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Tema 2. 
qimiuri kinetika

  am Temis Seswavlis Semdeg SeZlebT upasuxoT kiTxvebs:

•	 ratomaa zogierTi reaqcia egzoTermuli, zogierTi ki _ 
endoTermuli?

•	 ratom  gamoiyofa siTbo bunebrivi airis wvisas?

•	 rogor davadginoT sakvebis kaloriuloba?

•	 rogor davaCqaroT an SevaneloT qimiuri reaqcia?

•	 ra roli aqvs katalizatorebsa da inhibitorebs adamianis 
yoveldRiur cxovrebaSi?

•	 ra gavlena aqvs fermentebs organizmebSi mimdinare pro-
cesebze?

•	 ra mniSvneloba aqvs qimiuri reaqciis siCqaris marTvas 
mrewvelobasa da yofa-cxovrebaSi?

•	 rogor vmarToT Seqcevadi reaqcia, sasurveli mimar-
TulebiT rom warimarTos?
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Tavi 1. qimiuri reaqcia da energia

Tavi 1. 
qimiuri reaqcia da 

energia
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Tavi 1. qimiuri reaqcia da energia

qimiuri reaqciebi mimdinareobs ara mxolod laboratoriaSi, aramed Cven 
garSemoc. yovel jerze, roca vikvebebiT an vvarjiSobT, Cvens sxeulSi miliono-
biT qimiuri gardaqmna mimdinareobs (nax. 1.1).

saWmlis moneleba

fotosinTezi

SeSis wva

saWmlis 
momzadeba

nax. 1.1. qimiuri reaqciebi Cven irgvliv.

qimiuri reaqciebi sxvadasxva niSniT SeiZleba dajgufdes (nax. 1.2). maT kla-
sifikacias ukve vicnobT, am TavSi ki detalurad SeviswavliT maT dayofas ener-
giis cvlilebisa da Seqcevadobis mixedviT. 

qimiuri reaqcia

steqiometriis 
mixedviT

Seqcevadobis 
mixedviT

energiis cvlilebis 
mixedviT

Seuqcevadi

Seqcevadi

endoTermuli

egzoTermuli

SeerTebis

daSlis

Canacvlebis

mimocvlis

nax. 1.2. qimiur reaqciaTa klasifikacia.

yoveldRiur cxovrebaSi sityva `energias~ xSirad sxvadasxva mniSvnelobiT 
viyenebT (nax. 1.3). 

1.1        energia da misi saxeebi
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mixaria, rom 
aseTi ener-
giuli xar!

me viyeneb da-
bali energiis 

naTuras!

miirTviT saWme-
li _ is energias 

mogcemT!

energomatarebleblis  gaZvireba

nax. 1.3. termin `energiis~ gamoyeneba yoveldRiur cxovrebaSi.

mecnieruli TvalsazrisiT meqanikuri energia aris muSaobis Sesrulebis unari. 
arsebobs ori tipis meqanikuri energia: potenciuri da kinetikuri. potenciur en-
ergias xSirad mdgomareobis an Senaxul energias uwodeben, kinetikuri energia ki 
moZraobis energiaa. magaliTad, kaSxalSi dagrovil wyals aqvs potenciuri energia, 
radgan rodesac is gamoTavisufldeba, abrunebs turbinebs da asrulebs muSaobas. 
wylis gamoTavisuflebisas potenciuri energia kinetikur energiad gardaiqmneba  
(nax. 1.4).

nax. 1.4. engurhesi.

energiis mudmivobis kanonis Tanaxmad, energia arc qreba da arc warmoiqmneba, 
mxolod erTi tipis energia gardaiqmneba sxva tipis energiad, amitom samyaros 
energia mudmivia (nax. 1.5). 
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ki
ne

tik
ur

i e
ne

rg
ia kinetikuri energia

potenciuri 
energia

energiis 
STanTqma

energiis 
gamoyofa

nax. 1.5. kinetikuri da potenciuri energiis urTierTgardaqmna.

potenciuri energia aqvs qimiur nivTierebebsac maTSi arsebuli bmebis saxiT. 
reaqciis dros es bmebi wydeba da axali qimiuri bmebi warmoiqmneba, rac ganapi-
robebs energiis cvlilebas. 

CvenTvis ukve cnobilia, rom wvis reaqciebis Sedegad gamoiyofa didi raode-
nobiT siTbo, rac energiis gadacemis formas warmoadgens. maRali temperturis 
garemoSi nawilakebi ufro swrafad moZraobs da gadascems kinetikur energias 
dabali siCqaris nawilakebs (nax. 1.6).

siTbos 
gadacema

siTbos 
gadacema

siTbos
gadacema

nax. 1.6. nawilakebs Soris siTbos gadacema.

temperatura da siTbo gansxvavebuli cnebebia. temperatura nawilakebis moZ-
raobis saSualo kinetikuri energiis sazoms warmoadgens. ganvixiloT martivi 
eqsperimenti: vTqvaT, gvaqvs  daxuruli WurWeli, romelic Txeli metalis fir-
fitiT  gayofilia or tol nawilad (nax. 1.7). WurWlis orive mxares Casxmulia 
1 l moculobis wyali. wylis temperatura erT nawilSi 90°C-ia, meore nawilSi 
ki _ 10°C. cxel wyalSi molekulebi ufro swrafad moZraobs, Sesabamisad maTi 
energia metia, vidre civ wyalSi. vinaidan metali kargi Tbogamtaria, metalis 
firfitis gavliT energiis gadacema gamoiwvevs cxeli wylis temperaturis Sem-
cirebas, xolo civi wylis temperatura _ moimatebs. amrigad, energia cxeli 
wylidan civs gadaecema. 
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metalis Txeli kedeli

cxeli 
wyali

civi 
wyali

nax. 1.7. metalis tixriT gayofili WurWeli.

ra moxdeba sabolood?
orive nawilSi wylis temperatura gaTanabrdeba (nax. 1.8). energiis mudmivobis 

kanonis mixedviT cxeli wylis mier gacemuli energia civi wylis mier SeZenili 
energiis toli iqneba. 

                                     wyali (50°C)    wyali (50°C)

nax. 1.8. WurWlis orive mxares temperatura gaTanabrebulia, Sesabamisad molekulaTa 
moZraobis energiebic tolia.

amrigad, temperatura aris nawilakebis moZraobis saSualo kinetikuri ener-
giis sazomi; xolo siTbo _ energiis gadacemis forma.

  kiTxvebi da davalebebi:

1. CamoTvaleT TqvenTvis cnobili energiis wyaroebi. romeli maTgani gvx-
vdeba saqarTveloSi? moiZieT informacia TiToeuli maTganis dadebiT da 
uaryofiT mxareebze.
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CvenTvis ukve cnobilia, rom qimiuri reaqciebis dros icvleba energia, rac 
gamoixateba siTbos gamoyofiT an STanTqmiT. qimiur procesebSi energiis gada-
cemis aRwerisTvis xSirad iyeneben terminebs: `sistema~ da `garemo~, sadac siste-
ma sareaqcio area, xolo garemo _ yvelaferi, rac mis irgvlivaa an mas uSualod 
exeba. 

rogorc klasifikaciis naxazidan (ix. nax. 1.2) Cans, energiis cvlilebis mixed-
viT reaqciebi SeiZleba iyos egzoTermuli da endoTermuli.

egzoTermul reaqciebSi siTbo gamoiyofa da sistemidan gadaecema garemos, 
Sesabamisad garemos temperatura imatebs; xolo endoTermul reaqciebSi siTbo 
STainTqmeba sistemis mier da garemos temperatura iklebs (nax. 1.9).

egzoTermuli endoTermuli

r
ea

qc
ia

r
ea

qc
iaenergia 

gamoiyofa 
garemoSi

energia 
STainTqmeba 
garemodan

nax. 1.9. egzoTermuli da endoTermuli reaqciebi.

zogadad, qimiur reaqciebSi STanTqmul an gamoyofil siTbos Q asoTi aRniS-
naven.

egzoTermuli reaqciebis magaliTebia wva, neitralizacia da sxv., xolo en-
doTermuli reaqciebisa _ kirqvis daSla, wylis eleqtrolizi da sxv. (nax. 1.10).  

nax. 1.10. suraTebze naCvenebi reaqcia garemodan imdenad didi raodenobis 
siTbos STanTqavs, rom kolba, romelSic reaqcia tardeba, sadgams eyineba.

1.2    egzoTermuli da endoTermuli   

                          reaqciebi
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qimiis dargs, romelic swavlobs energiis cvlilebas sxvadasxva procesSi, Ter -
moqimia ewodeba, xolo reaqciis tolobas, sadac naCvenebia energiis cvlile ba _ 
Termoqimiuri toloba. SI sistemaSi energiis erTeulia jouli (j), Tumca xSi rad 
gamoiyeneba energiis kidev erTi erTeuli _ kaloria (kal). 1 kal = 4.18 j aris 
energia, romelic 1 g wylis 1 gradusiT gasaTbobadaa saWiro. kaloriebs Zi-
riTadad iyeneben sakvebis energetikuli Rirebulebis gamosaxvisTvis.

egzoTermul reaqciaSi gamoyofili siTbos raodenobas miuTiTeben 
produqtebis mxares "+" niSniT an reagentebis mxares "_" niSniT. magaliTad, eqs-
perimentulad dadgenilia rom 1 moli naxSiris wvis Sedegad gamoyofili siTbos 
raodenobaa 393.5 kj,  mocemuli reaqciis Termoqimiuri toloba ase Caiwereba:

C + O2 → CO2 + 393.5 kj

an

C + O2 - 393.5 kj → CO2

grafikulad es procesi SeiZleba ase gamoisaxos (nax. 1.11):

C + O2

CO2

reagentebi

si
st

em
is

 e
ne

r
gi

a

reaqciis mimdinareoba

produqtebi

393.5 kj energia 

gamoiyofa 

garemoSi

nax. 1.11. egzoTermuli reaqciis grafiki.

grafikze Cans, rom produqtis potenciuri energia naklebia reagentebis 
potenciur energiaze. amitom egzoTermuli reaqciis ganxorcielebis Sedegad 
sistemaSi energia Semcirdeba da gamoTavisufldeba energia, romelic garemoSi 
siTbos saxiT gamoiyofa, da garemo gaTbeba. 

endoTermuli reaqciis Termoqimiur tolobaSi STanTqmuli siTbo SeiZleba 
Caiweros reagentebis mxares "+" niSniT an produqtebis mxares "-" niSniT. maga-
liTad, kalciumis karbonatis daSla aris endoTermuli reaqcia da is saWiroe-
bs mudmiv gaxurebas. 1 moli kalciumis karbonatis srulad daSlas esaWiroeba 
169.5 kj siTbo. am reaqciis Termoqimiuri toloba ase Caiwereba:

CaCO3 + 169.5 kj → CaO + CO2

an

CaCO3  → CaO + CO2 - 169.5 kj

endoTermuli reaqciis Sesabamisi energiis cvlilebis diagramaa (nax. 1.12):
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reaqciis mimdinareoba

si
st

em
is

 e
ne

r
gi

a

produqtebi

169.5 kj ener-
gia STainTqmeba 

garemodan

reagentebi

CaO + CO2

CaCO3

nax. 1.12. endoTermuli reaqciis grafiki.

grafikis mixedviT, endoTermuli reaqciis produqtis potenciuri energia 
reagentebis potenciur energiaze metia, amitom aseTi reaqciis ganxorcielebi-
saTvis sistemaSi energia unda gaizardos. amisaTvis sistema energias garemodan 
siTbos saxiT STanTqavs, ris gamoc garemo gacivdeba. 

yoveldRiur cxovrebaSi gansakuTrebuli mniSvneloba aqvs wvis reaqciebs, 
romelTa drosac gamoyofili energia ZiriTadad gardaiqmneba siTbur energiad 
da gamoiyeneba sxvadasxva mizniT. nebismieri sawvavi energiis wyaroa.  

wiaRiseuli sawvavi, rogoricaa qvanaxSiri, navTobi da bunebrivi airi, msofli-
oSi yvelaze xSirad gamoyenebuli sawvavis saxeebia. 

ra ganasxvavebs sawvavis tipebs erTmaneTisgan (nax. 1.13)?

gamoyofili siTbos 
raodenoba

garemos dabinZurebis 
masStabi 

martivi da usafrTxo 
Senaxva

xelmisawvdomoba

Rirebuleba
transportireba 
da gamoyeneba

nax. 1.13. sawvavis tipebs Soris gansxvavebebi.

sawvavze moTxovna dRiTidRe izrdeba, amasTanave mniSvnelovania, minimumamde 
Semcirdes garemoze uaryofiTi zegavlena. amitomac Tanamedrove msoflioSi Za-
lian aqtualuria sawvavis alternatiuli wyaroebi, rogorebicaa wyalbadi da 
eTanoli. bolo wlebSi aqtiurad gamoiyeneba manqanis sawvavi saxelwodebiT E85, 
romelic Seicavs 85% eTanolsa da 15% benzins. miuxedavad misi upiratesobisa 
(maRali ekologiuri sisufTave), is sxva sawvavTan SedarebiT nakleb energias 
gamoyofs (cxrili 1.1). 
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cxrili 1.1. sxvadasxva sawvavis wvisas gamoyofili siTbos raodenoba.

sawvavis tipi 1 moli sawvavis wvisas gamoyo-
fili siTbos raodenoba, kj/moli

meTani (bunebrivi airis ZiriTadi 
Semadgeneli nivTiereba) 890

eTanoli (E85-is ZiriTadi Semadgeneli 
nivTiereba)

1370

izooqtani (benzinis ZiriTadi Semad-
geneli nivTiereba) 5460

propani (gaTxevadebuli airis ZiriTadi 
Semadgeneli nivTiereba) 2220

butani (gaTxevadebuli airis Semad-
geneli erT-erTi nivTiereba) 2880

ganvixiloT izooqtanis (C8H18) wvis reaqciis toloba:

2C8H18 + 25O2 → 16CO2 + 18H2O

cnobilia, rom 1 moli izooqtanis wvis dros gamoiyofa 5460 kj siTbo. radgan 
gaTanabrebuli reaqciis tolobaSi izooqtanis koeficientia 2, Sesabamisad, Ter-
moqimiur tolobaSi unda mivuTiToT siTbos is raodenoba, romelic 2 molis 
wvis dros gamoiyofa, anu 5460 · 2 = 10920 kj: 

2C8H18 + 25O2 → 16CO2 + 18H2O + 10920 kj,

xSir SemTxvevaSi Termoqimiur tolobebSi iyeneben wilad koeficientebs, raTa 
aCvenon reaqciis siTburi efeqti, anu 1 molze gamoyofili an STanTqmuli siT-
bos raodenoba. am SemTxvevaSi izooqtanis wvis reaqciis Termoqimiuri toloba 
ase Caiwereba:

C8H18 + 
25
2

 O2 → 8CO2 + 9H2O + 5460 kj.

amocanis amoxsnis nimuSi _ 1
amocana: xSirad msubuq avtomobilebsa da avtobusebSi sawvavad iyeneben 

bunebriv airs, romlis mTavar komponentsac warmoadgens meTani, an gaTxe-
vadebul airs, romelic propanisa da butanis narevia. CaTvaleT, rom bunebri-
vi airi Sedgeba mxolod meTanisgan (CH4), xolo gaTxevadebuli airi _ mxolod 
propanisgan (C3H8) da SeadareT erTmaneTs energiebi, romlebic 1 g meTanisa da 
1 g propanis wvis Sedegad gamoiyofa. gamoTvlebisas gamoiyeneT cxrili 1.1. 
aseve gamoTvaleT, ra moculobis (n. p.) Jangbadi da haeria saWiro 1 l meTa-
nisa da propanis sruli wvisTvis cal-calke.
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amoxsna:

pirvel rigSi, davweroT meTanisa da propanis sruli wvis reaqciaTa 
tolobebi:

CH4+2O2→CO2+2H2O      (1)

C3H8+5O2→3CO2+4H2O    (2)

amocanis pirobis Tanaxmad, 1 moli meTanis sruli wvis dros gamoiyofa 
890 kj siTbo. Cven ki gvainteresebs, ra raodenobis siTbo gamoiyofa 1 g 
meTanis dawvisas. 

amisaTvis SeiZleba gamoviyenoT amoxsnis 2 gza.  

I gza:
gamovTvaloT, ramdeni molia 1 g meTani: 

n(CH4)=1/16=0.0625 moli 

da Semdeg SevadginoT damokidebuleba meTanis molTa ricxvsa da gamo-
yofil siTbos raodenobas Soris: 

Tu 1 moli meTanis wvisas gamoiyofa 890 kj siTbo,
maSin 0.0625 moli meTanis wvisas gamoiyofa X kj siTbo.
aqedan:    

⋅
= =

0.0625    890 
X 55.6 

1 
moli kj

kj
moli

II gza:  
gamovTvaloT 1 moli meTanis masa:

m(CH4) = 1 moli · 16 g/moli = 16 g

SevadginoT damokidebuleba meTanis masasa da gamoyofil siTbos raode-
nobas Soris:

Tu 16 g meTanis wvisas gamoiyofa 890 kj siTbo,
maSin 1 g meTanis wvisas gamoiyofa X kj siTbo.
aqedan:    

⋅
= =

 1      890 
X   55.6 

16 
g kj

kj
g

igive moqmedebebi SevasruloT propanze da gamovTvaloT gamoyofili 
siTbo:

n(C3H8)=1/44≈0.023 moli 

Tu 1 moli propanis wvisas gamoiyofa 2220 kj siTbo,
maSin 0.023 moli propanis wvisas gamoiyofa X kj siTbo.
aqedan:    

⋅
= =

0.023    2220 
X 51.1 

1 
moli kj

kj
moli
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  kiTxvebi da davalebebi:

1. qvemoT moyvanili Termoqimiuri tolobebidan romelia egzoTermuli da 
romeli - endoTermuli? pasuxi daasabuTeT.

 a)
 

+ → +2 2H Cl 2HCl 184 kj               b) + − →2 2 2 2H O 572 2H Okj

 g)
 

+ −2 2H I 2HI 54 kj                   d) + + +2 2H O C 132  CO Hkj

2. Caumqral kirs, romelsac kirqvis gamowviT iReben,  bevri mimarTulebiT 
iyeneben, maT Soris samSeneblo saqmesa da minis warmoebaSi. ra raode-
nobiT siTbo daixarjeba 5.6 kg Caumqrali kiris misaRebad, Tu kirqvis 
daSlis Termoqimiuri reaqciaa:

 → + −3 2CaCO CaO CO 169.5   kj

gamoTvlebi gviCvenebs, rom 1 g meTanis wvisas gamoiyofa 55.6 : 51.1 ≈ 1.1-jer 
meti siTbo, vidre 1 g propanis wvisas.

gadavideT amocanis meore nawilze.  gamovTvaloT daxarjuli Jangbadis 
moculoba, jer meTanis, Semdeg ki propanis SemTxvevaSi.

gavixsenoT, rom avogadros kanonidan gamomdinare, erTnair fizikur piro-
bebSi airebis raodenobebs Soris Tanafardoba maT moculobebs Soris Tana-
fardobis tolia. amis safuZvelze SegviZlia SevadginoT proporcia:

Tu 1 moli meTanis wvisTvis ixarjeba 2 moli Jangbadi,
maSin 1 l meTanis wvisTvis daixarjeba X l Jangbadi.

aqedan:   

⋅
= =

1    2
X 2 

1 
l moli

l
moli

 (Jangbadi), haeri ki daaxl. 5-jer meti, anu 2 · 5=10 l 

(CaTvlilia, rom haerSi Jangbadis Semcvelobaa daaxloebiT 20%).

xolo propanis SemTxvevaSi:
Tu 1 moli propanis wvisTvis ixarjeba 5 moli Jangbadi,
maSin 1 l propanis wvisTvis daixarjeba X l Jangbadi.

aqedan:

⋅
= =

1    5   
X 5 

1 
l moli

l
moli

 (Jangbadi), haerisaTvis ki daaxl.   5-jer meti,  anu  5 · 5=25 l.

pasuxi:  1 g meTanis wvisas gamoiyofa 1.1-jer meti siTbo, vidre 1 g propanis 
wvisas. 

1 l meTanis wvisTvis daixarjeba 2 l Jangbadi da 10 l haeri, xolo 1 l propa
nis  wvisTvis _ 5 l Jangbadi da 25 l haeri.
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3. fosforis wvis Termoqimiuri tolobaa: + → +2 2 54P 5O 2P O 3010 kj, rac 
niSnavs, rom 4 moli fosforis wvis Sedegad gamoiyofa 3010 kj siTbo. 
gamoTvaleT siTbos raodenoba, romelic gamoiyofa 31 kg fosforis 
dawvis Sedegad.

4. metalTa SeduRebisTvis xSirad iyeneben acetilenis sanTuras. am dros 
gamoyofili didi raodenobiT siTbos xarjze metali lRveba da SesaZle-
belia misi martivad damuSaveba. wva mimdinareobs kaSkaSa aliT, amitom 
avtogenuri SeduRebisas aucilebelia damcavi saTvalis gakeTeba. 

a) dawereT acetilenis sruli wvis reaqciis toloba da gamoTvaleT, 
ra raodenobis siTbo gamoiyofa 39 g acetilenis dawvis Sedegad, 
Tu cnobilia, rom acetilenis wvis siTboa 1300 kj/moli. 

b) gamoTvaleT, ra moculobis Jangbadi daixarjeba 224 l (n. p.) ace-
tilenis wvaze?

g) SeiZleba Tu ara imave daniSnulebiT meTanis sanTuris gamoyeneba? 
pasuxi daasabuTeT.

5.  bunebrivi airis mTavari Semadgeneli nivTierebis, meTanis (CH4) daSlisas  
1500 °C-ze, warmoiqmneba acetileni (C2H2) da wyalbadi, romlebic qimi-
uri warmoebisTvis mniSvnelovan nedleuls warmoadgens. 11.2 l meTanis 
(n. p.) daSlisas STainTqmeba 37.4 kj siTbo. SeadgineT am reaqciis Termo-
qimiuri toloba.

6. bunebaSi piknikisas saWmlis mosamzadeblad xSirad iyeneben gaTxevade-
buli airis balons.

 gamoiyeneT cxrili 1.1 da gamoTvaleT, ra raodenobis siTbo gamoiyofa 
balonSi moTavsebuli 10 kg airis wvisas, Tu gaTxevadebuli airis masuri 
Sedgenilobaa: propani - 60%, butani - 40%.
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siTbos STanTqma yvela nivTierebas SeuZ-
lia. magaliTad, rodesac namcxvars vac xobT, 
momzadebul masas vaTavsebT Rumel Si, said-
anac is garkveuli raodenobis siTbos iRebs 
(nax. 1.14). kar to filis Sewvas ki sxva raode-
nobis siT bo dasWirdeba. aseve gansxvavebu-
lia sxva das xva masalisgan damzadebuli Wur-
Wlis mier siTbos STanTqmis unari. CvenTvis 
cnobi lia, rom siTbos raodenobas, romelic  
1 grami nivTierebis temperaturis 1 °C-iT 
gasaz rde lad aris saWiro, nivTierebis kuTri 
siTbo tevadoba ewodeba. am fizikur sidides c 
simboloTi aRniSnaven. magaliTad, 1 g alumi-
nis temperaturis 1 °C-iT gasazrdelad saWiroa 0.90 j siTbos STanTqma. aqedan 
gamomdinare, aluminis kuTri siTbotevadobaa c = 0.90 j/g · °C (nax. 1.15). SI-sis-
te  ma Si kuTri siTbotevadobis erTeulia j/kg · K, sadac K temeparturis erTeu-
lia kelvinebSi (cxrili 1.2).

2 g aluminis temperatura 1 °C-iT rom gaizard-
os, amisaTvis saWiro iqneba 2 · 0.90 = 1.80 j siTbo; xolo 
1 g aluminis temperaturis 2 °C-iT gasazrdelad aseve  
2 · 0.90 = 1.80 j siTboa saWiro.

amgvarad, saWiro siTbos raodenoba (Q) nivTierebis ma-
sisa (m) da temperaturis cvlilebis (Δt) pirdapirpropor-
ciulia. nivTierebis kuTri siTbotevadoba gamoiTvleba 
formuliT:

( )
=

−2 1

Q
c

m t t

Δt = t2- t1 

Q = m ·  c · Δt = m · c · (t2 – t1)

cxrili 1.2. zogierTi nivTierebis kuTri siTbotevadoba.

nivTiereba j/g·°C kal/g·°C
alumini 0.897 0.214
spilenZi 0.385 0.092

oqro 0.129 0.0308
rkina 0.452 0.108

vercxli 0.235 0.0562
titani 0.523 0.125
wyali 4.184 1.00
yinuli 2.03 0.485

1.3        sakvebis energetikuli Rirebuleba

nax. 1.15. aluminis 
siTbotevadobaa 
c = 0.90 j/g · °C 

1 g alumini

temperatu-
ra izrdeba 
1 °C-iT

0.90 j

nax. 1.14. namcxvari STanTqavs 
RumelSi arsebul siTbos da 

amis xarjze cxveba.
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amocanis amoxsnis nimuSi _ 3:
amocana: mocemulia Tanabari moculobis (10 sm3) sami metalis (oqro, 

spilenZi da vercxli) kubi. gamoiyeneT cxrili 1.2 da gamoTvaleT, ra rao-
denobis siTbo (kj) iqneba saWiro TiToeuli metalis 15 °C-dan 25 °C-mde 
gasaTbobad, Tu cnobilia, rom maTi simkvriveebi, Sesabamisad, aris _ 19.32 
g/sm3, 8.96 g/sm3, 10.49 g/sm3.  

amoxsna:
SevadginoT mocemuloba:
moc: 
V(Au) = 10 sm3; V(Cu) = 10 sm3; V(Ag) = 10 sm3; 
ρ(Au) = 19.32 g/sm3; ρ(Cu) = 8.96 g/sm3; ρ(Ag) = 10.49 g/sm3.
t1 

= 15 °C

energiis erTeulad aseve xSirad gamoiyeneba kaloria (kal). 1 kal aris ener-
gia, romelic 1 g wylis (Txevad mdgomareobaSi) 1 °C-iT gasaTbobad aris saWiro. 
1 kal Seesabameba 4.18 jouls; aqedan gamomdinare, wylis kuTri siTbotevadobaa:

c = 4.18 j/g · °C = 1 kal/g · °C
aRniSnuli sidideebi xSirad gamoiyeneba praqtikaSi. ganvixiloT amocanebis 

amoxsnis nimuSebi:

amocanis amoxsnis nimuSi _ 2:
amocana: gamoiyeneT cxrili 1.2 da gamoTvaleT, ra raodenobis siTbo (kj) 

daixarjeba erTi Wiqa Cais mosamzadeblad saWiro wylis (250 g) aduRebisas, 
Tu  wyals oTaxis temperatura (20 °C) aqvs.

amoxsna:
SevadginoT mocemuloba:
moc: 
m (H2O) = 250 g
t1 

= 20 °C
t2 

= 100 °C
c = 4.18 j/g·°C
u.v.: Q _ ?
davweroT siTbos raodenobis gamosaTvleli formula:
Q = m ·  c · Δt = m · c · (t2 – t1) 
Δt = t2 – t1 

= 100 – 20 = 80 °C
Q = 250 g · 4.18 j/g·°C · 80 °C = 83 600 j = 83.6 kj
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sakvebi produqtebis etikets Tu davakvirdebiT, vnaxavT, rom masze miTiTebu-
lia `energetikuli Rirebuleba~, romelic kaloriebiT aris gamosaxuli. swored 
kaloriebis raodenobis mixedviT urCeven dietologebi pacientebs, jansaRi 
kvebisaTvis romeli sakvebi ra raodenobiT unda miirTvan.

ra aris kaloria? romeli sakvebia yvelaze kaloriuli? rogor SeiZleba 
sakvebis energetikuli Rirebulebis gansazRvra?

organizmisaTvis aucilebeli energia, romelsac sakvebidan viRebT, warmoiqm-
neba sakvebSi arsebuli organuli nivTierebebis (naxSirwylebis, cilebis, cx-
imebis) daSlisa da Jangvis Sedegad. es energia raodenobrivad im siTbos tolia, 
romelic am nivTierebebis dawvis Sedegad gamoiyofoda. swored amas efuZneba 
sakvebis energetikuli Rirebulebis gansazRvris kalorimetruli meTodi.

kalorimetri aris xelsawyo, romlis saSualebiTac izomeba sxeulis an niv-
Tierebis qimiuri gardaqmnis Sedegad gamoyofili an STanTqmuli siTbos raode-
noba. 

kalorimetris gamartivebuli sqema mocemulia 1.16 naxazze.

Sida konteineri
wyliT

gare
konteineri

sakvlevi
nimuSi

korpis sacobi 
nemsiT

sahaero
naxvretebi

Termometri

nax. 1.16. kalorimetri.

t2 
= 25 °C

c(Au) = 0.129 j/g·°C; c(Cu) = 0.385 j/g·°C; c(Ag) = 0.235 g/j·°C;
u.v.: Q(Au) _ ? Q(Cu) _ ? Q(Ag) _ ?
pirvel rigSi, gamovTvaloT TiToeuli metalis kubis masa:
m = ρ · V
m(Au) = 10 sm3 · 19.32 g/sm3 = 193.2 g
m(Cu) = 10 sm3 · 8.96 g/sm3 = 89.6 g
m(Ag) = 10 sm3 · 10.49 g/sm3 = 104.9 g
siTbos raodenobis gamosaTvleli formulaa:
Q = m ·  c · Δt = m · c · (t2 – t1) 
Δt = t2 – t1 

= 25 – 15 = 10 °C
Q(Au) = 193.2 g · 0.129 j/g·°C · 10 °C = 249.228 j ≈ 0.249 kj
Q(Cu) = 86.9 g · 0.385 j/g·°C · 10 °C = 334.565 j ≈ 0.335 kj
Q(Ag) = 104.9 g · 0.235 j/g·°C · 10 °C = 246.515 j ≈ 0.247 kj
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rogorc naxazidan vxedavT, kalorimetris metalis konteineris fskerze mo-
Tavsebulia korpis sacobi, romelSic CarWobilia nemsi. am nemsze amagreben sakv-
lev nimuSs da ukideben cecxls. wvisas gamoyofili energia aTbobs Sida, metalis 
konteiners, romelSic wyali asxia. kalorimetrs aucileblad unda hqondes sa-
haero naxvretebi, raTa miewodos Jangbadi, romelic xels uwyobs nimuSis wvas. 
amis Sedegad wyalic Tbeba, Sesabamisad, icvleba masSi CaSvebuli Termometris 
Cveneba. 

sakvlevi nimuSis wvisas gamoyofili siTbo gamoiTvleba formuliT:

 ( )= ⋅ ⋅ ⋅ −
2 2H O H O 2 1Q k c m t t

sadac:
Q _ mocemuli nimuSis wvis Sedegad gamoyofili siTbos raodenobaa;
k _ koeficienti, romlis saSualebiTac xelsawyos uzustobas ugulebelyofen. 

is individualuria TiToeuli xelsawyosaTvis. magaliTad, zemoT aRwerili xel-
sawyosTvis (nax. 1.16) =k 2,  rac imas niSnavs, rom kalorimetrSi Casxmuli wyl-
is gaTbobaze ixarjeba daaxloebiT 2-jer naklebi siTbo, vidre nimuSis wvisas 
gamoiyofa, rac, ZiriTadad, garemoSi energiis dakargviT aris gamowveuli;

−
2H Oc  wylis kuTri siTbotevadobaa  =

2H Oc  1 kal/(g·°C), anu 4.18 j/(g·°C);
−

2H Om  aRebuli wylis masaa;

1t  
_ wylis sawyisi temperaturaa (vidre sawyisi nivTierebis wva daiwyeboda); 

2t  _ wylis saboloo temperaturaa. 
produqtis energetikul Rirebulebas, anu kaloriulobas angariSoben  ki-

lokaloriebSi (kkal) 100 g produqtze. amisaTvis sakvlevi nimuSi dawvamde da 
dawvis Semdeg unda aiwonos. 100 g-ze gadasaangariSeblad nimuSis wvis Sedegad 
gamoyofili siTbos raodenoba unda gaiyos nimuSis masaze da gamravldes 100-ze:

 ( )
⋅

=
−100

1 2

Q 100
E       

m m

sadac:
−100E  produqtis energetikuli Rirebulebaa;

−Q  mocemuli nimuSis wvis Sedegad gamoyofili siTbos raodenobaa;
−1m  saanalizod aRebuli nimuSis masaa dawvamde;
−2m  saanalizod aRebuli nimuSis masaa dawvis Semdeg;

100-ze gamravleba saWiroa 100 g produqtze gadasaangariSeblad.
miRebuli kaloria SegiZliaT gadaiyvanoT kilokaloriaSi (1 kkal = 1000 kal).
ganvixiloT praqtikuli amocanis amoxsnis magaliTi:

amocanis amoxsnis nimuSi _ 4:

amocana: kalorimetrSi, romlis =k 2 , Caasxes 50 ml wyali, romlis tem-
peraturac iyo 22 °C. nemsis wverze wamoacves sakvlevi produqtis nimuSi 
(nuSis natexi), romlis masac iyo 1.27 g. nimuSis dawvis Semdeg wylis tem-
peratura gaxda 30 °C, xolo nimuSis narCenis masa _ 1.12 g. gamoTvaleT 
produqtis energetikuli Rirebuleba (kkal).
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amoxsna:
moc.: =1m 1.27  g

 =2m 1.12  g

 = °1t 22  C  

 = °2t 30 C

 =
2H Om 50 g

 =k 2
u. v.: 100E
gamoviyenoT siTbos gamosaTvleli formula:

 ( )= ⋅ ⋅ ⋅ −
2 2H O H O 2 1Q k C m t t

 = ⋅Q 2 1
kal

g ⋅ °C
( )⋅ °⋅ − C50  30 22g = 800kal

gamoviangariSoT produqtis energetikuli Rirebuleba kaloriebSi, Sem-
degi formulis gamoyenebiT:

 ( )
⋅

=
−100

1 2

Q 100
E       

m m

 

⋅
=100

800  100 
E

kal g

( )−1.27 1.12 g
= 533333     kal

 
≈100E 533 kkal

amrigad, 100 g am produqtis (nuSis) mirTmeviT Tqven 533 kkal energias 
miiRebT. 

  kiTxvebi da davalebebi:

1. gadaxazeT cxrili samuSao rveulSi da SeavseT carieli ujrebi:

wyali

masa, g
temperaturis 
cvlileba, °C energia, j energia, kal

100 24.2
75 1.29·103

18.4 59.6

2. dadgenilia, rom adamiani 4 km/sT siCqariT siarulisas 1 sT-Si saSualod 
400 kkal energias xarjavs. ramdeni xani unda iaros am siCqariT adamianma, 
rom daiklos 2 kg (cximis masis), Tu 1 g cximi Seesabameba 7.6 kkal ener-
gias? CaTvaleT, rom am dros mxolod cximi iwveba.
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 sxvadasxva Txileulis energetikuli 

Rirebulebis gansazRvra 

cnobilia, rom Txileuli gamoirCeva cximis maRali SemcvelobiT, ris gamoc 
is kaloriul sakvebad miiCneva. rogor SeiZleba ganisazRvros maTi kaloriulo-
ba? CaatareT eqsperimenti Tqven mier SerCeuli Txileulis energetikuli Rire-
bulebis dasadgenad.

eqsperimentisaTvis dagWirdebaT:
resursebi:
•	 sami saxeobis Txileuli
•	 gamoxdili wyali

qimiuri WurWeli da xelsawyoebi:
•	 kalorimetri an aluminis qila
•	 asanTi
•	 nemsi
•	 saswori
•	 Termometri

eqsperimentis msvleloba:

1.  SearCieT eqsperimentisaTvis TiToeuli saxeobis Txileulis sam-sami erT-
nairi zomis guli, awoneT da maTi masebi CawereT eqsperimentis oqmis 
cxrilSi.

2. TiToeuli nimuSi gamoikvlieT kalorimetris saSualebiT. amisaTvis 
CaatareT Semdegi procedurebi:
•	 nimuSi daamagreT  nemsis wverze;
•	 kalorimetris konteinerSi CaasxiT daaxloebiT 100 g wyali (TiToeul 

SemTxvevaSi wyali awoneT da masa CainiSneT cxrilSi). simartivisTvis, 
SegiZliaT gamoiyenoT gaziani sasmelebis aluminis qila;

•	 TermometriT gazomeT wylis sawyisi temperatura da CaiwereT cxrilSi;
•	 nemsze damagrebul nimuSs moukideT cecxli;
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•	 cecxlis Caqrobamde daakvirdiT Termometris maCvenebels da  maqsimal-
uri mniSvneloba CainiSneT cxrilSi.

•	 dawvis Semdeg awoneT nimuSis narCenis masa da CaiwereT cxrilSi.
monacemTa cxrili:

produqti cda

nimuSis 
sawyisi 

masa, 1m  
(g)

nimuSis sa
boloo masa,

2m  (g)

wylis 
masa,

2H Om  (g)

wylis 
sawyisi tem
peratura,

1t  (°C)

wylis saboloo 
temperatura,

2t  (°C)

1

2

3

1

2

3

1

2

3

Tu eqsperiments ver CaatarebT, gamoiyeneT cxrilSi mocemuli monacemebi 
(SerCeulia: Txili, nigozi da araqisi):

produqti cda

nimuSis 
sawyisi 

masa, 1m  
(g)

nimuSis sa
bo loo masa,

2m  (g)

wylis 
masa,

2H Om  (g)

wylis 
sawyisi tem
peratura,

1t  (°C)

wylis saboloo 
temperatura,

2t  (°C)

Txili

1 1.95 1.37 95 21.5 38

2 1.72 1.28 97 20.5 34.5

3 1.8 1.29 101 21 36

nigozi

1 2.63 1.84 100 22.5 48.5

2 2.8 1.96 102 22.5 49.5

3 2.54 1.76 101 23 50.5

araqisi

1 1.18 0.62 98 22.5 38

2 1.15 0.61 100 21.5 36.5

3 1.1 0.56 102 21 35

daamuSaveT miRebuli (an cxrilSi mocemuli) monacemebi, gamoiyeneT gakveTil-
Si mocemuli formulebi da SeavseT cxrili:
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produqti cda

nimuSis 
masaTa 

sxvaoba, 
( )1 2m - m  

(g)

temperaturis 
sxvaoba
( )2 1t - t  

(°C)

energetikuli Rirebuleba 
100 g produqtze, kkal

calkeuli 
cdebis mixed

viT
saSualo 

mniSvneloba

1

2

3

1

2

3

1

2

3

miRebuli Sedegebis safuZvelze upasuxeT kiTxvebs:
a) rogor fiqrobT, ratomaa saWiro TiToeul produqtze 3-3 analizis Cat-

areba?

b) Tqveni azriT, ra iwvevs xelsawyos uzustobas? 

g) Tqveni azriT, rogor SeiZleba dadgindes k koeficientis  sidide?

d) SerCeuli produqtebidan romlis energetikuli Rirebulebaa yvelaze 
maRali?
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erTnairi sisqis bambis, abreSumisa da kapronis Zafebs Tu aviRebT da maT 
gawyvetas SevecdebiT, aRmoCndeba, rom bambis Zafi advilad gawydeba, abreSumis 
Zafis gasawyvetad ufro meti Zalisxmeva dagvWirdeba, xolo kapronis Zafi Sei-
Zleba verc gavwyvitoT. ra aris amis mizezi? Zafis gawyveta, misi molekulebis 
Semadgeneli nawilebis gawyvetas niSnavs. am SemTxvevaSi naTlad Cans, rom es 
nawilebi erTmaneTisagan SekavSirebis (bmebis) ZalebiT gansxvavdeba. CvenTvis ukve 
cnobilia, rom bmis energia aris energiis is raodenoba, romelic saWiroa stan-
dartul pirobebSi airad mdgomareobaSi myof 1 mol nivTierebaSi kovalenturi 
bmebis gasawyvetad. Sesabamisad, imave raodenobis energia gamoiyofa 1 moli bmis 
warmoqmnis procesSic. bmis energiis erTeulia kj/moli. ganxilul SemTxvevaSi 
qimiuri bmis yvelaze meti energia kapronis Zafis molekulebis SemakavSirebel 
atomebs aRmoaCnda, yvelaze naklebi – bambisas.

CvenTvis ukve cnobilia, rom nivTierebis Semadgenel nawilakebs Soris arse-
bobs sxvadasxva tipis bma, romlebic qimiuri reaqciis mimdinareobis procesSi 
wydeba. axali nivTierebis warmoqmnisas ki axali tipis bma myardeba. reagentebSi 
arsebuli bmebis gawyvetas yovelTvis esaWiroeba energiis miwodeba, xolo bmis 
warmoqmnis Sedegad energia gamoiyofa. 

ganvixiloT pirveli magaliTi:

wylis daSla SesaZlebelia eleqtroliziT:

→ +2 2 22H O 2H O

pirvel etapze wylis molekulebSi wyalbadisa da Jangbadis atomebs Soris 
arsebuli kovalenturi bmebi (H–O) wydeba, rasac esaWiroeba energia. Sesaba-
misad, es procesi endoTermulia. am qimiuri reaqciis SemTxvevaSi saWiro energia 
sistemas miewodeba eleqtroenergiis saxiT (nax. 1.17). 

O
H H

O O

O
H H

O
H H

H H
H H

2H2 + O22H2O

H2 O2

wyali

energiis wyaro

nax. 1.17. wylis daSla eleqtrolizis dros.

1.4         qimiuri bmis energia
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meore etapze warmoiqmneba axali bmebi wyalbadis atomebs Soris (H – H) da 
Jangbadis atomebs (O=O) Soris. am dros energia gamoiyofa. Sesabamisad, bmebis 
warmoqmnis procesi egzoTermulia (nax. 1.18). 

a) b)

nax. 1.18. a) bmebis gawyveta wylis molekulaSi; b) axali bmebis warmoqmna.

am qimiuri reaqciis dros, pirvel etapze STanTqmuli energia ufro metia, vi-
dre meore etapze gamoyofili energia, amitom mTlianobaSi energia STainTqmeba 
da reaqcia endoTermulia. 

qimiuri reaqciis Sedegad energiis cvlilebis gamoTvla SesaZlebelia bmis 
energiebis gamoyenebiT. 

wylis or molekulaSi sul wydeba wyalbadsa da Jangbads Soris arsebuli  
4 ko valenturi bma (H–O), razec ixarjeba energia. reaqciis Sedegad warmoiqmneba 
wyalbadis 2 molekula da Jangbadis  1 molekula, rasac axlavs energiis gamoyo-
fa. cxrilidan 1.3 Cans, rom 1 moli H–O bmis gawyvetaze ixarjeba 463 kj energia, 
xolo 1 moli H–H bmis da 1 moli O=O bmis warmoqmnaze gamoiyofa, Sesabamisad, 
436 kj da 496 kj energia.

cxrili 1.3. zogierTi bmis energia, kj/moli.

bma bmis en-
Talpia, 
kj/moli

bma bmis en-
Talpia, 
kj/moli

bma bmis en-
Talpia, 
kj/moli

bma bmis en-
Talpia, 
kj/moli

H-H 436 C-H 412 O-O 146 C-O 360

C-C 348 Si-H 318 O=O 496 C=O 804

C=C 612 N-H 388 Si-O 374 C≡O 1070

C≡C 837 P-H 322 F-F 158 C-N 305

Si-Si 226 H-O 463 Cl-Cl 242 C=N 613

N-N 163 H-S 338 Br-Br 193 C≡N 890

N=N 409 H-F 562 I-I 151 C-F 484

N≡N 944 H-Cl 431 N-Cl 200 C-Cl 338

P-P 172 H-Br 366 Si-F 590 C-Br 276

S-S 264 H-I 299 N-F 278 C-I 238
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bmebis gawyvetaze daxarjuli  
energia: 

4 (H–O) · 463 = 1852 kj

sul daxarjuli energia = 1852 kj

bmebis warmoqmnaze gamoyofili 
energia:

2 (H–H) · 436 = 872 kj

1 (O=O) · 496 = 496 kj

sul gamoyofili energia = 1368 kj

energiis cvlileba = (bmebis gawyvetaze daxarjuli energia) – (bmebis                 

                            warmoqmnaze gamoyofili energia)

1852 kj _ 1368 kj = + 484 kj

radgan qimiuri reaqciis Sedegad bmebis gawyvetaze daixarja meti energia, vi-
dre gamoiyo, energiebs Soris sxvaoba aris dadebiTi. es sxvaoba, anu 484 kj ener-
gia, STainTqa garemodan sistemis mier da reaqcia aris endoTermuli (nax. 1.19).

reaqciis mimdinareoba

si
st

em
is

 e
ne

r
gi

a

bmebis gawyveta

jamSi STanTqmuli 

energia + 484 kj

energiis 

STanTqma

2H2O(Tx)

2H2(a) + O2(a)

energiis gamoyofa

nax. 1.19. energiis cvlileba wylis daSlis procesSi.

ganvixiloT egzoTermuli reaqciis magaliTi. CvenTvis cnobilia, rom bune-
brivi airis wvis Sedegad gamoiyofa siTbo, romelsac viyenebT gasaTbobad, saWm-
lis mosamzadeblad da sxva miznebisaTvis (nax. 1.20). 

CH4 + 2O2 →	CO2 + 2H2O

am reaqciaSi reagentebia meTani da Jangbadi. meTanis erT molekulaSi aris 4 
C–H bma. meTani urTierTqmedebs 2 molekula JangbadTan, romlebic jamSi 2 or-
mag bmas (O=O) Seicavs. reaqciis ganxorcielebisas am bmebis gawyvetaze ixarjeba 
energia. reaqciis Sedegad miiReba 1 molekula naxSirorJangi, romelic Seicavs 2 
C=O bmas, da gamoiyofa wylis 2 molekula, romlebic jamSi 4 H–O bmas Seicavs. 
am bmebis warmoqmnis dros energia gamoiyofa. 



29

Tavi 1. qimiuri reaqcia da energia

+ +

+

=

+

nax. 1.20. meTanis wvis reaqciis sqema.

bmis energiebis mniSvnelobebidan (cxrili 1.3), Cans, rom 1 moli C–H bmis gaw-
yvetaze ixarjeba 412 kj, 1 moli O=O bmisaze _ 496 kj energia. reaqciis Sedegad 
miiReba naxSirorJangi, sadac 1 moli C=O bmis warmoqmnisas gamoiyofa 804 kj, 
xolo 1 moli H–O bmis warmoqmnisas _ 463 kj. 

bmebis gawyvetaze daxarjuli  
energia: 

4 (C–H) · 412 = 1648 kj

2 (O=O) · 496 = 992 kj

sul daxarjuli energia = 2640 kj

bmebis warmoqmnaze gamoyofili en-
ergia:

4 (H–O) · 463 = 1852 kj

2 (C=O) · 804 = 1608 kj

sul gamoyofili energia = 3460 kj

energiis cvlileba = (bmebis gawyvetaze daxarjuli energia) – (bmebis                 

                            warmoqmnaze gamoyofili energia)

2640 kj _ 3460 kj = _ 820 kj

radgan reaqciis Sedegad bmebis gawyvetaze daixarja naklebi energia, vidre 
gamoiyo, energiebs Soris sxvaoba uaryofiTia, rac niSnavs, rom 820 kj ener-
gia sistemidan garemos gadaecema siTbos saxiT, amitom reaqcia egzoTermulia  
(nax. 1.21).
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si
st

em
is

 e
ne

r
gi

a
bmebis gawyveta

jamSi gamoyofili en-

ergia _ 820 kj

energiis 

STanTqma

CH4(a) + 2O2(a)

CO2(a) + 2H2O(a)

energiis gamoyofa

reaqciis mimdinareoba

nax. 1.21. energiis cvlileba meTanis wvis procesSi.

qimiuri reaqciis dawyebisTvis aucilebelia bmebis 
gawyveta, rac yovelTvis moiTxovs energias. zogier-
Ti qimiuri reaqciis dasawyebad Zalian mcire ener-
giaa saWiro, amitom reaqcia oTaxis temperaturazec 
mimdinareobs. magaliTad, natriumis qloridsa da 
vercxlis nitrats Soris mimdinare reaqciis dros, 
xsnarebis Serevisas, naleqi myisierad warmoiqmneba 
(nax. 1.22).

zogierTi egzoTermuli reaqciis dasawyebad 
saWiroa sawyis etapze energiis miwodeba (magaliTad, 
naperwklis saxiT). Semdeg ki reaqcia gamoyofili en-
ergiis xarjze TavisTavad mimdinareobs. amis magali-
Tia bunebrivi airis wva (nax. 1.23).

nax. 1.23. bunebrivi airis wva.

endoTermul reaqciebs mimdinareobisTvis energiis miwodeba uwyvetad es-
aWiroeba. magaliTad, manganum(II)-is karbonatis daSlis procesSi (nax. 1.24) 
saWiroa energiis uwyvetad miwodeba, vidre reagenti srulad ar daiSleba.  

nax. 1.22. vercxlis qlo-
ridis naleqis warmoqmna.
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nax. 1.24. manganum(II)-is karbonatis daSla gaxurebiT. 

rogorc ki gacxeleba Sewydeba, reaqcia gaCerdeba.

  kiTxvebi da davalebebi:

1. wyalbadisa da qlorwyalbadis bmis energiebia 436 kj/moli da  
431 kj/moli. 

H2 
+ Cl2 → 2HCl

 gamoTvaleT mocemuli reaqciis tolobis mixedviT qloris molekulis 
bmis energia, Tu reaqciis siTburi efeqtia 184 kj/moli. 

2. bromwyalbadmJavas daSlis reaqciis tolobaa:
2HBr → H2 + Br2

 gamoTvaleT mocemuli qimiuri reaqciis energiis cvlileba (siTburi 
efeqti) 1.3 cxrilis mixedviT. egzoTermulia Tu endoTermuli reaq-
cia? pasuxi daasabuTeT.

3. gamoTvaleT mocemuli qimiuri reaqciis energiis cvlileba 1.3 cxri-
lis mixedviT. daadgineT reaqcia endoTermulia Tu egzoTermuli da 
daasabuTeT pasuxi.

C C C C+ Br Br

H

H

H H

H

Br

H

Br
H

H
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 rogor aregulirebs adamianis 

organizmi wonas?
kaloriebis dRiuri norma adamianis organizmis jansaRi funqcionirebisaTvis 

gansxvavdeba sqesis, asakisa da fizikuri datvirTvis mixedviT. saSualo monace-
mebi mocemulia 1.4 cxrilSi.

cxrili 1.4. kaloriebis dRiuri norma.

sqesi asaki
saSualod aqtiuri 

fizikuri datvirTva
Zalian aqtiuri 

fizikuri datvirTva

energia, kkal energia, kkal

mdedrobiTi
19-30 2100 2400

31-50 2000 2200

mamrobiTi
19-30 2700 3000

31-50 2500 2900

sakvebis raodenoba, romelsac adamianis organizmi iTxovs, regulirebulia 
SimSilis centriT, romelic mdebareobs tvinSi, kerZod hipoTalamusSi (nax.1.25). 
rodesac organizmSi sakvebi nivTierebebis naklebobaa, tvini iRebs signals, ris 
Semdegac aqtiurdeba SimSilis grZnoba. rodesac nivTierebebis maragi Seivseba, 
SimSilis grZnobac qreba. 

hipoTalamusi

nax. 1.25. hipoTalamusis mdebareoba Tavis tvinSi.

dieturi produqtebi ZiriTadad Seicavs iseT nivTierebebs, romlebsac aqvs 
dabali kaloriuloba, magram iwvevs danayrebis SegrZnebas. magaliTad, aseTi niv-
Tierebaa celuloza, romelsac ZiriTadad Seicavs mcenareuli sakvebi - xili da 
bostneuli.

zogadad, adamiani imatebs wonaSi maSin, rodesac miRebuli sakvebSi arsebuli 
energia metia, vidre daxarjuli energia da piriqiT, iklebs, rodesac daxarjuli 
energia aRemateba miRebuls. energiis xarjvis efeqturi meTodebia, magaliTad,  
varjiSi da curva, romelTa drosac mniSvnelovnad meti energia ixarjeba, vidre 
jdomis an siarulisas. 
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 Semajamebeli savarjiSoebi

1. oTaxis temperaturis (20°C) ra masis wyals aaduRebs 33.6 l meTanis wvis dros 
gamoyofili siTbo, Tu meTanis wvis siTboa 890 kj/moli.

2. ra raodenobis energiaa saWiro 145 g wylis 22.3°C-dan 75.0°C-mde gasaTbobad?

3. ra raodenobis energiaa saWiro 1.5 kg wylis 18.5°C-dan 55.0°C-mde gasaTbo-
bad?

4. vercxlis naWris 12.0°C-dan 15.2°C-mde gasaTbobad saWiroa 1.25 kj energia. 
gamoTvaleT am naWris masa. 

5. ramdeni gradusiT Seicvleba temperatura, Tu 10 g rkinis naWers gavaTbobT 
50 j energiiT?

6. dadgenilia, rom 1 sT intensiuri varjiSis Sedegad saSualod 5500 kj ener-
gia gamoiyofa. gadaxurebis Tavidan asacileblad, organizmi ofls gamoyofs. 
gamoyofili energia oflSi Semavali wylis kanis zedapiridan aorTqlebaze ix-
arjeba, rac organizms agrilebs. ra masis wyali unda aorTqldes im energiis 
dasaxarjad, rac gamoiyofa 2 sT intensiuri varjiSis Sedegad? 1 moli wylis 
aorTqlebisas ixarjeba 40.6 kj siTbo. 

7. cxrili N1. sxvadasxva organuli nivTierebis energetikuli Rirebuleba. 

produqti kj/g kkal/g

naxSirwylebi 17 4

cilebi 17 4

cximebi 38 9

 N1 cxrilSi mocemuli informaciis gamoyenebiT SeavseT cxrili N2 da upa-
suxeT kiTxvebs. 
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   cxrili N2. sxvadasxva produqtis energetikuli Rirebuleba.

produqti naxSirwylebi, g cilebi, g cximebi, g
energia, 

kkal

1 c hamburgeri 37 24 19

1 c Cizburgeri 34 31 29

1 ulufa 
kartofili

26 3 11

1 Wiqa forTox-
lis wveni

26 2 0

1 c vaSli 0 0 72

1 ulufa wvniani 6 7 110

1 Wiqa gaziani 
sasmeli

0 0 140

1 c avokado 13 5 405

1 kovzi zeiTunis 
zeTi

0 0 14

a) ramden kkal energias miiRebT, Tu miirTmevT 1 c Cizburgers, 1 ulufa kar-
tofilsa da 1 Wiqa gazian sasmels? ramdeni avokado mogcemdaT imave raode-
nobis energias?

b) adamianma dReSi saSualod 2000 kkal energia unda miiRos. cxrilSi moce-
muli informaciis safuZvelze SeadgineT iseTi racioni, romelic adamians 1 
dRisaTvis sakmarisi energiiT uzrunvelyofs.

8. aluminoTermiis meTodiT rkinis nakeTobaTa SeduRebisTvis iyeneben alumi-
nisa da rkinis xenjis ( )3 4Fe O  narevs, ra drosac miiReba aluminis oqsidi da 
rkina. SeadgineT aRniSnuli reaqciis Termoqimiuri toloba, Tu am reaqciiT 
1.12 kg rkinis warmoqmnisas gamoiyofa 7100 kj siTbo.

9. gamoTvaleT martivi nivTierebebisgan qsenonis tetrafToridis warmoqmnis 
reaqciaSi energiis cvlileba, Tu Xe ─ F bmis energia 130 kj/molia, xolo  
F ─ F  bmisa _ 158 kj/moli.
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Tavi 2. 
qimiuri reaqciis 
siCqare da masze 

moqmedi faqtorebi
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2.1          qimiuri reaqciis siCqare

siCqare aris sidide, romelic gviCvenebs, Tu ramdenad swrafad mimdinareobs 
esa Tu is procesi (nax. 2.1). siCqaris gazomvisas drois erTeulad gamoiyeneba 
wuTi (wT), wami (wm), saaTi (sT), dRe, weli da a. S.

benzingasamarT sadgurze 
benzinis tumbos siCqarea 

50 l/wT, e. i.  mas Seu-
Zlia manqanas 1 wuTSi  

50 l benzini miawodos.

TviTmfrinavis siCqa-
rea 900 km/sT, rac imas 
niSnavs, rom mas Seu-
Zlia 1 saaTSi 900 km 

dafaros. 

stambaSi sabeWd manqanas 
1 wamSi SeuZlia 10 gaze-
Tis dabeWdva, amitom 
misi siCqare iqneba  

10 gazeTi/wm.

nax. 2.1. sxvadasxva procesis mimdinareobis siCqare.

iseve rogorc yvela procesi, qimiuri reaqciebic sxvadasxva siCqariT mim-
dinareobs. zogierTi qimiuri reaqcia, magaliTad, feierverki wamebSi feTqdeba  
(nax. 2.2), xolo nestian garemoSi rkinis nakeTobis Jangva xangrZlivi procesia 
(nax. 2.3).

nax. 2.3. JangiT dafaruli Robe.nax. 2.2. feierverkis afeTqeba.

qimiuri reaqciis siCqare, Cveulebriv, drois erTeulSi reagentebis an 
produqtebis koncentraciis (masis, moculobis) cvlilebiT izomeba. umetes Sem-
TxvevaSi drois erTeulad wm an wT gamoiyeneba. reaqciis msvlelobisas rea-
gentebis raodenoba iklebs, produqtebisa ki imatebs (nax. 2.4).
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nax. 2.4. reagentis (Savi burTulebi) koncentraciis kleba da produqtis (wiTeli bur-

Tulebi) koncentraciis mateba droSi.

grafikulad reagentebisa da produqtebis koncentraciis droze damokideb-
uleba Semdegnairad gamoisaxeba (nax. 2.5):

C

t

reagentebi

produqtebi

nax. 2.5. produqtebisa da reagentebis koncentraciis  
droze damokidebulebis grafiki.

ganvixiloT magaliTi: kalciumis karbonatze marilmJavas moqmedebis reaqciis 
siCqare SeiZleba ganisazRvros drois garkveul intervalSi gamoyofili nax-
SirorJangis moculobis gazomviT an sareaqcio narevis masis SemcirebiT. 

2.6 naxazze naCvenebia eqsperimentuli mowyobiloba, romlis saSualebiTac 
SesaZlebelia gamoyofili naxSirorJangis moculobis gansazRvra. 

kalciumis karbonati

marilmJava

mimRebi 
mili

menzura

wyali

CO2

nax. 2.6. naxSirorJangis Segroveba wylis gamoZevebiT.
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eqsperimentis dros yovel 10 wm-Si zomavdnen gamoyofili CO2-is moculobas. 
Sedegebi warmodgenilia 2.1 cxrilSi miRebuli monacemebis mixedviT agebulia 
produqtis (naxSirorJangis) moculobis droze damokidebulebis grafiki (nax. 2.7).

cxrili 2.1. yovel 10 wamSi gamoyofili naxSirorJangis jamuri moculobis 
cvlileba droSi.

dro, wm CO2-is moculoba, ml

0 0.0

10 19.0

20 33.0

30 44.0

40 50.0

50 54.0

60 56.5

70 58.5

80 59.5

90 60.0

100 60.0

110 60.0

         10       20       30       40       50       60       70       80       90     100     110     120

70

60
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20

10

0

dro, wm

C
O

2-
is

 m
o
c
u
l

o
ba

, m
l

nax. 2.7. gamoyofili naxSirorJangis jamuri moculobis droze damokidebuleba.

miRebuli Sedegebidan Cans, rom 90 wm-is gasvlis Semdeg CO2-is moculoba aRar 
icvleba, rac migvaniSnebs imaze, rom misi gamoyofa Sewyda. SeiZleba davaskvnaT, 
rom reaqcia 90 wm-Si sruldeba. 
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aRniSnuli qimiuri reaqciis saSualo siCqare SeiZleba gamoviTvaloT 90 wm-Si 
gamoyofili naxSirorJangis moculobis drosTan SefardebiT:

60
0.67

90 
ml

produqtis gamoyofis saSualo siCqare = = ml / wm
wm

qimiuri reaqciis mimdinareobisas siCqare Tanabari ar aris. vnaxoT, Tu risi 
tolia siCqare drois sxvadasxva momentSi.

cxrilidan Cans, rom pirvel 10 wm-Si gamoiyofa 19 ml naxSirorJangi, Semdeg 
10 wm-Si ki _ 14 ml (33 ml – 19 ml = 14 ml), amgvarad, drois erTeulSi gamoyo-
fili naxSirorJangis moculoba nel-nela mcirdeba, rac siCqaris Semcirebaze 
miuTiTebs. drois mocemul momentSi gamoTvlil qimiuri reaqciis siCqares myisi 
siCqare ewodeba (nax. 2.8).  

reaqciis dasawyisSi myisi 
siCqare maqsimaluria

reaqciis myisi
siCqare mcirdeba

qi
mi

u
i 

r
ea

qc
ii

s 
si

Cq
ar

e

dro

reaqcia
dasrulebulia

nax. 2.8. qimiuri reaqciis siCqaris cvlileba droSi.  

zogadad, qimiuri reaqciis saSualo siCqare ganisazRvreba nivTierebaTa kon-
centraciis cvlilebiT droSi. 

koncentraciis cvlileba
saSualo siCqare =

drois intervali

Δ
Δ

ν C
= 

t

xSir SemTxvevaSi koncentraciis gamosaxvisTvis gamoiyeneba moluri koncen-
tracia, romelic gviCvenebs nivTierebis raodenobis (molis) fardobas moculo-
basTan. 

moli
moluri koncentracia =

moculoba

n
C = 

V

ganvixiloT zogadi qimiuri reaqcia:
2A → 4B + C
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qimiuri reaqciis tolobis mixedviT, yoveli 2 moli A nivTierebis daSlisas 
miiReba 4 moli B nivTiereba da 1 moli C nivTiereba. reaqciis mimdinareobisas 
A-s koncentracia mcirdeba, xolo B-sa da C _ s koncentraciebi izrdeba. eqs-
perimentis Sedegebis mixedviT agebulia grafiki (nax. 2.9).

ko
nc

en
t
r
ac

ia
, 
mo

l
i/

l

3

2

1

0

B

C

A

dro, wT
0          1           2          3           4          5           6          7          8

nax. 2.9. qimiuri reaqciis 2A → 4B + C reagentisa da produqtebis koncentraciebis 
cvlileba droSi.

grafikidan Cans, rom qimiuri reaqciis dawyebamde reagentis (A) koncentra-
ciaa  2 moli/l, xolo produqtebis (B da C) aris 0. simartivisaTvis, ganvixiloT 
SemTxveva, roca sareaqcio WurWlis moculobaa 1 l. reaqciis dawyebidan 4 wT-Si 
A-s koncentracia ganaxevrda anu reaqciaSi Sevida (daixarja) 1 moli A nivTiere-
ba, reaqciis steqiometriis gaTvaliswinebiT ki, Sesabamisad,  warmoiqmna 2 moli 
B nivTiereba da 0.5 moli C nivTiereba (cxrili 2.2).

cxrili 2.2. reagentebisa da produqtebis koncentraciebi reaqciis mimdina-
reobisas.

A B C

sawyisi koncentracia 2.0 0 0

koncentraciis cvli-
leba  ∆C 1.0 2.0 0.5

saboloo (darCenili) 
koncentracia 1.0 2.0 0.5

am monacemebis safuZvelze gamovTvaloT qimiuri reaqciis siCqare TiToeuli 
nivTierebis koncentraciis cvlilebis mimarT:
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A nivTierebis xarjvis saSualo siCqare:

( )ν = ⋅
1

A 0.25
4

moli / l
= moli / l wT

wT

B nivTierebis warmoqmnis saSualo siCqare:

( )ν ⋅
2

B 0.5
4

moli / l
= = moli / l wT

wT

C nivTierebis warmoqmnis saSualo siCqare:

( )ν ⋅
0.5

C 0.125
4
moli / l

= = moli / l wT
wT

miRebuli Sedegebidan Cans, rom drois erTsa da imave erTeulSi reagentis 
xarjvisa da produqtebis warmoqmnis siCqareebi ise Seefardeba erTmaneTs, ro-
gorc maTi steqiometriuli koeficientebi:

( ) ( ) ( )ν ν νA :  B : C = 0.25 :0.5 :0.125 = 2: 4 :1

  kiTxvebi da davalebebi:

1. gamoTvaleT qimiuri reaqciis A+B→2C siCqare, Tu A nivTierebis sawyisi 
koncentracia iyo 0.028 moli/l, xolo 10 wamis Semdeg 0.018 moli/l gaxda. 

2. qimiur reaqciaSi erT-erTi reagentis sawyisi koncentracia iyo 0.3 moli/l. 
ramdeni gaxdeboda igi 5 wT-is Semdeg, Tu reaqciis saSualo siCqarea 0.01 
moli/l · wT ?

3. mocemulia qimiuri reaqciis zogadi toloba:

 + →A 2B 2D

am reaqciis tolobis mixedviT SeavseT qvemoT mocemuli cxrili da gamoT-
valeT: 
a) qimiuri reaqciis siCqare A nivTierebis xarjvis mixedviT;
b) qimiuri reaqciis siCqare B nivTierebis xarjvis mixedviT.

koncentracia (moli/l) A B D

sawyisi (C1) 3 9

cvlileba (ΔC)

5 wuTis Semdeg (C2) 1

4. moiZieT iseTi qimiuri reaqciis magaliTi, romelic Seesabameba 2.4 naxazs, 
anu reaqcia, romelSic erTi reagentisgan miiReba erTi produqti.

5. nax. 2.8-is mixedviT imsjeleT, rogor da ratom icvleba qimiuri reaqciis 
myisi siCqare droSi?
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2.2           dajaxebaTa Teoria

dajaxebaTa Teoriis saSualebiT SesaZlebelia aixsnas, Tu ratom gansxvavdeba 
qimiur reaqciaTa siCqareebi. bevr Cvengans unaxavs an uTamaSia biliardi  
(nax. 2.10). biliardis burTi specialur WrilSi _ luzaSi rom CavagdoT, saWiroa 
a) specialuri sabiZgebeli joxiT (kiiT) burTi an burTebi gavamoZravoT da 
SevajaxoT erTmaneTs; b) dartymiT mivaniWoT biliardis burTs garkveuli 
Zala da siCqare. magram, marto dartymis Zalas ar mivyavarT luzaSi burTis 
Cagdebamde. saWiroa misi sxva burTTan an burTebTan garkveuli kuTxiT Sejaxeba. 
biliardis burTis iseT Sejaxebas sxva burTTan, romlis Sedegadac erT-erTi 
maTgani vardeba luzaSi, efeqturi, Sedegiani, an sasargeblo Sejaxeba SeiZleba 
vuwodoT.

qimiur reaqciaSi monawile molekulebs biliardis burTebis analogebad Tu 
warmovidgenT, gansxaveba imaSi gamoixateba, rom molekulebi mudmivad moZraobs 
da erTmaneTs ejaxeba, anu biliardis magaliTSi (a) safexuri Sesrulebulia. 
yvela dajaxeba efeqturi rom iyos, reaqciebi swrafad dasruldeboda, es ki ase 
ar xdeba. Cveulebriv temperaturaze bevri reaqcia dabali siCqariT xasiaTdeba, 
rac imas niSnavs, rom molekulebs Sejaxebisas sWirdeba garkveuli Zala (energia) 
da dajaxebisas sivrculi orientacia.

nax. 2.10. biliardis TamaSi.

ganvixiloT zogadi qimiuri reaqcia:

A2 + B2 →2AB

reaqciis dasawyebad, upirvelesad, saWiroa A2 da B2 nivTierebebis Sereva, raTa 
maTi molekulebi erTmaneTs Seejaxos. CvenTvis ukve cnobilia, rom reaqciis 
mimdinareobisTvis, pirvel rigSi, reagentebSi arsebuli bmebis gawyvetaa saWiro, 
rasac Sesabamisi energia esaWiroeba. 

amisaTvis molekulebi iseTi ZaliT unda daejaxos erTmaneTs, rom maTSi bmebi 
gawydes, risTvisac  aucilebelia, molekulebs hqondes ara mxolod Sesabamisi 
moZraobis siCqare (energia), aramed sivrceSi saWiro mimarTulebac (orientacia) 
(nax. 2.11).
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a) molekulebi ejaxeba 
swo ri sivrculi orien-
taciiT, magram ara sak-
marisi energiiT, amitom 
produqti ar miiReba;

b) molekulebi ejaxeba sak-
marisi energiiT, magram 
araswori sivrculi 
orientaciiT, amitom 
produqti ar miiReba;

g) dajaxebisas molekulebs 
aqvs rogorc swori siv-
rculi orientacia, aseve 
sakmarisi ener gia, amitom 
Seja xe  ba efeqturia da 

produqtebi warmoiq mneba.

naxazi 2.11.

2.12 naxazze naCvenebia mcire borcvi (potenciuri energiis barieri), romelic 
unda gadalaxos burTulam (molekulam). burTulis sawyisi kinetikuri energia 
gansazRvravs, gadalaxavs Tu ara burTula borcvs. 

a) b)

nax. 2.12. a) burTulas aqvs sakmarisi kinetikuri energia imisaTvis, rom gadalaxos 
borcvi; b) burTulas ar aqvs sakmarisi kinetikuri energia, amitom is ver gadalaxavs 

borcvs da ukan Camogordeba. 

marcxena naxazze naCvenebia, rom burTulas barieris gadasalaxad sakmarisi 
energia aqvs, xolo marjvenaze arasakmarisi energiis gamo, burTula ukan 
brundeba. 

rogorc biliardis burTis arasakmarisi ZaliT dajaxebas ar mivyavarT burTis 
luzaSi Cagdebamde, aseve moreagire nivTierebaTa molekulebis arasakmarisi 
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energiis SemTxvevaSi dajaxeba araefeqturia. e. i. molekulebs aucileblad unda 
hqondes dajaxebisas garkveuli minimaluri energia, rom warmoqmnas produqti 
(produqtebi). im minimalur energias, romelic unda hqondes moreagire nivTiere-
bis erT mols, raTa gardaiqmnas produqtad, aqtivaciis energia Ea ewodeba. misi 
ganzomilebaa kj/moli. maRali Ea SemTxvevaSi Cveulebriv pirobebSi, dajaxebisas 
molekulebis SedarebiT mcire ricxvs aqvs iseTi energia, rom warmoqmnas 
produqti da am dros reaqciis siCqare dabalia. dabali Ea

 
SemTxvevaSi, amave 

pirobebSi, molekulaTa met ricxvs aqvs produqtis warmoqmnisaTvis sakmarisi 
energia da reaqciis siCqarec metia (nax. 2.13).

A A

B B

si
st

em
is

 e
ne

r
gi

a

reaqciis mimdinareoba

A2 + B2

2AB

reaqciis Sedegad 
gamoyofili energia

nax. 2.13. A2 + B2 →	2AB reaqciis energetikuli diagrama.

kvlav davubrundeT zemoT ganxilul reaqcias:

A2 + B2 → 2AB
reaqciis dasawyisSi A2 da B2 molekulebs Soris Sejaxebebis Sedegad izrdeba 

maTi kinetikuri energia. am energiis xarjze wydeba bmebi da miiReba aqtiuri 
kompleqsi A2B2, romelsac aqvs maRali energia da arastabiluria (nax. 2.14). aqtiuri 
kompleqsi iseTi nawilakia, romelSic moreagire nivTierebebis molekulebis 
atomebs Soris bmebi jer kidev srulad ar aris gaxleCili, xolo A-B atomebs 
Soris bma jer kidev ar warmoqmnila. aqtiuri kompleqsi warmoqmnisTanave 
iSleba produqtebis gamoyofiT, rasac Tan axlavs energiis Semcireba. ganxilul 
magaliTSi miRebuli produqtebis energia naklebia reagentebis energiaze. amitom 
reaqcia egzoTermulia da energiis sxvaoba garemoSi siTbos saxiT gamoiyofa.

A2             B2

2AB

reagentebi produqtebiaqtiuri kompleqsi

nax. 2.14. aqtiuri kompleqsis warmoqmna.

igive reaqcia sapirispiro mimarTulebiTac Tu mimdinareobs (nax. 2.15):

2AB → A2 + B2
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maSin bmebi jer AB nivTierebis molekulebis atomebs Soris wydeba, razec kvlav 
ixarjeba energia, warmoqmneba aqtiuri kompleqsi, romelic iSleba da warmoqmnis 
produqts. magram am SemTxvevaSi miRebuli produqtis energia metia sawyisi 
nivTierebebis energiaze, Sesabamisad, energia garemodan STainTqmeba da reaqcia 
endoTermulia.

A A

B B

reaqciis Sedegad 
STanTqmuli energia

si
st

em
is

 e
ne

r
gi

a

A2 + B2

2AB
reaqciis mimdinareoba

nax. 2.15. 2AB →	A2 + B2 reaqciis energetikuli diagrama.

ganvixiloT kidev erTi magaliTi, nax. 2.16 gviCvenebs reaqciis mimdinareobas 
naxSirbadis monooqsidsa da azotis dioqsids Soris. aq naCvenebia aqtivaciis, 
anu is energia, romelic reagentebs aucileblad unda hqondes, raTa aqtivaciis 
barieri gadalaxos da produqtebad gardaiqmnas. aqve naCvenebia, rom reagentebis 
energia produqtebisas aRemateba da energiaTa es sxvaoba gamoiyofa siTbos 
saxiT, anu reaqcia egzoTermulia.

reaqciis Sedegad 
gamoyofili energia

produqtebi

reagentebi

aqtivaciis 
energia

si
st

em
is

 e
ne

r
gi

a

reaqciis mimdinareoba

CO(a) + NO2(a)

CO2(a) + NO(a)

aqtiuri kompleqsi

nax. 2.16. pirdapiri reaqciis energetikuli diagrama.

mravali qimiuri reaqciisaTvis reagentebidan produqtebis warmoqmna 
Seqcevadi procesia. nax. 2.17 uCvenebs, rom CO2-sa da NO-s Soris mimdinare 
sapirispiro reaqciaSi reagentebis energia naklebia produqtebis energiaze da 
procesi endo Termulia. 
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reaqciis Sedegad 
STanTqmuli energia

produqtebi

reagentebi

aqtivaciis 
energia

si
st

em
is

 e
ne

r
gi

a

reaqciis mimdinareoba

CO(a) + NO2(a)

CO2(a) + NO(a)

aqtiuri kompleqsi

nax. 2.17. sapirispiro reaqciis energetikuli diagrama.

am reaqciis aqtivaciis energia tolia pirdapiri reaqciis aqtivaciisa da siTbos 
saxiT gamoyofili energiebis jamisa. xolo sapirispiro reaqciis ganxorcielebas 
bevrad meti energia sWirdeba, vidre pirdapirisas.

  kiTxvebi da davalebebi:

1. mocemulia iodwyalbadis warmoqmnis sqema.

H I

H I
+

H I

H I

H I

H I
 sawyisi bma  sawyisi bma

 axali bma

 axali bma

H2 + I2 2HI

H H H

H

I I I

H HI I I

reagentTa 

nawilakebi

aqtiuri

kompleqsi

produqtTa 

nawilakebi  

a) isargebleT 1.3 cxrilSi (gv. 27) mocemuli bmis energiebiT da gamoTva-
leT energiis cvlileba.

b) mocemuli reaqcia egzoTermulia Tu endoTermuli? pasuxi daasabuTeT.
g) aageT reaqciis energetikuli diagrama. miuTiTeT reagentebi, aqtiuri 

kompleqsi da produqtebi.
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2.3  qimiuri reaqciis siCqareze moqmedi  
                           faqtorebi

rogorc ukve vnaxeT, zogierTi qimiuri reaqcia Zalian swrafad mimdinareobs, 
zogi ki, piriqiT, Zalian nela. sawarmoo procesebi, romelTa safuZvelsac qimi-
uri reaqciebi warmoadgens, xSir SemTxvevaSi saWiroebs procesis warmarTvis op-
timizacias, rac am reaqciaTa siCqareebis regulirebiT miiRweva. rogor SeiZle-
ba vmarToT qimiuri reaqciis siCqare? amis gasagebad, gavecnoT qimiuri reaqciis 
siCqareze moqmed faqtorebs.

2.3.1. koncentraciis gavlena
qimiuri reaqciis siCqareze ramdenime faqtori moqmedebs. am faqtorebis gav-

lenis Seswavlis mizniT ganvixiloT sxvadasxva reaqciis magaliTi.
magniumsa da gogirdmJavas Soris mimdinare reaqciis dros wyalbadi gamoi-

yofa:
Mg(my) + H2SO4 (wy) →	MgSO4 (wy)+ H2(a)

CvenTvis ukve cnobilia, rom qimiuri reaqciis siCqare SeiZleba ganisazRv-
ros airis gamoyofis intensivobis mixedviT. wyalbadis gamoyofis siCqareze da-
kvirveba SesaZlebelia martivi eqsperimentiT, romelic naCvenebia 2.18 naxazze.

0.05 g magniumi

50 ml gogirdmJavas 
xsnari

nax. 2.18. wyalbadis gamoyofis siCqaris dasadgeni mowyobiloba (eqsperimenti 1). 

kolbaSi Caasxes 0.03 moli gogirdmJavas Semcveli 50 ml xsnari. masSi moaT-
avses kargad gasufTavebuli magniumis burbuSela da kolbas moarges sacobi, 
romelSic gatarebuli iyo airgamyvani mili, masze morgebuli dguSiani SpriciT. 
gamoyofili wyalbadi airgamyvani miliT gadadis SpricSi da dguSi iwyebs moZ-
raobas (nax. 2.19).

          a           b
nax. 2.19. a) Spricis dguSis mdebareoba reaqciis dawyebamde; 

b) Spricis dguSis mdebareoba, roca Segrovda 20 ml wyalbadi.

CarTes wammzomi da yovel naxevar wuTSi iniSnavdnen gamoyofili wyalbadis 
moculobas. miRebuli Sedegebis safuZvelze aages gamoyofili wyalbadis mocu-
lobis droze damokidebulebis mrudi (nax. 2.21 (A)).
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igive eqsperimenti gaimeores sxva pirobebSi. amjerad kolbaSi moaTavses 0.06 
moli (anu orjer meti, vidre pirvel eqsperimentSi) gogirdmJavas Semcveli 50 
ml xsnari (nax. 2.20). 

0.05 g 
magniumi

50 ml gogirdmJavas 
xsnari (orjer meti 

koncentraciis)

nax. 2.20. wyalbadis gamoyofis siCqaris dasadgeni mowyobiloba (eqsperimenti 2).

eqsperimetis msvlelobisas yvela sxva piroba (temperatura, wneva da sxv.) 
ucvlelia. 

meore eqsperimentSi miRebuli Sedegebis safuZvelze aseve aages gamoyofili 
wyalbadis moculobis droze damokidebulebis mrudi (nax. 2.21 (B)).
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B
60

50

40

30

20

10

0
10  20   30    40   50   60   70   80   90   100 110  120  130

ga
mo

yo
f
il

i 
ai

r
is

 
mo

c
u
l

o
ba

, 
ml

dro, wm

nax. 2.21. gamoyofili wyalbadis moculobis droze damokidebulebis grafiki.

grafikze dakvirvebiT Cans, rom: 

• B mrudi ufro metad aris daxrili, vidre A mrudi. e. i. reaqcia ufro 
swrafad mimdinareobs. 

• B eqsperimentSi reaqcia sruldeba 60 wm-Si, A-Si ki _ 120 wm-Si. anu rac 
ufro nakleb droSi dasruldeba reaqcia, miT ufro metia misi siCqare 
(siCqare da dro ukuproporciuli sidideebia). 

• orive reaqciaSi miRebuli wyalbadis jamuri moculobaa 60 ml.

= =
60 

A   0.5   
120 

ml
wyalbadis gamoyofis saSualo siCqare eqsperimentSi ml / wm

wm

= =
60 

 B    1.0    
60

ml
wyalbadis gamoyofis saSualo siCqare eqsperimentSi ml / wm

wm

Sesabamisad, gogirdmJavas sawyisi koncentraciis orjer gazrdam reaqciis 
siCqaris gaormageba gamoiwvia. 
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ratom izrdeba qimiuri reaqciis siCqare koncentraciis gazrdiT? 
CvenTvis ukve cnobilia, rom qimiuri reaqciis siCqare damokidebulia mole-

kulebis dajaxebaTa ricxvze. rac metia dajaxebebis ricxvi, miT meti iqneba 
efeqtur dajaxebaTa raodenobac da, Sesabamisad, qimiuri reaqciis siCqarec 
gaizrdeba (nax. 2.22).

mJavas nawilaki

wylis 
molekula

magniumis 
atomebi

                                a)                                               b)

nax. 2.22. ganzavebul mJavaSi (a) (roca mJavas nawilakebis ricxvi mcirea), magniumis 
atomebsa da mJavas nawilakebs Soris dajaxebebis SesaZlebloba ufro naklebia, 

vidre metad koncentrirebuli mJavas (b) SemTxvevaSi.

qimiuri reaqciis siCqaris koncentraciaze damokidebuleba maTematikurad 
aRiwereba kanoniT, romelic moqmed masaTa kanonis saxeliT aris cnobili. mo-
qmed masaTa kanonis Tanaxmad, qimiuri reaqciis siCqare pirdapirproporciulia 
reagentebis koncentraciebis namravlisa.

ganvixiloT or airad nivTierebas Soris mimdinare zogadi reaqcia:

A(a) + B(a) → AB(a)

Tu erT WurWelSi movaTavsebT A da B nivTierebebis Tanabar raodenobas 
(pirobiTad 2-2 molekulas) maSin maT Soris dajaxebebis SesaZlebloba iqneba 
mxolod 4 (nax. 2.23 (a)). Tu romelimes (A an B) molekulebis raodenobas ga-
vaormagebT, maSin dajaxebaTa SesaZleblobac gaormagdeba (nax. 2.23 (b)). xolo im 
SemTxvevaSi, Tu orive nivTierebis molekulaTa ricxvs gavaormagebT, SesaZlo 
dajaxebaTa raodenoba oTxjer meti iqneba, vidre sawyis eqsperimentSi (nax. 2.23 
(g)). maTematikurad es damokidebuleba ase Caiwereba: 

 ν = A BkC C

sadac ν  aris qimiuri reaqciis siCqare;
CA da CB nivTierebebis moluri koncentraciebia; 
k - proporciulobis koeficientia, romelsac siCqaris mudmivas uwodeben da 

romlis mniSvnelobac mudmivia mocemuli reaqciisTvis, mocemul temperaturaze. 

                a)                                     b)                                     g)
nax. 2.23. A (ruxi) da B (wiTeli) molekulebs Soris dajaxebebis SesaZlebloba; erTi 

xazi aCvenebs dajaxebis erT SesaZleblobas. 
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ganvixiloT naxSirbadis monooqsidsa da Jangbads Soris mimdinare reaqcia:

2CO(a)  + O2 (a) → 2CO2 (a)

 am SemTxvevaSi moqmed masaTa kanoni Semdegnairad Caiwereba:

                                                            ν = ⋅
2

2
co Ok (C ) C                                  (1)

reaqciis tolobaSi mocemuli koeficienti moqmed masaTa kanonis gamosaxule-
baSi am nivTierebis moluri koncentraciis xarisxis maCveneblad iwereba. 

gamovTvaloT, rogor Seicvleba am reaqciis siCqare moreagire nivTierebebis 
koncentraciis cvlilebiT.

davuSvaT, rom sistemaSi naxSirbadis monooqsidis koncentracia gaizarda or-
jer. maSin CavweroT, ra iqneba siCqare am SemTxvevaSi:

                                                    ν = ⋅ = ⋅
2 2

2 2
1 co O co Ok (2C ) C k 4(C ) C           (2)

Tu (2) gamosaxulebas (1) gamosaxulebasTan SevafardebT, miviRebT:

 
⋅ν

= =
ν ⋅

2

2

2
co O1

2
co O

k 4(C ) C  
4

k (C ) C

aqedan gamomdinare, SeiZleba davaskvnaT, rom CO-s koncentraciis orjer gaz-
rdiT reaqciis siCqare 4-jer gaizrdeba.  Sesabamisad, koncentraciis Semcireba 
reaqciis siCqaris klebas gamoiwvevs. 

CvenTvis cnobilia, rom airadi nivTierebebis mier dakavebul moculobaze 
gavlenas axdens wneva da temperatura. mudmivi temperaturis pirobebSi wnevis 
gazrda amcirebs moculobas da, Sesabamisad, zrdis koncentracias, rac imas niS-
navs, rom airis koncentracia wnevis pirdapirproporciulia (nax. 2.24). 

dabali wneva

maRali wneva

nax. 2.24. marjvena naxazSi, marcxenasTan SedarebiT, wneva gaizarda, Sesabamisad, Sem-
cirda airis mier dakavebuli moculoba. airis nawilakTa ricxvi ar Secvlila, e.i. 
imave raodenobis nawilakebi axla ufro mcire moculobaSia ganawilebuli. amrigad, 

gaizarda moculobis erTeulSi nawilakTa ricxvi, anu gaizarda koncentracia. 
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airadi nivTierebebis monawileobiT mimdinare qimiuri reaqciisaTvis moqmed 
masaTa kanonis gamosaxulebaSi xSirad koncentraciis nacvlad wnevas mianiSneben. 
magaliTad, zemoT ganxiluli reaqciisTvis.

2CO(a) + O2 (a) → 2CO2

siCqare ase SeiZleba gamoisaxos:

ν = ⋅
2

2
CO Ok (P ) P

2.3.2. Sexebis zedapiris farTobis gavlena

Tu moreagire nivTierebebidan erT-erTi myaria, maSin is ar Sedis moqmed ma-
saTa kanonis gamosaxulebaSi, radgan am SemTxvevaSi siCqares myari nivTierebis 
zedapiris farTobi gansazRvravs, romelic ar icvleba mocemuli eqsperimentis 
farglebSi. 

davubrundeT ganxilul magaliTs, roca magniumsa da gogirdmJavas Soris mim-
dinare reaqciis dros wyalbadi gamoiyofa:

Mg(my) + H2SO4(wy)→MgSO4(wy)+ H2(a)

am SemTxvevaSi moqmed masaTa kanonis gamosaxuleba Semdegnairad Caiwereba:

 ν = ⋅
2 4H SOk C

rogorc am gamosaxulebidan Cans, gogirdmJavas koncentraciis orjer gazrda 
siCqares orjer zrdis, rac dadasturda kidec zemoT aRwerili eqsperimentiT 
(ix. qveTavi 2.3.1). rac Seexeba myari nivTierebis zedapiris farTobs, reaqciis 
siCqare misi pirdapirproporciulia. amitom, rac ufro metad davaqucmacebT 
myar nivTierebas, miT ufro swrafad warimarTeba misi monawileobiT mimdinare 
reaqcia. 

amrigad, kidev erTi faqtori, romelmac SeiZleba gavlena moaxdinos reaqciis 
siCqareze, aris myari nivTierebis zedapiris farTobi. 

myari nivTierebis daqucmacebisas mniSvnelovnad izrdeba Sexebis zedapiris 
farTobi (nax. 2.25). 

      
3 sm

mTliani kubi  3 naWeri 9 naWeri 27 naWeri fxvnili

moculoba 27 sm3 27 sm3 27 sm3 27 sm3

zedapiris 
farTobi

54 sm2 90 sm2  126 sm2 162 sm2

nax. 2.25. daqucmacebis dros zedapiris farTobis zrda.

rac ufro meti molekula Seexeba erTmaneTs, miT ufro gaizrdeba efeqtu-
ri Sejaxebebis ricxvi da, Sesabamisad, gaizrdeba reaqciis siCqare (nax. 2.26).
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mJavas 
nawilaki

wylis 
molekula

magniumis 
atomebi

                              a)                                                 b)

nax. 2.26. a) reaqcia metalis naWersa da mJavas Soris; b) reaqcia imave masis daqucmace-
bul metalsa da mJavas Soris.  

2.3.3. temperaturis gavlena

sakveb produqtebs macivarSi vinaxavT, radgan oTaxis temperaturasTan Sedar-
ebiT, macivarSi isini ufro nela fuWdeba (nax 2.27). sakveb produqtebSi mudmivad 
mimdinareobs qimiuri procesebi, rac xSirad iwvevs maT gafuWebas, magaliTad, 
rZis amJaveba, xilisa da bostneulis lpoba da sxv. macivarSi SenaxviT es pro-
cesebi neldeba, ra aris amis mizezi? temperatura erT-erTi faqtoria romelic 
mniSvnelovan gavlenas axdens qimiuri reaqciis mimdinareobis siCqareze. Sesabam-
isad, rac ufro dabalia temperatura, miT ufro dabalia qimiuri reaqciis siC-
qare. amrigad, dabal temperaturaze produqtebSi mimdinare qimiuri procesebi 
neldeba, rac Tavidan gvacilebs sakvebis swraf gafuWebas. 

nax. 2.27. malfuWebad produqtebs macivarSi inaxaven. 

dadgenilia, rom umravles SemTxvevaSi temperaturis 10 °C-iT gazrda iwvevs 
siCqaris daaxloebiT 2-jer zrdas (nax. 2.28).



53

Tavi 2. qimiuri reaqciis siCqare da masze moqmedi faqtorebi

qi
mi

u
r
i 

r
ea

qc
ii

s 
si

Cq
ar

e

temperatura (°C)
10   20  30  40  50  60  70  80  90  100 110

35

30

25

20

15

10

5

0

nax. 2.28. reaqciis siCqaris temperaturaze damokidebulebis grafiki.

rogor iwvevs reaqciis temperaturis aseTi mcire gazrda siCqaris aseT mniS-
vnelovan cvlilebas? gavixsenoT, rom temperaturis gazrda iwvevs a) mole-
kulebis moZraobis siCqaris gazrdas, rac, Tavis mxriv, zrdis dajaxebaTa inten-
sivobas da b) temperaturis matebisas izrdeba molekulebis saSualo kinetikuri 
energia. jamSi, izrdeba efeqtur dajaxebaTa ricxvi da, Sesabamisad, reaqciis 
siCqarec. sxvagvarad rom vTqvaT, rac ufro meti iqneba temperatura, miT meti 
iqneba im molekulebis ricxvi, romlebic aqtivaciis energetikul bariers gada-
laxavs da, Sesabamisad, reaqciis siCqarec gaizrdeba (nax. 2.29).

nax. 2.29. magniumis zustad erTnairi naWrebi moTavsebulia sam sinjaraSi, 
romlebSic Casxmulia erTi da imave koncentraciisa da moculobis, magram 
gansxvavebuli temperaturis gogirdmJavas xsnari. rac metia buStebis gamo-

yofis intensivoba, miT metia qimiuri reaqciis siCqare.

qimiuri reaqciis siCqareze temperaturis gavlena pirvelad qimikosma s. are-
niusma Seiswavla da manve mogvawoda siCqaris mudmivasa da temperaturas Soris 
damokidebulebis gantoleba. qimikosma vant-hofma eqsperimentuli kvlevebis 
safuZvelze Camoayaliba qimiuri reaqciis siCqaris temperaturaze damokideb-
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ulebis wesi, romlis Tanaxmadac: temperaturis yoveli 10 °C-iT matebisas, reaq-
ciis siCqare saSualod 2-4-jer izrdeba. misi maTematikuri gamosaxuleba ase 
Caiwereba: 

 

° − °
°

°

ν
= γ

ν

2 1

2

1

t   t
t 10

t

  

 

° − °

° °ν = ν ⋅ γ
2 1

2 1

t   t
10

t t

sadac °ν
1t da °ν

2t  aris qimiuri reaqciis siCqare, Sesabamisad, ufro dabal ( °1t ) 
da ufro maRal ( )°2t  temperaturebze, γ ki _ temperaturuli koeficienti, rom-
lis mniSvneloba SeiZleba iyos 2-dan 4-mde.

vant-hofis wesi mxolod SezRudul temperaturul intervalSi (100 °C-mde) 
moqmedebs. 

amocanis amoxsnis nimuSi _ 1
amocana: ramdenjer gaizrdeba reaqciis siCqare temperaturis 30 °C-dan 

60 °С-mde gazrdisas, Tu misi siCqaris temperaturuli koeficienti γ = 3 . 
amoxsna:

−

°ν = ν ⋅ γ = ν ⋅ = ν
60 30

310
60 30 30 30  3 27

e.i. reaqciis siCqare gaizrdeba 27-jer.

amocanis amoxsnis nimuSi _ 2
amocana: laboratoriaSi Caatares reaqcia 20 °C-ze, dainiSnes dro da aR-

moCnda, rom reaqcia dasrulda 160 wm-Si. eqsperimentulad dadgenilia, rom 
am reaqciis siCqaris temperaturuli koeficienti γ = 2 . ra droSi dasrul-
deba reaqcia, Tu temperatura 60 °C-mde gaizrdeba? 

amoxsna:
pirvel etapze gamovTvaloT, ramdenjer gaizrdeba siCqare temperaturis 

20 °C-dan 60 °C-mde momatebisas.

 

° − ° −
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t 410 10
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2   2 16 

e. i. temperaturis 20°C-dan 60°C-mde gazrdiT reaqciis siCqare 16-jer 
imatebs. amasTanave, cnobilia, rom siCqare da dro ukuproporciulia, ami-
tom reaqciis mimdinareobis dro 16-jer unda Semcirdes. 

aqedan gamomdinare, reaqcia 160 : 16 = 10 wm-Si dasruldeba.
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  kiTxvebi da davalebebi:

1. mocemulia reaqciis zogadi toloba:
2A(a)+B(a)→2C(a)

rogor Seicvleba mocemuli reaqciis siCqare, Tu
a) A nivTierebis koncentracia gaizrdeba 2-jer?
b) B nivTierebis koncentracia Semcirdeba 3-jer?
g) sistemaSi wneva gaizrdeba 2-jer?
d) A nivTierebis koncentracia Semcirda 3-jer, rogor unda Seicvalos 

B nivTierebis koncentracia, rom reaqciis siCqare darCes ucvleli?
2. WiqebSi moTavsebulia erTi da imave koncentraciis marilmJava da 
erTnairi masis carci. pirvel WiqaSi moTavsebulia carcis natexi, 
meore WiqaSi ki carci daqucmacebulia. 

a) SeadgineT procesis amsaxveli reaqciis toloba;
b) ra gansxvavebaa WiqebSi mimdinare eqsperi-

mentebs Soris? pasuxi daa sabuTeT. 
g) ivaraudeT, romeli kanonzomierebis saCvene-

blad gamoiyenebdnen am eqsperiments?
d) warmoidgineT, rom es eqsperimenti Tqven 

unda CaataroT laborato riaSi. gansaz-
RvreT eqsperimentis mizani da mokled 
warmoadgineT eqsperimentis etapebi, us-
afrTxoebis wesebis gaTvaliswinebiT.

e) daasaxeleT damokidebuli, damoukidebeli da sakontrolo cvladebi 
mocemul eqsperimentSi.

v) nax. 2.21-is msgavsad sqematurad warmoadgineT 1-eli da me-2 eqsperi-
mentis Sedegebis amsaxveli mrudebi.

z) dajaxebaTa Teoriis safuZvelze axseniT eqsperimentis Sedegebi.
T) kidev romeli qmedebiT SeiZleba gazardoT reaqciis siCqare 1-el eqs-

perimentSi?
3. ramdenjer gaizrdeba qimiuri reaqciis siCqare, Tu temperaturas  

10 °C-dan 40 °C-mde gavzrdiT, Tu cnobilia, rom temperaturis yoveli 
10 °C-iT momatebisas am reaqciis siCqare 2-jer izrdeba?

4. 30 °C-iT temperaturis gazrda reaqciis siCqares 27-jer zrdis. rogo-
ria am reaqciis temperaturuli koeficienti?

5. romel gradusamde unda gavacxeloT 80 °C -ze mimdinare reaqcia, rom 
misi siCqare 6.25-jer gaizardos, Tu reaqciis temperaturuli koefici-
enti 2.5-is tolia?

6. rogor Seicvleba daxSul WurWelSi airad nivTierebebs Soris mimdinare 
reaqciis 2A+B2 → 2AB siCqare, Tu mas 4-jer mcire moculobis WurWelSi 
CavatarebT? 

7. gaaanalizeT nax. 2.29 da imsjeleT, romel sinjaraSi mimdinareobs reaq-
cia ufro maRal temperaturaze?
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 qimiuri reaqciis siCqaris reagentis 

koncentraciaze damokidebulebis dadgena 

rogorc viciT, qimiuri reaqciis siCqareze moqmedi erT-erTi faqtoria re-
agentis koncentracia. rogor davadginoT qimiuri reaqciis siCqaris reagentis 
koncentraciaze damokidebuleba? amisaTvis saWiroa eqsperimentis Catareba. 

qimiuri reaqciis modelad gamoviyenoT natriumis Tiosulfatisa da gogird-
mJavas urTierTqmedebis reaqcia:

 + → + + ↑ + ↓2 2 3 2 4 2 4 2 2Na S O    H SO  Na SO   H O   SO  S

reaqciis Sedegad, gogirdis gamoyofis gamo, xsnari imRvreva. reaqciis siCqa-
ris dadgena SesaZlebelia reagentebis Serevis momentidan simRvrivis warmoqm-
namde gasuli drois mixedviT. 

gavixsenoT, rom reaqciis siCqare gviCvenebs koncentraciis cvlilebas droSi. 
gogirdis mier warmoqmnili simRvrive, romlis drosac warwera aRar Cans, Seesa-
bameba gogirdis koncentracias 0.010 moli/l. es monacemi gaiTvaliswineT reaq-
ciis siCqaris gamoTvlisas:

 
Δ

= = ⋅
Δ Δ
C 0.010

v    
t t

moli / l wm

reagentis sxvadasxva koncentraciaze reaqciis siCqaris gansazRvriT daadgi-
neT maT Soris damokidebuleba.

usafrTxoeba: gogirdmJavas kanze moxvedra iwvevs damwvrobas, ami-
tom aucileblad gamoiyeneT xelTaTmani da saTvale. gaiTvaliswineT, rom 
aucilebelia narCenebis utilizacia saTanado wesebis dacviT. eqsperimentis 
dawyebamde srulad gaecaniT usafrTxoebis wesebs (gv. 105).

eqsperimentisaTvis dagWirdebaT:

reaqtivebi:
•	 natriumis Tiosulfatis kristalhidrati ( ⋅2 2 3 2Na S O 5H O )
•	 gogirdmJavas ( )2 4H SO  20%-iani xsnari  

qimiuri WurWeli da xelsawyoebi:
•	 saswori
•	 menzurebi (25 an 50 ml-iani)
•	 qimiuri Wiqebi (100 ml-iani)
•	 sazomi kolba (100 ml-iani)
•	 wammzomi 
•	 minis wkiri 
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•	 Camrecxi gamoxdili wyliT  
•	 warwerebiani TeTri furceli

eqsperimentis msvleloba:

1. daamzadeT natriumis Tiosulfatis 0.1 moli/l koncentraciis xsnari. 
amisaTvis sasworze awoneT 2.48 g ⋅2 2 3 2Na S O 5H O , moaTavseT qimiur WiqaSi 
da gaxseniT daaxloebiT 50-60 ml gamoxdil wyalSi. xsnari gadaitaneT 100 
ml-ian sazom kolbaSi da Wdemde (niSnulamde) SeavseT gamoxdili wyliT. 

2. WiqaSi menzuris saSualebiT CaasxiT natriumis Tiosulfatis xsnari da daa-
mateT wyali (moculobebi ix. N1 cxrilSi). 

 cxrili N1. eqsperimentisaTvis saWiro nivTierebaTa moculobebi.

Wiqis  
№

natriumis Tio-
sulfatis xsnaris 

moculoba, ml

damatebuli wylis 
moculoba, ml

damatebuli go-
girdmJavas xsnaris 

moculoba, ml

1 10 30 10

2 20 20 10

3 30 10 10

4 40 0 10

3. amis Semdeg WiqaSi daamateT 10 ml gogirdmJavas 20%-iani xsnari (gogirdm-
Javas 20%-iani xsnaris damzadebisas gaiTvaliswineT, rom gogirdmJava unda 
Caisxas wyalSi da ara piriqiT!) da am momentidan daiwyeT wammzomiT drois 
aTvla, romelic unda SewyvitoT garkveuli simRvrivis warmoqmnisas. wam-
mzomis CarTvis Semdeg xsnars frTxilad mourieT minis wkiriT (daaxloebiT 
5-6 wriuli moZraoba). ecadeT, yvela SemTxvevaSi morevis dro da inten-
sivoba erTnairi iyos. 

4. ar dagaviwydeT, rom saWiroa gamoyenebuli minis wkiri cdis dawyebamde 
garecxoT gamoxdili wyliT da SeamSraloT qaRaldis xelsaxociT.

5. imisaTvis, rom wammzomi yvela SemTxvevaSi erTnairi simRvrivisas gamoir-
Tos, Wiqa moaTavseT TeTr furcelze gakeTebul warweraze da wammzomiT 
daafiqsireT drois is momenti, rodesac warmoqmnili simRvrivis gamo Wiqis 
qveS warwera aRar gamoCndeba.  
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6. miRebuli Sedegebis mixedviT SeavseT mocemuli cxrili N2.

 cxrili N2. eqsperimentis Sedegebi.

Wiqis 

№

natriumis Tio-
sulfatis koncen-
tracia, moli/l

dro simRvrivis 
warmoqmnamde (Δt), 

wm

reaqciis siCqare, 

( )= ⋅
∆

0.010
ν   

t
moli / l wm

1 0.02

2 0.04

3 0.06

4 0.08

7. informaciuli da sakomunikacio teqnologiebis (ist) gamoyenebiT aageT 
reaqciis siCqaris natriumis Tiosulfatis koncentraciaze damokidebulebis 
grafiki. grafikis agebisas sawyis wertilad aiReT koordinatTa saTave. 

miRebuli Sedegebis safuZvelze imsjeleT da upasuxeT Semdeg kiTxvebs:

a) rogori damokidebulebaa reagentebis koncentraciasa da reaqciis siCqares 
Soris?

b) ivaraudeT, risTvisaa saWiro, rom morevis dro da intensivoba erTnairi 
iyos yoveli cdisaTvis?

g) rogor fiqrobT, romelma faqtorebma SeiZleba gamoiwvios cdomileba eqs-
perimentSi? Tqveni varaudi daasabuTeT.
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 qimiuri reaqciis siCqaris temperaturaze 

damokidebulebis dadgena 

rogorc viciT, qimiuri reaqciis siCqareze moqmedi erT-erTi faqtoria 
temperatura. rogor davadginoT qimiuri reaqciis siCqarisa da temperaturis 
damokidebuleba? amisaTvis saWiroa eqsperimentis Catareba. 

rogorc viciT, temperaturis gazrda iwvevs molekulebis kinetikuri ener-
giisa da moreagire nivTierebebis molekulebis dajaxebaTa ricxvis gazrdas, 
amitom rac ufro metia temperatura, miT ufro swrafad warimarTeba qimiuri 
reaqcia.

vant-hofis wesis Tanaxmad, temperaturis yoveli 10°CiT momateba iwvevs qimi
uri reaqciis siCqaris 2-4jer gazrdas. maTematikurad es wesi Semdegi formuliT 
gamoisaxeba:

2 1

2 1

t t
10

(t ) (t )

° − °

° °ν = ν ⋅ γ

qimiuri reaqciis modelad gamoviyenoT natriumis Tiosulfatisa da gogird-
mJavas Soris urTierTqmedebis reaqcia:

Na2S2O3 + H2SO4 → Na2SO4 + H2O + SO2 ↑+ S↓

reaqciis Sedegad, gogirdis gamoyofis gamo, xsnari imRvreva. reaqciis siCqa-
ris dadgena SesaZlebelia reagentebis Serevis momentidan simRvrivis warmoqm-
namde gasuli drois mixedviT.

gavixsenoT, rom reaqciis siCqare gviCvenebs koncentraciis cvlilebas droSi. 
gogirdis mier warmoqmnili simRvrive, romlis drosac warwera aRar Cans, Seesa-
bameba gogirdis koncentracias 0.010 moli/l. es monacemi gaiTvaliswineT reaq-
ciis siCqaris gamoTvlisas:

C 0.010
t t

Δ
ν = =

Δ Δ
 moli/l · wm

gansazRvreT reaqciis temperaturuli koeficienti sxvadasxva temperaturaze 
reaqciis siCqaris gansazRvris meSveobiT.

usafrTxoeba: gogirdmJavas kanze moxvedra iwvevs damwvrobas, ami-
tom aucileblad gamoiyeneT xelTaTmani da saTvale. gaiTvaliswineT, rom 
aucilebelia narCenebis utilizacia saTanado wesebis dacviT. eqsperimentis 
dawyebamde srulad gaecaniT usafrTxoebis wesebs (gv. 105).

eqsperimentisaTvis dagWirdebaT:

reaqtivebi:

•	 natriumis Tiosulfatis kristalhidrati (Na2S2O3 ·  5H2O) 

•	 gogirdmJavas (H2SO4) 20%-iani xsnari  
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qimiuri WurWeli da xelsawyoebi:
•	 saswori
•	 menzurebi (25 an 50 ml-iani)
•	 qimiuri Wiqebi (100 ml-iani)
•	 sazomi kolba (100 ml-iani)
•	 wamzomi 
•	 minis wkiri 
•	 Camrecxi gamoxdili wyliT  
•	 warwerebiani TeTri furceli
•	 didi zomis sinjara
•	 spirtqura
•	 sinjaris damWeri

eqsperimentis msvleloba:

1. daamzadeT natriumis Tiosulfatis 0.1 moli/l koncentraciis xsnari. 
amisaTvis sasworze awoneT 2.48 g Na2S2O3 ·  5H2O moaTavseT qimiur WiqaSi 
da gaxseniT daaxloebiT 50-60 ml gamoxdil wyalSi. xsnari gadaitaneT 100 
ml-ian sazom kolbaSi da Wdemde (niSnulamde) SeavseT gamoxdili wyliT. 

2. WiqaSi menzuris saSualebiT CaasxiT natriumis Tiosulfatis xsnari da 
daamateT oTaxis temperaturis (20°C) wyali (moculobebi ix. N1 cxrilSi). 

cxrili N1. eqsperimentisaTvis saWiro nivTierebaTa moculobebi.

tempera-
tura

natriumis 
Tiosulfa-
tis xsnaris 
moculoba, 

ml

dasamatebeli wylis moculoba, ml dasamatebeli 
gogirdmJavas 
xsnaris mocu-

loba, ml
oTaxis temperatu-

ris wyali
mduRare 
wyali

20 °C 10 30 0 10

30 °C 10 22 8 10

40 °C 10 14 16 10

3. amis Semdeg WiqaSi daamateT 10 ml gogirdmJavas 20%-iani xsnari (go-
girdmJavas 20%-iani xsnaris damzadebisas gaiTvaliswineT, rom gogirdmJava 
unda Caisxas wyalSi da ara piriqiT!) da am momentidan daiwyeT wammzomiT 
drois aTvla, romelic unda SewyvitoT garkveuli simRvrivis warmoqm-
nisas. wammzomis CarTvis Semdeg xsnars frTxilad mourieT minis wkiriT 
(daaxloebiT 5-6 wriuli moZraoba). ecadeT, yvela SemTxvevaSi morevis 
dro da intensivoba erTnairi iyos. 

4. imisaTvis, rom wammzomi yvela SemTxvevaSi erTnairi simRvrivisas gamoir-
Tos, Wiqa moaTavseT TeTr furcelze gakeTebul warweraze da wammzomiT 
daafiqsireT drois is momenti, rodesac warmoqmnili simRvrivis gamo 
Wiqis qveS warwera aRar gamoCndeba. 

5. 30 da 40 °C-ze cdis Casatareblad yvela procedura igivea, oRond am Sem-
TxvevaSi WiqaSi gogirdmJavas Camatebamde, oTaxis temperaturis wylis gar-
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da, unda CaasxaT Sesabamisi moculobis aduRebuli wyalic (moculobebi ix. 
N1 cxrilSi). amisaTvis sinjaraSi CaasxiT saWiro raodenobis wyali da aa-
duReT spirtquraze, oRond, vidre wylis gacxelebas daiwyebdeT, winaswar 
arwyeT menzuraSi gogirdmJavas xsnari. rodesac sinjaraSi wyali intensiur 
duRils daiwyebs, CaasxiT wyali sinjaraSi da maSinve daamateT gogirdmJava. 

6. miRebuli Sedegebis mixedviT SeavseT mocemuli cxrili N2.

 cxrili N2. eqsperimentis Sedegebi.

temperatura
dro simRvrivis 

warmoqmnamde (Δt), wm

reaqciis siCqare, 

( )= ⋅
∆

0.010
ν   

t
moli / l wm

20 °C

30 °C

40 °C

7. informaciuli da sakomunikacio teqnologiebis (ist) gamoyenebiT aageT 
reaqciis siCqaris temperaturaze damokidebulebis grafiki.

8. gamoTvaleT reaqciis temperaturuli koeficienti orive temperaturuli 
diapazonisaTvis (20-30 °C da 30-40 °C), Semdegi formulebis gamoyenebiT:

 20-30 °C: 30 C

20 C

°

°

ν
γ =

ν

 30-40 °C: 
40 C

30 C

°

°

ν
γ =

ν

ris Semdegac iangariSeT temperaturuli koeficientis saSualo mniSvnelo-
ba. Sedegebi SeitaneT cxrilSi N3.

cxrili N3. temperaturuli koeficientis dadgena.

temperaturuli diapa
zoni

temperaturuli koefi
cienti

temperaturuli koeficien
tis saSualo mniSvneloba

20-30 °C

30-40 °C

miRebuli Sedegebis safuZvelze imsjeleT da upasuxeT Semdeg kiTxvebs:

a) rogori damokidebulebaa temperaturasa da reaqciis siCqares Soris?
b) Tqveni azriT, ratom tardeba eqsperimenti or sxvadasxva temperaturul 

diapazonSi?
g) ivaraudeT, risTvisaa saWiro, rom morevis dro da intensivoba erTnairi 

iyos yoveli cdisaTvis?
d) rogor fiqrobT, romelma faqtorebma SeiZleba gamoiwvios cdomileba eqs-

perimentSi? Tqveni varaudi daasabuTeT.
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temperaturisa da koncentraciis cvlileba moqmedebs reaqciis siCqareze, ma-
gram temperaturis mateba yovelTvis ar aris saukeTeso an praqtikulad gamar-
Tlebuli qmedeba. magaliTad, rodesac adamians maRali sicxe aqvs, organizmSi 
mimdinare reaqciebi gaZlierebulia. am dros warmoiqmneba da grovdeba didi 
raodenobiT rogorc sasargeblo, ise mavne nivTierebebi, gamoiyofa saWiroze 
meti energia da ujredebi iRupeba. warmoebaSi reaqciis Catareba maRal temper-
aturaze aseve dakavSirebulia energiis did danaxarjebTan, amitom qimikosebi 
xSirad cdiloben iseTi pirobebis SemuSavebas, rom reaqciebi SedarebiT dabal 
temperaturaze Caataron, amasTan, maRali siCqariT, risTvisac katalizatorebs 
iyeneben.

albaT es sityva TqvenTvis ukve nacnobia, radgan avtomobilis erT-erT mniS-
vnelovan nawils swored  katalizatori warmoadgens. ra funqcia aqvs mas? 

rogorc viciT, sawvavis wvis procesSi gamoiyofa sxvadasxva toqsikuri niv-
Tiereba, romelic garemos mniSvnelovan damabinZurebels warmoadgens, magali-
Tad: gogirdis dioqsidi, naxSirbadis monooqsidi, azotis oqsidebi da sxv. 

imisaTvis, rom am nivTierebebis garemoSi moxvedra Tavidan aviridoT, avtomo-
bilis korpusis ukana mxares damontaJebulia specialuri mowyobiloba, romelic 
am toqsikur naerTebs gardaqmnis da naxSirorJangis, wylisa da azotis saxiT 
gamoyofs. am mowyobilobas avtomobilis katalizur gardamqmnels an ubralod 
manqanis katalizators uwodeben (nax. 2.30). aseTi gardamqmnelis korpuss plati-
nis, paladiumis an rodiumisgan amzadeben, raTa gauZlos Jangvas, koroziasa da 
sxva garemo faqtorebs. korpusis SigTavsi amofenilia specialuri nivTierebe-
biT, romlebic toqsikuri naerTebis gardaqmnis process aCqarebs, TviTon ki 
ucvleli rCeba. 

nax. 2.30. avtomobilis katalizuri gardamqmneli.

zogadad, katalizatori qimiuri nivTierebaa, romelic qimiur reaqcias aCqa-
rebs, TviTon ki reaqciis dasrulebis Semdeg ucvleli rCeba. cocxal organizmeb-
Si mimdinare reaqciebi ZiriTadad biologiuri katalizatorebis meSveobiT xor-
cieldeba, romlebsac fermentebi anu enzimebi ewodeba. katalizatorebi farTod 

2.4              katalizatori
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gamoiyeneba mrewvelobaSi didi raodenobis produqciis swrafad dasamzadeblad, 
rac amcirebs maT Rirebulebas. vinaidan katalizatorebi qimiur procesebSi ra-
odenobrivad ar icvleba, isini qimiuri reaqciis tolobaSi ar iwereba rogorc 
reagenti an produqti, ubralod mieniSneba maTi gamoyeneba iseve, rogorc wnevisa 
da temperaturis. zogierTi nivTiereba amcirebs reaqciis siCqares, maT inhibi
torebs uwodeben. magaliTad, mikroorganizmebiT gamowveuli anTebiTi procesis 
dros iyeneben antibiotikebs, romlebic am organizmebis romelime mniSvnelovan 
sasicocxlo process aferxebs, anu xels uSlis maT ganviTarebaSi.

katalizatoris meSveobiT mimdinare process katalizi ewodeba; inhibitoriT 
reaqciis siCqaris Semcirebas _ inhibireba. katalizatorebis moqmedebas Tavi-
dan akvirdebodnen daSlis reaqciebis Seswavlisas da vinaidan maTi meSveobiT 
aRniSnuli procesebi Zlierdeboda, saxelic am niSniT daerqva – „katalizi“ 
berZnulad daSlas niSnavs. aseve „inhibicia“ laTinurad Sekavebas, xelis SeSlas 
aRniSnavs.

katalizatoris moqmedebis principi mdgomareobs mocemuli reaqciis mimdi-
nareobis gzis cvlilebaSi, rasac axlavs mocemul temperaturaze aqtivaciis 
energiis Semcireba. dabali aqtivaciis energia niSnavs, rom molekulaTa Soris 
dajaxebisas meti molekula gadalaxavs am bariers da warmoqmnis produqts. e. i. 
katalizatori aqtivaciis energiis SemcirebiT zrdis qimiuri reaqciis siCqares.

2.31 naxazze mocemulia egzoTermuli qimiuri reaqciis energetikuli dia-
grama. wiTeli xaziT aRniSnulia reaqciis msvleloba katalizatoris gareSe, 
lurjad ki _ katalizatoris Tanaobisas. rogorc vxedavT, katalizatoris 
TanaobiT mimdinare reaqciis aqtivaciis energia bevrad naklebia, vidre mis gar-
eSe da, Sesabamisad, siCqarec izrdeba. 
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arakatali-
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energia 

katalizuri 
reaqciis aqti-
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katalizuri 
reaqciis gza

reagentebi 

produqtebi

arakatalizuri 
reaqciis gza

nax. 2.31. katalizatoris monawileobiT da mis gareSe mimdinare qimiuri 

reaqciis energetikuli diagrama.

ganvixiloT magaliTi: 

wyalbadis peroqsidi iSleba wylisa da Jangbadis warmoqmniT:

2H2O2 → 2H2O + O2
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reaqcia Cveulebriv pirobebSi sakmaod nela mimdinareobs. reaqciis daCqareba 
SesaZlebelia sxvadasxva tipis katalizatoris gamoyenebiT. 

ganvixiloT aseTi eqsperimenti: 
sam erTnair sinjaraSi Caasxes erTi da imave moculobis wyalbadis peroqsidis 

xsnari. pirveli sinjara datoves ucvlelad, meore sinjaraSi Caagdes mcire zo-
mis manganum(IV)-is oqsidis natexi, xolo mesame sinjaraSi - ferment katalazas 
Semcveli imave zomis preparati, magaliTad, umi kartofilis naWeri (nax 2.32). 

mbJutavi 
kvari

wyalbadis 
peroqsidis 

xsnari

kvari 
inTeba

kvari 
inTeba

 manganum(IV)-
is oqsidi

umi
kartofili

qafi

nax. 2.32. wyalbadis peroqsidis daSla sxvadasxva katalizatoris Tanaobisas 
da mis gareSe.

garkveuli drois Semdeg samive sinjaraSi Seitanes mbJutavi kvari. pirvel 
sinjaraSi kvari ar ainTo, rac imis maCvenebelia, rom gamoyofili Jangbadi ar 
aris sakmarisi kvaris asanTebad, meore da mesame sinjaraSi kvari ainTo, amasTan, 
mesameSi aqafebac SeiniSneba, rac Jangbadis intensiur gamoyofaze miuTiTebs. 
am eqsperimentidan Cans, rom fermenti yvelaze metad aCqarebs wyalbadis pero-
qsidis daSlis  reaqcias, rac am reaqciis aqtivaciis energiis Semcirebis gamo 
xdeba. imave reaqciis katalizatorad SeiZleba gamoviyenoT kaliumis iodidi. 
sxvadasxva katalizatori gansxvavebulad cvlis aqtivaciis energias (nax. 2.33).
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KI
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fermenti 
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nax. 2.33. wyalbadis peroqsidis daSlis reaqciis aqtivaciis energia 

 sxvadasxva katalizatoris Tanaobisas.  
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ra aris fermentebi?
fermentebi rTuli Sedgenilobis cilovani naerTebia. isini gansakuTrebul 

rols asrulebs organizmSi mimdinare qimiur procesebSi (metabolizmSi). orga-
nizmis temperatura SedarebiT dabalia, amitom bevri procesis ganxorcielebi-
saTvis saWiroa aqtivaciis energiis Semcireba, rac swored fermentebis, anu bi-
ologiuri katalizatorebis saSualebiT xdeba. fermentebi warmarTavs saWmlis 
monelebas, ujredul sunTqvas, fotosinTezs, spirtul duRils da mraval sxva 
process. 

fermentebis moqmedebiT SesaZlebelia iseTi reaqciebis warmarTva, romlebic 
maRali aqtivaciis energiis gamo imave pirobebSi saerTod ver warimarTeboda. 
fermentis molekulas aqvs specifikuri aRnagoba, romelic garkveulwilad re-
agentis (anu substratis) molekulis formis Sesabamisia. amiT fermenti da sub-
strati erTmaneTs „cnobs“ - reagenti ise ergeba ferments, rogorc gasaRebi _ 
klites. fermenti da masTan dakavSirebuli substrati warmoadgens Sualedur 
kompleqss, romelic Semdgom produqtebad gardaiqmneba (nax. 2.34). 

substrati

aqtiuri centri

fermenti                                                               fermenti

bma

produqtebi
bmis gawyveta

ferment-substratis 
kompleqsi

aqtiuri centri

fermenti fermenti

substrati produqti

ferment-substratis 
kompleqsi

nax. 2.34. fermentebis urTierTqmedeba substratTan.
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realurad fermentebis moqmedeba bevrad ufro rTuli da kompleqsuri pro-
cesia. ferments aqvs moqmedebis optimaluri pirobebi. magaliTad, adamianis 
organizmSi bevri fermentis moqmedebisTvis optimaluri temperaturaa 37 °C 
(nax. 2.35). temperaturis matebiT fermentis umravlesobis aqtivoba iklebs, xolo 
40 °C-is zeviT fermentTa umetesoba iSleba. analogiurad, fermentebis moqmede-
bas sWirdeba optimaluri pH, romelic SeiZleba gansxvavebuli iyos sxvadasx-
va tipis fermentisaTvis, Tumca, ZiriTadad, optimaluri pH 5-9 farglebSia  
(nax. 2.35). 
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nax. 2.35. fermentebis moqmedebis optimaluri pirobebi.

zogierTi fermentisaTvis SeiZleba es pirobebi gansaxvavebuli iyos. magali-
Tad, fermenti pepsini, romelic xels uwyobs cilovani sakvebis monelebas, fun-
qcionirebs kuWSi, sadac misi moqmedebisTvis optimaluri mJava area (pH = 1-3). 

organizmSi arsebuli mniSvnelovani organuli nivTierebebis (naxSirwylebi, 
cilebi, cximebi) gardaqmnis katalizatorebs sxvadasxva tipis fermenti warmoad-
gens (nax. 2.36).

naxSirwylebi

amilaza 
maltaza 
laqtaza

cilebi

pepsini 
tripsini 
peptidaza

cximebi

lipaza

nax. 2.36. naxSirwylebis, cilebisa da cximebis damSleli fermentebi.
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  kiTxvebi da davalebebi:

 usafrTxoebis wesebis dacviT, Jangbadis misaRebad specialur mowy-
obilobaSi (nax. 1) Caasxes wyalbadis peroqsidis 200 gr 17 %-iani 
xsnari. gamyof ZabrSi, romelic morgebuli iyo kolbas, Caasxes ka-

liumis iodidis xsnari. Jangbadis Sesagroveblad kolbas moarges buSti. 
sanam gamyofi Zabris onkani daketilia (nax. 1a), buSti ar aris gaberili. mas 
Semdeg, rac kaliumis iodidis mcire raodenoba CauSves kolbaSi, buSti 
gaibera (nax. 1b). mocemuli informaciis safuZvelze upasuxeT qvemoT moce-
mul kiTxvebs.

H2O2(wy) H2O2(wy)

O2(a)KI(wy)

KI(wy)

                          naz. 1 (a)                                    nax. 1 (b)

a) ra roli aqvs am eqsperimentSi kaliumis iodids?

b) gamoiyeneT cxrili 1.3 (gv. 27) da gamoTvaleT energiis cvlileba mo-
cemul reaqciaSi.

g) egzoTermulia Tu endoTermuli mocemuli reaqcia?

d) sqematurad gamosaxeT wyalbadis peroqsidis daSlis reaqciis energe-
tikuli diagrama kaliumis iodidis Tanaobisas da mis gareSe. 

e) gamoTvaleT wyalbadis peroqsidis masa sawyis xsnarSi.

v) gamoTvaleT reaqciis Sedegad gamoyofili Jangbadis moculoba (n. p.). 

fermentebs aseve udidesi roli aqvs sxvadasxva teqnologiur procesSi. mag-
aliTad, fermentulia procesebi, romelTa saSualebiTac mimdinareobs puris ga-
fueba, rZis produqtebis miReba, Rvinis daduReba, ludis warmoeba da mravali sxva.
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erT-erTi umniSvnelovanesi sawarmoo procesi, romelSic fermentebi gamoiye-
neba, yvelis warmoebaa. yveli erT-erTi yvelaze popularuli rZis produqtia 
rogorc saqarTveloSi, aseve mTel msoflioSi. 

nax. 2.37. yvelis saxeobebi.

yovelwliurad daaxloebiT 22 milioni tona yveli iwarmoeba msoflios 
masStabiT. cnobilia yvelis 1800-ze meti saxeoba (nax. 2.37)., aqedan 250-mde saxe-
oba iwarmoeba saqarTveloSi. qarTuli yvelis gamorCeuli saxeobebia: sulguni, 
dambalxaWo, tenili, guda, imeruli da sxv. (nax. 2.38) 

              tenili                             dambalxaWo                           sulguni

nax. 2.38. qarTuli yvelis saxeobebi.

yvelis warmoebis pirveli etapia rZis pasterizeba. rZes acxeleben 60°C-mde 
1 sT-is ganmavlobaSi, am dros mavne mikroorganizmebis mniSvnelovani nawili 
ixoceba. pasterizebuli rZe gadadis didi zomis reaqtorSi (nax. 2.39), sadac mas 
emateba specialurad SerCeuli „sasargeblo“ baqteriebis narevi. es baqteriebi 
gamoyofs fermentebs, romlebic rZis amJavebis gamomwvevi reaqciebis kataliza-
torebs warmoadgens. 

  rogor mzaddeba yveli?
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nax. 2.39. rZis safermentacio reaqtori.

amJavebul rZes emateba fermenti renini, romelsac maWiki (Zroxis kuWis nawili) 
Seicavs. renini rZes adedebs da koltebs warmoqmnis. narevs kargad ureven spe-
cialuri danebis gamoyenebiT, romlebic koltebs aqucmacebs. amis Semdeg narevs 
wuraven badeze da miRebul masas aSroben.

gaSrobis Semdeg yvelis masa qucmacdeba da saxeobebis mixedviT sxvadasxvanai-
rad muSavdeba. damuSavebisa da damwifebis Semdeg yveli iWreba Sesabamis formeb-
Si (nax. 2.40), ifuTeba da sawyobdeba. 

nax. 2.40. yvelis saWreli danadgari.

zemoxsenebuli procesebi aris zogadi da gaTvlilia didi masStabis warmoe-
bisaTvis. xSirad yvels gamartivebulad amzadeben saxlebsa Tu mcire meurneo-
bebSi: nedl rZes umateben ferments, raTa aiWras da SekoStil masas xeliT amoi-
yvanen, rasac nedli anu Wyinti yveli (imeruli) ewodeba. Wyinti yvelis Termuli 
damuSavebiT (moxarSviT) sulguns amzadeben. 
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 Semajamebeli savarjiSoebi

1. mocemulia reaqciis zogadi toloba:

A(my) + 2B(a) → C(a)

a) rogor Seicvleba mocemuli reaqciis siCqare, Tu sistemaSi wneva gaizrde-
ba 3-jer?

b) kidev romeli qmedebiT aris SesaZlebeli mocemuli reaqciis siCqaris gaz-
rda?

2. dawereT reaqciis zogadi toloba, romelsac Seesabameba moqmed masaTa kan-
onis Semdegi gamosaxuleba: 

 ( ) ( )ν ⋅ ⋅2
A B = k C  C

3. mocemulia reaqciis zogadi toloba:

+ → +2A B D 3E

 am reaqciis tolobis mixedviT SeavseT qvemoT mocemuli cxrili da gamoTva-
leT:
a) qimiuri reaqciis siCqare A nivTierebis xarjvis mixedviT;
b) qimiuri reaqciis siCqare B nivTierebis xarjvis mixedviT.

koncentracia (moli/l) A B D E

sawyisi (C1)

cvlileba (ΔC)

4 wuTis Semdeg (C2) 4 7 5

4. mocemulia reaqciis zogadi toloba:

+ →2A B D

 am reaqciis tolobis mixedviT SeavseT qvemoT mocemuli cxrili da gamoTva-
leT: 
a) qimiuri reaqciis siCqare A nivTierebis xarjvis mixedviT;
b) qimiuri eaqciis siCqare B nivTierebis xarjvis mixedviT.

koncentracia (moli/l) A B D

sawyisi (C1) 15

cvlileba (ΔC) 6

8 wuTis Semdeg (C2) 4

5. ramdenjer gaizrdeba qimiuri reaqciis siCqare, Tu temperaturas 0 °C-dan  
50 °C -mde gavzrdiT, xolo siCqaris temperaturuli koeficienti 3-is tolia?

6. rogor unda Seicvalos temperatura, rom reaqcia daCqardes 64-jer, Tu reaq-
ciis temperaturuli koeficienti aris 4?
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7. gamoTvaleT qimiuri reaqciis temperaturuli koeficienti, Tu temperaturis 
120 °C-dan 150 °C-mde gazrda reaqcias 8-jer aCqarebs. 

8. ra temperaturaze mimdinareobda reaqcia, Tu misi 120 °C-mde gacxeleba reaq-
ciis siCqares 81-jer zrdis, xolo temperaturuli koeficienti 3-is tolia? 

9. gamoiyeneT qvemoT mocemuli diagrama da upasuxeT kiTxvebs:
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mocemul naxazze romeli aRniSvna Seesabameba:
a) moreagire nivTierebebis potenciuri energiebis jams?
b) reaqciis produqtebis potenciuri energiebis jams? 
g) reaqciis aqtivaciis energias?
d) reaqciis siTbur efeqts?
e) katalizatoriT mimdinare reaqciis aqtivaciis energias? 
v) ukatalizatorod mimdinare sapirispiro reaqciis aqtivaciis energias?

10. mocemulia reagentebisa da produqtebis koncentraciis droze damokideb-
uleba:
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grafikis mixedviT upasuxeT Semdeg kiTxvebs:
a) daadgineT A nivTierebis xarjvis siCqare reaqciis dawyebidan 30 wm-Si.
b) daadgineT C nivTierebis warmoqmnis siCqare reaqciis dawyebidan 50 wm-Si.
g) SeadareT erTmaneTs A da B nivTierebis koncentraciis cvlileba 50 wm-Si.
d) ramdenjer aRemateba A nivTierebis xarjvis siCqare B nivTierebis xarjvis 

siCqares 30 wm-Si?
e) SeadareT erTmaneTs B da C nivTierebis koncentraciis cvlileba da siC-

qare 30 wm-Si.
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Tavi 3. 
qimiuri 
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Cveni sicocxle damokidebulia erT-erT umniSvnelovanes Seqcevad procesze 
_ sisxlsa da qsovilebs Soris airTa (Jangbadi da naxSirorJangi) mimocvlaze. 
sisxlis wiTel ujredebSi arsebuli cila hemoglobini ierTebs Jangbads maSin, 
roca es ujredebi filtvis sisxlZarRvebSia da gadaaqvs organizmis sxva qso-
vilebSi, sadac Jangbadi Tavisufldeba, mis nacvlad ki hemoglobins naxSiror-
Jangis molekulebi ukavSirdeba. filtvSi sapirispiro procesi mimdinareobs _ 
naxSirorJangi gamoiyofa da mis adgils Jangbadi ikavebs (nax. 3.1).

alveoli

venuri sisxli JangbadiT gajere-
buli sisxli

airTa mimocvla filtvebSi

O2

O2

CO2

CO2

airTa mimocvla 
qsovilSi

nax. 3.1. Jangbadisa da naxSirorJangis mimocvla.

kidev erTi Seqcevadi procesis magaliTia kristalhidratis daSla. ganvlili 
masalidan gavixsenoT, rom kristalhidrati aris myari nivTiereba, romelic Sei-
cavs wylis molekulebis gansazRvrul raodenobas. kristalhidratis Sedgeni-
lobaSi Semaval wyals kristalizaciuri wyali ewodeba. 

lurji feris spilenZ(II)-is sulfatis kristalhidratis gaxurebisas, mas 
scildeba kristalizaciuri wyali, uwylo marili ki iRebs Ria nacrisfer Se-
ferilobas (nax. 3.2). 

nax. 3.2. spilenZ(II)-is sulfatis kristalhidratis daSla. 

3.1       dinamikuri wonasworoba



74

Tavi 3. qimiuri wonasworoba

miRebul masaze wylis ramdenime wveTis damatebiT ki mimdinareobs sapirispi-
ro reaqcia, anu SegviZlia vTqvaT, rom procesi Seqcevadia (nax. 3.3).  

nax. 3.3. uwylo spilenZ(II)-is sulfatze wylis damatebiT isev Sabiamani warmoiqmneba.

gavixsenoT, rom aseTi tipis reaqciebis tolobis gamosaxvisaTvis iyeneben 
Seqcevadobis simbolos, ormag urTierTsapirispiro isrebs ⇄. amrigad, zemoT 
ganxiluli procesis amsaxveli qimiuri toloba miiRebs aseT saxes:

CuSO4 · 5H2O(my) 
⇄ CuSO4 (my)  +  5H2O(Tx) 

_ Q

kristalhidratis daSlas pirdapiri reaqcia ewodeba, xolo warmoqmnas _ sa-
pirispiro. energiis TavlsazrisiT, aRniSnul reaqciaSi pirdapiri reaqcia endo-
Termulia, xolo Sebrunebuli _ egzoTermuli. energetikuli diagrama Semde-
gnairad gamoisaxeba (nax. 3.4):
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TeTri fxvnili

energiis STanTqma

lurji kristalebi

reaqciis mimdinareoba

nax. 3.4. spilenZ(II)-is sulfatis kristalhidratis daSlis energetikuli diagrama.

Seqcevad reaqciebSi yovelTvis erTi mimarTuleba egzoTermulia, xolo sa-
pirispiro _  endoTermuli. endoTermuli reaqciis dros STanTqmuli siTbos 
raodenoba  yovelTvis egzoTermuli reaqciis dros gamoyofili siTbos raode-
nobis tolia. mocemuli magaliTis mixedviT, kristalhidratis daSlisas wydeba 
is bmebi, romlebic warmoiqmneba sapirispiro procesSi, Sesabamisad, am or pro-
cess esaWiroeba erTnairi raodenobis energia.

rogorc CvenTvis cnobilia, aorTqleba bunebrivi procesia. wvimis dros wyl-
is gubeebi Cndeba, romelic Semdeg orTqldeba. aseve, samedicino spirti ad-
vilad orTqldeba xelis gulidan. am SemTxvevebSi siTxe orTqldeba Ria siste-
mebidan _ is mTlianad `qreba~. magram ra moxdeba, Tu wyals daxurul WurWelSi 
movaTavsebT? wylis orTqli mogrovdeba siTxis zedapirze da misi koncentra-
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ciis zrdasTan erTad daiwyeba sapirispiro procesi _ kondensacia.  garkveuli 
drois Semdeg damyardeba wonasworoba, rac imas niSnavs, rom aorTqlebis siCqare 
gauTanabrdeba kondensaciis siCqares; xolo orTqlisa da wylis koncentraciebi 
aRar Seicvleba (nax. 3.5). fizikuri movlenis dros damyarebul wonasworobas 
fizikuri wonasworoba ewodeba.  

H2O(Tx)

aorTqleba

kondensacia
 
H2O(a)

nax. 3.5. fizikuri wonasworoba wylis aorTqlebasa da kondensacias Soris.

ra moxdeba, Tu kalciumis karbonats Ria da daxurul WurWelSi gavaxurebT?
Ria WurWelSi kalciumis karbonatis gaxurebisas garkveuli drois Semdeg is 

srulad daiSleba kalciumis oqsidad da naxSirbad(IV)-is oqsidad. naxSirorJangi 
scildeba sareaqcio ares, amitom procesi mimdinareobs mxolod erTi mimar-
TulebiT, e. i. reaqcia Seuqcevadia (nax. 3.6)

Ria sistema 

maRali

temperatura

CaCO3
CaO

nax. 3.6. kalciumis karbonatis daSla Ria sistemaSi.

imave eqsperiments Tu specialur hermetulad daxurul WurWelSi CavatarebT, 
aRmovaCenT, rom imave drois gasvlis Semdeg WurWelSi erTdroulad iqneba kal-
ciumis karbonati, kalciumis oqsidi da naxSirorJangi. Tu reaqcias imave piro-
bebSi gavagrZelebT, WurWelSi maTi raodenobebi ar Seicvleba. am dros vambobT, 
rom sistema wonasworul mdgomareobaSia. rCeba STabeWdileba, rom procesi Se-
Cerda, Tumca is ki ar SeCerebula,  aramed Tanabari siCqariT mimdinareobs orive 
mimarTulebiT. sxva sityvebiT rom vTqvaT, kalciumis karbonati iSleba da war-
moqmnis kalciumis oqsidsa da naxSirorJangs zustad imave siCqariT, rogorc 
kalciumis oqsidi da naxSirorJangi uerTdeba erTmaneTs  kalciumis karbonatis 
warmoqmniT (nax. 3.7). am tipis wonasworobas dinamikuri wonasworoba ewodeba. 
qimiaSi yvela wonasworoba dinamikuria (moZravia).
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CaCO3
CaCO3

CO2

CaO

daxuruli sistema

maRali

temperatura

nax. 3.7. kalciumis karbonatis daSla daxurul sistemaSi.

am procesSi pirdapiri reaqcia gamoisaxeba Semdegnairad: 

CaCO3 (my)→ CaO (my) + CO2 (a)

xolo sapirispiro: 

CaO (my) + CO2 (a) → CaCO3 (my)

maSasadame, SegviZlia vTqvaT, rom qimiuri reaqciis dros reagentebis koncen-
tracia mcirdeba, xolo produqtebis koncentracia izrdeba manam, sanam sistema 
wonasworul mdgomareobas miaRwevs; wonasworul mdgomareobaSi ki maTi koncen-
traciebi ucvlelia! es grafikulad ase gamoisaxeba (nax. 3.8):

ko
nc

en
t
r
ac

ia

dro

reagentebi

produqtebi

wonasworoba

nax. 3.8. nivTierebaTa koncentraciebis cvlileba droSi.

xolo reaqciis siCqaris droze damokidebulebis grafiks Semdegi saxe aqvs 
(nax. 3.9):

r
ea

qc
ii

s 
si

Cq
ar

e

dro

pirdapiri
reaqcia

sapirispiro 
reaqcia

wonasworoba

nax. 3.9. reaqciis siCqaris droze damokidebuleba.
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wonasworuli mdgomareobis Tviseba ganmarteba

wonasworoba dinamikuria.
reaqcia ar sruldeba, mimdinareobs 
Tanabari siCqariT da mudmivad orive 
mimarTulebiT.

wonasworoba myardeba daxurul 
sistemaSi.

daxurul sistemaSi nivTiereba ar mi-
moicvleba sareaqcio sistemasa da 
garemos Soris, amdenad, wonasworoba 
damyardeba rodesac reagentebisa da 
produqtebis koncentracia gaxdeba 
ucvleli.

reagentebisa da produqtebis kon-
centracia ucvlelia wonasworul 

mdgomareobaSi.

isini warmoiqmneba da iSleba erTi da 
imave siCaqariT.

wonasworobis miRweva SeiZleba ne-
bismieri mimarTulebidan.

Tu erTsa da imave sareaqcio narevs avi-
RebT erTnair pirobebSi, ar aqvs mniS-
vneloba, reaqcias daviwyebT reagen-
tebiT Tu produqtebiT, wonasworoba 
damyardeba orive SemTxvevaSi.

wonasworul mdgomareobaSi ar icv-
leba makroskopuli Tvisebebi.

makroskopouli (anu TvaliT xiluli) 
cvlilebebi, rogoricaa feri, agre-
gatuli mdgomareoba, wonasworobis 
damyarebis Semdeg ar icvleba, radgan 
isini damokidebulia sareaqcio kom-
ponentebis koncentraciaze, romelic  
ucvlelia wonasworobis momentSi. 

wonasworobis raodenobrivi daxasiaTebisaTvis xSirad iyeneben wonasworobis 
mudmivas, is gvaZlevs informacias reaqciis mimdinareobis Sesaxeb. rogor Sei-
Zleba gamovTvaloT wonasworobis mudmiva?

wonasworobis mudmiva warmoadgens produqtebis moluri koncentraciebis nam-
ravlis fardobas reagentebis moluri koncentraciis namravlTan steqiometriis 
gaTvaliswinebiT. is mudmivia mocemul temperaturaze da gamoisaxeba - K

w
 sim-

boloTi, sadac indeqsi „w“ miuTiTebs wonasworul koncentraciaze. magaliTad, 
reaqciisTvis:

aA + bB ⇄ cC + dD 

wonasworobis mudmiva iqneba:

 [ ] [ ]
[ ] [ ]

⋅

⋅
=

c d

a b

C D
K

A B
w

sadac [C] da [D] produqtebis, xolo [A] da [B] reagentebis moluri koncentra-
ciebia (kvadratuli frCxilebi miuTiTebs, rom saubaria nivTierebis koncentra-
ciaze wonasworul mdgomareobaSi) a, b, c da d ki _ koeficientebi.

wonasworobis mudmivas gamosaxulebaSi iwereba mxolod airadi da wyalSi gax-
snili nivTierebebis wonasworuli koncentraciebi. ganvixiloT reaqcia wyal-
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  kiTxvebi da davalebebi:

1. mocemulia reaqciis toloba:

2NO2  2NO+O2

 SeadgineT  wonasworobis mudmivas gamosaxuleba da gamoTvaleT misi mniS-
vneloba, Tu nivTierebaTa wonasworuli koncentraciebia:  [NO2]= 0.06 
moli/l, [NO]=0.24 moli/l, [O2]=0.12 moli/l?

2. iodsa da wyalbads Soris mimdinare reaqciis wonasworobis mudmiva 427°C-
ze aris K

w
=54. daadgineT iodwyalbadis wonasworuli koncentracia, Tu 

iodisa da wyalbadis wonasworuli koncentraciebia: [H2]=0.4 moli/l, 
[I2]=0.5 moli/l.

3. 3.4 naxazis mixedviT aageT kristalhidratis warmoqmnis energetikuli 
diag rama.

badsa da iods Soris, romlis drosac miiReba iodwyalbadi.

H2 + I2 ⇄ 2HI

reaqcia Caatares ramdenjerme erTsa da imave temperaturaze da TiToul Sem-
TxvevaSi aiRes monawile nivTierebebis sxvadasxva koncentracia, wonasworobis 
damyarebis Semdeg ki gansazRvres moreagire nivTierebaTa wonasworuli koncen-
traciebi (cxrili 3.1)

cxrili 3.1. eqsperimentis Sedegebi. 

eqsperimenti N [H2], moli/l [I2], moli/l [HI], moli/l K
w

1 4.56 0.74 13.49 54

2 3.56 1.25 15.50 54

3 2.25 2.34 16.86 54

gamoTvales wonasworobis mudmiva TiToeuli eqsperimentisTvis Semdegi for-
mulis mixedviT.

HI-is koeficienti reaqciis tolobaSi

I2-is koeficienti reaqciis tolobaSi

H2-is koeficienti reaqciis tolobaSi

[HI]2

[H2]
1 [I2]

1

2

1

1

 pirveli eqsperimentisTvis:

=
⋅

213.49
K

4.56 0.74w ≈ 54

analogiurad gamoTvales wonasworobis mudmiva danarCeni eqsperimentebisT-
visac da miiRes igive sidide, rac kidev erTxel adasturebs, rom mocemul tem-
peraturaze is mudmivi sididea. 
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3.2    wonasworobaze moqmedi faqtorebi

yoveldRiur cxovrebaze dakvirvebis Sedegad viciT, rom saadreo xilis fasi, 
imis gamo, rom moTxovna aWarbebs miwodebas, maRalia. garkveul periodSi, rode-
sac miwodeba izrdeba, fasebi iklebs da stabilurdeba. Tu mosavali metia, mi-
wodeba aWarbebs moTxovnas da fasebic mcirdeba. es exeba TiTqmis yvela saxis 
produqcias, romlis miwodebac moTxovnis Sesabamisia. e. i. am SemTxvevaSi saqme 
gvaqvs moTxovna-mowodebis bunebriv regulaciasTan. am faqtorebis dabalansebis 
Sedegad viRebT fasebis stabilurobas, e. i. procesi wonasworul mdgomareobaSi 
gadadis.  

ra faqtorebma SeiZleba gamoiwvios fasebis stabilizaciis darRveva? es faq-
torebi SeiZleba iyos bunebrivi an xelovnuri. 

bunebriv faqtorebs miekuTvneba cudi mosavlianoba, bunebrivi kataklizme-
bi (cunamisa da fukuSimas atomur eleqtrosadgurze avariis Sedegad iaponi-
aSi Seiqmna zogierTi produqciis deficiti, romelzec moTxovna an gaizarda, 
an kidev warmoebuli produqciis nawili gamosayeneblad uvargisi gaxda, ramac 
moTxovnis Sesabamisi fasebis droebiTi zrda gamoiwvia), saomari mdgomareoba, 
agreTve sxva, e .w. fors-maJoruli (gauTvaliswinebeli) situacia. am produqciis 
mowodebis gazrdiTa da maRali moTxovnis SemcirebiT, garkveuli drois Semdeg, 
kvlav miiRweva wonasworuli (stabiluri) mdgomareobis aRdgena.

albaT fiqrobT, Tu risTvis dagvWirda TqvenTan am ekonomikur sakiTxebze 
msjeloba. saqme isaa, rom wonasworuli qimiuri procesebic analogiur kriteri-
umebs eqvemdebareba _ sxvadasxva faqtoris zegavleniT SesaZlebelia wonasworu-
li qimiuri reaqciac aseve gamoviyvanoT wonasworuli mdgomareobidan, CvenTvis 
sasurveli saboloo Sedegis misaRwevad.

1888 wels qimikosma a. l. le Sateliem (nax. 3.10) 
aRmoaCina, rom arsebobs gzebi, romlebiTac SeiZle-
ba wonasworobis kontroli meti produqtis miRebis 
mizniT.  am gzebis Ziebas gansakuTrebuli mniSvneloba 
aqvs mrewvelobaSi produqtis maRali gamosavliano-
biT misaRebad. 

le Satelies principi SemdegSi mdgomareobs: Tu 
wonasworobaSi myof qimiur reaqciaSi SevcvliT raime 
faqtors, wonasworoba gadaixreba im reaqciis ga-
Zlierebis mxares, romelic am faqtoris Secvlas ewi-
naaRmdegeba, anu:

rodesac raime gare faqtoris  moqmedebiT irRveva 
wonasworoba, sistema moqmedebs cvlilebis winaaRmdeg 
da myardeba axali wonasworoba. 

le Satelies principis gaTvaliswinebiT SesaZlebelia procesebis marTva sa-
surveli mimarTulebiT. 

ganvixiloT mrewvelobaSi amiakis sinTezis magaliTi. misi ekonomikuri mniSvn-
elobis gamo es procesi detalurad iqna Seswavlili da cnobilia haberis pro-
cesis saxelwodebiT (nax. 3.11).

nax. 3.10. anri-lui

le Satelie 

(Henry Louis Le Chatelier)

https://en.wikipedia.org/wiki/Henry_Louis_Le_Chatelier
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reaqtori

macivari

wyali

wyali

amiaki

airi

wyalbadisa 
da azotis 

narevi

airTa narevis reciklireba

amiakis warmoebis sqema

saqarTveloSi amiaki iwarmoeba 
rusTavis azotis qarxanaSi. 
miRebuli amiaki gamoiyeneba 

amoniumis sasuqebis warmoebaSi. 

nax. 3.11. amiakis samrewvelo miReba.

amiakis sinTezis reaqcia Seqcevadia:

N2(a) + 3H2(a) ⇄ 2NH3(a)

pirdapiri reaqcia egzoTermulia, xolo energiis cvlilebaa 92 kj/moli.
vnaxoT, Tu ra gavlenas axdens sxvadasxva faqtori amiakis gamosavlianobaze. 

3.2.1. koncentraciis gavlena

reaqciis dawyebisas, bunebrivia, reagentebis (azotisa da wyalbadis) kon-
centracia maRalia da droTa ganmavlobaSi maTi koncentraciis SemcirebasTan 
erTad TandaTan izrdeba produqtis (amiakis) koncentracia. garkveuli drois 
Semdeg dgeba momenti, rodesac mocemul pirobebSi drois erTeulSi ramdeni 
produqtic warmoiqmneba, imdenive iSleba, sistemaSi  nivTierebaTa koncentracia 
ucvleli rCeba da myardeba wonasworoba (nax. 3.12). am reaqciisaTvis wonasworo-
bis mudmiva ase gamoisaxeba:

 =
⋅

2
3

3
2 2

[NH ]
K

[N ] [H ]w

unda gvaxsovdes, rom wonasworobis mudmiva mocemul temperaturaze ucv-
leli sididea.

rogorc ki sistemaSi gaizrdeba erT-erTi reagentis, magaliTad, azotis kon-
centracia, sistemaSi wonasworoba dairRveva. aRiZvreba sapirispiro procesi, 
romelic mimarTulia azotis koncentraciis Semcirebisken, raTa isev damyardes 
wonasworoba. amisaTvis unda warmoiqmnas meti amiaki, Sesabamisad, azoti reaqcia-
Si Seva wyalbadTan, warmoiqmneba amiaki, garkveuli drois Semdeg ki reagentebisa 
da produqtis koncentracia ucvleli darCeba,  rac imis maCvenebelia, rom axali 
wonasworoba damyarda (nax. 3.12 da nax. 3.13). 
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nax. 3.12. reagentebisa da produqtebis koncentraciis droze damokidebuleba.

ko
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, 
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l

dro

N2

H2

NH3
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l
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l

dro

N2-is damatebis 
momenti

N2

H2

NH3

N2 N2

H2

NH3

N2   H2  NH3 N2   H2  NH3 N2   H2  NH3

a) b) g) 

nax. 3.13. a) sawyisi wonasworuli narevi; b) N2 damatebis momenti;  
g) axali wonasworobis damyareba. 

maSasadame, reagentebis an erT-erTi reagentis koncentraciis gazrda, le  
Sa te lies principis Tanaxmad, iwvevs sawinaaRmdego procesis aRZvras, kerZod, 
reagentis koncentraciis Semcirebas, rac TavisTavad gamoiwvevs produqtebis 
koncentraciis gazrdas da wonasworobis gadaxris marjvniv, produqtebis war-
moqmnis mxares. reagent(eb)is koncentraciis SemcirebiT ki aRiZvreba procesebi, 
romlebic maTi koncentraciis gazrdas gamoiwvevs, es ki sapirispiro reaqciis 
mimdinareobiT miiRweva, rac imas niSnavs, rom wonasworoba marcxniv, reagentebis 
mxares gadaixreba.

3.2.2. wnevis gavlena

 amiakis sinTezis reaqciaSi Cans, rom reagentebis yoveli 4 moculobidan  
(1 moc. azoti + 3 moc. wyalbadi) miiReba produqtebis 2 moculoba (2 moc. amia-
ki). e.i. es reaqcia wnevis SemcirebiT mimdinareobs. amitom, Tu wonasworul md-
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gomareobaSi gavzrdiT sareaqcio aris wnevas, sistemaSi gaZlierdeba is reaqcia, 
romelic wnevis SemcirebiT mimdinareobs. am SemTxvevaSi esaa pirdapiri reaqcia, 
amitom wonasworoba marjvniv _ produqtebis warmoqmnis mimarTulebiT gadain-
acvlebs. wnevis Semcirebis SemTxvevaSi ki piriqiT, wonasworoba gadaixreba re-
agentebis mxares (nax. 3.14).

N2

H2

NH3

a)                                                  b)                                            g)

nax. 3.14. wnevis gazrdiT produqtis moculoba izrdeba e. i. wonaswroroba gadaixreba 
amiakis warmoqmnis mxares.

xazgasmiT unda aRiniSnos, rom wnevis cvlileba mxolod maSin axdens gavlenas 
wonasworobaze, rodesac reagentebidan an produqtebidan erT-erTi mainc aris 
airad mdgomareobaSi. sareaqcio sistemaSi myari an Txevadi nivTierebis arsebo-
bis SemTxvevaSi is ugulebelyofilia. magaliTad, reaqciaSi:

CaCO3(my)  ⇄ CaO(my)
 
 + CO2(a)

airadia mxolod naxSirorJangi, es imas niSnavs, rom reaqcia mimdinareobs wn-
evis gazrdiT. 

mniSvnelovania imis gaTvaliswinebac, rom Tu wonasworul reaqciaSi reagen-
tebisa da produqtebis Semadgenel airad nivTierebaTa koeficientebis (anu 
molebis) jami tolia, wneva wonasworobaze gavlenas ver axdens. magaliTad:

CO(a)
 
+ H2O(a) ⇄ CO2(a) + H2(a)

reaqciis marjvena da marcxena mxares moculobebi tolia da procesSi wneva 
ar icvleba. wnevis Secvla orive reaqciaze erTnair gavlenas moaxdens da, Sesa-
bamisad, wonasworoba ar dairRveva.

3.2.3. temperaturis gavlena 

ZiriTadad, qimiuri reaqciebis dros siTbo an gamoiyofa, an STainTqmeba. 
rogorc ukve viciT, Tu pirdapiri reaqcia egzoTermulia, maSin gamoyofili 
siTbos raodenoba ricxobrivad sapirispiro reaqciis mier STanTqmuli siTbos 
raodenobis tolia. amiakis sinTezis reaqcia egzoTermulia, 1 moli amiakis war-
moqmnisas gamoiyofa 46 kj siTbo, temperaturis gazrda ki xels uwyobs siTbos 
STanTqmiT mimdinare reaqcias. am SemTxvevaSi endoTermulia sapirispiro, anu 
amiakis daSlis reaqcia. amrigad, amiakis sinTezis SemTxvevaSi temperaturis gaz-
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rdiT wonasworoba reagentebis mxares gadaixreba,  xolo temperaturis Semcire-
biT _ piriqiT, egzoTermuli reaqciis mimarTulebiT gadainacvlebs (nax. 3.15).

dabali wneva 
maRali temperatura

romeli cvli lebe-
bi zrdis amiakis 
gamosavlianobas?

maRali wneva 
dabali temperatura

N2

N2

H2

H2

NH3

NH3

nax. 3.15. amiakis gamosavlianoba sxvadasxva pirobebSi.

miuxedavad amisa, amgvar reaqciebs (amiakis, meTanolis sinTezi da sxv.) mainc 
maRal temperaturaze atareben. marTalia, wonasworoba am dros marcxniv aris 
gadanacvlebuli, e.i. produqtebis gamosavali mcirea, samagierod, reaqcia maRa-
li siCqariT mimdinareobs da wonasworoba male myardeba. 

procesis ganxorcielebisas produqtebs sareaqcio ares acileben, xolo rea-
gentebs ukan, sistemaSi abruneben. amis meSveobiT drois erTeulSi miRebuli 
produqtis raodenoba izrdeba, rac process momgebians xdis.

ganvixiloT Seqcevadi reaqciis kidev erTi magaliTi, azotis dioqsidis 
gardaqmna diazotis tetraoqsidad. reaqcia egzoTermulia:

2NO2(a) ⇄ N2O4(a)+Q

azotis  dioqsidi mura wiTeli airia, xolo  diazotis tetraoqsidi uferoa. 
Tu azotis dioqsidiT gavavsebT sam kolbas da Tavdaxurul mdgomareobaSi mo-
vaTavsebT 0°C, 25°C da 100°C -ze, davinaxavT, rom WurWlis SigTavsi sxvadasxva 
fers miiRebs (nax. 3.16).

0°C 25°C 100°C
88

12

68

32

5

95

                       k = 1250                  k = 165                          k = 2

N2O4 =                 NO2 = 

nax. 3.16. wonasworobis mudmivas damokidebuleba temperaturaze.
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rogorc 3.16 naxazidan Cans, temperaturis cvlileba gavlenas axdens wonas-
worobis mudmivaze. temperaturis gazrdiT egzoTermuli reaqciis wonasworobis 
mudmiva mcirdeba, xolo endoTermuli reaqciis wonasworobis mudmiva izrdeba.

rogorc aRvniSneT, es qimiuri procesi Seqcevadia da pirdapiri reaqcia eg-
zoTermulia, Sebrunebuli ki _ endoTermuli. le Satelies principis Tanaxmad, 
maRal temperaturaze upiratesad endoTermuli reaqcia mimdinareobs, Sesabam-
isad, wonasworoba gadaxrili iqneba reagentis mxares, e. i. diazotis tetraoqsi-
di daiSleba da muqi feris azotis dioqsidi warmoiqmneba. dabal temperaturaze 
ki wonasworoba gadaixreba egzoTermuli anu diazotis tetraoqsidis warmoqmnis 
reaqciis mxares da SigTavsi Ria Seferilobas miiRebs. 

katalizatori wonasworobaze gavlenas ar axdens, vinaidan is erTnairad aCqa-
rebs rogorc pirdapir, aseve sapirispiro reaqciebs. Tumca katalizatori aCqa-
rebs wonasworobis damyarebis process (nax. 3.17).
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nax. 3.17. potenciuri energis diagrama ukatalizatorod da katalizatoris TanxlebiT. 
energiis cvlileba erTnairia.

SevajamoT, ra gavlena aqvs TiToeuli parametris cvlilebas wonasworobaze 
(cxrili 3.1):
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cxrili. 3.1. reaqciis pirobebis cvlilebis gavlena wonasworobaze.

cvlileba wonasworobis gadaxra
wonasworobis 

mudmiva

reagentis koncen-
traciis gazrda

wonasworobas gadaxris produqtebis 
mxares

ucvlelia

reagentis koncen-
traciis Semcireba

wonasworobas gadaxris reagentebis 
mxares

ucvlelia

wnevis gazrda
wonasworobas gadaxris airadi  

nivTierebebis  raodenobis Semcirebis 
mimarTulebiT

ucvlelia

wnevis Semcireba
wonasworobas gadaxris airadi 

nivTierebebis  raodenobis gazrdis 
mimarTulebiT

ucvlelia

temperaturis 
gazrda

wonasworobas gadaxris endoTermuli 
reaqciis mimarTulebiT

icvleba

temperaturis 
Semcireba

wonasworobas gadaxris egzoTermuli 
reaqciis mimarTulebiT

icvleba

katalizatori ar axdens gavlenas wonasworobaze ucvlelia

  kiTxvebi da davalebebi:

1. romel mxares gadaxris wonasworobas temperaturis gazrda mocemuli 
reaqciebisTvis? pasuxi daasabuTeT.

 a) N2+O2  2NO-Q        b) H2+Cl2 2HCl+Q

2. mocemulia airad nivTierebebs Soris mimdinare wonasworuli reaqcia: 

2CO+O2CO2

 CamoTvaleT, romeli qmedebebiT aris SesaZlebeli wonasworobis gadaxra 
marjvniv? TiToeul SemTxvevaSi daasabuTeT Tqveni pasuxi. 

3. mocemuli reaqciebidan romlebSi gamoiwvevs wnevis gazrda wonasworobis 
imave mxares gadawevas, romel mxaresac gadaanacvlebs temperaturis daw-
eva? pasuxi daasabuTeT. 

 a) N2 (a) +O2 (a)  2NO (a) + Q        b) CO2 (a) +C(my) 2CO (a) – Q                                                            
 g) 2CO (a) +O2 (a) 2CO2 

(a) + Q     d) CO (a) +H2O(a)CO2 (a) +H2(a) – Q



86

Tavi 3. qimiuri wonasworoba

 rogor warmoiqmneba stalaqtitebi da 

stalagmitebi? 

bunebaSi gansakuTrebuli silamaziT gamoirCeva mRvimeebi, sadac SexvdebiT 
stalaqtitebsa (gamoqvabulis TaRidan konusebur svetad CamogrZelebuli Sver-
ili) da stalagmitebs (konusiseburi wamonazardi, romelic aRmarTulia gamo-
qvabulis Ziridan vertikalurad). maT  xSirad bunebis saocrebad, xelovnebis 
nimuSad moixsenieben. erT-erTi aseTi msoflio masStabiT cnobili mRvimea prom-
eTes mRvimec (nax. 3.18), romelic imereTSi, wyaltubos municipalitetSi mde-
bareobs. misi asaki daaxloebiT 60 – 70 milioni welia. stalaqtitebisa da sta-
lagmitebis umetesoba, romlebsac mRvimeSi vxvdebiT, warmoqmnilia kalciumis 
karbonatisagan da maT Camoyalibebas milionobiT weli sWirdeba. 

isini Semdegnairad warmoiqmneba:
wvimis wyalSi gaxsnil naxSirorJangs karbonatul qanebSi arsebuli kalciumis 

karbonati xsnad hidrokarbonatSi gadahyavs:

 + + →3 2 2 3 2CaCO CO H O   Ca(HCO )

bunebaSi es reaqcia Seqcevadia.  warmoqmnili kalciumis hidrokarbonati mi-
wisqveSa wylebSi xvdeba da rodesac aseTi wyali mRvimis Weridan wveTavs, kal-
ciumis hidrokarbonati iSleba da isev warmoiqmneba kalciumis karbonati sta-
laqtitebisa da stalagmitebis saxiT:

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

garda karbonatisa, SesaZlebelia sxva mineralebis mcire raodenobiT dale-
qvac, rac stalaqtitebisa da stalagmitebis sxvadasxva Sedgenilobasa da fers 
ganapirobebs. 

nax. 3.18. promeTes mRvime.
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  Semajamebeli savarjiSoebi

1. romel mxares gadaxris wonasworobas wnevis gazrda mocemuli reaqciebisT-
vis? pasuxi daasabuTeT. gaiTvaliswineT, rom reaqciebSi monawile yvela niv-
Tiereba airia.

 a) 2NO2  2NO+O2        b)   2SO2+O2 2SO3            g) N2+O2 2NO

2. mocemulia wonasworuli reaqcia: 3H2+N2 2NH3. ra pirobebSi gadaixreba am 
reaqciisTvis wonasworoba marcxniv? pasuxi ganmarteT.

3. ra faqtorebis gavleniT SeiZleba mocemuli reaqciis wonasworobis marjvniv 
gadaxra? pasuxi daasabuTeT.

CO2(a) + C(my) 2CO(a) - 72.6kj

4. azot(IV)-is oqsidis warmoqmnis reaqcia gamoisaxeba tolobiT: 2NO+O2  
2NO2. rogor Seicvleba pirdapiri da sapirispiro reaqciebis siCqareebi, Tu 
wnevas gavzrdiT orjer? gamoiwvevs Tu ara es cvlileba wonasworobis gada-
nacvlebas? pasuxi daasabuTeT.

5. A da  B nivTierebebs Soris mimdinareobs reaqcia:  

A + B →C + D

 aiRes oTxive nivTierebis TiTo moli. wonasworobis damyarebis Semdeg narevi 
Seicavda 1.5 mol C nivTierebas. gamoTvaleT A, B da D nivTierebebis wonas-
woruli koncentraciebi.

6. reaqciaSi CO+Cl2 COCl2 sawyisi nivTierebebi aiRes toli moluri raode-
nobebiT. wonasworobis damyarebis momentSi daxarjuli aRmoCnda reagentTa 
naxevari. rogor Seicvleboda wneva WurWelSi wonasworobis damyarebis momen-
tSi?

7. Jangbadis ozonad gardaqmnis Termoqimiuri gantolebaa: 3O2 2O3 
- 284kj. 

SeadgineT ozonis Jangbadad gardaqmnis reaqciis Termoqimiuri gantoleba.

8. dawereT wonasworobis mudmivas toloba mocemuli reaqciebisTvis:

 a) 2NO2(a)  N2O4(a)             b) CO(a) + 2H2(a)   CH3OH(a)

9. gaaTanabreT reaqciebi da dawereT Sesabamisi wonasworobis mudmivas toloba:

   a) SO3(a)  SO2(a) + O2(a) b) CaCO3(my)  CaO(my) + CO2(a)

   g) CO(a)   C(my) + O2(a)  d) C(my) + CO2(a)   CO(a)

10. gamoTvaleT wonasworobis mudmiva Semdegi reaqciebisaTvis:

   a)  H2(a) + Cl2(a)   2HCl(a)
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 Tu nivTierebaTa wonasworuli koncentraciebia (moli/l): [H2]=0.42,  
[Cl2]= 0.075, da [HCl]=0.95.

 b) ( ) ( ) ( )+ �2 2 3N 3H 2NHa a a

 Tu nivTierebaTa wonasworuli koncentraciebia (moli/l): [N2]= 0.34,  [H2]=0.13, 
da [NH3]=0.19.

 g) ( ) ( ) ( ) ( )+ +�2 4 2CO 3H CH H Oa a a a

 Tu nivTierebaTa wonasworuli koncentraciebia (moli/l): [CO]=4.0,  [H2]= 2.8,   
[CH4]=0.75,  [H2O]= 0.12.

 d) ( ) ( ) ( ) ( )+ +�2 3 4 23Fe 4H O Fe O 4Hmy a my a

 Tu nivTierebaTa wonasworuli koncentraciebia (moli/l): [H2O]= 1.0, [H2]= 4.5.

11. diazotis tetraoqsidi (N2O4) advilad gardaiqmneba azotis dioqsidad (NO2). 
es reaqcia Seqcevadia:

N2O4               2 NO2

                                 ufero airi      mura feris airi

   daluqul SpricSi Catumbes am ori airis narevi. wonasworobis damyarebis Sem-
deg narevma miiRo Ria yavisferi.

   

dguSi

daluquli 
bolo

                     

diazotis tetraoqsidisa da 
azotis dioqsidis narevi

a) mudmivi temperaturis pirobebSi Tu dguSs davawvebiT, feri ucbad gamuqde-
ba, Semdeg ki nel-nela gaRiavdeba, radgan reaqciis wonasworoba marcxniv 
gadaixreba.
• axseniT, ratom gamuqda narevi swrafi SekumSvisas.
• axseniT, ratom gadaixara wonasworoba marcxniv.

b) zemoT aRwerili reaqcia endoTermulia.
• rogor Seicvleba narevis Seferiloba gacxelebisas?
• rogor Seicvleba pirdapiri da sapirispiro reaqciis siCqareebi am dros?
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 Temis Semajamebeli davalebebi
1. mocemulia acetonis iodTan urTierTqmedebis reaqcia:

 + → +3 3 2 3 2CH COCH I CH COCH I HI

 reaqciis katalizatoria qlorwyalbadmJava.

 cxrilSi naCvenebia, Tu rogor icvleba reaqciis siCqare acetonis, iodisa da 
qlorwyalbadmJavas sxvadasxva koncentraciis SemTxvevaSi:

N acetonis koncentra-
cia, moli/l

iodis kon-
centracia, 

moli/l

qlorwyalbad-
mJavas koncen-
tracia, moli/l

reaqciis  
siCqare,  

moli/l · wT 

1 0.025 0.024 0.12 5.1

2 0.05 0.024 0.12 10.2

3 0.05 0.024 0.06 5.1

4 0.05 0.012 0.06 5.1

1.1. rogor icvleba reaqciis siCqare TiToeuli nivTierebis koncentraciis 
zrdasTan erTad? pasuxi daasabuTeT.

1.2. ratom iwvevs temperaturis mateba qimiuri reaqciis siCqaris zrdas? axse-
niT dajaxebaTa Teoriis safuZvelze.

2. gogirdis trioqsidi miiReba gogirdis dioqsidis JangbadTan urTierTqmedeb-
iT katalizatoris Tanaobisas. reaqcia egzoTermulia da tardeba daxurul 
WurWelSi, sadac myardeba wonasworoba.

2.1. SeadgineT reaqciis toloba.

2.2. moiZieT informacia da daasaxeleT reaqciis katalizatori. 

2.3. romel mxares gadaixreba wonasworoba, Tu:
a) temperatura gaizrdeba;
b) wneva gaizrdeba;
g) gogirdis trioqsidis koncentracia Semcirdeba;
d) katalizatoris koncentracia gaizrdeba?
TiToeul SemTxvevaSi pasuxi daasabuTeT.

2.4. grafikze mocemulia gogirdis trioqsidis procentuli Semcvelobis 
damokidebuleba temperaturaze:

Se
mc

ve
l

o
ba

 (
%

)

temperatura (°C)
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a) axseniT, rogor da ratom icvleba gogirdis trioqsidis procentuli 
Semcveloba temperaturis cvlilebasTan erTad?

b) ratom atareben reaqcias 450°C-ze da ara 250°C-ze?

3. gacxelebisas ciklopropani propenad gardaiqmneba.

3.1. grafikze mocemulia propenis koncentraciis droze damokidebuleba:

  

ko
nc

en
t
r
ac

ia

dro

 grafikis mixedviT axseniT, Tu rogor icvleba produqtis koncentracia 
droSi.

3.2. rogor Seicvleba reaqciis siCqare, Tu:

a) gaizrdeba ciklopropanis koncentracia;

b) Semcirdeba temperatura?

TiToeul SemTxvevaSi pasuxi daasabuTeT.

4. maRal temperaturaze wyalbadi urTierTqmedebs iodTan iodwyalbadis warmo-
qmniT. reaqcia Seqcevadia da garkveuli drois Semdeg myardeba wonasworoba. 
reaqciis siTburi efeqtia 53 kj/moli.

4.1. SeadgineT reaqciis toloba.

4.2. romel mxares gadaixreba wonasworoba, Tu:

a) wneva gaizrdeba;

b) temperatura Semcirdeba;

g) iodis koncentracia Semcirdeba;

d) iodwyalbadis koncentracia gaizrdeba.

TiToeul SemTxvevaSi pasuxi daasabuTeT.

5. azot(V)-is oqsidi gaxurebisas iSleba azot(IV)-is oqsidisa da Jangbadis gamo-
yofiT.

5.1. SeadgineT reaqciis toloba.

5.2. cxrilSi mocemulia reaqciis siCqare azot(V)-is oqsidis sxvadasxva kon-
centraciis SemTxvevaSi:
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azot(V)-is oqsidis koncen-
tracia, moli/l

reaqciis siCqare, moli/l · wm

3.2 6.39
1.6 3.15
0.8 1.63

 
 rogor da ratom icvleba reaqciis siCqare azot(V)-is oqsidis koncentraciis 

zrdasTan erTad? daasabuTeT pasuxi SejaxebaTa Teoriis safuZvelze. 

5.3. rogor Seicvleba mocemuli reaqciis siCqare temperaturis gazrdisas?

5.4. mocemulia reaqciis energetikuli grafikis Sabloni. 

reagentebi

produqtebi

reaqciis mimdinareoba

si
st

em
is

 e
ne

r
gi

a

gadaxazeT rveulSi da grafikze gamosaxeT:

a) reaqciis Sesabamisi mrudi (katalizatoris gareSe);
b) reaqciis Sesabamisi mrudi (katalizatoris Tanaobisas).

5.5. mocemuli reaqcia egzoTermulia Tu endoTermuli? pasuxi daasabuTeT.  

6. bismut(III)-is qloridis wyalTan urTierTqmedebisas warmoiqmneba naleqi:

 + +3 2 )BiCl H O 2HCl( ) ( ) O( ) (Bi Clwy Tx wy my

a) ra cvlileba SeiniSneba xsnarSi, Tu mas davamatebT ramdenime wveT koncen-
trirebul marilmJavas?

b) eqneba Tu ara am reaqciis wonasworobaze gavlena wnevis cvlilebas? pasuxi 
daasabuTeT. 

7. CrO4
2- ionis Semcvel yviTeli feris wyalxsnarSi ganzavebuli mJavas damatebi-

sas warmoiqmneba Cr2O7
2- ioni, romelic wyalxsnars narinjisfer Seferilobas 

aniWebs:

 − + −+ +

2 2
4 2 7 2( ) ( ) ( ) ( )2CrO 2H Cr O H Owy wy wy Tx

a) ra cvlileba SeiniSneba xsnarSi, Tu mas davamatebT ramdenime wveT tutis 
koncentrirebul xsnars?
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b) eqneba Tu ara am reaqciis wonasworobaze gavlena wnevis cvlilebas? pasuxi 
daasabuTeT.

8. iodi qlorTan urTierTqmedebisas warmoqmnis muq yavisfer iodis mono-
qlorids:

I2 (a) +Cl2 (a) →2ICl (Tx)

 iodis monoqloridi kvlav urTierTqmedebs qlorTan yviTeli feris iodis 
triqloridis warmoqmniT, ra drosac myardeba wonasworoba:

ICl(Tx)+Cl2(a) 2ICl3(my)

a) wonasworuli narevis gacxelebisas SeiniSneba xsnaris gayavisfreba. reaqcia 
endoTermulia Tu egzoTermuli? pasuxi daasabuTeT.

b) eqneba Tu ara am reaqciis wonasworobaze gavlena wnevis Semcirebas? pasuxi 
daasabuTeT.

g) qvemoT mocemuli cxrilis mixedviT gamoTvaleT energiis cvlileba aRniS-
nul reaqciaSi:

bma bmis energia, kj/moli

I-I 151

Cl-Cl 248

I-Cl 208

9. eTanoli warmoiqmneba glukozis fermentaciis Sedegad:

C6H12O6→2C2H5OH+2CO2↑
 reaqcia egzoTermulia.
 mocemulia reaqciis siCqaris droze damokidebulis grafiki ramdenime dRis 

ganmavlobaSi:

r
ea

qc
ii

s 
si

Cq
ar

e

dro

a) ratom izrdeba reaqciis siCqare procesis dawyebisas?
b) ratom iklebs reaqciis siCqare saboloo jamSi? 

10. moswavlem kalciumis karbonatis natexebs daumata marilmJava oTaxis tem-
peraturaze (20°C). 

 mocemulia reaqciis dros gamoyofili airis moculobis droze damokideb-
ulebis grafiki (1):



93

Tema 2. qimiuri kinetika

ga
mo

yo
f
il

i 
ai

r
is

 m
o
c
u
l

o
ba

 (
ml

)

dro (wT)

1

a) SeadgineT qimiuri reaqciis toloba.

b) ratom ar icvleba gamoyofili airis moculoba 10 wuTis Semdeg?

g) reaqciis dawyebidan ra droSi Segrovda 20 ml airi?

d) moswavlem gaimeora eqsperimenti 30°C-ze, sxva yvela piroba iyo ucvleli. 
gadaxazeT zemoT mocemuli grafiki rveulSi da amave grafikze aageT gamo-
yofili airis moculobis droze damokidebulebis mrudi (2) am eqsperimen-
tisaTvis (moculoba izomeboda erTnair pirobebSi). 

e) moswavlem kidev erTxel gaimeora eqsperimenti oTaxis temperaturaze, Tum-
ca kalciumis karbonatis natexebis nacvlad gamoiyena fxvnili. rogor da 
ratom Seicvleba reaqciis siCqare am SemTxvevaSi? imave grafikze aageT 
mrudi (3) am eqsperimentisTvis.

11.  moswavlem Seagrova ganzavebul marilmJavasTan magniumis urTierTqmedebi-
sas gamoyofili airi Semdegi mowyobilobis gamoyenebiT:

magniumis 
lenti

ganzavebuli 
marilmJava

wyali
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 moswavlem Caatara ori gansxvavebuli eqs-
perimenti, TiToeuli maTganis dros gamo-
yofili airis moculobis droze damokideb-
uleba asaxulia grafikze:

a) SeadgineT procesis amsaxveli qimiuri 
reaqciis toloba.

b) ra moculobis airi gamoiyo TiToeuli 
eqsperimentis SemTxvevaSi?

g) ivaraudeT, ra SeiZleba Seecvala mo-
swavles meore eqsperimentSi, pirvel 
eqsperimentTan SedarebiT? pasuxi daa-
sa buTeT.

d) informaciuli da sakomunikacio te-
qnologiebis (ist) gamoyenebiT aageT 
grafiki im SemTxvevisaTvis, rodesac 
pirvel eqsperimentSi magniumis lentis 
nacvlad gamoviyenebT fxvnils. 

12.  moswavlem Seiswavla magniumis urTierTqmedeba or sxvadasxva koncentra-
ciis mJavasTan (X da Y).  man Caatara ori eqsperimenti Semdegi mowyobilobis 
gamoyenebiT:

mJava

wyali

menzura

airi

magniumis 

lenti

 moswavlem menzuris gamoyenebiT 50 ml X mJava da 0.5 g magniumis lenti Seita-
na kolbaSi, dauco Tavsaxuri da daiwyo Segrovebuli airis moculobis aTvla 
yovel 30 wamSi. 

a) miRebuli Sedegebi mocemulia cxrilSi. miuwereT TiToeul niSnuls Sesa-
bamisi moculobis mniSvneloba.

b) meore eqsperimentSi moswavlem igive gaimeora 50 ml Y mJavasaTvis.
 miRebuli Sedegebi mocemulia cxrilSi. miuwereT TiToeul niSnuls Sesa-

bamisi moculobis mniSvneloba:

dro

ga
mo

yo
f
il

i 
ai

r
is

 m
o
c
u
l

o
ba 1

2
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eqsperimenti 1 eqsperimenti 2

dro menzura
dagrovili 
airis mocu-
loba, ml

dro menzura
dagrovili 
airis mocu-
loba, ml

0
0

5

10

0
0

5

10

30

10

15

20
30

0

5

10

60

20

25

30
60

5

10

15

90

25

30

35
90

10

15

20

120

30

35

40
120

10

15

20

150

40

45

50
150

15

20

25

180

45

50

55
180

15

20

25

g) informaciuli da sakomunikacio teqnologiebis (ist) gamoyenebiT erT 
grafikze aageT gamoyofili airis moculobis droze damokidebulebis 
mrudebi orive eqsperimentisaTvis. SeadareT, romeli reaqciaa ufro swrafi 
da axseniT, ratom?

d) grafikis mixedviT daadgineT, ra droSi Segrovdeboda 15 ml airi TiToeu-
li eqsperimentis SemTxvevaSi.

e) TiToeuli reaqciisaTvis gamoTvaleT reaqciis siCqare pirveli 30 wm-is 
ganmavlobaSi.

13. marilmJavaSi gaxsnes TuTia, ris Sedegadac gamoiyo wyalbadi. mrudze (1) mo-
cemulia 0.2 moli/l koncentraciis marilmJavaSi Warbi  TuTiis gaxsnisas gam-
oyofili wyalbadis moculobis droze damokidebuleba.
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ga
mo

yo
f
il

i 
ai

r
is

 m
o
c
u
l

o
ba

, 
ml

dro, wT

1

a) SeadgineT mimdinare reaqciis toloba.
b) ra moculobis wyalbadi gamoiyofa reaqciis dawyebidan or wuTSi?
g) ratom ar icvleba wyalbadis moculoba 6 wT-is Semdeg?
d) eqsperimenti gaimeores 0.1 moli/l koncentraciis marilmJavas monawileo-

biT. yvela sxva piroba ucvlelia. daxazeT gamoyofili wyalbadis droze 
damokidebulebis mrudi (2) amave grafikze. 0.1 moli/l koncentraciis 
marilmJavas monawileobiT.

e) daasaxeleT miRebuli marili.
v) CamoTvlilTagan romeli SeiZleba Seesabamebodes marilmJavas xsnaris pH-s?

pH=1,       pH=7,           pH=9          Tu      pH=13?

14. energetikuli diagrama gviCvenebs reaqciis mimdinareobas TuTiasa da ganza-
vebul gogirdmJavas Soris.

reaqciis mimdinareoba

wy

si
st

em
is

 e
ne

r
gi

a

a) sad unda eweros grafikze produqtebis formulebi?  
b) diagramaze aCveneT aqtivaciis energia;     
g) egzoTermulia Tu endoTermuli reaqcia? pasuxi axseniT grafikze dayrd-

nobiT. 
d) TuTiasa da ganzavebul gogirdmJavas Soris reaqciaSi katalizatorad Sei-
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Zleba gamoviyenoT spilenZ(II)-is sulfati. gadaxazeT grafiki da daxazeT 
mrudi imave reaqciisTvis katalizatoris Tanaobisas.

15. naxSirbadis dioqsidi miiReba kalciumis karbonatze ganzavebuli marilmJa-
vas moqmedebiT. 
a) dawereT mocemuli reaqciis toloba.
b) rogor Seicvleba am reaqciis siCqare, Tu marilmJavas koncentracias gavz-

rdiT, xolo yvela sxva piroba ucvleli darCeba? pasuxi daasabuTeT.
g) rogor Seicvleba am reaqciis siCqare, Tu temperaturas gavzrdiT, xolo 

yvela sxva piroba ucvleli darCeba? pasuxi daasabuTeT.

16. qlori reagirebs naxSirbadis monooqsidTan fosgenis warmoqmniT. samive niv-
Tiereba airadia. reaqcia egzoTermuli da katalizuria. 

Cl2 
+ CO   COCl2

a) daxazeT am reaqciis energetikuli diagrama, romelzec warmodgenili iqneba: 
•	 reagentebi da produqtebi
•	 energiis cvlileba reaqciis mimdinareobisas
•	 aqtivaciis energia

b) rogor moqmedebs am SemTxvevaSi katalizatori pirdapiri da sapirispiro 
reaqciebis siCqaresa da wonasworobaze? pasuxi daasabuTeT.

g) rogor Seicvleba reaqciis wonasworoba: 
•	 wnevis gazrdiT?    
•	 temperaturis gazrdiT?
TiToeul SemTxvevaSi pasuxi daasabuTeT.

d) qlorsa da naxSirbadis monooqsids Soris reaqcia sqematurad SeiZleba ase 
warmovidginoT:



  1 moli fosgenis warmoqmnisas 230 kj energia gamoiyofa.

bma bmis energia  kj/moli

Cl −  Cl 240

C=O
fosgenSi

745

C −Cl 400

 reaqciisa da cxrilSi mocemuli bmis energiebis gamoyenebiT, gamoTvaleT bmis 
energia naxSirbadis monooqsidSi.
e) gadaxazeT rveulSi qvemoT mocemuli sqema da SeadgineT fosgenis  luisis 

eleqtronuli formula. 
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17. halogenebis wyalbadTan urTierTqmedebisas halogenwyalbadebi warmoiqm-
neba. 

a) ivaraudeT, romeli halogeni reagirebs wyalbadTan yvelaze intensiurad. 
daasabuTeT pasuxi.

b) reaqcia qlorsa da wyalbads Soris Semdegi tolobis mixedviT mimdinareobs:

  H2(a)+Cl2(a)  2HCl(a) +185 kj

 N1.3 cxrilis (gv. 27) safuZvelze axseniT, ratomaa es reaqcia egzoTer-
muli.

g) gamoTvaleT, ra energia gamoiyofa, Tu reaqciaSi Seva 106.5 g qlori.

d) rogor Seicvleba wonasworoba, Tu mudmivi temperaturis pirobebSi wnevas 
SevamcirebT?

e) rogor Seicvleba pirdapiri da sapirispiro reaqciis siCqareebi, Tu mud-
mivi wnevis pirobebSi temperaturas SevamcirebT?  romel mxares gadaixreba 
wonasworoba? 

18. wyalairi (naxSirbadis monooqsidisa da wyalbadis narevi) erT-erTi farTod 
gamoyenebadi sawvavia. igi iwarmoeba gavarvarebul naxSirze wylis orTqlis 
gatarebiT: 

C(my)+H2O(a)  CO(a)+H2(a)   - 131 kj

a) egzoTermulia Tu endoTermuli mocemuli reaqcia?
b) gamoTvaleT, ra energia dasWirdeba 2240 l (n. p.) wyalbadis warmoqmnas.
g) ivaraudeT, rogor Seicvleba wonasworoba, Tu 1) ucvleli temperaturis 

pirobebSi wnevas gavzrdiT? 2) Tu mudmivi wnevis pirobebSi temperaturas 
gavzrdiT?

d) es reaqcia SeiZleba gamoviyenoT wyalbadis misaRebadac. daasaxeleT erTi 
uaryofiTi mxare, romelic am gziT miRebuli wyalbadis gamoyenebas axasi-
aTebs.
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e) wyalbadis kidev erTi wyaroa navTobidan miRebuli naxSirwyalbadebis daS-
la. daasaxeleT erTi upiratesoba, romelic axasiaTebs wylis orTqlidan  
miRebul wyalbads navTobidan miRebulTan SedarebiT?

19. manganumis dioqsidi SeiZleba gamoviyenoT sxvadasxva mizniT, magaliTad: 
qloris misaRebad _ reaqcia 1: MnO2(my)+4HCl(wy)→Cl2(a)+2H2O(Tx)+ MnCl2(wy); 
Jangbadis misaRebad _ reaqcia 2:  2H2O2(wy)→O2(a)+H2O(Tx) 

 meore reaqciaSi manganumis dioqsidi katalizatoria.

 a) pirvel reaqcias ikvlevdnen sxvadasxva masis dioqsidis gamoyenebiT erT-
nair pirobebSi. Sedegebi mocemulia cxrilSi:

mJavas xsnaris 
moculoba, ml

mJavas koncen-
tracia, moli/l

gamoyenebuli 

MnO2 
is masa, g

gamoyofili 
qloris mocu-
loba (n. p.), l

100 1.0 1.74 0.48

100 1.0 0.87 0.24

 axseniT, ratom gamoiyofa sxvadasxva moculobis qlori.

b) (a) punqtSi aRweril eqsperimentSi gamoyaviT damoukidebeli, damokidebuli 
da sakontrolo cvladebi.

g) reaqcia 2-ze Caatares eqsperimenti. monacemebi warmodgenilia cxrilSi: 

H2O2 
-is xsnaris 

moculoba, ml

H2O2 
-is xsnaris 

koncentracia, 
moli/l

gamoyenebuli 
MnO2 

-is masa, g

gamoyofili Jang-
badis  moculoba 

(n. p.), l

100 1.0 1.74 1.20

100 1.0 0.87 ?

 rogor fiqrobT, ra moculobis Jangbadi gamoiyofa 0.87 g MnO2 
-is gamoy-

enebisas?

d) reaqcia 1-is Sedegad miRebuli qloris gamoyeneba SeiZleba rkina(II)-is qlo-
ridis rkina(III)-is qloridSi gadasayvanad. dawereT reaqciis toloba da 
gamoTvaleT, ra masis rkina(II)-is qloridi Seva reaqciaSi 0.448 l (n. p.) 
qlorTan.

20. fotosinTezi rTuli da mravalsafexuriani procesia, romelic mzis energiis 
gavleniT mwvane foTlebSi mimdinareobs.  am dros naxSirorJangisa da wylis-
gan warmoiqmneba glukoza da gamoiyofa Jangbadi. procesi endoTermulia da 
fermentebis Tanaobisas mimdinareobs. 

 am procesis amsaxveli jamuri reaqciis tolobaa:

6CO2+6H2O→C6H12O6+6O2
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a) daxazeT am reaqciisTvis energetikuli diagrama. moniSneT masze:
•	 reagentebi da produqtebi
•	 energiis cvlileba reaqciis mimdinareobisas
•	 aqtivaciis energia

b) axseniT, ras warmoadgens fermenti da ra gavlena aqvs reaqciis mimdinareo-
baze?

21. sunTqva cocxali organizmis ujredebSi mimdinare qimiuri procesia, romlis 
Sedegad organizmi energiiT maragdeba. am procesis dros mimdinareobs ram-
denime qimiuri reaqcia, romelTa Sedegad, saboloo jamSi glukozidan nax-
SirorJangi da wyali miiReba.

a) SeadgineT reaqciis toloba.

b) daxazeT reaqciisTvis energetikuli diagrama. moniSneT masze:
•	 reagentebi da produqtebi
•	 energiis cvlileba reaqciis mimdinareobisas
•	 aqtivaciis energia

g) SeadareT agebuli diagrama savarjiSo 20 a) davalebaSi agebul grafiks.

d) sunTqva, wva da fotosinTezi bunebaSi naxSirbadis wrebrunvis mniSvnelovani 
procesebia. rogor aregulirebs es cikli atmosferoSi naxSirorJangis ra-
odenobas?

22. mecnieri ikvlevs kalciumis karbonatis daSlas daxSul WurWelSi. damyare-
bulia dinamikuri wonasworoba:

CaCO3(my) CaO(my)+CO2(a)

a) ras gulisxmobs termini dinamikuri wonasworoba?
b) rogor Seicvleba wonasworuli narevis Sedgeniloba, Tu mudmivi temper-

aturis pirobebSi wnevas SevamcirebT? pasuxi daasabuTeT.
g) mudmivi wnevis pirobebSi temperaturis gazrdiT wonasworoba marjvniv ga-

daixreba. ra daskvnis gamotana SeiZleba am monacemis safuZvelze?
d) kalciumis karbonati urTierTqmedebs azotmJavasTan da miiReba sami niv-

Tiereba: X, Y da Z. sadac: 
•	 X marilia,
•	 Y ufero airi,
•	 Z ufero siTxe.

 dawereT reaqciis toloba da daasaxeleT X, Y da Z nivTierebebi.

23. warmoebaSi wyalbadis misaRebad  gavarvarebul rkinaze wylis orTqls atare-
ben. mocemulia wonasworuli sistema:

3Fe(my)+4H2O(a) Fe3O4(my)+4H2(a)

a) wylis orTqlisa da wyalbadis koncentracia wonasworobis miRwevis Semdeg 
aRar icvleba. axseniT amis mizezi.
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b) ra Seicvleba sistemaSi, Tu mudmivi temperaturis pirobebSi wnevas gavzr-
diT?

g) mudmivi wnevis pirobebSi narevis temperaturis gazrdiT wonasworoba mar-
cxniv gadaixreba. ra daskvnis gamotana SeiZleba aqedan?

d) rogor Seicvleba pirdapiri da sapirispiro reaqciebis siCqareebi tempe-
raturis gazrdisas? pasuxi daasabuTeT.

e) miRebul oqsids - Fe3O4-s gogirdmJavaSi Tu gavxsniT, miiReba sami nivTiere-
ba: A, B da C. sadac: 
•	 A - rkina(II)-is sulfatia
•	 B - rkina(III)-is sulfatia
•	 C - ufero siTxea.

 dawereT reaqciis toloba. 
 v) pirobaSi mocemuli reaqciis mixedviT gamoTvaleT, ra moculobis (n. p.) 

wyalbadi SeiZleba miviRoT 336 kg rkinis gadamuSavebiT.   

24. 0.03 g magniumis naWers daamates 20 ml 0.1 moli/l koncentraciis marilmJava. 

a) dawereT reaqciis toloba.

b) daadgineT Warbi reagenti.

g) ra garegnuli niSniT amoicnobT am qimiur  reaqcias? 

d) gamoTvaleT gamoyofili wyalbadis masa.

e) meore eqsperimentSi magniumis naWeri Secvales imave masis magniumis fx-
vniliT. reaqcia ufro swrafad dasrulda. axseniT amis mizezi. 

25. meTanolis miRebis samrewvelo gzaa wyalairis gardaqmna. meTodi efuZneba 
reaqcias naxSirbadis monooqsidsa da wyalbads Soris, romelic egzoTermu-
lia da Seqcevadi:

CO(a)+2H2(a)CH3OH(a)

a) rogor imoqmedebs wnevis gazrda mocemul sistemaze, Tu temperaturas ucvle-
lad davtovebT?  pasuxi daasabuTeT.

b) rogor imoqmedebs temperaturis Semcireba mocemul sistemaze, Tu wnevas ucv-
lelad davtovebT? pasuxi daasabuTeT.

g) moiZieT informacia meTanolis gamoyenebis Sesaxeb.

26. 200 °C-sa da 200 atm wnevaze fosfor(V)-is qloridi iSleba fosfor (III)-is 
qloridad da qlorad:

PCl5(a) PCl3(a)+Cl2(a)

a) rogor imoqmedebs wnevis Semcireba mocemul sistemaze, Tu temperaturas 
ucvlelad davtovebT?  pasuxi daasabuTeT.

b) rogor imoqmedebs qloris koncentraciis gazrda am sistemaze, Tu sxva faq-
torebs ar SevcvliT? pasuxi daasabuTeT.
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g) cxrilSi mocemulia narevSi fosfor(III)-is qloridis procentuli Semcve-
loba  sxvadasxva temperaturaze.

temperatura °C fosfor(III)-is qloridis  
Semcveloba,  %

200 48

300 95

400 99

• rogor Seicvleba narevSi PCl5-sa da Cl2-is  Semcveloba temperaturis 
cvlilebisas? 

• reaqcia egzoTermulia Tu endoTermuli?  pasuxi daasabuTeT.

d) fosfor(V)-is qloridi kargad ixsneba wyalSi da gvaZlevs fosformJavasa 
da qlorwyalbads. dawereT reaqciis toloba.

27. eTilis spirts didi gamoyeneba aqvs. warmoebaSi igi miiReba eTilenis hi-
drataciiT. reaqcia egzoTermulia.

C2H4(a)+H2O(a)C2H5OH(a)

a) daasaxeleT ori piroba, romelic gazrdis spirtis gamosavlianobas. 
b) grafikze naCvenebia sxvadasxva temperaturaze eTanolis gamosavlianoba 

procentebSi. 

ga
mo

sa
vl

ia
no

ba
 (
%

)

temperatura (°C)

 rogor da ratom icvleba temperaturis zrdasTan erTad eTanolis gamo-
savlianoba?

g) rogor imoqmedebs am reaqciaze wnevis gazrda? pasuxi daasabuTeT.
d) daasaxeleT eTanolis gamoyenebis minimum ori sfero. 
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 ganvlili masalis Sejameba

darwmundiT, rom iciT:

•	 energia arc qreba da arc warmoiqmneba, mxolod erTi tipis energia gardaiqm-
neba sxva tipis energiad, amitom samyaros energia mudmivia.

•	 temperatura aris nawilakebis moZraobis saSualo kinetikuri energiis sazomi; 
xolo siTbo _ energiis gadacemis forma.

•	 egzoTermul reaqciebSi siTbo gamoiyofa da sistemidan gadaecema garemos, 
Sesabamisad, garemos temperatura imatebs.

•	 endoTermul reaqciebSi siTbo STainTqmeba sistemis mier da garemos tempera-
tura iklebs. 

•	 egzoTermul reaqciaSi gamoyofili siTbos raodenobas miuTiTeben-
produqtebis mxares “+” niSniT an reagentebis mxares “_” niSniT.

•	 endoTermuli reaqciis Termoqimiur tolobaSi STanTqmuli siTbo SeiZleba-
Caiweros reagentebis mxares “+” niSniT an produqtebis mxares “-” niSniT.

•	 bmis energia aris energiis is raodenoba, romelic saWiroa standartul pi-
robebSi airad mdgomareobaSi myof 1 mol nivTierebaSi kovalenturi bmebis 
gasawyvetad.

•	 bmis gawyvetisas energia STainTqmeba, xolo warmoqmnisas - gamoiyofa. 

•	 qimiuri reaqciis siCqare drois erTeulSi reagentebis an produqtebis kon-
centraciis (masis, moculobis) cvlilebas gviCvenebs. 

•	 reaqciis msvlelobisas reagentebis raodenoba iklebs, produqtebisa ki _ 
imatebs.

•	 drois erTsa da imave erTeulSi reagentis xarjvisa da produqtebis war-
moqmnis siCqareebi ise Seefardeba erTmaneTs, rogorc maTi steqiometriuli 
koeficientebi.

•	 reaqciis dasawyebad saWiroa reagentTa molekulebSi arsebuli bmebi gawydes, 
risTvisac isini erTmaneTs unda daejaxos Sesabamisi siCqariT da sivrceSi 
swori mimarTulebiT (orientaciiT).

•	 minimalur energias, romelic unda hqondes moreagire nivTierebis erT mols, 
raTa gardaiqmnas produqtad, aqtivaciis energia ewodeba.

•	 qimiuri reaqciis siCqareze moqmedi faqtorebia: temperatura, reagentebis 
koncentracia, Sexebis zedapiris farTobi da katalizatori. 

•	 temperaturis matebiT qimiuri reaqciis siCqare izrdeba.

•	 reagentebis koncentraciis gazrdiT qimiuri reaqciis siCqare izrdeba. 

•	 rac metia reagentTa Sexebis zedapiris farTobi, miT ufro swrafad mimdin-
areobs reaqcia. 

•	 katalizatori nivTierebaa, romelic qimiur reaqcias aCqarebs, TviTon ki 
reaqciis dasrulebis Semdeg ucvleli rCeba.
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•	 katalizatoris TanaobiT mimdinare reaqciis aqtivaciis energia bevrad nak-
lebia, vidre mis gareSe.

•	 fermentebi anu enzimebi biologiuri katalizatorebia, isini organizmSi mim-
dinare mniSvnelovani qimiuri reaqciebis katalizatorebs warmoadgens.

•	 qimiur nivTierebas, romelic qimiuri reaqciis siCqares amcirebs, inhibitori 
ewodeba. 

•	 sareaqcio sistemis mdgomareobas, rodesac pirdapiri da sapirispiro 
reaqciebis siCqareebi tolia, qimiuri wonasworoba ewodeba. 

•	 wonasworul mdgomareobaSi reagentebisa da produqtebis koncentraciebi 
ucvlelia.

•	 rodesac raime gare faqtoris moqmedebiT irRveva wonasworoba, sistema moq-
medebs cvlilebis winaaRmdeg da myardeba axali wonasworoba.

•	 reagent(eb)is koncentraciis gazrda iwvevs wonasworobis gadaxris produqtebis 
warmoqmnis mxares da piriqiT, reagent(eb)is koncentraciis Semcireba iwvevs 
wonasworobis gadaxras reagentebis mxares.

•	 temperaturis gazrdiT wonasworoba gadaixreba endoTermuli reaqciis mimar-
TulebiT, xolo SemcirebiT - egzoTermuli reaqciis mimarTulebiT. 

•	 wnevis gazrdiT wonasworoba gadaixreba  im reaqciis mimarTulebiT, romelic 
wnevis SemcirebiT mimdinareobs da piriqiT, wnevis SemcirebiT wonasworoba 
gadaixreba wnevis gazrdis mxares. wnevas gavlena aqvs sistemaSi arsebul mx-
olod airad komponentebze. 

•	 katalizatori wonasworobaze gavlenas ar axdens, mxolod cvlis pirdapiri 
da sapirispiro reaqciebis siCqares. 
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   usafrTxoebis wesebi saskolo sabunebismetyvelo        
laboratoriaSi muSaobis procesSi

piradi usafrTxoebis mizniT 
aucilebelia loboratoriuli 

samuSaoebis Sesrulebis dros ataroT 
xalaTi, damcavi saTvale, gamoiyenoT 

damcavi xelTaTmanebi.

nebismier eleqtrul 
xelsawyosTan muSaobis 
SemTxvevaSi xelebi unda 

gqondeT mSrali.

Tu romelime nivTiereba 
dagesxaT kanze, saswrafod 

CamoibaneT didi 
raodenobiT wyliT.

gamoyenebis win 
aucileblad SeamowmeT 
minis WurWeli, raTa ar 

iyos dazianebuli an 
gabzaruli.

laboratoriuli samuSaos 
damTavrebis Semdeg 

yvelaferi daabruneT Tavis 
adgilze. daasufTaveT 

samuSao magida. daibaneT 
xelebi sapniT. gamorTeT 
eleqtruli xelsawyoebi.

dauSvebelia 
labora toriaSi 

sirbili da 
TamaSi.

moerideT nivTierebebis 
orTqlis SesunTqvas. 

dauSvebelia 
nivTierebebis Sexeba, 
daynosva an gasinjva.

darwmundiT, rom zustad 
iciT, sad mdebareobs 
pirveladi daxmarebis 

nakrebi, cecxlsaqrobi, 
usafrTxoebis Sxapi, 
Tvalebis dasabani.

laboratoriaSi nebismier 
dros akrZalulia Wama 
da sma. ar gamoiyenoT 

laboratoriuli 
WurWeli saWmlis 

Sesanaxad.

nebismieri SemTxvevis 
Sesaxeb dauyovnebliv 

SeatyobineT 
maswavlebels.

laboratoriaSi 
muSaobis dros unda 

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

zomis samkauli.

arasodes imuSaoT 
laboratoriaSi 

ufrosis 
Tandaswrebis 

gareSe.

yuradRebiT waikiTxeT yvela 
instruqcia. Tu romelime 
instruqcia an procedura 

gaugebaria, samuSaos dawyebis win 
hkiTxeT maswavlebels.

gacxelebis dros 
arasodes mimarToT 

sinjaris piri Tqvenken 
an sxvisken.
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simbolo qarTuli 
saxelwodeba

laTinuri 
saxelwodeba

rogor wavikiTxoT 
formulaSi

H wyalbadi Hydrogenium haS

O Jangbadi Oxygenium o      

C naxSirbadi Carboneum ce

N azoti Nitrogenium en

S gogirdi Sulphur es

P fosfori Phosphorus pe

Si siliciumi Silicium silicium

Cl qlori Chlorum qlor

F fTori Fluorum fTor

Br bromi Bromum brom

I iodi Iodium iod

Fe rkina Ferrum ferum

Al alumini Aluminium alumin

Na natriumi Natrium natrium

K kaliumi Kalium kalium

Li liTiumi Lithium liTium

Ca kalciumi Calcium kalcium

Mg magniumi Magnesium magnium

Ba bariumi Barium barium

He heliumi Helium helium

Ne neoni Neon neon

Kr kriptoni Kryptonum kripton

Ar argoni Argon argon

Zn TuTia Zincum cinkum

Sn kala Stannum stanum

Pb tyvia Plumbum plumbum

Cr qromi Chromium qrom

Mn manganumi Manganum manganum

Co kobalti Cobaltum kobalt

Ni nikeli Niccolum nikel

As dariSxani Arsenicum arsenikum

Cu spilenZi Cuprum kuprum

Ag vercxli Argentum argentum

Au oqro Aurum aurum

Hg vercxliswyali Hydrargyrum hidrargirum

Pt platina Platinum platinum

U urani Uranium uranium

rogor iwereba  da rogor ikiTxeba zogierTi 
qimiuri  elementis simbolo
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metalTa eleqtroqimiuri aqtiurobis mwkrivi

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

aqtiuroba mcirdeba

mJavebidan wyalbads aZevebs mJavebidan wyalbads 
ver aZevebs

qimiaSi xSirad gamoyenebuli erTeulebi

prefiqsi piko (p) nano (n) mikro (mk) mili (m) santi (s) deci (d) kilo (k)

mniSvneloba 10-12 10-9 10-6 10-3 10-2 10-1 103

ganzomileba sigrZe dro masa moculoba raodenoba

erTeuli metri wami grami litri moli

aRniSvna m wm g l moli

sigrZe:

1 m = 1012 pm = 109 nm = 106 mkm = 103 mm = 102 sm = 10-3 km

dro:

1 wm = 109 nwm = 106 mkwm = 103 mwm   

1 wT = 60 wm    

1 sT = 60 wT = 3600 wm

masa:

1 g = 109 ng = 106 mkg = 103 mg = 10-3 kg

moculoba:

1 l = 106 mkl = 103 ml = 1 dm3 = 10-3 m3

raodenoba:

1 moli = 106 mkmoli = 103 mmoli = 10-3 kmoli



108

damxmare masala

elementTa fardobiTi eleqtrouaryofiTobebis cxrili

1
H

2.2

3
Li
1.0

4
Be
1.6

5
B

2.0

6
C

2.6

7
N

3.0

8
O

3.4

9
F

4.0

11
Na
0.9

12
Mg
1.3

13
Al
1.6

14
Si
1.9

15
P

2.2

16
S

2.6

17
Cl
3.2

19
K

0.8

20
Ca
1.0

21
Sc
1.4

22
Ti
1.5

23
V

1.6

24
Cr
1.7

25
Mn
1.6

26
Fe
1.8

27
Co
1.9

28
Ni
1.9

29
Cu
1.9

30
Zn
1.7

31
Ga
1.8

32
Ge
2.0

33
As
2.2

34
Se
2.6

35
Br
3.0

37
Rb
0.8

38
Sr
1.0

39
Y

1.2

40
Zr
1.3

41
Nb
1.6

42
Mo
2.2

43
Tc
2.1

44
Ru
2.2

45
Rh
2.3

46
Pd
2.2

47
Ag
1.9

48
Cd
1.7

49
In
1.8

50
Sn
2.0

51
Sb
2.1

52
Te
2.1

53
I

2.7

55
Cs
0.8

56
Ba
0.9

57
La*
1.1

72
Hf
1.3

73
Ta
1.5

74
W
1.7

75
Re
1.9

76
Os
2.2

77
Ir

2.2

78
Pt
2.2

79
Au
2.4

80
Hg
1.9

81
Tl
1.8

82
Pb
1.8

83
Bi
1.9

84
Po
2.0

85
At
2.2

87
Fr
0.7

88
Ra
0.9

89
Ac**
1.1
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marilebis, fuZeebisa da mJavebis wyalSi xsnadobis cxrili

ionebi H+
4NH+ K+ Na+ Ag+ 2Ba + 2Ca + +2Mg 2Zn + 2Cu + 2Hg + 2Pb + 2Fe + 3Fe + 3Al +

OH− xs* xs xs _ xs mx u u u _ u u u u

F− xs xs xs xs xs u u u mx mx xs u mx xs mx

Cl− xs xs xs xs u xs xs xs xs xs xs mx xs xs xs

Br− xs xs xs xs u xs xs xs xs xs mx mx xs xs xs

I− xs xs xs xs u xs xs xs xs xs u u xs _ xs

2S − xs** xs xs xs u _ _ _ u u u u u u _

3NO− xs xs xs xs xs xs xs xs xs xs xs xs xs xs xs

2
3SO − xs* xs xs xs mx mx mx mx mx _ _ u mx _ _

2
4SO − xs xs xs xs mx u mx xs xs xs xs u xs xs xs

2
3CO − xs* xs xs xs u u u u u _ _ u u _ _

2
3SiO − u _ xs xs u u u u u _ _ u u _ _

3
4PO − xs xs xs xs u u u u u u u u u u u

3CH COO− xs xs xs xs mx xs xs xs xs xs xs xs xs _ _

* _ naerTi advilad iSleba airis gamoyofiT: 

 4 3 2NH OH NH H O→ ↑ + ;        2 3 2 2H SO H O SO→ + ↑ ;      2 3 2 2H CO H O CO→ + ↑  

** - xsnaridan airis saxiT gamoiyofa:  2H S ↑  

xs - xsnadi;  mx - mcired xsnadi; u - uxsnadi; „–“ - naerTi ar arsebobs an wyliT 
iSleba.



110

damxmare masala
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damxmare masala
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damxmare masala

gamosaTvleli davalebebis pasuxebi

gv. 16-17
2. 16950  kj;   3. 752 500 kj;  4. a) 1950  kj; b) 560 l; 6. 501528 kj.

gv. 22
2. 38 saaTi.

gv. 31
1. 242 kj/moli; 2. 103 kj;  3. 95 kj

gv. 33-34 (Semajamebeli savarjiSoebi)

1. 4 g;  2. 31.9 kj;  3. 228.9 kj;  4. 1.66 kg;  5. 11 °C ;  6. 4868.5 g; 9. 204 kj

gv. 41
1. 0.001 moli/l·wm; 2. 0.25  moli/l; 
gv. 46
1. a) 11 kj

gv. 55
3. 8-jer;  4. γ = 3;  5. 100 °C ;  6. 64-jer.

gv. 67
1. b) 2144 kj;  e) 34 g;  v) 11.2 l.  

gv. 70-71 (Semajamebeli savarjiSoebi).

5. gaizrdeba 243-jer;  6. gaizardos 30 °C -iT.  7. γ = 2;  8. 80 ° C

gv. 78
1. 1.92;  2. 3.29 moli/l
gv. 87-88
5. [A]=0.5 moli; [B]=0.5 moli; [D]=1.5 moli. 6. Semcirdeboda 

4
3

-jer.
10. a) 28.65;  b) 48.33;  g) 0.001; d) 410  

gv. 89-102 (Temis Semajamebeli savarjiSoebi)

8. g) 168 kj; 17. g) 277.5 kj; 18. b) 13100 kj ; 19. d) 5.08 g; 23. v) 179.2  l; 24. d) 0.004  g.

gamoyenebuli resursebi:

1. http://chemistry.ge/
2. https://el.ge
3. https://iupac.org

4. https://www.cas.org

5. https://www.britannica.com

6. https://chem.libretexts.org

7. https://www.acs.org

suraTebi:

https://www.shutterstock.com/  




