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1.1 qimuri reaqciebi Cvens irgvliv

 Sen SeZleb: 

 ●  qimiuri reaqciis niSnebis dasaxelebas;

 ●  qimiur reaqciebSi monawile naerTebis reagentebad 

da produqtebad dajgufebas; 

 ●  Sens irgvliv mimdinare qimiuri movlenebis reaqciis 

tolobiT gamosaxvas;

 ●  qimiis rolis gansazRvras adamianis yoveldRiur 

saqmianobaSi. 

qimiuri movlena adamians yoveli fexis nabijze 

xvdeba. samzareuloSi namcxvris momzadebis dros 

saocari surneli trialebs. sunis warmoqmna ki qimi-

uri reaqciis erT-erT niSans warmoadgens. gifiqria 

ra qimiuri reaqciebi mimdinareobs namcxvris momza-

debisas? 

 usafuaro comis mosamzadeblad bolo periodSi 

farTod gamoiyeneba `gamafxviereblebi“. maTi moq-

medeba efuZneba qimiur tolobas:

  3NaHCO3+NaAl(SO4)3→Al(OH)3↓+2Na2SO4+3CO2↑

reaqciis Sedegad gamoiyofa airadi naxSirorJangi, 

romelic comis gafuebas iwvevs. namcxvaric Zalian 

haerovani gamodis (reaqciaSi monawile naerTebis 

saxelwodebebs momdevno gakveTilebSi gaecnobi).

  leqsikonis gamoyenebiT reaqciis tolobaSi 

amoicani reagentebi da produqtebi. 

gamafxvierebeli

1 

kg.

qimiuri reaqcia

reagentebi produqti

6 molekula 

wyali

6 molekula 

naxSirorJangi

1 molekula 

glukoza

6 molekula 

Jangbadi
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Tbilisis didi sakoncerto darbazis win, albaT 

SeginiSnavs qandakeba: ̀ muza“. is mwvane Seferilobisaa.

savaraudod aravin ifiqrebs, rom Tavdapirvelad 

is, Tavisuflebis qandakebis msgavsad, wiTeli iyo, 

radgan spilenZisgan aris damzadebuli. garemos mud-

mivi zemoqmedebiT ki TandaTan gamwvanda.

2Cu+H2O+CO2+O2→Cu2(OH)2CO3

spilenZi wiTeli feris metalia, qandakeba ki mwvanea.

  reaqciaSi monawile romeli naerTia mwvane? 

  rogor fiqrob, SesaZlebeli iyo qandakebis 

dacva gamwvanebisgan?

  daasaxele am reaqciis niSani.

araswori kvebis gamo xSirad kuWis ujredebi didi 

raodenobiT marilmJavas gamoimuSaveben da adamians 

`gulZmarva“ awuxebs.

 Seni azriT ratom daarqves am SegrZnebas 

`gulZmarva“? marTla Zmari warmoiqmneba?

aseT situaciaSi simptomebis moxsnis mizniT bevri 

adamiani mineralur wyals iyenebs.  

`muza~

Tavisuflebis qandakeba

momatebuli 
mJavianoba

Semcirebuli 
mJavianoba

gulZmarva
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    moiZie informacia

1.  rogor gamoiyureboda Tavisuflebis qandakeba 

Tavdapirvelad? ra cvlilebebi ganicada wlebis 

ganmavlobaSi? 

2.   denTi anu Tofis wamali pirvelad Cinelma alqi-

mikosebma daamzades. misi recepti gasaidumloe-

buli iyo, raTa mters ar gamoeyenebina. moiZie 

informacia denTis pirvandeli Semadgenlobis 

Sesaxeb. rogor fiqrob, ratom Secvales misi 

Sedgeniloba? ra gaumjobesda am cvlilebiT? si-

tyvierad Cawere denTis afeTqebis dros mimdinare 

reaqciis toloba. gamoiyene pirobiTi niSnebi. 

leqsikoni

• reagenti _ nivTiereba, romelic 

gardaiqmneba qimiuri movlenis 

dros, iwereba qimiuri tolobis 

marcxena nawilSi. 

• produqti _ gardaqmnis Sedegad 

miRebuli naerTi, romelic qimi-

ur tolobaSi marjvniv iwereba.

• qimiuri toloba _ qimiuri mov-

lenis pirobiTi Canaweri, qimiuri 

formulebiT da koeficientebiT

• koeficienti _ gamosaxavs naer-

Tis raodenobas, iwereba qimiuri 

formulis win da ekuTvnis naer-

Tis Semadgenel yvela elementis 

atoms.

kuWSi qimiuri reaqcia mimdinareobs:

HCl+NaHCO3→NaCl+H2O+CO2↑

  reaqciis tolobis gamoyenebiT ivaraude, ra-

tom xdeba mineraluri sasmelis gamoyenebiT 

SegrZnebis gaqroba?

    davaleba

    mocemul gantolebebSi miuTiTe reagentebi da 

produqtebi.

+ +2 2

CH4 (a) + 2O2 (a)               CO2 (a) + 2H2O (a)
meTani wyaliJangbadi naxSirorJangi

2H2 + O2→ 2H2O
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 1.1.1 SeerTebis, daSlis da Canacvlebis 
    reaqciebi

 Sen SeZleb: 

 ●  daajgufo qimiuri reaq ci ebi 

daSlis, SeerTebis, Ca na cv le-

bis, mimocvlis re aq ciebad. 

 ●  ivaraudo reaqciis produqti, 

roca ici sawyisi nivTi erebebi. 

`erTaderTi Txevadi metali _ vercxliswyali, mi-
si oq sidis daSliT miiReba~, es reaqcia mniSvnelova-
nia qi miis ganviTarebis istoriaSi, radgan qimikosebs 
daex mara reagentebsa da produqtebs Soris kavSiris 
dad genaSi. 

am gakveTilSi Seiswavli ris mixedviT SeiZleba re -
aq ciebis dajgufeba. yoveldRiurad vxvdebiT uam-
rav qimiur reaqcias. zogierTi reaqcia mimdinare-
obs garemoSi, rogoricaa wiaRiseulis wva; zogierTi 
mimdinareobs xsnarebSi, zogierTi reaqcia foTolSi 
warmoqmnis glukozas da wylis fotolizis dros 
warmoqmnis Jangbads; zogi procesi, magaliTad bune-
brivi airis wva, mimdinareobs samzareuloSi sakve-
bis momzadebisas, benzinis wva — avtomobilis ZravSi. 
zRvis fskerze, Weqa-quxilis dros, Cvens ujredeb-
Si. qimiuri reaqciebis klasifikaciis ramdenime gza 
arsebobs. zogierTi reaqcia gamoyofs siTbos, roca 
sxvebs siTbos garedan miwodeba esaWiroeba. zogierTi 
reaqcia spontanurad iwyeba, zogs gansakuTrebuli 
pirobebis Seqmna sWirdeba. zogierTi reaqciis dros 
sinaTle warmoiqmneba, zogjer airadi nivTiereba. 
reaqciis produqti qimiuri procesis Sesaxeb bevr 
rames gviyveba. qimikosebma pirvelad daSlis reaqcia 
aRmoaCines.  

SeerTebis reaqciebi

SeerTebis reaqcia _ sinTezis reaqcia: ori, an meti 
martivi an rTuli nivTierebisgan, erTi rTuli niv-
Tiereba miiReba. A+B→C

SeerTebis reaqciaSi monawile nivTiereba SeiZleba 
iyos myar, Txevad an airad mdgomareobaSi. magaliT-
ad: haerze Jangbadi urTierTqmedebs rkinasTan da 
wylis monawileobiT Jangavs mas. Jangva Zalian neli 
procesia, magram Tu rkinis Sexebis zedapiris far-
Tobi didia, reaqcia Cqardeba. es procesi SegiZliaT 
naxoT bmulze:

h� ps://cu� .ly/gkaFVaw  

 qimiur tolobas aseTi saxe aqvs:

4Fe(myari) + 3O2(airadi) →2Fe2O3(myari)

  HgO →  Hg  + O
  HgO →  Hg  + O 

2HgO → 2Hg  + O2

2 atomi

vercxliswylis oqsidis daSlis 

reaqcia

h� ps://cu� .ly/PkaFKqc (1:12) ganxilu-

lia vercxliswyal (II)-is oqsidis 

daSlis reaqcia Txevad vercxlis-

wylad da Jangbadad. 
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daSlis reaqcia

SeerTebis reaqciis sapirispiro procesia daSla. mas analizis reaqciasac uwodeben. 
erTi rTuli nivTierebisgan, ori an meti martivi an rTuli nivTiereba warmoiqmneba. 
sqematurad is ase gamoisaxeba: C→A+B

sawyisi nivTiereba SeiZleba iyos nebismier agregatul mdgomareobaSi. magaliTad: 
wyalbadis zeJangi iSleba wylad da airad Jangbadad. 

2H2O2(Tx) → 2H2O(Tx)+O2(a)

daSlis reaqcia xdeba nalRobis eleqtrolizis drosac, roca specialur aparatSi 

denis gatarebiT, axali nivTierebebi miiReba. magaliTad gamdnar sufris marilSi denis 

gatarebiT warmoiqmneba natriumi da qlori: 2NaCl (Txevadi) → 2Na (myari) + Cl2(airadi).
eleqtrolizi niSnavs nivTierebis daSlas denis saSualebiT

Canacvlebis reaqcia

Canacvlebis reaqcia mimdinareobs martiv da rTul nivTierebas Soris. warmoiqmneba 

axali martivi da axali rTuli nivTiereba. zogadi toloba aseTi saxisaa: AB+C → AC+B

Canacvlebis reaqcia ZiriTadad or jgufad iyofa. erT SemTxvevaSi metali urT-

ierTqmedebs mJavasTan, meore SemTxvevaSi _ metali urTierTqmedebs marilTan.

1)  liToni + mJava → marili + wyalbadi

suraTze mocemulia TuTiasa da marilmJavas Soris reaq-

cia. Sedegad gamoiyofa wyalbadi. 

gaTanabrebuli toloba ase gamoisaxeba: Zn(my) + 2HCl(wy.xs) 
→ ZnCl2(wy.xs) + H2(airadi)

nebismieri metali gamoaZevebs wyalbads? amis ga sarkvevad 

gamoiyene gverdis bolos mocemuli metalTa aqtiurobis 

mwkrivi. radgan TuTia mdebareobs wyalbadis marcxniv, ami-

tom mJavadan TuTia gamoaZevebs wyalbads. 

Canacvlebis reaqciis zogadi toloba marilsa da marilis xsnars Soris ase gamoi-

yureba:

metali + marili → axali metali + axali marili

metalis atomi marilis SemadgenlobaSi gadadis. es im SemTxvevaSi xdeba, roca met-

ali ufro aqtiuria, vidre marilis SemadgenlobaSi Semavali metali (aq isev me talTa 

aqtiurobis mwkrivi SegiZlia gamoiyeno). Zn(myari) +FeSO4(wy.xs) → Fe(myari) + ZnSO4(wy.xs)

TuTiis urTierTqmedeba 

marilmJavasTan

Li K Ca Na Mg Ba Al Mn Zn Cr Fe Ni Sn Pb (H2) Cu Hg Ag Pt Au

 es metalebi wyalbads aZeveben wylidan

metalTa aqtivobis mwkrivi
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Segaxseneb: 

ioni damuxtuli nawilakia. dadebiTi ionia kationi; 

uaryofiTi ionia anioni. 

   roca adamians awuxebs Rebineba an faRara-
Ti, afTiaqSi yidulobs e.w. eleqtrolitebs. 
rogor fiqrob, ras warmoadgens es paketi?

   roca adamiani sportul varjiSebs asru-
lebs da misi organizmi didi raodenobiT 
ofls gamoyofs, mas wyurvilis SegrZneba 
uCndeba. rogor fiqrob ratom? ra mniSvn-
eloba aqvs wylis miRebas?

mineraluri wyali Seicavs ionebs, eleqtrolitebis 

fxvnilis wyalSi gaxsniTac ionebi warmoiqmneba.

rogorc ici, metalebi metalur bmas Seicaven, ris 

gamoc maTSi delokalizebuli (anu Tavisufali) ele-

qtronebia. swored am eleqtronebis arsebobis gamo 

metals metaluri gamtaroba axasiaTebs (ix. suraTi).

   ra msgavseba da gansxvavebaa metalur da 

ionur gamtarobas Soris?

mJavas eleqtrolituri disociaciis Sedegad war-
moiqmneba wyalbadis kationi/kationebi da mJavas naS-
Tis anionebi.

HCl  H++Cl- 

HNO3  H++NO3
–

H2SO4  H++HSO4
–

HSO4
–  H++SO4

2–

Sejamebuli toloba ase gamoisaxeba:

H2SO4 2H++SO4
2– 

tutis disociaciis Sedegad miiReba metalis ka-
tioni da hidroqsilis anioni

NaOH→Na++OH - 

Ba(OH)2 Ba2++2OH - 

1.1.2 eleqtrolituri disociacia da 
   ionuri mimocvlis reaqciebi

 Sen SeZleb: 

 ●  erTmaneTisgan ganasxvavo ele-

qtroliti da araeleqtroliti;

 ●  Seadaro ionuri da metaluri gam-

taroba;

 ●  eleqtrolitebis da araeleqt-

rolitebis Tvisebebi daukavSiro 

naerTSi arsebul qimiur bmebs;

 ●  Seadgino tutis, wyalSi xsnadi 

mJavas da marilis eleqtroli-

turi disociaciis toloba; 

 ●  Seadgino Sekvecili ionuri to-

loba sruli qimiuri to lo  bis gam-

oyenebiT;

 ●  Seadgino sruli reaqciis to lo ba 

Sekvecili ionuri tolobis mixed-

viT;

 ●  imsjelo eleqtrolitebis mniSv-

nelobaze yofacxovrebaSi.

metalis 
kationebi

delokalizebuli 
eleqtronebi
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leqsikoni

 ●  eleqtroliti — hidratirebu-

li _ wyalTan dakavSirebuli 

naerTi, rom lis wyalxsnari, an 

nalRobi atarebs eleqtrodens;

 ●  araeleqtroliti _ naerTi, 

romlis wyalxsnari, an nalRobi 

eleqtrodens ar atarebs;

 ●  metaluri gamtaroba - metali 

eleqtro dens atarebs Tavisu-

fali eleqtronebis arsebobis 

gamo (metalebSi metaluri bmaa);

 ●  ionuri gamtaroba - naerTis 

nalRobi an wyalxsnari eleq t-

rodens atarebs ionebis arsebo-

bis gamo.

xsnari ar Seicavs ionebs  xsnari Seicavs mcire 

raodenobiT ionebs

xsnari Seicavs ionebis did 

raodenobas

   ratom iRebs yvela tuteSi indikatori 

erTsa da imave Seferilobas?

sufris marilis eleqtrolituri disociacia su-
raTzea gamomsaxuli.

sufris marili wyalSi xsnadi naerTia. wyalSi gaxsnis dros 
myari NaCl iSleba natriumis kationad da qloridionad. 
NaCl+(my) → Na+ (hidratirebuli) + Cl-(hidratirebuli)

marilis 
gaxsna wyalSi

wyali

marilSi ionuri bmebi wydeba xsnari Seicavs Na-is da Cl-is 
hidra tirebul ionebs.

NaCl
kristali

Na+

Cl-

NaCl

Cl-

Na+

sufris marilis 
eleqtrolituri disociacia
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ra mniSvneloba aqvs eleqtrolitebis arsebobas 
bunebaSi?

haeris moculobis daaxloebiT 78% azotia. is Se-
dis sasicocxlod mniSvnelovani naerTebis: cilebis 
da nukleinis mJavebis SemadgenlobaSi. organizmebis 
umravlesoba ver iTvisebs Tavisufal molekulur 
azots. aseTi mniSvnelovani ele mentis SeTviseba, par-
kosani mcenareebis fesvebze mcxovreb `koJris baq-
teriebs“ SeuZliaT. azots aseve iTviseben niadagSi 
Ta visuflad mcxovrebi azotobaqteriebi. 

ratom ver iyenebs amdeni cocxali organizmi ase 
mniSvnelovan naerTs? azoti xom yvelas sWirdeba er-
Tujredian organizmsac da adamiansac?

mainc rogor axerxeben koJris baqteriebi azotis 
gardaqmnas? ra qimiuri reaqciebi mimdinareobs mis 
ujredSi?

koJris baqteria erTujrediani ubirTvo orga-
nizmia, romelic molekulur azots, fermentebis (bi-
ologiuri katalizatorebis) zemoqmedebiT amoniumis 
nitratad gardaqmnis.  

amoniumis nitrati niadagSi arsebul wyalSi gax-
snisas ionebad iSleba. amoniumis nitratis ionebad 
daSlisas, warmoiqmneba amoniumis kationi da nitrat-
ioni.

mcenare STanTqavs amoniumis da nitrat ionebs. am 
ionebis SemadgenlobaSi Semavali azoti cilis, dnm-
is an rnm-is SemadgenlobaSi aRmoCndeba. cxovelebis 
da mcenareebis sikvdilis Semdeg ki, Sardovana da 
SardismJava lpobis baqteriebis moqmedebiT amiakad 
gardaiqmneba, amiakis wyalSi gaxsniT miiReba amoniu-
mis hidroqsidi NH4OH

dawere amoniumis hidroqsidis disociaciis toloba 

disociaciis Sedegad mcenare isev STanTqavs amo-
niumis kations da is jer nitritionad da Semdeg ni-
trationad gardaiqmneba.

NH4 
+ →NO2

- →NO3
-

nitrifikaciis procesi, azotfiqsaciis msgavsad 
Jangbadis Tanaobisas mimdinareobs. denitrifikacias 
denitrifikatori baqteriebi axorcieleben. maT ni-
tratis ionidan molekuluri azotis warmoqmna Seu-
ZliaT.

NO3
-→NO2

–→N2O→N2
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diazotis monooqsidi toqsikuri airia da mis dagrovebas xels uSlis isev azotis 
STanTqma. 

ionuri tolobis Sedgena: 

qimiur WiqaSi tyvia (II)-is nitrati gamoileqeba.

reaqciis toloba ase gamoisaxeba:

2KI + Pb(NO3)→2KNO3 + PbI2

sruli ionuri tolobis Sesadgenad reaqciaSi monawile xsna-
di produqtebic da reagentebic ionebad unda daiSalos. pirvel 
rigSi, xsnadobis cxrilis daxmarebiT, daadgine romeli naerTi 
iSleba ionebad da romeli ara. reaqciaSi monawile wyali da 
airebi molekuluri naerTebia da ionebad ar iSleba.

2K+ + 2I- + Pb2+ + 2 NO3 
- →2K+ + 2 NO3 

- + PbI2↓

kaliumis da nitrationebi Seikveceba da Sekvecili ionuri 
toloba aseT saxes miiRebs:

2I- + Pb2+ PbI2↓

  davaleba 

1.  etiketis gamokvleva: sxvadasxva kompaniaSi warmoebuli mineraluri wylis gemo gansx-
vavebulia. moiZie sami sxvadasxva mineraluri wylis etiketi da gamoikvlie maTi ion-
uri Sedgeniloba. ra msgavseba da gansxvavebaa maT Soris? axseni, ratom gansxvavdeba 
maTi gemo?

2.  vTqvaT ar modis wyali da arc maRaziebSi iyideba. erTaderTi saSualeba gamoxdili 
wylis gamoyenebaa. Tqven unda aaduRoT wyali Cais an yavis mosamzadeblad. amisTvis 
SegiZliaT gamoiyenoT eleqtro maduRara. moifiqre, ra nivTierebis damateba dag-
Wirdeba wyali rom aduRdes, da arc sagemovno Tvisebebi dakargos? pasuxi daasabuTe 
eleqtrolituri disociaciis TvalsazrisiT.

3.  dawere reaqciis tolobebi, aseve sruli ionuri da Sekvecili ionuri tolobebi 
(gamoiyene xsnadobis cxrili da merve klasSi naswavli masala).

 ● vercxlis nitrati reaqciaSi Sedis kaliumis iodidTan, warmoiqmneba kaliumis 
nitrati da vercxlis iodidi.

 ● vercxlis nitrati urTierTqmedebs rkina(III)-is qloridTan. miiReba rkina (III)-is 
nitrati da vercxlis qloridi.

 ● tyvia (II) -is nitrati urTierTqmedebs natriumis iodidTan. miiReba tyvia (II)-is 
iodidi da natriumis nitrati

 ● rkina (III) -is qloridi urTierTqmedebs tyvia(II)-is nitratTan. miiReba tyvia (II)-is 
qloridi da rkina(III) -is nitrati.

 ● kalciumis qloridi urTierTqmedebs natriumis hidroqsidTan. miiReba kalciumis 
hidroqsidi da natriumis qloridi.

tyvia (II)-is iodidis 
daleqva
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proeqti
ionebi adamianis organizmSi

 Sen SeZleb: 

 ●  imsjelo adamianis organizmisT-

vis saWiro ionebze;

 ●  Sen mier damzadebuli martivi 

xelsawyoTi daadgino zogierTi 

sakvebi Seicavs Tu ara ionebs;

 ●  MineCra�  -is gamoyenebiT daamza-

do osteoporozis mqone Zvlis 

modeli;

 ●  imsjelo kvercxis naWuWis qimiur 

Sedgenilobaze ;

 ●  axsna ra mniSvneloba aqvs kbi-

lis pastis qimiur Sedgenilobas 

kbilebis sijansaRisTvis.

ici, rom rasac mozardobis periodSi miirTmev, gav-
lenas moaxdens Seni Zvlovani sistemis janmrTelobaze 
maSin, roca iqnebi 30, 40 an Tundac 50 wlis asakSi? 
elementebs Soris, romlebic Sedis Cvens organizmSi, 
kalciumi ikavebs mexuTe adgils, oTxi mTavari elemen-
tis: naxSirbadis, Jangbadis, wyalbadis da azotis Sem-
deg. kalciumi Sedis ConCxis, kbilebis, frCxilebis da 
Tmebis SedgenilobaSi. Tu sxvada sxva adamians dausvam 
SekiTxvas: ra aris kalciumis saukeTeso wyaro? maTi 
umravlesoba gipasuxebs, rom es aris „rZis nawarmi“. 

evropis qveynebSi xSirad rZes D vitaminsac uwodeben.

  

mawoni da rZe garkveuli raode nobiT Seicavs kalci-
umis kationebs. dagegme martivi eqsperimenti, romlis 
saSualebiTac am produqtebSi kalciumis kationebs 
aRmoaCen.

  eqsperimenti

is nivTiereba romelic ionebs Seicavs ukve ici, 
rom dens atarebs. daamzade martivi xelsawyo da Sea-
mowme romelia eleqtroliti? axseni Seni pasuxi.

xelsawyos dasamzadeblad dagWirdeba minis qila, 
ori naxSiris Rero, romelsac gamoiyeneb eleqtrode-
bad, anodad (dadebiTad da muxtuli eleqtrodi) da 
kaTodad (uaryofiTad damuxtuli eleqtrodi). ele-
qtrodebi gamtarebis sa SualebiT, mimdevrobiT Se-
aerTe CamrTvelTan, denis wyarosTan da naTurasTan 
(denis Zalis gazomvis mizniT naTuras SeaerTeb am-
permetrTan).

eleqtrogamtarobis Sesamowmebeli 

xelsawyo

1. eleqtrodebi

2. naTura

3. CamrTveli

1

3

2



17

rZe da rZis nawarmi saintereso produqtia im 
TvalsazrisiT, rom masze uaris Tqma mozardobis 
periodSi Tavs aucileblad gagaxsenebs zrdasrul 
asakSi. osteoporozi daavadebaa, roca Zvali kargavs 
masas da xdeba ufro myife. aseT dros Zvali mid-
rekilia motexilobebisken. osteoporozis Tavidan 
acilebis Zalian martivi gza arsebobs: yoveldRiuri 
sakvebi unda Seicavdes kalciums da D vitamins;

  modeli
    Seqmeni janmrTeli da daavadebuli ada-

mianis Zvlis modeli cifruli resursis 

`mainecraft  educati on editi on~ gamoyenebiT. 

imsjele osteoporoziT daavadebis ga-

momwvev mizezebze da prevenciul Ronis-

Ziebebze. 

`mainecraft  educati on editi on”-Si 
muSaobis instruqcia

1.  gadadi h� ps://tlauncher.org/en/ mocemul bmulze 

da daaweqi Rilaks DOWNLOAD TL da daawkape win-
dows-is niSans/an (h� ps://cu� .ly/uka1z75) am links 

da minecraft  pirdapir daiwyebs gadmoweras

2.  gadmoweris Semdeg gaxseni sainstalacio faili 

da gadadi Rilakze RUN

3.  gamova sainstalacio fanjara, sadac 3 jer da-

awkapeb con� nue-s, ris Semdegac programa dains-

talirdeba

4.  dainstalirebis Semdeg gaxsni minecra� -s

5.  gamova fanjara sadac daawkapeb Rilaks install da 

minecra�  sasurveli versiis gadmoweras daiwyebs 

6.  gadmoweris Semdeg daawkapeb open-s da programa 

CairTveba.
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7.  CarTvis Semdeg daawkapeb singleplayer>create new 
game>game mode (crea� ve)>create new world.

  eqsperimentulad daadasture kbilis pastis mniSvneloba kbilebis dacvaSi. 

  resursebi: ori kvercxi, kalciumisa da fToris Semcveli kbilis pasta; kbilis 

jagrisi; ori qila; 500 ml Zmari; xelTaTmani; h� ps://cu� .ly/Eka1V9T  

  eqsperimentis msvleloba: 

  erTi kvercxi srulad dafare kbilis pastiT; orive kvercxi Cade qilebSi da dafare 

ZmriT. daayovne 24 saaTis ganmavlobaSi. 

  gaaanalize miRebuli Sedegi. 
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kalciumis garda adamianis organizmisTvis, sxva ionebic aris mniSvnelovani. maTi miRe-

ba sakvebTan erTad SegiZlia. cxrilSi dasaxelebulia ramdenime kationi da anioni, maTi 

roli organizmSi da Semcveloba sakveb produqtebSi.

ionebi ras 
uzrunvelyofs

wyaro dRiuri norma 
(asaki 9–13 weli)

kalciumis 

kationi Ca2+
magari Zvlebi da 

kbilebi; sisxlis Sede-

deba; 

kunTebis muSaoba;

rZe, soios rZe, 

mwvane bostneuli

1.3 g

qlorid ioni 

Cl-
wylis da marilebis 

balansi

sufris marili da 

SefuTuli sakvebis 

umravlesoba

2.3 g

magniumis 

kationi Mg2+
magari Zvlebi marcvleuli, 

mwvane bostneuli

240 mg

fosfat 

ioni PO4
-3

magari Zvlebi da 

kbilebi

saqonlis xorci, 

frinvelis xorci, 

marcvleuli

1. 25 g

kaliumis 

kationi K+ 

kunTebis da nervebis 

gamarTuli muSaoba

xorci, banani, 

forToxlis wveni, 

barda, kanianad 

moxarSuli karto-

fili

4.5 g

natriumis 

kationi Na+
kunTebis da nervebis 

gamarTuli muSaoba

sufris marili 1.5 g

kalciumis kationi da ftorid ioni kbilebisTvis mniSvnelovania.

 davaleba

1.  Sen mier damzadebuli xelsawyos gamoyenebiT Seadare gamoxdili wylis, onkanis wylisa da 

romelime mineraluri wylis eleqtrogamtaroba. daakvirdi naTuris sikaSkaSes. Seecade 

axsna mizezi. 
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 1.1.3. davaleba (reaqciis tipebi)

1.  daajgufe CamoTvlili reaqciebi daSlis, SeerTebis, Canacvlebis, mimocvlis da wvis 
reaqciebad. 

1.1  vercxlis nitratis xsnars daamates kaliumis qloridis xsnari (xsnarebSi marilebis 
molebis raodenoba Tanabaria). warmoiqmna vercxlis qloridi da kaliumis nitra-
ti.

  AgNO3 + KCl → AgCl ↓ + KNO3

1.2  metalur magniums daamates marilmJavas xsnari. warmoiqmna magniumis qloridi da 
wyalbadi.

  Mg + 2HCl → MgCl2 + H2↑?

1.3  wylis daSlis (eleqtrolizis) dros miiReba wyalbadi da Jangbadi.

  2H2O → 2H2↑ + O2↑?

1.4  ori moculoba wyalbadis da erTi moculoba Jangbadis narevi feTqdeba da miiReba 
wyali. 

  2H2 + O2 → 2H2O

2. CamoTvlili reaqciebisTvis SearCie koeficientebi:

2.1  tyvia (II)-is nitrati reaqciaSi Sedis kaliumis sulfidTan, miiReba tyvia (II)-is 
sulfidi da kaliumis nitrati;

  Pb(NO3)2 + K2S→PbS↓ + KNO3

2.2 spilenZ (II)-is sulfati reaqciaSi Sedis natriumis sulfidTan, warmoiqmneba 
spilenZ((II) sulfidi da natriumis sulfati; 

 CuSO4 + Na2S → CuS↓ + Na2SO4

2.3 bariumis qloridi reaqciaSi Sedis natriumis sulfatTan, warmoiqmneba bari-
umis sulfati da natriumis qloridi;

 BaCl2 + Na2SO4 → BaSO4↓ + NaCl

2.4 rkina(II)-is qloridi reaqciaSi Sedis vercxlis nitratTan, warmoiqmneba 
rkina(II)-is nitrati da vercxlis nitrati;

 FeCl2 + AgNO3 → Fe(NO3)2 + AgCl

2.5 aluminis iodidi reaqciaSi Sedis rkina (III)-is bromidTan, warmoiqmnebs alu-
minis bromidi da rkina (III)-is iodidi.

 AlI3 +  FeBr3 → AlBr3 + FeI3

3.  rogor fiqrob, SesaZlebelia rom mimocvlis reaqciis Semdeg miviRoT ori naleqi? 
dadebiTi pasuxis SemTxvevaSi dawere Sesabamisi toloba. 

4.  dawere reaqciis toloba aluminsa da vercxlis nitratis xsnars Soris. 
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5.  xsnadobis cxrilis gamoyenebiT daadgine CamoTvlili marilebis wyalSi xsnadoba:

5.1  kaliumis nitrati   KNO3  

5.2  tyvia (II)-is qloridi   PbCl2

5.3  kalcimis fosfati   Ca3(PO4)2

5.4  aluminis fosfati   AlPO4

5.5  kalciumis karbonati   CaCO3

116 117

Ba2+ Al3+ Fe2+ Fe3+ Cu2+ Ag+ Zn2+ Pb2+

OH-
xs u u u u — u u

F-
mx xs xs mx xs sol xs u

Cl-
xs xs xs xs xs u xs xs

Br-
xs xs xs xs xs u xs u

I-
xs xs xs u xs u xs mx

S2- — — u u u u u u

SO4
2-

u xs xs xs xs mx xs u

CO3
2-

u — u — — u u u

NO3
-

xs xs xs xs xs xs xs xs

PO4
3-

u u u u u u u u

CrO4
2-

u u u u u u u u

SiO3
2-

xs mx u xs xs xs xs xs

xs - xsnadi

mx - mcired xsnadi

u - praqtikulad uxsnadi

—  nivTiereba ar arsebobs, an wyalSi
gaxsnisas iSleba

marilebis xsnadobis cxrili marilebis xsnadobis cxrili (gagrZeleba)

H+ NH4
+ Li+ Na+ K+ Mg2+ Ca2+

OH-
xs xs xs xs u mx

F-
xs xs xs xs xs u u

Cl-
xs xs xs xs xs xs xs

Br-
xs xs xs xs xs xs xs

I-
xs xs xs xs xs xs xs

S2-
xs xs xs xs xs — —

SO4
2-

xs xs xs xs xs xs mx

CO3
2-

xs xs xs xs xs u u

NO3
-

xs xs xs xs xs xs xs

PO4
3-

xs xs u xs xs u u

CrO4
2-

xs xs xs xs xs xs xs

SiO3
2-

u xs xs xs xs xs xs

kationebi

anionebi
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S2- — — u u u u u u

SO4
2-

u xs xs xs xs mx xs u

CO3
2-

u — u — — u u u

NO3
-

xs xs xs xs xs xs xs xs

PO4
3-

u u u u u u u u

CrO4
2-

u u u u u u u u

SiO3
2-

xs mx u xs xs xs xs xs

xs - xsnadi

mx - mcired xsnadi

u - praqtikulad uxsnadi

—  nivTiereba ar arsebobs, an wyalSi
gaxsnisas iSleba

marilebis xsnadobis cxrili marilebis xsnadobis cxrili (gagrZeleba)

H+ NH4
+ Li+ Na+ K+ Mg2+ Ca2+

OH-
xs xs xs xs u mx

F-
xs xs xs xs xs u u

Cl-
xs xs xs xs xs xs xs

Br-
xs xs xs xs xs xs xs
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xs xs xs xs xs xs xs

S2-
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SO4
2-

xs xs xs xs xs xs mx

CO3
2-
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NO3
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PO4
3-
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SiO3
2-

u xs xs xs xs xs xs

kationebi

anionebi
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—  nivTiereba ar arsebobs, an wyalSi
gaxsnisas iSleba

marilebis xsnadobis cxrili marilebis xsnadobis cxrili (gagrZeleba)

H+ NH4
+ Li+ Na+ K+ Mg2+ Ca2+

OH-
xs xs xs xs u mx

F-
xs xs xs xs xs u u

Cl-
xs xs xs xs xs xs xs

Br-
xs xs xs xs xs xs xs
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xs xs xs xs xs xs xs

S2-
xs xs xs xs xs — —

SO4
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xs xs xs xs xs xs mx

CO3
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NO3
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3-
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SiO3
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kationebi

anionebi
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Cl-
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—  nivTiereba ar arsebobs, an wyalSi
gaxsnisas iSleba

marilebis xsnadobis cxrili marilebis xsnadobis cxrili (gagrZeleba)

H+ NH4
+ Li+ Na+ K+ Mg2+ Ca2+

OH-
xs xs xs xs u mx

F-
xs xs xs xs xs u u

Cl-
xs xs xs xs xs xs xs

Br-
xs xs xs xs xs xs xs

I-
xs xs xs xs xs xs xs
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NO3
-
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3-

xs xs u xs xs u u
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2-

xs xs xs xs xs xs xs

SiO3
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u xs xs xs xs xs xs

kationebi

anionebi

fuZeebis, marilebisa da mJavebis xsnadoba wyalSi

  imsjele

1.  Cven mier ganxiluli qimiuri reaqciebis Sedegad warmoiqmnebda produqti da 

reaqcia sruldeboda. rogor fiqrob, arsebobs `dausrulebeli~ reaqcia? ra 

SemTxvevaSi ar sruldeba reaqcia? moiyvane Sesabamisi magaliTebi. 

2.  rogor fiqrob, romeli faqtorebi gansazRvravs reaqciis mimdinareobas?
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  eqsperimenti      simulacia

virtualuri laboratoriis gamoyenebiT Caatare eqsperimenti  

shorturl.at/lmyFT  

bmulis an QR kodis gamoyenebiT gadadi virtualur laboratoriaSi. is ase gamoi-

yureba.

laboratoriaSi gaqvs bariumis qloridi, natriumis sulfati da marilmJava. 

eqsperimenti, Caatare instruqciis mixedviT. aRwere miRebuli Sedegi. Cawere qimiuri 

toloba. tolobis mixedviT Seadgine sruli ionuri da Sekvecili ionuri tolobebi. 

suraTis marcxena zeda nawilSi rom weria sami sityva, im adgilze daawere mimocv-

lis reaqcia. 

rCeva: pipetis Sav bolosTan miiyvane kursori. sinjaraSi CauSvi mxolod pipetis 

wveri. nivTierebis Casasxmelad kidev erTxel daawkape pipetis Sav boloze. Reset Rilaki 

_ xelaxali CarTva.

1. pipetis saSualebiT BaCl2 
gadaitane sinjaraSi;

2. pipetis saSualebiT Na2SO4 
gadaitane sinjaraSi;

3. dayovne ramdenime wamis 
ganmavlobaSi da daakvirdi 
cvlilebas;

4. sinjaridan xsnari gada asxi 
WiqaSi;

5. pipetis saSualebiT dar-
Cenil naleqs daamate HCl-is 
xsnari.

6. daawkape sinjaraze da daak-
virdi cvlilebas.

instruqcia

mimocvlis reaqcia
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axla, am teqsts rom kiTxulob, energias xarjav. 
saidan gaqvs energia? albaT ici rom mSier adamians 
energia naklebi aqvs da gauWirdeba samuSaos Ses-
ruleba. ra kavSiria sakvebsa da energias Soris? ro-
gor gardaiqmneba sakvebi energiad? 

sakvebSi arsebuli naerTebi qimiur bmebs Seicaven, 
romelSic energiaa dagrovili. e.i. qimiur naerTebs 
gaaCnia potenciuri energia. qimiuri bmebis energias, 
qimiur potenciur energias uwodeben. 

potenciuri energia urTierTqmedebis energiaa; 

kinetikuri energia - moZraobis energiaa. 

   ra kriteriumebs unda akmayofilebdes 

naerTi, rom is energiis wyarod gamoi-

yenon?

bevri nivTiereba, maT Soris Txevadi airi, didi 
raodenobiT qimiur potenciur energias Seicavs, ro-
melic misi wvis dros gamoTavisufldeba. gamoTavi-
suflebuli energiis nawili ixarjeba muSaobis Ses-
rulebaze, romelsac manqana moZraobisTvis iyenebs, 
xolo potenciuri energiis meore nawili, gardaiqmne-
ba siTbur energiad. amitom manqanis detalebi da 
misi gamonabolqvi Zalian cxelia. sistemis energiis 
cvlileba mimdinareobs an muSaobis SesrulebiT, an 
siTbos gamoyofiT, an orive erTad.

arsebobs egzoTermuli da endoTermuli reaqcia. 
ratom aris zogierTi reaqcia egzoTermuli da zo-
gi _ endoTermuli? yvela qimiur naerTSi arsebobs 
garkveuli energia. energia gamoiyeneba reagenteb-
Si qimiuri bmebis gasawyvetad da gamoiyofa pro-
duqtebis miRebisas axali bmebis damyarebis dros. 
zog reaqciaSi, bmebis gawyvetaze daxarjuli energia 
aRemateba bmebis damyarebis dros gamoyofili en-
ergiis raodenobas. zog reaqciaSi ki, piriqiT. eg-
zoTermuli reaqciis dros bmebis gawyvetaze ufro 
naklebi energia ixarjeba, vidre axali bmebis dam-
yarebis dros gamoiyofa.

fizikuri da qimiuri movlenis dros xdeba energiis 

1.1.4. egzoTermuli da endoTermuli reaqciebi 

 Sen SeZleb: 

 ● procesebi miakuTvno egzo, an 

endoTermul process;

 ● imsjelo wvis procesis praqti-

kul gamoyenebaze;

 ● gaarkvio ra kavSiria naerTebSi 

arsebul potenciur energiasa 

da egzoTermul da endoTer-

mul process Soris;

 ● gamoiyeno energiis mudmivobis 

kanoni movlenis dasaxasiaTeb-

lad.

leqsikoni

 ●  egzoTermuli reaqcia — reaq-

cia, romlis drosac siTbo ga-

moiyofa;

 ●  endoTermuli reaqcia _ reaq-

cia, romlis drosac siTbo STa-

inTqmeba.
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gadacema. energiis mudmivobis kanoni moqmedebs nebi-
smieri fizikuri da qimiuri movlenis dros. energia 
arc warmoiqmeneba da arc qreba, is erTi saxis en-
ergiidan, meore saxis energiad gardaiqmneba. energi-
is gardaqmna SegiZlia Tavadac Seamowmo simulaciis 
gamoyenebiT.

energiis gadacema da gardaqmna ukeTesad rom 
gaigo, saWiroa erTmaneTisgan ganasxvavo terminebi: 
`sistema~ da `garemo~. sistema materiis gansakuTre-
buli nawilia, romelSic mimdinareobs eqsperimenti 
an dakvirveba. garemos miekuTvneba yvelaferi, rac 
sistemis gareTaa. qimiur laboratoriaSi eqsperimen-
tSi monawile nivTierebebi ekuTvnis sistemas, yvela 
danarCeni sxeuli, an nivTiereba garemos nawilia. Tu 
sistema kargavs garkveuli raodenobis energias, misi 
raRac nawili garemos gadaecema. Tu sistema iRebs 
energias, maSin garemo kargavs energiis garkveul 
raodenobas. suraTze gamosaxulia kondensaciisa da 
gamyarebis procesebi da siTbos gadaadgilebis mimar-
Tuleba.

egzoTermuli procesis dros sistemis siTburi 
energia mcirdeba da garemos siTburi energia izrde-
ba. sabolood garemos temperatura imatebs. sistemis 
temperatura ar icvleba, mcirdeba misi Sinagani en-
ergia.

rogorc diagramaze Cans, reagentebis potenciuri 
energia aRemateba produqtebis energias, e.i. siTbo 

gamoTavisufldeba. 

endoTermuli procesis dros sistemis siTburi 

energia mcirdeba da garemos siTburi energia izrde-

ba. sabolood garemos temperatura imatebs. sistemis 

temperatura ar icvleba, mcirdeba misi Sinagani en-

ergia. rogorc diagramaze Cans, reagentebis poten-

  simulacia

h� ps://phet.colorado.edu/en/simu-
la� on/energy-forms-and-changes

 

wyalbadi qlori qlorwyalbadi

bmebis 
gawyveta

bmebis 
gawyveta

axali
bmebis 

warmoqmna

axali
bmebis 

warmoqmna

H2 (a)   +  Cl2 (a)  →   2HCl (a)

H  H + Cl  Cl     →  H  Cl + H  Cl

→+

egzoTermuli reaqcia

reaqciis mimarTuleba

po
t

en
c

iu
r

i 
en

er
gi

a

reagentebi

produqtebi

energia
gamoiyofa

endoTermuli reaqcia

reaqciis mimarTuleba

produqtebi

reagentebi

energia
miemarTeba
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ciuri energia ufro naklebia, vidre produqtebis 
energia, e.i. siTbo garemodan STainTqmeba. 

wva _ egzoTermuli procesi 

wvis yvela reaqcia egzoTermulia. wvis reaqciebis 
dros, nivTiereba iwvis JangbadSi. wvis dros gamoi-
yofa siTbo da sinaTle. Sexede did kocons suraTze. 
SeSis wvis reaqcia egzoTermulia, romelic gamohy-
ofs siTbos da sinaTles. koconis sinaTle Soridanve 
Cans, Tu miuaxlovdebi siTbosac SeigrZnob. 

avtomobilis mflobeli benzinis yidvis dros, iT-
valiswinebs mis mier SeZenili benziniT, ramdeni kilo-
metris gavla SeuZlia. yidulobs im firmis benzins, 
romliTac met manZils gadis. mZRoli ar iTvlis gam-
oyofili siTbos raodenobas, Tumca arsebobs qimiu-
ri tolobebebi, romliTac Sen SeZleb gaigo, romelime 
naerTis wvisas an daSlisas ra raodenobis energia 
gamoiyofa, an STainTqmeba. aseT qimiur tolobas Ter-
moqimiuri toloba ewodeba. 

egzoTermuli reaqcia

potenciur energiebs Soris sxvaobaa = 65.2kj

CaO(my) + H2O (Tx)
 → Ca(OH)2 (my) + 65.2 kj 

Ca(OH)2 (my)

CaO(my) + H2O (Tx)

   ras niSnavs termini `Termoqimiuri“.
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   msgavsi sqema Seadgine CaCO3-is daSlis rea-

qciisTvis, Tu misi daSlis dros garemodan 

STainTqmeba 180kj siTbo.

  davaleba 

1.  gaaanalize suraTze gamosaxuli informacia 

da imsjele sicxis gazomvis dros ratom izr-

deba vercxliswylis svetis simaRle garkveul 

zRvramde? 

2.  gaixsene nivTierebebis agregatuli mdgomareobis 

cvlilebis sqema da ivaraude romeli maTgania 

egzoTermuli da romeli - endoTermuli. 

3.  warmoidgine situacia: diliT isauzme, sauzmeze 

miirTvi erTi finjani rZe, puri, karaqi da Ta-

fli. Semdeg velosipediT iare. aRwere am dros 

mimdinare energiis gardaqmnis procesi. 

egzoTermuli endoTermuli

siTbo cxelia vidre
garemo

civia vidre
garemo

siTbo siTbo

siTbo siTbo siTbo

si
T

bo

si
T

bo
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1.2. araorganuli naerTebi da Cven

adamianis yoveldRiur cxovrebaSi marilebs gansaku-

T rebuli roli aqvT. martivi da genialuri bordos 

xsna ri, romelic daicavs baRs mravali daavadebisa da 

mavneb lebisgan spilenZ (II)-is sulfatia. bevri udidesi 

aRmoCenis msgavsad, spilenZ (II)-is sulfatiT (SabiamaniT) 

mcenareebis damuSavebac SemTxveviT daiwyes. 

   moiZie informacia am saintereso SemTxve-
visa da gamoyenebis Sesaxeb. 

   medicinaSi bariumis sulfati (e.w. `bariumis 
fafa“), farTod gamoiyeneba kuWis daavade-
bebis diagnostikis mizniT. ras efuZneba misi 
gamoyeneba?

kalciumis karbonati (CaCO3) kalciumis yvelaze gavr-

celebuli naerTia. gacxelebiT igi iZleva Caumqral kirs 

(CaO), Caumqral kirze wylis damatebiT miiReba Camqrali 

kiri (Ca(OH)2). carci, marmarilo da kirqva warmoadgenen 

kalciumis karbonats. 

soda — naxSirmJavas natriumis marilebis teqnikuri 

saxelwodebaa. soda cnobili iyo uZvelesi droidan. jer 

 Sen SeZleb: 

 ● axsna yoveldRiurad mimdinare 
procesebi qimiis kuTxiT;

 ● axsna, nivTierebis romel qimi-
ur Tvisebas efuZneba misi gam-
oyeneba yoveldRiur saqmiano-
baSi. aluniti

KAl3(SO4)2(OH)6

sufris marili

NaCl

kaliumis biqromati
K2Cr2O7

Sabiamani

CuSO₄

bordos xsnari

rentgenograna

kalciumis karbonati
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kidev Zveli egviptelebi, bunebriv sodas iyenebdnen 

sarecx saSualebad da minis mosaxarSad. natriumis 

bikarbonati, anu sasmeli soda yvela ojaxSi moi-

poveba, mas iyeneben, rogorc kulinariaSi, aseve saw-

mend-sadezinfeqcio saSualebad da samkurnalo dan-

iSnulebiTac.

cxovrebis manZilze kidev uamrav marili Segvxvde-

ba, SegiZlia maTi miRebis qimiuri tolobebis Sedgena, 

romelSic Semdegi informaciis analizi dagexmareba. 

 ●  araorganuli mJavebis umravlesoba reaqciaSi Se-

dis liTonebTan da gamoyofs wyalbads (garda 

azotmJavisa da koncentrirebuli gogirdmJavisa). 

mJavas xsnaridan wyalbads gamoaZevebs yvela is 

metali, romlebic metalTa aqtiurobis mwkrivSi 

wyalbadis marcxnivaa ganTavsebuli, xolo isini, 

romlebic wyalbadis marjvnivaa ganTavsebuli, 

ver gamoaZeveben wyalbads. 

  nimuSi: Mg+H2SO4→MgSO4+H2 ↑

soda

mJavebisa da marilebis formulebi da saxelwodebebi

mJavas 
formula

mJavas 
saxelwodeba

marilis 
formula

marilis 

saxelwodeba

HCl qlorwyalbadmJava NaCl natriumis qloridi

HClO qveqlorovani mJava NaClO natriumis hipoqloriti

HClO2
qveqlormJava NaClO2

natriumis hipoqlorati

HClO3
qlor mJava NaClO3

natriumis qlorati

HClO4
perqlormJava NaClO4

natriumis perqlorati

H2S gogirdwyalbadmJava Na2S natriumis sulfidi

H2SO3
a gogirdovani mJava Na2SO3

natriumis sulfiti

H2SO4
a gogirdmJava Na2SO4

natriumis sulfati

HNO2
azotovani mJava NaNO2

natriumis nitriti

HNO3
azotmJava NaNO3

natriumis nitrati

H3PO4
a fosformJava Na3PO4

natriumis fosfati

H2CO3
a naxSirmJava Na2CO3

natriumis karbonati
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 ●  mJava reaqciaSi Sedis liTonis hidroqsidebTan da warmoqmnis wyals. am reaqcias 

neitralizaciis reaqcia ewodeba.

  nimuSi: Ca(OH)2+2HNO3→ Ca(NO3)2+2H2O

 ●  mJava reaqciaSi Sedis marilTan da aZevebs masze ufro sust an aqrolad mJavas.

 nimuSi: Na2SO3+H2SO4→Na2SO4+SO2+H2O↑

   saSinao eqsperimenti

saxlSi SegiZlia ganaxorcielo usafrTxo eqsperimenti: aiRe 1 Cais kovzi sasmeli 

soda, moaTavse buStSi. aiRe 500ml tevadobis boTli da Caasxi Zabris saSualebiT 250 

ml sufris Zmari. buSti moarge boTls, aRwere ra procesi mimdinareobs. gamoTqvi 

varaudi, romeli airi gamoiyofa. dagegme da Caatare martivi, usafrTxo eqsperimenti 

gamoyofili airis Tvisebebis gamokvlevis mizniT.

 ●  tuteebis da fuZeebis urTierTqmedeba mJavebTan da mJavur oqsidebTan, ris Sede-

gadac miiReba marili da wyali. 

  nimuSi: 2NaOH+N2O5 →2NaNO3 +H2O

      Mg(OH)2+SO3→MgSO4 + H2O

 ●  fuZe oqsidi reaqciaSi Sedis mJava oqsidTan da miiReba marili

  nimuSi: 3CaO+P2O5→Ca3 (PO4)2

 ●  fuZe oqsidi reaqciaSi Sedis mJavasTan da miiReba marili da wyali

  nimuSi: CuO+H2SO4→CuSO4+H2O

 ●  fuZe oqsidi reaqciaSi Sedis mJavasTan da miiReba marili da wyali

  nimuSi: CuO+H2SO4→CuSO4+H2O

 ●  amfoteruli oqsidi da hidroqsidi tuteebTan moqmedebs (SelRobisas) 

  nimuSi: Zn(OH)2+2NaOH →Na2ZnO2+H2O; 

             Al(OH)3+NaOH→NaAlO2 +2H2O  

 davaleba

SeadgineT romelime amfoteruli oqsidis urTierTqmedebis reaqcia tutesTan da 

mJavasTan.  
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Tqven ukve gaqvT codna oqsidebis, fuZeebis, mJavebis, marilebis 

Sesaxeb. Seavse cxrilis carieli ujrebi.

 davaleba

daukvirdi suraTs, gaa nalize reaqciis Sedegi da Seadgine Sesabamisi qimiuri reaqciis 

toloba.

 ●  metalTa aqtivobis mwkrivSi yoveli winmdgomi metali aZevebs mis Semdeg mdgom 

metals, marilTa xsnaridan.

Canacvlebis reaqcia

Li Li
Li

Li

H2O

H2O

OH-

OH- H2
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 ●  ori xsnadi marilis urTierTqmedebiT miiReba erTi xsnadi da erTi uxsnadi mari-
li, gaanalize suraTi, Seadgine qimiuri reaqciis gantoleba da ivaraude, romeli 
nivTierebaa naleqi, xsnadobis cxrilis gamoyenmebiT.

  davaleba

    Seavse cxri lis carieli ujrebi. 

saxelwodeba fuZe oqsidi mJava oqsidi fuZe (tute) mJava

Ba(NO3)2

MgSO4

CaO CO2

rkina (III)-is 
sulfati

Na3PO4

K2SO3

NaOH H2SiO3

Ag+

Ag+

K+

Cr2O7
2-

NO3
-

NO3
-

K2Cr2O7



32

 davaleba

1.  moiZie informacia da moamzade prezentacia sodis gamoyenebis sferoebis Ses-

axeb.

2.  vazis Sesawamlad „bordos xsnars~ iyeneben. mis misaRebad, Sabiamnisa da Camqrali 

kiris narevs wyalSi xsnian.

Seadgine xsnarSi mimdinare qimiuri reaqciis to loba. SesaZleblad migaCnia Tu ara, 

„bordos xsnaris~ dasamzadeblad, TuTiis an rkinis kasris gamoyeneba? axseni ratom 

fiqrob ase.

 Tu venaxi gaqvs, naxe ra masalisaganaa damzadebuli „bordos xsnaris~ dasayenebeli 

WurWeli, kiTxe Seni ojaxis wevrebs, ratom gamoiyenes es masala da ara sxva, Seafase 

maTi gadawyvetileba, Seni Teoriuli codnis safuZvelze.

3.  metalTa aqtiurobis cxrilis gamoyenebiT gaaanalize suraTze warmoddgenili 

informacia. 
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1.3 gazomvebi

 Sen SeZleb: 

 ●  SI sistemis erTe ulebis dasa-
xelebas;

 ●  siTxis da myari sxeulis mo-
culobis gamoTvlas;

 ●  moculobis erTeulebis erT-
maneTSi gadayvanas:

 ●  temperaturis erTeulebis 
erTmaneTSi gadayvanas;

 ●  energiis erTeulebis erT-
maneTSi gadayvanas da praqti-
kul gamoyenebas;

 ●  masasa da wonas Soris gansx-
vavebis dadgenas;

ras niSnavs gazomva?  

gazomva, sxeulis an nivTierebis zomis Sedarebaa 

erTeulad miCneul sididesTan. roca oTaxSi kedle-

bis SeRebva ginda da saRebavs yidulob, SefuTvaze 

mis moculobas iTvaliswineb, benzinis yidvisasac 

misi moculobis codnaa saWiro. navTobis moculo-

bas barelebiT iTvlian. sigrZis sazomi erTeulebia: 

metri, kilometri, mili, goji da sxva. Tormetgoja 

nawlavis sigrZe Tormeti gojia, Tumca am nawlavs 

amerikeli an ingliseli bavSvebi sxva saxelwodebiT 

icnoben. imisTvis, rom msoflios nebismieri moqalaq-

isTvis sidideze warmodgena erTnairi iyos, SemoiRes 

SI (System Interna� onal) sistemis erTeulebi.

SI sistemis ZiriTadi erTeulebi

sidide SI erTeuli Semoklebuli erTeulebi

sigrZe metri m

masa kilogrami kg

temperatura kelvini K

dro wami wm

nivTierebis raodenoba moli moli

denis Zala amperi a

sinaTlis siCqare kandela kandela

cxrilSi mocemuli ramdenime sidide SenTvis ukve 

cnobilia. am sidideebis garda arsebobs warmoebuli 

sidideebic. magaliTad: simkvrive, wona da sxva.

metrobiTi sistemiT msoflios qveynebis didi naw-

ili sargeblobs.

maRaziaSi Saqris an xilis yidvis dros gamyidvels 

albaT rogorc yvela, eubnebi rom agiwonos magali-

Tad, 2 kg vaSli. realurad kilogrami afasebs wonis 

er Teuls. Cven produqts vyidulobT masis mixedviT. 

masa fizikuri sidide, romelic zomavs sxeulis iner  -

tulobas. wina wlebSi gamoyenebuli sasworebi di -

leqsikoni 

 ●  inertuloba _ sxeulis 

Tviseba, SeinarCunos siCqa-

re

 ●  wona _ gamosaxavs sxeulis 

mier sayrdenze an sakidel-

ze moqmed Zalas da misi er-

Teulia niutoni.
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na   mometrs (Zalis gasazom xelsawyos) warmoadgenda. 

Tanamedrove cifrul masis gasazom xelsawyosac sas-

wors veZaxiT. 

qimiuri eqsperimentisTvis reagentebi Zalian 

mcire raodenobiT unda gamoiyeno. maTi masa anali-

zuri sasworiT izomeba. 

masis erTeulebi gamosaxulia suraTze:

masa

1 mikrogrami (μg) = 0.000001 grami

1 miligrami (mg) = 0.001 grami

1 centigrami (cg) = 0.01 grami

1 decigrami (dg) = 0.1 grami

1 dekagrami (dkg) = 10 grami

1 heqtogrami (hg) = 10 grami

1 kilogrami (kg) = 1000 grams

metruli sistema

sigrZe masa wona simkvrive temperaturamoculoba

saxazavi
saswori dinamometri menzura masa/moculoba

Termometri

(l) (m) (p) (V) (ρ) (t)

wyali

zeTi

analizuri saswori
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   ramdeni gramia 500 mg?

2020 wlis kovid pandemiis pirobebSi, nebismieri 

ojaxis eqimi pacientebs urCevs miiRos 2-3 l wyali. 

   ris erTeuls warmoadgens litri? rogor 

xdeba misi gazomva?

siTxis moculoba izomeba biuretiT an menzuriT.

danayofis fasis gamosaTvlelad moZebne ori uax-

loesi ricxvi, did mniSvnelobas gamoakeli mcire 

mniSvneloba da gayavi danayofebis raodenobaze.

 

kubis an marTkuTxa paralelepipedis moculobis 

gamosaTvlelad maTematikuri formulebi gamoiyene-

ba. Tu oTaxis moculobis povna ginda misi sigrZe, 

simaRle da sigane erTmaneTze unda gadaamravlo. 

V=A×B×C (sur 3)

uswormasworo formis sxeulis moculobis ga-

mosaTvlelad ki, SegiZlia gamoiyeno gamoZevebuli 

siTxis moculoba, romlis gamoTvlaSic menzura ga-

mogadgeba. (sur 4)

1 m3 = 1 000 000 sm3; 
1 m3 = 1000 dm3

1dm3 = 1 l
1 sm3 = 1 ml 
1 l = 1000 ml

  davaleba

1.  ramdeni ml-ia 22.4l?

2.  ra moculoba aqvs menzuraSi (sur. 4) moTavsebul 

sxeuls? 

3.  ra moculoba aqvs kubs, Tu misi wibos sigrZea 5 sm?

biureti

onkani

menzura

5 sm

3 sm

4 sm

(sur 3)

(sur 4) 

sawyisi 
moculoba 
= 13.5 ml

saboloo 
moculoba 
= 22.4 ml
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adamianis organizmis janmrTelobas gansazRvravs 

misi Sinagani parametrebis mudmivoba. parametrebSi 

igulisxmeba: sxeulis temperatura, sisxlis wneva, 

Sinagani garemos sxvadasxva komponentis pH. sxeulis 

temperaturis gasazomad saqarTveloSi ZiriTadad 

vercxliswyliani Termometrebi gamoiyeneba. tempera-

tura izomeba ⁰C – gradusi celsiusebiT. zogierT 

qveyanaSi temperaturis sazomad gradusi farenheiti 

⁰F gamoiyeneba. am sidideebs Soris damokidebuleba 

gamosaxulia suraTze: (sur 6) 

°F-32
1.8

°C=

samecniero eqsperimentebis dros gamoiyeneba kel-

vinis skala, romlis mixedviT temperaturis erTeulia 

kelvini (K). radgan cel siusis skalazec da kelvinis 

skalazec wylis duRi lis da gayinvis teperaturebs 

Soris sxvaoba 100 erTeulia, amitom temperaturis 

nazrdi an kleba kel vinebSi da gradus celsiusebSi 

erTnairia. T = t + 273. sadac T _ ab so luturi tempera-

turaa,  t _ temperatura, romelic ga zomilia gradus 

celsiusebiT.

(sur 6)

(sur 7)

(sur 7a)
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  amocanebi

1.  vTqvaT Seni sxeulis temperaturaa 38 ⁰C. gamo-

saxe is ⁰F-sa da kelvinebSi. 

2.  gaaanalize me-7 suraTze gamosaxuli informa-

cia da Seadgine msgavsi diagrama farenheitis 

skalis mixedviT.

uiliam tomson kelvini

andres celsiusi

daniel farhengeiti
es sainteresoa

pirveli Termometri minisgan iyo damzadebuli da 

spirts Seicavda. spirtis simaRle icvleboda tem-

peraturis Sesabamisad. germanelma mecnierma deniel 

gabriel farenheitma gamoiyena vercxliswyali, isma-

el builios ideis mixedviT. farenheitis skala pir-

velad Seiqmna 1724 wels. wylis gayinvis temperaturaa 

32°F da duRilis temperatura _ 212°F. farenheitis 

skala samecniero miznebisTvis ar gamoiyeneba.

 celsiusis skalam saxelwodeba miiRo Svedi as-

tronomis andres celsiusis pativsacemad (1701-1744). 

celsiusis skalis mixedviT wyali iyineba 0°C da duRs 

100°C-ze. am or wertils Soris manZili gayo filia 100 

intervalad, erTi danayofi erT graduss Seesabameba. 

temperaturis erTeulia `gradusi celsiusi~.

temperaturis mesame skalis saxelwodebaa kelvin-

is skala, lord kelvinis (1824-1907) pativsacemad. 

is efuZneba molekulebis moZraobas. 0 K, absolutu-

ri nuli, is temperaturaa, roca molekulebi wyve-

ten moZraobas. wylis gayinvis temperatura kelvin-

is skalaze aris 273 K, duRilis temperatura ki _ 

373 K. kelvinis skalaze temperatura gradusebiT 

ar izo meba, gansxvavebiT farenheitis da celsiusis 

ska lebisgan, sadac gvaqvs `gradus F~ an `gradus C~. 

kelvinis skalaze temperatura kelvinebiT izomeba.
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moli, nivTierebis raodenoba 

( 6.022 X 1023) 

molis saerTaSoriso dRe 

23 oqtomberi

nivTierebis gazomva

wonis mixedviT

nivTierebis raodenobis Sefasebis erT-erTi gzaa 
misi awonva. gazomvis es xerxi jer kidev hamurabis 
kodeqsSia aRwerili (daaxloebiT Zv.wT.aR. 1760 weli) 
savaWro saqmianobisTvis. dRes mravali produqti, 
xorci, bostneuli, xili, Saqari da sxva woniT iy-
ideba.

 moculobis mixedviT

nivTierebis zomis dadgenis xerxia moculobis 
gansazRvra. airebis awonva ar aris martivi, Tumca 
maTi moculobis dadgena Zalian swrafad da zustad 
aris SesaZlebeli. Txevadi qimiuri nivTierebebi iy-
ideba moculobis mixedviT. magaliTad, avtomobilSi 
benzins asxamen moculobis mixedviT. SegiZlia iyido 
1-an 2 litri rZe. 

daTvlis saSualebiT

kvercxis yidva SesaZlebelia mxolod calobiT. 
asevea puri da sxva produqtebi. tansacmelSi fass 
ixdi maTi raodenobis (calis) mixedviT, fexsacmel-
Si _ wyvilis mixedviT. daTvla ar saWiroebs sazom 
xelsawyoebs. 

moli
zogjer gazomvis erTi meTodi martivia, Tumca ar 

gvaZlevs CvenTvis saWiro informacias. magaliTad, 
gaqvs yulaba, romelic savsea 1 lariani monetebiT. 
zustad ici rom yulaba erTia, Tumca es ar gaZlevs 
informacias, ramdeni lari gaqvs. aseve, Cais mosamza-
deblad gWirdeba 1 Cais kovzi Saqari, Tumca ar ici 
ramdeni gramia, ramdeni nawilakia masSi, saqarozas 
ramden molekulas Seicavs is. gardaqmnebi miT ufro 
mniSvnelovania, rac ufro mcire zomis aris sagani, 

leqsikoni

• moli: nivTierebis raodenoba, ro  -

melic Seicavs 6.022 X 1023 struq     -

tu rul nawilaks.

• avogadros ricxvi: 6.022 X 1023.

• struqturuli nawilaki: naerTis 

umciresi nawilaki, romelic mis 

Tvisebebs gansazRvravs. 

• moluri masa: erTi moli naerTis 

masa.

 Sen SeZleb 

 ●  nivTierebis raodenobis ga-

zomvas; 

 ●  avogadros ricxvis dadgenas;

 ●  molis Sinaarsis gaazrebas;

 ●  naerTSi molekulebis da ato-

mebis raodenobis gamoTvlas.

1.4.1. moli, nivTierebis raodenoba

1 moli = 6.022×1023 atomi

12g naxSirbadi

mol _ Txunela
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romelsac viTvliT. magaliTad, atomebi, molekule-

bi. swored amis gamo atomebis da molekulebis ra-

odenobis dasadgenad SemoiRes cneba: `nivTierebis 

raodenoba“, romlis erTeulia moli.  

moli 6.022 X 1023 nawilakis erTobliobaa. am ricxvs 

avogadros ricxvi ewodeba. gamoTqma `aTeuli” ne-

bismieri sagnis 10 cals gamosaxavs, an aT adamians. 

asevea sityva ̀ moli”. is avogadros ricxvis tol naw-

ilakebis raodenobas gamosaxavs. moli Seesabameba 12 

gram naxSirbadSi (naxSirbad-12 izotopSi) atomebis 

saerTo ricxvs. ramdenad didi ricxvia moli? 

nimuSi

Tu erT wamSi SegiZlia daiTvalo 1 mln lari, ra dro dagWirdeba avogadros ricxvis to-
li laris dasaTvlelad?

pasuxi:

aseTi tempiTac rom daTvalo fuli, 19 miliardi weli Wirdeba. albaT mixvdi ram-

denad bevr na wilaks Seicavs, nebismieri nivTierebis 1 moli. 

struqturuli nawilakebi

roca saubaria qimiuri nivTierebis erT molze, mniSvnelovania icode, romeli 

nawilakia misi struqturuli erTeuli. magaliTad, `wylis molekulebis erTi moli 

SeiZleba mokled warmovTqvaT: ̀ wylis erTi moli”. Tu molekuluri aRnagobis naerTze 

vsaubrobT, misi struqturuli nawilaki molekulaa. `10 moli qlori~ gulisxmobs 

qloris molekulebis aT mols.

ra xdeba maSin, Tu naerTi aramolekuluri aRnagobis aris? SegaxsenebT, rom ionuri 

naerTebi calkeuli molekulebis saxiT, ar arsebobs, aramed is warmoadgens ionebis 

samganzomilebian struqturas. ionuri naerTis empiriuli formula gamosaxavs krista-

lur meserSi ionebs Soris Tanafardobas. magaliTad, erTi moli kaliumis oqsidi (K2O) 

Sedgeba ori moli kaliumis kationis (K+) da erTi moli oqsidionisgan (O2-). ionuri 

naerTisTvis struqturul erTeuls warmoadgens ioni. Tumca ionebi ar arseboben 

gancalkevebulad, magaliTad azri ar aqvs calke kaliumis kationebis da oqsidionebis 

arsebobas, molekuluri naerTebisgan gansxvavebiT. 

sufTa metalebis SemTxvevaSi struqturul nawi lakebs calkeuli atomebi warmoad-

genen. erTi moli TuTia gamosaxavs TuTiis atomebis erT mols.

(1) nivTierebis raodenobis gamosaTvleli formula: 
N
—
NA

n= . sadac: N aris struq-

turuli nawilakebis ricxvi, NA avogadros ricxvi, n nivTierebis raodenoba.

1 moli lari × =1.91×1010 weli
1 moli lari

6.22 × 1023lari)
( )

1,000,000 lari

1 wm
( )

60 wm

1 wT
( )

365 dR

1 weli
( )

24 sT

1 dRe-Rame
( )

60 wT

1 sT
( )

amadeo avogadro
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amocanis amoxsnis nimuSi

 ●  gamoTvale molekulebis ricxvi 3 mol JangbadSi

amoxsna:

n(O
2
) = 3 moli

NA =6.02 X1023 moli-1

N = ?

N= 3 moli X 6.02 X1023 moli-1= 18.06 X1023 molekula Jangbadi.

 ●  gamoTvale struqturuli nawilakebis ricxvi 5 mol almasSi.

amoxsna:

almasi naxSirbadis atomebisgan Sedgeba, amitom, misi struqturuli nawilakia 
atomi.

n(almasi) = 5 moli

NA =6.02 X1023 moli-1

N = ?

N= 5 moli × 6.02 ×1023 moli-1= 30.1 ×1023 atomi naxSirbadi.

 ●  gamoTvale struqturuli nawilakebis ricxvi 5 mol sufris marilSi.

amoxsna:

sufris marilis pirobiTi formulaa NaCl. is ionebisgan Sedgeba da Seicavs erT 
natriumis da erT qloris ions. misi struqturuli nawilakia ioni.

n(NaCl) = 5 moli

NA =6.02 X1023 moli-1

N (ionebis) = ?

N= 2 × 5 moli × 6.02 X1023 moli-1= 60.02 X1023 ioni.

    davaleba

1.  ramdeni moli azotis atomia 5 mol amiakSi NH3?

2.  gamoTvale Jangbadis atomebis molTa ricxvi, romelsac Seicvs 0.5 moli glukoza 

C6H12O6.

3.  oqros nimuSi Seicavs 1.81 x 1024 atom oqros. ramdeni moli oqroa nimuSSi?

4.  ramdeni atomia 0.065 mol vercxlSi?

5.  gamoiTvale bromis ionebis molTa ricxvi 0.04 mol CaBr2-Si.
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1.4.2 moluri masa, masa

   ra aris masa? ra erTeulebiT izomeba is?

    

   ivaraude, ras unda niSnavdes ,,moluri ma-

sa“?

rogorc terminidan Cans, is gamosxavs nivTierebis 

erTi molis masas. 

naerTis moluri masis gamoTvla formu-
lis mixedviT:

naxSirbadis dioqsidis formulaa _ CO2. misi erTi 

molekula Seicavs erT atom naxSirbads da or atom 

Jangbads. naerTSi warmodgenili atomebis moluri 

masebis SekrebiT miiReba moluri masa.

12 g/moli + 2X16g/moli = 44 g/moli

naxSirbadis dioqsidis erTi molis masa iqneba 44 

grami. ionuri naerTebis SemTxvevaSi ikribeba ionebis 

moluri masebi. natriumis sulfidis (Na2S) moluri 

masa ase gamoiTvleba:

2X23 g/moli + 32 g/moli = 78 g/moli

rogor gamoiTvleba masa

Tu erTi moli nivTierebis masa moluri masiT ga-

moisaxeba, ras unda udrides ori moli nivTierebis 

masa?

sami moli nivTierebis masa?

 Sen SeZleb: 

 ● masasa da molur masas Soris 

gansxvavebis dadgenas;

 ● molur masa da fardobiT mo-

lekulur masas Soris gansxva-

vebis dadgenas;

 ● nivTierebis moluri masis ga-

moTvlas;

 ● moluri masis da molTa ricx-

vis gamoyenebiT masis dadgenas

amocanis amoxsnis 
nimuSi

ras udris wyalbadis zeJangis 

(H2O2) moluri masa?

 pasuxi:

 ● H - 2 × 1 g/moli = 2 g/moli

 ● O - 2 × 16 g/moli = 32 g/moli

 ● M (H2O2)= 34 g/moli

erTi molekula H2O
(18.0 mae)

 ● 6.02 × 1023

 ● 1 moli 12C-s masaa 12g

1 moli H2O 
(18.0 g)

avogadros 
ricxvis toli 
molekulebis 
raodenoba
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 davaleba

1.  gamoTvale  K2Cr2O7-is moluri masa.

2.  gamoTvale diazotis tetraoqsidis moluri masa (N2O4).

3.  Seadare 2 moli Jangbadisa da 1 moli SO2-is masebi. 

4.  ramdeni atomia 1.8 gram wyalSi?

5.  Seavse cxrilis gamotovebuli ujrebi:

naerTis 

formula

moluri 

masa

atomebis molTa 

ricxvi naerTis erT 

molSi

atomebis 

saerTo ricxvi 

nivTierebis 0.5 

molSi

naerTis 

2 molis masa

CaCO3 n(Ca)=
n(C)=
n(O)=

n(Fe)=2 moli

n(O)= 3 moli

44 g/moli n(C)=
n(O)=

9.03X1023 atomi

  amocanis amoxs nis 
nimuSi

 ●  ramdeni molia 1.2 grami nax-

Sirbadi?

   pasuxi:

 ●  1.2 g C × (1 moli C/12 g C )= 0.1 
moli C

formula: 

masa→molTa ricxvi (moli)→moluri masa (g/moli).

6.02 × 1023 atomi

1 moli

1 moli

moluri masa (g)

1 moli

6.02 × 1023atomi

moluri masa

1 moli

atomi
an

mole-
ku  lebi

sidideebs Soris kavSiri

moli masa

atomi

an

moleku    la

nivTierebis masis gamosaTvleli formula

m = masa (g)
n = molTa ricxvi (moli)

M = moluri masa (g/moli).

atomi
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1.4.3. moculoba, avogadros kanoni

1811 wels italielma mecnierma, amadeo avogadrom, 

gamoTqva hipoTeza: toli moculobis airebi moleku-

lebis tol ricxvs Seicavs. hipoTeza Seamowme suraTis 

mixedviT. 

 

avogadrom hipoTeza eqsperimentiT daadastura da 

miiRo avogadros kanonis saxelwodeba.

avogadros kanons emorCileba mxolod airebi da 

nivTierebebi orTqlis mdgomareobaSi. 

   ratom emorCileba avogadros kanons mx-
olod airad mdgomareobaSi arsebuli niv-
Tierebebi?

ganvixiloT myari, Txevadi da airadi nivTierebis 

Sedgeniloba maT molekulebs Soris manZilis mixedviT, 

romelic dagexmareba gasce pasuxi kiTxvebze: ra zea 

 Sen SeZleb: 

 ● avogadros kanonis da misgan 

gamomdinare ori Sedegis gaan-

alizebas;

 ● airebis moculobis dadgenas 

(n.p) rodesac ici maTi raode-

noba an masa;

 ● airebis raodenobis dadgenas 

(n.p) rodesac ici maTi mocu-

loba;

leqsikoni 

 ●  airis wneva _ airis moleku-

lebis mier WurWlis ked-

lebTan dajaxebis Zalis 

Se fardeba zedapiris far-

TobTan. 

avogadros kanoni

nawilakebis toli ricxvi

1 moli N2
22.4l

6.02×1023  nawilaki
28.0g N2

1 moli He
22.4l

6.02×1023  nawilaki
4.0g H2

1 moli N2 1 moli He
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damokidebuli Txevadi, myari, airadi (orTq lis mdgo-

mareobaSi) nivTierebis mier dakavebuli mocu loba.

    

avogadros kanonis formulireba aseTia: sxvadasx-

va airis molekulaTa toli ricxvi erTnair fizikur 

pirobebSi (erTnair wnevasa da temperaturaze) tol 

moculobas ikavebs. 

albaT ikiTxav, ratom gaxda au cilebeli airTa mo-

culobis Sedareba erTnairi temperaturisa da wne vis 

pirobebSi?
gaaanalize suraTze warmodgenili informacia  da 

upasuxe SekiTxvebs:

    romel WurWelSi ufro meti molekulaa?

     ra Tanafardobaa TiToeul WurWelSi arsebul temperaturas Soris?

    

manZili molekulebs Soris wylis sxvadasxva agregatul mdgomareobaSi

myari Txevadi airadi

1.00 moli
32.0g
22.4l

1.00 moli
4.00g
22.4l

1.00 moli
38.0g
22.4l

1.00 moli
39.9g
22.4l
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avogadros kanonidan gamomdinareobs ori Sedegi:
pirveli Sedegi, avogadros kanonis Sebrunebuli formulirebaa, SegiZlia Camoaya-

libo. 

meore Sedegis Camoyalibebasac SeZleb cxrilis Sevsebis Semdeg.

nivTiereba
agregatuli

mdgomareoba
1 molis masa (g)

simkvrive (g/l) 
0⁰C 101.3 kpa

1 molis 
moculoba (l)

H2
airi 0,09

O2
airi 1,429

CO2
airi 1,96

H20 Txevadi 1000

NaCl myari 2160

masis gamosaTvlelad iyeneb formulas m = n × M.

moculobis gamosaTvlelad iyeneb formulas v = m / ρ

gaanalize miRebuli Sedegi.

Casvi gamotovebuli sityvebi da miiReb avogadros kanonis meore Sedegs: sxvadasx-
va ------------- erTi moli (n.p) (0⁰C P=1 atmosfero =101,325kp) ikavebs ------------- moculobas 
romelsac moluri moculoba ewodeba.

Jangbadi wyalbadi wylis orTqli

  imsjele

airi moluri masa, g moluri moculoba oTaxis 
temperaturasa (25oC) da 

1atm wnevaze

moluri moculoba 0oC da 1 
atm wnevaze (n.p.)

O2
32 24.0 22.397

N2
28 24.0 22.402

H2
2 24.1 22.433

He 4 24.1 22.434

CO2
44 24.3 22.060

NH3
17 24.1 22.079

 24  22.4
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moluri moculoba

 

n = V
V

 

V = V
n

m

m  

V=n×Vm   

n = V
V

 

V = V
n

m

m
radgan nebismieri airis erTi moli Seicavs 6,02×1023 

molekulas, airis 6,02×1023 molekula ikavebs 22,4 l 

moculobas.

1 moli nebismieri nivTiereba, × 6,02×1023 mole-

kulas Seicavs nebismier agregatul mdgomareobaSi. 

magram nebismieri nivTierebis 1 moli 22,4 l moculo-

bas ikavebs mxolod airad mdgomareobaSi (np)-Si.

avogadros kanoni yoveldRiur 
cxovrebaSi:

roca kalaTburTis burTs berav, burTSi Cadis uf-

ro meti molekula. meti molekula did moculobas 

ikavebs da burTic ibereba. igive xdeba daSvebuli 

saburavis gabervis drosac. 

1 moli

normaluri pirobebi

SaqariH2SO4 NaCl

CO2 SO2O2

H2O

22.4 l 22.4 l 22.4 l

 davaleba

1.  ra moculobas daikavebs 2 moli wylis orTqlis 

da 3 moli Jangbadis narevi (n.p)?

2.  ramdeni molekula da ramdeni atomia 2,24 litr 

azotSi (n.p)?

3.  gamoTvale 3.36 l Jangbadis masa (n.p).

  imsjele:

 ●  grafikze mocemuli infor-
ma ciis mixedviT da daadas-
ture, rom nebismieri airis 
erTi mo   li (n.p) ikavebs tol 
mo cu  lo bas.

mo
c
u
l

o
ba

 (l
)

nivTierebis raodenoba (moli)
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1.4.4. simkvrive da fardobiTi simkvrive

 Sen SeZleb: 

 ● daadgino simkvrivis mniSvnelo-

ba;

 ● daadgino ra damokidebulebaa 

nivTierebis simkvrivesa da tem-

peraturas Soris;

 ● daadgino ra damokidebulebaa 

xsnaris simkvrivesa da masSi 

gaxsnili marilis raodenobas 

Soris;

 ● daadgino erTi airi ramdenjer 

mZime, an msubuqia meoreze;

 ● daadgino ucnobi airis moluri 

masa da formula.

   ratom ganawildnen nivTierebebi Sreebad?

nivTierebis dasaxasiaTeblad ferTan, 
sunTan da gemosTan erTad gamoiyeneba 
simkvrive. simkvrive fizikuri sididea, 
romelic aRiniSneba ρ asoTi. da gamoiT-
vleba formuliT: 

simkvrivis erTeulebi:

kg/m3; g/sm3; g/ml; kg/dm3; g/l;

simkvrivis gasazom xelsawyos areometri ewodeba. 

agregatuli mdgomareobis cvlilebasTan erTad 

icvleba misi simkvrive. 

suraTze gamosaxulia erTi da imave masis nivTiere-

bebi. romlebic ikaveben gansxvavebul moculobas. 

gamoiyene simkvrivis gamosaTvleli formula da 

Seadare maTi savaraudo simkvriveebi.

albaT Seni gamoTvlebiT dadgine, rom nivTiere-

bis simkvrive myar mdgomareobaSi aRemateba mis sim-

kvrives Txevad mdgomareobaSi. kidev ufro mcirea 

nivTierebis simkvrive airad mdgomareobaSi. 

gamonaklisia wyali, romlis simkvrivec myar mdgo-

mareobaSi ufro naklebia, vidre Txevad mdgomareoba-

Si. es misi aRnagobiT aris ganpirobebuli da udidesi 
biologiuri mniSvneloba aqvs. okeaneebsa da tbebSi 
warmoqmnili yinuli wyalSi curavs da ar iZireba 
fskerze. 

sur. 2 areometri

sur. 1

sur. 3
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   Tu skamze dadgebi, mixvdebi rom oTaxis zeda nawilSi ufro Tbila, vidre 

iatakTan axlos. ratom?

temperaturis gazrdiT izrdeba haeris Semadgeneli 

molekulebis moZraobis siCqare, isini ufro metad 

Sor debian erTmaneTs, ikaveben ufro did moculobas, 

ris gamoc simkvrive mcirdeba, amitom msubuqi Tbili 

haeri oTaxis zeda nawilSi adis. 

wyali am mxrivac gansakuTrebuli nivTierebaa. 

diagramaze mocemuli informaciis gaanalizebiT 

gamoitane daskvna. 

4⁰C -mde wylis molekulebi uaxlovdeba erTmaneTs, 

da moculoba mcirdeba. moculobis Semcireba iwvevs 

simkvrivis gazrdas. temperaturis gazrdiT, 4⁰C-ze 

zemoT, wylis molekulebi Sordebian erTmaneTs, wy-

lis moculoba izrdeba da simkvrive mcirdeba. 

fardobiTi simkvrive

   ras SeiZleba niSnavdes termini ̀ fardobi-

Ti simkvrive“?

daakvirdi pirvel suraTs, upasuxe kiTxvas, ratom 
ar Seeria siTxeebi erTmaneTs. daalage Sesabamisi 
siTxis simkvriveebi klebis mixedviT. 

wyalbaduri 
bma

yinuli

wyalbaduri bma stabiluria

wyali

wyalbaduri bma gawyvetilia da formas icvlis

Tbili haeri civdeba

civi haeri Tbeba

c
ivi haer

i Cad
is d

abl
aT

bi
l

i 
ha

er
i 

ad
is

 m
aR

l
a

wylis simkvrive

temperatura (⁰C)

t
em

pe
r
at

si
mk

vr
iv

eu
r
a 

(k
g/

m3
) 1000.0

999.9

999.8

999.7

999.6
1 2 3 4 5 6 7 8 9 10 11

ivaraude, ra moxdeboda yinulis simkvrive ufro meti rom iyos vidre wylis? 
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  = m
V

  :  m
V

 1

2

1

1

2

2

ρ
ρ

Tu zeda formulaSi gamoiyeneb tolobas: m = n�M da V = n�Vm 

miiReb:  n M
n Vm

: n M
n Vm

= M
M

1 1

1

2 2

1

1

2

   ratom ar SeiZleba es formula gamoiyeno myari an Txevadi nivTierebebis 

fardobiTi simkvriveebis gamosaTvlelad?

   
   1. gamoTvale ramdenjer mZimea naxSirorJangi haerze (gamoTvlebiT dadge-

nilia, rom 1 moli haeris masa aris 29 g.

    2. ramdenjer msubuqia heliumi haerze?

D-s indeqsis saxiT iwereba im airis formula, romlis mimarTac ganisazRvreba moce-

muli airis fardobiTi simkvrive.

mag. DH2 = M
2

1     D  = Mr
29

h  

aRniSnuli formulebis gamoyenebiT SegiZlia ipovo da daadgino ucnobi airis molu-

ri masa, daadgino formula.

nimuSi: ucnobi airis fardobiTi simkvrive wyalbadis mimarT DH2=32 misi Sedgeni-

lobaa EO2.

Mr(EO2) = DH2×2   Mr=Ar(E)+2Ar(O)=64      Ar(E)=64-32=32

periodulobis cxrilis gamoyenebiT es elementi aris gogirdi e.i. misi formulaa 

SO2. misi saxelwodebaa gogird (IV)-is oqsidi.

suraTze gamosaxulia mkvdari zRva. adamiani tivtivebs wyalSi da ar iZireba. axseni, 
ra kavSiria xsnaris simkvrivesa da masSi marilis raodenobas Soris. 

mkvdari zRva

airebis fardobiTi simkvrive _ gamoisaxeba fardo-
biTi molekuluri an moluri masebis fardobiT

 Mr(1) = D2 × Mr(2)D  = Mr(1)
Mr(2)

2

Mr — nivTierebis fardobiTi molekuluri masa

D — erTi airis fardobiTi simkvrive meoris mimarT 

(ganzo milebis gareSe),
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 davaleba

1.  bavSvi TamaSobs tyavis da rezinis burTebiT. orive burTi Cauvarda wyalSi, ivaraude 
ra mouva burTebs, axseni Seni gadawyvetileba, amocana warmoadgine komiqsis an nax-
atis saxiT.

2.  mesame suraTis mixedviT ipove 1,2,3,4, airis moluri masebi.

2
4
6
8

10
12
14
16
18
20
22
24
26

airebi

airis simkvrive wyalbadis mimarT (D)

3.  mocemulia ori WurWeli, erT WurWelSi moTavsebulia 64 grami Jangbadi, meore 
WurWelSi 64 grami gogird (IV)-is oqsidi.(n.p)

 ● ipove TiToeuli airis moculoba 

 ● ipove TiToeul WurWelSi molekulebisa da atomebis ricxvi

 ● gaanalize miRebuli Sedegi.

4.  gamoTvale suraTze gamosaxuli myari sxeulis simkvrive. sur. a da b.

1

2

3

4
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simkvrive =
masa

moculoba

ρ (g/sm3) =
m (g)

∆V (sm3 = ml)

∆V =
moculobis

   cvlileba

(sur. b)

masa 
= 51.842g

saboloo moculoba 
= 19.8ml

sawyisi moculoba 
= 17.1ml

(sur. a)
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 1.4.5. amocanebi qimiuri reaqciis tolobis 
    gamoyenebiT

 Sen SeZleb: 

 ●  amocanaSi mocemuli infor-

maciis mixedviT, mokle Canaw-

eris gakeTebas;

 ●  amocanis amoxsnis algoriTmis 

Sedgenas;

 ●  nimuSSi sufTa nivTierebis ma-

sis gamoTvlas;

 ●  qimiuri reaqciis tolobis mi-

xedviT, reagentebis da pro-

duqtebis moluri Tanafardo-

bis dadgenas.

leqsikoni 

 ●  malimitirebeli reagenti _ 

reagentia, romlis raodeno-

bazec damokidebulia warmo-

qmnili produqtis raodeno-

ba

 ●  Warbi reagenti _ is reagen-

tia, romelic aRebulia saWi-

roze meti raodenobiT

Tanamedrove adamianis cxovreba warmoudgenelia 

qimiuri nivTierebebis gareSe. soflis meurneobaSi 

farTod gamoiyeneba sasuqebi, romlebic qimiur qa-

rxnebSi mzaddeba. daavadebebis samkurnalo medika-

mentebic qimiuri nivTierebebia da farmacevtul 

qarxnebSi amzadeben. uamravi qimiuri nivTierebis 

dasaxelebaa SesaZlebeli, romelic pirdapiri gziT 

ar aris bunebaSi gavrcelebuli da qimiuri gardaqmnis 

gziT miiReba. winaswar unda gaTvalon xarji, miRe-

buli produqtis raodenoba. amisTvis qimiuri amo-

canebis amoxsnaa saWiro. amocanis amoxsnisTvis ki-

garkveuli etapebis gavlaa aucilebeli:

etapi I.  gaanalize amocanaSi mocemuli informacia 

da gaakeTe mokle Canaweri / sqema;

etapi IV. Seasrule saWiro gaangariSebebi Sesabamisi 

formulebis gamoyenebiT;

etapi V.  gaaanalize miRebuli Sedegebi;

etapi VI. daafiqsire miRebuli Sedegi.

etapi II.  Seadgine Sesabamisi qimiuri reaqciis tolo-

ba/tolobebi (masis mudmivobis kanonis 

gaTvaliswinebiT);

etapi III. Seadgine amocanis amoxsnis algoriTmi. al-

goriTmi iwyeba cnobili sididiT da mTavr-

deba im sididiT, romlis povnac saWiroa; 

cnobil da ucnob sidideebs Soris ki is 

gzaa, romelic amoxsnisas unda gaiaro;
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amocanis amoxsnis 
nimuSi

amocanis piroba:

 ● ramdeni grami CaO da ramdeni litri naxSirbad (IV)-is oqsidi miiReba, 200gr 20% 

minarevebis Semcveli kirqvis gaxurebiT.

amoxsna:

moZebne sakvanZo sityvebi. gan sazRvre mocemuli, saZiebeli da damxmare sidideebi. 

amocanis teqstSi mocemuli sidideebia: kirqvis masa da masSi minarevebis Semcve-

loba. 

m (CaCO3)=200g

ω (minarevis)=0.2                                        

m (CaO) =? — ......................................... saZiebeli sidide.

damxmare sidideebia kalciumis oqsidis da kalciumis karbonatis moluri masebi. 

radgan saZiebo sididea naxSirorJangis moculoba, amitom moluri moculoba damx-

mare sidides warmoadgens. 

M(CaO)=40+16=56 g/moli 

M (CaCO3)=40 + 12 +48=100 g/moli

Vm = 22.4 l/moli

amoxsnis algoriTmi:

1) m (kirqvis)→m (CaCO3)→ n (CaCO3)→n (CaO)→ m (CaO)

              n (CO2)→V (CO2)

1. Seadgine qimiuri reaqciis gantoleba:

CaCO3→ CaO + CO2↑

2.  gamoTvale kirqvis masa da raodenoba :

ω sufTa karbonatis=1-0.2=0.8

m(CaCO3)=w×mn=200×0.8=160g

n(CaCO ) = m
M

= 
160
100

= 1.6  3
g

g/moli
moli

3.   dawere qimiuri reaqciis toloba, iangariSe gamoyofili naxSirorJangis mocu-

loba da miRebuli CaO-s masa.

  CaO + CO2→CaCO3
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  1 moli CaCO3  1moli CO2

  1.6 moli CaCO3  X moli  

  x=1.6 moli  V=n×Vm=1.6 moli×22,4 l/moli=35.84l

  1 moli CaCO3  1 moli CaO

  1.6 moli CaCO3  X moli  

   X=1.6 moli  m=n×M=1.6mol×56g/moli=89.6g

yvela amocanis amosaxsnelad ar aris saWiro  qimiuri tolobis Sedgena.

 Cawere mocemuloba:

  moc: m(nar)=50g       damxmare sidideebi: M(Al)=27 g/moli

             NA=6×1023 atomi/moli 

 ω(Al)=0,94                                                       

   N(Al)=?

               m(kom)= w(kom)×m(nar)

             N=n×Na     n= m/M

 ●  daadgine narevSi komponentis masa 

 m(Al)= 0,94×50=47g  

 ● daadgine 47gram aluminSi atomebis ricxvi

N(Al)=n×NA   n=47g/27g/moli=1,74moli

N(Al)=1.47moli×6×1023 atomi/moli=10,44×1023 atomi

 ● Sedegi 10,44×1023 atomi Al

 davaleba

1.  ra masis bariumis sulfati daileqeba, Tu 14.2 g natriumis sulfatis Semcvel 

xsnars Warbad daamateben bariumis tutis xsnars. 

2.  oqros nimuSi Seicavs 12X1023 atom oqros. niuSSi minarevebis Semcvelobaa 20%. 

gamoTvale nimuSis masa.

3.  6.5 g TuTia gaxsnes Warb marilmJavaSi. gamoTvale reaqciis Sedegad warmoqmnili 

marilis masa da gamoyofili wyalbadis moculoba (n.p).
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rodesac reagenti aRebulia Warbad

roca stumrebs elodebi saWmlis momzadebis dros 

iTvaliswineb maT raodenobas. aseve winaswar gaarkvev 

saWmlis mosamzadeblad saWiro ingredientebs da maT 

raodenobas. daakvirdi suraTs.

qimiaSic arsebobs msgavsi situaciebi. zogjer erT -

erTi reagenti Warbia. aseTi amocanebis amoxsnis dros 

Seni mizania gansazRvro romelia Warbad aRebuli re-

agenti da romeli daixarjeba srulad. 

   suraTze warmodgenil sqemaze romeli re-

agentia Warbad aRebuli?

 Sen SeZleb: 

 ●  malimitirebeli reagentis 
dadgenas;

 ●  Warbi reagentis dadgenas;

 ●  produqtebis raodenobis ga-
moTvlas.

+ +

Jangbadis 
10 molekula

naxSirorJangis 5 
molekula

naxSirbadis 
5 atomi

+ +

sosisi funTuSa

malimitirebeli
reagenti

Warbi
reagenti

Teoriuli
gamosavlianoba

sosisi funTuSaSi darCenili sosisi
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amocana: 

170g vercxlis nitratis Semcvel xsnars daamates 117g natriumis qloridis Sem-
cveli xsnari, miRebuli narevi gafiltres, daadgine filtratis da filtrze darCe-
nili nivTierebis moluri Sedgeniloba.

amoxsna 

 ● Cawere mocemuloba:         damxmare sidideebi:

  moc: m(AgNO3)=170g          M(AgNO3)=170 g/moli

  m(NaCl)=117g             M(NaCl)=58.5g/moli

 ●  Seadgine reaqciis toloba, xsnadobis cxrilis gamoyenebiT gansazRvre pro-
duqtebis wyalSi xsnadoba.

 AgNO3+ NaCl→AgCl + NaNO3

 ●  ipove reagentebis raodenobebi:

 n (NaCl)=170გ�58.5g/moli=2 moli

 n(AgNO ) = 
170

170 /
= 1 3

g

g moli
moli

 ●  daadgine romelia Warbi, gansazRvre malimitirebeli reagenti da daadgine miRe-
buli produqtis raodenobebi malimitirebeli reagentis mixediT

  
AgNO3   +    NaCl  →  AgCl   +  NaNO3

              
1 moli   1 moli   1 moli   1 moli

e.i. reaqciaSi Sevida 1 moli AgNO3, 1 moli NaCl da miiReba 1 moli Ag Cl da 1 moli 
NaNO3. e.i. Warbia NaCl da malimitirebeli reagentia AgNO3. reaqciaSi Seusvleli 
rCeba 1 moli NaCl.

 ●  daadgine filtris da filtratis moluri Sedgeniloba: gafiltvris Sedegad 
filtrze rCeba 1 moli AgCl. filtrati Sedgeba 1 moli NaNO3 da 1 moli NaCl.

 ●  Sedegi: n(AgCl)=1 moli n(NaNO3)=1 moli, n(NaCl)=1 moli.

qimiur reaqciaSi malimitirebeli reagentia is nivTiereba, romelic Sedis reaq-

ciaSi srulad, anu ixarjeba mTlianad. reaqciis produqtis raodenoba gamoiTvleba 

srulad daxarjuli, anu malimitirebeli reagentis raodenobis mixedviT. reagents, 

romelic malimitirebuli reagentis srulad daxarjvis Semdeg reaqciaSi Seusvleli 

rCeba, Warb reagents uwodeben. 



57

aseTi amocanebis amosaxsnelad sxva xerxic arsebobs: 

narevi Seicavs 2 gram amiaks da 4 gram Jangbads. Sesabamis pirobebSi warmoiqmna 

garkveuli raodenobiT azotis monooqsidi da wyali. daadgine Warbi da malimitire-

beli reagenti da gamoTvale warmoqmnili azotis monooqsidis masa.

1. gaTanabrebuli tolobaa:

 4NH3 + 5O2 4NO + 6H2O

amocanaSi mocemuli 

naerTis masa

molSi gadayvana moluri 

Tanafardoba

masaSi

gadayvana

aseTi cxrili ivseba JangbadisTvisac da amiakisTvisac.

2 გ. NH3 1 moli NH3 4 moli NO

 17 g NH3 4 moli NH3

X= 3.53g NO

4 g O2 1 moli O2 4 moli NO 30 g NO

 32 g O2 5 moli O2 1 moli NO

X= 3 g NO

Tu amiaki srulad Sevidoda reaqciaSi, miiReboda 3.53 g NO. Tu Jangbadi srulad 

Sevidoda reaqciaSi, warmoiqmneboda 3 g NO. e.i. Warbi reagentia amiaki, malimitire-

beli reagentia Jangbadi. 

 davaleba

1.  ramdeni grami bariumis sulfati miiReba 200 grami bariumis nitratis Semcveli 

xsnarisa da 150 grami natriumis sulfatis Semcveli xsnarebis SereviT? daadgine 

Warbi da malimitirebeli reagentebi. 

2.  sareaqcio narevi Seicavs 750 mol N2H4 -sa da 500 mol H2O2-s. daadgine malim-

itirebeli da Warbi reagentebi da reaqciis Sedegad miRebul narevSi naerTebis 

moluri Tanafardoba.

   N2H4 + 2 H2O2 → N2 + H2O 
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3.  suraTebis mixedviT daadgine Warbi da malimitirebeli reagentebi 

reagentebi produqti

reaqciamde 3 moli N2 6 moli H2 0 moli NH3

reaqciis Semdeg 1 moli N2 0 moli H2 4 moli NH3

reaqciis dawyebamde reaqciis Semdeg reaqciis dawyebamde reaqciis Semdeg

10 H2 da 7 O2 10 H2O da 2 O2

CO(a) + 2H2(a) → CH3OH(Txevadi) O2 H2O + O2H2
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 Sen SeZleb: 

 ●  ganasxvavo reaqciis Teoriuli 

da praqtikuli gamosavali;

 ●  Seadaro erTmaneTs reaqciis 

ga mosavlianoba da Zravas mar-

gi qmedebis koeficienti;

 ●  amoxsna amocanebi da Teori-

uli gamosavlianobis mixedviT 

iangariSo praqtikuli gamo-

savali;

 ●  iangariSo praqtikuli gamo-

savali Teoriuli gamosavlis 

mixedviT. 

avtomobilis mier moxmarebuli yoveli 10 litri 
benzinidan, sasargeblod mxolod 2 litri benzini, 
danarCeni 8 litri ki detalebis gaTbobaze ixarje ba 
da siTbos saxiT ikargeba. amitom amboben, rom Zra-
vas margi qmedebis koeficienti 20 %-ia. mecnierebi 
cdi loben Seqmnan iseTi Zrava, romlis sasargeblo 
muSaobaze ufro meti sawvavi daixarjeba. msgavs Sem-
TxvevasTan gvaqvs saqme ekosistemaSi. erTi kvebiTi 
donidan meoreze gadasvlis dros sasargeblo energi-
is mxolod 10 % inaxeba, danarCeni ki siTbos saxiT 
ifanteba. adamianis mier sakvebidan miRebuli energi-
is didi nawili, siTbos saxiT gamoiyofa SardTan da 
fekalur masebTan erTad. qimiuri reaqciebis dros 
zogjer ufro naklebi produqti miiReba, vidre eqs-
perimentatori varaudobda. amis mizezi SeiZleba iy-
os reagentebis daRvra an dabinZureba, an arasworad 
Catarebuli gamoTvlebi. margi qmedebis koeficien-
tis Sesatyvisi termini aris qimiuri reaqciis gamo-
savlianoba. orive sididis aRmniSvnelia η (eta) aso.

reaqciis gamosavlianobis procentuli maCvenebeli 
gamoiTvleba formuliT:

η % =
m 
m 
(praqtikuli)

(Teoriuli)
× 100%

1.4.6. qimiuri reaqciis Teoriuli da 
praqtikuli gamosavali

0,1%
1%

10%

100%

sinaTlis
energia an

qimuri

energia

siTbo

siTbo

siTbo

siTbo

mwarmoebeli

momxmarebeli

momxmarebeli

momxmarebeli

energiis piramida
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Teoriuli gamosavali aris produqtis maqsimaluri raodenoba, romelic SeiZleboda 
miRbuliyo reagentebis mocemuli raodenobidan;

praqtikuli gamosavali aris produqtis realurad miRebuli raodenoba.

1.  amocana, romelic saWiroebs gamosavlianobis dadgenas, unda iangariSo Teori-
ulad warmoqmnili nivTierebis masa, raodenoba an moculoba da Semdeg formulis 
mixedviT iangariSo gamosavali. 

 ●  η % =
m 

m 
100%(pr)

(Teo)
×

 ●η % = n 
n 

100%(pr)

(Teo)
×

 ●η % = V 
V 

100%(pr)

(Teo)
×

2.  amocana, romelSic mocemulia moreagire nivTi erebebis masa da cnobilia gamo-
savlianoba, jer gamoTvale reaqciis gantolebis mixedviT warmoqmnili nivTier-
ebis masa, raodenoba an moculoba (Teoriuli gamosavali), Semdeg ki praqtikuli 
gamosavali η -s gaTvaliswinebiT, Semdegi formulebis gamoyenebiT:

 ●m (pr) = m (Teo) × 
η

100

 ●n (pr) = n (Teo) × 
η

100

 ●V (pr) = V (Teo) × 
η

100

3.  amocana, sadac mocemulia praqtikulad miRebuli nivTierebis masa da gamosavlia-
noba, jer gamoTvale Teoriuli gamosavali da Semdeg reaqciis gantolebis mixed-
viT sawyisi nivTierebis masa

Semdegi formulebis gaTvaliswinebiT

 ●m (Teo) = m (pr) × 
η

100

 ●n (Teo) = n (pr) × 
η

100

 ●V (Teo) = V (pr) × 
η

100
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amocanis amoxsnis 
nimuSi

reaqciis gantolebis mixedviT 2SO2 + O2→2SO3 ra moculobis Jangbadi da SO2-ia 

saWiro (n.p) 256 grami SO3 -is misaRebad Tu gamosavlianoba 90%-ia.

amoxsna:

 ● Cawere mocemuloba  

moc: m(SO3) = 256g 

damxmare sidideebi 

M(SO3)=80g/moli

Vm=22.4l/moli

 ●  gamoiyene formula da gamoTvale: 

  m (Teo) = m(pr) × 100η = 256 × 100
η

 = 284,4g

 ipove  n(SO )= m
M

=
284.4

80g/
3

g

moli
 =3,55 moli

 ●  ipove reaqciis gantolebis mixedviT reaqciaSi Sesuli SO2-is da O2 -is raodenoba 

  

             X     3.55
2SO2 + O2 =2SO3  X=3.55/2=1.775 moli       n(O2)=1.775 moli

             1        2  
 reaqciis mixedviT n(SO2)=n(O2)=3.55 moli

 ●  ipove SO2 da O2-is moculo ba formulis V=n×Vm

 V (SO2) = 3.55 moli × 22,4 moli l = 79,52 l

 V (O2) = 1.775 moli × 22,4l/moli = 39,76l

 miRebuli Sedegi: V(SO2)= 79,52 l  V(O2)= 39,76l

 davaleba

1.  20 moli azotisa da Warbi wyalbadisgan warmoiqmna 40.5 grami amiaki. daadgine 

reaqciis procentuli gamosavlianoba. 

2.  5 grami fosfori dawves Warb qlorSi da warmoiqmna 17.2 grami PCl3. gamoTvale 

reaqciis praqtikuli gamosavali. 

3.  16 g CaCO3-is daSliT warmoiqmna 7.54 g CaO. gamoTvale η. 

4.  gamoTvale reaqciis Sedegad warmoqmnili Jangbadis moculoba, Tu daiSala 3.6 g 

wyali da η%=75%.
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adamianis da nebismieri cocxali organizmis ar-

seboba warmoudgenelia aracocxali faqtoriebis 

gareSe. maT miekuTvneba siTbo, sinaTle, tenianoba, 

wylis, haeris da niadagis qimiuri Sedgeniloba. 

siliciumi 
28%

Jangbadi 
47%

alumini 
8.1%

rkina 5.0%

natriumi 2.8%

kaliumi 2.6%

magniumi 
2.1%

sxva 0.8%

kalciumi 
3.6%

qimiuri elementebis bunebaSi gavrcelebis diagrama

 qimiuri elementebi bunebaSi gavrcelebulia naer-

Tebis da martivi nivTierebebis formiT. yvelaze 

gavrcelebuli araorganuli nivTierebaa, wyali. 

wyals udidesi mniSvneloba aqvs rogorc qimi-

ur naerTs _ cocxal organizmSi da aseve rogorc 

sacxov rebel garemos. wylis aseTi didi mniSvnelo-

ba misi molekulis aRnagobiT da molekulebs Soris 

urTierTqmedebiT aris ganpirobebuli.

 

 Sen SeZleb: 

 ●  wylis unikaluri Tvisebebis 
axsnas, masSi arsebuli qimiuri 
bmebis da molekulaTSorisi 
urTierTqmdebis Tvalsazris-
iT;

 ●  cocxali da aracocxali bu-
nebis qimiuri elementebis 
pro centuli Semcvelobis Se-
darebas;

filtvebi 86%

RviZli 86%

sisxli 86%

kvercxujredi 

86%

Zvlebi 86%

kani 72%

guli 75%

kuWi 75%

naRvlis 
buSti 77%

Tirkmelebi 
83%

kunTebi 75%

tvini 95%

wyali adamianis organizmSi

1.5. qimia bunebaSi

adamianis organizmebSi qimiuri 
elementebis procentuli Semcve-

loba masis mixedviT

sxva: 

fosfori 1.1%

kalciumi 1.4%

azoti 2.6%

wyalbadi 10%

naxSirbadi 23%

Jangbadi 61%
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wyalbadis atomebi Jangbadis atoms kovalenturi 
bmiT ukavSirdebian. saziaro eleqtronuli wyvili 
ga daweulia Jangbadis mxares, radgan Jangbadi ufro 
Zli eri arametalia. molekulaSi dadebiTi da uary-
ofiTi polusebi ar emTxveva erTmaneTs da aseTi 

forma aqvs:

aseT or polusian molekulas dipoli ewodeba

   ganmarte termini `dipoli“.

urTierTqmedeba

orpolusiani molekulebi urTierTqmedeben erT-
maneTTan da garkveuli ZaliT miizidebian sapirisp-
iro polusebiT. aseTi saxis urTierTqmedebas, Zalian 
didi biologiuri mniSvnelobis gamo, `wyalbaduri 
bma“ uwodes. is gvxvdeba cilebis spiralurad dax-
veul meoreul struqturasa da memkvidruli infor-
maciis matarebeli dnm-is molekulaSi, mis Zafebs 
Soris. imis gamo rom wyalbaduri bma molekulaT-
Sorisi urTierTqmedebis kerZo SemTxvevaa da sust 
`bmas“ warmoadgens, wyvetiliT gamosaxaven. wylis er-
Ti molekula oTx wyalbadur bmas warmoqmnis. misi 
wyalobiT wyali unikalur nivTierebas miekuTvneba. 

(-) (-)

(+) H H

O

kovalenturi
bma

(+)

wyalbaduri
bma

(+)
(-)

(+)

(+)

(+)

(-) (-)

(-)

kovalenturi da wyalbaduri bma

wylis molekula

leqsikoni 

 ●  dnm — dezoqsiribonuklei-

nis mJava — memkvidreobiTi in-

for maciis matarebeli mo  le-

kula
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wylis unikaluri Tvisebebi, mis molekulebs Soris wyalbaduri bmebis arsebobiT 
aixsneba. wylis gayinvisas simkvrivis Semcireba ukve ganvixileT. 

wyali gamagrileblad gamoiyeneba sxvadasxva danadgarSi, is sistemidan Zalian didi 
raodenobiT siTbos STanTqavs da sistemac grildeba. okeanis arsebobis gamo sanapiros 
klimati ufro mdgradia, vidre Sida klimati. cxel dReebSi tbebis, okeanis, mdinaris 
wyali STanTqavs siTbos, civ dReebSi ki wylidan siTbo garemoSi gamoiyofa. 

wylis, rogorc gamagrileblis gamoyeneba dakavSirebulia mis did kuTr siTbo-
tevadobasTan. yvela nivTierebis 1 kg-is 1⁰ C -iT gasaTbobisas an gaciebisas, siTbos 
garkveuli raodenoba STainTqmeba an gamoiyofa garemoSi. siTbos am raodenobas kuTri 
siTbotevadoba ewodeba. es sidideebi mocemulia cxrilebSi. kuTri siTbotevadobis 
erTeulia j/kgX ⁰ C.

nivTiereba j/kgX ⁰ C. nivTiereba j/kgX ⁰ C.

oqro 130 grafiti 750

vercxliswyali 140 laboratoriuli mina 840

tyvia 140 aguri 880

kala 23 alumini 920

vercxli 250 mzesumziris zeTi 1700

TuTia 380 zeTi (teqnikuri) 2100

rkina 380 yinuli 2100

foladi 460 eTeri 2350

TiTberi 400 spirti 2500

Tuji 540 wyali 4200

   ratom Tbeba wyali ufro gvian, vidre xmeleTi?

albaT SegimCnevia, rom zafxulis cxel dReebSi oflis gamoyofa Zlierdeba. am 

gziT adamiani grildeba. sxeulis gagrileba dakavSirebulia wylis kuTri siTbos did 

mniSvnelobasTan. 1g oflis aorTqlebaze organizmi xarjavs daaxloebiT 2300j siTbos. 

damatebiTi energia wyalbaduri bmebis gawyvetaze ixarjeba. 

wylis moluri masaa 18g/moli. msgavsi moluri masis nivTierebebs daaxloebiT erT-

nairi duRilis temperatura aqvT. 
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   ra aris duRili?

    ra aris duRilis temperatura?

wylis maRal duRilis temperaturas, mis molekulebs Soris arsebuli wyalbadu-

ri bmebi ganapirobeben. damatebiTi energia ixarjeba Zalian bevri wyalbaduri bmis 

gawyvetaze. 

wylis molekulebi erTmaneTs ewebebian, ris gamoc didi zedapiruli daWimuloba 

aqvs. 

amas Zalian didi biologiuri mniSvneloba aqvs mwerebisTvis.

zogierTi wyalbadnaerTis duRilis temperatura
t

em
pe

r
at

u
r

a°
C

moluri masis cvlileba (periodSi)
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 davaleba

1.  dawere ese: `rogori iqneboda samyaro wyalbaduri bmebis gareSe“?

2.  ratom aris wyali saukeTeso gamxsneli?

3.  gaaanalize wina gverdze warmodgenili diagrama da upasuxe SekiTxvebs:

a)  rogor fiqrob, ratom aris gogirdwyalbadis duRilis temperatura ufro 

naklebi vidre wylis?

4.  suraTze gamosaxulia wylis wveTi. imsjele ras gamosaxaven Savi isrebi? ra mniS-

vneloba aqvs wylis wveTis CamoyalibebaSi mis zedapirul daWimulobas?

wylis wveTi
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 Sen SeZleb: 

 ● daaxasiaTo wyali mineralebis 

raodenobis mixedviT;

 ● martivi eqsperimentiT daadgi-

no wylis sixiste;

 ● praqtikulad gamoiyeno six-

istis mocilebis meTodebi;

 ● axsna, rogor warmoiqmneba sta-

laqtiti da stalagmiti;

 ● ra qimiuri movlena mimdinare-

obs stalagmitebisa da stalaq-

titebis warmoqmnis dros;

 ● ra gansxvavebaa stalagmitebsa 

da stalaqtitebs Soris;

stalaqtitebi da stalagmitebi

miuxedavad imisa, rom dedamiwis 3/4 wyalia, mi-

si mxolod 0.3 % -ia sasmelad vargisi. saqarTvelo 

mdidaria naklebad mineralizebuli wyliT. 

sasmeli wylis xarisxi, misi Tvisebebi da Semadgen-

loba gansazRvrulia janmrTelobis msoflio organi-

zaciis (WHO — ̀ janmo~) mier dawesebuli saerTaSori-

so standartis Sesabamisad. Warbi marilebis Semcveli 

wyali problemas qmnis sarecxisa da WurWlis sare-

cxi manqanebis, aseve centraluri gaTbobis qvabebis 

muSaobisas. gansakuTrebuli problemebi iqmneba saqa-

rTvelos regionebSi, sadac mTis wyals iyeneben da 

wylis darbileba ar xdeba. 

ras niSnavs wylis mineralizacia? mineralebis ra-

odenobiT wyali gansxvavdeba erTmaneTisgan. wylis 

gemo damokidebulia marilebis raodenobaze. wyali, 

marilebis Semcvelobis mixedviT, iyofa rbil da xist 

wylad. wylis sixiste ganpirobebulia kalciumisa da 

magniumis hidrokarbonatebiT, sulfatebiTa da qlo-

ridebiT. 

wylis sixiste ori saxis aris: mudmivi da droe-

biTi. droebiT sixistes ganapirobebs kalciumisa da 

magniumis hidrokarbonatebi. aseT sixistes karbo-

natul sixistesac uwodeben. kalciumisa da magniumis 

qloridebi da sulfatebi ki mudmiv sixistes ganapi-

robeben. 

wylis maragi dedamiwaze

zRvebi da okeaneebi
mtknari (sasmeli) wyali
sxva (mlaSe tbebi)

98,0%

0,3%

1,7%

1.5.1. stalagmitebi da stalaqtitebi
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leqsikoni 

 ● stalaqtiti _ aris mRvimis Ta-

Ri   dan konusisebur svetad Ca  mo-

gr Zelebuli Sve rili, ro  me    lic 

ga Cenilia Camo  Jo  ni li ki   ri ani 

wy lis wveTe bis gan;

 ●  stalagmiti _ mineraluri wve-

Tebisagan (ZiriTadad ki ri s gan) 

Seq mnili konusiseburi wa mo  na-

zar dia, rome  lic aRmar Tu  lia 

ga   moqvabulis Zi   ri dan ver   ti ka-

lu  rad.

 ●  1 inCi _ sigrZis sazomi erTeuli 

2,54 sm

 ●  deponireba _ Senaxva, dagro veba.

wylis sixistis sazomi xelsawyo

droebiTi sixistis Tavidan acileba SesaZlebelia 

wylis aduRebiT, radgan hidrokarbonatebi gaxure-

biT iSleba. 

Ca(HCO3)2→CaCO3 + CO2↑ + H2O

  savarjiSo

    Seadgine magniumis hidrokarbonatis daS-

lis reaqcia.

arakarbonatuli sixistis mocileba SeiZleba so-

dis gamoyenebiT.

  savarjiSo

    Tu minis WurWelSi wyals ramdenime dRis 

ganmavlobaSi daayovneb, masSi naleqis war-

moqmnas SeniSnav. misi mocileba SesaZle-

belia sodis gamoyenebiT. rogori sixiste 

unda qondes wyals? dawere Sesabamisi rea-

qciis toloba. 

wylis sixistis Sesamcireblad sxvadasxva xerxs 

mimarTaven. 

wylis saerTo sixiste gamoiTvleba formuliT:

saerTo sixiste = 
 [Ca 2 +]  [Mg2 +]+
20.0        12.16 

 

   SeniSvna

    kvadratul frCxilebSi miTiTebulia io-

nebis koncentracia

( )

( )

M Ca2+

20.04 =
2

 M Mg2+

12.16 =
2

      

( )

( )

M Ca2+

20.04 =
2

 M Mg2+

12.16 =
2

bunebis mier Seqmnili saocrebebi bevrad aRemateba 

adamianis mier Seqmnil saocrebebs. erT-erTi aseTi 

saocreba stalaqtitebi da stalagmitebia. saukunee-

bis ganmavlobaSi mineralebiT mdidari wyali mraval-

ferovan nagebobebs qmnis, maT Soris stalaqtitebs 

da stalagmitebs, romlebic wylis dacemisa da aor-

Tqlebis Sedegad Cndeba da mineraluri naleqisgan 

Sedgeba.

magniumi

kalciumi
rkina

xisti

wylis
sixiste

rbili
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kirqvis stalaqtitebi yvelaze gavrcelebuli sta-

laqtitebia, romlebic ZiriTadad kirqvian gamoqva-

bulebSi gvxdeba. isini warmoiqmnebian kalciumis 

kar bonatisa da sxva mineralebis deponirebis gziT, 

romlebic ileqeba mineralizebuli wylis xsnare-

bidan. kirqva, kalciumis karbonatuli qanebis Ziri-

Tadi formaa, romelic ixsneba wyalSi, Seicavs nax-

SirorJangs da qmnis kalciumis bikarbonatis xsnars 

mRvimeebSi. am procesis amsaxveli qimiuri reaqciis 

tolobaa:  CaCO3+CO2+ H2O→Ca(HCO3)2

xsnari kldeSi miedineba, Tu igi naprals miaRw-

evs CamoiRvenTeba. am xsnaris haerTan Seexebis dros 

xdeba qi mi uri reaqcia, kerZod kalciumis karbonatis 

nawilakebis deponireba.

am procesis amsaxveli qimiuri reaqciaa:

Ca(HCO3)2→ CaCO3+CO2 +H2O

stalaqtitebis saSualo zrdis tempi aris 0.13mm 

(0.0051inCi) weliwadSi. yvelaze swrafad mzardi 

stalaqtitebis is formebia, romlebic warmoiqmne-

ba neli wveTovani wylis mudmivi maragiT, romelic 

mdidaria kalciumis karbonatiT (CaCO3) da naxSiror-

JangiT (CO2), is SeiZleba gaizardos 3mm weliwadSi. 

sveti

kirqva

stalaqtiti

stalagmiti

naleqi
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wveTovanis siCqare sakmarisad dabali unda iyos, raTa 

naxSirorJangi CO2 gaTavisufldes xsnaridan gamoqv-

abulis atmosferoSi, ris Sedegadac CaCO3 ganTavs-

deba stalaqtitze. wveTovani siCqare Zalian swrafia 

da xsnari, romelic CaCO3-s umetes nawils Seicavs, 

gamoqvabulis fskerze ecema, sadac xdeba degazireba 

da CaCO3 inaxeba rogorc stalagmiti.

dasavleT saqarTveloSi, saTafliis karstuli 

mRvi meebi, wyaltubos raionSi, quTaisidan 7 kilo-

metrSi mdebareobs. mRvimeebi ganlagebulia saTafli-

is saxelmwifo nakrZalis te ritoriaze. mRvime 1925 

wels petre Wabukianma pirvelyofili adamianebis sad-

gomis Zebnis dros aRmoaCina. mRvimis jamuri sigrZe 

daaxloebiT 900 metria, simaRle 10 metrs aRemateba, 

xolo sigane 14-15 metrs aR wevs. mRvimeSi stalaq-

titebis da stalagmitebis tyea. darbazis centrSi 

aRmarTulia didi zomis sokosebri stalagmiti da 

moqmedi stalaqtiti, saidanac naJuri wyali moedi-

neba. stalaqtiti da stalagmiti zogan erTdeba da 

qmnis didi zomis svetebs, romlebic stalaqtitebiT 

Semkobil WerTan da kedlebTan zRaprul nagebobaTa 

STabeWdilebas tovebs.

promeTes mRvimis bunebis Zegli, imereTis regi-

onSi wyaltubos municipalitetSi mdebareobs. misi 

sigr Ze 1,8 kmia da miwis zedapiridan 40 m-is siRrme-

Sia warmoqmnili. igi msoflio masStabiT gamorCeuli 

silamazis bunebis Zeglia. misi asaki daaxloebiT 60-

70 milioni welia. stalaqtitebisa da stalagmitebis 

gasaocari naRvenTi formebiT morTuli es karstuli 

mRvime, kidev erTxel dagarwmunebs bunebis usazRv-

ro SesaZleblobebSi. „gaqvavebuli CanCqeri“, „Camoki-

debuli qvis fardebi“, kalcitis naRvenTebi zRapru-

li garemos STabeWdilebas tovebs. 

mRvimes gaaCnia unikaluri klimati, romelsac sam-

kurnalo Tvisebebi aqvs, kerZod bronquli asTmis sam-

kur nalod saukeTesoa. 

saTaflias mRvimeebi

promeTes mRvime

svetebi saTaflias mRvimeSi

moqmedi stalaqtiti
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 davaleba

1.  albaT ginaxavs Caidanze minaduRi. imsjele misi mocilebis xerxebze.

2.  cxrilSi mocemuli monacemebis mixedviT daadgine wylis nimuSebis saerTo sixiste

wylis 
nimuSis N

kationebis koncentracia mg/l wylis sixiste wylis tipi

Ca2+ Mg 2+ Na +

1 120 24 230
2 24 120 230
3 60 24 460

  amocanis amosaxsnelad gamoiyeneT formula:

  
saerTo sixiste =

[Ca2+]
20,04

[Mg2+]  
12,16

��

  miRebuli monacemebi SeadareT cxrilSi mocemuls da daadgineT wylis tipi

wyali sixiste mmoli/l

Zalian rbili < 1,5
rbili 1,5-4
saSualo sixistis 4-8
xisti 8-12
Zalian xisti >12

  eqsperimenti  

    wylis sixistis dadgena

masala da nivTierebebi:

 ● permanentuli markeri

 ● erTnairi zomis da formis 500 ml-iani plastmasis boTlebi

 ● gamoxdili wyali (1 litri)

 ● mineraluri wyali (1 litri)

 ● onkanis wyali (1 litri)

 ● sazomi cilindri
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 ● Txevadi saponi

 ● wamzomi

 ● pasteris pipeti

 ● saxazavi

eqsperimentis msvleloba:

1. danomre boTlebi permanentuli markeriT. daawere wylis saxeli (gamoxdili wyali, 

mineraluri wyali, onkanis wyali)

2. TiToeul 500 ml-ian boTlSi Caasxi mzomi cilindris saSualebiT 100 ml wyali.

3. TiToeul boTlSi permanentuli markeriT moniSne wylis done;

4. TiToeul boTls pasteris pipetiT daamate 4 wveTi Txevadi saponi;

5. moamzade wamzomi;

6. SeanjRrie samive boTli 20 wamis ganmavlobaSi;

7. dadgi boTlebi swor zedapirze da markeriT moniSne qafis zeda done; 

8. saxazaviT gazome warmoqmnili qafis simaRle;

9. gaimeore igive (axlidan SeanjRrie) samjer da monacemebi CainiSne cxrilSi.

 gamoTvale qafis saSualo simaRle samive boTlSi cal-calke 

   

sapnis qafis simaRle (sm)

gamoxdili wyali mineraluri wyali onkanis wyali

cda #1

cda # 2

cda # 3

saSualo simaRle

ra daskvnas gaakeTeb miRebuli Sedegis mixedviT?
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1.5.2. mineralebi

 Sen SeZleb: 

 ● nivTierebis mikuTvnebas miner-

alebis jgufisTvis;

 ● mineralebis dajgufebas maTi 

qimiuri Sedgenilobisa da war-

moSobis mixedviT.

leqsikoni 

 ● minerali — myari nivTiereba, 

romelsac aqvs gansazRvruli 

qimiuri Sedgeniloba da spe-

cifikuri kristaluri st ruq-

tura, romelic buneb rivi sa-

xiT gvxvdeba dedamiwaze.

minerali SeiZleba Sedgebodes erTi elementisgan. 
magaliTad oqro an spilenZi, an elementebis kombi-
naciisgan, magaliTad natroliti Na2Al2Si3O10×2H2O. 
dedamiwa aTasobiT sxvadasxvs mineralisgan Sedgeba

ra gansxvavebaa mineralsa da qvas Soris? minera-
lebs konkretuli qimiuri struqtura aqvT, qva sxva-
dasxva mineralisgan Sedgeba.

yvela minerali Cveulebriv temperaturaze myaria. 
gamonaklisia vercxliswyali (vercxliswylis naer-
Tebic myari mineralebia), romelic oTaxis tempera-
turaze Txevad mdgomareobaSia. laboratoriaSi 
miRebuli myari nivTierebebi ar arian mineralebi. 
mi ne ralis warmoSoba xdeba dedamiwis zedapirze an 
mis wiaRSi mimdinare fizikur-qimiuri gardaqmnebis 
Sede gad, 

mineralebis simagris dasadgenad mecnierebi ume-
te sad iyeneben moosis skalas. am skalaze yvela mom-
devno minerali winaze meti simagriT gamoirCeva. 

arsebobs vikersis simagris skala, romelic 1921 

wels robert el smitis mier Seiqmna. is ufro zust 

skalad aris miCneuli. mineralis simagris gansazRv-

ris mTavari principi aris nivTierebis Tviseba, ga-

uZlos plastikur deformacias. 

moosis skala

talki       kalciti         apatiti            kvarci          korundi

    TabaSiri       fluriti       orToklazi        topazi              almasi
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antarkticidi

anTimoniti

natroliti

qimiuri Sedgenilobis mixedviT mineralebi iyofa 

Svid jgufad:

 ● TviTnabadi martivi nivTierebebi (oqro, vercxli 

almasi)

 ● sulfidebi (qalkozini Cu2S, sfaleriti ZnS, singu-

ri HgS, piriti FeS2)

 ● oqsidebi (kupriti Cu2O, korundi Al2O3, hematiti 

Fe2O3, kvarci SiO2)

 ● silikatebi (talki (Mg3(OH)2[Si4O10], 

 olovini (MgFe)2[SiO4]

 ● sulfatebi: bariti BaSO4, anhidriti CaSO4)

 ● karbonatebi: kalciti (CaCO3)

 ● haloidebi: fluoriti CaF2, silvini KCl

garda amisa, mineralebs maTi warmoSobis mixedvi-

Tac ajgufeben.

 ● magmagenuri mineralebi, romelic uSualod magmi-

dan gamoiyofa;

 ● egzogenuri mineralebi, romlebic dedamiwis zeda-

pirze gamofitvis procesis Sedegad warmoiSvnen;

 ● metamorfuli mineralebi, romlebic sxva mine ral-

Ta saxecvlilebis Sedegad, did siRrmeze warm-

oiSvnen.

saqarTveloSi gavrcelebuli mineralebi.

saqarTveloSi oqros nivTebi brinjaos xani danaa 

cnobili. aq oqros warmoebas uZ velesi droidan mis-

devdnen. „oqromravali kolxeTi“ _ ase uwodebdnen 

kolxeTis samefos Zvelad. arqeologiurma gaTxrebma 

aCvena, rom argonavtebis mogzauroba kolxeTSi re-

aluri faqti iyo. Tavdapirvelad oqros Cveni wina-

prebi e.w. sacris meTodiT moipo vebdnen. am dros qvi-

Sobrivi oqro gobis for mis WurWerlSi irecxeba da 

qviSaSi arsebuli xalasi oqros marcvlebi cxrilSi 

rCeba. es ZvelisZveli meTodia, romelsac svaneTSic 

iyenebdnen da samxreT saqarTveloSic, kerZod bol-

nisis teritoriaze. teq nologiebis ganviTarebasTan 
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erTad oqros qimiuri damuSavebac daiwyes. am dros 

oqros gamoyofa xdeba sxva madnebidan, ZiriTadad 

cianidis da Sxam-qimikatebis daxmarebiT.

opali SiO2×H2O naxevrad Zvirfasi qvaa. igi lamazi 

sanaxavia, qvis amozneqil zedapirze Cans da qvis Se-

mobrunebisas icvleba wiTeli, narinjisferi, var-

disferi, yavisferi, momwvano da sxva ferebi. maT 

aqvT opaliscencia, ferTa cisartyelasebri Tama-

Si. es ferebi gansazRvraven Zvirfasi qvis Rirsebas. 

arqeologiuri gaTxrebiT mtkicdeba, rom opals an-

tikuri xanis saqarTveloSi icnobdnen. mcxeTis sa-

marxebSi aRmoCenilia, opalisTvliani beWedi. opali 

moipoveba aRmosavleT saqarTveloSi. 

gamoyeneba

 ●  spilenZi gamoiyeneba eleqtro mowyobilobebSi 

radgan kargi eleqtrogamtaria.

 ●  Tixa gamoiyeneba cementis dasamzadeblad. oraq-

sisgan mzaddeba sawmendi saSualebebi.

 ●  kalciumi ganapirobebs Zvlebisa da kbilebis si-

magres. is aseve xels uwyobs sisxlis Sededebas, 

fermentebis funqcionirebas, kunTis SekumSvas.

 ●  rkina saWiroa Jangbadis transportirebisTvis 

filtvebidan, sxeulis sxvadasxva nawilebSi. rki-

niT mdidari sakvebia kvercxi, mSrali xili, wiTe-

li xorci.

 ●  TuTia imunitetisTvis aris mniSvnelovani, is ebr-

Zvis infeqciebs da sxvadasxva daavadebebs. TuTi-

iT mdimari sakvebia: lobio, Roris xorci, araqisi.

 ●  oqro gamoiyeneba eleqt ronikaSi, stomatologi-

aSi, orTopediaSi, plastikur qirurgiaSi da sxv.

oregonis opali `galaqtika~

TviTnabadi

spilenZi

Tixa

kalciti

rkina

TuTia

TviTnabadi

oqro

   eqsperimenti

martivi, usafrTxo qimiuri eqsperimentis sa-

SualebiT Sen SegiZlia aRmoaCino is qvebi, rom-
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adamianis organizmSi: vitaminebis msgavsad, minera-

lebi xels uwyoben organizmis zrdas, ganviTarebas 

da janmrTelobis SenarCunebas. organizmi minera-

lebs iyenebs sxvadasxva sasicocxlo funqciis Sesa-

sruleblad. mineralebi ZiriTadad fermentebs, bi-

ologiur katalizatorebs aaqtiureben. imisTvis 

rom SeinarCuno janmrTeloba adamians sWirdeba mi-

n e ralebis dRiuri doza. qvebi da mineralebi arian 

Cvens garSemo.

 davaleba    moiZie

 ●  moiZie informacia adamianis organizmisTvis mniSvnelovani mineralebis Sesaxeb da 

daamzade mineralebis reklama, SenTvis saintereso formatiT. 

saqarTveloSi gavrcelebuli mineralebi

giSeri C piriti FeS2

ameTvisto SiO2
marvabiti FeS2

aqati, oniqsi
qalcedoni

SiO2×nH 2O firuzi CuAl[PO4]4OH8×4H2O

iaspini SiO2
nefriti Ca2(Mg,Fe)5[Si4O11]2(OH)2

kaJi SiO2×nH 2O hematiti Fe2O3

sardioni SiO2×nH 2O magnetiti Fe3O4

opali SiO2×nH 2O obsidiani vulkanuri mina

kvarciani
qviSaqva

saluri qva

lebic Seicavs mineral kalcits. amisaTvis aiRe 

sxvadasxva qva Seni skolis ezodan. moaTavse sxva-

dasxva WurWelSi da daasxi sufris Zmari. im Wur-

WelSi sadac gamoiyofa airi, qva Seicavs mineral 

kalcits. Tu airs miuaxloveb mbJutav kvars Caqre-

ba, amiT mixvdebi, rom es airi naxSirorJangia.
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1.5.3 qanebi

leqsikoni 

 ●  homeostazi _ TviTregu-

lirebadi procesia, romlis 

drosac biologiuri sistema 

gadarCenisTvis optimalu -

ri pirobebisadmi Seguebi-

sas, mudmivobasa da mdgra-

dobas inar Cunebs.

 Sen SeZleb: 

 ● axsna, rogor warmoiqmneba qa-

nebi;

 ● daajgufo qanebi warmoSobis 

mixedviT;

 ● imsjelo qanebis wrebrunvis 

mniSvnelobaze, dedamiwaze niv-

Tierebebis uwyvet miwodebasa 

da gardaqmnaSi.

 qani dedamiwis qerqis amgeb mineralTa agregatia 
(mkvrivi an fxvieri), romelic qmnis damoukidebel 
geologiur sxeuls. qani sxvadasxva Sedgenilobis 
mi neralebis meqanikuri erTobliobaa. isini erTmane-
Tisgan gansxvavdebian fizikuri TvisebebiT: simkvriv-
iT, Tburi, eleqtruli, magnituri da sxva meqanikuri 
maxasiaTeblebiT. zogierTi qani mineralebisgan ar 
Sedgeba, magaliTad _ qvanaxSiri. miuxedavad amisa, 
mainc qanebs miekuTvneba, radgan is mineralebis gar-

daqmniT warmoiqmna.

qanebis tipebi:

warmoSobis mixedviT sami tipis qani arsebobs:

vulkanuri qanebi warmoiqmneba, rodesac gamRva li 

magma civdeba da myardeba, Tu vulkanuri amofrqvevi-

sas magma swrafad civdeba, warmoqmnili qanebi mcire 

zomis kristalebs Seicaven. Tu dedamiwis zedapiris 

qveS ufro nela civdeba, SedarebiT didi kristalebi 
warmoiqmneba.

danaleqi metamorfuli

qani

vulkanuri 

anu magmuri

bazalti
obsidiani

graniti

qanebis warmoqmnaSi monawileobs 
magma da lava

vulkanuri qanebi

obsidiani

skoria rioliTi

graniti bazalti
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danaleqi qanebi warmoiqmneba sxva qanebis mcire zomis 
nawilakebisgan, romlebic Tavis mxriv, asakovani qa-
nebidan atmosferuli zegavlenisa da eroziis Sede-
gadaa miRebuli. nawilakebi Cairecxeba zRvaSi, sadac 
warmoiqmneba danaleqi Sreebi. milionobiT wlebis gan-
mavlobaSi isini ikumSeba da warmoqmnis danaleq Sreebs. 
axalgazrda danaleqi qanebi Cveulebriv moipoveba de-
damiwis zedapirze, asakovani qanebis Tavze. danaleq qa-
nebs warmoSobis mixedviT hyo fen qimiur, fizikur da 
organul qanebad. danaleqi qanebi xSirad Seicaven im 
mcenareebisa da cxovelebis namarxebs, romlebic cocx-
lebi iyvnen, rodesac daleqva xdeboda, maTi sxeule-
bi daifara qanebiT da Sig moeqca. qimiuri gardaqmnis 
Sedegad granitisgan warmoiqmna gneisi, kirqvisgan ki 
marmarilo. 

metamorfuli qanebi warmoiqmneba, roca sxva tipis 
qanebi gadaadgildeba dedamiwis siRrmeSi, sadac maRali 
temperatura da wneva iwvevs maT gardaqmnas, mWidrod 
dakavSirebuli kristalebis mqone mtkice qanebad. mi-
uxedavad imisa, rom dedamiwis siRrmeSi warmoiqmnebian, 
isini SeiZleba dedamiwis zedapirzec aRmoCdnen, dedami-
wis qerqis teqtonuri fenebis gadaadgilebis Sedegad.

qanebis warmoqmnis cikli

milionobiT wlis Semdeg erTi tipis qani SeiZleba 
gardaiqmnas sxva tipis qanad.

aseTi aqtivobis cikls, qanebis (warmoqmnis) cikli 

ewodeba. qimiuri procesebi mimdinareobs mineralebis 

gamofitvis dros. qimiuri gamofitva Zalian did gav-

lenas axdens landSaftis formirebaze. mRvimeebis war-

moqmnac, stalaqtitebi da stalagmitmitebic qimiuri 

gamofitvis Sedegia. silikatebis karbonizacia, atmosfe-

roSi naxSirorJangis Semcvelobas amcirebs da atmos-

feruli temperaturac Sesabamisad mcirdeba. amitom 

qanebis wrebrunva naxSirbadis biogeoqimiuri ciklis 

nawilia da mona wileobs biosferoSi naxSirorJangis 

homeostazis Se narCunebaSi. 

  imsjele

    ganmarte „biogeoqimiuri cikli“. moiyvane 

Sesabamisi magaliTebi. 

danaleqi qanebi

gneisi

gispumi

travertini Certi

qvamarili

qimiuri danaleqi qanebi

metamorfuli qani _ 

kvarciti
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qimiur gamofitvasa da karstuli procesis dros 

mimdinare qimiuri reaqciaa:

CaCO3+H2O+CO2→Ca(HCO3)2

 davaleba

1.  saqarTveloSi gvxvdeba ̀ fiqalebi“. moiZie informacia misi warmoSobis, adgilmde-

bareobisa da gamoyenebis Sesaxeb. 

2.  sqematurad warmoadgine naxSirbadis biogeoqimiuri cikli.

danaleqi

magma

dnoba
gacieba

dnoba

kompaqtizacia

da

dacementeba

danaleqi qani

temperaturis da wnevis 

zemoqmedeba metamorfuli qanivulkanuri qani

amindis 
cvlileba da 

erozia

amindis cvlileba da erozia

temperat
ur

is d
a wnevis z

emo
qmed

eba
t
em

pe
r
at

u
r
is
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is
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a
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 Sen SeZleb: 

 ●  gaarkvio ra SemTxvevaSi mie-

kuTvneba wiaRiseuli saTbobs;

 ●  amoxsna amocanebi Termoqimi-

uri tolobis gamoyenebiT;

 ●  nivTierebis wvis kuTri siT-

bos gamoyenebiT.

saTbobi wiaRiseuli warmoiqmna mcenareebisa da 
cxovelebisgan, romlebic dedamiwaze ramdenime mil-
ioni wlis win cxovrobdnen. mcenareebi iyeneben mzis 
energias da warmoqmnian naxSirbadiT mdidar naerTs. 
mcenareebisa da cxovelebis sikvdilis Semdeg, maTi 
naSTebi daileqa dedamiwis zedapirze da zRvebis 
fskerze. TandaTan daifara axali fenebiT da maRa-
li wnevisa da temperaturis gavleniT, Camoyalibda 
namarx sawvavad. sawvavi wiaRiseuli sam agregatul 
mdgomareobaSi gvxvdeba. myaria qvanaxSiri, torfi, 
mura naxSiri. Txevadia — navTobi, airadia — bunebrivi 
gazi. saTbob wiaRiseulSi `Senaxulia“ mzis energia, 
amitom saTbobic energiiT mdidaria. navTobisa da 
bunebrivi gazis qimiur Semadgenlobas mogvianebiT 
Seiswavli. 

bunebrivi gazi airebis narevia, romlis udides 

nawils meTani warmoadgens.

meTanis wvis reaqciis toloba ase gamoisaxeba:

CH4+2O2 → CO2↑ + H2O

dro

zewola

ligniti
(mura qvanaxSiri)

Sekruli 
Savi 

naxSirebi antraciti
bitumiani

qvebitumiani

siTbo

torfi

1.5.4. saTbobi wiaRiseuli
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cnobilia rom 1 moli meTanis wvis dros, 880 kj 
energia gamoTavisufldeba siTbos saxiT. 

Segaxseneb meTanis wvis Termoqimiur tolobas: 

CH4+2O2→CO2+H2O + 880 kj

rogor amovxsnaT amocana? 

amocana 1. gamoTvale ra raodenobis siTbo gamoi-
yofa 2 moli meTanis wvis dros?

amoxsna

nabiji 1: Cawere reaqciis toloba da amocanis pi-
robaSi mocmuli sidideebi, aseve daafiqsire ra unda 
gamoTvalo.

 CH4+2O2→CO2+H2O+880kj

 Q(1 molis)=880kj

 n(CH4)=2moli

 Q(2 molis)=?

nabiji 2: amoxsna

2 moli                                        x kj
 CH4 + 2O2 → CO2 + H2O + 880 kj
  
 
1 moli

rogorc reaqciis tolobidan Cans, 1 moli meTanis wvis dros gamoiyofa 880 kj 
siTbo. amitom:

Xmoli 8800kj

880kj1moli
=

amoxsnis Semdeg miiReb: 2 moli ×880kj=1760kj

pasuxi: 2 moli meTanis wvis Sedegad gamoiyofa 1760 kj siTbo.

amocana 2. gamoTvale ra raodenobis meTanis wvis Sedegad gamoiyofa 8800kj siTbo?

nabiji 1: Cawere reaqciis toloba da amocanis pirobaSi mocmuli sidideebi, aseve 

daafiqsire ra unda gamoTvalo.

CH4+2O2→CO2+H2O+880kj

Q(1 molis)=880kj

Q (x molis)=8800 kj

n(CH4)=x moli

CH4
 — meTani

C
H

H

H

H
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nabiji 2: amoxsna

2 moli                   x kj

CH4 + 2O2 → CO2 + H2O + 880 kj

1 moli

rogorc reaqciis tolobidan Cans, 1 moli meTanis wvis dros gamoiyofa 880 kj 

siTbo. amitom:

Xmoli 8800kj

880kj1moli
=

amoxsnis Semdeg miiReb: 8800kj : 880kj/moli=10 moli

pasuxi: daiwva 10 moli meTani. 

amocana 3. gamoTvale ra masis meTanis wvis Sedegad gamoiyofa 88 kj siTbo?

nabiji 1: Cawere reaqciis toloba da amocanis pirobaSi mocmuli sidideebi, aseve 

daafiqsire ra unda gamoTvalo.

CH4+2O2→CO2+H2O+880 kj

Q(1 molis)=880kj

Q(X molis)=88 kj

m(CH4)=X moli

nabiji 2: amoxsna

x moli                             88kj
CH4 + 2O2 → CO2 + H2O + 880 kj

1 moli

Seadgine amocanis amoxsnis algoriTmi:

Q→n(CH4)→m(CH4)

rogorc reaqciis tolobidan Cans, 1 moli meTanis wvis dros gamoiyofa 880 kj 

siTbo. amitom:

X 88moli

moli

kj

880kj1
=

amoxsnis Semdeg miiReb: 88kj : 880kj/moli=0.1 moli

m=nM

M(CH4)=12+4=16g/moli
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m(CH4)=0.1moli X 16g/moli=1.6g (CH4)

pasuxi: daiwva 1.6g meTani.

ra SemTxvevaSi SeiZleba miakuTvnon wiaRiseuli saTbobs? nivTierebebs axasiaTeben 

Tbounarianobis mixedviT. Tbounarianobis dasaxasiaTeblad gamoiyeneba fizikuri si-

dide _ nivTierebis wvis kuTri siTbo. misi aRniSvnaa q. erTeuli - j/kg

nivTierebis wvis kuTri siTbo j/kg

wyalbadi 120.9 ×106

meTani 50.1×106

benzini 44 ×106

dizelis sawvavi 42.7×106

navTobi 41×106

bunebrivi (gazi) 31.8×106

SeSis naxSiri 31×106

qvanaxSiri 22×107

navTi 40,8×106

torfi 8.1×106

SeSa 10.2×106

mazuTi 39.2×106

denTi  3.8×106

rogor amovxsnaT amocana nivTierebis wvis kuTri siTbos gamoyenebiT?

amocana 4: ra raodenobis siTbo gamoiyofa 500 grami wyalbadis wvis dros?

nabiji 1: Cawere mocemuli sidideebi:

q(H2)=120.9 X 106j/kg

m(H2)=500g=0.5kg

Q=?

nabiji 2: Cawere formula, Seitane sidideebis ricxviTi mniSvnelobebi da Seasrule 

maTematikuri gamoTvlebi.

Q=qXm

Q=120.9 X 106j/kg X 0.5kg=60.45  106 j

pasuxi: 500 grami wyalbadis wvis dros gamoiyofa 60.45 106j siTbo. 
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amocana 5: ra raodenobis siTbo gamoiyofa 5 moli wyalbadis wvis dros?

nabiji 1: Cawere mocemuli sidideebi:

q(H2)=120.9 X 106j/kg

n(H2)=5 moli

Q=?

nabiji 2: Seadgine amocanis amoxsnis algoriTmi, Cawere formula, Seitane sidideebis 

ricxviTi mniSvnelobebi da Seasrule maTematikuri gamoTvlebi.

n(H2)→m(H2)→Q

m=nXM

M((H2)=2g/moli

m=nXM=5 moli X 2 g/moli=10g=0.01kg

Q=qXm

Q = 120.9 X 106j/kg X 0.01 kg=120.9 104 j

pasuxi: 500 grami wyalbadis wvis dros gamoiyofa 120.9 104j siTbo. 

 davaleba

1.  gamoTvale 15 moli wyalbadis wvis dros gamoyofili siTbos raodenoba;

2.  ra masis meTani daiwva, Tu reaqciis Sedegad gamoiyo 4400 j siTbo (gamoiyene Ter-

moqimiuri toloba. 

3.  wina amocana amoxseni Termoqimiuri reaqciis tolobis gamouyeneblad da Seafase 

romeli meTodis gamoyenebaa umjobesi da ratom? 

4.  ra moculobis Jangbadia saWiro, meTanidan 17600 j siTbos misaRebad?

5.  nivTierebebis wvis kuTri siTbos cxrilis gamoyenebiT, imsjele romeli nivTie-

rebis Tbounarianobaa yvelaze meti? gamoiyeneba Tu ara is sawvavad? ratom?
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atmosferos dabinZurebas iwvevs qimiuri naerTe-
bi. gamonabolqvis SemadgenlobaSi Semavali airebi 
ereva haers. haeri dabinZurebulia, roca is Seicavs 
toqsikuri airebis did raodenobas. dabinZureba cv-
lis atmosferos bunebriv maxasiaTeblebs. pirveladi 
damabinZureblebi pirdapir atmosferoSi moxvedri-
li toqsikuri airebia. sasargeblo wiaRiseulis wvis 
dros warmoqmnili airebi, pirvelad damabinZure-
blebs miekuTvneba. pirveladi damabinZureblebis 
ZiriTadi wyaroa navTobi da qvanaxSiri. 

meoreuli damabinZureblebi warmoiqmneba pirve-
ladi damabinZureblebis urTierTqmedebiT mzis 
sinaTlesTan, haeris komponentebTn, an erTmaneTTan. 
magaliTad, ozoni warmoiqmneba damabinZureblebis 
urTierTqmedebiT mzis sinaTlesTan. ozonis didma 
koncentraciam atmosferoSi, SesaZloa adamianis jan-
mrTelobas Seuqmnas problema. 

saTburis efeqti da globaluri daTboba

atmosferos dabinZureba gavlenas axdens mis saSu-
alo temperaturaze da iwvevs globalur daTbobas. 
globaluri daTboba es aris dedamiwis zedapiris da 
okeanis saSualo temperaturis gazrda. ukanaskneli 
100 wlis ganmavlobaSi temperaturam moimata 0.74 ± 
0.18 °C-iT. mravali kvleva adasturebs, rom 1800 wli-

saSualo Tbili periodi
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• atmosferos dambinZureblebi

• saTburis efeqti da global-

uri daTboba

• mJava wvimebi

• mJava wvimis damazianebeli 

efeqti

• ozonis Sris Semcireba

1.5.5. atmosferos dabinZureba
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okeanis temperaturuli indeqsi
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wliuri saSualo

5_wlis saSualo

dan 2005 wlamde yvelaze maRali temperatura dafiq-

sirda 1998 da 2005 wlebSi. 

globalur daTbobas iwvevs saTburis airebis kon-

centraciis gazrda. saTburis airebs miekuTvneba nax-

SirorJangi, wylis orTqli, azotis oqsidi da meTani. 

saTburis airebi gamoiyofa sawvavis wvis dros. bolo 

20 wlis ganmavlobaSi atmosferoSi dagrovili nax-

SirorJangis raodenobis 3/4 adamianis mier sasargeb-

lo wiaRiseulis moxmarebis Sedegad warmoiqmna. nax-

SirorJangis raodenobis 1/4 ki tyeebis gaCexvasTan 

aris dakavSirebuli. rogorc ici, mcenareebi foto-

sinTezis dros STanTqaven am airis garkveul raode-

nobas da ekosistemaSi naxSirbadis dioqsidis kon-

centraciis homeostazs uzrunvelyofen. mcenareebis 

Semcireba ki misi raodenobis gazrdas gamoiwvevs. 

meTanisa da azotis oqsidis koncentraciis zrda ki 

soflis meurneobis ganviTarebas ukavSirdeba. 

globaluri daTboba gamoiwvevs zRvis donis awev-

as. globalurma daTbobam SesaZloa gamoiwvios sakve-

bis raodenobis Semcireba da saxeobebis gadaSenebac 

ki. 

2%6%

11%

16%

65%

2% _   fToris Semcveli airebi

6% _   azotis oqsidi

11% _  naxSirorJangi (tyeebi da sof-

lis meurneoba)

16% _  meTani

65% _  naxSirorJangi (mrewveloba)
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mJava wvimebi

ram gamoiwvia qandakebis ase dazianeba? 
mJava wvimebis mizezi gogirdis da azotis oqsi-

debia, romlebic eleqtrosadgurebis da sxva qarx-
nebis muSaobis dros gamoiyofa haerSi. amas emateba 
avtomobilis gamonabolqvi.

es oqsidebi wylis orTqlTan urTierTqmedebis 
Sedegad warmoqmnian Seabamis mJavebs. mJavas wveTebi 
qmnian mJava nisls, mJava wvimas, mJava Tovls. 

pH da mJava wvima

mJava wvimis wyali ufro mJavea, vidre sufTa wvimis 
wyali.

   wvimis wylis pH wesiT 7-is toli unda iyos, 
Tumca masze odnav naklebia. rogor fiqrob, 
ratom?

mJava wvimis pH toloba 5, an ufro naklebia. im 
qveynebSi, sadac eleqtrosadgurebi qvanaxSirze mu-
Saobs, zogjer wvimis pH 4.0-dan 4.6-mde meryeobs. 1986 
wels kaliforniaSi wvimis pH=1.7. (rac tualetis gam-
wmendi siTxis mJavianobas utoldeba).

mJava wvimis damazianebeli efeqti

   ra gavlenas axdens mJava wvima adgilobriv 
ekosistemaze?

mSral klimatur pirobebSi, magaliTad samxreT 
kaliforniaSi, mJavebi ileqeba mSral adgilze. mJava 
gadadis niadagSi da miwisqveSa wylebSi. zogierTi ty-
is niadagi aTjer ufro mJavea, vidre 30 wlis win iyo. 

tbebis wylis pH-ic mcirdeba da safrTxe eqmneba masSi 
mcxovreb organizmebs. mJavebs niadagidan gamoaqvT 
metalebi, romlebTanac qimiurad urTierTqmedeben, 
warmoiqmneba sxvadasxva marili. amis gamo SesaZloa 
niadagi ganadgurdes. 

mJava wvimebisgan dazianebuli foT-

lebi da wiwvebi

mJava wvimebisagan dazianebuli 

qandakeba

 

          davaleba

1.   aRwere gza, romelsac gadian mJava oqsidebi vidre isini niadagSi da tbebSi mox-

vdebian.

2.   rogor fiqrob, mJava wvima mxolod iq modis sadac bevri qarxanaa? axseni Seni pa-

suxi.
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ozonis Sris Semcireba

ozoni warmoiqmneba molekulur Jangbadze mzis 

ultraiisferi sxivebis zemoqmedebis Sedegad. Jang-

badis molekula, romelic fotosinTezis dros wylis 

fotolizis gziT warmoiqmneba, iSleba atomur Jang-

badad. atomuri Jangbadi didi qimiuri aqtiurobis 

gamo uerTdeba Jangbadis molekulas da warmoiqmneba 

ozoni. ozonis ekrani zRvis donidan 15 km-idan 50 

km manZilze vrceldeba. ozons aqvs mzis ultraiis-

feri sxivebis STanTqmis unari. am gziT dedamiwaze 

mcxovrebi organizmebi daculia radiaciisgan. mzis 

ultraiisferi sxivebi azianebs kans, cvlis kanis 

ujredebis dnm-s da melanomas, sarkomas da sxva sax-

is simsivneebs iwvevs. Weqa-quxilis dros warmoiqmneba 

azotis monooqsidi, romelic ozonTan reaqciis Se-

degad warmoqmnis diazotis monooqsidsa da Jangbads

N2 + O2 → 2NO

2NO + O3 → N2O + O2

ozonis Sres, qimiur naerTebTan erTad, azianebs 

TviTmfrinavebis zemoqmedebac.

troposferosTvis ozoni damabinZurebelia, stra-

tosferoSi ki misi Sre akavebs mzis ultraiisfer 

sxivebs. ozonis Sris gaTxeleba safrTxes uqmnis si-

cocxles dedamiwaze. ra iwvevs mis dazianebas?

adamianis mier warmoebuli qimiuri naerTebi, ma-

galiTad naxSirwyalbadebis qlor-fTor warmoe-

bulebi. aseve brommeTani, tetraqlormeTani da sxva. 

 daamzade posteri ozonis dResTan dakav Si-

rebiT. masze warmoadgine informacia ozo-

nis ekranis mniSvnelobis da misi dacvis Ro-

nisZiebebis Sesaxeb.

mzis ultraiisferi

 sxivebis zemoqmedeba

1979

2006

1989

2010

ozonis Sris mdgomareoba 

1979-2010 ww.

3.   ra zians ayenebs ekosistemas da adamianis populacias mJava wvimebi?

4.   rogorc ici, saqarTvelom xeli moawera evrokavSirTan asocirebis SeTanxmebas, 

romlis erT-erT punqts avtomobilebis teqdaTvaliereba warmoadgens. teqdaTva-

lierebis dros, sxva komponentebTan erTad, amowmeben avtomobilis gamonabolqvis 

Sedgenilobas da aqvs Tu ara mas katalizatori. dawere argumentirebuli ese: ̀ ra 

xdeba, roca avtomobils ar aqvs katalizatori?“ pasuxebi gaamyare qimiuri tolo-

bebiT. 

5.   ras niSnavs saTburis airi? 

ozonis molekula

O

O

O
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 Sen SeZleb: 

 ● daaxasiaTo wylis, talRebis,  
mzis, qaris, geoTermuli da bi-
o masis energia;

 ● erTmaneTisgan ganasxvavo ara-
ganaxlebadi da ganaxlebadi en-
ergoresursebi;

 ● daaxasiaTo ganaxlebadi ener-
goresursebi;

 ● imsjelo ganaxlebadi energo-
resursebisa da mwvane ekonomi-
kis mniSvnelobaze yofacxov-
rebaSi.

leqsikoni 

 ●  ganaxlebadi/regeneraciuli 
energia _ miiReba iseTi wya-
roebidan, romelic iTvleba 
amouwuravad. 

 ●  mwvane ekonomika — adamianis 
keTildReobisa da socialu-
ri Tanasworobis mTavari Se-
degia, romelic mniSvnelov-
nad amcirebs garemo riskebs 
da ekologiur danakargebs 
(gaerTianebuli erebis pro-
grama 2010w)

 ●  smogi _ haeris dabinZurebis 
tipi; Savi sqeli nisli, ro-
melic warmoiqmneba kvamli sa 
da Wvartlisagan did qala-
qebsa da samrewvelo cent-
rebSi.

 ●  sasargeblo wiaRiseuli —
dedamiwis qerqSi arsebuli 
ara organuli da organuli 
mineraluri warmonaqmnebi, 
romlebsac iyeneben saxalxo 
meurneobaSi. sasargeblo wi-
a Riseuls moipoveben sxva-
dasxva warmoSobis sasarge-
blo wiaRiseulis sabadodan.

msoflio mosaxleobis zrdasTan erTad, ganuwy-

vetliv izrdeba moTxovnileba energiaze. warmogid-

genia Seni yoveldRiuri cxovreba eleqtronuli 

mowyobilobebis, satransporto saSualebebis, inter-

netis gareSe? romelTa funqcionirebas uzarmazari 

energia sWirdeba. energo-resursebis araracional-

urma xarjvam seriozuli ekologiuri problemebi 

Seqmna. xSirad adamianis sacxovrebeli adgili smog-

Si, samrewvelo obieqtebisa da transportis gamon-

abolqvSia gaxveuli. icvleba klimati, iwureba da 

binZurdeba wylisa da miwis resursebi. mcenareTa 

da cxovelTa mravali saxeoba gadaSenda. gaxSirda 

garemos dabinZurebiT gamowveuli daavadebebi. es 

arsebuli ekonomikis Sedegia, mwvane ekonomika mniS-

vnelovnad amcirebs garemos riskebs da ekologiur 

danakargebs. mwvane ekonomika gulisxmobs ganaxle-

badi energiis gamoyenebas. albaT ikiTxav: ratom ga-

naxlebadi resursebi? misi mTavari upiratesobaa is 

rom, amouwuravia, gansxvavebiT wiaRiseuli resurse-

bisgan, (igive araganaxlebadi, amowurvadi bunebrivi 

resursebisgan, romelic dedamiwis Camoyalibebis 

procesSi momxdari cvlilebebis Sedegad, erTjera-

dad warmoiqmna da mas ganaxleba ar axasiaTebs. maT 

ganekuTvneba wiaRiseuli, navTobi da gazi. aRniSnuli 

resursebis amowurvadobis, mopovebis sirTulisa da 

wvis Sedegad didi raodenobiT damabinZureblebis 

gamoyofis gamo, msoflio cdilobs arCevani ganax-

lebad energoresursebze SeaCeros. imisaTvis rom sa-

frTxe ar Seeqmnas momavali Taobebis keTildReobas, 

aucilebelia kargad gaiazro TiToeuli Seni qmedeba, 

arCevani gaakeTo iseT resursebze, romelTa aRdge-

na da ganaxleba SesaZlebelia. ganaxlebadi energiis 

mTavari upiratesoba is aris rom amouwuravia, gansx-

vavebiT wiaRiseuli resursebisgan. amave dros ganax-

lebadi energiis mopoveba nakleb zians ayenebs Sens 

sacxovrebel garemos, aseTi saxis energia gaZlevs sa-

Sualebas daikmayofilo moTxovnileba energiaze ise, 

rom garemos naklebi ziani miayeno. mniSvnelovania 

daicva martivi qmedebebi, romliTac xels Seuwyob 

jansaRi sacxovrebeli garemos SenarCunebas.

1.5.6. energiis alternatiuli wyaroebi
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 ●  urCie garSemomyofebs uari Tqvan avtomobilis 

xSirad gamoyenebaze. arCevani SeaCere velosi-

pedze, fexiT siarulze;

 ●  urCie avtomobilis mflobelebs, rom maTi avto-

mobili iyos teqnikurad gamarTuli;

 ●  urCie mZRolebs arCevani SeaCeron iseT sawvavze, 

romelic naklebad abinZurebs garemos da Seesa-

bameba standartebs;

 ●  urCie ojaxis wevrebs avtomobilis yidvisas iseTi 

avtomobili SearCion, romelic garemos naklebad 

daazianebs;

 ●  dazoge wyali da eleqtroenergia.

 

   Seadgine sunTqvis gamartivebuli toloba.

rogorc xedav am procesis dros, rogorc saT-

bobi wiaRiseulis wvisas, naxSirorJangi da wyali 

warmoiqmneba, wiaRiseuli resursebis wva aCqarebs 

globaluri daTbobis process. sawvavis wvisas gamoi-

yofa mavne nivTierebebi, sxvadasxva gazebi, romlebic 

`saTburis efeqts~ qmnian da zrdian dedamiwis zeda-

piris temperaturas. mze aTbobs dedamiwis zedapirs, 

okeaneebisa da zRvis wyals, atmosferos. am siTbos 

70% ukan, kosmosSi brundeba. wiaRiseuli sawvavis 

wvisas gafrqveuli saTburis gazebi, rogoricaa nax-

SirorJangi _ CO2, meTani _ CH4 da sxva, gars ekvris 

atmosferos da xels uSlis Semosuli mzis sxivebis 

ukan dabrunebas. inaxavs siTbos, anu qmnis ̀ saTburis 

efeqts“. Sedegad temperatura izrdeba. nawili ki, 

siTbos saxiT ikargeba. fotosinTezis procesSi ki 

naxSirorJangisgan da wylisgan mzis energiis gamo-

yenebiT, Jangbadi warmoiqmneba. Sen SegiZlia Seadgi  no 

fotosinTezis procesis amsaxveli qimiuri reaqci-

is toloba. am atmosferul airebs Soris balansis 

Senar Cuneba mniSvnelovania, dReisTvis naxSiror-

Jangis warmoeba misi STanTqmis siCqares aWarbebs. 

da swored naxSirorJangis mzardi donea klimatis 

cvli lebis erT-erTi faqtori. sanTlis wvis Sedegad 
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war moqmnili naxSirorJangis moculobaze SegiZlia 

imsjelo atmosferuli Jangbadis moculobis cvli-

lebiT.

   balansis SenarCuneba: 

saWiro masala:

minis qila, sanTlebi, plastelini an webo.

 ● pirveli nabiji: plastelinis an webos gamoyenebiT 

sanTeli daamagre skamze;

 ● meore nabiji: aanTe sanTeli da daaxure minis qila; 

 ● mesame nabiji: dainiSne ra dro gavida sanTelis 

Caqrobamde?

Semdeg gazarde sanTlebis raodenoba da Seadare 

meti sawvavis wvis efeqti, gamoitane daskvna.

rogor viRebT ganaxlebad energias?

 ●  Tu mzeze xangrZlivi dgomisas simxurvalem Se-

gawuxa es imas niSnavs, rom mzis energiis moqmede-

ba sakuTar Tavze gamocade;

 ●  rodesac zRvaze yofnisas talRebi sasurveli 

mimarTulebiT curvaSi gexmarebian, Sen talRebis 

energias iyeneb;

 ●  qarian amindSi qaris sawinaaRmdego mimarTulebiT 

gaZnelebuli siaruli, qaris energiis simZlavreze 

migiTiTebs;

 ●  SeSis wvis Sedegad miRebuli siTbo, biomasis en-

ergiis gamoyenebaa;

 ●  vulkanebisa da geizerebis amofrqveva, ki deda-

miwis gulSi arsebuli energiis demonstrirebaa, 

romelsac geoTermuli energia ewodeba.

 ●  mzis energia dedamiwis zedapiris mier STainTq-

meba, Tumca misi STanTqma wylis mieracaa SesaZ le-

beli, Tu wyali sakmaris energias miiRebs, is airad 

mdgomareobaSi gadava. cxeli haeri da orTq li, 

gagrilebisa da kondensaciis Sedegad, ener gias ga-
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moyofs. Sen SegiZlia Caataro marti vi, usafrTxo 

eqsperimenti damoukideblad an me gobrebTan er-

Tad, romelic gulisxmobs „mzis pa nelebis“ Seqmnas 

da mzis STanTqmis Sedegad ener giis gamoyofas.

  energetikuli gadamzidi 

saWiro masala:

 ● Savi plastikuri celofani; 

 ● sufTa Tunuqis qila; 

 ● muyaos yuTi; 

 ● webo, (qaRaldis webo ar gamodgeba);

 ● saWreli instrumentebi; 

 ● gamWvirvale plastmasi; 

 ● Termometri.

1 etapi.

 aiRe Savi celofani, wyliT savse Tunuqis qila da 

muyaos yuTi. webo, gamWvirvale plastmasi, (sakvebis 

SesafuTi celofnis xveula). Seecade Seqmna mowyobi-

loba, romelic gaacxelebs wyals qilaSi maqsimalu-

rad maRal temperaturaze mzis energiis gamoyenebiT.

Semdeg ganaTavse Seni Seqmnili mzis paneli mzeze. Tu 

mziani amindi ar aris, gamoiyene eleqtronaTurebi. 

gamoitane daskvna.

ici Tu ara rom meoradi namwvi zeTis qimiurad 

gadamuSavebiT, SeiZleba miiRo biodizeli?

biodizeli aris mcenareuli zeTisgan miRebuli niv-

Tiereba, romlis fizikuri da qimiuri maxasiaTeblebi 

navTobis, dizelis analogiuria da misi gamoyeneba 

sawvavad SeiZleba yvela im danadgarSi rac dizelis 

sawvavs moixmars. maT Soris avtomobilebis dizelis 

tipis Siga wvis ZravebSi, am dros Zravas araviTari 

modifikacia ar sWirdeba. biodizelis mTavari upi-

ratesobaa is rom, ganaxlebadi, ekologiurad sufTa 
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biodizelis warmoebis cikli.

zeTovani 
kulturebi

fotosinTezi

Tesli

gamoxda

energia

CO2

satransporto saSualebebi

bio dizeli

qimiuri 
gardaqmna

rafinireba

nedli mcenareuli zeTi

rafinirebuli 
mcenareuli zeTi

spirti

glicerini
sakvebi
kosmetika

sawvavia. ar Seicavs tyvias da misi gamoyenebis Se-

degad atmosfero ar binZurdeba mZime metalebiT, 

mavne airebiT. ase rom biodizeli dReisaTvis Siga 

wvis Zravis yvelaze ekomegobruli arCevania.

   eqsperimenti Seasrule maswavlebelTan 

erTad

  energetikuli gadamzidi 

reagentebi:

 ●   0,035g mSrali natriumis tute an 0,049g kaliumis 

tute 

 ●   2 ml eTanoli 

 ●   100 ml meoradi namwvi zeTi

qimiuri aRWurviloba:

 ●  qimiuri rodini

 ●   250 ml erlen meieris kolba

 ●   gamyofi Zabri(500ml)

 ●   200 ml tevadobis cecxlgamZle qimiuri Wiqa

 ●   magnituri sarevela
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 ●   Termometri

 ●   eleqtroqura

 ●   pipeti (10ml)

cdis mimdinareoba: qimiuri rodinis saSualebiT 

gaafxviere natriumis an kaliumis tute, Semdeg awone 

qimiur sasworze. paralelurad 2 ml eTanoli pipetis 

saSualebiT gadaitane erlen meieris kolbaSi da dau-

mate awonili natriumis an kaliumis tute. moaTav se 

magnituri sarevela erTgvarovani masis mi Rebamde. 

eleqtroquraze gaacxele zeTi Termometris kon-

trolis farglebSi, 40oC-ze. Semdeg orive masa Seurie 

erTmaneTs gamyof ZabrSi da daelode 6-8 saaTi, rom 

miiRo ori fena. erTi fenaa biodizeli, meore fena 

glicerini.

biogazic erT-erTi ganaxlebadi, ekologiurad 

suf Ta energo resursia, igi warmoiqmneba uJangbado 

areSi sxvadasxva warmoSobis organuli nivTierebebis 

duRilis procesSi. icodi Tu ara, rom Cven welTaR-

ricxvamde II aTaswlelulSi, Tanamedrove germaniis 

teritoriaze, ukve arsebobda primitiuli biogazis 

danadgarebi da momTabare tomebma moifiqres Waobis 

zedapirze amomavali aalebadi gazis gamoyeneba. 

biogazis erT-erTi yvelaze didi upiratesoba is 

aris, rom am resursis warmoeba mravali saxis narCe-

nisganaa SesaZlebeli. gamoyeneba ki saTbobad da eleq-

tro energiis gamomuSavebisTvis.

marcvleuli

sakvebis
narCenebi

narCenebiani
wyali

fekaliebi

siTbo

biogazi biomeTani

gazis 
qseli

sawvavi

saWmlis
moneleba

sasuqi
pirutyvis
fekaliebi

eleqtroenergia

duRili
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 davaleba

1. saqarTvelos zog regionSi intensiurad sargebloben mzis panelebiT. Seni azriT, 

romeli regionisTvis ufro efeqturia mzis panelebis gamoyeneba. saqarTvelos 

konturul rukaze moniSne Sesabamisi teritoriebi. pasuxi daasabuTe. 

 

simulaciis gamoyenebiT h� ps://clck.ru/T8Tj5 _  aRwere rogor xdeba energiis gar-

daqmna am dros.

simulaciaSi muSaobis instruqcia: bmulis gaxsnis Semdeg airCie System. gaxsnil fan-

jaraSi qveda xazze gamoCndeba sxvadasxva saxis piqtograma. marcxena oTxi piqtogrami-

dan amoirCie mze. SuaSi moTavsebuli ori piqtogramidan SearCie mzis paneli. marjvena 

oTxi piqtogramidan, monacvleobiT amoirCie suraTebi da oTxive SemTxvevaSi daakvirdi 

rogor icvleba energia. amisTvis kursori Caawkape marjvena zeda kuTxeSi gamosaxul 

kvadratTan, warweriT Energy. 

2. saqarTvelo mdidaria wylis resursebiT. ramdenime mdinareze agebulia hidroe-

leqtro sadguri. mis erT-erT ZiriTad komponents warmoadgens kaSxali, sadac 

agu beben wyals da wylis vardnis Semdeg, garkveuli procesebis Sedegad, xdeba 

eleq troenergiis gamomuSaveba.

qvemoT warmodgenilia hidroeleqtrosadguris muSaobis martivi sqema. 

Seadare egzoTermuli reaqciis dros, energiis droze damokidebulebis grafiki 

da imsjele am or process Soris arsebuli msgavsebebisa da gansxvaxvebebis Sesaxeb. 

Sedegebi warmoadgine venis diagramis saxiT.



96

egzoTermuli reaqcia

reaqciis mimarTuleba

po
t

en
c

iu
r

i 
en

er
gi

a

reagentebi

produqtebi

energia
gamoiyofa
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1.5.7. sakvebi, rogorc energiis wyaro

 Sen SeZleb: 

 ●  daaxasiaTo sakvebi, rogorc 

energiis wyaro;

 ●  gaaanalizo sakvebi produq-

tis etiketi;

 ●  daamzado martivi kalori-

metri da gamoTvalo sakvebis 

energetikuli Rirebuleba;

leqsikoni 

 ●  sakvebis energetikuli Ri-

rebuleba — energiis raode-

noba, romelic warmoiqmneba 

sakvebSi arsebuli cilebis, 

cximebisa da naxSirwylebis 

daJangvisas.

 ●  siTbotevadoba — nivTierebis 

masisa da kuTri siTboteva-

dobis namravli. 

   rogor fiqrob, ra kavSiria suraTebze warmod-

genil situaciebs Soris?

avtomanqana sawvavis gareSe ver gadaadgildeba, 

radgan sawvavis wvis dros misi moZraobisTvis saW-

iro energia miiReba. nebismieri cocxali organizmi 

da maT Soris adamianic, energiis garkveul raode-

nobas saWiroebs nebismieri saqmianobis Sesasruleb-

lad, maT Soris azrovnebisTvis, fiqrisTvis da sxva. 

am energiis wyaro sakvebia. albaT daakvirdi, rom 

bolo wlebSi ufro met sakvebs moixmar, vidre wina 

wlebSi. es Sens organizmSi zrdisa da ganviTarebis 

procesis daCqarebas ukavSirdeba, rac aseve qimiuri 

naerTebiT _ hormonebiT stimulirdeba. nebismieri 

saxis sakvebs, Tavisi energetikuli Rirebuleba aqvs. 

jouli (j) SI sistemaSi energiis erTeulia. kalo-

riebiT ki gamosaxaven sakvebSi arsebul energias, anu 

mis energetikul Rirebulebas. kaloria (kal) energi-

is raodenobaa, romelic saWiroa 1 grami wylis 1°C-iT 

gasaTbobad. magaliTad, 100 g wylis gasaTbobad 20°C 
dan 22°C-mde saWiroa 100×2=200 kal.energia. 1 kkalo-

ria =1000 kaloria.

Tu xaWos (200 g) etiketze aweria, rom misi energe-

tikuli Rirebuleba 85 kaloriaa, es imas niSnavs, rom 

200g-is monelebis Semdeg, Cveni organizmi 85 kaloria 

energias miiRebs. 

qimiuri reaqciebis dros siTbos cvlileba jou-

lebiT izomeba. joulis kaloriaSi gadasayvanad Se-

giZlia gamoiyeno toloba: 
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1j=0.2390kal an 1kal=4.184j

400kal=400kkal×4.184kj

1kkal=1.67×103kj

rogor izomeba sakvebis energetikuli Rirebule-

ba? arsebobs xelsawyo, romelic sakvebis energeti-

kul Rirebulebas gansazRvravs, mas kalorimetri 

ewodeba.

   ras niSnavs termini kalorimetri?

  yvelaze gavrcelebuli kalorimetrebia:

 ●   mikrokalorimetri;

 ●   daCqarebuli siCqaris kalorimetri da sxv.

yvelaze martivi kalorimetri Sedgeba rezer-

vuarisa da Termometrisgan. es aris erT-erTi sazomi 

mowyobiloba, romelic gamoiyeneba Termodinamikis, 

qimiisa da bioqimiis Seswavlisas.

kalorimetriT siTbos gazomva xdeba or gansxva-

vebul pirobebSi: mudmivi wnevis, an mudmivi mocu-

lobis pirobebSi.

aqedan gamomdinare gvaqvs ori tipis kalorimetri

 ●  „yavis Wiqis kalorimetri muSaobs mudmivi wnevis 

pirobebSi; 

 ●  „bomba“ kalorimetri muSaobs mudmivi moculo bis 

pirobebSi.

kalorimetris saSualebiT zomaven siTbos raode-

nobas wylis temperaturis cvlilebis meSveobiT. ti-

puri kalorimetris gasaazreblad gamogadgeba abaza-

nis magaliTi. gavigoT energia romelic wyals aTbobs. 

is tolia qimiuri reaqciis dros gamoTavisuflebuli 

energiis. amrigad, wylis temperaturis cvlilebis 

ga zomviT SegviZlia SevafasoT qimiuri reaqciis siT-

bos cvlileba.

kalorimetris saSualebiT SegiZlia daadgino sak-

vebis energetikuli Rirebuleba, anu energiis is ra-

kalorimetri
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odenoba, romelic warmoiqmneba sakveb produqtSi 

Semavali cilebis, cximebis da naxSirwylebis Jangvi-

sas. aqedan gamomdinare, yvela produqts aqvs ener-

getikuli eqvivalenti, romlis gazomvac SesaZlebe-

lia kilo joulebSi, an kilokaloriebSi (1 jouli _ 

0.24kkal, 1kkal — 4.18 jouli). 

organizmSi 1g cilis, iseve rogorc 1g naxSirwylis 

Jangvisas gamoiyofa 4.1 kkal energia, xolo 1g cximis 

Jangvisas _ 9.3kkal.

 meTods safuZvlad udevs varaudi imis Sesax-

eb, rom organizmSi 1 g sakvebi produqtis dawvisas 

STainTqmeba iseTive raodenobis Jangbadi da gamoi-

yofa iseTive raodenobis naxSirorJangi, siTbo da 

wyali, rac haerze produqtis daJangvisas.

martivi kalorimetris damzadebisTvis dagWirdeba 

stiroformis ori sxvadasxva zomis Wiqa da Termo-

metri. 

kalorimetrSi wvis procesi mimdinareobs gansaz-

Rvrul pirobebSi, kerZod, danadgaris wvis areSi Tav-

sdeba winaswar awonili nimuSi, romlis wvis Sedegad 

izomeba kalorimetrul sistemaSi wylis tempera-

turis cvlileba. nimuSis wvisas gamoyofili saerTo 

siTbo, iTvleba wylis kuTri siTbotevadobis da ka-

lorimetris Sesworebis koeficientis saSualebiT, 

Semdegi formuliT:

Q =
K 0.42 t2 - t1 + 0.1

4.18
]]

sakvebis mier wvis dros gamoyofili siTbo gamois-

axeba damokidebulebiT:

∆Q=C×∆T (1)

sadac ∆Q — wyalze gadacemuli siTboa, C — wylis 

siTbotevadobaa, ∆T — temperaturis cvlileba.

saboloo damokidebuleba ase gamoisaxeba:

K=0.0085 [twylis - toTaxis]+1.47

mza sakvebi produqtis energetikuli Rirebulebis 

dadgena SesaZlebelia Semdegi formuliT:

Q =
K 0.42 t2 - t1 + 0.1

4.18
]]

wyali

sarevela

amaalebeli
mavTulebi

Termometri

izolirebuli
konteineri

hermetuli
bomba

nimuSis Wiqa

wyali

O2

kalorimetri `bomba~

Termometri

wyali

xufi

Wiqa

sarevela

kalorimetri `yavis Wiqa~

martivi kalorimetri

Termometri

nimuSis Wiqa

SigTavsi
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 davaleba

1.  bavSvebSi didi popularobiT sargeblobs Cifsebi da msgavsi produqtebi. gamoi-

kvlie sami sxvadasxva mwarmoeblis Cifsis, sami saxis gaziani sasmelis, rZis, xaWo-

sa da mawvnis etiketebi. etiketze mocemuli teqsturi informacia warmoadgine 

grafikuli maorganizeblebis saSualebiT. Seafase yvela produqtis Sedgenilobis 

mniSvneloba adamianis janmrTelobisTvis da daamzade erTi jansaRi produqtis 

reklama da erTi arajansaRi produqtis antireklama. 

2.  gamoikvlie 0%-iani, 5%-iani da 12 %-iani xaWos etiketebi da daadgine, romeli sakve-

bi nivTierebis raodenobas gamosaxavs etiketze miTiTebuli informacia. imsjele, 

mozardisTvis romel xaWos mianiWeb upiratesobas da ratom?

3.  moiZie informacia sportis sxvadasxva saxeobiT dakavebuli adamianisTvis saWiro 

energiis dRiuri normis Sesaxeb da qvemoT mocmeuli informaciis gamoyenebiT, 

Seadgine maTi erTi dRis kvebis racioni. 

mza sakvebis energetikuli Rirebuleba gamoTvlilia wylis kalorimetriT

mza sakvebi produqtis dasaxeleba
 (xorciani kerZebi)

kkal 100 gram mza produqtze 
gadaangariSebiT

qababi 272.05

saqonlis moxarSuli xorci 225.3

xorciani pelmeni araJniT 203.1

saqonlis xorcis katleti 230.41

Roris mwvadi 321.6

saqonlis CaSuSuli 123.22

 

mza sakvebi produqtis dasaxeleba 

(salaTebi)

kkal 100 gram mza produqtze 

gadaangariSebiT

cezari 127.56

olivie 325.56

soko nigvziT, xaxviTa da mwvaniliT 419.0

Semwvari soko (manWkvala) 230.41

qama soko, yveliT da karaqiT 169.7

badrijani nigvziT 300.6
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mza sakvebi produqtis dasaxeleba 

(comeuli)

kkal 100 gram mza produqtze 

gadaangariSebiT

imeruli xaWapuri 269.94

fenovani xaWapuri 970.0

lobiani 168.23

fenovani lobiani 799.8

kubdari 116.33

hoT dogi 814.56

mza sakvebi produqtis dasaxeleba 

(sakonditro nawarmi)

kkal 100 gram mza produqtze 

gadaangariSebiT

blini, marwyvis xilfafiT 310.43

Su 460.95

faxlava 355.0

napoleoni 799.8

gozinayi nigvzis 135.81

Txilis CurCxela 388.3

mza sakvebi produqtis dasaxeleba 

(sxva produqtebi)

kkal 100 gram mza produqtze 

gadaangariSebiT

Tevzi loqo 310.0

Semwvari oraguli 200.81

kartofili fri 218.44
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1.5.8. mwvane qimia da mdgradi ganviTareba

 Sen SeZleb: 

 ●  imsjelo mdgradi ganviTarebis 

miznebis mniSvnelobaze;

 ●  eqsperimentis dagegmvis dros 

daicva mwvane qimiis 12 principi;

 ●  amoxsna amocana atomekonomiis 

gaTvaliswinebiT.

civgomboris kalTebi saocrad feradia Semodgom-
aze. am silamazis safuZveli rom qimiuri naerTebia, 
albaT SenTvis ukve cnobilia. qimiis erT mimarTule-
basac hqonia Tavisi feri da mas mwvane qimias uwode-
ben. msoflioSi Seqmnilma globalurma ekologiurma 
problemebma, mdgradi ganviTarebis miznebis far-
glebSi, mecnierebs daanaxa mwvane qimiis ganviTarebis 
aucilebloba. 

   ra aris mwvane qimia?

mwvane qimia qimiis mimarTulebaa, romelic:

1.  xels uSlis garemos dabinZurebas molekulur 
doneze; 

2.  gavlenas axdens qimiis yvela mimarTulebaze;

3.  garemosdacviTi problemebis mogvarebaSi iyenebs 
Tanamedrove meTodebs;

4.  xels uSlis niadagis, wylisa da haeris dama-
binZureblebis warmoqmnas;

5.  amcirebs qimiuri produqtebisa da procesebis 
gavlenas adamianis janmrTelobaze;

   ra kavSiria mdgrad ganviTarebasa da mwvane 

qimias Soris?

leqsikoni 

 ● mdgradi ganviTareba _ pirobe bis 

Seqmna grZelvadiani eko no  mikuri 

ganviTarebisTvis, ga      re  mos dac vis 

sakiTxebis maq si   ma lu  ri gaTvalis-

winebiT.

 ●  mwvane qimia _ qimiuri pro-

duqciis warmoeba, romlis 

drosac minimumamdea Semci-

re buli garemosa da adamianis 

jan mrTelobaze mavne qi miuri 

nae rTebis zemoqme deba.
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2011 wlis oqtomberSi mosaxleobam 7 mi liardi Se-

adgina. planetaze bevri adamiani niSnavs did moTxov-

nilebas resursebze, maT Soris sakvebsa da wyalze. 

populaciis janmrTelobisTvis aucilebelia xelmi-

sawvdomi iyos sakvebi, wyali, teritoria. ra moxdeba, 

roca mosaxleobisTvis resursi ar iqneba sakmarisi? 

am sakiTxebze msjelobis dros Camoyalibda mdgra-

di ganviTarebis miznebi, romelic moicavs 17 mizansa 

da 169 indikators, masze SeTanxmebulia gaeros wev-

ri yve la qveyana, ukeTesi da ufro mdgradi momav-

lis misaRwevad. mwvane qimiis mizani iseTi qimiuri 

procese bis warmarTva da produqtebis Seqmnaa, rome-

lic ar daabinZurebs garemos da adamianis janmrTe-

lobas; safrTxes ar Seuqmnis cxovelTa da mcenareTa 

saxeobebis arsebobas ekosistemaSi. mecnierebis Se-

TanxmebiT Camoyalibda mwvane qimiis 12 principi:

  gaecani mwvane qimiis Tormet princips da 

TiToeuli maTganisTvis moifiqre Sesabam-

isi piqtograma

 reaqciis Sefaseba atomekonomiis Tval-
sazrisiT

Tanamedrove msoflio warmoudgenelia qimiuri 

warmoebis gareSe. mwarmoebeli valdebulia daicvas 

mwvane qimiis principebi, maT Soris atomefeqturobis 

principi. Tu naerTis miReba SesaZlebelia ramden-

ime qimiuri tolobis Sesabamisad, unda SeirCes is 

procesi, romelic atomekonomiuria, danarCenebTan 

SedarebiT.

   rogor davadginoT atomefeqturoba?

 I xerxi

atomekonomia %=                                                           × 100%
sasurveli produqtis moluri masa

reagentebis moluri masebis jami

   reaqciis toloba unda iyos gaTanabrebu-

li.

mwvane qimiis 12 principi

1.   ifiqre narCenebis prevenci-

aze — sasurvelia reaqciebi 

warimarTos Tanauri pro-

duqtebis raodenobis Semci-

rebiT, raTa Tavidan avici-

loT maTi utilizaciisTvis 

saWiro xarji;

2.  reaqciebi dagegme maqsimalu-

ri atomekonomiiT/atomefeq-

turobiT - qimiuri reaqcie-

bi unda warimarTos ise, rom 

reagentebSi Semavali atom-

ebi maqsimalurad moxvdnen 

sasurvel produqtSi. 

3.  gamoiyene aratoqsikuri rea-

qtivebi _ eqsperimentebisT-

vis unda gamoiyeno adamianis 

janmrTelobisTvis da gare-

mosTvis naklebad saziano qi-

miuri naerTebi;

4.  miiRe aratoqsikuri produq-

tebi _ eqsperimentebisTvis 

unda gamoiyeno iseTi naerTe-

bi, romelTa urTierTqmedeb-

iT miiReba adamianis janmrT-

elobisTvis da garemosTvis 

naklebad saziano qimiuri 

na erTebi;

5.  gamoiyene aratoqsikuri gamx-

snelebi — reaqcia umjobesia 

Catardes gamxsnelis gareSe. 

Tu gamxsneli aucilebelia 

umjobesia gamoyenebuli iyos 

aratoqsikuri gamxsneli. 
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6.  Seamcire energiis xarji - da-

gegme iseTi reaqciebi, rom-

lebic mimdinareobs oTaxis 

temperaturaze, an saWiroebs 

energiis mcire ra o denobas. 

7.  isargeble aRdgenadi resur-

sebiT - reaqciebisTvis gamoi-

yene mcenareuli produqtebi 

an sxva reaqciebis dros miRe-

buli narCenebi.

8.  Seamcire Sualeduri produq-

tebi — mravalsafexurian 

pro  cesebSi bevri Sualeduri 

produqti warmoiqmneba. da-

gegme iseTi reaqciebi, sadac 

naklebi etapis gavla iqneba 

saWiro.

9.  gamoiyene katalizatori — ka -

talizatori amcirebs reaq-

ciisTvis saWiro temperatu-

ras, amiT daizogeba energia.

10.  moaxdine narCenebis utili-

zacia — reaqciebis dagegmvis 

dros gaiTvaliswine, rom 

miRebuli produqtebi iyos 

biodegradirebadi da ar azi-

anebdes garemos. 

11.  Tavidan aicile garemos da-

binZureba — gaiTvaliswine 

rom garemoSi gamoyofili na-

erTebi naklebad azianebdnen 

garemos;

12.  daicavi usafrTxoeba — 

dagegme iseTi eqsperimentebi, 

rom lebic ar aris safrTxis 

Semcveli; eqsperimentebi Caa-

tare usafrTxoebis wesebis 

sruli dacviT. 

   formulaSi gaiTvaliswine reaqciis tolo-

baSi mocemuli koeficientebi.

amocana: 

azotis oqsidis misaRebad, sami reaqciidan Sear-

Cie yvelaze atomekonomiuri procesi. 

4NH3+5O2→4NO+6H2O  (I)

3Cu+8HNO3→3Cu(NO3)2+2NO+4H2O (II)

N2+O2→2NO  (III)

ganvixiloT I toloba

reaqciis Sedegad miiReba ori produqti. NO-s win 

koeficientia 4, amiakis win _ 4 da Jangbadis win _ 5. 

amitom formula ase gamoisaxeba:

a.e.%= 4M(NO)
4M(NH ) + 5M(O )3 2

 

M(NO)=14g/moli+16g/moli=30g/moli

M(NH3)=17g/moli

M(O2)=32g/moli

a.e.%=                                        ×100%=
4×30g/moli

(4X17g/moli+5×32g/moli)

=120/228×100%=52.63%

ganvixiloT II toloba

reaqciis Sedegad miiReba ori produqti

a.e.%=
4M(NO)

4M(NH3) + 5M(O2)

M(NO)=14g/moli+16g/moli=30g/moli

M(Cu)=64g/moli

M(HNO3)=63g/moli

a.e.%=
2×30g/moli

(3×64g/moli+8×63g/moli)
×100% =

=60/696×100%=8.62%
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ganvixiloT III toloba

reaqciis Sedegad miiReba mxolod erTi produqti. ivaraude ras unda udrides 

reaqciis atomefeqturooba?

a.e.%= 2M(NO)
M(N ) +M(O )2 2

M(NO)=14g/moli+16g/moli=30g/moli

M(N2)=28g/moli

M(O2)=32g/moli

a.e.%=
2×30g/moli

28g/moli+32g/moli)
× 100%

   Seafase Sedegi: romeli toloba gamosaxavs yvelaze atomekonomiur rea-

qcias? ratom?

daskvna: 

yvelaze efeqturia mesame toloba, radgan mxolod erTi produqti miiReba. ami-
tom Tu arsebobs sasurveli produqtis SeerTebis reaqciis gziT miRebis saSualeba, 
mis gamoyenebas mieniWeba upiratesoba. 

Tumca reaqciis SerCevis dros, atomekonomiurobasTan erTad, mwvane qimiis sxva 
principebis gaTvaliswinebaa aucilebeli da gadawyvetileba kompleqsurad unda 
iqnes miRebuli.

II xerxi

atomekonomia % =
 sasurveli produqtis moluri masa   

× 100 %
       produqtis moluri masebis jami 

   reaqciis toloba unda iyos gaTanabrebuli.

   formulaSi gaiTvaliswine reaqciis tolobaSi mocemuli koeficientebi.

ganvixiloT isev amiakis wvis toloba 4NH3+5O2→4NO+6H2O 

reaqciis Sedegad miiReba ori produqti. NO-s koeficientia 4, wylis _ 6. amitom 
formula ase gamoisaxeba:

a.e.% = 4M(NO)
4M(NO) + 6M(H2O)

M(NO)=14g/moli+16g/moli=30g/moli
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M(H2O)=18g/moli

a.e.%=
4×30g/moli

(4X30g/moli+6×18g/moli) 
X100 %=

120 

228 ×100 %
= 52.63%

 davaleba

1.  mocemul qimiur tolobebSi SearCie koeficientebi da daadgine atomekonomia, Tu 

sasurveli produqtia NaOH

 a) Na + H2O → NaOH + H2

 b) Na2O + H2O → NaOH

 d) Na2SO4 + Ba(OH)2 → NaOH + BaSO4

2.  gaixsene SeerTebis, daSlis, Canacvlebisa da mimocvlis reaqciebi da imsjele, 

romeli reaqciaa yvelaze metad atomekonomiuri? 

3.  gogirdmJava qimiuri warmoebis erT-erTi ZiriTadi produqtia. mis misaRebad ram-

denime etapis gavlaa saWiro. pirvel safexurs gogirdis dioqsidis miReba war-

moadgens. Seadgine gogirdis dioqsidis miRebis reaqciis toloba sami sxvadasxva 

xerxiT, Seafase TiToeulis atomekonomiuroba da dausabuTe mwarmoebels romeli 

reaqcia gamoiyenos. 

4.  bolo wlebSi avariebis Sedegad gardacvlilTa raodenobis Semcireba SesaZlebeli 

gaxda `airis CanTis“ gamoyenebiT. moiZie informacia da simulaciis daxmarebiT 

h� ps://bit.ly/3oHlxxt  

  moamzade misi moqmedebis amsaxveli posteri. posterSi warmoadgine: 

 ●  ra qimiuri procesi mimdinareobs airis CanTis gabervisas? reaqciaTa romel tips 

miekuTvneba is?

 ●  ra masalisgan aris damzadebuli airis CanTa da ratom? mwvane qimiis romeli 

principis dacva xdeba ̀ Air Bag~-isTvis masalis SerCevis dros? gaiTvaliswine, rom 

msoflioSi eqspluataciaSi myofi avtomobilebis umravlesobas, saerTod ar exs-

neba airis CanTa. 
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5.  CamoTvlili 12 principi Seusabame piqtogramas da Seni Seqmnili piqtogramebi 

Seadare qvemoTCamoTvlils. 

1.  ifiqre narCenebis prevenciaze 

2.  reaqciebi dagegme maqsimaluri atomekonomiiT/atomefeqturobiT 

3.  gamoiyene aratoqsikuri reaqtivebi 

4.  miiRe aratoqsikuri produtebi 

5.  gamoiyene aratoqsikuri gamxsnelebi 

6.  Seamcire energiis xarji 

7.  isargeble aRdgenadi resursebiT 

8.  Seamcire Sualeduri produqtebi 

9.  gamoiyene katalizatori 

10. moaxdine narCenebis utilizacia 

11. Tavidan aicile garemos dabinZureba 

12. daicavi usafrTxoeba 

1

7

2

8

3

9

4

10 11 12

5 6
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pirveli Tavis Semajamebeli davalebebi

1.  mocemuli zogadi reaqciis Canawerebi Seusabame reaqciis tipebs:

AB→A+B SeerTebis reaqcia

AB+C→CB+A daSlis reaqcia

A+B→AB Canacvlebis reaqcia

2.  gaaTanabre mocemuli reaqciebi da Seusabame reaqciis tipebi:

  

____Na2O+____H2O→____NaOH          reaqciis tipi:____________

____Na+____H2O→____NaOH+____H2         
reaqciis tipi:____________

______Ca+____O2 →____CaO                reaqciis tipi:____________

____CaCO3→____CaO+____CO2           reaqciis tipi:____________

____O3→____O+____O2                  reaqciis tipi:____________

3.  romeli tipis reaqciaSi monawileobs aucileblad martivi nivTiereba?

4.  ra damokidebulebas xedav SeerTebisa da daSlis reaqciebs Soris?

5.  mimocvlis reaqciis zogadi Canaweria:

  AB+CD→AD+CB

  aRniSnulis gamoyenebiT ecade ivaraudo reaqciaTa mosalodneli produqtebi:

  Na2SO4+Ba(NO3)2→_____+_____

  NaOH+Mg(NO3)2→_____+______

  NaOH)+HNO3→_____+_____

  liTiumis karbonati + magniumis bromidi→_____+_____

  rkina(II)-is sulfati + natriumis fosfati→_____+_____

  azotmJava + liTiumis sulfidi→_____+_____

  nikel(II)-is qloridi + kaliumis bromidi→_____+_____

6.  gaaTanabre mocemuli reaqciebi da Seusabame reaqciis tipebi:

____ NaBr + ____ Ca(OH)2 → ___ CaBr2 + ____ NaOH

____ NH3+ ____ H2SO4 → ____ (NH4)2SO4

____ C5H9O + ____ O2 → ____ CO2 + ____ H2O

____ Pb + ____ H3PO4 → ____ H2 + ____ Pb3(PO4)2

____ Li3N + ____ NH4NO3 → ___ LiNO3 + ___ (NH4)3N
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7.  CamoTvlilTagan romeli aRwers yvelaze kargad egzoTermul reaqcias?

a) reaqcia, romelic ufro swrafad midis temperaturis Semcirebis xarjze;

b) reaqcia, romelic siTbos gamoyofiT mimdinareobs;

g) reaqcia, romelic ufro swrafad midis temperaturis momatebis xarjze;

d) reaqcia, romelic siTbos STanTqmiT mimdinareobs.

swori pasuxidan gamomdinare, Sesabamisad aRwere endoTermuli reaqcia.

8.  meTanolis sruli wvis tolobaa:

  2CH3OH+3O2→2CO2+4H2O  reaqciis siTburi efeqtia -715kj/mol. egzoTermulia Tu 

endoTermuli aRniSnuli reaqcia?

9.  kalciumis karbonatis Termuli daSlis reaqciaa: CaCO3→CaO+CO2 reaqciis siTburi 

efeqtia +110kj/mol. egzoTermulia Tu endoTermuli aRniSnuli reaqcia?

10. isaubre SeerTebisa da daSlis reaqciebze. bmis warmoqmnisa da gawyvetis cnebebis 

gamoyenebiT gansazRvreT, romeli maTgani Seesabameba egzoTermul da romeli 

endoTermul reaqciebs. 

11. rodesac 10ml benzini gayines -57◦C-ze, siTbos jamuri cvlileba Seadgenda daax-

loebiT 1kj-s. Tumca, rodesac imave moculobis benzini dawves oTaxis temperatu-

raze, energiis cvlileba iyo 300kj. ratom iyo energiis cvlileba wvisas gacilebiT 

didi, vidre gayinvisas?

a) gayinva egzoTermulia procesia, xolo wva endoTermuli;

b) wvisas gawyvetili bmebi ufro susti iyo, vidre gayinvisas;

g) wvisas warmoqnili bmebi ufro Zlieria, vidre gayinvisas;

d) wva mimdinareobs ufor maRal temperaturaze, gayinvasTan SedarebiT;

e) gayinva endoTermulia, xolo wva egzoTermuli.

12. ramdeni moli Jangbadis atomia mocemul molekulaSi _ C12H22O11? ramdeni atomi 

Jangbadia imave nivTierebis 5 molSi?

13. gansazRvreT reagentTa moluri Tanafardobebi mocemul reaqciebSi:

2H2+O2→2H2O

4Na+O2→2Na2O

Na2O+H2O→2NaOH

3Ba(NO3)2+2Na3PO4→6NaNO3+Ba3(PO4)2↓

14. mocemulia gaTanabrebuli reaqcia:

2C6H6+15O2→12CO2+6H2O ramdeni moli CO2 miiReba 8 moli C6H6-is dawviT?
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15. gansazRvreT atomebis raodenoba mocemul nivTierebebSi:

  4.55 moli Fe;      0.0665 moli K;

  2.509 moli H2S;     0.336 moli C2H2 (acetileni).

16. gansazRvreT mocemuli nivTierebebis moluri masebi: H2, O2, H2O, Na2O, H2SO4, H3PO4, 
Ba3(PO4)2, CuO, CuSO4×5H2O.

17. ra msgavseba da gansxvavebaa molur masasa da fardobiT atomur/molekulur masas 

Soris?

18. gansazRvreT mocemuli nivTierebebis masa:

  4 moli CO;       0.5 moli Na2O;

  6×1022 molekula O2.

19. ipoveT aluminis masa 0.58 mol Al2O3×2H2O-Si.

20. asanTis wvis reaqciis tolobaa: 6P+5KClO3→5KCl+3P2O5. gamoTvale ra masis KClO3 

urTierTqmedebs 6.2 gram fosforTan. 

21. 0.965 moli airi ikavebs 5 l moculobas. ra iqneba imave airis moculoba Tu niv-

Tierebis raodenoba gazardes 1.8 (n.p.) molamde? (temperatura da wneva ucvlelia).

22. Tu 2.2 g Jangbadi ikavebs 3 l moculobas, ra moculobas daikavebs ucvleli tem-

peraturisa da wnevis pirobebSi 5.5g Jangbadi?

23. ipove, ra moculobas daikaveben normalur pirobebSi mocemuli airebi:

   5 moli CO2;       0.1 moli N2;

  2 moli O2;       2 moli H2.

24. meTanis wvis gantolebaa: CH4+O2→CO2+H2O gaaTanabre mocemuli toloba da ipove, 

ra moculobis Jangbadia saWiro 4.8 grami meTanis dasawvavad normalur pirobebSi.

25. ipove sagnis Semadgeneli nivTierebis simkvrive, Tu igi Sedgeba mxolod erTi niv-

Tierebisgan da aqvs aseTi maxasiaTeblebi:

 sagnis moculobaa 15 sm3, xolo masa 45g;

 sagnis moculobaa 30 sm3, xolo masa 60g;

26. ucnobi metalis 306 g ikavebs 22.5 sm3 moculobas. daadgine es metali.

27. kolbaSi, romelic iwonis 345.8 g moTavsebulia 225 ml naxSirbadis tetraqloridi. 

kolbis saerTo masaa 703.55 g. aRniSnuli monacemebis gamoyenebiT daadgine naxSir-

badis tetraqloridis simkvrive.
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28. erTsa da imave WurWelSi, romlis masac iyo 24.5g jer moaTavses wyali, xolo Semdeg 

ucnobi siTxe. wyliani WurWlis masa iyo 56.2g, xolo rodesac igi ucnobi siTxiT 

iyo savse, masa 51.2g-s Seadgenda. gamoTvale ucnobi siTxis simkvrive.

29. 
  eqsperimenti

  siTxis fenebi

  saWiro masalebi: gamWvirvale konteineri, wyali, Tafli, zeTi, spirti.

  procedura: aRniSnuli nivTierebebi etapobrivad moaTavse WurWelSi da 
daelode. 

  gamoTqvi varaudi, maTi ganlagebisa d am ganlagebis gamomwvevi mizezebis 

Sesaxeb.

  daakvirdi, Seesabameba Tu ara Sedegi Sens hipoTezas.

 

30. mocemulia reaqcia: B2H6+O2→HBO2+H2O

a. ra masis Jangbadia saWiro 36.1 g B2H6-is srulad dasawvavad?

b. ramdeni moli wyali miiReba 19.2 g B2H6-is dawviT?

31. ra masis wyali miiReba 3.8 l benzinis (C8H8) dawvisas? benzinis simkvrivea 0.79 g/ml.

32. KO2 gamoiyeneba sasunTq aparatSi. is amosunTqul haers aSorebs naxSirorJangsa da 

wyals. am procesis Sesabamisi reaqciaa: KO2+H2O→O2+KOH. warmoqmnili KOH gamoi-

yeneba naxSirorJangis mosacileblad: KOH+CO2→KHCO3. ra masis KO2 unda aviRoT, 

rom reaqciis Sedegad gamoiyos 235 g O2? ra masis naxSirorJangis moSoreba SeuZlia 

123 g KO2-s? reaqciebi mimdinareobs normalur pirobebSi.

33. propanis wvis reaqciis gantolebaa: C3H8+5O2→3CO2+4H2O, ra moculobis Jangbadia 

saWiro 0.650l propanis srulad dasawvavad? ra moculobis naxSirorJangi war-

moiqmena reaqciis Sedegad? 

34. metaluri alumini ganzavebul gogirdmJavasTan reagirebs aluminis sulfatis 

xsnarisa da airadi wyalbadis warmoqmniT: 2Al+3H2SO4→Al2(SO4)3+3H2, daadgine reaq-

ciis Sedegad gamoyofili wyalbadis moculoba, Tu srulad daixarja 2g alumini 

da reaqcia mimdinareobda normalur pirobebSi.

35. qvanaxSiris wvisas gamoyofili SO2-is mosaSoreblad gamoiyeneba kalciumis oqsidi:

  2CaO+2SO2+O2→2CaSO4, ra masis kalciumis oqsidia saWiro 1.4×103 l SO2-is reaqciaSi 

srulad Sesasvlelad?
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36.  martivi eqsperimenti
                mocekvave brinji

saWiro masalebi: sufTa konteineri, wyali, sasmeli soda, Zmari, brinji, kovzi, 

saWmlis saRebavi (survilis SemTxvevaSi).

  mimdinareoba:

  Caasxi 1 Wiqa wyali sufTa konteinerSi;

  daamate 2 sufris kovzi Zmari (unda iyos Warbad);

  daumate cotaodeni brinji da survilis SemTxvevaSi saWmlis saRebavi;

  awone konteineri da CainiSne masa;

  awone 1 kovzi soda da daumate konteiners;

  mas Semdeg rac Sewydeba airis gamoyofa da reaqcia dasruldeba, kvlav awone 

konteineri.

●  imsjele Catarebul eqsperimentze, ra reaqcia warimarTa? ra iyo gamoyofili 

airi? 

●  Cawere Sesabamisi reaqciis toloba. 

●  CaniSnuli monacemebiT gamoTvale reaqciis Teoriuli da praqtikuli gamo-

savali.

● Teoriuli da praqtikuli gamosavalis sxvadadasxvaobis SemTxvevaSi, imsje-

le gansxvavebis gamomwvev mizezebze.

 

 

37. kaliumis qlorati odnav gaTbobisas katalizatoris Tanaobisas iSleba:

  2KClO3→2KCl+O2, Catarebul eqsperimentSi 40g KClO3 sruliad daSales. reaqciis mim-

dinareobisas gamoyofili Jangbadi Seagroves da misi masa Seadgenda 14.9 grams. 

gansazRvre aRniSnuli eqsperimentis Teoriuli da praqtikuli gamosavali.

38. 1.274g spilenZis sulfati reaqciaSi Sevida Warb TuTiasTan. reaqciis Sedegad 

gamoiyo 0.392g metali Tavisufali saxiT. CuSO4+Zn→Cu+ZnSO4, ipove aRniSnuli rea-

qciis Teoriuli da praqtikuli gamosavali.

39. imsjele mizezebze, Tu ra SeiZleba iwvevdes gansxvavebas Teoriul da praqtikul 

gamosavals Soris? 

40. Seni azriT, aris Tu ara SesaZlebeli, rom praqtikuli gamosavali aRematebodes 

Te  o    riul gamosavals? pasuxi daasabuTe.
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41. aRwere da gaaanalize suraTebze warmo-

dgenili informacia. SeurCie saTauri. 

imsje le problemaze, rogor moagvarebdi 

problemas Sens regionSi. 

42. suraTze warmodgenili modelis mixedviT Cawere qimiuri toloba da daasaxele 

reaqciis tipi. 

43. suraTze warmodgenili informaciis mixedviT Cawere reaqciis toloba, Seadgine 

sruli ionuri da Sekvecili ionuri tolobebi 

TuTia TuTiis qloridi wyalbadimarilmJava

(my) (wy. xs.) (wy. xs.) (a)
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44. qimiur WiqebSi ori xsnaria moTavsebuli. ilustraciis mixedviT ivaraude, romeli 

xsnaria eleqtroliti? romel qimiur bmas unda Seicavdes gaxsnili nivTiereba? 

45. suraTze warmodgenili informaciis mixedviT ivaraude reagentebi da produqtebi. 

46. kalciumis hidroqsidi gamoiyeneba xeebis mavneblebisgan dasacavad. weliwadSi 

ramdenjerme, qalaqis meriis Sesabamisi samsaxurebi, xeebis qveda nawilebs ̀ Rebaven“ 

TeTrad. dawere sami sxvadasxva gziT kalciumis hidroqsidis miRebis reaqcia da 

Seafase atomekonomiis TvalsazrisiT. 

47. samSeneblo samuSaoebis dasrulebis Semdeg kompania valdebulia daasufTaos mim-

debare teritoria. betonis Casxmis Semdeg tute are iqmneba. ra nivTiereba unda ga-
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moiyenos samSeneblo kompaniam niadagSi tute aris Sesamcireblad? dawere reaqciis 

toloba. nivTierebis SerCevisas gaiTvaliswine misi garemoze zemoqmedebis efeqti.

48.  cxrilSi warmodgenili informaciis mixedviT, Seafase wylis sixiste. 

wylis 

nimuSis #

kationebis koncentracia mg/l wylis sixiste wylis tipi

Ca 2+ Mg 2+ K +

1 100 24 230
2 80 120 230
3 160 48 460

49. gaanalize azotis wrebrunvis sqema da imsjele azotis wrebrunvaSi ionuri reaqciebis 
mniSvnelobaze. 

azotis
STanTqma denitrifikacia

amoniumi
NH4

+
nitriti
NO2

_
nitrati
NO3

_

3

amoniumi nitrati

denitrifikacia

nitratinitrati

amonifikacia

nitrifi-
ka  cia denitrifikacia

denitrifikaciis nitrifikatori



116

aRwera: mdgradi ganviTarebis miznebisa da mwvane qimiis principebis gaTvalis-
winebiT, sasurvelia resursebis dazogva, qimiuri narCenebis utilizacia, gare-
mosa da adamianis janmrTelobaze zrunva. SesaZlebelia daamzado biodizeli, 

romelic gamoiyeneba dizelis Zravebze momuSave satransporto saSualebebSi. Senc 
SegiZlia wvlili Seitano meoradi namwvi zeTis utilizaciisa da biodizelis warmoebis 
procesSi. 

biodizelis upiratesobebi:

 ● ar abinZurebs garemos;      aumjobesebs Zravis muSaobas;

 ● aqvs maRali oqtanuri ricxvi;   ar Seicavs gogirds. 

mizani: proeqtis ganxorcielebis Semdeg SeZleb biznes — gegmis Sedgenas, mis ward-
genas Sesabamisi organizaciebisTvis. maTi dainteresebis mizniT, gamarTav molapara-
kebebs da dausabuTeb Seni proeqtis aqtualobas; Seadgen proeqtis biujets nimuSis 
gamoye nebiT; wvlils Seitan garemos dacvaSi. 

proeqtis etapebi: moamzade biznes gegma adgilobriv biznes organizaciebTan warsad-
genad. amisTvis moiZie informacia biodizelis mniSvnelobasTan dakavSirebiT. Seiswav-
le adgilobrivi kvebis obieqtebis mier rogor xdeba meoradi namwvi zeTis utilizacia. 
meoradi namwvi zeTis fasi ar aris Zviri, Tumca SesaZlebelia awarmoo molaparakeba 
kvebis obieqtebis mflobelebTan da ufasod miiRo eqsperimentisTvis saWiro masala. 

reaqciis Sedegad miRebuli biodizelis aTviseba SeuZlia sa soflo-sameurneo 
mimarTule biT momuSave organizaciebs; gliceriniT ki daaintereseb farmacevtul qa-
rxnebs. 

gTavazobT biznes-gegmis biujetis nimuSs:

resursebi raodenoba fasi (erTeu-
lis) lari

saerTo fasi 
lari

natriumis an kaliumis tute 0,8kg 2.5 2

eTanoli 200l 5 1000

meoradi namwvi zeTi 1000l 0.1 100

eleqtro energiis xarji 5kvt 0.13 0.65

anazRaureba (sami adamiani) sami adamiani 100 300

biodizeli 1000l 1,15 1150

glicerini 100l 3 300

Semosavali 1450

gadasaxadi 261

mogeba 263. 05

proeqti
„meoradi namwvi zeTebis utilizacia da maTi 

biodizelad gardaqmna“
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  eqsperimenti

eqsperimentis mimdinareobis sqema:

reagentebis raodenoba gaTvlilia 100 ml meorad namwv zeTze. 

 ● 0,035g mSrali natriumis tute an 0,049g kaliumis tute 

 ● 2 ml eTanoli 

 ● 100 ml meoradi namwvi zeTi

qimiuri aRWurviloba:

 ● qimiuri rodini

 ● 250 ml erlen meieris kolba

 ● gamyofi Zabri(500ml)

 ● 200 ml cecxlgamZle qimiuri Wiqa

 ● magnituri sarevela

 ● Termometri

 ● eleqtroqura

 ● pipeti(10ml)

cdis mimdinareoba: 

qimiuri rodinis saSualebiT gaafxviere natriumis an kaliumis tute, Semdeg awone 
qimiur sasworze. paralelurad 2ml eTanoli pipetis saSualebiT gadaitane erlen 
meieris kolbaSi da daumate awonili natriumis an kaliumis tute. moaTavse magnituri 
sarevela erTgvarovani masis miRebamde. eleqtro quraze gaacxele zeTi, Termometris 
kontrolis farglebSi, 40°C-ze. Semdeg orive masa Seurie erTmaneTs gamyof ZabrSi da 
daelode 6-8 saaTi, rom miiRo ori fena. erTi fenaa biodizeli, meore fena glicerini.

eqsperimentis dasrulebis Semdeg donor organizaciasTan warsadgenad moamzade pro-
eqtis angariSi. masSi xazgasmiT warmoaCine:

  proeqtis mimdinareobis dros Catarebuli samu Saoebi;

  proeqtis xarji da mogeba;

  proeqtis Zlieri da susti mxareebi;

  ras Secvlidi proeqtis ganxorcieleba axlidan 

rom dagewyo;

  ras urCevdi biznesis sferoSi dasaqmebul adami-

anebs?

narCenebis 
zeTi

zeTis
Segroveba

biodizelis
warmoeba

sakvebis
warmoeba

glicerinis
produqtebi

ganaxlebadi
sawvavi

BIO
FUEL
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  marilebis, mJavebisa da fuZeebis wyalSi xsnadoba                 danarTi 3

xsnadi > 1 g./100 ml.

mcired xsnadi (0.1-1) g./100 ml.
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  marilebis, mJavebisa da fuZeebis wyalSi xsnadoba                 danarTi 3

nivTiereba ar arsebobs an wyalSi gaxsnisas 
iSleba

praqtikulad uxsnadi < 1 g./100 ml.
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