjarebi sazomi cilindri anu 
menzura

erlenmeieris kolba mrgvalZira kolba sazomi kolba

Zabri biureti faifuris  jami

petris jami sinjarebis sadgami sawveTuri
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pipeti sinjaris damWeri Camrecxi boTli

saaTis mina pinceti spirtqura da samfexa 
sadgami

distilaciis macivari faifuris rodini minis wkiri

Stativi, damWeri TaTi da 
Stativis rgoli

eleqtronuli saswori rezinis dozatori 
pipetisTvis

 Spatelebi
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  sityvari

alotropia  _ elementis unari, warmoqmnas ramdenime sxvadasxva martivi niv-
Tiereba.

alotropebi _ erTi da imave elementisagan warmoqmnili sxvadasxva martivi niv-
Tiereba, magaliTad, naxSirbadis alotropebia almasi da grafiti.

anioni _ uaryofiTad damuxtuli ioni.

antacidi _ nebismieri qimiuri nivTiereba (magaliTad, kalciumis karbonati, mag-
niumis hidroqsidi an aluminis hidroqsidi), romelic gamoiyeneba kuWis 
wvenSi arsebuli mJavas gasaneitraleblad.

aorTqleba _ fizikuri movlena, romlis drosac Txevadi nivTiereba gadadis ai-
rad mdgomareobaSi, rac SeiZleba moxdes ufro dabal temperaturaze, vi-
dre duRilis temperaturaa.

arametali _ elementi, romlis Sesabamis martiv nivTierebas ar axasiaTebs met-
alebisaTvis damaxasiaTebeli Tvisebebi.

arasruli wva _ nivTierebis wva Jangbadis ukmarobis pirobebSi, magaliTad, meTa-
nis wva, rodesac gamoiyofa naxSirbadis monooqsidi da muri.

atmosfero _ haeris fena, romelic gars ekvris dedamiwas.

atomi _ nivTierebis umciresi qimiurad ganuyofeli nawilaki.

atomuri nomeri _ periodulobis cxrilSi elementis rigiTi nomeri, romelic 
aCvenebs birTvSi protonebis ricxvs da, Sesabamisad, atombirTvis muxts.

binaruli naerTi _ naerTi, romelic ori sxvadasxva elementisganaa warmoqmnili.

birTvi _ atomis dadebiTad damuxtuli nawili, romelSic mdebareobs protonebi 
da neitronebi.

gamxsneli _ nivTiereba, romelSic ixsneba nivTiereba da miiReba xsnari.

gayinva _ Txevadidan myar mdgomareobaSi gadasvla, romelic xdeba gayinvis tem-
peraturaze (lRobis temperaturaze). igivea, rac gamyareba. warmoadgens 
lRobis sapirispiro process.

gaxsnili nivTiereba _ nivTiereba, romelic ixsneba gamxsnelSi da miiReba xsnari.

giganturi struqtura _ kristaluri struqtura, romelSic atomebis an ionebis 
didi ricxvia.

globaluri daTboba _ dedamiwis saSualo temperaturis aweva.

damabinZurebeli _ nivTiereba, romelic mavnea garemosaTvis, Tu is dasaSveb nor-
maze meti moxvdeba wyalSi, haerSi an niadagSi.

damoukidebeli cvladi _ parametri, romelic icvleba eqsperimentis procesSi 
misi gavlenis Seswavlis mizniT.

damokidebuli cvladi _ parametri, romlis cvlilebazec xdeba dakvirveba eqs-
perimentis sxva parametris cvlilebis Sedegad.

distilacia _ nivTierebebis Txevadi narevidan erT-erTi komponentis gamoyofa 
aduRebiT da Semdegi kondensirebiT. igivea, rac gamoxda. 

duRili _ Txevadi mdgomareobidan airad mdgomareobaSi gadasvla.

duRilis temperatura _ temperatura, romelzec iwyeba duRili. sufTa niv-
Tierebas aqvs zustad gansazRvruli duRilis temperatura.
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egzoTermuli reaqcia _ qimiuri reaqcia, romlis drosac xdeba garemoSi siTbos 
gamoyofa.

elementi _ erTi saxis atomTa erToblioba.

eleqtrogamtaroba _ nivTierebis unari, gaataros eleqtruli deni.

eleqtronebi _ atomis birTvis garSemo moZravi uaryofiTad damuxtuli  nawilake-
bi, romlebsac aqvT Zalian mcire masa.

eleqtronuli Sreebi _ energetikuli doneebi, romlebzec moZraobs eleqtrone-
bi birTvis garSemo.

endoTermuli reaqcia _ reaqcia, romlis drosac xdeba garemodan siTbos STanTq-
ma.

erTmagi bma _ bma, romelic warmoiqmneba or atoms Soris erTi wyvili eleqtro-
nis gaziarebis Sedegad.

valentoba _ elementis atomis unari, nivTierebis warmoqmnisas SeierTos sxva 
elementis atomTa gansazRvruli ricxvi.

izotopebi _ erTi da imave elementis atomebi, romlebic Seicavs gansxvavebuli 
raodenobis neitronebs.

indikatori _ qimiuri nivTiereba, romelic icvlis fers mJavasTan an tutesTan 
urTierTqmedebis Sedegad.

inertuli _ nivTiereba, romelic reaqciaSi ar Sedis.

inertuli airebi _ periodulobis cxrilis me-18 (VIIIA) jgufis elementebi, igive 
keTilSobili airebi.

ioni _ damuxtuli atomi an atomTa jgufi.

ionuri bma _ bma, romelic myardeba urTierTsawinaaRmdego niSniT damuxtul 
ionebs Soris.

ionuri naerTi _ naerTi, romelic Sedgeba erTmaneTTan ionuri bmebiT dakavSire-
buli ionebisagan.

kationi _ dadebiTad damuxtuli ioni.

keTilSobili airebi _ periodulobis cxrilis me-18 (VIIIA) jgufis elementebi, 
igive inertuli airebi.

kovalenturi bma _ bma, romelic warmoiqmneba eleqtronuli wyvilis gaziarebis 
Sedegad. 

kovalenturi naerTi _ naerTi, romelSic atomebi erTmaneTTan mxolod kovalen-
turi bmebiT aris dakavSirebuli.

kondensacia _ agregatuli mdgomareobis cvlileba, rodesac xdeba airadidan 
Txevad mdgomareobaSi gadasvla.

korozia _ procesi, romlis drosac metali ganicdis gardaqmnas haerSi arse-
buli Jangbadisa da wylis gavleniT. 

kristali _ myari nivTiereba, romelSic nawilakebis mowesrigebuli wyobaa.

kristalizacia _ procesi, romlis drosac xsnaridan gamokristaldeba gaxsnili 
nivTierebis kristalebi.

lRoba _ nivTierebis gadasvla myari mdgomareobidan TxevadSi.

lRobis temperatura _ temperatura, romelzec iwyeba myari nivTierebis gaTx-
evadeba.
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mae _ masis atomuri erTeuli, naxSirbadis C-12 izotopis erTi atomis masis 1/12 
nawili.

marili _ ionuri naerTi, romelic Sedgeba metalis atomebisa da mJavas naSTisa-
gan. 

martivi nivTiereba _ nivTiereba, romelic Sedgeba erTi elementis atomebisagan.

masuri ricxvi _ atombirTvSi arsebuli protonebisa da neitronebis ricxvTa 
jami. 

masuri wili _ ricxvi, romelic gviCvenebs naerTSi (an xsnarSi) elementis (an gax-
snili nivTierebis, masis fardobas nivTierebis (an xsnaris) masasTan. 

metali _ elementi, romlis Sesabamisi martivi nivTiereba metalur bunebas am-
JRavnebs (aris bzinvare, plastikuri, eleqtro- da siTbogamtari). 

metaloidi _ elementi, romlis Sesabamisi martivi nivTiereba amJRavnebs nawilo-
briv metalur da nawilobriv arametalur Tvisebebs.

metaluri bma _ bma, romelic metalSi ionebs da atomebs erTmaneTTan akavSirebs 
metalis dadebiT ionebsa da Tavisufal eleqtronTa Soris mizidulobis 
xarjze.

molekula _ nivTierebis Semadgeneli umciresi nawilaki, romelsac aqvs am niv-
TierebisaTvis damaxasiaTebeli qimiuri Tvisebebi.

molekulaTaSorisi mizidulobis Zalebi _ molekulebs Soris moqmedi Zalebi, 
magaliTad, wyalbaduri bma.

mJava _ rTuli nivTiereba, romelic Sedgeba metalis atomiT Canacvlebis unaris 
mqone erTi an ramdenime wyalbadatomisa da mJavuri naSTisagan.

mJava wvima _ atmosferuli naleqi, romelic Seicavs bunebrivze ufro meti Sem-
cvelobis mJavas, ZiriTadad gogirdisa da azotis Semcveli mJavebis saxiT.

naerTi _ rTuli nivTiereba, romelSic ori an meti elementis atomebi erTmaneT-
Tan qimiuradaa dakavSirebuli. naerTis Tvisebebi gansxvavdeba Semadgeneli 
elementebis Sesabamisi martivi nivTierebebis Tvisebebisagan.

naleqi _ myari uxsnadi nivTiereba, romelic gamoiyofa xsnarSi mimdinare qimiuri 
reaqciis dros, an rCeba gauxsneli nivTierebis gaxsnisas, an rCeba filtrze 
gafiltvris Semdeg.

narevi _ Seicavs or an met komponents, romlebic qimiurad ar arian dakavSire-
buli. narevSi mis Semadgenel komponentebs SenarCunebuli aqvT individu-
aluri Tvisebebi.   

najeri xsnari _ xsnari, romelSic mocemul temperaturasa da wnevaze nivTiereba 
metad aRar ixsneba.

neitralizaciis reaqcia _ urTierTqmedeba mJavasa da fuZes Soris, ris Sedega-
dac warmoiqmneba marili da wyali.

neitroni _ umuxto nawilaki, romelic mdebareobs atomis birTvSi da aqvs 1 mae-s 
toli masa.

ozonis Sre _ atmosferos zeda fenebSi arsebuli fena, romelic warmoqmnilia 
ozonisagan. is dedamiwas mzis ultraiisferi gamosxivebisagan icavs.

ormagi bma _ kovalenturi bma, romelSic or atoms Soris gaziarebulia ori 
wyvili eleqtroni.

oqsidi _ elementis JangbadTan naerTi.
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periodi _ periodulobis cxrilis horizontalur mwkrivSi ganlagebuli ele-
mentebis erToblioba.

perioduloba _ qimiuri elementebis Tvisebebis ganmeorebadoba, romelic 
vlindeba periodulobis cxrilSi.

periodulobis cxrili _ cxrili, romelSic elementebi dalagebulia atomuri 
nomris zrdis mixedviT. warmoadgens periodulobis kanonis grafikul 
gamosaxulebas.

produqti _ nivTiereba, romelic miiReba qimiuri reaqciis Sedegad.

protoni _ nawilaki, romelic mdebareobs atomis birTvSi, aqvs muxti +1 da 1 
mae-s toli masa.

procentuli koncentracia _ masuri wili, gamosaxuli procentebSi.

reagenti _ reaqciaSi monawile sawyisi qimiuri nivTiereba.

rTuli nivTiereba _ nivTiereba, romelic Seicavs ori an meti elementis atomebs.

savalento eleqtronebi _ mTavari anu A qvejgufis elementebisaTvis gare ele-
qtronul Sreze mdebare eleqtronebi.

saTburis efeqti _ atmosferos mier siTbos Sekaveba dedamiwis zedapirze.

sakontrolo cvladi _ yvela parametri, romelic mudmivi unda darCes eqsperi-
mentis procesSi.

samecniero meTodi _ kvlevis procesSi gansaxorcielebeli etapebis erToblioba.

sammagi bma _ bma, romelic warmoiqmneba or atoms Soris sami wyvili eleqtronis  
gaziarebis Sedegad.

sawvavi wiaRiseuli  _ sawvavi, romelic moipoveba bunebaSi da warmoqmnilia bune-
brivi procesebis Sedegad, magaliTad, navTobi, qvanaxSiri, bunebrivi airi, 
torfi da sxv.

simkvrive _ nivTierebis fizikuri Tviseba, romelic aCvenebs am nivTierebis er-
Teuli moculobis masas.

struqturuli formula _ naerTis formula, romelic grafikulad aCvenebs at-
omebis dakavSirebis Tanmimdevrobas.

sublimacia _ nivTierebis gadasvla myaridan airad mdgomareobaSi.

sunTqva _ procesi, romelic Jangbadis monawileobiT mimdinareobs yvela cocx-
ali organizmis ujredSi da energiiT uzrunvelyofs maT. sunTqvas uwo-
deben Sejamebul reaqciasac, rodesac glukozisa da Jangbadisagan miiReba 
naxSirorJangi da wyali.

sufTa nivTiereba _ nivTiereba, romelic Seicavs mxolod erTi nivTierebis 
nawilakebs.

tute _ rTuli nivTiereba, wyalSi xsnadi fuZe.

tute metalebi _ periodulobis cxrilis 1-li (IA) jgufis metalebi. 

tutemiwa metalebi _ periodulobis cxrilis me-2 (IIA) jgufis metalebi. 

universaluri indikatori _ qaRaldi an xsnari, romelic damzadebulia sxvadasx-
va indikatorisagan da gamoiyeneba xsnaris pH-is dasadgenad.

ujeri xsnari _ xsnari, romelSic mocemul temperaturasa da wnevaze nivTiereba 
kidev SeiZleba gaixsnas.

fardobiTi atomuri masa  _ uganzomilebo sidide, gviCvenebs erTi atomis WeSma-
riti masis fardobas mae-Tan.
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fardobiTi molekuluri masa _ molekulis masa, romelic gamosaxulia mae-s sa-
SualebiT.

fizikuri Tviseba _ Tviseba, romelze dakvirvebac SeiZleba nivTierebis gardaqm-
nis gareSe (magaliTad, simkvrive, lRobis temperatura da sxv.).

fizikuri movlena _ movlena, romlis drosac ar icvleba nivTierebis qimiuri 
Sedgeniloba.

filtrati _ siTxe, romelic miiReba gafiltvris Semdeg.

filtracia _ myari nivTierebis nawilakebis dacileba Txevadisagan narevis fil-
trSi gatarebis gziT.

fotosinTezi _ mcenareebSi mimdinare qimiuri reaqciebis erToblioba, romlis 
Sedegadac mzis sinaTlis energiis gamoyenebiT naxSirorJangidan  da wyli-
dan glukoza da Jangbadi warmoiqmneba.

fuZe  _ rTuli nivTiereba, romelic Seicavs metalis atoms da hidroqsilis erT 
an ramdenime jgufs. igivea, rac hidroqsidi.

qimiuri bma _ kavSiri, romliTac atomebi ukavSirdeba erTmaneTs nivTierebaSi.

qimiuri movlena  _ procesi,  romlis drosac icvleba nivTierebis qimiuri Sed-
geniloba.

qimiuri reaqcia  _ procesi, romlis drosac mimdinareobs qimiuri movlena.

qimiuri toloba  _ qimiuri reaqciis gamosaxva qimiuri formulebis, simboloe-
bisa da koeficientebis   saSualebiT. 

qimiuri formula  _ qimiuri simboloebisa da indeqsebis erToblioba, romelic 
aCvenebs naerTSi atomTa Tvisobriv da raodenobriv Tanafardobas.

qromatografia _ narevebis dayofis meTodi, romelic efuZneba nivTierebebis 
gansxvavebul xsnadobas gamxsnelSi.

Senadnobi _ ori an meti metalis myari xsnari, an metalisa da romelime sxva 
nivTierebis narevi, romelic mzaddeba axali Tvisebebis mqone masalebis 
misaRebad.

wva _ egzoTermuli reaqcia, roca nivTiereba urTierTqmedebs JangbadTan, ris 
Sedegadac gamoiyofa siTbo da sinaTle.

wyalbaduri bma _ molekulaTaSorisi mizidulobis Zala, romelic warmoiqmneba 
zogierTi nivTierebis, magaliTad, wylis, molekulebs Soris.

xsnadoba _ nivTierebis masa, romelic SeiZleba gaixsnas 1 l an 100 ml gamxsnelSi 
mocemul temperaturaze.

xsnari _ homogenuri narevi, romelic miiReba gaxsnili nivTierebis SereviT gamx-
snelTan.

jgufi _ periodulobis cxrilis vertikalur svetSi ganlagebuli elementebis 
erToblioba.

halogenebi _ periodulobis cxrilis me-17 (VIIA) jgufis elementebi.

hidroqsidi _ naerTi, romelic metalisa da hidroqsilis erTi an ramdenime jgu-
fisagan Sedgeba, igive fuZe.

pH skala _ skala, romelic aCvenebs xsnaris mJavianobas an fuZianobas. skalaze 
pH-is mniSvnelobebi 0-dan 14-mde icvleba. 

pH-metri _ xelsawyo, romelic zomavs xsnaris pH-is mniSvnelobas.
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damxmare masala

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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gamosaTvleli davalebebis pasuxebi

gv. 17, 1.4. 

1. 2.7 g/sm3 _ alumini. 2. napovni nivTierebis simkvrivea _ 5 g/sm3, Sesabamisad, is 
ar warmoadgens oqros.   

gv. 33, 1.12.

1. 18 mae; 29.889 . 10-24 g. 2. a) 160; b) 78; g) 98; d) 160; e) 100; v) 95; z) 40; T) 342. 3. 
a) CO, 28; b) CO2, 44; g) SO, 48; d) SO2,  64; e) P2O3, 110; v) P2O5, 142; z) FeO, 72; T) 
Fe2O3, 160. 4. a) CuSO4 ; b) CaSO4; g) CaSO3; d) (NH4)2S; e) Al2(SO4)3. 5. 2.5-jer. 6. a) 
6; b) 5; g) 10. 

gv. 49-57, Semajamebeli davalebebi. 

4. a) 36 g; b) 28.6%. 6. b) 150 g. 17. a) 36 g wyali da 4 g Saqari; b) 105 g wyali da 45 g 
Saqari; g) 400 g wyali da 600 g Saqari. 18. a) 20%; b) 33.3%.  21. 10%.  22. 12.8%.  23. 
14%.  24. 25%. 25. 96 g. 26. 66.7%. 27. 66.7 g. 28. 33.3 g. 29. 6.25%. 30. 1) 900 g/l; 2) 10 g; 
6) 10 g; 7) 3-jer;  8) 33.3%.

gv. 61, 2.1. 

2. a) 1 molekula Jangbadze modis daaxloebiT 4 molekula azoti; b) 1 molekula 
naxSirorJangze modis 2600 molekula azoti da 700 molekula Jangbadi.

gv. 79, 2.10. 

a) nimuSi 1 – 2:1, nimuSi 2 – 2:1, nimuSi 3 – 2:1.

gv. 97- 108, Semajamebeli davalebebi. 

4. g) 44%.

gv. 111, 3.1. 

4.  IV Sreze _ 32; V Sreze _ 50; VI Sreze _ 72;  VII Sreze _ 98. 5. a) 16; b) 15; g) 17.

gv. 115, 3.2. 

4. 3672.72-jer. 5. a) Np = 6, Ne = 6, Nn = 6; b) Np = 12, Ne = 12, Nn = 12; g) Np = 26, Ne = 
26,   Nn = 30. 6. a) Np = 25,  Ne = 25,  Nn = 30.  

gv. 117, 3.3. 

5. a) Zr-90: Np = 40 da Nn = 50, Zr-91: Np = 40 da Nn = 51, Zr-92: Np = 40 da Nn = 52, 
Zr-94: Np = 40 da Nn = 54, Zr-96: Np = 40 da  Nn = 56; g) 91.32. 6. 24.33.

gv. 119, 3.4. 

3. a) q = +2; b) q = +3; g) q = -2; d) q = -3.  

gv. 157-171, Semajamebeli davalebebi. 

3. b) I _ 118, II _ 34, III _ 0, IV _ 18, V _ 142.




