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       Tavi I.kinetikuri Teoriis sakiTxebi                  

 

 $1. molekulur-kinetikuri Teoriis                  

              debulebebi  

 fizikis, rogorc mecnierebis, daniSnulebaa 
sxeulis da sxeulTa jgufis (sistemis) aRnagobis, 
Tvisebebis da masSi mimdinare procesebis Seswavla. 
am mizaniT sarg ebloben kvlevis ori meTodiT. 
esenia: molekulur-kinetikuri Teoria (Semok. – 
kinetikuri Teoria ) da Termodinamika. isini dasmul 
amocanas gansxvavebuli kuTxiT udgeba. 
 molekulur-kinetikuri Teoria Seiswavlis 
sistemis im Tvisebebs, romlebic daimzireba 
eqsperimentiT da warmoadgens sistemis Semadgeneli 
nawilakebis urTierTqmedebis Sedegs. radgan sistema 
Sedgeba kolosaluri raodenobis nawilakebisgan,  
SeuZlebelia TiToeuli maTganis moZraobis dinami-
kis ganxilva. amitom igi iyenebs statistikur 
meTods da amocanis gadawyvetisas sargeblobs am 
nawilakTa urTierTqmedebisa da moZraobis maxa-
siaTebel sidideTa saSualo mniSvnelobebiT1.  

Termodinamika sitemis kvlevisas, kinetikuri 
Teoriisgan gansxvavebiT, ar ganixilavs mis 
mikrostruqturas. igi Seiswavlis sistemis, rogorc 
erTi mTlianis, Tvisebebs masSi mimdinare 
makroskopuli procesebis mixedviT. kvlevisTvis 
sargeblobs iseTi  parametrebiT, romelTa uSualo 
gazomvac SesaZlebelia (wneva, temperatura, 
simkvrive, siTbos raodenoba da sxva).  
 orive meTods gaaCnia Tavisi upiratesoba da 
naklic,  Tumca erTdrouli gamoyenebisas kargad 
avsebs erTmaneTs da gvaZlevs srul suraTs 
sistemis mdgomareobisa da masSi mimdinare 
procesebis Sesaxeb. 

                                                             
1 am TvalsazrisiT aRniSnul meTods statistikur fizikasac 
uwodeben. 
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 kinetikuri Teoria dafuZnebulia sam 
debulebaze, romlebic damtkicebulia eqsperimentiT: 

1. nebismieri nivTiereba Sedgeba umciresi 
nawilakebisgan (atomi, molekula, ioni). 

2. nawilakebi ganuwyvetliv, uwesrigod – 
qaosurad moZraobs 

3. nawilakebi mizidva-ganzidvis ZalebiT 
urTierTqmedebs. 
atomi (berZ. – ganuyofeli) warmoadgens 

qimiuri elementis (martivi nivTierebis) umciress 
nawilaks, romelsac misi yvela qimiuri Tviseba 
gaaCnia. molekula ki rTuli nivTierebis umciresi 
nawilakia, gaaCnia misi yvela qimiuri Tviseba. is 
atomebisgan Semdgari mdgradi sistemaa. mag. 
wyalbadis H2 da Jangbadis O2 molekulebi oratomia-
nia, wylis H2O da naxSirbadis orJangis CO2 
molekulebi - samatomiani da a.S. xSirad inertuli 
airebis atomebs erTatomian molekulebs uwodeben. 
amitom iq, sadac dakonkreteba saWiro araa 
,,molekulis” terminiT visargeblebT. ioni ewodeba 
iseT atoms (molekulas), romlis 
eleqtroneitraloba darRveulia-dakarguli an 
SeZenili aqvs erTi an ramodenime eleqtroni. maT  
Sesabamisad dadebiT an uaryofiT ions uwodeben. 

atomTa da molekulaTa masis simciris gamo, 
gamoTvlebis gamartivebis mizniT, masis erTeulad 
SemoRebulia masis atomuri erTeuli (m.a.e.).  

m.a.e  warmoadgens naxSirbadis atomis2 12

6C  

masis 1/12 nawils. 1m.a.e. = 1,66·10–27kg.  
aseve sargebloben atomuri (molekuluri) 

masiT – A. igi fardobiTi sididea da gviCvenebs 
mocemuli atomi (molekula) ramden m.a.e.-s Seicavs, 
anu ramdenjer metia mocemuli elementis atomis 
masa m0 naxSirbadis atomis masis mC -s  1/12 nawilze: 

                                                             
2 elementis simbolo A

ZX , Z elementis rigiTi nomeria, A-atomuri 

masa (masuri ricxvi). 
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Cm

m
A




12
1

0         

 elementTa atomuri masebi miTiTebulia 
mendeleevis periodul sistemaSi. magaliTad  

umsubuqesi elementis wyalbadis 1

1H  atomuri masa 1-

is tolia, Jangbadis 
16

8O  16-is. Sesabamisad, OH2 -s 

molekuluri masa iqneba 2·1+16=18, e.i. wylis mole-

kula 18-jer mZimea 
12

6C -is 1/12 nawilze.  

erTeulTa saerTaSoriso sistemaSi (SI) erT-
erT ZiriTad erTeulad miRebulia moli (mol)   

 moli nivTierebis is raodenobaa, romelic 
imdenive atoms (molekulas) Seicavs, rasac 
0,012kg (12g) naxSirbadi.  

erT molSi arsebul atomTa  raodenobas 
2310023,6 AN mol–1  avogadros ricxvi ewodeba, 

xolo masas moluri masa M. ganmartebis Tanaxmad 

ANmM 0 , m0=A·(m.a.e.). Sesabamisad, 

  310 ANAM A m.a.e. kg/mol, e.i.  

 nivTierebis moluri masa ricxobrivad 
misi molekuluri masis 10–3-ze namravlis 
tolia.  

(mag. wylis moluri masaa 31018
2

OHM kg/mol).  

 Tu m  masis nivTierebaSi molekulaTa 

raodenobas N -iT avRniSnavT, maSin adgili eqneba 
Tanafardobas 

                      
AN

N

M

m
 ,              (1.1)          

  mocemul nivTierebaSi molebis ricxvia.  
 davuSvaT sistema Sedgeba ramodenime 

nivTierebis narevisgan, romelTa masebia ,...,, 21 mm  
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Sesabamisad moluri masebia ,...,, 21 MM   maSin 

sistemis molebis ricxvi iqneba:  

              ......
2

2

1

1
21 

M

m

M

m
         (1.2)

                  

               

xolo narevis moluri masa:  

                      
...

...

21

21








mm
M            (1.3)            

 kinetikuri Teoriis debulebaTa erT-erTi 
damamtkicebeli movlenaa brounis (ingliseli 
biologi) moZraoba. igi warmoadgens siTxeebSi an 
airebSi Setivtivebul mcire zomis nawilakis (e.w. 
brounis nawilaki) qaosur moZraobas3. masze 
dakvirveba SesaZlebelia mikroskopis saSualebiT. 
es movlena ase SeiZleba aixsnas: siTxis (airis) 
molekulebs uwesrigo moZraobis gamo gaaCnia 
gansxvavebuli siCqareebi, romlebic ganuwyvetliv 
icvleba urTierTqmedebisas. amitom brounis 
nawilakze maTi Sejaxebisas gadacemuli jamuri 
impulsi gansxvavebulia nulisgan da nawilakic 
moZraobs Sesabamisi mimarTulebiT. drois momdevno 
momentSi, zemoaRniSnuli mizezis gamo, brounis 

nawilakze gadacemuli jamuri 
impulsi SeiZleba sruliad 
gansxvavebuli sididisa da 
mimarTulebis aRmoCndes, ris 
gamoc nawilaki Seicvlis 
moZraobis mimarTulebas da 
a.S. (nax. 1.1). rac adasturebs 
rogorc molekulaTa arsebo-
bis, aseve maTi qaosuri 
moZraobis faqtsac. SevniSnoT, 

rom, Tu nawilaki didi zomisaa, mas daejaxeba mole-
kulaTa Zalian didi raodenoba, ris gamoc maTi 

                                                             
3 Setivtivebuli – niSnavs, rom simZimis Zala ar moqmedebs mis 
moZraobaze. aseT nawilakebs brounis nawilakebsac uwodeben. 

naxazi 1.1 
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moqmedeba gasaSualovdeba, daakompensirebs erT-
maneTs da gadacemuli jamuri impulsi gautoldeba 
nuls da nawilaki darCeba uZravi. 
 kinetikuri Teoriis kidev erTi dadasturebaa 
difuziis movlena, romelic warmoadgens masis 
gadatanis – nivTierebaTa Serevis process, 
gamowveuls sxvadasxva ubanSi simkvriveTa 
gansxvavebiT da molekulaTa qaosuri moZraobiT. es 
movlena Teoriulad Seswavlili iqna udidesi 
germaneli fizikosis albert ainStainis mier. manve 
daaxloebiT Seafasa molekulaTa masebi da zomebi. 
aRmoCnda, rom maTi diametri saSualod ramodenime 

angstremis 0A  rigisaa.  m100 101 A . atomTa zomis 

simcires miuTiTebs is faqti, rom normaluri 
atmosferuli wnevis pirobebSi  ( p  = 1,013·105pa) 00C-

ze nebismieri airis 1m3 moculoba Seicavs 
molekulaTa fantastikurad did raodenobas: 

                -3m251072  ,LN .  

ამ რიcxvs loSmidtis ricxvi ewodeba, avstrieli 
fizikosis loSmidtis sapativcemlod, romelmac 
pirvelma moaxerxa misi daTvla.   
 difuzias ganvixilavT gadataniTi movlenebis 
Seswavlisas.  
  
    amocana 1.1. ramden molekulas Seicavs da 
ramdeni molia 90g wyalSi. 

 amoxsna: 31018
2

OHM kg/mol, 

5
1018

09,0
3





M

m
 . meores mxriv 

2423 1001,310023,65,  A

A

NN
N

N
 . 

 amocana 1.2. nakeTobaze, romlis zedapiris 

farTobia S=20sm2, dafenilia 1d mkm sisqis 
vercxlis fena. vercxlis  ramdeni atomia fenaSi 

(M=10810-3kg/mol;  =10,5103kg/m3)?   
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 amoxsna: vercxlis fenis moculoba iqneba:

 V=Sd=2010-410-6=210-9m3. simkvrivis ganmartebis 

Tanaxmad =m/V, saidanac m=V=10,5103210-9=2,110-5kg. 

(1.1)-dan

 

20

3

235

102,1
10108

10023,6101,2














M

Nm
N A .  

  amocana 1.3.  gamovTvaloT 12g heliumis da 50g 
neonis narevis moluri ricxvi da da moluri masa.                   

 
amoxsna: (1.2)-is da (1.3)-is Tanaxmad 

mol.55
20

50

4

12
,

Ne

Ne

He

He

M

m

M

m
  

        

kg/mol33 1031110
55

5012  





 ,
,NeHe

mm
M


 

 amocana 1.4.  airTa narevis Sedgenlobaa: 50% 
wyalbadi, 30%  azoti, 20% heliumi. gamovTvaloT 
narevis moluri masa.   

  amoxsna: amocanis pirobis da (1.2)-is Tanaxmad  

3333 1028

78

104

20

1028

30

102

50

203050

222

2

2

2

 













mmmm

M

m

M

m

M

m

M

m

M

m

M

m

HeNHHe

He

N

N

H

H

,,,,

,,,


  

e.i.   kg/mol3
3

10223
78

1028 





 ,
,

m
m

m
M


 

                  
      $2. molekuluri urTierTqmedebis Zalebi da              

             potenciuri energia 

 miuxedavad imisa, rom molekula mTlianobaSi 
eleqtroneitraluria, nebismieri nivTierebis 
molekulebis  urTierTqmedebas eleqtruli xasiaTi 
aqvs. kerZod, ori molekulis miaxloebisas  Tavs 
iCens molekulebSi Semaval atombirTvTa dadebiTi 
muxtebisa da eleqtronul RrublTa uaryofiTi 
muxtebis urTierTqmedeba, ( rac gamoixateba 
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erTniSna muxtTa ganzidvasa da sapirispiro niSnis 
muxtTa mizidvaSi, ris gamoc molekulebSi  xdeba 
muxtTa wanacvleba-polarizacia). Tu molekulaTa 
centrebs Soris manZili 10-9m-s utoldeba 
upiratesoba eniWeba  eleqtruli mizidvis Zalebs 
erTi molekulis birTvsa da meoris eleqtronul 
Rrubels Soris. es Zalebi izrdeba molekulaTa 
Semdgomi miaxloebisas  

                      
7r

a
rF miz                         (2.1)     (2.1) 

rodesac manZili 10-10m rigis xdeba ukve dominirebs  
ganzidvis Zalebi, rac gamowveulia molekulebis 
eleqtronuli Rrublebis urTierTgadafarviT da 
molekulebis dadebiTi muxtis mqone birTvebis 
urTierTqmedebiT:  

                      
13r

b
rF ganz                     (2.2)                       

(mizidvis Zalebs iReben ,,-“ niSniT, ganzidvisas   
,,+“-iT).  a  da b koeficientebi damokidebulia 
urTierTmoqmedi molekulebis aRnagobaze. mizidva-
ganzidvis Zalebs Soris gansxvaveba garda niSnisa 
gamoixateba molekulebs Soris manZilis xarisxis  

maCvenebelSi. (2.1)-is da 
(2.2)-is SedarebiT Cans, 
rom manZilis 
cvlilebaze ufro 
mkveTrad reagirebs 
ganzidvis Zalebi 
amitom isini Tavs 
amJRavnebs molekulaTa  
uSualod Sexebis 
momentidan.  
 cxadia ZalTa 
aseTi dayofa 
pirobiTia da 

sinamdvileSi TiTeuli molekula ganicdis maT 
erTdroul moqmedebas:                                   

r 

Fganz 

Fmiz 

F 

F(r) 

naxazi 2.1 

r0 
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                           
137 r

b

r

a
rF                        (2.3) 

am tolqmedis sidide da niSani damokidebulia 
molekulaTa aRnagobaze da urTierT daSorebaze. 
zemoTqmulidan gamomdinare igi mizidviTia did 
manZilze, xolo axlo manZilze ganzidviTi.  
 nax.2.1.-ze wyvetili wiriT naCvenebia 

 rFmiz da  rFganz damokidebuleba or molekulas 

centrebs Soris manZilze, xolo uwyveti wiriT 
tolqmedis. roca 

0rr   Warbobs 

mizidvis, xolo 

0rr    dros 

ganzidvis Zala. 

0rr  -is 

SemTxvevaSi Zalebi 
erTmaneTs 
awonasworebs-
tolqmedi nulis 
tolia. e.i 
molekulebs Soris  

0r  daSoreba Seesabameba mdgrad wonasworul 

mdgomareobas.  
 es midgoma saSualebas iZleva avxsnaT myari 
sxeulebis deformaciisas drekadobis Zalis 
warmoqmnis meqanizmi.  sxeulis gaWimvisas izrdeba 

ra molekulebs Soris manZili ( 0rr  ) molekulebs 

Soris urTierTqmedebis ZalTa tolqmedi mizidviTia 
da cdilobs sxeulis nawilakebi daabrunos sawyis 

mdgomareobaSi. SekumSvisas ( 0rr   ) ki tolqmedi 

ganzidviTia, ewinaaRmdegeba Semdgom SekumSvas da 
cdilobs molekulaTa isev sawyis mdgomareobaSi 
dabrunebas.  
 ganvixiloT ori molekulisgan Semdgari 
sistemis molekulaTa urTierTqmedebis potenciuri 

r 

wpot(r) 

naxazi 2.2 

r0 

wpot(r0) 

r=d, wpot(d)=w 

w 
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energiis damokidebuleba molekulebs Soris 
manZilze (nax. 2.2).  davuSvaT, rom urTierTqmedebis 

(r0,) areSi, sadac dominirebs mizidvis Zalebi, maTi 
moqmedebiT molekulebs Soris r manZili Semcirda 

r<0 sididiT. cxadia tolqmedi F(r)<0  asrulebs 
dadebiT muSaobas, ris gamoc urTierTqmedebis 

potenciuri energiis Semcirebis xarjze  (A=-wpot(r))   
izrdeba maTi kinetikuri energia.  Tu 

gaviTvaliswinebT, rom roca r  wpot()0, 
vRebulobT, rom molekulaTa mizidvis areSi 

wpot(r)<0.  (0,r) areSi r manZiliT (r<0) molekulebis 
daaxloebisas  sistema, ganzidvis ZalTa dasaZlevad, 
asrulebs uaryofiT muSaobas. amitom kinetikuri 
energiis Semcirebis xarjze potenciuri energia 
izrdeba da dadebiTi xdeba. rodesac molekulaTa 
kinetikuri energia mTlianad daixarjeba ganzidvis 
ZalTa daZlevaze potenciuri energia gaxdeba 
maqsimaluri da  gautoldeba sistemis srul w- 
energias. es ukanaskneli, sistemis Caketilobis gamo, 

mudmivia da grafikze naCvenebia r-is paraleluri 
wrfis saxiT. am dros molekulebi maqsimalurad 
daaxloebuli aRmoCndeba erTmaneTTan. grafikze am 
manZils Seesabameba w-s Sesabamisi wrfis gadakveTa 
wpot(r)-is mrudTan. gadakveTis wertilis absica r=d, 

d-s molekulis efeqtur diametrs uwodeben. igi 
gansazRvravs im aris wiriT zomas, sadac meore 
molekulas SeRweva ar SeuZlia. d-s mniSvneloba 
damokidebulia molekulis aRnagobasa da 
temperaturaze. igi miT mcirea, rac metia 
nivTierebis temperatura, anu rac didia 
molekulaTa saSualo kinetikuri energia.  
potenciuri energiis mrudis asimetriuloba aixsneba 
mizidva-ganzidvis ZalTa erToblivi moqmedebiT da 
maTi gansxvavebuli damokidebulebiT molekulebs 
Soris manZilze. roca r=r0  sistema  mdgrad 
wonasworul mdgomareobaSia, rasac  Seesabameba 
potenciuri energiis minimumi.  
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      $3. nivTierebis agregatuli  mdgomareoba
   erTidaigive nivTierebis sxvadasxva 

mdgomareobas temperaturisa da wnevis gansazRvrul  
intervalSi nivTierebis agregatuli mdgomareoba 
ewodeba. tradiciulad gamoyofen sam  agregatul 
mdgomareobas.  esenia: myari, Txevadi, airadi. am 
formebs ganapirobebs molekuluri urTierTqmedebis 
mizidva-ganzidvis Zalebi, temperatura da wneva. 
molekuluri urTierTqmedebis ZalTa erToblivi 
moqmedeba cdilobs molekulebs miuCinos 
fiqsirebuli mdebareoba, rasac ewinaaRmdegeba 
molekulaTa qaosuri moZraoba. anu nivTierebis 
agregatul mdgomareobas gansazRvravs molekulaTa 
urTierTqmedebis potenciuri energia da qaosuri-
siTburi moZraobis kinetikuri energia. kerZod, roca  

1.  
saSkinpot WW    nivTiereba imyofeba myar 

mdgomareobaSi. am dros urTierTqmedebis 
Zalebi sakmaod didia, ris gamoc molekulaTa 
ganlageba erTmaneTis mimarT praqtikulad ar 
icvleba. maT SeuZlia mxolod rxeviTi 
moZraoba Tavisi mdebareobis maxloblobaSi, 
ris gamoc myar sxeulebs gaaCnia sakuTari 
forma da moculoba. Tu amasTan molekulebis 
ganlageba emorCileba mkacr geometriul 
kanonzomierebas, anu axasiaTebs ganlagebis 
garkveuli perioduloba, maSin maT kris-
talur nivTierebas uwodeben, xolo Tu 
molekulebi ganlagebulia yovelgvari 
wesrigis gareSe – amorfuls. xSirad myar 
mdgomareobad mxolod kristalurs Tvlian, 
xolo amorfuls – Txevadad. igi mTeli rigi 
TvisebebiT marTlac waagavs siTxes. 

2.  
saSkinpot WW    nivTiereba imyofeba Txevad 

mdgomareobaSi. molekulaTa Soris urTierT-
qmedebis Zalebi myarTan SedarebiT sakmaod 
sustia, ris gamoc molekulebi moZraoben  
qaosurad, Tumca urTierTqmedeba imdenad 
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Zlieria, rom maTi qaosuri moZraoba ver 
cvlis saSualo manZils molekulebs Soris, 
amitom siTxeebs gaaCnia mxolod sakuTari 
moculoba,  formas ki WurWlisas Rebulobs. 

3.  
saSkinpot WW   nivTiereba imyofeba airad 

mdgomareobaSi molekulebs Soris 
urTierTqmedeba imdenad sustia, rom qaosuri 
moZraobis gamo, isini Tavisuflad Sordeba 
erTmaneTs da mTlianad avsebs im WurWels, 
romelSic moTavsebulia, e.i. airebs ar gaaCnia 
sakuTari forma da moculoba. 

 SevniSnoT, rom Tanamedrove mecnierebas 
gacilebiT zusti da amomwuravi cnobebi gaaCnia 
airebisa da kristaluri sxeulebis fizikuri 
Tvisebebis Sesaxeb vidre siTxeebis SemTxvevaSi, rac 
dakavSirebulia siTxeebis aRnagobis 
TaviseburebebiT. 
 meoTxe agregatul mdgomareobas xSirad 
miakuTneben plazmas.  plazma nawilobriv an 
mTlianad ionizirebuli airia, romelSidac dadebiT 
da uaryofiT muxtTa moculobiTi simkvrive 
praqtikulad tolia. am mdgomareobaSi airebi 
gadadis fiqsirebuli wnevis pirobebSi temperaturis 
gazrdiT. yvela ionizirebuli airi araa plazma. 
plazmas axasiaTebs Semdegi ZiriTadi Tviseba:  masSi 
muxtTa simkvrive imdenad didia, rom TiTeuli muxti 
urTierTqmedebs mis maxloblobaSi arsebul  
muxtTa sistemasTan. am sakiTxis ukeT garkvevisTvis 
SemoviRoT debais radiusis cneba: es mocemuli 
muxtidan is manZilia, romelzedac moqmedebs 
mocemuli muxtis eleqtruli veli uaryofiTi da 
dadebiTi muxtebisgan Semdgar neitralur garemoSi 
(eleqtrolitebi, plazma). am radiusiT 
SemosazRvrul sferos, romlis centrSic mocemuli 
muxti mdebareobs moqmedebis sfero ewodeba. mis 
gareT muxtis vels ekranirebas ukeTebs 
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polarizebuli garemo.  maTematikurad plazmis 
arsebobis piroba ase Caiwereba:   

                  13 debnr     

sadac n   muxtTa koncentraciaa. amasTan debais 
radiusis sidide naklebi unda iyos plazmis 
maxasiaTebel zomebze. am moTxovnis 
dakmayofilebisas SesaZlebelia plazmis 
zedapiruli efeqtebis ugulebelyofa.  
 
$4. temperatura. Termodinamikis nulovani kanoni     

   SemoviRoT Termodinamikuri sistemis cneba: igi 
ewodeba didi raodenobis nawilakebisgan Semdgar 
iseT fizikur sistemas, romelsac  SeuZlia 
garemosTan energiisa da nivTierebis gacvla. roca 
garemosTan gacvliTi procesebi mimdinareobs 
sistema araizolirebulia-Riaa, winaaRmdeg 
SemTxvevaSi  izolirebulia. Tu movaxdenT sistemis 
izolacias, misi Semadgeneli nawilakebi  
urTierTqmedebisa da qaosuri moZraobis Sedegad 
sistemas adre Tu gvian gadaiyvans iseT 
mdgomareobaSi, rodesac am nawilakTa saSualo 
kinetikuri energia gaxdeba mudmivi, rac fizikurad 
niSnavs, rom mTel sistemaSi damyardeba erTnairi, 
ucvleli temperatura. praqtikaSi temperaturis 
cneba sxeulTa mTbarobis Sesafaseblad ixmareba. 
mag. vambobT, rom gamdnar folads maRali 
temperatura aqvs, yinuls dabali da a.S. fizikaSi ki  

 temperatura nawilakTa qaosuri moZraobis 
intensivobis (saSualo kinetikuri energiis) 
zomaa.  

Tu ucvleli gare pirobebis dros sistemis 
temperatura ar icvleba sistema imyofeba wonaswo-
rul mdgomareobaSi.  am SemTxvevaSi aseve ucvlelia 
sistemis maxasiaTebeli yvela sxva  Termodinamikuri 
parametric - wneva, simkvrive, Sinagani energia da 
a.S., Tumca sistemis wonasworobis SefasebisTvis 
upiratesoba eniWeba temperaturas. temperatura 
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erTnairia wonasworuli sistemis yvela ubanSi, 
damoukideblad imisa erTfaziania - homogenuria igi, 
Tu mravalfaziani -heterogenuri (mag. airi-siTxe, 
siTxe-myari, airi-siTxe-myari) maSin, rodesac sxva 
parametrebi (mag. wneva) sxvadasxva fazisTvis 
ucvleli, magram erTmaneTisgan gansxvavebuli 
iqneba. 
    Tu sistemis yvela ubanSi temperatura 
gaTanabrebuli ar aris, maSin igi arawonasworul 
mdgomareobaSia, am dros Cven ver mivuTiTebT 
temperaturis, wnevis da sxva parametris 
gansazRvrul mniSvnelobebs. 
 temperaturis raodenobrivi Sefasebisas 
gamoiyeneba sxvadasxva temperaturuli skalebi. 
evropasa da aziis qveynebSi sargebloben celsiusis 
temperaturuli skaliT, sadac fiqsirebul 
wertilad miRebulia normaluri wnevis pirobebSi 
(105pa) gamoxdili wylis gayinvis – 00C da duRilis – 
1000C temperaturebi. am intervalis 1/100 nawils 
gradusi (10C) ewodeba.  

aSS-sa da laTinuri amerikis qveynebSi 
upiratesad gamoiyeneba farengeitis temperaturuli 
skala, sadac wylis gayinvas Seesabameba 320F, xolo 

duRils – .F0212 . am intervalis 1/180 nawili erTi 
farengeitia (10F), e.i. farengeitis skalis danayofis 

fasi tolia: .CF
0

951801001  . am skalis Ft   

temperaturis gadayvana celsiusis skalis Ct  

temperaturaze xorcieldeba Semdegi TanafardobiT: 

          Ftt FC

032
9

5
 .                  (4.1) 

Sesabamisad, celsiusis temperaturis 
farengeitis temperaturaSi gadayvana ki – 

           Ftt CF

032
5

9
 .                   (4.2) 
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fizikaSi upiratesobas aniWeben absolutur 
temperaturas. mis Sesabamis skalas kelvinis 
temperaturul skalas uwodeben. am skalis erTe-

ulia 1 kelvini  Kankel. . igi miRebulia 

erTeulTa saerTaSoriso sistemis (SI) ZiriTad 
erTeulad. 

absoluturi temperatura ganisazRvreba 
rogorc airis molekulis siTburi (qaosuri) 
moZraobis saSualo kinetikuri energiis proporci-
uli sidide: 

               
23

2

3

2 0

2
saS

saS

m

k
w

k
T  ,              (4.3) 

sadac k  koeficients energiis erTeuli gadahyavs 
temperaturis erTeulSi. mas bolcmanis mudmiva 
ewodeba da igi cdiseulad iqna gansazRvruli k = 

=1,3810 –23 j/kel. (4.3) SeiZleba gamoviyenoT 
nivTierebis Txevadi da myari mdgomareobisTvisac. 
maSin qaosuri moZraobis kinetikuri energiis 
nacvlad unda aviRoT molekulaTa sruli energiis 
saSualo mniSvneloba, oRond im SemTxvevaSi, Tu 
molekulis moZraoba emorCileba klasikuri fizikis 
kanonebs. kelvinis skalaze  aTvla iwyeba absolu-

turi nuliT CK 00 16,2730   ( FK 00 67,4590  ). 

temperaturis absoluturi nuli temperaturis is 
minimaluri zRvaria, romelic SeiZleba hqondes 
sxeuls. klasikuri fizikis Tanaxmad am 
temperaturaze molekulaTa qaosuri moZraoba 
wydeba. qvanturi meqanikis Tanaxmad ki absoluturi 
nulis drosac molekulas gaaCnia minimaluri 
energia e.w. nulovani energia. nivTierebis gadacieba 
absolutur nulamde teqnikurad metad rTulia.  
amJamad  miRweulia absoluturi nulisgan 
memilionedi kelviniT gansxvavebuli temperatura. 
sainteresoa, rom 1983 wels antarqtidaSi 
dafiqsirda dedamiwaze odesme arsebuli 
temperaturis yvelaze dabali niSnuli  184kel (-
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89,160C). kosmosis yvelaze ,,cariel” nawilebis 
temperaturaa  2,73kel (-270,430C).   celsiusis da 
kelvinis skalis danayofis fasi erTmaneTis tolia 

CK 00 11  , amitom kavSiri absolutur da celsiusis 
temperaturebs Soris moicema formuliT: 

                
00 273)(  CtKT .                   (4.4) 

ufro zustad 16,273)( 00  CtKT  

      (4.3)-is Tanaxmad, klasikur fizikaSi 
absoluturi temperatura ar SeiZleba iyos 
uaryofiTi4.  
 vTqvaT gvaqvs erTmaneTisgan siTburad 
izolirebuli wonasworul mdgomareobaSi myofi A 

da B sistema, constTconstT BA  , . davuSvaT, BA TT  , 

maSin erTmaneTTan kontaqtis dros maTi 

wonasworoba dairRveva. A -sistema daiwyebs 

gacivebas, xolo B  – gaTbobas. es procesi gagrZel-

deba  maTi temperaturebis gatolebamde BA TT ''  , 

anu manam sistemebi ar aRmoCndeba erTmaneTis mimarT 
siTbur wonasworobaSi. mravali eqsperimentis 
safuZvelze dadgenili iqna, rom 

 Tu ori sistema cal-calke imyofeba mesame 
sistemasTan siTbur wonasworobaSi, maSin 
isini erTmaneTis mimarT siTbur 
wonasworobaSia - Termodinamikis nulovani 
kanoni. 

e.i. Tu gvaqvs CBA ,,  sistemebi da CBCA TTTT  , , 

maSin BA TT  . am kanonis ucnauri numeracia 

gamoiwvia iman, rom mecnierebi Termodinamikis I da II 
kanonebis aRmoCenis Semdeg mividnen im daskvnamde, 
rom es  kanoni rigiT maT win unda moeTavsebinaT. 

                                                             
4 qvantur fizikaSi absoluturi temperaturis cneba ufro 
gafarToebulia. arawonasworul mdgomareobaSi qvantur 
sistemas Seesabameba uaryofiTi absoluturi temperatura. 
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   amocana 4.1. temperaturis ra mniSvnelobebi 
Seesabameba celsiusis da kelvinis skalebze 950F-s. 
 amoxsna: (4.1)-is Tanaxmad     

    CFFtCt F

0000 353295
9

5
32

9

5
 , 

xolo (4.4)-dan         KKT 30827335)(  . 

     amocana 4.2. – 100C CawereT farengeitis da 
kelvinis temperaturebiT. 
 amoxsna: (4.2)-is gamoyenebiT gvaqvs:   

FFtt CF

00 1432)10(
5

9
32

5

9
 , 

xolo kelvinis skaliT,  (4.4)-is Tanaxmad, 

KT 26327310  . 
 
$5. wonasworuli da arawonasworuli procesebi 

  Tu sistemis maxasiaTebeli Termodinamikuri  
parametrebi mag. temperatura, mis sxvadasxva 
nawilSi sxvadasxvaa, anu misTvis erTi garkveuli 
mniSvnelobis miniWeba SeuZlebelia, maSin sistema 
imyofeba arawonasworul mdgomareobaSi. aseTi 
sistemis izolaciisas masSi ganviTardeba iseTi 
cvlilebebi – procesebi, rom sabolood misi 
parametrebi miiRebs garkveul mniSvnelobebs da, Tu 
ara gareSe zemoqmedeba, isini darCeba ucvleli 
ragind didi drois ganmavlobaSi, e.i. sistema 
aRmoCndeba wonasworul mdgomareobaSi. 
      sistemis gadasvlis process arawonasworuli 
mdgomareobidan wonasworulSi relaqsacia ewodeba, 
xolo Sesabamis dros – relaqsaciis dro. 
relaqsaciis dro  ewodeba im drois intervals, 
romlis ganmavlobaSic izolirebuli sistemis raime 

A parametris gadaxris sidide 0AAA    misi 

wonasworuli mniSvnelobis A0-is mimarT 
 71,2e jer (neperis ricxvi) mcirdeba: 
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eA

A 1

0




               (5.1)            

sxvadasxva Termodinamikuri parametrisTvis 
relaqsaciis dro gansxvavebulia. sistemis 
relaqsaciis drod iReben maTgan udidess. sistemis 
gadasvla erTi mdgomareobidan meoreSi yovelTvis 
dakavSirebulia parametrebis cvlilebasTan, amitom 
realurad procesebi arawonasworulia. magram,  

 Tu procesi  ise mimdinareobs rom nebismieri 
etapisTvis TiToeuli parametri aswrebs 
gaTanabrebas mTel moculobaSi, maSin procesi 
wonasworulad iTvleba. 

e.i. wonasworuli procesi warmoadgens wonasworul 
mdgomareobaTa uwyvet jaWvs. Tu es moTxovna 
romelime etapze dairRva, maSin mTlianobaSi pro-
cesi arawonasworulia. ganmartebidan gamomdinare 
idealurad wonasworuli SeiZleba iyos mxolod 
usasrulod nela mimdinare  procesi. im SemTxvevaSi 
Tu realuri procesi sakmaod nela mimdinareobs 
SesaZlebelia misi wonasworul (ufro zustad kvazi 
wonasworul) procesad CaTvla. wonasworuli 
procesisas SesaZlebelia mis Termodinamikur 
parametrebs Soris kavSiris dadgena da procesis 
aRwera rogorc analitikurad- gantolebis saxiT, 
aseve grafikuladac.  
 Tu sistemaSi ar moqmedebs disipatiuri 
Zalebi, maSin SesaZlebelia wonasworuli procesi 
warvmarToT ukumimarTulebiT, romlis drosac 
sistema gaivlis yvela im mdgomareobas, romelic 
man ukve gaiara, mxolod Sebrunebuli mimdevrobiT. 
aseT SemTxvevaSi process Seqcevadi wonasworuli 
procesi ewodeba. 
  Seqcevadi wonasworuli procesi sistemaSi 
SeiZleba  ganviTardes rogorc pirdapiri, aseve 
ukumimarTulebiT da sistema ise dabrundes 
pirvandel mdgomareobaSi, rom masSi  da garemoSi 
ar darCes raime cvlileba. Seqcevadi procesebi 
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realuri procesebis idealizaciaa. maTi ganxilva 
mniSvnelovania ori mizezis gamo:  

1. bunebasa da teqnikaSi mravali procesi 
Seqcevadia. 

2. Seqcevadi procesebi gacilebiT ekonomiuria, 
gaaCniaT maqsimaluri mqk, rac saSualebas 
iZleva vipovoT realuri Zravebis mqk-s 
gazrdis gzebi.       

 Termodinamikis yvela raodenobrivi Sedegi 
zustad miesadageba wonasworul Seqcevad 
procesebs. Cven SemdgomSi mxolod aseT procesebs 
ganvixilavT.  
  
    amocana 5.1. sistemis wonasworul mdgomareobas 
Seesabameba 300kel. amJamad sistemis temperaturaa 
570kel da mimdinareobs misi neli gacieba grafikze 

mocemuli 
mrudis 
mixedviT. 
gamoTvaleT 
sistemis is 
temperatura, 
romlisTvisa
c SeiZleba 
CaiTvalos, 
rom igi 
daubrunda 
Tavis 
wonasworul 

mdgomareobas. ipoveT  relaqsaciis dro.                                                                        

    amoxsna:   (5.1)-is Tanaxmad ,
1

0 eT

T



 anu 

e

T 1

300



 

11071,2300 T kel. zemoTqmulis Tanaxmad, 

rodesac sistema gacivdeba 300+110=410kel-mde, 
iTvleba rom is gadavida wonasworobaSi. grafikis 
Sesabamisad relaqsaciis drois 

xangrZlivobaa 18 wT. 

570 

t wT 

 

0 20 40 60 

Tkel 

300 

400 

500 
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$6. idealuri airis molekulur - kinetikuri 

Teoriis ZiriTadi gantoleba 

 wonasworobaSi myofi sistemis maxasiaTebeli 
parametrebi garkveuli kanonzomierebiTaa 
dakavSirebuli erTmaneTTan. erT-erTis cvlilebas 
Tan sdevs sxva parametrebis Sesabamisi cvlileba. am 
kavSiris analitikur formas sistemis mdgomareobis 
gantoleba ewodeba. mocemuli m masis airis 
mdgomareoba ganisazRvreba sami parametriT: wneviT 
– p, moculobiT – V, absoluturi temperaturiT – T. 
maTi funqcionaluri damokidebuleba F(p,V,T) = 0 
warmoadgens airis mdgomareobis gantolebas5. 
 Cven ganvixilavT airis gamartivebul models 
- idealur airs, romelic akmayofilebs or 
moTxovnas: 

1. airis molekulaTa jamuri moculoba 
gacilebiT mcirea airis mier dakavebul 
moculobaze, 

2. ori molekulis urTierTqmedebis radiusi 
gacilebiT naklebia maT Soris saSualo 
manZilze. 

e.i.  
 idealuri airi ewodeba airis iseT models, 

sadac molekulebi warmodgenilia rogorc 
nivTieri wertilebi da maT Soris 
urTierTqmedeba (garda Sejaxebis momentisa) 
ugulebelyofilia.  

     am moTxovnebs realuri airebi srulad 
akmayofilebs didi gaiSviaTebis (dabali wnevis) da 
maRali temperaturis pirobebSi. SevniSnoT, rom 
airis temperatura maRalia, Tu igi gacilebiT 
aRemateba misi kondensaciis – gaTxevadebis 
temperaturas, mag. haeri normalur pirobebSi (p = 

1,013·105pa, T = 273K). maRali sizustiT SeiZleba 

                                                             
5 Txevad da myar mdgomareobaSi myofi sistemis  Termodinamikur 
parametrTa raodenoba gacilebiT metia, maT Soris kavSiri da 
mdgomareobis gantolebis Cawera Zalian Znelia. 



26 

 

CavTvaloT idealur airTa narevad6. idealuri airis 
ganmartebidan gamomdinare, misi wneva tolia 
WurWlis kedlis farTiT erTeulze molekulebis 
Sejaxebis Sedegad warmoebuli saSualo normaluri 

Zalis sididis: 
S

F
p  , xolo moculoba – mis mier 

dakavebuli WurWlis moculobis.                                                
 kinetikuri Teoriis gamoyenebiT gamovTvaloT 

wonasworobaSi myofi  constT   idealuri airis 

wneva. simartivisTvis davuSvaT, rom igi imyofeba 
marTkuTxa paralelepipedis formis WurWelSi (nax. 

6.1.). cxadia, molekulaTa 
Sejaxebas kedlebze 
absoluturad drekadi 
xasiaTi aqvs. winaaRmdeg 
SemTxvevaSi airis 
molekulaTa kinetikuri 
energia ganuwyvetliv 
Seicvlileboda, 
Sesabamisad Seicvleboda 
temperaturac  da 
mdgomareoba 

arawonasworuli iqneboda. 
WurWlis marjvena S farTis kedelze 

molekulis Sejaxebisas Seicvleba misi impulsis 
mxolod px mdgeneli  

  xxxx mmmp  000 2  

sididiT. impulsis mudmivobis kanonis Tanaxmad, 
kedlis impulsis Sesabamisi cvlileba iqneba 

xm 02 . am molekulis Semdgomi dajaxeba 

ganxorcieldeba mopirdapire kedlidan arekvlisa 

da ukan dabrunebis Semdeg  xt /2  droiTi 

intervaliT.  

                                                             
6 azoti, romelic haeris ZiriTadi komponentia (~78%) Txevaddeba 
77K (_1960C)temperaturaze da p =3,35·105 pa wnevis dros. 

x 

z 

y 

m0 

S 

  

naxazi 6.1 
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    niutonis II kanonis Tanaxmad am molekulis 
mxridan kedelze moqmedi saSualo Zala iqneba 

                


2

002 xxx
x

m

t

m

t

p
f










 .               

molekula moZraobisas SeiZleba Seejaxos sxva 
kedlebsac, magram am dros impulsis px mdgeneli ar 
icvleba, igi SeiZleba Seicvalos mxolod sxva 
molekulebTan Sejaxebisas, magram es cvlileba 
gadaecema meore molekulas, amitom, rodesac Cven 
SevkribavT yvela molekulis impulsis cvlilebebs, 
es TavisTavad iqneba gaTvaliswinebuli. ase rom, Tu 
WurWelSi N raodenobis molekulaa, maT mier 
kedelze warmoebuli saSualo wnevis Zala, iqneba: 





N

i

xi

N

i

xx

m
fF

1

20

1




 

Tu  am gantolebas gavamravlebT da gavyofT N–ze, 
miviRebT: 

                20
saSxx

m
NF 


 ,                     (6.1) 

aq 
N

N

i

xi

x


 1

2

2



 saS
, siCqaris x  mdgenelis kvadratis 

saSualo mniSvnelobaa.  
piTagoras Teoremis Tanaxmad 

2222

saSsaSsaSsaS zyx   . sidides  2

saSsaS.kv   

saSualo kvadratuli siCqare ewodeba. radgan airi 
wonasworobaSia, molekulaTa moZraobisas yvela 
mimarTuleba Tanasworuflebiania, amitom 

 
3

2
222 saS
saSsaSsaS


  zyx , 

ris gamoc (6.1) Semdeg saxes miiRebs: 


2

0

3

1 saSm
NFx  , 

xolo WurWlis kedelze warmoebuli wneva anu 
idealuri airis wneva iqneba:  
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2

0

2

0

3

1

3

1
saS

saS 


m
V

N

S

m
N

S

F
p x 


, 

sadac SV   WurWlis moculobaa, xolo 

              
V

N
n                                 (6.2) 

        airis koncentraciaa, anu molekulaTa 
raodenobaa moculobis erTeulSi. e.i.,  

              2

0 saS
3

1
 nmp  .                        (6.3) 

cxadia molekulis masis da misi koncentraciis 
namravli moculobis erTeulis masaa-simkvrivea 

0nm , amitom  

               

2

saS
3

1
 p                          (6.4)         

saS
saS w

m


2

2

0  molekulis qaosuri moZraobis 

saSualo kinetikuri energiaa, risi gaTvalis-
winebiTac (6.3) miiRebs saxes: 

               saS
3

2
 wnp  .                         (6.5) 

Tu (6.5)-Si SevitanT (4.3)-s, gveqneba: 

               nkTp  ,                            (6.6) 

 idealuri airis wneva damokidebulia 
airis absolutur temperaturasa da 
koncentraciaze.  

(6.6) idealuri airis molekulur-kinetikuri 
Teoriis ZiriTadi gantolebaa. am gantolebis siswo-
re mravali eqsperimentiTaa Semowmebuli. Cven is 
miviReT Teoriulad airis molekuluri aRnagobis 
gaTvaliswinebiT, rac kidev erTxel adasturebs 
molekulur-kinetikuri Teoriis samarTlianobas. 
    (6.2)-is gamoyenebiT  (6.6) ase Caiwereba: 

                 NkTpV  .                        (6.7) 
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(6.7) idealuri airis mdgomareobis gantolebaa, 
radgan igi amyarebs kavSirs mocemuli masis 
(molekulaTa raodenobis) idealuri airis p, V, T 
parametrebs Soris.  
 
    amocana 6.1. gamovTvaloT 2 moli Jangbadis 
molekulaTa sruli kinetikuri energia, Tu 
temperaturaa 270C. 
 amoxsna: (4.3)-is Tanaxmad erTi molekulis 
saSualo kinetikuri energia 

j.saS
21

23

10216
2

300103813

2

3 





 ,
,kT

w  

energiis Sekrebadobidan gamomdinare saSk NwW  , 

sadac 
2423 102,110023,62  ANN  , maSin  

           kjk 5,71021,6102,1 2124  W  

   amocana 6.2. Ria kosmosSi temperaturaa 3,4K, 
xolo nivTierebis (wyalbadis) koncentracia 1 atomi 
1sm3-Si. vipovoT   atomTa saSualo kvadratuli 
siCqare (m0=1,66·10–27kg). 

amoxsna: 21

6

27

0 1066,1
10

11066,1 









V

Nm

V

m
 kg/m3.          

6

6
10

10

1


V

N
n m–3,  

xolo wneva (6.6)-is Tanaxmad iqneba  
17236 107,44,31038,110  p pa. 

(6.4)-dan       

         2

21

17

109,2
1066,1

107,433














p
saS.kv m/wm. 

 amocana 6.3. gamovTvaloT azotis molekulebis 
koncentracia da temperatura, Tu misi wnevaa 0,1mgpa, 
saSualo kvadratuli siCqarea 800m/wm 

( 31028
2

NM kg/mol). 



30 

 

    amoxsna: (6.3)-is Tanaxmad 2

saS
3

1
 

AN

M
np  , saidanac 

2

3

saSM

pN
n A   .

, 3-m25

43

235

10
10641028

100236103








n   (6.6)-dan  

            kel.725
1038110

10
2325

5







,nk

p
T      

 
$7. idealuri airis mdgomareobis  

gantolebis Sedegebi 

 CavweroT idealuri airis mdgomareobis 
gantoleba (6.7)  sxvadasxva saxiT. visargebloT 
molebis ricxvis (1.1) ganmartebiT. miviRebT: 

kTNpV A , sadac avogadros ricxvisa da 

bolcmanis mudmivas namravls 

KkN A mol.j /31,81038,110023,6 2323  airTa universalu-

r mudmivas uwodeben. aRiniSneba R-iT.   
 R = 8,31j/molK. maSasadame, gveqneba 
                    RTpV                        (7.1) 

an 

                 RT
M

m
pV                         (7.2) 

 Tu procesis mimdinareobisas idealuri airis 
masa ar icvleba, (ar xdeba airis Catumbva, an 
gaJonva), maSin (7.2)-is Tanaxmad 

              constR
M

m

T

pV
 .                    (7.3) 

   davuSvaT mocemuli masis airSi procesis raime 
or etapze Termodinamikuri parametrebi iyo 

 111 ,, TVp  da  222 ,, TVp , maSin (7.3)-dan gamomdinare, 

adgili aqvs damokidebulebas: 

                  
2

22

1

11

T

Vp

T

Vp
 .                      (7.4) 
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 (6.7), (7.1), (7.2) da (7.3) warmoadgens idealuri 
airis mdgomareobis gantolebis sxvadasxva 
interpretacias, maT xSirad klapeironis 
gantolebas (rusul literaturaSi klapeiron - 
mendelevis gantolebas) uwodeben, frangi fizikosis 
klapeironis idealuri airis eqsperimentul 
kvlevebSi damsaxurebis gamo. 

    (7.3)-Si simkvrivis formulisY Vm /  

gaTvaliswinebiT miviRebT: 

                    
RT

Mp
 ,                       (7.5) 

 idealuri airis simkvrive 
pirdapirproporciulia wnevisa da 
ukuproporciulia absoluturi 
temperaturis. 

 davuSvaT, gvaqvs idealur airTa narevi, 
romlis komponentTa molekulebis raodenobaa N1, N2, 
, maSin (6.7)-is Tanaxmad 

 
 Vpp

VpVpkTNkTNkTNNpV









21

212121  

saidanac 

           
i

ipppp 21 .                  (7.6) 

,, 21 pp  TiToeuli airis parcialuri  (laT. 

nawilobrivi)  wnevaa. parcialuri wneva ewodeba im 
wnevas, romelsac Seqmnida calkeuli airi, mxolod 
is rom yofiliyo WurWelSi. (7.6) daltonis kanonis 
saxelwodebiTaa cnobili: 

 airTa narevis wneva Semadgenel komponentTa 
parcialuri wnevebis jamis tolia. 
mag. atmosferuli wneva warmoadgens haeris 

komponentebis  azotis, Jangbadis, argonis da sxva 
komponentTa parcialuri wnevebis jams. 

 CavweroT (6.7) ori idealuri airisTvis 

1111 kTNVp   da 2222 kTNVp  , davuSvaT 
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 212121 ,, TTVVpp s, maSin 21 NN  . es Sedegi  

warmoadgens avogadros kanons: 
 Tu idealur airebs gaaCnia erTnairi wneva, 

moculoba da temperatura, maSin maTi 
molekulebis raodenobac erTnairia. 
gamovTvaloT ra moculobas daikavebs 1 moli 

idealuri airi normalur pirobebSi (7.1)-dan  

3

5
10422

100131

2733181 



 ,

,

,

p

RT
V


m3. 

mas tradiciulad litrebSi gamosaxaven 4,22V l 

(l=10-3m3),  e.i. 
 nebismieri idealuri airis erTi moli 

normalur pirobebSi ikavebs 22,4 l 
moculobas. 

 
 amocana 7.1. balonSi imyofeba 300kel 
temperaturis airi. ramdenjer Seicvleba airis 
wneva, Tu misi 20% gamouSves  gareT, xolo 
temperatura awies 100kel-iT. 
   amoxsna: CavweroT (7.2) airis ori 
mdgomareobisTvis                             

1
1

1 RT
M

m
Vp   ;   .

,
100

80
1

1
2  TR

M

m
Vp    maTi 

SefardebiT vRebulobT:   

 

1

1

1

2 100
80

T

T

p

p 
 ,    

300

400
8,0

1

2 
p

p
    07,1

1

2 
p

p
  

gaizarda 1,07-jer. 
  amocana 7.2. haeris ra masaa 600m3 moculobis 
SenobaSi 00C-ze. rogor Seicvleba haeris masa 
temperaturis 250C-mde gazrdisas, Tu atmosferuli 
wneva normaluria p = 1,013·105pa. 
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amoxsna:        (7.2)-dan 
RT

MpV
m     (1), 

31029 M kg/mol, KT 27302731  ,  

775
273318

1061001311029 253

1 







,

,
m kg. 

KT 298252732  . (1)-dan 

7082 m kg. Senobas datovebs 67708775 m kg 

haeri. 
 amocana 7.3. ra raodenobis balonebi 
dagvWirdeba 1500m3 moculobis aerostatis 
gasavsebad 320kel temperaturisa da 105pa wnevis 

pirobebSi? TiToeuli balonis moculobaa 3,410-2m3,  

maTSi heliumis wnevaa 8106pa, xolo temperaturaa 
300kel. 

amoxsna:   (7.4)-is Tanaxmad 
1

1

2

22
1

p

T

T

Vp
V  . 

3m17
108

300

320

150010
6

5

1 





V . balonTa  raodenobaa  

500
1043

17
2

0

1 





,V

V
N   (V0-erTi balonis moculobaa) 

 amocana 7.4.  balonSi moTavsebuli Jangbadis 
da argonis narevis wnevaa  1,1·106pa. ipoveT 
TiToeulis parcialuri wneva, Tu argoni narevis 

masis 20%-ia. ( 31040 ArM kg/mol, 
31032

2

OM kg/mol).                                     

  amoxsna: gamovTvaloT narevis moluri masa, 

(1.1)-is Tanaxmad /mM  , sadac moluri ricxvi                             

333 1010

30

1040

20

1032

802080

22

2

 








mmm

M

m

M

m

M

m

M

m

ArOAr

Ar

O

O ,,,,,

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maSin kg/mol33 103331010
30

  ,
, m

m
M . (7.2) 

CavweroT narevisa da TiToeuli komponentisTvis:   

         RT
M

m
pV    (1)   RT

M

m
Vp

O

O

2

2

80,
      (2)               

              RT
M

m
Vp

Ar

Ar

20,
                  (3)  

(2)-is da (3)-is (1)-Tan SefardebiT vRebulobT:   

8320
80

2

2 ,
,





O

O

M

M

p

p
; 1660

20
,

,





Ar

Ar

M

M

p

p
,Sesabamisad

pa,pa, 55 1082110159
2

 ,, ArO pp marTlac, daltonis 

kanonis Tanaxmad,   .ArO ppp 
2

    

                                                              
$8. izoprocesebi idealur airSi 

 izoprocesebi ewodeba iseT procesebs, 
romlebic SeiZleba ganviTardes ucvleli masis 
mqone sistemaSi misi erT-erTi parametris 
mudmivobis pirobebSi. idealuri airis mdgomareobis 

gantolebidan   0,,, TVpmF gamomdinare, Cven 

ganvixilavT idealur airSi sam izoprocess, esenia: 
1. izoTermuli (T = const); 2. izobaruli; (p=const); 3. 
izoqoruli (V = const).   isini mravali eqsperimentiT 
Seswavlili iqna boilis, gei-lusakis da Sarlis 
mier da maT Sedegebs tradiciulad maTsave kanonebs 
uwodeben. am kanonebs Cven Teoriulad miviRebT 
klapeironis (7.4) gantolebis gamoyenebiT. 
1. izoTermuli procesisas T1 = T2 = const, maSin (7.4)-dan 
gveqneba: 

          2211 VpVp  ,  
2

1

1

2

V

V

p

p
                      (8.1) 

 mocemuli masis idealuri airis wneva 
izoTermuli procesis dros moculobis 
ukuproporciulia – boilis kanoni. 
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Sesabamis grafiks nax. 8.1-ze izoTerma ewodeba. 
2. izobaruli procesisas p1 = p2 = const, maSin (7.4)-dan 
gveqneba: 

                      
2

2

1

1

T

V

T

V
                       (8.2) 

 mocemuli masis idealuri airis moculoba 
izobaruli procesis dros absoluturi 
temperaturis pirdapirproporciulia – gei-
lusakis kanoni. 

Sesabamis grafiks naxaz 8.2-ze izobara ewodeba. 
3. izoqoruli procesisas V1 = V2 = const, maSin (7.4)-dan 
gveqneba: 

                    
2

2

1

1

T

p

T

p
                         (8.3) 

 mocemuli masis idealuri airis wneva 
izoqoruli procesis dros absoluturi 
temperaturis pirdapirproporciulia – 
Sarlis kanoni. 

Sesabamis grafiks nax. 8.3-ze izoqora ewodeba. 
 rogorc aRvniSneT, dabali temperaturis da 
maRali wnevis pirobebSi Tavs iCens airis 
molekulaTa urTierTqmedeba, ris gamoc airis 
mimarT idealuri airis modelis da   misi kanonebis 
gamoyeneba arasworia, amitom grafikebze Sesabamisi 
ubnebi  wyvetili wiriTaa naCvenebi.  
 praqtikaSi xSirad iyeneben airis izoTermuli  
kumSvadobis koeficients. igi gviCvenebs  procesisas 
airze gare wnevis yovelmxriv Tanabrad  1atm-Ti  
(105pa) izoTermulad gazrdisas  airis moculobis 
fardobiT  Semcirebas:                                  

                
T

dp

dV

V 









1
 .                     (8.4) 

izoTermuli procesisas, (8.1)-is Tanaxmad,  
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  0pVd , saidanac 
p

V

dp

dV
 , SevitanoT (8.4)-Si da 

miviRebT:             

                            
p

1
 ,  (8.5) 

 idealuri airis izoTermuli kumSvadobis 
koeficienti wnevis ukuproporciulia, 

 anu, mocemul temperaturaze rac metia airis wneva, 
miT Znelad kumSvadia igi. 

 
    amocana 8.1. 0,25m3 moculobis WurWelSi airis 
wnevaa 4.105pa. 07,5m3 moculobis WurWelSi ki  8.105pa. 
ra wneva damyardeba maTi wvrili miliT SeerTebis 
Semdeg, Tu orive WurWelSi temperatura erTnairia? 
 amoxsna: daltonis kanonis Tanaxmad 
damyarebuli wneva              

                


 21 ppp                     (1),  

sadac 


21 , pp gaerTianebul WurWelSi airTa 

parcialuri wnevebia. 
    radgan WurWelTa SeerTebisas airTa gafarToeba 
izoTermulad mimdinareobs, amitom (8.1)-is Tanaxmad 
adgili aqvs tolobebs: 

          )( 21111 VVpVp 


 da     )( 21222 VVpVp 


 

0 0 0 T T V 

p p V 

naxazi 8.1 naxazi 8.2 naxazi 8.3 
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saidanac        1

21

1
1 p

VV

V
p 





                   (2)  

 da             2

21

2
2 p

VV

V
p 





                  (3) 

(1)-Si CasmiT vRebulobT:  

                    
21

2211

VV

VpVp
p




               (4)  

                
55 10710

75,025,0

75,0825,04





p pa. 

    amocana 8.2. avtomobilis saburavSi  100C-is dros 
damatebiTi wnevaa 200kpa. avtomobilis moZraobisas 
saburavis temperatura 400C-mde gaizarda. 
gansazRvreT am temperaturaze wneva saburavSi, Tu 
atmosferuli wnevaa 1,01·105pa. 

amoxsna: saburavis moculoba praqtikulad ar 

icvleba, e.i. V1 = V2, da (8.3)-is Tanaxmad, 2

1

1
2 T

T

p
p  , 

555

1 1001.31001,1102 p pa, 

5
5

221 1033,3313
283

1001,3
,313,283 


 pKTKT pa, e.i. 

damatebiTi wnevis  mniSvneloba 
5

2 1032,2  atmppp pa,  15%-iT metia sawyisze. 

 amocana 8.3. horizontalurad mdebare daxSuli 

cilindris SuaSi myofeba 210-2m2 farTobis 120kg 
masis dguSi. haeris wneva dguSis orive mxares 105pa-
is tolia. ramdeniT gadaadgildeba dguSi 
cilindris vertikalur mdgomareobaSi gadayvanisas 
da ra wneva damyardeba dguSis orive mxares. 
temperatura  mudmivia, xolo cilindris sigrZea 1m. 
      amoxsna: cilindris vertikalur 
mdgomareobaSi gadayvanisas mis zeda nawilSi haeri 
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izoTermulad farTovdeba, xolo qveda nawilSi 
ikumSeba. amitom boil-mariotis kanonis Tanaxmad:  

 )/(/ VVppV  22 1 ,      )/(/ VVppV  22 2 . anu  

     )/(/   22 1pp ,  (1)  

     )/(/   22 2pp )( SV         (2) sadac  

Smgpp / 12   (3). (1)-dan  

)/( 






22
1

p
p     (4)                            

SevitanoT (3)-Si  
            

S

mgp
p 




)/( 



22
2   (5)                    

Tu p2-s SevitanT (2)-Si da 

amovxsniT  -s mimarT 

 =0,14m.  -is mniSvnelobis 
gaTvaliswinebiT (4) da (5) dan 
vRebulobT: 

p1=0,78105 pa,   p2=1,38105 pa.        
     amocana 8.4. 10l moculobis idealuri airis 
wnevaa 2atm, temperatura 270C. igi izoqorulad 
gaaTbes 4500C-iT, xolo Semdeg izobarulad 12270C.-
mde. bolos izoTermuli procesiT aRadgines 

pirvandeli wneva. 
gamovTvaloT TiTeuli 
etapis bolos (p,V,T) 
parametrebi. avagoT 
(p,T), (V,T), (p,V) 
diagramebi.  
   amoxsna: sawyis a 
mdgomareobas 
Seesabameba pa=2atm, 

Va=10l, Ta=300kel. ab 
procesi izoqorulia, 

e.i.Vb=10l, Tb=300+450=750kel, 

p, V/2 p, V/2 

p1, V/2+V 

p2, V/2-V 

2 

p atm 

T 

5 

300 750 1500 

 

a 

b c 

d 
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b

b

a

a

T

p

T

p
  saidanac 5750

300

2
 b

a

a
b T

T

p
p atm.   

         bc procesi izobarulia, e.i. pc=5atm, 
Tc=1227+273=1500kel, 

 
c

c

b

b

T

V

T

V
 saidanac  201500

750

10
 c

b

b
c T

T

V
V l. 

cd procesi izoTermulia, e.i. Td=1500kel,  pd=2atm, 

d

c

c

d

V

V

p

p
  saidanac  5020

2

5
 c

d

c
d V

p

p
V l. 

a(2atm, 10l, 300kel), b(5atm, 10l, 750kel), c(5atm, 20l, 
1500kel), d(2atm, 50l, 1500kel).  

 
$9. atmosferuli wneva. barometruli formula. 

bolcmanis ganawileba 

 atmosferos (berZ. orTqlis burTi) –  
uwodeben airTa im narevs, romelic dedamiwis 
gravitaciis gamo gars ertymis dedamiwas da masTan 
erTad gadaadgildeba kosmosSi. misi masaa5,19·1015t. 
dedamiwis zedapiris maxloblobaSi atmosferos 
Semadgenloba aseTia: azoti – 78,1%, Jangbadi – 21%, 
argoni – 0,9%. danarCen umniSvnelo nawils qmnis 
naxSirorJangi, wyalbadi, heliumi da a.S. es Tana-
fardoba mcired icvleba dedamiwis zedapiridan ~ 
100km simaRleze (homosfero), (atmosferos im nawils 

10 20 50 

2 

5 

p atm 

Vl 

b c 

d a 

Vl 

T 
300 750 1500 

10 

20 

50 

b 
c 

d 

a 
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sadac es Tanafardoba daculia haers uwodeben) 
Semdeg irRveva, TandaTan matulobs msubuq airTa 
heliumisa da wyalbadis wili, xolo 3000km-is zeviT 
iwyeba kosmosi.  

dedamiwis gravitaciis gamo haeris zeda 
fenebi awveba qveda fenebs rac sabolood qmnis 
atmosferul wnevas. Cveni mizania miviRoT 
atmosferuli wnevis dedamiwis zedapiridan 
simaRleze damokidebulebis kanoni, risTvisac 
davuSvaT ori gamartiveba: 

1. atmosfero ganvixiloT, rogorc dedamiwis 
stacionarul (droSi ucvlel) gravitaciul 
ZalTa velSi myof idealur airTa narevi ($7), 

2. atmosferos temperatura ar aris damokide-
buli simaRleze, T = const, e.i. atmosfero 
wonasworul mdgomareobaSia. 
dedamiwis zedapiridan h  simaRleze 

atmosferuli wneva p  ganpirobebulia mis zemoT 

myofi haeris fenis woniT, ris gamoc simaRlis 

zrdasTan erTad dhh  , atmosferuli wneva dpp   

klebulobs  0dp  (nax. 9.1), kerZod, wnevis ganmar-

tebis Tanaxmad wnevis cvlileba iqneba: 

.gdh
S

Sdh
g

S

dV
g

S

dmg

S

dF
dp n    

(7.5)-is CasmiT vRebulobT gdh
RT

Mp
dp  ,                                              

  M = 29·10–3kg/mol – haeris saSualo moluri masaa, 
igi miRebulia haeris Semadgenli komponentebis 
procentuli wilis gaTvaliswinebiT. zemoT 
moyvanili daSvebebidan gamomdinare atmosferuli 

wneva mxolod dedamiwis zedapiridan daSorebis -h  
-is funqciaa. movaxdinoT cvladTa gancaleba:      

               dh
RT

Mg

p

dp
 .                (9.1) 

 integrirebis Sedegad miviRebT:  
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C
RT

Mgh
p lnln  , saidanac    

h
RT

Mg

Cehp


 .                          

davadginoT C  mudmivas fizikuri arsi, CavweroT 

(9.1) dedamiwis zedapirisaTvis. e.i.  0h , maSin  

 0pC   – haeris wnevaa dedamiwis zedapirze. maSasa-

dame,  

              
h

RT

Mg

ephp


 )0( .                       (9.2) 

warmoadgens barometrul formulas. igi gviCvenebs 
airis wnevis 
damokidebulebas 
simaRleze simZimis ZalTa 
velSi, romlis Tana-
xmadac atmosferuli 
wneva dedamiwis ze-
dapiridan simaRlis 
zrdasTan erTad eqsponen-

cialuri kanoniT  ae  

klebulobs. (7.5)-is 
gamoyenebiT barometruli formula SegviZlia 
CavweroT airis simkvrivisTvisac: 
                        

         
 

h
RT

Mg

eh


 )0(
                     

   (9.2/) 
                   

 

   (9.2) da (9.2/) izoTermuli atmosferosTvis aris 
miRebuli, realurad temperatura simaRlis 
zrdasTan erTad sakmaod rTulad icvleba. mag. 
haeris uaxloes fenaSi – troposferoSi (0-11)km, 
temperatura (-500 -600)C-mde ecema. Tu (9.2)-Si SevitanT 
Sesworebas temperaturasTan dakavSirebiT, maSin 
SesaZlebelia TviTmfrinavis bortze gazomili 
wnevis mniSvnelobis mixedviT zustad ganvsazRvroT 
frenis simaRle. am principze muSaobs saaviacio 
altimetri – mfrinavi aparatebis frenis simaRlis 

dh 

h 

p 
p+dp 

y 

naxazi 9.1. 
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mzomi xelsawyo, romlis skalazec wnevis nacvlad 
mocemulia Sesabamisi simaRlis mniSvnelobebi. 
 (9.2)-iT SeiZleba gamovTvaloT haeris 
TiToeuli komponentis mier warmoebuli 
parcialuri wneva, risTvisac xarisxis maCveneblis 

Tanamamravli 
R

M
 ase gadavweroT: 

k

m

kN

M

R

M

A

0  da 

SevitanoT (9.2)-Si (6.6)-Tan erTad  

    kT

ghm

kTenkThn
0

0


  anu   

                      kT

ghm

enhn
0

0


 .               (9.3) 

  rogorc mosalodneli iyo, airis wneva, 
simkvrive da koncentracia simaRlis zrdasTan 
erTad erTnairi kanonzomierebiT mcirdeba, es 
Semcireba miT ufro mkveTria, rac  dabalia tem-
peratura. amas ganapirobebs ori faqtoris 
erTdrouli moqmedeba: 

1. gravitaciis Zalebi cdilobs airis 
molekulebi ganaTavsos dedamiwis zedapirTan 
rac SeiZleba axlo fenebSi, 

2. molekulebi ki, qaosuri moZraobis gamo, 
eswrafvis Tanabar ganawilebas sivrceSi. 

rac ufro mZimea 
molekula da 
dabalia 
temperatura, miT 
ufro dominirebs 
pirveli faqtori, 
xolo msubuqi 
molekulisa da 
maRali 
temperaturis dros 
– meore. 
 airis 
molekulis 

potenciuri energia dedamiwis simZimis ZalTa velSi 

n1 

n2 

n(wp) 

wp wp1 wp2 

wp1 < wp2 

n1 > n2 

naxazi 9.2. 



43 

 

tolia ghmw 0p , SevitanoT (9.3)-Si da miviRebT                                      

    kT

w

enwn
p

p



 0 . (9.4)                

igi warmoadgens molekulaTa ganawilebas 
potenciuri energiis mixedviT (nax.9.2). avstrielma 
fizikosma ludvig bolcmanma aCvena, rom (9.4) 
SeiZleba gamoviyenoT nebismier stacionarul po-
tenciur velSi moTavsebuli, erTi tipis klasikuri 
nawilakebisgan Semdgari, siTbur wonasworobaSi 
myofi sistemebisTvis. (9.4)-s bolcmanis ganawilebis 
kanonsac uwodeben, romlis Tanaxmadac 

  wonasworobaSi myofi klasikuri sistemis 
nawilakebi cdilobs daikavos udablesi 
energetikuli mdgomareoba. 

    
 amocana 9.1. ramdeniT Seicvleba 105pa 
atmosferuli wneva  9km simaRleze, Tu 
temperaturis cvlileba troposferoSi mocemulia 
grafikze.  

 amoxsna: 
grafikidan 
gamomdinare h=9km 
simaRleze 
temperatura 
225kel-ia. maSin, 
(9.2)-is Tanaxmad 

 

pa53305

9000
225318

891029

5

1072010

10

3














,
,

,

,

e

ehp

wneva mcirdeba 

   

pa.

km

510280

09





,

ppp
 

(g-s damokidebuleba  h-ze simciris gamo 
ugulebelyofilia.)    
  

220 

230 

240 

250 

260 

270 

0 2 4 6 8 10 hkm 

Tkel 

280 
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 amocana 9.2. gamoTvaleT dedamiwis 
zedapiridan erTsadaimave simaRleze haeris 
koncentraciis  damokidebuleba temperaturaze 
zafxulis (t=320C) da  zamTris (t=-230C) pirobebSi.                                    
 amoxsna: (9.3)-isgamoyenebiT gveqneba:        

            44,082,0305

250

2

1 1

2

 


eee
n

n T

T

 

e.i. mocemul simaRleze zamTarSi haeris 
koncentracia metia zafxulTan SedarebiT.  
 amocana 9.3. vertmfrenis kabinaSi barometri 
aCvenebs 90 kpa wnevas. asafren moedanze wneva 105 kpa-
ia, temperaturaa 270C da icvleba simaRlis mixedviT. 
ra simaRleze mifrinavs vertmfreni? frenis ra 
simaRles daafiqsirebs mfrinavi, Tu CaTvlis rom 
temperatura ucvlelia. ra cdomileba dauSva 
mfrinavma simaRlis gansazRvraSi,  Tu sinamdvileSi 
temperatura safren sivrceSi 20K-iT daeca? 

 amoxsna:  (9.2)-dan  
p

p

Mg

RT
h 0ln                 (1)     

1462
90

105
ln

101029

30031,8
3








h m. 

temperaturis Semcirebisas wnevis ucvleloba 
gamowveulia vertmfrenis qvemoT daSvebiT. kerZod, 
(1)-is Tanaxmad, 

9
90

105
ln

101029

231,8
ln

3

0 








p

p

Mg

TR
h m. 

amocana 9.4. M moluri masis idealuri airi 
imyofeba erTgvarovan simZimis Zalis velSi (g=const). 

CavweroT airis wnevis damokidebuleba simaRleze, 
Tu temperaturasa da simaRles Soris funqcionalur 

damokidebulebas aaqvs saxe:  01  aahT . 

amasTan Tu h=0, p=p0. 
 amoxsna:  
 (9.1) mocemul SemTxvevaSi miiRebs saxes: 
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ah

dh

RT

Mg

p

dp




10

 rimlis integrireba gvaZlevs: 

  Cah
aRT

Mg
p lnlnln  1

0

. SemoviRoT aRniSvna: 

0aRT

Mg
n  , maSin     nahChp  1 . amocanis pirobis 

gaTvaliswinebiT C=p0.  e.i.     .
n

ahphp  10  

 

$10. molekulaTa ganawileba siCqareebis      

                   mixedviT 

 airSi molekulaTa qaosuri moZraobis gamo, 
mimdinareobs maTi urTierTSejaxebaTa uwyveti 
procesi, rasac Tan sdevs molekulaTa siCqareebis 

ganuwyvetlivi cvlileba  ,0  areSi. Tu airi 

wonasworul mdgomareobaSia (T = const), maSin, 
miuxedavad calkeul molekulaTa siCqareebis 
cvlilebisa, molekulaTa ricxvi siCqaris nebismier 
[υ, υ + dυ] intervalSi rCeba ucvleli, anu siCqareTa 
mixedviT molekulebis ganawilebis funqcia  
sruliad gansazRvrulia da droSi  mudmivia. 
 ingliselma fizikosma jeims klerk maqsvelma 
Teoriulad miiRo wonasworobaSi myofi idealuri 
airis molekulaTa siCqareebis mixedviT ganawilebis 
funqcia: 

             kT

m

e
kT

m
f 22

2/3

0

2
0

2
4

















 .           (10.1)     

misi grafiki mocemulia nax. 10.1-ze.  
   f(υ)dυ – warmoadgens albaTobas imisa, rom 
molekulis siCqare iarsebebs [υ, υ + dυ] intervalSi. 
nax. 10.1-ze mas Seesabameba daStrixuli farTi. Tu 
molekulaTa saerTo raodenobas avRniSnavT N-iT, 
xolo siCqareTa mocemul intervalSi dNυ-iT, maSin 
adgili eqneba tolobas 
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                   
N

dN
df                   (10.2) 

amasTan   1
0




 df , radgan igi  albaTobaa imisa, 

rom molekulis siCqares eqneba raime mniSvneloba 

 ,0   areSi. grafikulad mas Seesabameba f(υ) 

mrudis mier SemosazRvruli farTobi. 

 molekulur-kinetikur TeoriaSi gamoiyeneba 

ualbaTesi siCqaris cneba: 
 ualbaTesi siCqare – υual ewodeba im siCqares, 

romelic gaaCnia mocemuli temperaturis 
airis molekulaTa umravlesobas. 

radgan siCqaris am sididisTvis f(υ) aRwevs Tavis 
maqsimalur mniSvnelobas, visargebloT funqciis 

eqstremumis gansazRvris pirobiT  
0

 ual



d

df ,  da 

miviRoT ualbaTesi siCqaris formula. (10.1)-is 

Tanaxmad 02 02 
kT

m 
 , saidanac 01   Seesabameba 

 f  

saS.kv

saS.

ual













3

2

1

 

1 2 3 

naxazi 10.1. 

  2ual  

 f  

1ual    

1T  

2T  

12 TT   

naxazi 10.2. 
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funqciis minimumi, xolo 
0

2

2

m

kT
  maqsimumi7. 

ualbaTesi siCqaris arsis Tanaxmad υ2 = υual, , e.i.  

        
00

41,1
2

m

kT

m

kT
ual .                    (10.3) 

 f(υ) funqciis gamoyenebiT SesaZlebelia mocemuli 
temperaturisTvis airis molekulaTa saSualo 
siCqaris gansazRvrac, risTvisac gamoviyenebT raime 
sididis saSualo mniSvnelobis povnis zogad wess: 
sididis TiToeul mniSvnelobas gavamravlebT misi 
ganxorcielebis albaTobaze (Cvens SemTxvevaSi 

NdN / ) da miRebul Sedegebs SevkribavT. siCqaris 

mniSvnelobaTa uwyveti speqtris gamo (0, ∞) jams 
SevcvliT integraliT 

     



00

  df
N

dN
saS .                       (10.4) 

am sidides gamoyvanis gareSe moviyvanT: 

    
00

6,1
8

m

kT

m

kT



saS .                        (10.5) 

saS s fizikuri arsi mdgomareobs SemdegSi:  

 wonasworobaSi myofi airis yvela molekulis 
siCqare rom gautoldes am temperaturisTvis   
airis molekulaTa saSualo siCqaris 
mniSvnelobas, airi isev wonasworobaSi 
darCeba - misi temperatura ar Seicvleba. 

  zemoT moyvanili wesiT SeiZleba 
gamovTvaloT molekulaTa saSualo kvadratuli 

siCqare 2
saS , risTvisac saWiroa amoixsnas 

integrali 

                                                             
7 Sesamowmeblad saWiroa gamovTvaloT II rigis warmoebuli f′′(υ), 

f''(υ1) > 0 (minimumi), f′′(υ2) < 0 (maqsimumi). 
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           



0

2  df2
saS

8.                     (10.6) 

ris Sedegadac miiReba: 

         
00

73,1
3

m

kT

m

kT
 2

saSsaS.kv  .          (10.7)          

(igive Sedegs miviRebdiT kinetikur Teoriaze 
dayrdnobiT, Tu (6.4) da (6.6) gantolebebs 

gavutolebdiT erTmaneTs). radgan saS   gamoiTvleba 

siCqareebis absolutur mniSvnelobaTa 

gasaSualoebiT, xolo saS.kv  miiReba siCqareTa 

kvadratebis saSualo mniSvnelobis amofesviT, isini 
erTmaneTis toli ar aris (ix. amocana 10.2). 
    (10.3), (10.5), (10.7)-is Sedareba gvaZlevs 

saS.kvsaSual  ::  = 1 : 1,13 : 1,22. 

 Tu (10.1)-s SevitanT (10.2)-Si, SeiZleba 
gamovTvaloT im molekulaTa raodenoba, romelTa 
siCqare imyofeba gansazRvrul   [υ, υ + dυ] intervalSi 

           





 Nde
kT

m
dN kT

m

22

2/3

0

2
0

2
4











   ,        (10.8) 

saidanac Cans, rom molekulas SeiZleba gaaCndes 
nebismieri siCqare. Tumca molekulaTa didi 

umravlesobis siCqare mcireTi gansxvavdeba saS -gan. 

mag. im molekulaTa ricxvi, romelTa siCqarec 

mocemul temperaturaze 9-jer aRemateba saS -s, 

daaxloebiT sruli raodenobis 1,1%-ia. rac ufro 
maRalia temperatura, miT ufro metia mocemuli 

airis  saS.kvsaSual  ,,  da Sesabamisi  f  funqciis 

grafikic wanacvlebulia marjvniv (nax. 10.2). 
 gasuli saukunis ocian wlebSi Catarebuli 
iqna mravali gamokvlevebi airis molekulaTa 

                                                             
8 (10.4) da (10.5) integralTa amoxsnisTvis saWiroa specialuri 

cxrilebis gamoyeneba. 
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siCqareebis mixedviT ganawilebaze. naCvenebi iqna, 

rom maqsvelis Teoriuli Sedegi (  f  funqcia) 

kargi sizustiT emTxveva cdis Sedegebs realuri 
airebisTvis Tu maTi wneva Zalian maRali araa.  
 

    amocana 10.1. gamovTvaloT haeris molekulaTa 

(N2, O2) saSualo kvadratuli siCqare 00C-ze. 

 amoxsna: $1-is Tanaxmad Am 0 (mae), 
2627

20 107,41067,128)(  Nm kg,  
2627

20 103,51067,132)(  Om kg.  

visargebloT (10.7)-iT 

  490
107,4

2731038,1
73,1

26

23

2 









NsaS.kv m/wm,  

  460
103,5

2731038,1
73,1

26

23

2 









OsaS.kv m/wm. 

  amocana 10.2.  21 molekulidan oris siCqarea 
8m/wm, 7-is 10m/wm, eqvsis 15m/wm, xuTis 16m/wm, erTis 
17m/wm. gamovTvaloT siCqaris saSualo, saSualo 
kvadratuli da ualbaTesi mniSvnelobebi. 
     amoxsna: $10-is Tanaxmad mocemuli sistema ar 
SeiZleba ganvixiloT rogorc wonasworobaSi myofi 
idealuri airi. amitom igi ar emorCileba maqsvelis 
molekulaTa siCqareebis mixedviT ganawilebis 
kanons. amitom unda visargebloT saSualo sididis 
gamosaTvleli formuliT: 

  132117116515610782  /saS m/wm 

  m/wmsaS.kv 413211716515610782 22222
,/ 

amocanis pirobidan gamomdinare  ual 10m/wm-s, 

radgan es siCqare gaaCnia molekulaTa 
umravlesobas-7-s. 
 



50 

 

                    a m o c a n e b i: 

1. ramden molekulas Seicavs  da ramdeni molia 160g 

meTanSi (CH4)?  (pasuxi: 6,0231024; 10) 
2. ramden mols da ramden molekulas Seicavs 5l 
tevadobis WurWelSi moTavsebuli heliumis airi, Tu 

misi simkvrivea 0,25g/sm3? (pasuxi: 312,5; 1,91026) 
3. nakeTobaze, romlis zedapiris farTobia S=500sm2, 
dafenilia 10 moli nikeli. ipoveT nikelis fenis 

sisqe. (M=5910-3kg/mol;  =8,8103kg/m3)? (pasuxi: 1,34mm)  
4.gamovTvaloT 8g heliumis, 10g neonis da 80g 
Jangbadis narevis molebis raodenoba da moluri 

masa. (pasuxi: 5; 19,610-3kg/mol) 
5.haeris Semadgenloba  daaxloebiT aseTia: azoti – 
78,1%, Jangbadi – 21%, argoni – 0,9%. gamoTvaleT 

narevis moluri masa.   (pasuxi: 2910-3kg/mol)                                  

 6. CawereT 160F celsiusis da kelvinis 
temperaturebiT. (pasuxi: -100C; 263kel) 
7. azotis wnevaa 0,11mgpa, simkvrive ki 1,35kg/m3. 
gamoTvaleT misi molekulebis saSualo kvadratuli 

siCqare. (pasuxi: 494m/wm)                
8. 40 nawilakis siCqarea 80m/wm, 60 nawilakis 84 m/wm-
ia, xolo 20 nawilakis 90m/wm. gamoTvaleT nawilakTa 
saSualo da saSualo kvadratuli  siCqare (pasuxi: 

83,66m/wm; 83,73m/wm)                 
9.    gamoTvaleT azotis molekulaTa saSualo 
kvadratuli siCqare, romelic moTavsebulia 8m3 
moculobaSi 2,1atm wnevis qveS, Tu molebis 

raodenoba 1300-ia. (pasuxi: 370m/wm)  
10. ramdenjer metia argonis airis molekulis 
saSualo kvadratuli siCqare masSi myofi 10-4g masis 
mtvris nawilakis saSualo kvadratul siCqareze?  

(pasuxi: 1,2109-jer )   
11. gamoTvaleT Jangbadis molekulebis koncentracia 
da temperatura, Tu misi wnevaa 0,2mgpa, saSualo 

kvadratuli siCqarea 700m/wm ( 31032
2

NM kg/mol). 

(pasuxi: 2,31025m-3; 630kel)  
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12. balonSi moTavsebuli airTa narevis 
Sedgenlobaa: 50% wyalbadi, 30%  azoti, 20% 
heliumi, xolo   wnevaa  2·106pa. ipoveT TiToeulis 

parcialuri wneva.  (pasuxi: 1,61106pa; 0,07106pa; 

0,32106pa.)               
13. 2100m3 moculobis aerostatis heliumiT 

Sesavsebad gamoiyenes 510-2m3 moculobis heliumis 
balonebi. TiTeulSi temperatura iyo 270C , xolo 

wneva 7,5106pa. aerostats wamSi miewodeboda 38g 
heliumi. ipoveT gavsebis dro da iqna gamoyenebuli 
balonis raodenoba, Tu aerostatSi saboloo wnevaa 
100kpa, temperatura 70C.  (pasuxi: 2sT da 38wT; 600) 
14. 200m3 moculobis aerostati wonasworobaSia 
raRac simaRleze, sadac haeris wnevaa 730mm vwy, sv., 
temperatura -100C. ra masis balasti unda 
gadmovagdoT, rom man aiwios iseT simaRleze, sadac 
wnevaa 690 mm vwy. sv., xolo temperatura -130C.  
(pasuxi: 14kg)          
15. 20l airi imyofeba normalur pirobebSi. wnevis 3-
jer gazrdisas misi temperatura gaxda G270C. ra 
moculoba daikava airma? (pasuxi: 7,4l).          
16. 10 litri idealuri airis wnevaa 2,7atm, 
temperatura -30C. temperaturis  500C-iT gazrdisas 
wneva gaxda 4atm. rogor Seicvala airis moculoba? 
(pasuxi:  Semcirda 2l-iT) 
17. tixriT gayofili WurWlis erTi nawilis 
moculoba 3-jer naklebia meoreze. I nawilSi wneva 
8atm-oa, II nawilSi 4atm. ra wneva damyardeba tixaris 
moxsnis Semdeg, Tu temperatura orive nawilSi 
erTnairia? (pasuxi: 5atm)  
18. idealuri airis izobaruli gaTbobisas 270C-dan 
1270C-mde moculoba 3l-iT gaizarda. gamoTvaleT 
sawyisi moculoba. (pasuxi: 9l).  
19. 20l moculobis da 270C temperaturis idealuri 
airis wnevaa 4atm. igi izoTermulad gaafarToves 
40l-mde. Semdeg izobarulad gaafarToves 60l-mde. 
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ipoveT  saboloo wneva da temperatura. (pasuxi: 
2atm; 450K) 
20. aerostats, romlis moculobaa 480m3, avseben 1270C 
temperaturis airiT. ramden xans gagrZeldeba 
gavseba, Tu masSi wuTSi uSveben 400g airs da 
aerostatSi unda damyardes 8,31·104 pa wneva. 
heliumis moluri masaa 4·10-3 kg.mol-1. (pasuxi: 2sT) 
21.  airis tumboebs SeuZlia Seqmnas  10-12pa wneva. 
ramdeni molekula iqneba am dros 1sm3 moculobis 
airSi  273kel temperaturaze? (pasuxi: 260) 
22. mocemuli masis idealuri airi izobarulad 
gaafarToves, Semdeg izoqorulad gaaTbes  da 
bolos izoTermulad gaafarToves. romeli naxazi 
Seesabameba am mimdevrobas?                  

23. mocemuli masis idealur airSi izoprocesebi 
ganviTarda izoTermuli, izobaruli da izoqoruli 
TanmimdevrobiT. romeli naxazi Seesabameba 
aRniSnul mimdevrobas?  

24. vertikalur mdgomareobaSi myofi sacobiT 
daxuruli baloni savsea haeriT normalur 
pirobebSi. sacobis zedapiris farTobia 20sm2, masa 

p p 

T T 

p 

T 

p 

T 

nax. 1        nax.2         nax.3       nax.4 

   nax.1                  nax.2                   nax. 3                nax.4  

p 

V 

p 
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V 



53 

 

30kg. ra temperaturamde unda gavaTboT haeri 
balonSi, rom sacobi amovardes? xaxuni 
ugulebelyofilia. (pasuxi: 682,5K) 
25.  40l tevadobis balonSi moTavsebulia 300 K  
temperaturis wyalbadi. wyalbadis nawilis 

daxarjvis Semdeg, wneva 0,5106pa-iT daeca. 
gansazRvreT daxarjuli wyalbadis masa. (pasuxi: 
1,6kg)       
26. dedamiwis zedapirze atmosferuli wnevis 
saSualo mniSvnelobaa 105pa. ipoveT atmosferos 

masa. Rded=6380km-s. (pasuxi: 5,11018kg) 
27. CaTvaleT, rom mzes gaaCnia sferoseburi forma 

da erTnairi simkvrive. misi masaa 21030kg, radiusi-

6,962108m da centrSi wnevaa 1,351014pa. gamoTvaleT 
mzis centris temperatura, Tu mze warmoadgens 

wyalbadidan Semdgar sistemas. (pasuxi:1,16107K) 
28. mfrinavi Tvlis, rom TviTmfrinavi ucvlel 
simaRleze mifrinavs, radgan barometri erTsa da 
imave 60kpa wnevas afiqsirebs. ra Secdomas dauSvebs 
mfrinavi simaRlis gansazRvrisas, Tu haeris 
temperatura 2 K-iT Seicvala? CaTvaleT, rom 
temperatura ara damokidebuli simaRleze, xolo 
wneva dedamiwis zedapirze 102kpa-ia. (pasuxi: 30m) 
29. atmosfero dedamiwis zedapirze imyofeba 
normalur mdgomareobaSi. gamoTvaleT atmosferuli 
wneva dedamiwis zedapiridan 5km simaRleze dax 
saxtaSi 55km siRrmeze. temperatura araa simaRleze 
damokidebuli. (pasuxi:  0,54atm: 1,9atm)  
30. M moluri masis idealuri airi imyofeba 
erTgvarovan simZimis Zalis velSi. CawereT airis 
temperaturis damokidebuleba simaRleze, Tu airis 
simkvrive mudmivia. (pasuxi: dT/dh= -Mg/R)  
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Tavi II. Termodinamika 

 

$11. Sinagani energia. Termodinamikis pirveli 

kanoni 

 TermodinamikaSi erT-erTi mniSvnelovani 
fizikuri sididea sistemis Sinagani energia. igi ar 
aris pirdapir dakavSirebuli sistemis meqanikur 
energiasTan, romelic tolia sistemis, rogorc 

erTi mTlianis, moZraobis kinetikuri energiisa da 
gareSe ZalTa velSi potenciur energiaTa jamis. 
 Sinagani energia warmoadgens  sistemis Semad-

genel nawilakTa qaosuri moZraobis 
kinetikur da maTi urTierTqmedebis 
potenciur energiaTa jams. 

 Sinagani energia aditiuri (krebadi) sididea, 
is sistemis Semadgenel nawilTa Sinagani energiebis 
jamia. amasTanave, igi sistemis mdgomareobis 
funqciaa, rac imas niSnavs, rom sistemis mocemul 
mdgomareobas Seesabameba Sinagani energiis 
erTaderTi gansazRvruli mniSvneloba. es 
mniSvneloba ar aris damokidebuli im procesTa 
tipze da mimdinareobaze, romliTac sistema 

aRmoCnda aRniSnul mdgomareobaSi.  
 davuSvaT sistemas SeuZlia 1 mdgomareobidan 
2- Si gadasvla sxvadasxva (I, II, III) gziT (nax. 11.1), 

p 

V 

I 

1 

2 

II 

III 

naxazi 11.1. 

p 

V 

1 

2 

naxazi 11.2. 

0 



55 

 

maSin misi Sinagani energiis cvlileba, gadasvlis 
gzebis (procesebis), damoukideblad am mdgomareo-
baTa Sesabamisi Sinagani energiebis sxvaobis tolia: 

.12 UUU  .  

 Tu procesi cikluria (Sekrulia)  1→2→1 (nax. 
11.2), anu sistema brundeba  pirvandel  mdgo-
mareobaSi,  Sinagani energiis cvlileba iseve, 
rogorc mdgomareobis nebismieri sxva funqciis 

cvlileba, nulis tolia 011  UUU . 

Sinagani energiis Secvla SesaZlebelia ori 
gziT – siTbogadacemiT da muSaobis SesrulebiT. 

 siTbogadacema ewodeba energiis gadacemis 
iseT process, romelic dakavSirebulia 
temperaturul sxvaobasTan sistemasa da 
gareSe sxeulebs Soris. 

    muSaobis cnebas TermodinamikaSi ufro 
ganvazogadebT,  kerZod 

 muSaoba ewodeba energiis gadacemis nebismier 
SesaZleblobas, romelic ar aris 
dakavSirebuli sistemisa da gare sxeulebs 
Soris temperaturis sxvaobasTan. 

gadacemuli siTbos raodenobriv zomad 
SemoRebulia fizikuri sidide siTbos raodenoba – 
Q. zemoTqmulidan gamomdinare      
                   'AQU  ,                    (11.1) 

aq 'A  gare Zalebis mier sistemaze Sesrulebuli 
muSaobaa. qmedeba-ukuqmedebis Zalebis tolobidan 
gamomdinare es muSaoba SevcvaloT sistemis mier 
gare Zalebis daZlevaze Sesrulebuli muSaobiT 

AA ' . maSin (11.1) ase Caiwereba: 

                   AUQ  .                  (11.2) 

igi warmoadgens Termodinamikis pirvel kanons: 
 sistemaze gadacemuli siTbos raodenoba 

xmardeba sistemis Sinagani energiis Secvlas 
da sistemis mier gare Zalebis winaaRmdeg 
muSaobas. 
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es kanoni, faqtiurad, energiis mudmivobis kanonis 
formulirebaa. sainteresoa SevniSnoT, rom igi 
mxolod XIX saukuneSi Camoayalibes, radgan maSin 
iqna dadgenili, rom siTbos gadacema igive energiis 
gadacemis procesia. e.i. siTbos raodenobis erTe-
uli, iseve, rogorc energiisa, joulia. 
 siTbos raodenoba algebruli sididea. Tu 
sistema Rebulobs siTbos Q > 0, Tu gascems Q < 0. 
sistemaze siTbos gadacema jer kidev ar niSnavs, 
rom igi Tbeba (∆U > 0), SesaZlebelia civdebodes (∆U 

< 0). es maSin xdeba, rodesac sistema muSaobas 
asrulebs rogorc gadacemuli siTbos, aseve 
Sinagani energiis xarjze, anu A > Q. Tu sistema 
izolirebulia e.i. masze ar xdeba energiis miwodeba 
aranairi gziT (Q = 0, A′ = 0), maSin (11.1)-is Tanaxmad, ∆U 

= 0, e.i. misi Sinagani energia ar icvleba.  
 Tu izolirebuli sistemis  nawilebs gansxva-
vebuli temperatura gaaCnia, maSin moxdeba siTbos 
gadacema maRali temperaturis aridan dabalSi. 
amasTanave, energiis mudmivobis kanonidan 
gamomdinare,  

 izolirebuli sistemis  Semadgenel nawilebs 
mier gacemuli da miRebuli siTbos raodeno-
baTa algebruli jami nulia. 

 cxadia, siTbos gadacemis procesi gagrZeldeba 
manam, sanam mTel areSi temperatura ar gaTa-
nabrdeba, anu sistema ar gadava wonasworul mdgoma-
reobaSi. 
   rogorc eqsperimentiT, aseve Teoriulad 
dadgenilia, rom  

 sistemis mier (an masze) Sesrulebuli muSaoba 
da gacemuli (miRebuli) siTbos raodenoba 
damokidebulia im procesze (gzaze), romli-
Tac sistema gadadis erTi mdgomareobidan 
meoreSi.   
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amitom muSaoba da siTbos raodenoba ar aris 
sistemis mdgomareobis funqcia, ar SeiZleba saubari 
maT maragze an cvlilebaze.  
     elementarul procesTa ganxilvisas (11.2)-is 
nacvlad visargeblebT formuliT 

           dAdUdQ  .                      (11.3) 

unda gvaxsovdes, rom aq mxolod dU aris sruli 
diferenciali, dA da dQ arasruli diferencialebia, 
isini aRniSnavs usasrulod mcire muSaobasa da 
siTbos raodenobas. 
  amocana 11.1. gamovTvaloT sistemaze 
gadacemuli siTbos raodenoba, Tu man Seasrula 
8kj muSaoba da amasTanave misi Sinagani energia 2kj-
iT Semcirda. 
 amoxsna: ∆U = _ 2kj, (11.2)-is Tanaxmad, 

kj.682 Q  

 amocana 11.2. siTbos ra raodenoba miiRo 

sistemam, Tu man Seasrula 8,4 j510 muSaoba da 

amasTan misi Sinagani energia gaizarda j51024 , -iT. 

 amoxsna: (11.2)-is Tanaxmad 

j. 555 1061210481024  ,,,Q  

 

$12. idealuri airis Sinagani energia 

 idealuri airis erTatomian m0 masis 
molekulas SeuZlia mxolod gadataniTi moZraobis 
Sesruleba, ris gamoc mas gaaCnia am moZraobis 

Sesabamisi kinetikuri energia 
2

2

0m
.  Tu molekula 

or an met atomiania, maSin am energias emateba 
molekulis brunviTi moZraobisa da Semadgeneli 
atomebis rxeviTi moZraobis (Tu molekula xisti ar 
aris) energiebic. mag. ganvixiloT gantelis formis 
oratomiani molekula (nax.12.1). meore molekulasTan 
Sejaxebam SeiZleba gamoiwvios misi brunva atomTa 
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SemaerTebeli wrfis marTobuli ori damoukidebeli 
RerZis mimarT am brunvaTa saTanado kinetikuri 

energiebi iqneba 
2

2

11I
 da 

2

2

22I
 (SemaerTebeli RerZis 

mimarT brunviTi energia umniSvneloa, radgan am 
RerZis mimarT molekulis inerciis momenti Zalian 
mcirea).  
  Tu molekulis atomebs Soris kavSiri xisti 
ar aris, atomebs SeuZlia rxeviTi moZraobis 
Sesruleba wonasworuli mdebareobis 
maxloblobaSi, ris gamoc molekulis energias 
emateba rxeviTi moZraobis kinetikuri da 
potenciuri energiebic.  
     Tu gvaqvs sami an meti atomisgan Semdgari 
arawrfivi molekula, maSin misi brunviTi moZraoba 
ganixileba sami urTierTmarTobuli RerZis mimarT, 
xolo atomTa rxeviTi moZraobis energiis Cawera ki 
sakmaod rTuldeba molekulaSi atomTa ricxvis 
zrdasTan erTad. 
 SemovitanoT Tavisuflebis xarisxis kidev 
erTi ganmarteba: Tavisuflebis xarisxi warmoadgens 
im damoukidebel SesaZleblobaTa ricxvs, rom-
liTac SeiZleba sistemis energiis Secvla9.  

aqedan gamomdinare, erTatomian molekulas 
gaaCnia sami Tavisuflebis xarisxi, radgan mas 
SeuZlia Seasrulos moZraoba sami damoukidebeli 
mimarTulebiT (x, y, z RerZTa mimarT). oratomian xist 
molekulas ki xuTi Tavisuflebis xarisxi, aqedan 
sami dakavSirebulia misi, rogorc erTiani sistemis 
gadataniT moZraobasTan sivrceSi da kidev ori 
dakavSirebulia brunviTi moZraobis kinetikur ener-
giasTan. Tu oratomiani molekula drekadia, 
aRniSnul xuTs emateba kidev ori Tavisuflebis 

                                                             
9 Tavisuflebis xarisxi SeiZleba ganimartos, rogorc im 
damoukidebel SesaZleblobaTa ricxvi, romliTac calsaxad 
ganisazRvreba sistemis mdgomareoba (ix. lit. 1. $35). es 
ganmarteba identuria Cveni ganmartebis. 
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xarisxi rxeviTi moZraobis kinetikuri da 
potenciuri energiebis gamo. absoluturad myar 
sxeuls, rogorc erTian sistemas, gaaCnia eqvsi 
Tavisuflebis xarisxi, sami dakavSirebulia 
gadataniT, samic brunviT moZraobasTan. 
     XIX saukunis fizikosTa erT-erT mniSvnelovan 
aRmoCenad samarTlianad iTvleba klauziusis da 
maqsvelis energiis Tanabrad ganawilebis kanoni, 
romlis Tanaxmadac 

 molekulis TiToeul aqtiur Tavisuflebis 

xarisxs Seesabameba saSualod kT
2

1
 energia. 

e.i., molekulis saSualo energia ganisazRvreba 
formuliT 

                
2

kT
iw saS ,                        (12.1) 

sadac  

                         rxbrgad iiii                           (12.2) 

molekulis Tavisuflebis xarisxia. zemoaRniSnuli 
Sedegebi TvalsaCinoebisTvis mocemulia cxril 12.1-
Si.  

    Cven ar 
SevexeT sam da 
met atomian 
drekad mo-
lekulebs, radgan 
maT SemTxvevaSi 
Tavisuflebis 
xarisxis gansaz-
Rvra gacilebiT 

rTulia da gadis Cveni kursis farglebidan.  
 (12.1)-is Tanaxmad molekulis energia 

pirdapirproporciulia absoluturi temperaturis. 
Tu absoluturi temperatura miiswrafis nulisken, 
maSin molekulis energiac uaxlovdeba nuls. 
rogorc Tanamedrove qvanturma fizikam daadgina, 

1 

2 

naxazi 12.1. 
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molekulis energia SeiZleba iyos ragind mcire, 
magram mainc nulisgan gansxvavebuli sidide, 
Sesabamisad T > 0, anu absoluturi nuli fizikurad 
miuRwevelia.  
 idealuri airis ganmartebidan gamomdinare 
($6), molekulaTa urTierTqmedebis potenciuri 
energia nulis tolia, ris gamoc misi Sinagani 
energia warmoadgens calkeul molekulaTa 
kinetikuri energiebis jams. Tu idealur airSi N 
raodenobis molekulaa, maSin misi Sinagani energia, 
Sekrebadobidan gamomdinare, iqneba 

               
2

kT
iNNwU  saS .                  (12.3) 

 moluri ricxvis gamoyenebiT ANN / miiReba 

             
22

RT
i

kTN
iU A   .                 (12.4) 

 mocemuli masis idealuri airis Sinagani 
energia mxolod temperaturis funqciaa. 

  
                                     cxrili 12.1. 

 

molekula 

atomTa 
Sorisi 
kavSiri 

Tavisuflebis 
xarisxi 

molekulis 
saSualo 
energia 

wsaS igad ibr irx 

erTatomiani _ 3 _ _ 3·kT/2 

oratomiani xisti 3 2 _ 5·kT/2 

drekadi 3 2 2 7·kT/2 

sami da met 
atomiani 
(arawrfivi) 

 

xisti 

 

3 

 

3 

 

_ 

 

6·kT/2 
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cxadia, mocemul temperaturaze mravalatomiani 
airis Sinagani energia aRemateba igive moluri 
raodenobis mqone erTatomiani airis Sinagan 
energias, radgan erTatomianisgan gansxvavebiT 
mravalatomiani airis energias ganapirobebs moleku-
laTa rogorc gadataniTi, aseve brunviTi da 
rxeviTi moZraobebis energiebi.  
 realuri airis Sinagani energiac 
damokidebulia temperaturaze, magram, idealurisgan 
gansxvavebiT, misi molekulebis urTierTqmedebis 
potenciuri energia nulisgan gansxvavdeba, amitom 
Sinagani energiac garkveulwilad damokidebulia 
wnevasa da moculobaze. siTxeebisa da myari 
sxeulebis Sinagani energiis gamoTvla gacilebiT 
rTulia. nebismier mdgomareobaSi myofi nivTierebis 
Sinagani energia temperaturazea damokidebuli, 
amitom mas siTbur energiasac uwodeben. 
 
 amocana 12.1. ra temperatura unda gaaCndes 
heliumis (He) airs, Tu misi molekulis energia 
tolia 270C temperaturis mqone wyalbadis airis 
molekulis (H2)  saSualo energiis. 

 amoxsna: KT 300272731   temperaturaze 

wyalbadis molekulas gaaCnia 51 i  aqtiuri 

Tavisuflebis xarisxi, e.i. (11.1)-is Tanaxmad, 

1
2

5
2

kTwH  . heliumi erTatomiani airia 32 i , e.i. 

2
2

3
kTwHe  , anu 21

2

3

2

5
kTkT  , KTT 500

3

5
12  . 

 amocana 12.2. gamovTvaloT 7270C temperaturis 
96g Jangbadis airis Sinagani energia (atomebs Soris 
kavSiri drekadia).  
 amoxsna: (12.4)-Si (1.1)-is gaTvaliswinebiT 

miviRebT: ,
2

RT

M

m
iU   radgan Jangbadis molekula 
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oratomiania, xolo maT Soris kavSiri drekadia, 

amitom i=7 da  kj.87
2

1000318

32

96
7 




,
U  

 
$13. idealuri airis muSaoba izoprocesebisas 

 ganvixiloT cilindrul WurWelSi 
moTavsebuli idealuri airi, romelic garemodan 
gamoyofilia dguSis saSualebiT (nax. 13.1). 
gamovTvaloT muSaoba, romelsac Seasrulebs idea-
luri airi wonasworuli an kvaziwonasworuli10 ga-

farToebisas. wnevis Zala pSF  , romliTac p  wne-

vis mqone airi moqmedebs S  farTobis dguSze. niu-
tonis mesame kanonis Tanaxmad, es Zala sididiT 

toli da mimarTulebiT sapirispiroa im 'F  Zalis, 

romliTac dguSi moqmedebs airze. 'F  gamowveulia 

gare wneviTa da xaxuniT. usasrulod mcire dh  
manZiliT dguSis wanacvlebisas airis mier 
Sesrulebuli elementaruli muSaoba iqneba 
                  pdVpSdhFdhdA  ,         (13.1)                

sadac  SdhdV  airis moculobis elementaruli 

cvlilebaa. Tu 0dV , airi farTovdeba da 

asrulebs dadebiT muSaobas, xolo Tu 0dV , airs 
kumSaven da misi muSaoba uaryofiTia. moculobis 

sasrulo cvlilebisas 1V -dan 2V -mde airis muSaoba 

gamoiTvleba formuliT: 

             
2

1

2

1

2

1

V

V

h

h

h

h

pdVpSdhFdhA .          (13.2)            

radgan muSaoba ar aris sistemis mdgomareobis 
funqcia, igi damokidebulia procesis tipze ($11), 
ris gamoc mocemuli airis moculobis erTidaigive 

                                                             
10e.i., rodesac gafarToebis procesi mimdinareobs imdenad nela, 
rom temperatura da wneva mTel moculobaSi aswrebs 
gaTanabrebas, anu SesaZlebelia nebismier momentSi maTi mniSvne-
lobis gazomva. 
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sididiT cvlilebisas, imisdamixedviT, procesi 

izoTermulia  constT  , izobaruli  constp  , Tu 

izoqoruli  constV   Sesrulebuli muSaoba 

gansxvavebuli iqneba. 
 izoTermuli procesis ganxorcielebisTvis 
saWiroa airis mudmivi kontaqti TermostatTan – 
siTbur rezervuarTan, romelic mTeli procesis 
manZilze awarmoebs siTbocvlas airTan, riTac 
inarCunebs mis mudmiv temperaturas (gafarToebisas 
awvdis, SekumSvisas arTmevs siTbos). rogorc $12-Si 
vaCveneT, idealuri airis Sinagani energia mxolod 

temperaturis funqciaa 











2

RT
iU  , ris gamoc izoTermu-

li procesis SemTxvevaSi igi ar 
icvleba 0U . maSin (11.2)-is 

Tanaxmad, AQ  , anu  

 izoTermuli procesisas 
sistemaze gadacemuli 
siTbo mTlianad xmardeba 
sistemis mier muSaobis 
Sesrulebas. Tu (7.1) 
gantolebidan 

ganvsazRvravT p -s da SevitanT (13.2)-Si, 

miviRebT: 

             
1

2ln
2

1
V

V
RT

V

dV
RTA

V

V

   .            (13.3)        

izoTermuli procesis pV diagramaze (nax. 13.2) 

(13.3)-s Seesabameba daStrixuli farTi.  
 ganvixiloT izobaruli procesi. (13.2)-is 
Tanaxmad 

              VpVVpdVpA

V

V

 
2

1

12 .          (13.4)       

dh 

naxazi 13.1. 
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 izobaruli procesisas idealuri airis 
muSaoba, (7.1)-is gaTvaliswinebiT, SeiZleba ase 
warmovadginoT: 

                  TRVpA   .              (13.5)         

izobaruli procesis pV diagramaze (nax. 13.3) 

naCvenebia am muSaobis Sesabamisi farTi.             
izobaruli procesisas constT  , Sesabamisad, 

0U , amitom izoTermulisgan gansxvavebiT, 
 izobaruli procesis dros sistemaze miwo-

debuli siTbos nawili xmardeba muSaobas, 
nawili ki Sinagani energiis cvlilebas.  

anu mocemul airze  erTidaigive raodenobis siTbos 
miwodebisas izoTermuli procesis dros mocemuli 
airi met muSaobas asrulebs, vidre izobaruli 

procesisas.  

  davuSvaT rom  erTi moli (=1) airi 

temperaturis erTi kelviniT gazrdisas (T=1kel) 
izobarulad farTovdeba, maSin (13.5)-is Tanaxmad     
R=A, anu 

 airis universaluri mudmiva im muSaobis 
tolia, romelsac asrulebs erTi moli 
idealuri airi izobarulad erTi kelviniT 
gaTbobisas.  

naxazi 13.4. 

p 

naxazi 13.3. naxazi 13.2. 

p1 

V1 

p 

p2 

V2 V V2 V1 V 

p 

p 

V V 
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izoqoruli procesisas (dV=0) da (13.2)-is Tanaxmad 
airi muSaobas ar asrulebs A=0 (nax. 13.4), amitom  

Q=U. 
 izoqoruli procesisas sistemaze miwodebuli 

siTbo mTlianad xmardeba Sinagani energiis 
gazrdas. 

     SevniSnoT, rom (13.2) samarTliania muSaobis 
gamosaTvlelad realuri airebis, Txevadi da myari 
sxeulebis moculobis cvlilebisas, Tumca misi 
amoxsna gacilebiT rTulia molekuluri urTi-
erTqmedebis ZalTa arsebobis gamo. 

amocana 13.1. V0 moculobis idealuri airi 

gafarTovda Pp=V (=const), ris Sedegadac moculoba 

gaizarda -jer. gamoTvaleT airis mier 
Sesrulebuli muSaoba 
 amoxsna: (13.2)_is Tanaxmad 

 1
22

2

2

0

2 0

0

0

0

  





VV

VdVA

V

V

V

V

 

 amocana 13.2. ra muSaobas asrulebs 4 moli 
airi, romlis temperaturaa 270C, misi moculobis 
orjer gazrdisas izoTermuli procesis dros? 
 amoxsna: (13.3)-is Tanaxmad airis mier 
Sesrulebuli muSaoba  

j.6980230031842
2

1

1  ln,lnln RT
V

V
RTA    

 amocana 13.3.  5 moli heliumi izobarulad 
gaaTbes 100kel-iT. gamoTvaloTT airis Sinagani 
energiis cvlileba, mis mier Sesrulebuli muSaoba 
da gadacemuli siTbos raodenoba.  
 amoxsna: 

 
(12.4)-is Tanaxmad    

kj.23,6
2

10031,8
53

2








TR
iU 

 
 3i . (13.5)-dan    

kj.16,410031,85  TRA   
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vinaidan procesi izobarulia 
           Q=6,23+4,16=10,39kj. 

 amocana 13.4. 5

1 104,2 p pa wnevisa da KT 4001   

temperaturis 20l idealuri 
airi jer izoqorulad 

gaacives KT 3002  -mde da 

Semdeg izobarulad 
gaafarToves 30l-mde. aageT 

pV diagrama da gamo-

TvaleT Sesrulebuli 
muSaoba.  
 amoxsna: I procesi 

izoqorulia 
2

2

1

1

T

p

T

p
 , saidanac 

5

1212 1081  ,/TTpp pa,  am dros muSaoba ar 

sruldeba 0IA . II procesi izobarulia 2pp   

 da     8,11023108,1 25

122  VVpAII kj.  

 amocana 13.5. 4l moculobis idealuri airis 

wnevaa  5.105pa, temperatura 1270C. is jer izobarulad 
gaafarToes 6l-mde, Semdeg ki izoTermulad 12l-mde. 
bolos ki izoqorulad aRadgines sawyisi wneva. 
ipoveT TiToeuli etapis bolos (p,V,T) parametrebi, 
airis mier Sesrulebuli muSaoba, aageT (V,p) 
diagrama. 
   amoxsna: a mdgomareobaSi sistemis parametrebia 

pa=5.105pa, Va=4l, Ta=127+273=400kel. davadginoT 

molebis raodenoba paVa=RTa gantolebidan 

6,0
40031,8

10.410.5 35









 mol.  ab  izobarulad 

gadasvlis gamo 

b

b

a

a

T

V

T

V
 saidanac Tb= 600kel. 

e.i b mdgomareobaSi 

c 

V 

p 

Va     Vb     Vc 

pa 

 

 

pc 

a    b       d  

V 

p 

p1 

p2 

V1 V2 

I II 
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pb=5.105pa, Vb=6l, Tb=600kel, xolo airis mier 

Sesrulebuli muSaoba  Aab=pV= 5.1056.10-3 =3.102 j.  

 bc  izoTermulad gadasvlis gamo  .
b

c

c

b

V

V

p

p
    

saidanac  pc=2,5. 105pa.   e.i c-Si airis parametrebia: 

pc=2,5.105pa, Vc=12l, Tc=600kel.     xolo airis mier 
Sesrulebuli muSaoba   

j310.01,2
6

12
ln60031,86,0ln 

b

c

bbc
V

V
RTA  .  

 cd  izoqorulad gadasvlis gamo  
d

d

c

c

T

p

T

p
  

saidanac Td=1200kel. e.i  d mdgomareobaSi    airis 

parametrebia: pd=5.105pa, Vd=12l, Td=1200kel. xolo      

Acd=0.                                                                                                                                                                                
                                                                                                                                 
       $14. siTbo. kuTri da moluri        

              siTbotevadoba  

 muSaobisgan gansxvavebiT gacilebiT rTuli 
iyo siTbos raodenobis anu ubralod siTbos arsis 
garkveva. me-19-e saukunis dasawyisamde siTbo 
ganixileboda rogorc uwono nivTiereba, romelsac 
SeeZlo SeeRwia nebismier sxeulSi da gaezarda, 
xolo gamosvlisas Seemcirebina misi temperatura. 
am periodSi warmoiqmna terminebi ,,siTbos 
raodenoba”, ,,siTbotevadoba”, xolo siTbos sazom 
erTeulad SemoiRes  kaloria (kal).  

 kaloria  siTbos is raodenobaa, romelic 
saWiroa 1g gamoxdili wylis 10C-iT 
gasaTbobad, normaluri atmosferuli wnevis 
(1,013.105pa) pirobebSi.  

didi raodenobis siTbos SemTxvevaSi gamoiyeneba 
kilokaloria (kkal)  1kkal=103kal. 
 XVIII saukuneSi molekulur-kinetikuri Teoriis 
ganviTarebam daamtkica mosazreba imis Sesaxeb, rom 
erTi sxeulidan meoreze siTbogadacema warmoadgens 
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energiis gadacemis erT-erT formas. dadginda, rom 
siTbos erTeuli eqvivalenturia meqanikuri energiis 
garkveuli raodenobis. kerZod kaloriasa da 
jouls Soris arsebobs Semdegi Tanafardoba:  
1kal=4,2j (ufro zustad 1kal=4,182j).magaliTisTvis 
ganvixiloT gazquraze wylis gaTbobis  procesi. 
radgan molekulaTa kinetikuri energia 
temperaturis funqciaa, amitom bunebrivi airis 
molekulaTa saSualo kinetikuri energia bevrad 
aRemateba WurWlis (wylis) molekulaTa saSualo 
kinetikur energias. amis gamo WurWlis molekulebi 
airis molekulebidan Rebulobs kinetikur energias, 
Tavis mxriv WurWlis molekulebi, wylis 
molekulebis dajaxebisas, gadascems maT Tavisi 
kinetikuri energiis nawils, ris Sedegadac wyali 
Tbeba.   
 siTbos raodenoba, romelic saWiroa mocemul 
agregatul mdgomareobaSi sxeulis gasaTbobad, 
damokidebulia ramdeni gradusiT unda gaTbes 
sxeuli, e.i saboloo da sawyis temperaturaTa 
sxvaobaze, sxeulis masaze da mis Semadgenel 
nivTierebis Tvisebebze. zemoTqmulidan gamomdinare 
siTbos aRniSnuli raodenoba gamoiTvleba 
formuliT: 

               tcmttcmQ  12 .               (14.1)                    

radgan Tt  , (14.1) asec Caiwereba:   TcmQ  .                           

c  mocemuli nivTierebis maxasiaTebeli sididea da 
mas kuTri siTbotevadoba ewodeba.  

 kuTri siTbotevadoba siTbos is raodenobaa, 
romelic saWiroa 1atm wnevis dros 1kg 
nivTierebis 10-iT gasaTbobad (igulisxmeba, 
rom nivTierebis mdgomareoba ar icvlileba).  

misi mniSvneloba sustadaa damokidebuli 
temperaturasa da wnevaze, ris gamoc sakmaod did 
temperaturul intervalSi SeiZleba CavTvaloT 
mudmivad. cxril 14.1-Si mocemulia zogierTi 
nivTierebis kuTri siTbotevadobis  mniSvnelobebi. 



69 

 

sxeulis gaciebisas gamoyofili siTboc 0Q  

cxadia aseve (14.1)-iT gamoiTvleba. siTxeebsa da myar 
sxeulebSi yvelaze didi kuTri siTbotevadoba 
gaaCnia wyals – c ≈ 4,2·103j/kg0C,  e.i.  1kg gamoxdili 
wylis 10C-iT gasaTbobad saWiroa 4,2·103j siTbo. mag. 
oqros kuTri siTbotevadoba c ≈ 0,13·103j/kg0C. ase, rom 
is siTbo, romelic saWiroa mocemuli masis wylis 
garkveuli temperaturiT gasaTbobad, sakmarisi 

iqneba  32jer meti masis oqros imave temperaturiT 
gasaTbobad. cxadia ra siTbosac STanTqavs sxeuli 
gaTbobisas igive raodenobas gamohyofs gacivebisas. 
amitom samxreTis zRvebis maxlobel teritoriebze 
zamTari sakmaod Tbilia.  
 cm-s - sxeulis kuTri siTbotevadobis da 
masis namravls am sxeulis siTbotevadobas 
uwodeben. misi erTeulia j/0C . cxadia igi mocemuli 
sxeulis 10-iT gasaTbobad saWiro siTbos tolia.     
     (14.1)-Si gaviTvaliswinoT moluri ricxvis 

Mm /  mniSvneloba, miviRebT: 
                    TCTcMQ   .        (14.2)             

 cMC moluri siTbotevadobaa, anu erTi moli 
nivTierebis 10-iT gasaTbobad saWiro siTbo.  
 siTbo yovelTvis gadaecema cxeli sxeulidan 
ufro civs da Tu sxeulTa sistema Caketilia 
siTbos gadacemis procesi Sewydeba maSin, rodesac 
yvela sxeuli  miiRebs erTnair temperaturas. anu 
sruldeba siTburi balansis gantoleba: 

                    0....321  QQQ .           (14.3)           

romlis Tanaxmadac  
 Caketili sistemis sxeulTa mier gacemuli da 

miRebuli siTbos raodenobaTa algebruli 
jami nulis tolia. 
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                                        cxrili 14.1 

 

 amocana 14.1. ra temperaturamde gaTbeba 50C 
mqone 10l wyali 2,5kg masis TiTberis WurWelSi, Tu 
masSi CauSves 1000C temperaturis mqone  foladis 
naWeri, Tu siTburi danakargebi 10%-ia. foladis 
siTbotevadobaa 2,88j/grad. 

 amoxsna: radgan siTbocvlaSi monawileobs 
sami sxeuli, amitom siTburi balansis gantolebis 

Tanaxmad: 

090 321  QQQ , .  e.i 

         09,0 3331221111  ttmcttmcttVc                 

   

  0100102390

5521080510101024

3

3233



 

t

tt

,,

,,,

 

      ,, 010088252542  ttt   
      ,, 01004415521  ttt   t=10,80C. 

 amocana 14.2. gamoyofili siTbos ra nawili 
miiRo 1kg masis foladis sxeulma, Tu mas 2m 
simaRlidan ecema 230kg masis uro? sxeulis 
temperatura 5kel-iT gaizarda. 

 nivTiereba c j/kg.0C    nivTiereba   c j/kg0C 
alumini   0,9.103                xe   1,7.103            

spilenZi   0,39.103                               yinuli   2,1.103            

mina   0,84103              zeTi   2,2.103            

rkina, foladi   0,45.103 wyali   4,2.103            

tyvia   0,13.103            vercxliswyali   0,9.103             

TiTberi    0,8.103 wylis orTqli   2,0.103            

vercxli   0,23.103            adamianis sxeuli   3,5.103             
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    amoxsna: foladis sxeulze davardnisas uros 
mier gamoyofili siTburi  energiaa 

j,31064210230  ,mghQ  xolo   sxeulis mier 

SeZenili siTbo iqneba:  

           j33

11 10325110450  ,,TcmQ  

maSin 50
1064

1032
3

3

1 ,
,

,







Q

Q
, e.i. sxeulma miiRo 

gamoyofili siTbos 50%. 
 amocana 14.3. 2m sigrZis Zafze dakidebuli 
foladis burTula gadaxares wonasworobis 
mdebareobidan 900-iT da gauSves xeli. kedelTan 
Sejaxebis Semdeg burTula gadaixara 300-iT. ramdeni 
gradusiT gaTba burTula,  Tu misi meqanikuri 
energiis 80% gardaiqmna siTboSi.  

amoxsna: amocanis pirobis 

Tanaxmad QW 80, , anu 

tcmmghmgh  1280, .   

tchg  280 ,         (1)                       

naxazidan 

7313300

2 ,cos   h   

(1)-Si gaTvaliswinebiT 
vRebulobT: 

t 450807311080 ,,,  saidanac .,
0040t  

 amocana 14.4. ramdeni gradusiT gaTbeba 10g 
foladis lursmani 0,45kg masis uros mimdevrobiT 
20-jer dartymis Sedegad, Tu dartymis momentSi 
uros siCqarea 0,8m/wm,  xolo ukugdebisas 0,2m/wm da 
gamoyofili siTbo mTlianad STainTqmeba lursmnis 
mier.  
   amoxsna: energiis mudmivobis kanonidan 

gamomdinare: 0 QWkin , sadac 

1h  

 

2h  

2h  

030  

2/  
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














22

2

1

2

2  MM
nWkin  n=20-jer uros dartymisas 

misi kinetikuri energiis cvlilebaa. e.i. 

0
22

2

1

2

2 












 tcm

MM
n


,saidanac  2

1

2

2
2

 
cm

nM
t , 

  .,,,
,

,
Ct 0608020

0104502

45020 22 



          

  amocana 14.5. ra dro daWirdeba 1,5kvt 
simZlavris gamaTbobliT 0,5kg masis aluminis 
WurWlSi 1l 200C wylis aduRebas, Tu siTburi 
danakargebi gamoyofili siTbos 40%-ia.  
  amoxsna: siTburi balansis gantolebis 

Tanaxmad: 060 321  QQQ , , sadac PtQ 603 ,  P 

simZlavris gamaTboblis mier t droSi gamoyofili 
sasargeblo siTbos raodenobaa, e.i. 

         0601221111  PtttmcttVc , .saidanac 

   

  

  
wm.3413

105160

5010901010102420100

60

3

3333

221111

,
,,

,,,

,














P

mcVctt
t



   

 amocana 14.6. tyviis naRmi, romelic mifrinavda 
horizontalurad 400m/wm siCqariT 800m simaRleze 
ejaxeba dabrkolebas da vardeba vertikalurad 
qvemoT miwaze. gansazRvreT naRmis  temperaturis 
cvlileba, Tu pirveli dajaxebisas mis gaTbobaze 
daixarja meqanikuri energiis 39%, xolo miwaze 
dacemisas-40%. naRmis sawyisi temperaturaa 270kel. 
  amoxsna: pirveli da meore dajaxebebis 
SemTxvevaSi amocanis pirobis Tanaxmad SegviZlia 

CavweroT:  01

2

2
390 TTcm

m








 
,    (1)          

 1240 TTcmmgh ,                                  (2) 
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(1)-dan 

kel.510
2

400
390

130

1
270

2
390

1 22

01 
















 ,,



c
TT  

(2)-dan  kel.53440
1

12  gh
c

TT ,  

naRmis  temperaturis cvlileba iqneba: 

  kel.26427053402  TTT   

 
           $15. idealuri airis moluri     

    siTbotevadoba.  maieris formula 

 zogadad moluri da kuTri siTbotevadobis 
mniSvneloba damokidebulia imaze, Tu ra pirobebSi 
xdeba siTbos gadacema. Tu procesi mimdinareobs 
mudmivi wnevis qveS, maSin C -s uwodeben molur siT-

botevadobas mudmivi wnevis dros da aRniSnaven pC -

Ti, xolo, Tu siTbogadacemis dros ar icvleba 
nivTierebis moculoba, maSin gveqneba moluri siT-

botevadoba mudmivi moculobis dros - VC . pC -sa 

da VC -s Soris gansxvaveba nivTierebis myari an 

Txevadi mdgomareobisTvis umniSvneloa Vp CC  (ix. 

$27),  amitom aseT SemTxvevaSi molur 
siTbotevadobas uindeqsod gamoviyenebT. airadi 
mdgomareobis SemTxvevaSi ki maT Soris gansxvaveba 
sakmaod didia. 
 gamoviyvanoT idealuri airis moluri siTbo-
tevadobis formulebi izobaruli da izoqoruli 
procesebisTvis  (izoTermuli procesisas  
siTbotevadoba miiswrafis usasrulobisken). (14.2) 
airebSi elementaruli izobaruli da izoqoruli 
procesebisTvis ase Caiwereba: 

                dTCdQ pp  .                   (15.1) 

                dTCdQ VV  .                                               (15.2) 
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radgan mocemuli idealuri airis Sinagani energia 
mxolod temperaturis funqciaa, amitom 
damoukideblad imisa constp  , Tu constV  , U -s 

cvlileba orive SemTxvevaSi erTnairi iqneba  

dUdUdU Vp  , 

Termodinamikis I kanoni dAdUdQ     aRniSnuli 

procesebisTvis ase Caiwereba: 

              
pp dAdUdQ  ,                     (15.3) 

         
dUdAdUdQ VV  .                    (15.4) 

    (15.2)-is  da (15.4)-is gatolebiT gveqneba:                                                                       

               dTCdU V .                       (15.5) 

(15.3)-Si (15.1), (15.2)  da (13.5)-is gaTvaliswinebiT 
vRebulobT: 

RdTdTCdTC Vp   . 

 dT -ze Sekvecis Sedegad miviRebT: 

                 RCC Vp  .                      (15.6) 

(15.6)-s maieris formulas uwodeben. igi amyarebs 
kavSirs idealuri airis molur siTbotevadobebs 
Soris, romlis Tanaxmadac mocemuli idealuri 

airis pC  metia VC -ze 31,8R  j/mol·K sididiT. es 

Teoriuli Sedegi kargad Seesabameba cdiseul 
Sedegebs. (12.4)-is Tanaxmad, 

                
2

RdT
idU


 ,                     (15.7) 

vinaidan dUdQV  , amitom   
2

RdT
idQV  . 

SevitanoT (15.2)-Si, miviRebT 

                  R
i

CV
2

 .                        (15.8) 

Sesabamisad, (15.6) ase Caiwereba: 

                R
i

Cp
2

2
 .                       (15.9) 
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 (15.8)-isa da (15.9)-is Tanaxmad airis 
siTbotevadobebi damokidebulia  molekulis 
Tavisuflebis xarisxze –i anu, zogadad, ramdeni 
atomia molekulaSi da rogoria maTi bmis tipi. 

cxril 15.1-Si mocemulia 
Vp CC , -s mniSvnelobebi, 

sadac 

                  
V

p

C

C
                          (15.10) 

Semotanilia zogierTi formulis kompaqturi 
CawerisTvis, igi aseve idealuri airis erT-erTi 

maxasiaTebeli sididea.  -s da pC -s eqsperimentiT 

gansazRvra gacilebiT martivia, vidre VC -si. amitom, 

Cveulebrivad, zomaven  -s da pC -s, xolo Semdeg 

angariSoben  VC -s. haerisTvis 4,1 .
                        

 

 klasikur fizikaSi gamartivebis mizniT  
mocemuli 
molekulis 
Tavisuflebis  
xarisxs 
ganixilaven 
rogorc mudmiv 
sidides, ris 

gamoc  pC  da VC    

sidideebic 
Teoriulad  
mudmivia. 
realurad dabal 
temperaturaze 
daimzireba 
mxolod 

molekulis gadataniTi moZraoba, temperaturis 
zrdisas Tavs iCens brunviTi, xolo  Semdgomi 
gazrdisas  rxeviTi moZraobac. amgvarad 
Tavisuflebis xarisxi da Sesabamisad moluri 

CV 

R
2

7
 

R
2

5
 

R
2

3
 

T dabali,  saSualo,  maRali 

       temperatura  naxazi 15.1 
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siTbotevadoba temperaturazea damokidebuli. 
nax.15.1-ze naCvenebia oratomiani airis moluri 
siTbotevadobis damokidebuleba temperaturaze. 
mrudis wyvetili  ubani Seesabameba gamyarebul 
airs.  
 maSasadame, mocemuli idealuri airis Sinagani 
energia mxolod temperaturis funqciaa:  

               TCTU V                          (15.11)                     

mogvianebiT vaCvenebT, rom realuri airis Sinagani 
energia sxva parametrebzecaa damokidebuli.  
                                 cxrili 15.1.                                    

 
 amocana 15.1. gamovTvaloT ramdeniT Seicvleba 
200g naxSirorJangis (CO2) airis Sinagani energia, 
misi temperaturis  1000C-iT gaTbobisas (atomebs 
Soris kavSiri xistia). 
 amoxsna: (15.11)-is Tanaxmad 

  TC
M

m
TCTU VV       e.i. 

          kj.31110026
44

200
,/  RTU  

 amocana 15.2. 3,2kj siTbos gadacemis Sedegad  
erTi moli idealuri airi izobarulad gaaTbes 

idealuri 

airis tipi 

molekulaSi 
atomTa bmis 

tipi 

 

i 

 

CV 

 

Cp 

 

γ 

 
erTatomiani 

 
_ 

 
3 

 
3R/2 

 
5R/2 

 
5/3 

 
oratomiani 

xisti 
 

drekadi 

5 
 
7 

5R/2 
 

7R/2 

7R/2 
 

9R/2 

7/5 
 

9/7 
sam- da met- 
atomiani 

xisti 6 6R/2 8R/2 8/6 
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144kel-iT. gamoTvaleT misi Sinagani energiis 
cvlileba da Cp/CV Tanafardoba. 

 amoxsna: (15.1)-is Tanaxmad Q TCQ pp   saidanac 

22221441023 3
,/,/  TQC pp  j/kel.mol.  

maieris formulidan  

91133182222 ,,,  RCC pV j/kel.mol. xolo 

kj.21449113  ,TCU V    Sesabamisad Cp/CV =1,6 

 amocana 15.3. 10l moculobis balonSi imyofeba 
heliumis da wyalbadis airTa narevi. narevis masis 
20%-ia heliumi. gamovTvaloT airTa narevis sruli 

energia, Tu wnevaa 4,5105pa. 
  amoxsna: CavweroT heliumisa da wyalbadis 
molebis raodenoba: 

  ;
,

3

1

1
1

104

20



m

M

m


3

2

2
2

102

80



m

M

m ,
                (1)               

amitom narevSi molebis raodenoba iqneba: 

  
333

2

2

1

1
21

10
450

102

80

104

20









mmm

M

m

M

m
,

,,
    (2)                 

(15.7)-is Tanaxmad narevis sruli energia 

     RTii
RT

i
RT

i
RT

iU 2211
2

2
1

1
2

1

222



      (3)                      

 (7.1)-is gamoyenebiT vRebulobT:                 

                  

        

                 pViiU 2211
2

1



               (4)                    

 (4)-Si (1) da (2)-is gaTvaliswinebiT gveqneba, rom 
sruli   energia   

j.425

33

3

100751101054
102

80
5

104

20
3

4502

10














 





,,
,,

,

mm

m
U

 
 
 
 
 amocana 15.2. 
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 $16. adiabaturi procesi.  bgeris      

     gavrcelebis adiabaturi buneba 

process, romelic sistemaSi mimdinareobs 
garemosTan siTbocvlis gareSe, adiabaturi (berZ. 
aragardamavali) ewodeba. 

 ganvixiloT es procesi idealur airSi. 
davuSvaT, wnevis qveS myofi idealuri airi imdenad 
swrafad farTovdeba, rom ver aswrebs siTbocvlas 
WurWlis kedlebTan (garemosTan), magram 
imavdroulad gafarToebis nebismier etapze 
temperatura Tanabrdeba mTel moculobaSi, e.i. 
mimdinareobs wonasworuli adiabaturi procesi. 
Termodinamikis I kanonidan gamomdinare                      

               dAdUdQ  ,  0dQ             (16.1)        

              0 pdVdU .                       (16.2)  

(16.2) CavweroT TV ,  cvladebis mimarT. SevitanoT 

masSi (15.5) da idealuri airis mdgomareobis (7.1) 

gantolebidan wnevis mniSvneloba VRTp / , 

miviRebT:   

             0
V

dV
RTdTCV  . 

SevkvecoT  -ze da movaxdinoT cvladTa gancaleba       

                    0
V

dV

C

R

T

dT

V

, 

romlis integrirebiT gveqneba: 

             0lnln  V
C

R
T

V

.                     (16.3) 

VCR /  fardoba gardavqmnaT (15.6) da (15.10) 

formulebis gamoyenebiT:     1


 
V

Vp

V C

CC

C

R
,                  

SevitanoT (16.3)-Si da movaxdinoT potencireba 

constTV 1 ,   anu         

            
1

22

1

11





VTVT .                         (16.4) 
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(16.4) gviCvenebs adiabaturi procesis dros 
idealuri airis moculobisa da temperaturis 
urTierTdamokidebulebas.  

 martivad SeiZleba vaCvenoT, rom RTpV   

gantolebis gamoyenebiT SeiZleba adiabaturi 
procesis amsaxveli kidev origantolebis Cawera 

 Tp,  da  Vp,  cvladebisTvis  

,1 constpT 
   constpV  11, es igivea, rac 

         
 


1

22

1

11 pTpT ,                         (16.5) 

            


2211 VpVp  .                           (16.6) 

(16.6)-s puasonis gantoleba ewodeba. 
 (16.1)-is Tanaxmad, dUdA  , anu  

 adiabaturi gafarToebisas airi muSaobas 
asrulebs Sinagani energiis xarjze, ris 
Sedegadac igi civdeba.   

 am TvalsazrisiT sainteresoa Semdegi 
movlena: rogorc cnobilia, haeris qveda fena 
gamdidrebulia wylis orTqliT (teniania), 
amasTanave igi sakmaod Tbeba dedamiwis zedapiris 
maxloblobaSi, farTovdeba da mcire simkvrivis 
gamo, civi haeris mier idevneba atmosferos zeda 
fenebSi. radgan zeda fenebSi wneva dabalia igi 
swrafad  -adiabaturad farTovdeba da civdeba. Tu 
temperatura daeca namis wertilamde (kondensaciis 
temperaturamde), warmoiqmneba Rrubeli, romelic 
Seicavs wylis umcires wveTebs. Tu atmosfero 
sufTaa-ar Seicavs mtvris nawilakebs (maT SeuZliaT 
Seasrulon kristalizaciis centrebis roli) 
SesaZlebelia wylis wveTebis gadacieba anu darCena 
Txevad mdgomareobaSi 00C-ze qvemoT (mag. 
dafiqsirebulia  atmosferoSi –300C-ze wylis 
wveTebis arseboba). aseT RrubelSi TviTmfrinavis 
SeWrisas wveTebi exeba TviTmfrinavis zedapirs da 

                                                             
11 cxadia, gantolebebSi mudmivebis mniSvnelobebi 

gansxvavebulia. 
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myisierad gadaiqceva yinulis sqel fenad, romelmac 
SeiZleba TviTmfrinavis gadatvirTva da Sesabamisad 
frenis reJimis darRveva gamoiwvios, amitom 
TviTmfrinavs uzrunvelyofen Semoyinvisgan damcavi 
saSualebebiT. 

 SevadaroT erTmaneTs izoTermas constpV   da 

adiabatas constpV 
 formulebi. izoTermuli 

procesisas Vp /1~ , adiabaturis SemTxvevaSi 
Vp /1~ . radgan 1 , adiabaturi gafarToebisas 

wneva ufro swrafad klebulobs, vidre 
izoTermulis SemTxvevaSi, rac Semdegnairad 

SeiZleba aixsnas: nkTp  -s Tanaxmad, adiabaturi 

gafarToebisas wneva vardeba rogorc 
koncentraciis, aseve temperaturis Semcirebis gamo. 

izoTermuli  constT   gafarToebisas ki wnevis 

Semcirebas mxolod koncentraciis Semcireba iwvevs. 
nax. 16.1-ze mocemulia erTnairi sawyisi 

pirobebisTvis idealuri airis izoTermasa da adia-
batas mrudebi. 
   gamovTvaloT idealuri airis muSaoba 
adiabaturi gafarToebisas. (16.6) gadavweroT Semdegi 

saxiT 
 pVVp 11 , saidanac 

  VVpp 11 . SevitanoT (13.2)-Si                                          

                   
2

1

2

1

111
11

1

V

V

V

V

V
Vp

dVVVpA 









  , 

martivi gardaqmnebiT vRebulobT:               

           



























1

2

111 1
1



 V

VVp
A .                   (16.7) 

mas grafikulad Seesabameba nax. 16.1-ze daStrixuli 
farTi. 
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 Tu visargeblebT idealuri airis 

mdgomareobis gantolebiT 111 RTVp  , maSin (16.7) 

asec SeiZleba CavweroT:               

               



























1

2

11 1
1






V

VRT
A .           (16.8)                

    (  s xSirad adiabatur mudmivasac uwodeben). 

 radgan bgeris gavrcelebisas haeris fenaTa 
SekumSva-gafarToeba Zalian swrafad mimdinareobs, 
xolo haeri cudi siTbogamtaria, amitom siTbos 
gadacema SekumSuli fenidan mezobel gafarToebul 
fenaze praqtikulad SeuZlebelia. anu haerSi bgeris 
gavrcelebis procesi adiabaturia.  
    gamoviyvanoT haerSi bgeris gavrcelebis 
siCqaris gamosaTvleli formula. visargebloT 
sxeulis kumSvisas moculobis fardobiTi 

cvlilebis formuliT12. .
1

p
BV

V



 CavweroT 

adiabaturi procesisTvis haeris moculobiTi 
drekadobis koeficienti aseTi saxiT: 

dV

dp
VB adiab . 

( 
dV

dp
 wnevis cvlileba moculobis 

cvlilebis  proceszea (izoTermuli, izobaruli, 
adiabaturi) 
damokidebuli, amitom 

B -c procesis tipis 
mixedviT sxvadasxva 
iqneba). radgan haers 
ganvixilavT, rogorc 
idealur airTa narevs, 
amitom visargebloT 

                                                             
12 ix. lit. 1. $23. 

p1 

pVγ = const 

V1 V2 

p 

V 

pV = const 

naxazi 16.1. 
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(16.6)-iT. misi diferencirebiT miviRebT: 

001   p
dV

dp
VdVVpdpV    da pB adiab , e.i. 

                 



p

bg .                      (16.9) 

igi gamoyenebis TvalsazrisiT ufro 

mosaxerxebelia, vidre 


 B 13.   

 (16.9)-is saSualebiT gamovTvaloT normalur  
pirobebSi bgeris gavrcelebis siCqare haerSi 
( 29,1 kg/m3): 

331
291

100131
41

5





,

,
,bg m/wm. 

 miRebuli mniSvneloba kargad emTxveva 
eqsperimentalur Sedegs da adasturebs 
atmosferoSi bgeris gavrcelebis procesis 
adiabatur xasiaTs. 
    
 amocana 16.1. 300K temperaturis erTatomiani 
idealuri airis moculoba adiabaturi 
gafarToebisas xuTjer izrdeba. gamoTvaleT 
temperaturis cvlileba. 

amoxsna: (16.4)-is Tanaxmad, 

1

2

1

1

2















V

V

T

T
, 

,
5

1
1

3

5

1

2













T

T
KT 10535,03002  ,  KTTT 19512  .          

     amocana 16.2. ganvixiloT haeri, rogorc 
idealur airTa narevi da vaCvenoT bgeris siCqaris 
absolutur temperaturaze damokidebuleba. 

amoxsna: (16.9)-Si (7.5)-is CasmiT vRebulobT: 

                                                             
13 ix. lit. 1. $54. 
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      TT
M

RT
03,20

1029

31,8
4,1

3






bg . 

e.i haeris temperaturis zrdisas masSi bgeris 
gavrcelebis siCqare matulobs. 
amocana 16.3. erTatomiani idealuri airis wneva 
kvaziwonasworulad gafarToebisas orjer mcirdeba. 
gamoTvaloT moculobis fardobiTi cvlileba, Tu 
procesi 1. izoTermulia, 2. adiabaturia. 
 amoxsna: 

1. izoTermuli procesis dros 2211 VpVp  , 

saidanac 2
2

1

1

2 
p

p

V

V
. 

2. adiabaturi procesis SemTxvevaSi (16.6)-dan 

52,12 5/3

/1

2

1

1

2 











p

p

V

V
. 

 amocana 16.4. 10 moli, 420kel. temperaturis 
heliumis adiabaturi gafarToebisas moculoba 3-
jer gaizarda. gamoTvaleT gadacemuli siTbos 
raodenoba, airis Sinagani energiis cvlileba da mis 

mier Sesrulebuli muSaoba.( 1,293   ) 

 amoxsna: adiabaturi procesis ganmartebidan 
gamomdinare Q=0.  

(16.4)-is Tanaxmad, 
1

1

2

2

1

















V

V

T

T ,    1
3

5

2

1 3



T

T
,   

200
1,2

420
2 T kel. 

2

TR
iU


   

273300
2

)420200(
3 


 R

R
U kj. radgan procesi 

adiabaturia UA  , saidanac 273300  RA kj. 
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           $17. politropuli procesi 

 sistemebSi mimdinare procesebi realurad 
sakmaod rTulia. mag., airSi mimdinare procesi 
SeiZleba zustad ar miekuTvnebodes arc erT zemoT 
ganxilul process –izoTermuls, izobaruls, 
izoqoruls Tu adiabaturs.  sxvanairad rom vTqvaT, 
cvlilebas ganicdis mocemuli airis yvela 

parametri  TVp ,, , amavdroulad, airi iZens an 

kargavs siTbos. aseT procesebs politropuls (berZ. 
mravali mimarTulebis) uwodeben.  

 politropuli procesisas ucvleli rCeba 
sistemis siTbotevadoba 

              const
dT

dQ
C 



1
                     (17.1) 

 miviRoT idealuri airisTvis politropuli 
gantoleba. CavweroT Termodinamikis I kanoni 

elementaluri procesisTvis dAdUdQ 
 

 da 

SevitanoT masSi Sesabamisi mniSvnelobebi: 

        pdVdTCCdT V  .                     (17.2) 

idealuri airis mdgomareobis gantolebis 

RTpV  -s gadiferencialebiT vRebulobT: 

           RdTVdppdV  .                      (17.3) 

 (17.2) da (17.3)-dan dT -s gamoricxviT gveqneba: 

VdppdV

pdV

R

CC V









, 

     0 VdpCCpdVRCC VV , 

    0 VdpCCpdVCC Vp , 

cvladTa gancalebiT miviRebT: 

0




p

dp

V

dV

CC

CC

V

p
. 
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SemoviRoT aRniSvna:  

               
V

p

CC

CC
n




                          (17.4) 

gveqneba: ,0
p

dp

V

dV
n  romlis integrirebiT miiReba 

politropuli procesis gantoleba: 

                 constpV n  ,                      (17.5) 

sadac n-s politropiis maCvenebeli ewodeba.                          
 idealuri airis mdgomareobis gantolebis 

 constTpV /  gamoyenebiT politropiis gantoleba 

SeiZleba  Tp,  da  TV ,  parametrebiTac Caiweros: 

constpT n

n

1 , constTV n 1

1

.  

 (17.5) gantolebidan miiReba yvela zemoT 
CamoTvlili procesis Sesabamisi gantoleba. kerZod, 
rodesac 1n  izoTermuli,  0n  izobaruli, 

n  izoqoruli da  n  adiabaturi,  
(izoqoruli procesis misaRebad (17.5)-dan amoviRebT 

n -uri xarisxis fesvs: constVp n 

1

. rodesac n , 

maSin 1

1

np  da constV  ). (17.4)-dan 

               
1




n

CnC
C

pV
.                      (17.6) 

 (17.6) warmoadgens idealuri airis molur 
siTbotevadobas politropuli procesis dros. 
movaxdinoT C -s Sefaseba sxvadasxva procesTa 
dros: 

1. izoTermuli procesis SemTxvevaSi 1n  da 
C . marTlac, izoTermuli procesisas 

0dT , xolo 0dQ . maSin, (17.1)-is 

Tanaxmad, izoTermuli procesis dros 
sistemis   siTbotevadoba usasrulod 
didia. 



86 

 

2. izobaruli procesisas 0n  da 
pCC  . 

3. izoqoruli procesisas n  da VCC  . 

4. adiabaturi procesis SemTxvevaSi 

V

p

C

C
n   , amitom .0C marTlac, 

adiabaturi procesis dros 0dQ , xolo 

0dT . maSin, (17.1)-is Tanaxmad, 0C . es 
Sedegi zogadia: adiabaturi procesis 
dros nebismieri sistemis siTbotevadoba 
nulis tolia. 

 n -is gansazRvra, Cveulebrivad, cdebis 
safuZvelze xdeba. misi mniSvnelobiT SeiZleba 
vimsjeloT, Tu romel idealur process 
uaxlovdeba airSi mimdinare realuri procesi.  
   politropuli procesis dros idealuri airis 
mier Sesrulebuli muSaoba gare Zalis daZlevaze 
igive maTematikuri  gziT miiReba, rogorc 
adiabaturi procesisas,  kerZod: 

           



























1

2

111 1
1

n

V

V

n

Vp
A .                   (17.7) 

         



























1

2

11 1
1

n

V

V

n

RT
A  .                   (17.8) 

 teqnikur TermodinamikaSi siTburi Zravebis 
muSaobas swored politropuli procesis saxiT 
ganixilaven.  
 
$18. realuri airis Sinagani energia. van-der-      

           -vaalsis    gantoleba  

 realuri airebis SemTxvevaSi saWiroa 
gaviTvaliswinoT, rogorc molekulaTa 
urTierTqmedeba, aseve maTi geometriuli zomebi. ris 
gamoc  maTi Sinagani energia,  idealuri airisgan 
gansxvavebiT, Seicavs ara marto molekulaTa 
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qaosuri moZraobis kinetikur energias, aramed maTi 
urTierTqmedebis potenciur energiasac.  
 radgan molekulaTa Soris urTierTqmedebis 
Zalebi manZilis zrdiT swrafad mcirdeba, amitom 
SesaZlebelia airis romelime molekulis  irgvliv 
SemovxazoT iseTi r0 radiusis sfero (nax. 18.1), rom 
mocemuli molekula urTierTqmedebdes mxolod am 
sferos SigniT myof molekulebTan. am sferos 
qmedebis sfero ewodeba. gamartivebis mizniT 
moviTxovoT, rom  imisada damoukideblad, Tu 
sferos romel wertilSi moxvdeba sxva molekula 
mocemul molekulasTan urTierTqmedebis energia wp 

iyos erTidaigive. amasTanave  davuSvaT, rom V 

moculobaSi N raodenobis molekula Tanabradaa 
ganawilebuli e.i adgili aqvs proporcias: 

1

00




N

n

V

V
, saidanac  10

0  N
V

V
n , qmedebis sferoSi 

moxvedril molekulaTa ricxvia, 

xolo 3

00
3

4
rV   qmedebis sferos 

moculobaa. am sferoSi moxvedril 
molekulaTa potenciuri energia 

iqneba: n0wp, xolo mTliani airis 
molekulaTa potenciuri energia: 

 1
2

1

2

1 0
0  NN

V

V
wwNnW ppp . 1/2 

Tanamamravli Semotanilia imitom, 
rom uimisod yoveli molekula 

CaiTvleboda orjer- erTxel rogorc qmedebis 
sferos Semqmneli da meored rogorc moxvedrili 
sxva molekulis qmedebis sferoSi. SemoviRoT 

aRniSvna   1
2

1
0  NNVwa p . radgan wp<0 

(molekulaTa urTierTqmedeba mizidvis xasiaTisaa) 

amitom 0a . sabolood miviRebT: 

naxazi 18.1 

r0 
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V

a
W p .                           (18.1) 

anu realuri airis potenciuri energia moculobis 
ukuproporciulia.  realuri airis gafarToebisas 
molekulebs Soris urTierTqmedebis (mizidvis)  

Zalebi Seasrulebs muSaobas dVpdWdA / p .  18.1)-

is gaTvaliswinebiT vRebulobT:   dV
V

a
dVp

2

/  , anu                                

                
2

/

V

a
p                         (18.2)     

igi warmoadgens airis molekulebis 
urTierTqmedebiT gamowveul damatebiT wnevas. mas 
Sinagan wnevasac uwodeben. 
 visargebloT  (15.11)-iT da CavweroT realuri 
airis Sinagani energiis formula:  

              
V

a
TCU V                              (18.3) 

radgan realuri airis molekulebs gaaCnia sakuTari 
moculoba gavarkvioT V moculobis WurWlis ra 
nawilSi ganTavsdeba isini. davuSvaT, rom 
molekulebi warmoadgens d diametris absoluturad 
myar sferos, maSin, cxadia, ori molekulis centri 
ver dauaxlovdeba erTmaneTs d-ze mcire manZiliT. 
ase, rom molekulebs realurad moZraoba SeuZlia 
WurWlis V moculobaze nakleb moculobaSi. 
molekulaTa mier ,,auTvisebeli-SeuRwevadi” b 

moculobis sidide damokidebulia 
molekulaTa zomebsa da 
raodenobaze. marTlac ganvixiloT 
ori aseTi molekula. radgan maT 
centrebs Soris manZili ar 
SeiZleba iyos d-ze naklebi, amitom 
maTgan arcerTis centri ar 
moxvdeba iseTi d radiusis sferos 
SigniT, romlis centrSic meore 

d d 

naxazi 18.2 
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molekula imyofeba (nax.18.2). e.i. ganxiluli 

wyvilisTvis ,,SeuRwevadi” moculobaa 3

3

4
d . Tu 

airSi molekulaTa raodenobaa N, molekulaTa 
wyvilTa ricxvi iqneba N/2, da mTeli airSi 
molekulebisTvis ,,SeuRwevadi” moculoba toli 

aRmoCndeba 1

3 4
3

4

2
NVd

N
b   , sadac   

623

4 33

1

dd
V


 








 erTi molekulis moculobaa.  

e.i., airSi “SeuRwevadi” moculoba molekulaTa ja-

muri moculobis – 1NV -is gaoTxkecebuli sididis 

tolia. maSasadame airis molekulebs SeuZlia 
ganTavsdes (V–b) moculobaSi, anu iseTi 
mdgomareobaa, rom airis moculobaa ara V, aramed 
(V–b).  
     zemoTqmulis Tanaxmad idealuri airis (7.1) 
gantolebaSi Tu gaviTvaliswinebT wnevis da 
moculobis Sesabamis Sesworebebs miviRebT realuri 
airis mdgomareobis gantolebas: 

            RTbV
V

a
p 










2
                  (18.4)  

es  gantoleba pirvelma  miiRo holandielma 
fizikosma ian van-der-vaalsma da mas van-der-
vaalsis gantolebas uwodeben.   a  da b  
koeficientTa mniSvnelobebi damokidebulia airTa 
Tvisebebsa da molebis raodenobaze.  cxrilebSi 

Cveulebriv mocemulia maTi mniSvnelobebi 1  

moli airisTvis 1a  da 1b , xolo   molis 

SemTxvevaSi 11

2 , bbaa   . 

 Tu SesaZlebelia airis molekulaTa 
urTierTqmedebis da zomebis ugulebelyofa, e.i. 
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adgili aqvs utolobebs p
V

a


2
 da Vb  , maSin 

(18.4)-dan miiReba idealuri airis mdgomareobis 
gantoleba. SevniSnoT, rom van-der-vaalsis 
gantolebac miaxloebiTia. misi gamoyenebiT 
miRebuli Sedegebi cdiseul Sedegebs kargad 
Tanxvdeba Tvisobrivad da ara raodenobrivad. 

      amocana 18.1.  gamovTvaloT 0,5l/mol kuTri 
moculobis Jangbadis wneva 00C-ze van-der-vaalsisa 
da klapeironis gantolebaTa saSualebiT, Tu 

 
24 moln.m /14,01 a da mol.m3 /102,3 5

1

b   
   amoxsna: amocanis pirobis Tanaxmad =1, 

V=0,5l=510-4m3. (7.1)-dan   

    
V

RT
p


     pa.310537264

50

2733181



 ,

,

,
p      (1) 

(18.4)-dan  
  2V

a

bV

RT
p 





 

   
 

pa.3

2
10536994

50

140

000032050

2733181





 ,

,

,

,,

,
p          (2)       

 mocemul pirobebSi Jangbadis airis 
idealurad warmodgenisas  miRebuli wnevis 
mniSvneloba (1) aRemateba wnevis realur 
mniSvnelobas (2), rac gamowveulia molekulaTa 
urTierT mizidvis gamo WurWlis kedlebze 
warmoebuli wnevis Zalis SemcirebiT. 
 
           $19. joul- tomsonis efeqti  

 joul- tomsonis efeqti ewodeba airis 
temperaturis cvlilebas, misi neli gaJonvisas 
forovan winaRobaSi, romelic mimdinareobs 
garemosTan siTboscvlis gareSe-adiabaturad.  
 joul- tomsonis xelsawyos sqema mocemulia 
nax.19.1-ze. siTbogaumtari kedlebis mqone milSi B1 
dguSs anacvleben bambisgan damzadebul sacobisken 
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(forovani winaRoba), ris gamoc airi gadis sacobSi 
da p2  (p2<< p1) gare wnevis moqmedebiT anacvlebs B2 
dguSs. rodesac B1 dguSi miaRwevs sacobs mTeli 
airi sacobis marjvena mxares gaidevneba da 
daikavebs V2 moculobas (V2>> V1). (sacobSi didi 
winaaRmdegobis gamo, airis  nakadis siCqare da 
Sesabamisad kinetikuri energia Zalian mcirea da 
praqtikulad ar icvleba). radgan airis gafarToeba 
realurad moxda vakuumSi, amitom Termodinamikis I 
kanonis Tanaxmad, airis mier Sesrulebuli muSaoba 
da misi Sinagani energiis cvlilebac nulis tolia.  
Tu davuSvebT rom airi idealuria, anu 
gamovricxavT molekulaTa urTierTqmedebas, maSin 
misi Sinagani energia    molekulebis kinetikur 
energiaTa jamis toli iqneba. (15.11)-is Tanaxmad, 

0 TCU V  da T2=T1. anu airis temperatura ar 

unda Seicvalos. rogorc eqsperimentma aCvena airis 
temperatura icvleba. am movlenas joul-tomsonis 
efeqti uwodes. mag. oTaxis temperaturis pirobebSi 
haeris nakadis SemTxvevaSi wnevis erTi atmosferoTi 

vardnisas (p1-p2=1,013105n/m2) temperatura Semcirda 

T=T2-T1=-0,250C-iT. igive pirobebSi naxSirorJangis da 

wyalbadis airebis SemTxvevaSi T saTanadod 

aRmoCnda -1,250C da + 0,02 0C-is toli.   Tu T<0 joul-
tomsonis efeqts uwodeben dadebiTs, xolo roca 

T>0 uaryofiTs.  

 joul-tomsonis efeqti amtkicebs airis 
molekulebs Soris urTierTqmedebis arsebobas. 

B1 B2 

p1,V1, T1 p2, V2 ,T2 

naxazi 19.1 
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marTalia mocemul eqsperimentSi airis Sinagani 
energia ar icvleba, magram airis gafarToebisas 
izrdeba molekulaTa urTierTqmedebis potenciuri 
energia (gavixsenoT, rom urTierTqmedebis 
mizidulobis energia uaryofiTia) kinetikuri 
energiis xarjze. molekulaTa moZraoba neldeba da 
temperatura ecema. realurad es procesi ufro 
rTulia, radgan airi srulad izolirebuli ar 
aris garemodan. airis is nawili, romelic mocemul 
momentSi imyofeba sacobis marjvniv ewinaaRmdegeba 
sacobis marcxena mxridan airis Semdgom Semodinebas 
da asrulebs garkveul muSaobas.  sacobis marcxniv 
ki gare Zalebi  B1 dguSze moqmedebiT asrulebs 
muSaobas airze, izobarulad kumSavs mas (nakadis 
stacionarulobis SenarCunebisTvis).   am ZalaTa 
muSaoba  airis saboloo gamodevnamde sacobis 
marcxena mxridan tolia p1(0-V1)-is. gamodevnili airi 
ki marjvena mxares izobaruli gafarToebisas  
asrulebs p2(V2-0) muSaobas. amitom airze  
Sesrulebuli sruli muSaoba iqneba:    

         2211

/ VpVpA                            (19.1) 
procesis adiabaturobis gamo, (11.1)-is Tanaxmad, es 
muSaoba mTlianad xmardeba Sinagani energiis 
cvlilebas.  anu 

           221112

/ , VpVpUUAU            (19.2) 
Tu cnobilia airis mdgomareobis gantoleba da misi 

Sinagani energiis formula SesaZlebelia T-s 

gansazRvra. T-s sidide da niSani ganisazRvreba 
airisa da gare Zalebis muSaobaTa damokidebulebiT, 
aseve airis TvisebebiT, kerZod molekulaTa   
zomebiT da maTi urTierTqmedebiT.  
 gafarToebis pirobebisgan damokidebulebiT 
mocemuli airi SeiZleba gacivdes an gaTbes. 
temperaturas, romlis drosac mocemuli wnevis 

pirobebSi T =0 inversiis temperatura ewodeba. am 
temperaturis zeviT wnevis Semcireba iwvevs airis 
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temperaturis gazrdas (uaryofiTi efeqti), xolo 
qveviT Semcirebas (dadebiTi efeqti). 
  wnevis didi vardnisas airis temperatura 
SeiZleba mkveTrad Seicvalos. mag. p1= 200atm-dan  p2= 

1atm-mde wnevis vardniT SesaZlebelia 170C haeris 
gacieba -180C-mde.  
 joul-tomsonis efeqtiT dadasturda airis 
molekulebs Soris urTierTqmedebis Zalebis 
arseboba. praqtikaSi es efeqti  gamoiyeneba airebis 
gasaciveblad da gasaTxevadeblad.        
 

         $20. siTburi Zravebi 

 Termodinamikis I kanoni igive energiis 
mudmivobis kanonia, romlis Tanaxmadac Caketil 
sistemaSi nebismieri procesis warmarTvis 
aucilebeli magram arasakmarisi pirobaa sistemis 
energiis Senaxva. marTlac,  SegviZlia  CamovTvaloT 
uamravi procesi, romlebsac es kanoni ar krZalavs, 
magram bunebaSi ar xdeba. mag., Tu gvaqvs cxeli da 
civi sxeulebisgan Semdgari Caketili sistema, 
siTbogadacema yovelTvis xdeba cxelidan civze da 
ara piriqiT. Tumca sistemis energia am SemTxvevaSic 
Seinaxeboda da Termodinamikis I kanoni ar 
dairRveoda. 
 XIX saukunis mecnierebi procesTa 
mimdinareobis SesaZleblobis Seswavlisas mividnen 
axal aRmoCenamde, romelsac Termodinamikis II 
kanoni ewoda. am kanonis formulirebaSi arsebiTi 
roli iTamaSa siTburi Zravebis (manqanebis) Seqmnam. 
 siTburi Zrava ewodeba yovelgvar 

mowyobilobas, romelic siTburi energiis 
xarjze asrulebs meqanikur muSaobas da am 
process   perioduli cikluri xasiaTi gaaCnia.  

siTburi Zravis sami mTavari nawilia: gamaTbobeli, 
muSa sxeuli – airi (siTxe, myari)  da macivari. 
     nax. 20.1-ze mocemulia siTburi Zravis sqema. 
Zravis gamaTbobeli da macivari warmoadgens Termo-
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statebs, romlebic mTeli procesis ganmavlobaSi 

inarCunebs, Sesabamisad, 21,TT   21 TT   temperaturebs.  

    siTburi Zravis muSaobis principi aseTia: muSa 

sxeuli gamaTboblisgan iRebs siTbos garkveul 1Q  

raodenobas, romlis nawilsac – 2Q -s procesis 

mimdinareobisas gadascems macivars, xolo 21 QQ  14 

energiis xarjze asrulebs meqanikur muSaobas:                                

                          21 QQA     

avxsnaT Zravis muSaobisTvis ratom aris 

savaldebulo siTbos “usargeblo kargva” 2Q -is 

saxiT. davuSvaT, procesis dasawyisSi airi 

gafarTovda 1V -dan 2V  moculobamde (nax. 20.2) da  

(20.1) 
 Seasrula garkveuli muSaoba. procesis 
ganmeorebadobisTvis saWiroa airis SekumSva sawyis 

1V  moculobamde. imisTvis, rom airis sasargeblo 

muSaoba iyos nulisgan gansxvavebuli, saWiroa 

                                                             
14 *radgan gacemuli siTbos raodenoba Q2 < 0, viyenebT mis 
absolutur mniSvnelobas |Q2|-s 

naxazi 20.2 naxazi 20.3 

p 

V V2 V1 

naxazi20.1 

T1 gamaTbobeli 
       T1>T2  

Q1 

A 

Q2 

T2  macivari 

T1>T2  
garemo 

A/ 

Q2 

Q1 

T2  macivari 
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gafarToebisas mis mier Sesrulebuli muSaoba 
aRematebodes gare Zalebis mier mis SekumSvaze 
Sesrulebul muSaobas. amisTvis ki saWiroa, rom 
airis temperatura da, Sesabamisad, wneva gafar-
Toebisas  meti iyos, vidre SekumSvisas. aqedan 
gamomdinare, airis gafarTovebis procesSi saWiroa 

1Q  siTbos miwodeba, xolo SekumSvisas 2Q  siTbos 

warTmeva. maSasadame, (20.1) warmoadgens Zravis 
sasargeblo muSaobas erTi ciklis ganmavlobaSi, 
romelsac grafikulad nax. 20.2-ze  Seesabameba 
daStrixuli farTi. 
       siTburi Zravis efeqturobas afaseben margi 
qmedebis koeficientiT (mqk). mas gansazRvraven, 
rogorc sasargeblo muSaobis fardobas airze 

miwodebuli siTbos 
raodenobasTan           

1

2

1

21

1

1
Q

Q

Q

QQ

Q

A



 .   (20.2)              

(20.2)-dan cxadia, rom siTburi 
Zravis mqk yovelTvis naklebia 
erTze (< 100%). am Sedegis 
safuZvelze  
kelvinisa da plankis mier 
formulirebuli iqna 
Termodinamikis II 
kanoni:SeuZlebelia iseTi 
perioduli procesi, romlis 
drosac gamaTboblidan 
miRebuli siTburi energia 
mTlianad gardaiqmnas 
muSaobad.  xSirad 
sasargeblo muSaobis gazrdis 
mizniT siTbur Zravas 
uerTeben meore siTbur Zravas 

ise, rom pirveli Zravis macivari meore Zravis 
gamaTboblis rols asrulebs (nax. 20.4). 

gamaTbobeli 

macivari 2. 

macivari 1. 

airi 

airi 

Q1 

Q2 

Q2 

Q3 

A1 

A2 

naxazi 20.4 
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gamovTvaloT aseTi sistemis mqk-is kavSiri 
TiToeuli Zravis mqk-ebTan. (20.2)-is Tanaxmad  

1

21

1
Q

QQ 
      da  

2

32

2
Q

QQ 
 , xolo sistemis 

mqk iqneba: 
1

31

Q

QQ 
 .  Tu 1 da 2-is formulebis 

saSualebiT 2Q –sa da 3Q -s ganvsazRvravT 1Q is 

mimarT da  SevitanT sistemis mqk-s formulaSi 
miviRebT: 

       2121                   (20.3) 

 Tu ganvixilavT siTburi Zravis moqmedebis  
Sebrunebul process, miviRebT macivris cikls (nax. 
20.3). am SemTxvevaSi siTbo dabali temperaturis 
aridan gadaecema maRal temperaturul ares, rac 
xorcieldeba gare Zalebis mier muSa sxeulze 
garkveuli 'A  muSaobis SesrulebiT. am Sedegis 
safuZvelze klauziusis mier mocemul iqna 
Termodinamikis II kanonis kidev erTi formulireba: 

 SeuZlebelia iseTi perioduli procesi, 
romlis drosac sxeulidan warTmeuli siTbo 
mTlianad gadaecema ufro cxel sxeuls. 
macivris axasiaTeben gacivebis koeficientiT: 

                     
'

2

A

Q
 ,                                               (20.4) 

sadac 2Q  gasaciebeli sxeulidan warTmeuli 

siTboa, xolo 'A  gare Zalebis muSaobaa macivris 
moqmedebaSi mosayvanad.  
 
 amocana 20.1. avtomobilis saSualo simZlavre 
30km manZilis 90km/sT siCqariT daZlevisas 20cx.Z-aa. 
gavsazRvroT Zravis mqk, Tu benzinis wvis xarjze 
gamoiyo 3·104kkal siTbo.                      
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 amoxsna: (20.2)-is Tanaxmad, 
1Q

Pt
 , sadac 

12003600
90

30




S
t wm, 1573620 P kvt. (1cx.Z 

736vt). 
54

1 1026,12,4103 Q kj, maSin 

%1414,0
1026,1

120015
5





 . 

 

$21. karnos cikli  

 frangma mecnierma sadi karnom Teoriulad 
Seqmna idealuri siTburi Zravis modeli da aRwera 
misi muSaobis procesi – karnos cikli. Tumca 
arcerTi Zrava ar muSaobs am ciklis mixedviT, 
magram misi codna aadvilebs realuri Zravebis 
muSaobis Seswavlas. karnos cikli Seqcevadia, anu 
warmoadgens Seqcevadi procesebis mimdevrobisgan 
($5), e.i. gamoricxulia xaxunis ZalTa arseboba. igi 
Sedgeba ori izoTermuli da ori adiabaturi 

procesisgan. muSa 
sxeulad aRebulia 
idealuri airi, 
gamaTboblis da 
macivris rols 
asrulebs cxeli 
(gamaTbobeli) da 
civi (macivari) Ter-
mostati. nax. 21.1-ze 
mocemulia karnos 
cikli. dasawyisSi (a 
mdgomareobaSi) airi 
imyofeba kontaqtSi 

1T  temperaturis mqone gamaTbobelTan, romlisganac 

ganuwyvetliv Rebulobs siTbos 1Q  raodenobas, ris 

xarjzec izoTermulad farTovdeba ab gziT. b 
mdgomareobaSi airs aSoreben gamaTbobels. 

p 

V 

a 

b 

c 

d 

T1 =const 

T2 =const 

naxazi 21.1 
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izolirebuli airi  agrZelebs adiabatur 

gafarToebas bc gzaze, ris Sedegadac civdeba 1T  

temperaturidan 
2T  temperaturamde ($16). c mdeba-

reobaSi airs akavSireben 
2T  temperaturis 

macivarTan da iwyeben mis izoTermul SekumSvas cd 

mimarTulebiT. am procesis ganmavlobaSi airi 2Q  

siTbos gadascems macivars. d mdgomareobaSi airs 
aSoreben macivars da agrZeleben mis adiabatur 

SekumSvas da gzaze, ris Sedegadac airi Tbeba 1T  

temperaturamde da ubrundeba sawyis mdgomareobas, 
e.i. sruldeba erTi cikli. 
 ganvixiloT karnos cikli energetikuli 
TvalsazrisiT. radgan ab gzaze airi izoTermulad 

farTovdeba, mis mier Sesrulebuli muSaoba 1T  

temperaturis gamaTboblidan miRebuli siTbos 1Q  

raodenobis tolia ($13) 

            
a

b

ab
V

V
RTAQ ln11  .                   (21.1) 

analogiurad, cd gzaze airis izoTermulad 
SekumSvisas masze Sesrulebuli muSaoba airis mier 

2T  temperaturis macivarze gadacemuli 2Q  siTbos 

raodenobis toli iqneba 

            
d

c

cd
V

V
RTAQ ln' 22  .                (21.2) 

radgan bc da da gzebze procesi adiabaturia, (16.4)-is 
Tanaxmad SegviZlia CavweroT 

1

2

1

1






cb VTVT  da 
1

2

1

1






da VTVT . 

maTi urTierTSefardebiT miviRebT 
d

c

a

b

V

V

V

V
 . 

SevitanoT (21.2)-Si 

                
a

b

V

V
RTQ ln22  .                    (21.3) 
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(21.3)-is gayofiT (21.1)-ze gveqneba                           

             
1

2

1

2

T

T

Q

Q
 .                         (21.4) 

 cxadia, karnos siTburi Zravis mqk iseve, 
rogorc nebismieri siTburi Zravis, SeiZleba 
gamovTvaloT (21.2) formuliT, romelic (21.4) 
proporciuli damokidebulebis gamo miiRebs Semdeg 
saxes: 

                      
1

21
T

T
kar .                 (21.5) 

miRebuli Sedegis safuZvelze karnom Camoayaliba 
Teorema: 

 idealuri siTburi Zravis mqk ar aris 
damokidebuli arc Zravis konstruqciaze da 
arc muSa sxeulis Tvisebebze, igi 
ganisazRvreba mxolod TermostatTa 
(gamaTbobeli, macivari) temperaturebiT.  

 (21.5)-dan gamomdinareobs, rom idealuri 
siTburi Zravis mqk mxolod im SemTxvevaSi SeZleba 
iyos 100%-is toli, roca macivris temperatura 
absoluturi nulis tolia. es ki SeuZlebelia 
absoluturi nulis miuRwevlobis gamo. 

 %100,02  karT   

 karnos Teoriuli ciklis ganxilvisas 
ugulebelyofili iyo siTburi danakargebi. 
sinamdvileSi praqtikulad Seqmnil ZravebSi adgili 
aqvs sxvadasxva tipis siTbur danakargebs (procesi 
Seuqcevadia), ris gamoc realuri mqk gacilebiT nak-
lebia Teoriulze, Cveulebrivad igi Teoriulis 50 
– 80%-s Seadgens. ramdenadac karnos cikli 
Seqcevadia,  am cikliT momuSave  macivrisTvisac mqk 
(21.5)-iT gamoiTvleba, xolo gacivebis koeficienti 
(20.4) Rebulobs saxes:   

     21

2

TT

T


                                (21.6) 



100 

 

sadac 2T  gasaciebeli sxeulis temperaturaa, xolo 

1T  im  sxeulis temperaturaa, romelsac gadaecema 

gasaciebeli sxeulidan warTmeuli siTbo.
 davamyaroT kavSiri macivaris gaciebis 
koeficientsa da mqk-s Soris. 

(21.5)-dan 



1

1

2

1

T

T
, xolo (21.6)-dan 1

1

2

1 
T

T
  maTi 

gatolebiT vRebulobT: 1
1



       

  
 amocana 21.1. karnos ciklis Sesrulebisas 

airis minimaluri 
moculobaa 50l. 
ganvazRvroT 
maqsimaluri moculoba, 
Tu airis moculoba 
izoTermuli 
gafarToebis 
dasasruls 300l, 
izoTermuli SekumSvis 
dasasruls ki 65l iyo. 

aageT ),( TV  diagrama. 

 amoxsna: cikli 
Sedgeba I da III izoTermisa da II da IV 
adiabatisagan. (16.4)-is Tanaxmad, 

1

32

1

21

   VTVT    (II ubani)  
1

42

1

11

   VTVT    (IV ubani) 

maTi SefardebiT miviRebT: 

6550

300 3

4

3

1

2 V

V

V

V

V
 , saidanac 3903 V l. 

 amocana 21.2. TboeleqtrosadgurSi orTqlis 
Zravebi muSaobs wyvil-wyvilad. pirveli Zravis 
gamaTboblisa da macivris temperaturebia 6700C da 
4300C. meoris 4200C da2800C. gamovTvaloT naxSiris 
wvis siCqare, Tu sadguri iZleva 450 milion vat 

V1 V4                    V2   V3 

IV 

V 

T 
I 

II 

III 

T1 

T2 
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simZlavres. CavTvaloT, rom ZravaTa mqk karnos 
Zravis 65%-s Seadgens. ( 1 kg naxSiri sruli 

dawvisas gamoyofs 2,7107j siTbos). 
      amoxsna: (21,5)-is Tanaxmad 

250
670273

430273
1 ,




1kar , 200

420273

280273
1 ,




2kar . 

amocanis pirobis Tanaxmad ZravaTa mqk iqneba: 

1=0,650,25=0,16,  2=0,650,20=0,13. maSin    (20.3)-is 
gamoyenebiT vRebulobT, rom sistemis mqk tolia 

.,,,,, 270130160130160   

 meore mxriv 
wvmq

Pt

Q

A


1

 , saidanac    

wm

kg

wv

761
1072270

1045
7

7

,
,,







q

P

t

m


 

 amocana 21.3. davamyaroT kavSiri karnos 
macivris mqk-sa da gacivebis koeficients Soris. 
risi tolia gacivebis koeficienti, Tu sayinule 
ganyofilebis temperatura -160C-is tolia, 
kompresoris ki  270C-is.  

   amoxsna:  (21.5)-dan    kar112 TT /

                   

    (1)     

(21.6) gadavweroT Semdegi saxiT 
12

12

/1

/

TT

TT


 , (1)-is 

SetaniT vRebulobT:  .1
11





karkar

kar




         (2)   

 (21.5)-is Tanaxmad

 

14,0
27273

16273
1 




kar .  SevitanoT  

(2)-Si:       

          1611401 ,,   
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   $22. entropia. Termodinamikis II da III         

                     kanonebi 

sistemis makromdgomareobas axasiaTeben iseTi 
parametrebiT, rogoric aris simkvrive, wneva, 
temperatura, Sinagani energia da sxva. sistemis 
makromdgomareobas gansazRvravs misi Semadgeneli 
nawilakebis mikromdgomareobebi. amasTanave, sistemis 
mocemuli makromdgomareoba SeiZleba 
ganxorcieldes sxvadasxva mikromdgomareobebiT. 

 im sxvadasxva mikromdgomareobaTa ricxvs, 
romelic iZleva mocemul makromdgomareobas, 
am mdgomareobis Termodinamikuri albaToba 
(statistikuri wona) ewodeba da aRiniSneba Ω. 

rac metia sistemis raime mdgomareobis Termodina-
mikuri albaToba, miT metad mosalodnelia sistemis 
gadasvla aRniSnul mdgomareobaSi. maTematikuri 
albaTobisgan gansxvavebiT Termodinamikuri 
albaToba Ω ≥ 1. 

sistema azrobrivad gavyoT or damoukidebel 
qvesistemad, romelTa mdgomareobis Sesabamisi 
Termodinamikuri albaToba iyos Ω1 da Ω2. maSin 
sistemis, rogorc erTi mTlianis, Sesabamisi 
mdgomareobis Termodinamikuri albaToba iqneba 

                 21   .                      (22.1) 

(22.1)-is Tanaxmad, Ω arakrebadi sididea, amitom misi 
gamoyeneba 
sistemis mdgomareobis dasaxasiaTeblad naklebad 
mosaxerxebelia, samagierod, krebadia misi 
logariTmi. (22.1)-dan 

21  lnlnln . 

am mosazrebiT molekulur fizikaSi sistemis 
mdgomareobis dasaxasiaTeblad SemoiRes lnΩ-s 
proporciuli sidide, kerZod 

                   lnkS ,                       (22.2) 
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romelsac entropia (berZnulad – gardaqmna) uwodes. 

proporciulobis koeficientad 
231038,1 k j/K 

bolcmanis mudmiva SemoiRes15, e.i.,  
 molekulur fizikaSi entropia gansazRvravs 

sistemis raime mdgomareobis ganxorcielebis 
SesaZleblobas. 
absolutur nulze nebismieri sistema 

imyofeba ZiriTad mdgomareobaSi, romlis 
Termodinamikuri albaToba Ω = 1. maSin, (22.2)-is 
Tanaxmad, S = 0. es mtkicebuleba cnobilia nerstis 
Teoremis saxelwodebiT, mas Termodinamikis III 
kanonsac uwodeben 

 nebismieri sistemis absoluturi temperaturis 
nulisken swrafvisas, misi entropiac nulisken 
miiswafvis. 

                   0lim
0




S
T

.                      (22.3) 

 Termodinamikuri albaTobis ganmartebidan 
gamomdinare, arawonasworul Caketil sistemaSi 
yovelTvis ganviTardeba iseTi Seuqcevadi 
procesebi, romlebic mas gadaiyvans mcire 
albaTobis Sesabamisi mdgomareobidan ufro maRali 
albaTobis mdgomareobaSi, e.i., procesi ganviTardeba 
entropiis zrdis mimarTulebiT. rodesac sistema 
sabolood gadava mdgrad wonasworul 
mdgomareobaSi, misi entropiac miaRwevs maqsimums. 
amis Semdeg sistemaSi Sewydeba yovelgvari 
mikroprocesebi, romlebic gamoiwvevda misi 
entropiis Secvlas16. Tu Caketili sistemis 
mdgomareobis romelime sasruli cvlilebisas 
entropia izrdeba maSin sistemis es mdgomareoba 

                                                             
15 am koeficientis SemoRebiT Tavidan aiciles TermodinamikaSi 
entropiiT sargeblobisas damatebiTi koeficientebis Semotanis 
saWiroeba. 
16 Zalian mcire albaTobiT SesaZlebelia Caketili sistemis 
SemTxveviTi gadaxrebi – fluqtuaciebi wonasworobis 
mdebareobidan, magram isini umniSvneloa da xanmokle.. 
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metastabiluria. metastabilur mdgomareobas 
miekuTvneba zenajeri orTqli an siTxe, aseve 
gadaxurebuli da gadaciebuli siTxe (ix. $31). 
metastabilur mdgomareobaSi sistema SeiZleba 
imyofebodes nebismierad didi drois ganmavlobaSi, 
Tu ar gaCnda stabilurSi gadasvlis pirobebi. mag. 
siTxis wveTebi zenajer orTqlSi.   
 Tu Caketil sistemaSi mimdinareobs Seqcevadi 
procesi, igi SeiZleba ganvixiloT, rogorc 
wonasworul mdgomareobaTa uwyveti mimdevroba ($5). 
maSin sistemis entropia, gansazRvrebidan 
gamomdinare, iqneba maqsimaluri da ucvleli 

.constSS  maq  

      zemoTqmulidan gamomdinare, Termodinamikis II 
kanoni ase 
 SeiZleba CamovayaliboT: 

 Caketil sistemaSi mimdinare nebismieri 
procesis dros sistemis entropia an izrdeba, 
an rCeba ucvleli 

                     0S .                     (22.4) 
 TermodinamikaSi entropia 1865 wels 
klauziusis mier iqna Semotanili. imisTvis, rom 
gasagebi gaxdes am sididis Semotanis arsi, 
davubrundeT karnos cikls, romelic warmoadgens 
Caketil sistemaSi ori izoTermisa da ori 
adiabatasgan Semdgar Seqcevad process. Tu (21.4)-Si 

gaviTvaliswinebT, rom 02 Q , maSin gveqneba 

               0
2

2

1

1 
T

Q

T

Q
.                     (22.5) 

   klauziusma aCvena, rom nebismieri Seqcevadi 
cikli SeiZleba kargi miaxloebiT ganvixiloT 
rogorc karnos ciklTa jami 

                  0
i i

i

T

Q
.                       (22.6) 

ufro zustad, nebismieri Seqcevadi ciklisTvis, 
(22.6) miiRebs saxes: 
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         0 T

dQ
, (Seqcevadi procesi)          (22.7) 

sadac dQ  muSa sxeulis mier miRebuli an gacemuli 

elementaruli siTbos raodenobaa, T  misi 
temperaturaa, romelic emTxveva kontaqtSi myofi 
Termostatis (gamaTboblis an macivris) 
temperaturas. siTbos raodenoba (iseve, rogorc 
muSaoba) damokidebulia procesis mimdinareobis 
gzaze maSin, rodesac (22.7)-is Tanaxmad, Seqcevadi 

procesisTvis TdQ /  sidide ar aris damokidebuli 

Tu ra gziT gadadis sistema erTi mdgomareobidan 
meoreSi. klauziusma aCvena, rom Seqcevadi procesis 

dros TdQ /  sistemis entropiis cvlilebaa 

                
T

dQ
dS  , (Seqcevadi procesi)    (22.8) 

maSasadame 

    

2

1

12
T

dQ
SSS . (Seqcevadi procesi)       (22.9) 

 entropia iseve, rogorc potenciuri energia, 
ganisazRvreba mudmivi Sesakrebis sizustiT, magram 
procesis ganxilvisas sainteresoa ara entropiis 
sidide, aramed misi cvlileba. e.i., entropia 
sistemis mdgomareobis funqciaa da ciklis SemTx-
vevaSi 

                   0 dS .                      (22.10) 

     cxadia, sistemaSi mimdinare Seqcevadi procesis 
dros im qvesistemis entropia, romelic gascems 
siTbos, Semcirdeba, samagierod gaizrdeba im 
qvesistemis entropia, romelmac es siTbo miiRo. 
magram, entropiis aditiurobidan gamomdinare, 
sistemis sruli entropia ucvleli darCeba. 

  adiabaturi procesis dros 0dQ , maSin 

(22.8)-is Tanaxmad, constS  . am TvalsazrisiT 
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Seqcevad adiabatur process izoentropiulsac uwo-
deben.  
 (22.8) da (22.9) samarTliania Seqcevadi 
procesebisTvis. klauziusma aCvena, rom Seuqcevadi 
procesisTvis 

0 T

dQ
. 

    radgan entropia sistemis mdgomareobis 
funqciaa, (22.10) unda rCebodes ZalaSi 
damoukideblad imisa, ra tipis procesebiT 
dabrunda sistema sawyis mdgomareobaSi. amitom 
Seuqcevadi procesis SemTxvevaSi (22.8)-is nacvlad 

adgili unda hqondes tolobas  
T

dQ
dS , sadac 

0 , anu sxvanairad 

         
T

dQ
dS  , (Seuqcevadi procesi)         (22.11) 

sadac T  Termostatis temperaturaa, radgan 
Seuqcevadi procesisas sistemas ar gaaCnia 
gansazRvruli temperatura. (22.8)-isa da (22.11)-is 
gaerTianebiT vRebulobT 

                
T

dQ
dS  .                         (22.12) 

(22.12)-iT SesaZlebelia entropiis dakavSireba 
sistemis sxva maxasiaTebel makroskopul 

parametrebTan  .,,, Vp CCVp  

   entropiis SemotaniT SesaZlebeli gaxda 
Termodinamikis IIkanonis ganzogadoeba da zusti 
maTematikuri formulireba: 

 nebismier sistemasa da mis garemomcvel 
sxeulebSi mimdinare bunebrivi (araSeqcevadi) 
procesebis dros jamuri entropia izrdeba. 

e.i., Tu sivrcis romelime nawilSi entropia 
Semcirda, meore nawilSi gaizrdeba ise, rom 
utoloba 0S  ZalaSi darCeba.  
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bunebrivia ismis kiTxva: rogor gamovTvaloT 
entropiis cvlileba sistemaSi mimdinare Seuqcevadi 
procesis dros. aseT SemTxvevaSi avirCevT raime 
Seqcevad process, romlis saSualebiTac 
SesaZlebelia sistemis gadayvana 1-mdgomareobidan 2-
Si da (22.9)-is saSualebiT gamovTvliT entropiis 
cvlilebas. radgan entropia sistemis mdgomareobis 
funqciaa da procesis tipze (gzaze) ar aris 
damokidebuli, amitom miRebuli S  toli iqneba 
mocemuli Seuqcevadi procesis dros entropiis 
cvlilebis (ix. amocana 22.3). 

  amocana 22.1.  idealuri airis wnevaa 2,5105pa, 
moculoba 40l,  temperatura 300kel. izoTermulad 
gaafarToebisas wneva 5-jer daeca. gamovTvaloT 
entropiis cvlileba, Tu procesi  Seqcevadia. 
 amoxsna: visargebloT (22.9) formuliT. 
procesis izoTermulobis gamo, 

 
T

Q
dQ

TT

dQ
SSS  

2

1

2

1

12

1
.            (1)            

$13-is Tanaxmad, 
1

2

V

V
RTQA ln . (7.1)-is 

gaTvaliswinebiT  

2

1
11

1

2
11

p

p
Vp

V

V
VpQ lnln    








 constT

V

V

p

p
;

1

2

2

1  

(1)-Si SetaniT vRebulobT: 

Kp

p
Vp

T
S

j
65351041052

300

11 25

2

1
11

1

,ln,ln    

radgan saWiro siTbos airi Termostatidan 
(gamaTboblidan) Rebulobs, gamaTboblis entropiis 

cvlileba iqneba 653, gamS  j/K. ase, rom mTeli 

sistemisTvis 

0 gamairi SS . 
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    amocana 22.2. gamovTvaloT erTi moli 
oratomiani xisti bmis idealuri airis entropiis 
cvlileba 5000K temperaturidan 7000K temperaturamde 
a) izobaruli, b) izoqoruli gaTbobisas, Tu 
procesi Seqcevadia  
amoxsna: 

a) SevitanoT (15.3) (22.9)-Si, miviRebT 

K
R

i

T

dT
CS

T

T

p

j
99340318

2

7
41

2

22

1

,,,,ln 


   , 

b) (15.4)-is SetaniT (22.9)-Si, miviRebT 

KT

T
R

i

T

dT
CS

T

T

V

j
17340318

2

5

2 1

2
2

1

,,,ln     

       amocana 22.3. 3 moli idealuri airis 
Tavisufali adiabaturi gafarToebisas  moculoba 
samjer izrdeba. vipovoT entropiis cvlileba. 
 amoxsna:  Tavisufali gafarToeba niSnavs, rom 

1V  moculobaSi myof airs onkanis saSualebiT 

uerTeben cariel WurWels (carieli WurWlis 

moculobaa 12V ). radgan airi Tavisufali 

gafarToebisas ar asrulebs muSaobas 0A , 

procesis adiabaturobis gamo 0Q . maSin (11.2)-is 

Tanaxmad, 0U , ris gamoc TTT  21 . radgan 

procesi swrafad mimdinareobs, igi Seuqcevadia. 
imisTvis, rom SevZloT (22.9)-is gamoyeneba, avirCioT 

Sesabamisi Seqcevadi procesi, romelic 1V  

moculobis idealur airs gadaiyvans 2V  

moculobaSi mudmivi temperaturis pirobebSi. 
cxadia, aseTi procesi izoTermulia, romlisTvisac 
(22.9) miiRebs saxes (ix. amocana (22.1) 

K
V

V
RS /4,271,131,83ln

1

2 j  . 
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a m o c a n e b i: 

1. ra temperatura  gaaCnia azotis  (N2) airs 
(atomebs Soris kavSiri drekadia), Tu misi 
molekulis saSualo energia orjer aRemateba 1470C 
temperaturis mqone neonis airis (Ne)  atomis 
saSualo energias. (pasuxi: 2170C)               
2. gamoTvaleT ramdeniT Seicvleba 100g heliumis 
(He) airis Sinagani energia, misi 1000C-iT gaTbobisas? 
(pasuxi: 31,2kj) 
3. gamoTvaleT 4dm3 moculobis erTatomiani airis 
wneva, Tu misi Sinagani energia 300j-ia. (pasuxi: 

0,5105pa) 

4. ramdeniT Seicvleba erTatomiani 20 moli airis 
Sinagani energia 500C-iT izobaruli gaTbobisas? 
gamoTvaleT  airis muSaoba da gadacemuli siTbo. 
(pasuxi: 12,4kj; 8,3kj; 20,7kj)                         
5. ramdeniT Seicvleba oratomiani (atomebs Soris 
kavSiri xistia) 10 moli airis Sinagani energia 1000C-
iT izoqoruli gaTbobisas? ra muSaoba Seasrula 
airma da ra raodenobis siTbo gadaeca? (pasuxi: 
20,8kj; 0kj; 20,8kj)                       
 6. siTbos ra raodenobaa saWiro da ra muSaobas 
Seasrulebs 2 moli 270C temperaturis erTatomiani 
idealuri airi,  moculobis orjer gazrdisas. 
procesi: 1. izoTermulia. 2. izobarulia.  (pasuxi: 
3,5kj, 3,5kj; 12,5kj, 7,5kj) 
7. ra muSaobas Seasrulebs 4 moli idealuri airi, 
romlis sawyisi temperaturaa 1270C , moculobis 
izoTermulad 3-jer gazrdisas? gamoTvaleT airis 
Sinagani energiis cvlileba. 
  (pasuxi: 14,6kj; 14,6kj) 
8. 5 moli heliumi izoqorulad gaaTbes 100kel-iT. 
gamoTvaleT gadacemuli siTbos raodenoba, airis 
Sinagani energiis cvlileba da mis mier 
Sesrulebuli muSaoba. (pasuxi: 6232,5j, 6232,5j,  0j) 
9. 5 moli heliumi izobarulad gaaTbes 100kel-iT. 
gamoTvaleT airis Sinagani energiis cvlileba, mis 
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mier Sesrulebuli muSaoba da gadacemuli siTbos 
raodenoba (pasuxi: 6232,5j; 4155j; 10387,5j) 
10. 10 moli 420kel. temperaturis heliumis 
adiabaturi gafarToebisas moculoba 3-jer 
gaizarda. gamoTvaleT airis Sinagani energiis 
cvlileba da mis mier Sesrulebuli muSaoba,  
(pasuxi: -27423j; 27432j). 
11. ra muSaobas asrulebs 8 moli idealuri airi, 
romlis sawyisi temperaturaa 00C da wneva 1atm, misi 
moculobis orjer gazrdisas 1) izoTermuli, 2) 
izobaruli procesis dros? (pasuxi: 13kj; 18kj) 
12. gamoTvaleT muSaoba 2,5l azotis izoTermulad 
1,5l-mde SekumSvisas, Tu  wnevaa 1atm da temperatura 
00C? (pasuxi: -127,5j). 
13. 16kg masis Jangbadi gaaTbes izoqorulad  1000K-
iT. gamoTvaleT gadacemuli siTbos raodenoba, 
airis Sinagani energiis cvlileba da airis mier 

Sesrulebuli muSaoba. (pasuxi: 1,04106j; 1,04106j; 0) 

14. Jangbads gadasces 2104j siTbo mudmivi wnevis 
pirobebSi. gamoTvaleT airis mier Sesrulebuli 
muSaoba da misi Sinagani energiis cvlileba, i=5. 

(pasuxi: 5,7103j; 14,3103j;) 
15. 2kg masis azotis adiabaturi SekumSvisas 
Sesrulda 831j muSaoba. gaigeT airis saboloo 
temperatura, Tu misi sawyisi temperaturaa 200 C, i=5. 

(pasuxi: 8530K) 
16. erTi litri  oratomiani idealuri airis sawyisi 
wnevaa 105pa. adiabaturi gafarToebisas misi 
moculoba orjer izrdeba. gamoTvaleT damyarebuli 
wneva da airis mier Sesrulebuli muSaoba, Tu  i=5. 

(pasuxi: 3,8104pa; 60j)  
17. 20m simaRlidan 10m/wm sawyisi siCqariT 
Tavisuflad vardnili tyvia xvdeba damagrebul 5-
jer mZime vercxlis firfitas da rCeba masSi. 
ramdeni gradusiT gaTbeba firfita, Tu misi da  
tyviis sawyisi temperatura erTnairia. (pasuxi: 1kel) 
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18. 4m sigrZis Zafze dakidebuli spilenZis burTula 
gadaxares wonasworobidan 600-iT da gauSves xeli. 
kedelTan Sejaxebis mere burTula gadaixara 300-iT. 
ramdeni gradusiT gaTba burTula,  Tu  meqanikuri 

energiis 78% gardaiqmna siTboSi. (pasuxi: 0,04kel) 
19.  83,1l moculobis heliumis wnevaa 105pa, 
temperatura 250kel.  igi izoqorulad gaaTbes 
300kel-mde. Semdeg izobarulad isev gaaTbes 360kel-
mde. bolos ki izoTermul pirobebSi daabrunes 
pirvandel wnevamde. aageT p(T) diagrama . gamoTvaleT  
airze gadacemuli siTbos raodenoba da 
Sesrulebuli muSaoba. (pasuxi: 7719j 2234j) 
20. siTburi ZravaTa sistemis mqk-ia 82,5%-ia. pirvel 
ZravasTan, romlis mqk 50%-ia, mierTebulia meore 
siTburi Zrava ise, rom pirvelis macivari meore 
Zravis gamaTboblis rols asrulebs. vipovoT meore 
Zravis mqk. (pasuxi: 65%) 

21. sami  siTburi Zrava ( 321   ), mimdevrobiT  

mierTebulia erTmaneTTan  ise, rom pirveli Zravis 
macivari meoris gamaTboblis rols asrulebs, 
xolo meoris macivari mesamis gamaTboblia. vipovoT 

sistemis mqk. (pasuxi:   3

111   ) 

22. karnos Zrava TiToeul wamSi moixmars 900kkal 
siTbos.  macivris temperaturaa 270C,  gamaTboblis  
1270C. gamoTvaleT Zravas simZlavre. (pasuxi: 945kj)  
23. karnos Zravis simZlavrea 650kvt. igi TiToeul 
wamSi moixmars 1250kkal siTbos. gamoTvaleT 
macivris temperatura, Tu gamaTboblis temperaturaa  
5900C. (pasuxi: 4830C) 
24. karnos macivris gacivebis koeficientia 5, xolo 
kompresoris temperaturaa  250C.  ipoveT: sayinules 
temperatura, karnos macivris mqk. (pasuxi: -170C,14%) 
25. karnos ciklis Sesrulebisas airis minimaluri 
moculobaa 50l. gansazRvreT maqsimaluri 
moculoba, Tu airis moculoba izoTermuli 
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gafarToebis dasasruls 300l, izoTermuli 
SekumSvis bolos ki 65l iyo. aageT ),( TV  diagrama. 

26.  idealuri siTburi manqanis gamaTboblis 
temperaturaa 1170C, macivris  270C. is gamaTboblidan 
yovel wamSi iRebs 60kj energias. gamoTvaleT 
siTbos ra raodenoba gadaecema macivars yovel 

wamSi. (pasuxi: 46kj) 
27. grafikze mocemulia Sigawvis 
Zravis muSaobis Seqcevadi otos 
cikli, romelic Sedgeba ori 
adiabatisgan da ori izoqorisgan. 
muSa airi erTatomiani idealuri 
airia. gamoTvaleT mqk, Tu 
SekumSvis xarisxi Vb/Vc=6. rogor 

Seicvleba mqk Tu gamoviyenebT oratomian idealur 
airs? (pasuxi: 70%; Semcirdeba) 
28. Zravis gamaTboblisa da macivris temperatura 
Sesabamisad 5250C da 2900C–is tolia, xolo mqk 
karnos Sesabamisi ciklis naxevris tolia. Zravis 
mier gamomuSavebuli simZlavre 850kvt-ia. 
gamoTvaleT Zravis mier moxmarebuli siTburi 

energia erTi saaTis ganmavlobaSi.  (pasuxi: 21010j) 
29. gamoTvaleT 2 moli idealuri airis moculobis 
2-jer gazrdisas entropiis cvlileba, Tu procesi 
izoTermulia da Seqcevadi. (pasuxi: 11,63 j/kel) 
30. 2kg masis 3070C-is temperaturamde gacxelebuli 
rkinis naWeri  Caagdes imdenad didi moculobis 
170C-is wyalSi, rom wylis temperatura umniSvnelod 
gaizarda. gamoTvaleT a) rkinis b) wylis, g) 
sistemis rkina- wyali entropiis cvlileba. 
 (pasuxi: -621 j/kel; 900j/kel; 279 j/kel) 
31. 2kg masis 70C-is wyali daasxes tbis -30C 
temperaturis gayinul zedapirs. gamoTvaleT: wylis  
tbis, sistemis wyali-tbis entropiis cvlileba, Tu 
tbis  zedapiris temperatura (pasuxi: -4058 j/kel; 
4104j/kel; 46 j/kel)     

p 

V 

a 

b 
c 

d 

o 
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    Tavi III.  kristaluri mdgomareoba 

        

     $23. kristaluri myari sxeulebi da 

            maTi klasifikacia 

 kristaluri (berZ. gamWirvale yinuli)  
ewodeba iseT myar sxeuls, romelic xasiaTdeba 
Semadgeneli nawilakebis ganlagebis mkacri 
geometriuli kanonzomierebiT sakmaod did 
moculobaSi, anu axasiaTebs Soreuli wesrigi. 
bunebaSi arsebuli myari sxeulebis didi 
umravlesoba kristaluria. mag. kristaluria myar 
mdgomareobaSi TiTqmis yvela minerali da yvela 
liToni. kristalTa damaxasiaTebeli da sxvebisgan 
ganmasxvavebeli niSania anizotropuloba, anu maTi 
mTeli rigi Tvisebebis: meqanikuris, siTburis, 
eleqtrulis, magnituris, optikuris damokidebuleba 
mimarTulebaze.  
 arsebebs e.w. amorfuli  myari sxeulebi, 
romlTac axasiaTebT axlo wesrigi, anu  
kanonzomieri ganlageba SeimCneva mxolod mocemuli 
nawilakis uaxloes garemocvaSi (axlo wesrigi 
SeimCneva siTxeebSic). amorfulia: mina, minisebri 
sxeulebi, sinTetikuri plastmasebi, mcenareuli da 
cxoveluri qsovilebi. aseT sxeulTa 
damaxasiaTebeli niSania izotropuloba, anu maTi 
Tvisebebi yvela mimarTulebiT erTnairia. aseve   
izotropiulia nebismieri airi.  
 kristalTa warmoSobis sami gza arsebobs. 
esenia: mdnaris (galRobil mdgomareobaSi myofi 
kristalis), xsnaris (gamxsneli da gaxsnili 
nivTierebis erTobliobis)  gaciebis Sedegad da, 
bolos, uSualod gazuri formidan kristalebis 
miReba Txevadi mdgomareobis gavlis gareSe.  
Cveulebriv  dakristalebis momentSi nivTierebaSi 
erTdroulad warmoiqmneba kristalizaciis 
centrebis didi ricxvi. am centrebidan mimdinareobs 
maTi Semdgomi damoukidebeli zrda.  amitom es 
kristalikebi erTmaneTis mimarT uwesrigod arian 
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orientirebuli.zrdis procesSi isini erTmaneTs 
erwymian da miiReba polikristali, romelic, 
warmoqmnis meqanizmidan gamomdinare, erTianobaSi ar 
avlens anizotropulobas, Tumca misi calkeuli 
kristalikebi anizotropulia. kristalizaciis 
specialuri pirobebis Seqmnisas SesaZlebelia 
xsnaridan an mdnaridan miiRon kristali-
monokristali swori geometruli formiTa da 
anizotropulobiT. 
 kristalSi SeiZleba gamovyoT iseTi umciresi 
struqturuli elementi - elementaruli 
kristaluri ujredi, romlis mravaljeradi 
ganmeorebiTi gadataniT sivrcis sami gansxvavebuli 
mimarTulebiT miiReba mTeli kristali. ujredi 
warmoadgens paralelopipeds, romlis gverdebis 

sigrZeebi a, b, c mocemuli 
mimarTulebiT kristalis 
periodebia. garda amisa 

ujreds axasiaTeben im , 

,  kuTxeebiT, romelsac 

cba


,, veqtorebi adgens 

erTmaneTTan (nax. 23.1).  
 kristalur mesers gaaCnia sxvadasxva tipis 
simetria. kristaluri meseris simetriaSi 
igulisxmeba Tviseba SeuTavsdes TavisTavs raime 
sivrculi gadanacvlebiT,  mobrunebiT, sarkuli 
arekvliT da a.S. Tu meseri TavisTavs uTavsdeba 

raime RerZis mimarT 2/n kuTxiT mobrunebisas, maSin 
am RerZs n-uri rigis simetriis RerZi ewodeba. 
garda trivialuri n=1 rigisa arsebobs 2, 3, 4 da 6 
rigis simetriis RerZebi. sibrtyes, romlis mimarTac 
sarkuli arekvlis Semdeg kristaluri meseri 
uTavsdeba Tavis Tavs simetriis sibrtye ewodeba 
(arsebobs simetriis sxva formebic, romelsac ar 
ganvixilavT). 
 kristalur mesers gaaCnia simetriis ara 
nebismieri, aramed gansazRvruli kombinaciebi. 

c


 

b


 

a


 

 
 

 

naxazi 23.1. 
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rogorc rusma mecnierma fiodorovma aCvena 
SesaZlebelia mxolod simetriis elementebis 230 
kombinacia -  sivrcobrivi jgufi, romelic 
simetriis niSnis mixedviT gadanawilebulia 32 
klasSi. elementaluri ujredis formis mixedviT es 
klasebi dajgufebulia  Svid kristalografiul 
sistemad - singoniad, romlebic simetriis zrdis  
mixedviT Semdegnairad ganlagdeba:  

1. triklinuri sistema.   ;cba . 

Sesabamis elementalur ujreds gaaCnia 
iribkuTxa paralelepipedis forma. 

2. monoklinuri sistema. 
00 90,90;  cba . Sesabamis 

elementalur ujreds gaaCnia marTi 
paralelepipedis forma, romlis fuZe 
paralelogramia. 

3. rombuli sistema. .90; 0 cba  

Sesabamis elementalur ujreds gaaCnia 
marTkuTxa paralelepipedis forma. 

4. tetragonaluri sistema. 

.90; 0 cba  Sesabamis 

elementalur ujreds gaaCnia marTkuTxa 
paralelepipedis forma, romlis fuZe 
kvadratia. 

5. romboedruli (trigonaluri) sistema. 

;cba  .
090   Sesabamis 

elementalur ujreds gaaCnia diagonalis 
gaswvriv deformirebuli (SekumSviT an 
gaWimviT) kubis forma. 

6. heqsagonaluri sistema. 

.120,90; 00  cba  Sesabamis 

elementalur ujreds gaaCnia wesieri 
eqvskuTxa prizmis forma. 
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7. kuburi sistema. .90; 0 cba  

Sesabamis elementalur ujreds gaaCnia kubis 
forma. 

 
     $24. kristaluri myari sxeulebis tipebi  

  kristaluri mesris kvanZebSi ganlagebuli 
nawilakebis Tvisebebisa da erTmaneTTan 
urTierTqmedebis bunebis mixedviT ganasxvaveben 
oTxi tipis kristalebs: ionurs, atomurs, 
liTonurs da molekulurs.  
1. ionuri (heteropolaruli) kristalebi. am 
kristalebSi savalento eleqtronebi erTi tipis 
atomidan mitacebulia meore tipis atomis mier, 
ris gamoc warmoiqmneba dadebiTi da uaryofiTi 
ionebi. maT Soris kavSiri xorcieldeba 
eleqtrostatikuri  (kulonuri) mizidvis 

ZalebiT. aseT qimiur bmas 
ionuri bma ewodeba. igi 
damaxasiaTebelia liTonisa 
da araliTonis 
SenaerTebisTvis. ionuri  
kristalis tipiuri 
magaliTia sufris marilis 
(NaCl) kristali (nax. 24.1). 
rogorc naxazidan Cans 
kristalTa mesris kvanZebSi 

ganlagebulia sapirispiro niSnis ionebi. ionuri 
agebulebis naerTebs axasiaTebs dnobis maRali 
temperatura, araaqroladoba, simtkice da 
zogierTis wyalSi kargad xsnadoba. 2. atomuri 
(homeopolaruli, kovalenturi) kristalebi. 
kristaluri mesris kvanZebSi moTavsebulia 
neitraluri atomebi. maT Soris kavSiri 
xorcieldeba eleqtruli wyvilis saSualebiT, 
romelsac qmnis ori mezobeli atomis TiTo 
savalento eleqtroni. amis gamo atomur kavSirs 
aqvs mimarTuli xasiaTi. Tu ionuri kavSirisas 

naxazi 24.1 

Cl- 

Na+ 
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TiToeuli ioni zemoqmedebs yvela masTan 
sakmaod axlos mdebare ionTan, atomuri 
kavSirisas zemoqmedeba mimarTulia im atomisken, 
romelTanac mocemul atoms gaaCnia eleqtruli 
wyvili. atomuri kristalebis tipiuri 
warmomadgenelia elementTa sistemis meoTxe 
jgufis elementebi: germaniumi da siliciumi. 

maTi oTxi 
savalento 
eleqtroni 
dakavSirebulia 
mezobeli oTxi 
atomis 
savalento 
eleqtronTan, 
anu qmnis 
eleqtronTa 
wyvils (nax. 
24.2).  
 atomuri 
kristalebia 
grafiti da 
almasi. orive 
naxSirbadis 

alotropiuli saxecvlilebaa (vakuumSi 20000C-mde 
gaxurebisas almasi gadadis grafitSi). maTi   
qimiuri Sedgeniloba  erTnairia, magram 
gansxvavdebian kristaluri struqturiT, rac 
gavlenas axdens maT Tvisebebze.  
 grafitSi TiToeuli naxSirbadis atomi 
atomuri bmiT ukavSirdeba sam sxva naxSirbadis 
atoms,  warmoqmnil gigantur molekulas Sreobrivi 
agebuleba aqvs.  nax. 20.3-ze mocemulia  grafitis 
struqtura, romelic warmoadgens 
heqsagonalursistemas17. Sreebs Soris bmebi sustia, 

                                                             
17 grafitis am modifikacias -grafits uwodeben, arsebobs 

meore modifikacia -grafiti romboedruli sistemiT. 

Ge Ge 

Ge Ge 

Ge 

naxazi 24.2. 
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ris gamoc advilia Sreebis erTmaneTis mimarT 
gadaadgileba.  

 almasSi 
TiToeuli 
naxSirbadis atomi 
atomuri bmiT 
ukavSirdeba oTx sxva 
naxSirbadis atoms, 
ris Sedegad miiReba 
samganzomilebiani 
Zalian mtkice 
giganturi molekula. 
nax. 24.4-ze mocemulia  
almasis struqtura. 
mas   gaaCnia kuburi 
sistema.  
 rogorc 
grafitis aseve 
almasis atomebs 
Soris mravali 

kovalenturi bmis gamo maT kristalebs Zalian 
maRali dnobis 
temperatura aqvs.  
 urTierTqmedebis 
Zalebis buneba atomur 
kristalSi eleqtrulia 
(magram arakulonuri). 
am ZalTa bunebis axsna 
SesaZlebelia mxolod 
qvanturi meqanikis 
kanonebze dayrdnobiT.  
3. liTonuri 
kristalebi. liTonebis 
atomebis savalento 

eleqtronebi sakuTar birTvTan sustad aris 
dakavSirebuli. amitom kristaluri mesris Seqmnisas 
isini wydeba atomebs- Tavisufldeba da uwesrigod 
moZraobs kvanZebs Soris areSi  (maTi moZraoba 
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SeiZleba SevadaroT molekulebis moZraobas airSi). 
kristaluri mesris  kvanZebSi ki rCeba liTonis 
dadebiTi ionebi. Tavisufali eleqtronebi- 
,,eleqtronuli airi” ionebs Soris moZraobisas 
cdilobs miizidos isini da gaawonasworos ionebs 
Soris ganzidvis Zalebi. amitom, stabiluri 
kristaluri meseri am Zalebis gawonasworebul 
mdgomareobas Seesabameba.arsebobs liTonur 
kristalTa sami tipi (nax.24.5): kuburi 
moculobacentrirebuli, kuburi 
waxnagcentrirebuli da e.w. umWidroesi 
heqsagonaluri.  
4. molekuluri kristalebi.  am  kristalTa  mesris 
kvanZebSi ganlagebulia urTierT orientirebuli 
molekulebi. maT Soris moqmedi Zalebi igive 
bunebisaa, rac realuri airis molekulebs Soris 
arsebuli. am mizeziT aseT Zalebs van-der-vaalsis 

Zalebs 
uwodeben. 
es Zalebi 
universalu
ria, 
moqmedebs 
yvela 
tipis 
kristalSi, 

magram  sisustis gamo xSirad ifareba ufro Zlieri 
urTierTqmedebis ZalebiT. molekulur mesers qmnis 
myar mdgomareobaSi inertiuli airebi da iseTi 
molekuluri naerTebi, rogoricaa wyalbadi, azoti, 
Jangbadi, naxSirorJangi, wyali (myar mdgomareobaSi 
yinuli).  
 
               $25. defeqtebi kristalebSi 

 kristalTa Casaxvisa da zrdis procesSi 
mTeli rigi faqtorebis gavleniT irRveva 
kristalur meserSi nawilakTa ganlagebis 

a. b. g. 

naxazi.  24.5 
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kanonzomiereba anu Cndeba defeqtebi. defeqtebs  
yofen Semdeg tipebad: 
 1.wertilovani defeqtebi.  maT miekuTneba 
kristaluri mesris kvanZSi atomis (ionis) ar 
arseboba-vakansia (nax.25.1a).  kvanZSi myofi atomis 
Canacvleba ucxo atomiT - minareviT (nax.25.1b). 
kvanZTa Soris areSi zedmeti (sakuTari an minarevis) 
atomis Canergva (nax.25.1g). Tu vakansiebi warmoiqmneba 
nebismier struqturebSi, atomTa Canergva umetesad 
xdeba iseTi kristalebSi romelTac ar gaaCnia 
atomTa mWidro wyoba da xasiaTdeba atomTaSorisi 
Tavisufali areebiT (mag. bori, naxSirbadi).  
wertilovani defeqtebi iwveven ganlagebis 
kanonzomierebis darRvevas mesris ramodenime 
periodis Sesabamis manZilze.  am defeqtTa 
koncentracia matulobs kristalis temperaturis 
zrdasTan erTad da maqsimums aRwevs dnobis 
temperaturis maxloblobaSi. 
 2.wiriTi defeqtebi.  am dros defeqtTa 
ganlageba qmnis garkveul wirs, (mag. vakansiaTa an 
Canergil atomTa jaWvi).  
 3.disloakaciebi. isini arRvevs 
kanonzomierebas  kristaluri sibrtyeebis  

ganlagebaSi. ZiriTadad gvxvdeba maTi ori tipi: 
ganapira da xraxnuli.  ganapira disloakacia 

      a. 

naxazi 25.1  

      b.         g.  
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warmoiSoba kristalSi or mezobel kristalur 
sibrtyes Soris zedmeti 
kristaluri naxevarsibrtyis 
arsebobiT (nax.25.2). swored 
misi kide qmnis am 
disloakacias. disloakaciis 
wiri naxazis sibrtyis 
marTobulia da aRniSnulia  

 simboloTi. xraxnuli 
disloakacia warmoiqmneba 
kristalis erTi nawilis 
meoris mimarT wanacvlebiT 
mesris periodis tol 

manZilze, ris Sedegadac warmoiqmneba safexuri da 
xdeba kristalis spiraluri zrda. am tipis 
disloakacia xSirad warmoiSoba kristalis 
zrdisas mdnaridan. radgan energetikulad naklebad 
xelsayrelia kristalis brtyel zedapirze axali 

atomis CaWera, 
anu kristalis 
Semdgomi zrda. 
amitom atomTa 
mierTeba xdeba 
ise, rom 
warmoiSoba 
safexuri da 
zrda moxdeba 
spiralurad 
(nax.25.3). 
 defeqtebi 
gavlenas axdens 
kristalTa 
fizikur 
Tvisebebze mag. 
simtkiceze. 
disloakaciebis 

arsebobis gamo realur kristalTa drekadobis 
zRvari ramodenime rigiT mcirea vidre idealurSi. 

 

naxazi 25.2  



122 

 

kristalebSi adgili aqvs atomTa garkveuli 
jgufebis gadanacvlebas rac SesaZlebelia 
ganvixiloT, rogorc disloakaciaTa moZraoba. am 
process ewinaaRmdegeba minarevTa atomebi. mag. 
rkinaSi disloakaciaTa moZraobis Sesaferxeblad 
(simtkicis gazrdisTvis) masSi minarevis saxiT  
SehyavT naxSirbadi. miRebuli SenaerTi-foladi 
xasiaTdeba sufTa rkinaze gacilebiT meti 
simtkiciT.  
 plastikuri deformaciisas irRveva 
kristaluri mesris wyoba, warmoiqmneba defeqtTa 
didi ricxvi, romlebic saboloo jamSi xels uSlis 
disloakaciaTa gadanacvlebas. amiT aixsneba 
liTonTa simtkicis zrda civi wrTobisas. 
 Cven aRvwereT disloakaciis umartivesi 
forma. realurad arsebobs gacilebiT rTuli 
disloakaciebi,  romlebsac Cven ar SevexebiT.  
  
     $26. kristalTa siTburi gafarToeba 

 nivTierebaTa didi umravlesoba gaTbobisas 
farTovdeba da gaciebisas ikumSeba. amasTanave 
TiTeulis gafarToeba -SekumSvis xarisxi mis 
Semadgenlobazea damokidebuli.   cdebiT 
dadgenilia, rom gaTbobisas myar sxeulTa sigrZis 

cvlileba   pirdapirproporciulia temperaturis 

cvlilebisa ,t  Tu es ukanaskneli mcire intervals 

moicavs.  Tu 00 C-ze myari sxeulis sigrZes 

avRniSnavT 0 , maSin t temperaturamde gaTbobisas, 

misi sigrZis cvlileba gamoiTvleba formuliT: 

                         t0     (26.1) 

sadac  myari sxeulis wrfivi gafarToebis 
koeficienti ricxobrivad im fardobiTi 
wagrZelebis tolia, romelic miiReba myari sxeulis 

10C-iT gaTbobisas. misi erTeulia grad-1 (kel-1).  
mcired, Tumca mainc damokidebulia temperaturaze, 
magram praqtikuli miznebisTvis is SeiZleba 



123 

 

CavTvaloT mudmivad. myari sxeulebis  (10-6-10-5) 
grad-1 rigisaa. 
   (26.1)-is Tanaxmad, sxeulis sigrZe t temperaturaze 
iqneba: 

           t 100                   (26.2)             

 anizotropuli kristalebis wrfivi 
gafarToebis koeficienti sxvadasxva mimarTulebiT 
gansxvavebulia, amitom aseTi sxeuli gaTbobisas ara 
marto farTovdeba, aramed formasac icvlis. e.i. Tu 
kristalSi avirCevT fizikur wrfes (mis 
nawilakebze gamaval raime wrfes) gaTbobisas 
zogadad is gamruddeba. Tumca nebismier kristalSi 
arsebobs sami iseTi mimarTuleba-
kristalografiuli RerZebi, romelTa gaswvrivac 
aRebuli fizikuri wrfeebi gaTbobisas wrfivobas 
inarCunebs. Sesabamisad kristals axasiaTeben am 
mimarTulebebiT  wrfivi gafarToebis sami mTavari 

koeficientiT 1, 2, 3. rombuli, tetragonaluri 
da kuburi sistemebis kristalebSi es mimarTulebebi 
urTierTmarTobulia. vTqvaT am sistemebis romelime 
kristalidan amoWrilia paralelepipedi, romlis 
wiboebi kristalografiuli RerZebis paraleluria. 

00 C-ze misi wiboebis sigrZe avRniSnoT 01 , ,02  03 , 

maSin t-mde gaTbobisas wiboTa sigrZeebi Sesabamisad 
gaxdeba: 

        .,, ttt 303320221011 111     

xolo paralelepipedis moculoba iqneba: 

     

     .tttV

tttV

3210

303202101

111

111







 
 

wevrTa gadamravlebisas -Ta simciris gamo 
ugulebelvyoT maTi erTmaneTze namravli, ris 
Sedegadac miviRebT: 

                          tVV 3210 1    

meore mxriv, (26.2)-is msgavsad, SeiZleba CavweroT: 

                   tVV  10                    (26.3) 
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sadac =1+2+3 myari sxeulis moculobiTi 
gafarToebis koeficientia. igi wrfivi gafarToebis 
sami mTavari  koeficientis jamis tolia. 

izotropuli sxeulis SemTxvevaSi  1=2=3=, 
Sesabamisad  misi moculobiTi gafarToebis 

koeficienti =3.  moculobiTi gafarToebis 
koeficienti gaaCnia siTxeebsac da airebsac. cxril 

26.1-Si mocemulia  da  -s mniSvnelobebi zogierTi 
nivTierebisTvis18.  
 nivTierebaTa umravlesoba temperaturis 
matebisas TiTqmis monotorulad farTovdeba. 
gamonaklisia wyali. igi gaTbobisas 00C-dan   40C-mde 
igi ikumSeba, xolo 40C-s zemoT iqceva Cveulebrivad,  
temperaturis zrdiT farTovdeba (ix. nax.26.1, masze 
naCvenebia 1,00000kg wylis moculobis 
damokidebuleba temperaturaze). e.i. 40C-ze wyals 
gaaCnia umciresi moculoba, anu maqsimaluri 
simkvrive. amitom tbebsa da wyalsatevebSi yinulis 
warmoqmna iwyeba zedapiridan.  roca zedapirze 
wylis temperatura ecema 40C-ze qvemoT naklebi 

simkvrivis 
gamo igi rCeba 
zemoT, xolo 
40C 
temperaturis  
wyali  didi 
simkvrivis 
gamo eSveba 
qvemoT. ase, 
rom zedapiri 
TandaTan 
civdeba da 
SeiZleba 
gaiyinos kidec 

                                                             
18 cxrilSi moyvanili kristalebi igulisxmeba rom 
polikristalebia da avlens izotropul Tvisebebs. 

t0C 1,00000 

1,00013 

1,04343 

VX10-3 m3 

5 10 100 

naxazi 26.1 
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maSin, roca siRrmeSi temperaturaa 40C.                                               
 temperaturis gazrdiT nivTierebaTa 
gafarToeba SesaZlebelia avxsnaT nax. 2.2-ze 
mocemul ori molekulis urTierTqmedebis 
potenciuri energiis arasimetriulobiT. mrudis 
formidan gamomdinare rac metia molekulaTa 
energia (nivTierebis temperatura) miT metia 
saSualo daSoreba molekulebs Soris. mrudi rom 
simetriuli yofiliyo siTbur gafarToebas adgili 
ar eqneboda. 
 rogorc aRvniSneT19, myari sxeulis 
deformacia SesaZlebelia meqanikuri zemoqmedebiT 
an gaTbobiT. davubrundeT am sakiTxs. t 
temperaturamde gamTbari Rero, romlis fardobiTi 

wagrZelebaa t


0


 meqanikuri zemoqmedebiT 

SevkumSoT sawyis 0  sigrZemde. amisTvis saWiroa 

masze movdoT iseTi normaluri Zabva 
S

Fn
n  , 

romelic sxeuls drekadi deformaciis Sedegad 

daabrunebs sawyis mdgomareobaSi n
E


1

0







. 

gatolebiT vRebulobT:   

                 Etn                         (26.4) 

zogjer n -s siTbur Zabvas uwodeben.  boloebiT 

xistad damagrebuli Rero gaTbobisas  ver 
gafarTovdeba, ris gamoc masSi aRiZvreba  siTburi 
Zabva, romelic (26.4)-is Tanaxmad miT meti iqneba rac 
maRalia temperatura. aseTma SemTxvevebma winaswari 
zomebis  miuReblad SeiZleba gamoiwvios 
arasaxarbielo Sedegebi. mag. rkinigzis relsebis 
ganlagebisas maT boloebs  Soris toveben sahaero 

                                                             
19lit. 1 $23. 

. 
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RreCos, radgan gaTbobisas gafarToebis gamo ar 
Seexos erTmaneTs da ar moxdes deformacia. aseve 
sxvadasxva masalisgan damzadebul sxeulTa 
dakavSirebisas saWiroa gaTvaliswinebuli iqnas 
maTi gafarToebis koeficientTa gansxvavebuli 
mniSvnelobebi.                                            
 
                                 cxrili26.1 

 
 amocana 26.1 t1 temperaturis liTonis Reros 

sigrZe 1 -is tolia. CavweroT misi sigrZis 

gamosaTvleli formula t2 temperaturze, Tu wiriTi 
gafarToebis koeficienti temperaturis funqciaa 

bt 0  ( 0  da b  mudmivebia). 

 amoxsna: (26.1)-is Tanaxmad   tdtd 1  , 

    
2

1

2

1
01112

t

t

t

t
dtbtdtt   , 

   
















 2

1

2

21201

2

0112
2

1

2

1
2

1

ttbttbtt

t

t

    

saidanac                                       

myari 
sxeulebi 

 

x10-6C-1 
 

 

x10-6C-1 
 
siTxeebi 

 
x10-6C-1 

alumini    25 75   benzini 950 
TiTberi    19 56   verc. wy. 180 
rkina- 
foladi 

   12 35   eTil. 
spirti 

1100 

tyvia    29 87   glicerini 500 
spilenZi    17 51 wyali 210 

mina 
Cveul. 

   9 27 haeri da 
airTa 
umetesoba  
1atm wnevisas 

 
    3400 

kvarci    0,4 1 

betoni 
aguri 

   12 3
6 
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     







 2

1

2

212012
2

1
1 ttbtt                    (1) 

Tu const  (anu 0b ),  (1)-dan miviRebT  

  .12012 1 tt    

 amocana 26.2. gamovTvaloT ramdeniT gaizrdeba 
80sm radiusiani foladis birTvis zedapiris 
farTobi, Tu igi gacxelda 160C-dan  6000C-mde. 

   amoxsna:   1212 1 ttVV    

  12

3

1

3

2 1 ttRR     3
1212 1 ttRR    

   sm568000718016600000003501803
2 ,,, R  

    2sm112998914344 2

1

2

2  ,,RRS   

 amocana 26.3. foladis horizontaluri koWi 
200C temperaturaze xistad miamagres  foladis or 
vertikalur svetTan. ra Zabva aRiZvreba koWaSi Tu 
temperatura davardeba -200C-mde? gauZlebs Tu ara 
konstruqcia? aseT datvirTvas gauZlebda Tu ara 
betonis konstruqcia? 
   amoxsna: visargebloT (26.4)-iT. foladis 

SemTxvevaSi E=21011pa da zR=5108pa, maSin  

pa.7116 1069401021012  
,tEn   Evinaidan 

zR > n , foladis konstruqcia gauZlebs aseT 

datvirTvas. 

 betonisTvis E=21010pa da zR=2106pa. 
maSasadame 

pa.6106 1069401021012  
,tEn   am 

SemTxvevaSi zR < n . e.i. betonis konstruqcia ver 

gauZlebs datvirTvas.  
 amocana 26.4.  TiTberis da foladis ori 
Rero, TiToeuli 2sm sisqis, erTmaneTTan 
boloebiTaa mimagrebuli da 200C-ze qmnis brtyel 
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bimetalur Reros. rogori iqneba bimetaluri Reros 
simrudis radiusi 1000C-ze? 

 amoxsna:  t=1000C-200C=800C -iT gaTbobisas 
TiTberisa da foladis ReroTa sigrZeebi gaxdeba:       

      t101 1     (1)   t202 1   . (2) 

 radgan 1>2 TiTbris Rero metad dagrZeldeba, 
ris gamoc 
bimetaluri Rero 
miiRebs R radiusiani 
rkalis formas.  
 geometriidan 
cnobilia, rom 

R . e.i.     

      21 /hR    (3)  22 /hR       (4) 

(1)-is da (2)-s (3)-sa da (4)-Si gaTvaliswinebiT da 

SemdgomSi -s gamoricxviT miviRebT: 
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
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$27.  kristalTa siTbotevadoba 

 ganvixiloT erTi tipis nawilakebisgan 
Semdgari kristali - atomuri an liTonuri. cxadia, 
Tu kristali stabilur mdgomareobaSia kvanZebSi 
myofi nawilakebi wonasworobaSia da gaaCnia 
urTierTqmedebis minimaluri potenciuri energia. Tu 
raime mizeziT (mag. siTburi fluqtuaciebi) nawilaki 
am mdgomareobidan gadaixara maSin aRiZvreba Zalebi, 
romlebic cdilobs mis ukan dabrunebas. mcire 
gadaxrebisas es Zalebi kvazidrekadulia da 
nawilakis rxevas harmoniuli xasiaTi aqvs,.  
radgan nawilakis rxevas sivrceSi  nebismieri 
mimarTuleba SeiZleba  gaaCndes,  amitom igi 

2h 

R 

1 

2 

    
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warmovidginoT sami urTierTmarTobul  rxevaTa 
jamad da misi saSualo energia CavweroT aseTi 
saxiT:  

  
2222

2

3

2

2

2

10
0

zkykxkm
ww 

2
saS

saSsaS


 

sadac m0 nawilakis masaa, w0saS misi energiaa 
wonasworul mdgomareobaSi, xolo k1, k2, k3, 
kvazidrekadrekad ZalTa koeficientebia   Sesabamisi 
mimarTulebebiT. energiis Tanabrad ganawilebis 
kanonis ($10) Tanaxmad, nawilakis saSualo energia 

tolia 
2

kT
i , sadac Tavisuflebis xarisxi i=6 

(rxeviTi moZraobis nebismieri mimarTulebis gamo 3 
modis rxeviTi moZraobis kinetikur energiaze da 3 
potenciurze). e.i.  

            kT
kT

w 3
2

6 saS                      (27.1)  

   Tu kristali Sedgeba N raodenobis nawilakisgan, 
maSin misi Sinagani energia 

  ,333 RTkTNkTNwNU A   saS   xolo erTi 

moli (=1) kristalis SemTxvevaSi iqneba: 

                    .3RTU                        (27.2)   

myari sxeulis izobarulad dT-Ti  gaTbobisas 
moculobis cvlileba imdenad umniSvneloa, rom 
dAp=0 da Termodinamikis I kanoni izobaruli Tu 
izoqoruli procesisas erTnairad Caiwereba: 

.dUdQdQ Vp 
 
amitom myari sxeulis SemTxvevaSi 

pC -sa da VC -s Soris gansxvaveba umniSvneloa, 

Vp CC  .  (15.11)-is Tanaxmad, myari sxeulis moluri 

siTbotevadoba gamoiTvleba formuliT: 

       R
dT

RTd

dT

dU
C 3

3


                       
(27.3)  
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maSasadame, qimiurad martivi nebismieri kristalis 
moluri siTbotevadoba 
erTnairia da tolia 3R 
-is. es Sedegi cnobilia 
diulongisa da ptis 
kanonis saxelwodebiT.  
 rogorc 
aRmoCnda, 

 
 kristalTa 

siTbotevadoba 
realurad 

temperaturis funqciaa (nax.27.1), kerZod absoluturi 
nulis maxloblobaSi yvela kristalis 
siTbotevadoba T3-s proporciulia da mxolod 
TiToeuli nivTierebisTvis damaxasiaTebel sakmaod 
maRal temperaturaze sruldeba 

 
(27.3) piroba.  

umravlesi kristalebisTvis es temperatura oTaxis 
temperaturaa.  
 myari sxeulebis siTbotevadobis mkacri 
Teoria Seqmnes ainStainma da debaim, romelic 
emyareba qvanturi fizikis safuZvlebs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C 

T 

3R 

naxazi 27.1 
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                 a m o c a n e b i: 

1. 1m sigrZis liTonis Reros  temperaturis 500-iT 
gazrdisas misma sigrZem 1,45mm-iT moimata. daadgineT 
liTonis saxeoba, Tu wiriTi gafarToebis 
koeficienti temperaturis cvlilebis mocemul 
areSi mudmivia. (pasuxi: tyvia) 
2. gamovTvaloT ramdeniT gaizrdeba 50sm wibos 
mqone aluminis kubis zedapiris farTobi, Tu igi 
gacxelda 400C-dan  4000C-mde. (pasuxi: 0,027m2) 

3. ra sigrZe unda gaaCndes 00C–ze foladisa da 
spilenZis Reroebs, rom nebismier temperaturaze 
maTi sigrZeebis sxvaoba Seadgendes 10sm-s. (pasuxi: 

32sm; 22sm)             
4.  ra moculobis wyali gadmoiRvreba Wiqidan, 
romelic piramde Sevsebulia 0,3l 100C wyliT, Tu is 
gaTba 1000C-mde. (Wiqis gafarToeba 
ugulebelyofilia). (pasuxi: 0,019l) 
5. 70l  benzinis avzi gavsebulia 200C temperaturis 
benziniT. avtomobilis mzeze dayenebis Semdeg 
benzinis temperatura gaxda 500C. ra raodenobis 
benzini gadmoiRvreba avzidan? (pasuxi: 2l) 
6. 20l  benzinis avzi gavsebulia 100C temperaturis 
benziniT. avzis SenobaSi moTavsebis Semdeg benzinis 
temperatura gaxda 300C. ramdeniT Seicvala 
benziniani avzis masa? (pasuxi: 0,32kg) 
7. 00C-iani 2mm2 ganikveTis foladis mavTuli 
xistadaa mimagrebuli or uZrav sayrdenTan. ra 
ZaliT imoqmedebs mavTuli damagrebis wertilebTan, 
Tu temperatura gaxdeba 500C? (pasuxi:250n) 
8. 0,45m radiusis mqone rkinis cilindruli borbali 
brunavs sakuTari RerZis mimarT 32,8rad/wm kuTxuri 
siCqariT. rogoria kuTxuri siCqaris fardobiTi 
cvlileba temperaturis 200C- dan 800C-mde 
gazrdisas? (pasuxi: 0,005) 
9. 6mm sisqis da 2m sigrZis sxvadasxva metalis  ori 
Rero erTmaneTTan boloebiTaa mimagrebuli da qmnis 
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brtyel bimetalur Reros. 3000C -iT gaTbobisas 

Rerom Seqmna 9/10 kuTxis rkali. gamoTvaleT 
metalTa wiriTi gafarToebis koeficientebs Soris 

sxvaoba. (pasuxi: 2,8310-5grad-1) 
10. marTkuTxa formis spilenZis firfitis zoma 200C-

ze 60smX50sm-ia. rogor Seicvleba misi farTobi, Tu 

mas gavacxelebT 6000C-mde? (pasuxi: 59,2sm2) 
11. 00C-ze Reros sigrZe 1000mm-ia, 1000C-ze 1002mm, 
xolo wiTlad varvarebis temperaturaze ki 1011,6mm. 
ipoveT varvarebis temperatura. (pasuxi: 5800C) 
12. lokomotivis borblis diametri 00C-ze 1m-is 
tolia. gamoTvaleT 1sT-Si matareblis mier 
gavlili manZilis gansxvaveba zafxulsa da 
zamTarSi, Tu Sesabamisi temperatura 250C da - 250C-

ia. orive SemTxvevaSi matareblis siCqarea 72km/sT. 
(pasuxi: 135,6m) 
13. foladis burTulis wona siTxeSi t1 

temperaturaze  P1
*-iT naklebi aRmoCnda haerSi mis 

wonaze. t2 temperaturaze ki  P2
*-iT. gamoTvaleT 

siTxis moculobiTi gafarToebis koeficienti Tu 

igi foladisTvis -s tolia. (pasuxi: 135,6m) 

    Tavi IV.  fazuri wonasworoba da  

            gardaqmnebi 

  

 $28. faza. fazaTa wonasworobis pirobebi 

Termodinamikuri sistemis daxasiaTebisaTvis 
erTerTi mniSvnelovani cnebaa faza. 

 faza ewodeba Termodinamikuri sistemis 
erTgvarovan nawils, romelic xasiaTdeba 
erTnairi fizikoqimiuri TvisebebiT da 
gaaCnia gamyofi zedapiri sistemis 
danarCen nawilTan. 

 mag., daxurul WurWelSi moTavsebuli wyali da mis 
zemoT arsebuli haerisa da wylis orTqlis narevi 
erTianobaSi qmnis orfazian sistemas (siTxe-airi). 
erTidaigive nivTierebis  gansxvavebuli kristaluri 
modifikaciebi aseve ganixileba rogorc sxvadasxva 
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fazebi. mag., naxSirbads gaaCnia ori sxvadasxva faza 
grafitisa da almasis saxiT.  
Termodinamikuri sistemis fazaTa wonasworobas 
asaxaven fazuri  mdgomareobis diagramiT. mis 
asagebad iyeneben Semdeg parametrebs: temperatura,  

wneva, 
sistemis 
komponentTa 
procentuli 
Semadgenloba.  
 gansazR
vrul 
pirobebSi 
SesaZlebelia 
SexebaSi 
myofi 
erTidaigive 
nivTierebis 
sxvadasxva 
faza 
erTmaneTisad
mi 
wonasworobaS

i aRmoCndes. ori fazis wonasworoba SesaZlebelia 
mxolod temperaturis garkveul intervalSi, 
amasTan temperaturis TiToeul mniSvnelobas 
Seesabameba wnevis sruliad gansazRvruli 
mniSvneloba. maSasadame (p, T) diagramaze ori fazis  
wonasworobas Seesabameba  p=f(T) wiri. erTidaigive 
nivTierebis sami faza (myari, Txevadi da airadi; 
Txevadi da ori myari) wonasworobaSi SeiZleba 
imyofebodes temperaturisa da wnevis erTaderT 
mniSvnelobaze. (p, T) diagramaze am  wonasworobas 
Seesabameba wyvil-wyvilad fazaTa wonasworobis 
wirebis gadakveTis wertili, romelsac sammagi 
wertils uwodeben. 

თხევადი 

(წყალი) 

Tdn      Tდუღ   

 

სამმაგი წერტ. 

(წყალი) 
აირადი (ორთქლი) 

(წყალი) 

my
ar

i 
(y
in

u
l
i)
 

krituli wert. 
patm. 

t 0C. 

1 

0 
0 100 

naxazi 28.1 
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 amerikelma fizikosma gibsma aCvena rom, Tu 
sistema Sedgeba k raodenobis damoukidebeli 
komponentisgan, maSin wonasworobaSi myof fazaTa 

raodenoba  ar SeiZleba 2-ze metiT aRematebodes 
komponentTa ricxvs (fazaTa wesi): 
                2 k                           (28.1)                

 cdebiT dadasturebulia, rom erTidaimave 
nivTierebis sam fazaze meti fazis winasworoba 

SeuZlebelia, marTlac Tu k=1, .3  

  erTi fazidan meoreSi iseT gadasvlas, 
romelsac Tan axlavs siTbos gamoyofa an STanTqma 
pirveli gvaris fazuri gadasvla ewodeba (mag. 00-ian 
wylis yinulad gardaqmna da piriqiT). Tu gadasvla 
mimdinareobs siTbos gamoyofis gareSe mas  meore 
gvaris fazur gadasvlas uwodeben (mag. kristalis 
erTi modifikaciidan meoreSi gardaqmna). … 
 Cveulebriv fazuri diagramis koordinatTa 
ricxvi erTi erTeuliT Warbobs sistemis 
komponentTa ricxvs. erTkomponentian sistemis 
diagrama organzomilebiania, orkomponentianis 
samganzomilebiani da a.S. or da met komponentian 
sistemebs grafikulad gamosaxaven an kveTaSi, an 
proeqciebSi. fazaTa wesidan gamomdinare 
organzomilebian diagramaze erTfaziani areebi 
gamoisaxeba velebiT, romlebic erTmaneTisgan 
gamoyofilia wirebiT. maTi wertilebis 
koordinatebi Seesabameba ori fazis erTdrouli 
arsebobis wonasworul pirobebs. am wirTa 
gadakveTis wertili, e.w. sammagi wertili, 
Seesabameba samive fazis erTdroul wonasworul 
Tanaarsebobas.  nax.28.1-ze mocemulia wylis 
(erTkomponentian sistemis) fazuri diagrama (naxazis 
warmoCenisTvis masStabebi daculi araa). sammagi 
wertili (t=0,010C, p= 0,006atm) Seesabameba samive fazis 
wylis, wylis orTqlis da yinulis  erTdroul 
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wonasworul Tanaarsebobas. kritikuli wertili20 
(t=3740C, p= 218atm) Seesabameba sistemis iseT 
mdgomareobas, rodesac ,,gamyofi sazRvari’’ wyalsa 
da mis orTqls Soris iSleba-miiReba erTgvarovani 
garemo. 

$29. dnoba da kristalizacia 

 nivTierebis fazuri mdgomareobis Secvlas, 
anu mis gadasvlas myaridan TxevadSi, Txevadidan 
airadSi (an piriqiT) Tan sdevs siTbos garkveuli 
raodenobis STanTqma (gamoyofa).  

kristaluri nivTierebis gaTbobisas izrdeba 
kristaluri mesris kvanZebSi moTavsebul nawilakTa 
(molekulaTa da atomTa)  rxevis sixSire da 
amplituda. sabolood aucileblad dgeba iseTi 
momenti, rodesac nawilakTa kanonzomieri 
ganlagebis SenarCuneba SeuZlebeli xdeba, 
kristaluri meseri iwyebs rRvevas da kristali 
dneba. rogorc ki dnoba iwyeba temperaturis zrda 
wydeba manam sanam dnoba ar dasruldeba. dnobis 
procesSi miwodebuli energia ar cvlis nawilakTa 
kinetikur energias, igi mTlianad xmardeba maTi 
urTierTkavSirebis rRvevas da daSorebas.  
temperaturas, romelzedac dnoba mimdinareobs, 
dnobis temperatura ewodeba. misi mniSvneloba 
damokidebulia nivTierebis gvarobasa da wnevaze. 
siTbos Semdgomi miwodebiT mdnari Cveulebriv 
cxeldeba. nax. 29.1-ze mocemulia kristalze siTbos 
miwodebisas misi temperaturis cvlilebis mrudi. 
grafikis horizontaluri ubani Seesabameba dnobis 
siTbos.  dnobis siTbo siTbos is raodenobaa, 
romelic saWiroa mudmivi wnevis pirobebSi dnobis 
temperaturaze miyvanili kristaluri nivTierebis 
imave temperaturis mdnarad gadaqcevisTvis (e.i. 
kristaluri nivTierebis dnoba  izobarul - 
izoTermuli procesia). dnobis siTbo gamoiTvleba 
formuliT: 

                                                             
20 am sakiTxs davubrundebiT $34-Si.   
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                  mqQ dndn  ,                      (29.1) 

 sadac qdn  1kg nivTierebis dnobis siTbos tolia, 
misi sidide damokidebulia nivTierebis Tvisebebze  
da dnobis kuTri siTbos uwodeben. cxril 29.1-Si 
mocemulia zogierTi nivTierebis dnobis 
temperatura da dnobis kuTri siTbo.  
 Sebrunebuli procesi - mdnaris gadaqceva 
kristalad, SesaZlebelia mdnaris gaciebiT anu 
siTbos warTmeviT. gamokristaleba aseve xdeba 
fiqsirebul temperaturaze-   kristalizaciis 
temperaturaze (nax.29.2). es procesi ase SeiZleba 
warmovidginoT: vinaidan siTxeebSi arsebobs 

nawilakTa  ganlagebis axlo wesrigi, anu  
nawilakTa kanonzomieri ganlageba mcire zomis 
areebSi, amitom  siTburi energiis warTmevisas 
(gaciebisas) mowesrigebul jgufebTa mdgradoba, 
raodenoba da zomebi matulobs, yalibdeba e.w. 
kristalizaciis centrebi, warmoiqmneba calkeuli 
kristalikebi. garkveul temperaturaze es 
kristalikebi  uaxlovdeba erTmaneTs, Seerwymeba  
da warmoiqmneba polikristaluri sxeuli. energiis 
mudmivobis kanonidan gamomdinare mocemuli 
kristalis dnobis da kristalizaciis siTbo 
erTmaneTis tolia. gamokristalebis procesSi 
sistemis temperatura ar icvleba. igi Semcirebas 
iwyebs mxolod gamokristalebis Semdeg. energiis 
mudmivobis kanonidan gamomdinare mocemuli 

Tdn 

T 

Q 

Qdn 

naxazi 29.1 

Tkr 

T 

naxazi 29.2 

krQ
 

Q
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kristalis dnobis da kristalizaciis siTbo 

erTmaneTis tolia dnkr QQ  , aseve erTmaneTs 

emTxveva dnobis da kristalizaciis temperaturebi 
Tdn= Tkr.  
 Tu daviwyebT maqsimalurad sufTa 
erTgvarovani mdnaris  gaciebas aRmoCndeba, rom 

misi gamokristalebis 
temperaturuli mrudi 
(nax. 29.3)  sinamdvileSi 
gansxvavebuli iqneba 
nax.29.2-ze mocemuli 
Teoriuli mrudidan. 
rogorc naxazidan Cans b 
wertilSi, romelic 
kristalizaciis 
temperaturas Seesabameba 
mdnari gamokristalebas 

ar iwyebs da Txevadi mdgomareoba grZeldeba c 
wertilamde, romlis Sesabamisi temperaturac 
SedarebiT dabalia. e.i bc ubanze SenarCunebulia 
Txevadi mdgomareoba da mas siTxis gadaciebul 
mdgomareobas uwodeben. Tu c mdgomareobaSi siTxeSi  
gaCnda kristalizaciis centrebi daiwyeba 
dakristaleba, gamoiyofa kristalizaciis siTbo, 
ris gamoc temperatura aiwevs da miaRwevs bde 
horizontaluri wrfis Sesabamis temperaturas. amis 
Semdeg procesi ef wrfis mimarTulebiT 
ganviTardeba.    
                                    cxrili 29.1 

 
nivTiereba 

tdn 

0C 

qdn  

kj/kg 
 
nivTiereba 

tdn 
0C 

qdn  

kj/kg 

alumini 660 
397 nikeli 1453 303 

bismuti 271,3 
52,2 oqro 1063 65,7 

volframi 3380 
192 rkina 1535 277 

Tkr 

T 

naxazi 29.3 

krQ
 

Q
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b 

c 

d e 
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 siTxis gadaciebis xarisxs gansazRvravs misi 
siwminde. masSi ar unda iyos CanarTebi (mtvris an 
sxva kristaluri nawilakebi, gansakuTrebiT 
mocemuli mdnaris), radgan isini dabali 
temperaturis pirobebSi xdebian kristalizaciis 
centrebi.  
 dnobis procesTan SedarebiT aorTqlebis 
procesi nawilakTa met urTierTdaSorebasTanaa 
dakavSirebuli, amitom mocemuli nivTierebisTvis 

dnaorT qq  . mag. yinulisTvis (kristaluri wylisTvis) 

510333  ,dnq j/kg, xolo wylisTvis 

510622  ,aorTq j/kg. dnobisa da aorTqlebis  

procesi pirveli gvaris fazur gadasvlas 
miekuTvneba. 
 
 amocana 29.1. ra siCqariT daejaxa tyvia 
winaRobas, Tu dajaxebis Sedegad misi 2/5 gadna. 
tyviis temperatura dajaxebis momentSi 1270C-ia. 
CaTvaleT, rom misi meqanikuri energiis 80% tyviis 
gaTbobaze daixarja. 
 amoxsna: amocanis pirobis Sesabamisad 
CavweroT siTburi balansis gantoleba:    

  dndn q
m
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


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
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, qttc

.  

vercxli 960,8 
104,5 spilenZi 1083 205 

TuTia 419,5 
111 tyvia 327 25 

kala 231,9 
59,6 yinuli 0 333,7 
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 amocana 29.2.  350m/wm siCqariT moZravi tyvia 
ejaxeba dabrkolebas da gamodis 200m/wm siCqariT. 
tyviis ra nawili gadna dabrkolebis gavlisas, Tu 
sawyisi temperatura iyo 1270C da gamoyofili 
siTbos 80% moxmarda tyvias? 

 amoxsna: energiis mudmivobis kanonidan 

gamomdinare: dnQQW 80, ,  

anu   
    1

2

1

2

21

22
80 mqttcm

mmm
dndn 

 
,  , sadac 

m1 gamdnari tyviis masaa. 
 SemoviRoT aRniSvna m1/m=x, maSin  

 
    xqttc

x
dndn 



22

1
80

2

1

2

2 
,      

 
2

2

2

2

2

1

40

40





,

)(,






dn

dn

q

ttc
x    

 
80

2004025000

12732713020035040
2

22

,
,

)(,





x  e.i. gadna 

tyviis 80%. 
  amocana 29.3.  300j/kel siTbotevadobis 
kalorimetrSi asxia 2kg  wyali.  masSi CauSves 0,4kg 
-100C temperaturis yinuli.  davadginoT miRebuli 
narevis Semadgenloba.    
   amoxsna:  SevamowmoT SesaZlebelia Tu ara 
yinulis mTlianad gadnoba. gamovTvaloT siTbos ra 
raodenoba gamoiyofa sistemis 00C-mde gaciebisas 

    j.69600824200830011111  ttmcttCQ   

gamovTvaloT siTbos ra raodenobaa saWiro yinulis 
gasadnobad  

 
j

dndn

1418401334808400

403337001040210022222



 ,,mqttmcQ
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radgan 21 QQ   amitom SesaZlebelia mxolod 

yinulis nawilis gadnoba. e.i. siTburi balansis 
gantoleba ase daiwereba: 

      xmqttmcttmcttC dndn  2221111 , saidanac 

gamdnari yinulis raodenoba mx tolia: 

     

kg

dn

dn

180
333700

840069600

2221111

,








q

ttmcttmcttC
mx

 

sistemaSi damyarda 00C temperatura, ris Sedegadac 
miviReT 2+0,18=2,18kg wyali da 0,4-0,18=0,22kg yinuli. 

  amocana 29.4.  karnos macivari siTbos 
STanTqavs -170C-is sayinulidan da gadascems 250C-ian 
oTaxs. a) ra muSaoba unda Seasrulos macivarma 
0,5kg 250C-iani wylis -170C-ian yinulad gadaqcevisvis? 
b) Tu kompresoris gamosasvlelze simZlavre 200vt-
ia, ra minimaluri dro iqneba saWiro 0,5kg 250C-iani 
wylis  00C-ian yinulad gadaqcevisTvis? 
   amoxsna: 
a) karnos macivris mqk, (21.5)-is Tanaxmad, iqneba:                   

                   140
27325

27317
1 ,




kar . 

 (20.3)-dan macivris mier Sesasrulebeli muSaoba 

            


2Q
A /                                 (1)                                      

  gacivebis koeficientis gamoTvlisaTvis 

visargebloT (21.6)-iT 16
1725

27317
,




 . 250C-iani 

wylis -170C-ian yinulad gadaqcevisas gamoyofili 
siTbos raodenoba tolia: 
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 

 
kj

dnydndnwy

237

5001721001073332504200 00300

212







,)(,)(

)()( mttcqttcQ

 (1)-Si  

(1)-Si  gaTvaliswinebiT vRebulobT: 

                     kj.938
16

237
,

,

/ A  

 b) mqk-is ganmartebidan gamomdinare: 

  
Pt

mqttc

W

Q dndn

el

kar




1

 , saidanac  

     

2,2sT.wm

kar

dndn












7834

140200

501073332504200 300

1

,

,,

P

mqttc
t

 

 amocana 29.5. 1kg masis 00C-is temperaturis 
yinuli Caagdes imdenad didi moculobis 100C-is 
wyalSi, rom wylis temperatura umniSvnelod 
Semcirda. gamoTvaleT a) yinulis b) wylis, g) 
sistemis yinuli- wyali entropiis cvlileba.  
 amoxsna: cxadia sistemaSi mimdinare procesi 
Seuqcevadia, magram TiToeuli komponentis 
entropiis cvlileba zustad igivea, rac Seqcevadi 
procesisas, amitom visargeblebT (22.9) formuliT. 
 a) radgan  00C yinuli dneba da miRebuli 
wyali Tbeba 100C-mde  misi entropiis cvlileba  
gamoiTvleba formuliT: 

283

273

283

273

283

273

273

1

273

1

Tcmmq

T

dT
cmmq

T

dQ

T

dQ
S

ln

  

dn

dn

dn

dn

yin

 

mniSvnelobaTa SetaniT vRebulobT: 
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j/kelyin 11386
273

283
4200107333

273

1 3
,ln, S  

 b) wylis temperatura ar Secvlila, Tumca 
gasca siTburi energia:  

    jdndn 375700104200107333 3  ,TTcmmqQ

, 

 Sesabamisad j/kel.wy 61327
283

375700
,

T

Q
S  

 g) sistemis yinuli- wyali entropiis 
cvlileba toli iqneba: 

j/kel.wyyin 5586132711386 ,,,  SSS  

marTlac, sistemis entropia gaizarda, rac 
miuTiTebs procesis Seuqcevadobaze. 
 

        $30. aorTqleba da kondensacia 

  aorTqlebas zogadad uwodeben nivTierebis 
gadasvlas Txevadi an myari agregatuli 
mdgomareobidan airadSi. Cveulebriv ki aorTqlebaSi 
gulisxmoben siTxis zedapiridan molekulaTa 
gadasvlas airad mdgomareobaSi (orTqlSi), xolo 
igive process myari sxeulebis SemTxvevaSi 
sublimacias. 
 sublimacia axasiaTebs nebismier myar sxeuls, 
magram sakmaod gansxvavebuli intensivobiT. 
zogierTis, mag. naxSirorJangis kristalis 
SemTxvevaSi igi TvalSisacemia, xolo umravles 
myari sxeulisTvis praqtikulad SeumCneveli.  
    siTxeTa aorTqlebis procesi SeiZleba aixsnas 
molekulur-kinetikuri Teoriis TvalsazrisiT. siT-
xis molekulebs mocemul temperaturaze siCqareTa 
farTo speqtri gaaCnia, romelic sakmaod kargad 
emorCileba maqsvelis ganawilebis kanons. airebisgan 
gansxvavebiT, siTxis molekulebs Soris 
urTierTqmedebis Zalebi sakmaod didia, ris gamoc 
molekulebi kargad ,,iWers” erTmaneTs. Tu 
molekulis siCqare (kinetikuri energia) imdenad 
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didia, rom mas SeuZlia Tavi daaRwios siTxes (sxva 
molekulebTan urTierTqmedebis Zalebs),  igi 
tovebs mas  da gadadis airad mdgomareobaSi. radgan 
siTxes tovebs maRali energiis molekulebi, siTxeSi 
darCenil molekulaTa saSualo energia mcirdeba 
da siTxis temperatura ecema, e.i. aorTqlebas Tan 
sdevs siTxis gaciveba. aorTqlebis procesSi siTxis 
temperaturis SesanarCuneblad saWiroa masze 
ganuwyvetliv siTbos gadacema.  
 siTbos im raodenobas, romelic saWiroa 1kg 
siTxis imave temperaturis orTqlad gadasaqcevad 

orTq s orTqladqcevis kuTri siTbo ewodeba. m 

masis siTxis orTqladqcevis siTbo gamoiTvleba 
formuliT 

                 mqQ orTorT  ,                    (30.1) 

siTxis gadasvla airad mdgomareobaSi – aorTqleba 
nebismier temperaturaze mimdinareobs, amasTanave 
temperaturis zrdiT aorTqlebis intensivoba 
matulobs.  
     aorTqlebis procesis Sesaswavlad ganvixiloT 
daxSuli WurWeli, romelic nawilobriv Sevsebulia 
wyliT an raime siTxiT da amotumbulia haeri. 
maRali kinetikuri energiis molekulebi tovebs ra 
siTxis zedapirs, gadadis airad mdgomareobaSi – 
warmoqmnis orTqls. orTqlis koncentraciis 
zrdasTan erTad izrdeba imis albaToba, rom  
orTqlis molekulebi SeiZleba Seexos siTxis zeda-
pirs da ,,CaWeril” iqnas misi molekulebis mier, anu 
gadavides Txevad mdgomareobaSi. am process 
kondensacia ewodeba.  (airadidan  myarSi gadasvlas 
desublimacia ewodeba)  
 energiis mudmivobis kanonidan gamomdinare 
orTqlis kondensaciisas (desublimaciisas) 
gamoiyofa siTbos igive raodenoba rac daixarja 

mis aorTqlebaze da  konorT QQ 
 

.konorT qq 
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maSasadame daxSul WurWelSi aorTqlebasTan 

erTad mimdinareobs  sapirispiro procesi – 
kondensacia, romlis intensivoba orTqlis  wnevis 

 
zrdasTan erTad matulobs. ris Sedegadac 
mocemuli temperaturis airSi orTqlis wnevis 
gansazRvrul mniSvnelobaze damyardeba dinamikuri 
wonasworoba siTxesa da orTqls Soris, anu aorTq-
lebuli molekulebis raodenoba utoldeba imave 
droSi kondensirebuli molekulebis raodenobas. 
aseT orTqls najeri ewodeba, xolo mis wnevas – 
najeri orTqlis wneva (drekadoba).  
 temperaturis zrdiT gacilebiT swrafad 
izrdeba  im molekulaTa ricxvi, romelTa 
kinetikuri energia sakmarisia siTxis zedapiris 
dasatoveblad, vidre im molekulaTa, romlebic 

siTxis zedapirTan 
Sexebisas CaiWireba-
kondensirdeba, amitom 
wonasworoba irRveva – 
aorTqlebul molekulaTa 
ricxvi aWarbebs kondensi-
rebulTa ricxvs. es 
procesi gagrZeldeba, 
sanam orTqlis wnevis 
zrda ar gamoiwvevs 
kondensaciis intensivobis 
gazrdas da wonasworobis 
aRdgenas. maSasadame  

 najeri orTqlis wneva temperaturis zrdiT 
matulobs.   

es damokidebuleba naCvenebia nax. 30.1-ze. (Tkrit-is da  

pkrit-is fizikur arss $34  avxsniT).  
 najeri orTqlis wneva ar aris damokidebuli 
mis moculobaze. marTlac, Tu  najeri orTqlis 
moculobas gavzrdiT, misi wneva Semcirdeba, magram 
amasTanave, wonasworobis darRvevis gamo gaizrdeba 
aorTqlebul molekulaTa raodenoba da es procesi 
gagrZeldeba, sanam ar aRdgeba orTqlis pirveladi 

p 

T Tkrit 

pkrit 

naxazi 30.1 

K 
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– najeri wneva. analogiurad moculobis 
Semcirebisas wnevis zrda kompensirdeba orTqlidan 
siTxeSi gadasuli molekulebis xarjze21. 
 yoveldRiur cxovrebaSi aorTqleba 
mimdinareobs ara vakuumSi, aramed haerSi, romlis 
molekulebic orTqlis molekulebTan Sejaxebis 
gamo mcired axangrZlivebs dinamikuri wona-
sworobis dadgomis moments, Tumca mocemul 
temperaturaze najeri orTqlis wneva rCeba igive, 
rac vakuumis SemTxvevaSi. 

                                   cxrili 30.1. 
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 siTxis gaTbobisas WurWlis kedlebze 
warmoiqmneba   patara buStebi, romelic Sedgeba 
haerisa da siTxis najeri orTqlisgan. temperaturis 
zrdasTan erTad izrdeba buStSi arsebuli najeri 
orTqlis wneva, buSti ibereba (izrdeba arqimedes 
Zala) wydeba kedels, amodis zemoT. Tu buStSi 
orTqlis wneva utoldeba atmosferul wnevas, 
zedapirze igi  skdeba. am dros siTxis mTeli 
moculobidan da zedapiridan iwyeba intensiuri 
aorTqlebis procesi, rasac duRils uwodeben. 
duRili da aorTqleba orTqlwarmoqmnis formebia, 
isini pirveli gvaris fazur gadasvlas miekuTneba. 
magram aorTqlebisgan gansxvavebiT duRili 
mimdinareobs mxolod gansazRvrul temperaturaze 

                                                             
21 Tu WurWeli TavRiaa, an didi moculoba gaaCnia, siTxe 
SeiZleba mTlianad aorTqldes wonasworobis damyarebamde. 
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da wnevaze. temperaturas, romelzec siTxe duRs 
mudmivi wnevis pirobebSi duRilis temperatura 
ewodeba. sufTa nivTierebis duRilis temperatura 
normaluri wnevis pirobebSi (760 mm verc.wy. ) mis 
erT-erT ZiriTad maxasiaTeblad iTvleba. mag. 
gamoxdili wylisTvis es  temperaturaa 1000C. 
dedamiwis umaRles mwvervalze jomolungmaze  (eve-
restze  8848m) wneva saSualod normaluri wnevis 
mesamedia (234 mm verc.wyl.) da wyali 700C-ze duRs. 
cxril 30.1-Si mocemulia wylis duRilis 
temperaturis damokidebuleba atmosferul wnevaze. 
 
     amocana 30.1. ra Tanafardoba iyo 00C yinulis 
da 1000C wylis orTqlis masebs Soris, Tu maTi 
urTierTSerevisas damyarda 400C temperatura. 
garemosTan siTbocvla ugulebelyofilia.

 amoxsna: 021 QQ ,  (1) sadac 

 1111 ttcmmqQ  dn  yinulis dnobisa da miRebuli 

wylis 400C-mde gaTbobisTvis saWiro siTboa. 

 2222 ttcmmqQ  aorT  orTqlis kondensaciisa da 

warmoqmnili wylis 400C-mde gaciebisas gamoyofili 
siTboa. (1)-is Tanaxmad,      

    0222111  ttcmmqttcmmq aorTdn , 

 
 

5
40102410333

60102410622
35

35

1

2

2

1 










,,

,,

ttcq

ttcq

m

m

dn

aorT   

 amocana 30.2. qvabSi Casxmuli 600C temperaturis 
wyali dadges eleqtroquraze. 10wT-is Semdeg wyali 
aduRda. ra drois Semdeg aorTqldeba wylis 
naxevari? 
  amoxsna: eleqtroquridan wylis asaduReblad 
saWiro siTbos raodenoba        

                TcmPt 1                           (1)  
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mTeli aduRebuli wylis naxevris asaorTqleblad 
saWiro siTbos raodenoba igive simZlavris 
eleqtroquris pirobebSi                                                          

               
2

2

m
qPt  aorT                      (2) 

SevafardoT (1) da(2) gantolebebi: 

 ,
orTaq

Tc

t

t 


2

2

1  saidanac 

wT.orTa
67

4010242

1010262

2 3

6
1

2 










,

,

Tc

tq
t  

 
  $ 31. wvis da afeTqebis procesi. wvis kuTri       

                   siTbo 

 sawvavi warmoadgens im nivTierebebs, romlis 
molekulebis Jangbadis molekulebTan 
urTierTqmedebisas an erTmaneTTan Sexebisas 
mimdinareobs egzoTermuli reaqcia da gamoiyofa 

didi raodenobis siTbo. am reaqciebs miekuTvneba 
wvis  da afeTqebis reaqciebi.  
 sawvavis wvisTvis saWiroa  temperatura 
gavzardoT iseT mniSvnelobamde (aalebis 
temperaturamde), rom sawvavis molekula SeuerTdes 
Jangbadis molekulas. mag. xis an navTis wvisas 
naxSirbadis atomebi wydeba sawvavis molekulebs da 
uerTdeba Jangbads. xis wvisTvis (cecxlis 

wyalbadi 

naxSirbadi 

Jangbadi 

naxSirorJangi 

wylis orTqli 

 

 

naxazi31.1 
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wakidebisTvis) temperatura 6000C mainc unda iyos, 
benzinis aalebisTvis 2000C savsebiT sakmarisia.  
sawvavisTvis wvis temperaturis miniWebis Semdeg, 
iwyeba ra wva, gamoyofili siTbo Tavad 
uzrunvelyofs wvis procesis SenarCunebas. 
xis, naxSiris an navTis wvisas JangbadTan SeerTebis 
reaqcia zedapiridan iwyeba, radgan mxolod 
zedapiris naxSirbads aqvs saSualeba haeris 
JangbadTan urTierTqmedebisa (marTlac, Tu 
nawilobriv damwvar xis naWers gare Sav fenas 
movacliT mis SigniT vnaxavT xis daumwvar nawils). 
am mizezis gamo wvis procesi nela mimdinareobs.  
 ganvixiloT benzinis wvis procesi. nax. 31.1-ze 
naCvenebia benzinis erTi molekulis (Sedgeba  
naxSirbadis 8 da  wyalbadis 18 atomisgan)  wvis 
sqema. Jangbadis molekulebTan urTierTqmedebisas 
miiReba naxSirorJangisa da wylis orTqlis 
molekulebi, romelTa saSualo energia gacilebiT 
metia benzinisa da haeris molekulebis energiaze. 
e.i. sawvavis molekulis atomebis urTierTqmedebis 
potenciuri (qimiuri) energia gadavida wvis Sedegad 
warmoqmnili molekulebis kinetikur energiaSi, rac 
siTbos gvaZlevs. 
 wvis SewyvetisTvis saWiroa sawvavs 
SevuzRudoT Jangbadi (davayaroT sila, 
SevfuToT,.....) an temperatura davceT aalebis 
temperaturaze qvemoT (davasxaT wyali,.....).  
 sawvavis efeqturobas axasiTeben wvis kuTri 
siTboTi. wvis kuTri siTbo ewodeba siTbos im 
raodenobas, romelic gamoiyofa mocemuli 
nivTierebis erTeulovani masis sruli dawvisas: 

               
m

Q
q

wv

wv                            (31.1) 

misi erTeulia j/kg. xSirad gamoiyeneba kkal/kg, 
(1kkal=4,2kj). cxril 31.1-Si mocemulia zogierTi 
nivTierebis wvis kuTri siTbo. siTbur ZravebSi 
sawvavis wvisas gamoyofili siTbos mxolod nawili 
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xmardeba sasargeblo muSaobis Sesrulebas ($20), 
amitom maTi margi qmedebis koeficienti (mqk) asec 
SeiZleba CavweroT: 

       
mq

A

Q

A

wv

sas

wv

sas                           (31.2)                                                                                            

arsebobs iseTi sawvavebic, romlebic erTmaneTTan 
Sexebisas Jangbadis miwodebis da winaswari 
gaxurebis gareSe gamoyofs didi raodenobis siTbos. 

mag. wyalbadis da qloris,  wyalbadis da Jangbadis 
airebis narevi. am SemTxvevebSi reaqcia mTel 
moculobaSi mimdinareobs, energia myisierad 
gamoiyofa -xdeba afeTqeba. afeTqebisas xSirad 
molekulebi nawilebad iSleba. nax. 31.2 mocemulia 
nitroglicerinis afeTqebis reaqciis sqema. 
nitroglicerinis molekula (Sedgeba naxSirbadis 3, 
azotis 3, Jangbadis 9 da wyalbadis 11 atomisgan) 
Seicavs yvela im atoms, romelic aucilebelia 
qimiuri reaqciisTvis da misi wva haeris Jangbadis 
gareSe mimdinareobs. misi daSlisas miiReba wylis 
orTqlis, azotis da naxSirorJangis airis 
molekulebi. maRali temperaturis gamo airTa 
narevSi daimzireba calkeuli atomebic. 
 zogadad afeTqebis procesi nivTierebaSi 
Semdegnairad mimdinareobs: nivTierebis erTi nawili 
aalebisas  xurdeba qimiuri reaqciis Sedegad 
gamoyofili siTbos xarjze. es siTbo vrceldeba 

wyalbadi 

naxSirbadi 

Jangbadi 

azoti 

wylis orTqli 

 
naxSirorJangi 

naxazi 31.2 
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momdevno ubnebSi da iwvevs maT aalebas. amrigad, 
reaqcia nivTierebaSi siTbos gavrcelebis siCqariT  
                               cxrili 31.1 

mimdinareobs da Zalian swrafad (20-30)m/wm, 
faqtiurad myisierad moicavs mTel nivTierebas da 
xdeba afeTqeba.  
 afeTqebas xSirad axlavs e.w. dartymiTi 
talRa. misi warmoSobis meqanizmi aseTia: afeTqebis 
ubanSi wneva mkveTrad izrdeba da gadaecema 

mezobel ubnebs 103m/wm siCqariT. romlebSidac 
wnevis gazrdas Tan axlavs temperaturis gazrda, 
rac afeTqebis mizezi xdeba. afeTqebis am process 
detonacias uwodeben. igi faqtiurad myisieria.  
 
 amocana 31.1. navTqura 1wT-Si 10g navTs wvavs. 
ra dro daWirdeba 800g aluminis kalorimetrSi 2kg 
-100C-iani  yinulidan 100C-iani wylis miRebas, Tu 
sasargeblod daixarja navTis dawvisas gamoyofili 
siTbos raodenobis 40%. 
 amoxsna: aRwerili procesis 
gansaxorcieleblad navTquris mier gamoyofili 

sruli siTbos raodenoba iqneba: .MqQ wv  am 

siTbos raodenobis 40% xmareba -100C-iani yinulis 
dnobis temperaturamde (00C) miyvanas, 00C-iani 
yinulis imave temperaturis wylad gadaqcevas, 
wylis 100C-mde gaTbobas da kalorimetris gaTbobas 
-100C- dan100C-mde: 

sawvavi qwv    

 kj/kg 
sawvavi qwv    

 kj/kg 
benzini 4,6104 denTi    0,4104 
dizelis sawv. 4,2104      torfi (1,4-2,1)104 
spirti  96% 3,0104 mSrali xe (1,44-1,74)104 
navTi 3,5104 qvanaxSiri (1,5-2,7)104 
mazuTi 4,1104 xis naxSiri 2,3104 
mcen. zeTi (39-4,8)104 koqsi (2,8-3,1)104 
skipidari 4,4104      antraciti (3,3-3,4)104 
wyalbadi 14,2104      bun. airi (3,5-4,3)104 



151 

 

   
 dnwydn

dnyalwv

ttmcmq

ttmcttmcMq





222

1212140,
, saidanac  

       

     
wv

dnwydndnyal

q

ttmcmqttmcttmc
M

40

22212121

,


  

 

kg.5770

103540

10102242733310212208090
5

3

,

,

,,,,,







M

 

Tu navTqura 1wT-Si 10g navTs moixmars, maSin 0,577kg 
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 amocana 31.2.  8kg masis Wurvi gasrolisas 
daiwva 1kg denTi, romlis wvisas gamoyofili 
energiis 60% gadavida Wurvis kinetikuri energiaSi. 
gamoTvaleT Wurvis asvlis simaRle, frenis 
xangrZlivoba da  frenis siSore, Tu gasrolis 
momentSi lula horizontTan adgenda 340 kuTxes.  
 amoxsna: amocanis pirobis Tanaxmad 

wvkin QW 60, , e.i Mq
m

wv60
2

2

0 ,
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, saidanac 
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Wurvis asvlis simaRle iqneba 

4
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0
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m; zemoT moZraobis 

xangrZlivoba iqneba, 2
3

0
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g
t
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xolo frenis xangrZlivoba 3100612  ,
/ttfr wm. 

Sesabamisad frenis siSore iqneba: 
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0 101868
89

1058
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

g
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     $32. siTxisa da najeri orTqlis       

                wonasworoba 

 ganvixiloT airad mdgomareobaSi myofi 
nivTierebis mudmivi temperaturis pirobebSi 
SekumSvis procesi (nax.32.1). garkveul moculobamde 
SekumSvisas  airis wneva izrdeba manam is ar 
miaRwevs mocemuli temperaturis Sesabamis najeri 
orTqlis wnevis sidides. am momentidan iwyeba 
kondensireba - sistema or faziani xdeba (airi-
siTxe). Semdgomi SekumSva mimdinareobs mudmivi 
wnevis pirobebSi p=pnaj=const (pV-diagramis 
horizontaluri ubani). kondensaciis damTavrebis 
Semdeg mTeli airi gaTxevadebulia da sistema 
erTfaziania. Semdgom moculobis mciredi 
Semcirebac ki siTxis Znelad kumSvadobis gamo 
wnevis intensiur zrdas iwvevs. (airs, romelic 
mocemuli temperaturis pirobebSi SekumSvisas 
kondensireba, orTqli vuwodoT.) maSasadame (VsiTx; 
Vair) areSi aRebul moculobas ikavebs siTxe da 
orTqli: 

         orTorTsiTxsiTxorTsiTx mmVVV   //    (32.1)        

sadac siTx= VsiTx/m  da orT= Vair/m (m= msiTx+ 

morT) Sesabamisad siTxisa da orTqlis kuTri 
moculobaa, romlebic najeri orTqlis SemTxvevaSi 
mudmivia. maTi mniSvnelobebi SevitanoT (32.1)-Si:  



153 

 

           orT
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da SemoviRoT aRniSvna z= msiT/ morT maSin 

orTsiTx V
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1 
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
 , saidanac    

 z( V- VsiTx )=VorT-V,  anu           

          
x

y

VV

VV

m

m







siTx

orT

orT

siTx                   (32.2) 

maSasadame siTxisa da najeri orTqlis masaTa 
Tanafardoba orfazian sistemaSi tolia izoTermis 
horizontaluri monakveTis im nawilTa 
Tanafardobis, romliTac is gayofilia mocemuli 
mdgomareobis Sesabamisi wertiliT.  

 ara marto 
orTqlisa da siTxis 
wonasworul 
mdgomareobas 
Seesabameba pV-
diagramis 
horizontaluri 
ubani, aramed 
nebismier orfazian 
sistemas (mag. mdnari-
kristali, kristalis 
ori modifikacia). 
saTanadod ubnis 

boloebi V1 da V2 iqneba pirveli da meore fazis 
moculobebi da (32.2) miiRebs saxes: 

                     
x

y

VV

VV

m

m







2

1

1

2

 
sadac m1 da m2 nivTierebis pirveli da meore 
fazebis masaa mocemuli mdgomareobisTvis. 
 
        $33. klapeiron-klauziusis  gantoleba   

x y 

VsiTx Vair V 

pnaj 

p 

V 

naxazi  32.1 
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 klapeiron-klauziusis  Termodinamikuri 
gantoleba  asaxavs najeri orTqlis wnevis 
cvlilebis damokidebulebas temperaturaze, 

rodesac siTxe gadadis airad 
mdgomareobaSi.  davuSvaT 
cilindrSi, dguSis qveS, imyofeba 
siTxe da  misi najeri orTqli 
(nax.33.1). amasTan dguSs SeuZlia 
Tavisuflad gadaadgileba. 
ganvixiloT karnos Seqcevadi cikli 
(nax.33.2).  vTqvaT dasawyisSi najeri 
orTqlis  temperaturaa  T1=T, 
xolo wneva p. movaxdinoT orTqlis 

izoTermuli 
gafarToeba. 
radgan 
temperatura ar 
icvleba, ar 
Seicvleba p-s 
mniSvnelobac, anu  
moxdeba m masis 
siTxis damatebiTi 
aorTqleba. 
maSasadame 
gafarToebis 

procesSi orTqlis masa izrdeba.  procesi 
izobarulia (ab ubani) da igi  ganxorcielda 

gafarToebis procesSi sistemaze mqQ orT1  siTbos 

miwodebiT. orTqlis moculobis nazrdi tolia: 

V=m(orT-siTx). am izobaruli gafarToebisas 
Sesrulebuli muSaoba iqneba: 

               A1=pV= pm(orT-siTx)   
Semdeg, moculobis adiabaturad usasrulod mcire 
gazrdiT (bc ubani), temperatura Semcirdeba dT-Ti, 
xolo wneva dp-Ti. ase, rom c mdgomareobaSi najeri 
orTqlis temperaturaa T2=(T-dT), xolo wneva ( p - dp).   

a b 

c d 

T 

T-dT 
dp 

VorT VsiTx 

V 

p 

naxazi 33.2 

naxazi 33.1   
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SevkumSoT orTqli izobarulad V sididiT (cd 

ubani). Sesrulebuli muSaobaa: 

                 A2= - (p-dp)V=  (p-dp)m(orT-siTx)                  
sabolood adiabaturi SekumSviT (da ubani)  sistema 
davabrunoT pirvandel mdgomareobaSi.  
 gamovTvaloT ciklis margi qmedebis 

koeficienti   
1Q

A
 , sadac A =A1-A2   sasargeblo 

muSaobaa (ugulebelyofilia bc da  da ubanze 
Sesrulebuli usasrulod mcire muSaobebi). e.i 

           .
))()

1Q

mdpppm siTxorTsiTxorT (( 



  

gamartivebiT vRebulobT: 

            
orT

siTxorT(

q

dp)



 ,                   (33.1). 

meore mxriv karnos ciklis Seqcevadobis gamo 

              
T

dTTT )


(
                      (33.2).  

 gavutoloT (33.1) da (33.2) erTmaneTs da 
ganvsazRvroT najeri orTqlis wnevis 
damokidebuleba temperaturaze: 

       
siTxorT

orT

 


q

TdT

dp 1
                        (33.3). 

rac klapeiron-klauziusis gantolebaa. igi araa 
damokidebuli siTxis gvarobaze da gviCvenebs 
aorTqlebis (an sublimaciis) dros najeri orTqlis 
wnevis cvlilebas temperaturis mixedviT. igi 
orTqlsa da siTxes Soris fazuri wonasworobis 
(p,T) diagramaze Sesabamisi wiris diferencialuri 
gantolebaa. misi amoxsnisTvis saWiroa vicodeT 

rogor icvleba p da T-s cvlilebiT  qorT, orT, 

siTx sidideebi, rac sakmaod rTuli amocanaa, 
amitom am damokidebulebas adgenen cdebis 
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saSualebiT da Semdeg xsnian klapeiron-klauziusis 
gantolebas. 
 (33.3) gamoiyeneba aramarto sufTa 
nivTierebebisTvis aramed xsnarebisa da maTi 
calkeuli komponentebisTvisac. ukanasknel 
SemTxvevaSi miiReba kavSiri romelime komponentis 
najeri orTqlis  parcialur wnevasa da 
temperaturas Soris, gantolebaSi Caismeba mocemuli 
komponentis  orTqladqcevis kuTri siTbos da 
kuTri moculobis mniSvnelobebi. 
       

 $34. realuri airis cdiseuli izoTermebi.  

            kritikuli mdgomareoba 

 ganvixiloT sxvadasxva temperaturze airis 
izoTermuli SekumSvis (p,V)  diagramebi (nax. 34.1). 
temperaturis zrda iwvevs izoTermis zemoT awevas 
da formis Secvlas. orive mxridan TandaTan 
mcirdeba diagramis horizontaluri nawili, anu 
airi gaTxevadebas iwyebs ufro  mcire moculobisas 
da amTavrebs ufro didi moculobis dros. 
garkveul Tkrit temperaturaze horizontaluri 
nawili gadagvardeba K wertilSi, e.i airis siTxed 
gadasvla moxdeba erTbaSad. K-Si sistemis 
mdgomareobas kritikuli mdgomareoba ewodeba, 
Sesabamis Tkrit, Vkrit, pkrit kritikuli sidideebi. K 
izoTermis gadaRunvis wertilia. ufro maRal 
temperaturze izoTermas araviTari horizontaluri 
ubani ar aqvs, amitom ar SeiZleba saubari airis 
gaTxevadebaze. kargavs azrs najeri orTqlis cneba, 
amitom nax.34.1ze najeri orTqlis wnevis 
temperaturaze damokidebulebis grafiki mTavrdeba 
K kritikul wertilSi. Tu SevaerTebT 
horizontaluri ubanTa ganapira wertilebs miiReba 
enis msgavsi mrudi, romlis wveroc K wertilSia.  am 
mrudis mier SemosazRvrul areSi sistema 
orfaziania. Tkrit-ze maRali temperaturis 
SemTxvevaSi veraviTari wneviT ver mivaRwevT airis 
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gaTxevadebas. wnevis 
zrdiT airi sul ufro 
mkvrivi xdeba, 
TandaTanobiT iZens 
siTxis Tvisebebs, Tumca 
siTxed mainc ar 
gadaiqceva.  sistema 
erTfaziani - 
erTgvarovani rCeba. 
maSasadame temperaturis 

zrdisas (T Tkrit) 
mcirdeba gansxvaveba 
najeri orTqlis da 
siTxis simkvriveebs 
Soris. kritikul 
temperaturaze es 
gansxvaveba mTlianad 
ispoba (nax.34.2)  da 
masTan erTad ispoba 
gansxvaveba siTxesa da 
airs Soris. 

 
  ganvixiloT Tkrit-ze ufro maRali 
temperaturis izoTerma (nax.34.1,T5). igi erTi 
SexedviT  principSi aRar gansxvavdeba idealuri 
airis izoTermisagan, Tumca gansxvaveba Zlieri 
SekumSvisas  (maRali wnevisas) igrZnoba. izoTermaze  
datanili wyvetili wiri warmoadgens imave 
temperaturaze idealuri airis izoTermis nawils 
(dabali wnevis dros idealuri da realuri airebis 
izoTermebis mrudebi Tanxvedrilia),         
rogorc vxedavT, maRali wnevis pirobebSi mocemul 
temperaturaze realuri airi idealurTan 
SedarebiT mcire moculobas ikavebs.   rac aixsneba 
imiT, rom wnevis zrdisas molekulebi uaxlovdeba 
erTmaneTs, ris gamoc izrdeba urTierTmizidvis 

siTxe 

najeri 

orTqli 

 

T Tkrit 
naxazi 34.2  

V 

p 

K 

Tkrit 
T3 

T2 

T1 

T1< T2< T3<< Tkrit< T5 

naxazi 34.1 

T5 
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Zalebi da Sesabamisad urTierTqmedebis potenciuri 
energia. 
  Tu daxSul WurWelSi davakvirdebiT raime 
siTxis (mag. eTeris) gacxelebis process, manam sanam 
temperatura naklebia Tkrit-ze simkvriveTa 
gansxvavebis gamo sinaTlis sxivi erTi fazidan 
meoreSi gadasvlisas ganicdis gardatexas da 
siTxesa da mis orTqls Soris daimzireba gamyofi 

zedapiri. Tkrit-ze (mocemul SemTxvevisTvis 424kel) 
gamyofi sazRvari qreba (simkvriveTa gaTanabrebis 
gamo sinaTlis sxivi ar gardatydeba).  
      imisTvis, rom ar mogvixdes terminebis airis 
da orTqlis areva, unda gvaxsovdes, rom, Tu airadi 
mdgomareobis temperatura kritikulze dabalia, anu 
SesaZlebelia misi gadayvana Txevad mdgomareobaSi, 
mas orTqls uwodeben, winaaRmdeg SemTxvevaSi – 
airs.  
 cxril 34.1-Si mocemulia zogierTi airis 
kritikuli temperatura da Sesabamisi wneva. 
                                           cxrili 34.1. 
nivTiereba H2O+ 

orTqli 
CO2 O2 N2 H2 He 

Tkrit (kel)     647 304 155  126  33,1  5,1  

pkrit   x ·105 pa       213,6 71,3 49 32,8 12,5 2,3 
 

 

                $35. tenianoba 

 haerSi yovelTvis aris wylis orTqlis 
garkveuli raodenoba, rac ganpirobebulia 
dedamiwis zedapirze wylis rezervuarebis – 
okeanebis, zRvebis, tbebis da a.S. arsebobiT. wylis 
orTqlis Semcvelobas axasiaTeben fardobiTi 
tenianobiT.  

 fardobiTi tenianoba  tolia  haerSi wylis 
orTqlis wnevis (parcialuri wnevis) p 
fardobisa imave temperaturaze najeri orTq-
lis wnevasTan pnaj.  
Cveulebrivad mas procentebSi gamosaxaven 
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                 %100
najp

p
 .                   (35.1) 

 haeri gajerebulia wylis orTqliT, rodesac 
p = pnaj (r = 100%). SesaZlebelia gadajerebuli 

mdgomareobac ( > 100%). aseTi situacia SeiZleba 
warmoiqmnas temperaturis mkveTri vardnisas, mag. Tu 

zafxulis dRes 400C-ze orTqlis wnevaa p = 4,46103pa 

( = 60%), RamiT ki temperatura daeca 300C-mde, 
cxrili 30.1-is Tanaxmad, orTqli aRmoCndeba 

gadajerebul mdgomareobaSi %.%
,

,
105100

244

464
  

haeri veRar SeinarCunebs wylis zedmet raodenobas 
da moxdeba misi kondensacia – gamoiyofa namis 
saxiT. igive procesi mimdinareobs Rrublis, nislis, 
wvimis warmoqmnisas. 

 temperaturas, romelzec fardobiTi tenianoba 
100%-ia, namis wertili ewodeba. 

 fardobiTi tenianoba SeiZleba Semdegnairadac 
gamovsaxoT:  

               %100
naj


                      (35.2) 

sadac  mocemul temperaturaze haerSi wylis 

orTqlis simkvrivea, xolo naj wylis najeri 
orTqlis simkvrivea imave temperaturaze. 

cocxali organizmebi gansakuTrebiT 
mgrZnobiarea tenianobis mimarT. adamianis 
janmrTelobasa da komfortabelurobisTvis 

)%5040(   iTvleba optimalur sidided. 

 
    amocana 35.1. 0,25m3 moculobis WurWelSi haeris 
tenianobaa 40%. 0,75m3 moculobis WurWelSi ki  60%. 
ra tenianoba  damyardeba maTi wvrili miliT 
SeerTebis Semdeg, Tu orive WurWelSi temperatura 
erTnairia. 
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     amoxsna: radgan amocana Tvisobrivad  amocana 
8.1-is identuria visargebloT misi SedegiT, rom 
WurWelTa SeerTebis Sedegad wylis orTqlis 
damyarebuli wneva iqneba: 

              
21

2211

VV

VpVp
p




   (1) 

sadac, (35.1)-is gamo, n ajpp  4,01  da n ajpp  6,02  

(cxadia temperaturis mudmivobis gamo najeri 
orTqlis wneva ucvlelia). SevitanoT (1)-Si, 
miviRebT: 

 najnajnaj pppp 



 55045010

750250

7506025040
,),,(

,,

,,,,
, 

maSin (35.1)-is Tanaxmad,   %%
,

55100
550


naj

naj

p

p
  

     amocana 35.2. 400C-ze haeris tenianoba iyo 50%. 
moxdeba Tu ara namis gamoyofa temperaturis 300C-
mde dacemisas. 
 amoxsna: visargebloT cxrili 30.1-iT 

(35.1)-is Tanaxmad   pa.30 10693
100

503717
40 


 ,

,
Cp  

  pa.naj
30 1024430  ,Cp     CpCp 00 3040 naj , e.i. nami 

ar warmoiqmneba.    
 

     

 

 

  $36. van-der-vaalsis izoTermebi.  

   gadajerebuli orTqli   da gadaxurebuli      

                    siTxe 

 van-der-vaalsis mdgomareobis gantoleba  (18.4) 
realuri airebis cdis SedegebTan arasakmarisad 
Tanxvedrilia, magram Tvisobrivad  Tanxvdra didia. 
igi saSualebas iZleva  aixsnas airis Txevad 
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mdgomareobaSi gadasvlasTan dakavSirebuli 
zogierTi movlena da TviT siTxis Tvisebebic.  
 Tu am gantolebis gamoyenebiT avagebT 
romelime konkretuli airisTvis izoTermebs, mas 
nax. 36.1- ze moyvanili mrudebis saxe eqneba. am 
mrudebisTvis damaxasiaTebelia is, rom T< Tkrit 
temperaturis Sesabamis izoTermebs, gansxvavebiT 
cdiseuli izoTermebisgan (nax.34.1), horizontaluri 
nawilis nacvlad gaaCnia S-is msgavsi talRuri 
forma.  nax. 36.2-ze mocemulia realuri airis 
cdiseuli da Teoriuli (van-der-vaalsis) izoTerma. 
isini kargad eTavseba erTmaneTs erTfazian areebSi; 
airadSi (1-wertilis marjvniv ) da TxevadSi (4-
wertilis marcxniv). orfazian areSi realuri 
izoTerma horizontaluri wrfea, xolo van-der-
vaalsis talRuri wiria.  eqsperimentiT 2-3  ubani 

ar xorcieldeba, radgan mudmivi masisa da tempera-
turis pirobebSi moculobisa da wnevis erTdrouli 
Semcireba fizikurad SeuZlebelia. 1-2 da 3-4 ubanSi 
moculobis Semcireba iwvevs wnevis zrdas, amitom am 
ubanTa Sesabamisi mdgomareobebis ganxorcieleba 
principSi SeiZleba, magram isini metastabiluri 
(nakleb mdgradi) iqneba. mag. Tu airSi A 
mdgomareobaSi yofnisas moxvda raime ucxo nawilaki 

V 

K 

naxazi 36.1 

p 

1 
4 

3 

2 

naxazi 36.2 

V 

p 

A 

B 

D 

C 
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procesi myisierad ganviTardeba AB mimarTulebiT, 
warmoiqmneba orfaziani sistema - airi-siTxe.  ris 
gamoc airs 1-2 mdgomareobebSi gadajerebul 
orTqls uwodeben, xolo siTxes  3-4 ubanSi 
gadaxurebul siTxes.  
 ganvixiloT ra pirobebSia SesaZlebeli 
sistema aRmoCndes metastabilur mdgomareobaSi. mag. 
imisTvis, rom najerma orTqlma daiwyos kondensacia 
saWiroa masSi arsebobdes kondensaciis centrebi 
(mtvris nawilakebi, ionebi, siTxis wveTebi), 
romlebic CaiWers orTqlis molekulas da moxdeba 
misi kondensireba. e.i. Tu orTqli gawmendilia  
kondensaciis centrebisgan, maSin igi darCeba igive 
mdgomareobaSi mocemuli temperaturis Sesabamis 
najer wnevaze ufro maRali wnevis pirobebSic. aseve 
SesaZlebelia sufTa aranajeri orTqli 
adiabaturad gavafarTooT. ris Sedegadac igi 
gacivdeba da aRmoCndeba gadajerebuli. 
gadaxurebuli siTxis miReba aseve SesaZlebelia Tu 
igi winaswar iqna gawmendili. radgan swored 
CanarTebze iwyeba duRili - intensiuri 
orTqlwarmoqmna. gasufTavebuli siTxe SeiZleba 
SevinarCunoT mocemuli temperaturis Sesabamis 
najer wnevaze ufro dabali wnevis pirobebSic. es 
mdgomareoba metastabiluria, radgan Tu siTxeSi 
SemTxveviT moxvda ucxo nawilaki igi gaxdeba misi 
duRilis mizezi da sistema gadava stabilur or 
fazian mdgomareobaSi. 
 
 
 
                 a m o c a n e b i: 

4. ra simaRlidan iyo nasroli tyvia vertikalurad 
qveviT, Tu igi lulidan gamovarda 500m/wm siCqariT 
da mTlianad gadna miwaze dacemis Semdeg? Tu 
tyviis sawyisi temperaturaa 270C da meqanikuri 
energiis 50% daixarja mis gasaTbobad. (pasuxi: 300m) 
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5. ra simaRleze SeiZleba avitanoT 1kg masis sxeuli 
im energiis xarjze, romelic gamoiyofa 200g 00C 
wylis imave temperaturis yinulad gadaqcevisas?      
(pasuxi: 680m) 
6. ramdeni spirti daixarjeba spirtquraze 2kg 200C-
iani wylis asaorTqeblad?  (pasuxi: 0,173kg) 
7. wyalsatevis zedapiris yoveli kvadratuli metri 
yovel saaTSi kargavs 336kj siTbos.  ra sisqis 
yinuli warmoiSveba erTi dRe-Ramis ganmavlobaSi, 
Tu wylis temperatura zedapirze aris 00C. yinulis 

simkvrivea 0,9103kg/m3. (pasuxi: 0,027m)  
8. kolbaSi iyo 00C temperaturis wyali. kolbidan 
haeris amoqaCvisas wylis nawili orTqldeba, 
danarCeni  iyineba. wylis ra nawili orTqldeba am 
dros, Tu garedan siTbos nakadi ar gvaqvs? wylis 

aorTqlebis kuTri siTboa 2,26106j/kg. (pasuxi: 12%) 
9. siTbur wonasworobaSi myofi narevi, romelic 
Sedgeba wylisa da 5kg yinulisgan, SeuSves 1000C 

temperaturis 0,5kg orTqli. yinulis ra nawili 
gadneba am dros? (pasuxi: 0,8) 
10. macivarSi wylis 200C-dan 00C-mde gacivebas 
dasWirda 20wT. ra droa saWiro  rom es wyali 

gaiyinos da  gacivdes -50C-mde? (pasuxi: 4,8103wm) 
11. ra siCqariT moZraobda tyviis burTula, Tu  
iseTive uZrav burTulasTan dajaxebis Semdeg orive 
burTula moZraobs erTnairi siCqariT da maTi 
temperatura gaizarda 2,5K-iT? (pasuxi: 51m/wm) 
12. tyvia moxvda xis kedels 400m/wm siCqariT, 
gaxvrita igi da gamovida 100m/wm siCqariT. tyviis 
temperatura dajaxebis momentSi iyo 960C. tyviis ra 
nawili gadneba, Tu mas gadaecema dajaxebis Sedegad 
gamoyofili siTbos naxevari? (pasuxi: 30%)  
13. 5kg masis urika wrfivad da Tanabrad moZraobs 
10m/wm siCqariT. urikas zemodan daades 2kg masis 
aguri, ris gamoc urikas siCqare Semcirda. siTbos 
ra raodenoba gamoiyofa am dros? (pasuxi: 71,5 j) 
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14. ipoveT traqtoris Zravas margi qmedebis 
koeficienti, Tu  igi aviTarebs 110kvt simZlavres da 
saaTSi xarjavs 28kg dizelis saTbobs. (pasuxi: 34%) 
15. 10kg masis Wurvi gasrolisas lulidan 
gamoityorcneba 800m/wm siCqariT. 1,5kg denTis wvisas 
gamoyofili energiis ra procents Seadgens Wurvis 
kinetikuri energia? (pasuxi: 53%) 
16. velosipedis Zrava, rodesac misi siCqarea 18km/sT, 
60km gzaze xarjavs 0,8kg benzins. gamoiangariSeT 
Zravas margi qmedebis koeficienti, Tu misi 
simZlavrea 735vt. (pasuxi: 24%) 
17. avtomobilis Zravis simZlavrea 60kvt. 
gamoiangariSeT benzinis xarji erT saaTSi, Tu 

Zravis mqk 25%-ia. benzinis simkvrive 0,7103kg/m3-is 
tolia.  (pasuxi: 26,8l) 
18. gansazRvreT avtomobilis Zravis simZlavre, Tu 
dizelis sawvavis xarji 100km-ze 45l-ia. moZraobis 
saSualo siCqarea 36km/sT. Zravis mqk 20%-ia. sawvavis 

simkvrive 0,8103kg/m3-is tolia.  (pasuxi: 33 kvt) 
19. 3,5X6,0X8,0m moculobis oTaxSi tenianobaa 80%. ra 
raodenobis wylis aorTqlebaa SesaZlebeli wylis 
Ria WurWlidan Tu temperaturaa 200C (wylis moluri 

masaa 1810-3 kg/mol). (pasuxi: 0,57kg) 
20. 300C-is temperaturis 520m3 moculobis oTaxSi 
haeris tenianobaa 90%. ra raodenobis wyali unda 
gamoiyos oTaxidan, rom tenianoba 50% gaxdes? 

(pasuxi: 6,3kg) 
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  Tavi IV. gadataniTi movlenebi 

 
    $37. molekulaTa Tavisufali ganarbeni 

 airebsa da siTxeebSi molekulebi qaosuri 
moZraobis Sedegad ganuwyvetliv ejaxeba erTmaneTs, 
ris gamoc TiToeulis traeqtoria texil wirs 
warmoadgens. romlis wrfivi monakveTebic 

traeqtoriis is nawilia, 
romelsac  molekula Semowers  
or momdevno Sejaxebas Soris. am 

monakveTTa sigrZes  Tavisufali 
ganarbeni23 ewodeba. cxadia maTi 
sidide erTmaneTisgan 
gansxvavebulia, magram 
molekulaTa Zalian didi 

raodenobisa da maTi moZraobis sruli qaosurobis 
gamo SegviZlia molekulaTa moZraoba davaxasiaToT 

Tavisufali ganarbenis saSualo sididiT - saS. 
SevafasoT es sidide.     
     gamartivebisTvis davuSvaT, rom  

1. airis molekulebi d efeqturi diametris24 
absoluturad myari sferoebia. cxadia, ori 
molekulis Sejaxeba gardauvali iqneba, Tu 
maT centrebs Soris manZili ar aRemateba d-s. 
yoveli Sejaxebis Semdeg  gansaxilveli 
molekula (gamuqebuli)   icvlis moZraobis 
mimarTulebas (nax. 37.1).  wyvetili xaziT 
naCvenebia is traeqtoria, romelzedac 
imoZravebda aRniSnuli molekula Sejaxebebis 
gareSe.  

                                                             
23 Tavisufali ganarbenis terminiT Cven xazs vusvamT im 
garemoebas, rom ar vixilavT im sust molekulur Zalebs, 
romelTa moqmedebasac molekula ganuwyvetliv ganicdis. 
24 molekulis CaTvla sferulad, iZleva mxolod miaxloebiT 
warmodgenas mis realur zomebze amitom miRebulia terminebi 
molekulis efeqturi diametri, efeqturi kveTa. 

naxazi 37.1 
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2. molekula dajaxebis Semdeg agrZelebs 
moZraobas im mimarTulebiT, romliTac is 
moZraobda dajaxebamde. am daSvebiT  
avicilebT  gamoTvlebis garTulebas ise, rom 
ar Seicvleba saboloo Sedegi.  

3. garda gansaxilveli molekulisa danarCeni 
molekulebi uZravia.  

 aRniSnuli daSvebebis safuZvelze SeiZleba 
warmovidginoT, rom molekula t  droSi  

gairbens t saS  manZils da Seejaxeba yvela 

im molekulas, romelic imyofeba  msaxvelis 
da d radiusis 
im cilindruli 
zedapiris 
SigniT, romlis 
RerZic emTxveva 
gansaxilveli 
molekulis 
traeqtorias 
(nax. 37.2).  Tu 
molekulaTa 

koncentraciaa n, maSin t  droSi mocemuli 
molekulis sxva molekulebTan dajaxebaTa 
saSualo ricxvi gamoiTvleba formuliT:       

        tdndnVnz  saSsaS  22  ,     (37.1)            

     xolo saSualo Tavisufali ganarbeni iqneba: 

          
22

1

dndnz 
 













saS

saS             (37.2)                

      Tu gaviTvaliswinebT, rom yvela molekula 

moZraobs, maSin saWiroa (37.1)-sa da (37.2)-Si saS  

SevcvaloT fardobiTi siCqariT far . molekulaTa 

ganawilebis maqsvelis Teoriidan cnobilia, rom 

saSfar  2 . Sesabamisi SesworebebiT gveqneba 

           tdnz  saSsaS  22                      (37.3) 




 

t saS
 

naxazi 37.2. 

d d 
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22

1

dn
 saS .                     (37.4) 

 (37.4)-is Tanaxmad saSualo Tavisufali ganarbeni 
damokidebulia molekulaTa efeqtur diametrsa (ix. 
cxrili 37.1) da koncentraciaze. aRniSnul 
daSvebaTa sazRvrebSi vRebulobT, rom   

 molekulis saSualo Tavisufali ganarbeni 
araa damokidebuli temperaturaze25. 

 radgan mudmivi temperaturis pirobebSi airis 
wneva molekulaTa koncentraciis 
pirdapirproporciulia (6.6), amitom  airis 
molekulis saSualo Tavisufali ganarbeni mudmivi 
temperaturis pirobebSi airis wnevis 
ukuproporciulia. e.i. 

  
1

2

1

2

2

1

p

p

n

n


saS

saS




                              (37.5)                               

Tu airi imdenad gaiSviaTebulia, rom 
molekula ufro xSirad ejaxeba WurWlis kedlebs, 
vidre sxva molekulebs, maSin Tavisufali 
ganarbenis sigrZe azrs kargavs, radgan igi aRe-
mateba WurWlis zomebs.  

                              cxrili 37.1                                       

                                     
 amocana 37.1. CavTvaloT, rom haeris 
Semadgenel molekulaTa efeqturi diametrebi 

erTnairia 10103 d m, xolo saSualo siCqare 

normalur pirobebSi 400saS m/wm. gamovTvaloT mo-

                                                             
25realurad molekulis saSualo Tavisufali ganarbeni 
temperaturis zrdiT ramdenamde izrdeba. mag. azotis 
SemTxvevaSi 3000K-ze igi 12%-iT metia vidre 2000K-ze. 

airi He H2 O2 H2O N2 CO2 SO2 Cl2 

 

dX10-10m 
 

 

2,0 
 

2,5 
 

3,0 
 

3,0 
 

3,0 
 

3,3 
 

3,4 
 

3,7 
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lekulis saSualo Tavisufali ganarbeni da drois 
erTeulSi dajaxebaTa ricxvi. 
 amoxsna: $1-is Tanaxmad, normalur pirobebSi 
idealuri airis 1 moli ikavebs 22,4l=22,4·10–3 m3 
moculobas, maSin haeris, rogorc idealuri airis, 
koncentracia iqneba 

251072  ,LNn m –3. (37.4)-is Tanaxmad 

8

2025
109

10914310722

1 







,,
saS m. 

300
d


, Tavisufali ganarbeni 300-jer aRemateba 

molekulis wiriT zomas. (37.3)-dan ki 

9

8
1036

109

4002











,



 t
z saS
saS wm-1 

    e.i., normalur pirobebSi haeris molekulis 
SejaxebaTa ricxvi 1wm-is ganmavlobaSi ramodenime 
miliards aRwevs. 
 
           $38. difuzia airebSi 

 Tu arawonasworul mdgomareobaSi myof 
sistemas movaqcevT izolaciaSi, maSin masSi 
molekulaTa urTierTqmedebisa da qaosuri 
moZraobis gamo ganviTardeba iseTi Seuqcevadi pro-
cesebi, romlebic mas gadaiyvans wonasworul 
mdgomareobaSi. am procesebs gadataniT movlenebs 
uwodeben, radgan isini dakavSirebulia masis 
(difuzia), energiis (siTbogamtaroba), impulsis 
(Sinagani xaxuni) gadatanasTan. 
 ganvixiloT erTfaziani sistema kerZod, airis 
an airTa narevis iseTi arawonasworuli 
mdgomareoba, romelic gamowveulia masis 
araTanabari ganawilebiT. sistemaSi molekulaTa 

qaosuri moZraobis 
gamo adgili eqneba 
maT gadasvlas 
maRali 

1 2 ∆x 

naxazi 38.1. 

S 

x 
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koncentraciis ubnidan dabalSi da piriqiT. Tumca, 
cxadia, pirveli mimarTulebiT ufro meti molekula 
imoZravebs, vidre sapirispiro mimarTulebiT, rac 
gamoiwvevs masis gadatanas meti koncentraciis 
ubnidan dabali koncentraciis ubanSi.  

vTqvaT S ganivkveTis cilindrul milSi 
moTavsebulia orkomponentiani airi (mag. sunamos 
molekulebi haerSi), romelTagan erT-erTis 
(sunamos) koncentracia 2-ubanze metia, vidre 1-
ubanSi (nax. 38.1). gamartivebisTvis davuSvaT, rom  

1. mTel moculobaSi wnevac da temperaturac 
gaTanabrebulia-mudmivia. 

2.  molekulaTa koncentracia icvleba mxolod 
0x RerZis gaswvriv.  e.i. iarsebebs am 
komponentis molekulaTa koncentraciis 
gradienti  mimarTuli 0x RerZis 
sapirispirod.  meore komponenti ganvixiloT 
rogorc foni (misi molekulebi naxazze 
naCvenebi araa),  

 raime x  areSi, molekulaTa qaosuri 
moZraobis gamo, maTi SeWra orive mxridan moxdeba, 

magram, radgan 12 nn  , warmoiqmneba molekulaTa 

nakadi x0  RerZis  gaswvriv  12   mimarTulebiT, 
romelic iarsebebs manam, sanam ar moxdeba mTel 
moculobaSi koncentraciis gaTanabreba.  
  SemoviRoT cneba difuziuri nakadis Sesaxeb. 
igi ewodeba molekulaTa nakadis marTobulad 
aRebul erTeulovan  kveTaSi drois  erTeulSi  
gadatanil molekulebis raodenobas:  

             
tS

N
J




                               (38.1) 

  germanelma fiziologma fikma aCvena, rom rac 
metia molekulaTa koncentraciis cvlileba 
sigrZiT erTeulze miT metia difuziuri nakadi: 

       
x

n
D

x

nn
DJ









 12                       (38.2)                                            
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meti sizustisTvis  (38.2)-s ase weren:  

              
dx

dn
DJ  .                       (38.3) 

 ,-“  miuTiTebs,  rom molekulaTa nakadi mimar-
Tulia koncentraciis zrdis (koncentraciis 
gradientis) sapirispirod, anu misi Semcirebis 
mimarTulebiT. D koeficients difuziis koeficienti 
ewodeba, izomeba m2/wm-Si. igi im difuziuri nakadis 
tolia, romelic warmoiqmneba koncentraciis 
erTeulovani gradientis pirobebSi. cxadia, radgan 
wneva sistemaSi gaTanabrebulia, iarsebebs fonis 
molekulaTa difuzia, romlisTvisac SeiZleba 
gamoviyenoT (38.3) formula, oRond difuziis 
koeficientis mniSvneloba gansxvavebuli iqneba.  
 CavweroT kavSiri airSi arsebul simkvrivis 
gradientsa da gadatanil masas Soris molekulaTa 
nakadis marTobulad aRebul erTeulovan  kveTaSi 
drois  erTeulSi  gadatanili molekulebis masa 

iqneba:      Jm
tS

Nm

tS

m
0

0 








,  (m0 erTi molekulis 

masaa). 
masSi (38.2)-is gaTvaliswinebiT vRebulobT: 

x

n
Dm

tS

m









0 . radgan simkvrive koncentraciasTan 

dakavSirebulia formuliT: nm0 , amitom 

          
x

D
tS

m








 
                         (38.4) 

davamyaroT 
kavSiri difuziis 
koeficientsa da 
molekulis saSualo 
ganarbens Soris. 
maTematikuri 
gaTvlebis 
gamartivebisTvis 
davuSvaT, rom orive 

saS  

0 
x 

naxazi 38.2 

saS 

S 
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komponentis molekulebs gaaCniaT erTnairi masa da 
efeqturi ganivkveTi, an mcired gansxvavdebian 
erTmaneTisgan. 
 molekulaTa qaosuri moZraobis gamo 
samganzomilebian sivrceSi x RerZis gaswvriv moZrav 
molekulaTa raodenoba tolia molekulaTa sruli 
raodenobis mesamedis, saidanac naxevari imoZravebs 
x RerZis mimarTulebiT naxevari ki sapirispirod 

(nax. 38.2). ase, rom molekulaTa ricxvi, romelic t 

droSi gaivlis S farTSi iqneba tSnN  saS0
6

1
, (n0 

koncentraciaa x=0 sibrtyeSi), xolo difuziuri 
nakadi:  

                  saS
saS 


0

0

6

1

6

1
n

tS

tSn
J 




                      

cxadia koncentracia x=0 sibrtyis marcxniv da 
marjvniv gansxvavebulia. marjvniv moZravi 
molekulebi bolo Sejaxebas x=0 sibrtyemde 

ganicdis x=-saS sibrtyeSi sadac koncentracia 

tolia   saS
dx

dn
n 0  ase, rom x=0 sibrtyeSi gamavali 

x RerZis mimarTulebiT difuziuri nakadi iqneba:  

saSsaS  









dx

dn
nJ 02

6

1
 , xolo sapirispiro 

mimarTulebiT  saSsaS  









dx

dn
nJ 01

6

1
. Sesabamisad 

jamuri nakadi:  

               saSsaS
dx

dn
JJJ

3

1
12           (38.5) 

(38.3)-Tan SedarebiT vRebulobT difuziis 
koeficientis Semdeg formulas:             

                saSsaS
3

1
D                    (38.6) 
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(38.6) miviReT im SemTxvevisaTvis, rodesac airTa 
narevis orive komponentis molekulebi erTnairi iyo 
masiTa da efeqturi ganivkeTiT. Tu erTkomponentian 
sistemaSi masa araTanabrad aris ganawilebuli, 
maSin ganxilul process TviTdifuzias uwodeben,  
anu es formula samarTliania TviTdifuziisTvis.  
im SemTxvevaSi, Tu airTa narevis  komponentTa 
molekulebi gansxvavebulia, maSin Sesabamisi 
gaTvlebis Sedegad miiReba difuziis koeficientis 
Semdegi formula: 

               
21

21

3

1

nn

nn
D




 2saS2saS1saS1saS 

 

sadac 1saS1saS  ,,1n  da 2saS2saS  ,,2n  

koncentracia,  saSualo siCqare da Tavisufali 
ganarbenia pirveli da meore tipis 
molekulebisaTvis. 
 airebis SemTxvevaSi zogjer ufro 
mosaxerxebelia difuziuri nakadis Cawera ara 
koncentraciis gradientis, aramed parcialuri 
wnevis gradientis gamoyenebiT. $6-is Tanaxmad airis 
komponentis parcialur wnevasa da mis 
koncentracias Soris kavSiri moicema formuliT: 

nkTp  ,  saidanac 
dx

dp

kTdx

dn 1
 , romlis (38.3)-Si 

SetaniT miviRebT: 

            
dx

dp

kT
DJ

1
                        (38.7)               

       (38.7)-is Tanaxmad, airis TiToeuli komponenti 
difundirebs misi maRali parcialuri wnevis 
ubnidan dabalSi damoukideblad imisa, Tu rogoria 
sxva komponentTa parcialur wnevaTa gradientebi.   
    difuzias adgili aqvs siTxeebSic da fikis 
kanoni maTTvisac gamoiyeneba. siTxeebSi  difuziis 
koeficienti aseve damokidebulia molekulaTa 
Tvisebebze, Tumca gansxvavebulia (38.6)-dan.   
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    amocana 38.1. gamovTvaloT normalur pirobebSi 
haerSi Jangbadis molekulaTa difuziis 
koeficienti. 

 amoxsna: 2627 103,51067,132
2

 Om kg. (10.5)-is 

gamoyenebiT 

430
103,5

2731038,1
6,1

26

23











saS m/wm. amocana 37.1-is 

Tanaxmad,  

msaS
8

2025
1039

10914310722

1 


 ,
,,

  

81039  , m, maSin (38.5)-is Tanaxmad, miviRebT 

difuziis koeficientis mniSvnelobas: 

58 103311039430
3

1   ,,D m2/wm. Jangbadis difuzia 

haerSi axlos aris TviTdifuziis movlenasTan, 
radgan O2-is da N2-is molekulaTa zomebi TiTqmis 
erTnairia. 
 amocana 38.2. gamovTvaloT azotis molekulis 
Tavisufali ganarbeni da difuziis koeficienti 
haerSi, romlis temperaturaa 270C, xolo wneva 100kpa. 
     amoxsna: gamovTvaloT haeris molekulaTa 
koncentracia kinetikuri Teoriis ZiriTadi 
gantolebidan                 

.,
,

3-m25

23

5

1042
30010381

10





kT

p
n  

 (37.4)-Si gaTvaliswinebiT vRebulobT:  

         m.saS
8

2025
1088

10241014310422

1 





 ,

,,,
  

molekulaTa saSualo siCqare, (10.5)-is 
Tanaxmad,iqneba 

.
,

,,,
wm

m
saS 480

1028

300318
616161

3

0







M

RT

m

kT
  
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(38.5)-Si SetaniT vRebulobT: 

          D=1/38,810-8480=1,410-4m2/wm.    
 amocana 38.3. erTnair pirobebSi romeli airi 
difundirebs ufro swrafad heliumi Tu azoti? 
 amoxsna: (38.7)-Si gaviTvaliswinoT (38.6), (10.5) 
da (37.4) formulebi. martivi gardaqmniT miviRebT: 

          .

2

2

1

2

1

2

2

1

02

01

1

2

1

2




















d

d

M

M

d

d

m

m

D

D

J

J
 anu 

           .,
,

150
23

2

28

4
2

1

2 









J

J
 

 
                   $39.  Sinagani xaxuni airebSi 
 Cven ganvixileT Sinagani xaxunis (siblantis) 
movlena siTxeebsa da airebSi,  romlis arsic 
mdgomareobs SemdegSi: sxvadasxva siCqariT moZrav 
fenebs Soris warmoiqmneba Sinagani xaxunis Zalebi, 
romlebsac gaaCnia fenis mxebis mimarTuleba da 
iwvevs swrafi fenis damuxruWebas, xolo neli fenis 
aCqarebas.  
 ganvixiloT es sakiTxi airebSi molekulur - 
kinetikur Teoriaze dayrdnobiT.  airis nakadSi 
molekulaTa qaosur moZraobis siCqares  s 
emateba mocemul fenaSi molekulaTa gadatanis 

siCqare u.  rodesac 
molekula, qaosuri 
moZraobis gamo,  
aRmoCndeba erTi 
fenidan meoreSi 
gadaitans  Tavis 
impulss m0u.  imisgan 
damokidebulebiT 
ufro swraf Tu nel 

fenaSi moxda misi SeWra igi anelebs an aCqarebs am 
fenis moZraobas. azrobrivad gamovyoT ori 
paraleluri fenis Semxeb sazRvarze S farTobi (nax. 

2 

x 

y 

1 

2 

naxazi 39.1 
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39.1). CavTvaloT, rom airi Sedgeba erTi tipis m0 

masis molekulebisgan da maTi koncentracia 
mudmivia n=const.  

 2 fenis molekulebi, romlebic  S farTobidan 

imyofeba molekulis saSualo ganarbenis saS tol 
an nakleb manZilze Sejaxebis gareSe gadava  1 

fenaSi. t droSi aseT molekulaTa raodenobaa: 

,tnSN  saS6 12  xolo  gadatanili impulsi 

iqneba: 202022 61 umtnSumNp  saS .   aseve 1 

fenidan 2-Si imave droSi gadatanili impulsi iqneba: 

102011
6

1
umtnSumNp  saS . zemoTqmulidan 

gamomdinare, S farTSi gadatanili impulsis sidide 
iqneba: 

        12012
6

1
uumtnSppp  saS         (39.1)         

sadac u2-u1  tolia y RerZis gaswvriv siCqaris 
gradientis sididis namravlisa am fenebs Soris 

manZilze - 2saS: 

                         saS212
y

u
uu




  

(39.1)-Si gaTvaliswinebiT vRebulobT: 

              saSsaS 
y

u
mtnSp




 0

3

1
         (39.2)                     

saidanac ufro swrafi  fenis mxridan nel fenaze 
moqmedi Zalis sidide iqneba: 

            saSsaS 
y

u
mnS

t

p
F









 0

3

1
           (39.3) 

Tu SevadarebT siblantis Zalis formulas 













 S

y

u
F   miviRebT, rom siblantis koeficienti 

moicema formuliT: 
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           saSsaSsaSsaS 
3

1

3

1
0  mn   (39.4) 

igi axasiaTebs airis molekulur struqturas, 
damokidebulia: airis simkvriveze, molekulaTa 
siCqarisa da Tavisufali ganarbenis saSualo 
sidideebze.  

 airis simkvrive wnevis zrdiT matulobs   p, 

xolo molekulaTa  saSualo ganarbeni wnevis 

ukuproporciulia saS  1/p , saSualo siCqare 
wnevaze araa damokidebuli, amitom, (39.4)-is Tanaxmad, 

 airTa siblantis koeficienti wnevaze araa 
damokidebuli. 

 
           $40. siTbos gadacemis gzebi 

 siTbos gadacema anu energiis gadacemis 
procesi, romelic dakavSirebulia sistemis 
nawilebis an sistemisa da gare sxeulebis 
temperaturul gansxvavebasTan, SesaZlebelia 
ganxorcieldes sami gziT: siTbogamtarobiT, 
konveqciiT da gamosxivebiT. ganvixiloT TiToeuli 
cal-calke. 

 rodesac liTonis erT bolos cecxlze 
vaTbobT, sakmaod swrafad vgrZnobT meore bolos 
gacxelebas, rasac, Cveulebrivad, liTonis kargi 
siTbogamtarobiT  (TbogamtarobiT) aixsneba. 
siTbogamtaroba molekulaTa urTierTqmedebis 
Sedegia. kerZod, liTonis im nawilis molekulebi, 
romelsac vaTbobT, miRebuli energiis xarjze 
iwyebs sul ufro intensiur rxevas Tavisi 
wonasworuli mdebareobis maxloblobaSi, ris 
Sedegadac isini ejaxeba SedarebiT civi mezobeli 
nawilis molekulebs da gadascems maT energiis 
garkveul raodenobas. es molekulebi, Tavis mxriv, 
SejaxebaTa Sedegad momdevno nawilis molekulebs 
gadascems energias da a.S. faqtiurad, molekulaTa 
urTierTSejaxebis xarjze moxdeba siTbos gadacema 
sxeulis mTel moculobaSi. Tbogamtarobas adgili 
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aqvs rogorc myar, aseve Txevad da airad 
nivTierebebSi. 
 cdebiT dadgenilia, rom sxeulis erTi 
nawilidan meoreSi drois erTeulSi gadacemuli 
siTbos raodenoba – siTbos nakadi tQ  /  

damokidebulia temperaturul sxvaobaze, sxeulis 
geometriul zomebsa da Tvisebebze. simetriuli 
formis erTgvarovani sxeulisTvis (nax. 40.1) igi ase 
Caiwereba: 

         S
x

T
S

x

TT

t

Q














 12           (40.1) 

an zRvrul SemTxvevaSi 

                      S
dx

dT

dt

dQ
 .         (40.2) 

,,-“ miuTiTebs, rom siTbos nakadi mimarTulia 
temperaturuli gradientis (temperaturis zrdis) 

sapirispirod. -siTbogamtarobis koeficientia. misi 
ricxviTi mniS-
vneloba 
damokidebulia 
nivTierebis gva-
robaze (cxrili 
40.1).  
siTbogamtarobi
s koeficientis 
erTeulia – 
vt/m·kel. 
 liTonebi, 

Cveulebrivad, kargi siTbogamtarebia. cud siTbo-
gamtarebs Tboizolatorebsac uwodeben. cxrilis 
Tanaxmad, haeri gacilebiT kargi Tboizolatoria, 
vidre mina, amitom oTaxis fanjrebi, iluminatorebi, 
siTbos SenarCunebis mizniT, sasurvelia damzaddes 
minis ormagi CarCoTi (mina – haeri – mina). 
 siTbogamtarobis formulebi maTematikurad 
analogiuria difuziis formulebis (ix. $38),  magram 

1 2 ∆x 

S 

naxazi 40.1. 

T2 > T1 

x 
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difuziasa da siTbogamtarobas Soris Zireuli 
gansxvavebaa, pirvel SemTxvevaSi gadaicema 
nivTiereba, meoreSi – energia.  
 konveqcia ewodeba siTbogadacemis process 
gamowveuls molekulaTa didi ricxvis gadaadgi-
lebiT erTi adgilidan meoreSi. siTbogamtarobisas 
molekulebi an irxeva wonasworobis mdebareobaSi 
an gadainacvlebs Zalian mcire manZilebze maSin, 
rodesac konveqciis dros molekulaTa gadaadgile-
ba sakmaod didia. igi daimzireba siTxeebsa da 
airebSi. konveqcia SeiZleba iyos iZulebiTi da 
bunebrivi. iZulebiTi konveqciis magaliTad SeiZleba 
moviyvanoT kaloriferis (ventiliatoriani 
gamaTbobeli) muSaobisas ventiliatoris saSualebiT 
binaSi Tbil haeris moZraoba. bunebrivi konveqciis 
gamovlenaa radiatoris maxloblad  aRmavali 
haeris Tbili Wavlis arseboba.  vinaidan haeri 
gaTbobisas farTovdeba misi simkvrive sxva fenebTan 
SedarebiT klebulobs da adis zemoT. bunebrivi 
konveqciis masStaburi gamovlenaa okeaneebSi civi 
da cxeli dinebebis arseboba.  aseve bunebrivi 
konveqciis magaliTia atmosferoSi haeris fenaTa 
gadaadgileba (qari da sxva), amitom igi arsebiT 
rols TamaSobs amindis CamoyalibebaSi. 
siTbogamtarobisa da konveqciisgan gansxvavebiT 
siTburi gamosxiveba ar saWiroebs gadamcem garemos 
– nivTierebas. igi warmoadgens eleqtromagnituri 
talRebis erT-erT tips – infrawiTel gamosxivebas.  
rogorc cdebiT iqna dadgenili, sxeulis mier 
gamosxivebuli siTburi nakadi misi absoluturi 
temperaturis meoTxe xarisxis proporciulia, aseve 
damokidebulia sxeulis gvarobasa da zedapiris S 
farTobze.  gamoiTvleba formuliT: 

    ST
t

Q 4



,     (40.3)                     

sadac 810675  , vt/m2K4 stefan-bolcmanis mudmivas 
saxelwodebiT aris cnobili. 
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          cxrili 40.1 
   nivTierebis 
gvarobazea damokidebuli 
da icvleba (0, 1) 
farglebSi: 1  Savi 
zedapirebis (Savi 
xaverdis, naxSiris) 

SemTxvevaSi da 0  
priala zedapirebis dros. 
nebismieri sxeuli 
nebismier temperaturaze 
asxivebs siTbur 
energias26.  
 davuSvaT T1 
temperaturis garemoSi 
moaTavses sxeuli, 

romlis temperaturaa T2>T1. cxadia mis mier 

gamosxivebuli siTbos nakadi iqneba  .ST
t

Q
4

2


 gam
  

amavdroulad igi STanTqavs garemos mier 
gamosxivebul siTbos, romlis Sesabamisi  nakadi 

iqneba: 

.ST
t

Q 4

1


 STan amitom  

sxeulis mier gacemuli 
siTbos nakadi ( jamuri 
siTbos nakadi)  ase 
Caiwereba:  
                                    

 
 .4

1

4

2 TTS
t

QQ

t

Q












STangam

                                               (40.4) (-s mniSvneloba araa 
damokidebuli imaze gamomsxivebelia Tu 
mSTanTqmeli sxeuli) sxeulisa da garemos jamuri 

                                                             
26am sakiTxs detalurad optikis kursSi ganvixilavT.  

 

  nivTiereba 
χ  
vt/m.kel 

vercxli 
alumini 
mina (Cveulebrivi) 
wyali 
adamianis kani 
boWkovani mina 
bambiseuli mina 
bumbuli 
 penoplasti 
betoni (masiuri) 
aguri (masiuri) 
mSrali xe 
grunti 

420 
200 
0,84 
0,56 
0,2 
0,036 
0,05 
0,025 
0,023 
1,75 
0,67 
0,2  
0,4 

 

naxazi 40.2 



167 

 

siTburi nakadis mimarTuleba ganisazRvreba maTi 

temperaturuli sxvaobiT. Tu garsx TT  , siTburi 

nakadi mimarTulia sxeulidan garemosken, ris gamoc 

sxeuli civdeba da piriqiT.  rodesac garsx TT  , ja-

muri siTburi nakadi nuls utoldeba.  
 dedamiwis gaTboba xdeba mzis siTburi 
energiis xarjze. mzis zedapiris temperatura ≈ 
6000K. igi yvela mimarTulebiT Tanabrad asxivebs 
energias. dedamiwa mzisgan 150 mln km-iT aris 
daSorebuli. mzis sxivebi misadmi marTobulad 
dedamiwis atmosferos TiToeul kvadratul metrs 
saSualod yovel wamSi 1353j siTbos  gadascems. am 
ricxvs-1353vt/m2 mzis mudmiva ewodeba. mzis SigniT 
mimdinare sxvadasxva procesebi (mzis laqebi, 
afeTqebebi) iwvevs am sididis umniSvnelo 
cvlilebebs, romelic ar aRemateba 0,1%-s. mzis mier 
gamosxivebuli energiis  ~40% STainTqmeba 
atmosferos sxvadasxva fenebSi. ase, rom dedamiwis 
zedapiris TiToeul kvadratul metrze uRrublo 
dRes saSualod (700-1000)vt/m2 siTbos nakadi aRwevs 
grZedis, ganedis, zRvis donidan simaRlis da 
weliwadis drosgan damokidebulebiT. am energiis 
STanTqma arsebiTad damokidebulia im  kuTxeze, 
romelsac mzis sxivebi adgens mocemul momentSi 
dedamiwis zedapiris marTobTan (nax. 40.2). mzian 
amindSi sxeulis mier drois erTeulSi STanTqmuli  
energia daaxloebiT tolia 

        cosS
t

Q
1000




                        (40.5)   

sadac  kuTxea sxeulis zedapiris normalsa da 
mzis sxivebs Soris.   cosS  ,,efeqturi” zedapiris 

farTobia. mzis mudmivas mniSvneloba sxvadasxva 
planetisTvis  gansxvavebuli sididea, radgan igi 
damokidebulia mzisgan planetis daSorebaze (ix. 
cxrili 40.1). dedamiwis zedapiramde moRweuli mzis 
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energiis nawili irekleba dedamiwis zedapiridan, 
nawili ki STainTqmeba. 
Tovls da yinuls gaaCnia arekvlis  maRali unari, 
xolo Sav da uswormasworo zedapirs gacilebiT 
naklebi. STanTqmuli energiis nawili dedamiwis 
mier isev gamosxivdeba (umetesad infrawiTeli 
diapazoni) atmosferoSi. atmosferoSi arsebul 
naxSirorJangs, meTans, wylis orTqls axasiaTebs am 
gamosxivebis metwilad STanTqma, rac iwvevs maT da 
Sesabamisad haeris gaTbobas-e.w. ,,saTburis efeqti”. 
realurad arsebobs siTburi wonasworoba 
dedamiwasa da kosmoss Soris: dedamiwa asxivebs 
zustad imden energias rasac Rebulobs mzisgan. 

winaaRmdeg SemTxvevaSi igi an gadaxurdeboda an 
gacivdeboda.                        
 nax. 40.3-ze mocemulia dedamiwis energetikuli 
balansi. 100%-s Tu SeusabamebT mzidan miRebul 
energias maSin arekvlaze modis: atmosferos mier  
6% (1),  Rrublebidan 20% (2), dedamiwis zedapiridan 
4% (3). STainTqmeba: atmosferos mier 16% (4), 
Rrublebis mier 3% (5), 51% xmeleTisa da okeaneTa 

 

 
 

 

1 

2 3 

4 

5 

6 

7 8 9 

10 

11 

naxazi 40.3 
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mier (6). 7% ixarjeba haeris konveqciasa da 
moZraobaze (7), 23% gadaitaneba RrublebSi 
arsebuli wylis orTqlis mier (8). 15% STainTqmeba 
haeris mier (9), 6% sxivdeba kosmosSi dedamiwis 
zedapiridan (10), mTlianobaSi 64% ifanteba 
sivrceSi atmosferosa da Rrublebis mier (11).  
 
                                 cxrili 40.2.        

 
                 
 amocana 40.1. 2sm kedlis sisqis mWidrod 
daxurul siTboizolirebul   30smX20sm X50sm 
zomis penoplastis yuTSi moTavsebulia 20kg 00C-iani 
yinuli. ra drois Semdeg gadneba yinuli, Tu yuTis 
gareT temperaturaa 270C?  
 amoxsna:  dnobis temperaturis yinulis 
gasadnobad saWiro siTbo tolia: 

                      mqQ dn                (1) 

meore mxriv, yinulis gasadnobad garedan 
miwodebuli saWiro siTbos raodenoba, (40.1)-is 
Tanaxmad, toli iqneba: 

                        tS
d

T
Q 


          (2) 

(1) da (2)-is gatolebiT miviRebT: 

                                                             
27amJamad mikuTvnebulia asteroidTa ojaxs 

 
planeta 

mzidan 
daSoreba     
     (x109m) 

mzis mudmiva 
    (vt/m2) 

temperatura  
 (0C) 

merkuri         57    9228    780 
venera        108    2586    482 
dedamiwa        150    1353     15 
marsi        227     586    -63 
iupiteri        778      50    -121 
saturni       1426      15    -180 
neptuni       4497       2    -200 
plutoni27.       5806       1    -230 
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sT.
dn

96
27103120230

1022010333
2

25














,

,

TS

mdq
t


 

     (T=27kel,   2m4105030502020302 S .) 

  
 amocana 40.2. Tu T1 temperaturis garemoSi 
moaTavsebulia sxeuli, romlis temperatura T2 odnav 
aRemateba T1-s, maSin, niutonis formulis Tanaxmad, 

sxeuli civdeba siCqariT  12 TTk
t

Q





 (k-mudmivaa). 

vaCvenoT, rom es damokidebuleba samarTliania 

gamosxivebisTvisac, Tu T= T2 -T1 mcirea. 
     amoxsna:    (40.4) gadavweroT Semdegi saxiT: 

              .4

1

4

1 TTTS
t

Q





                               (1) 

movaxdinoT  41 TT  -is gaSla niutonis binomis28 

safuZvelze:                                               

    



22

1

3

1

4

1

4

1
2

34
4 TTTTTTT

!
  

radgan T mcirea misi maRali xarisxebi gacilebiT 
naklebia erTze da SegviZlia ugulvebelvyoT, 
amitom 

            12

3

1

4

1

3

1

4

1

4

1

4

1 44 TTTTTTTTTT   

miRebuli Sedegis (1)-Si gaTvaliswinebiT gveqneba: 

        12

3

14 TTST
t

Q





                    (2)            

Tu SemoviRebT aRniSvnas 3

14 STk  , (2) daiyvaneba 

niutonis formulaze. 

                                                             

28
 

    

    nnmmn

nnnnn

bnabba
m

mnnn

ba
nnn

ba
nn

bnaaba


















1

33221

11

3

21

2

1

...
!

...

!! .  
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 amocana 40.3. 40sm2 farTobis da 4,510-4kg masis 
firfita mzisken aris miSverili. misi gamosxivebis 
unarianoba 0,85 tolia, xolo  kuTri 

siTbotevadobaa 0,8 .
kelkg

kkal


 1) ra siCqariT izrdeba 

misi temperatura? 2) gamovTvaloT firfitis 
saboloo temperatura, garemos temperaturaa 270C.  
   amoxsna: 1). (14.1)-is Tanaxmad firfitis mier 
drois erTeulSi STanTqmuli energia iqneba: 

.
t

Tcm

t

Q









 gavutoloT (40.5)-s, miviRebT: 

                   
cm

S

t

T  cos1000





,  

sadac =00.  ricxviTi mniSvnelobebis 
gaTvaliswinebiT miiReba firfitis temperaturis 
zrdis siCqare: 

             
wm

kel
252

105410363

1048501000
43

3

,
,,

,














t

T
. 

 2). firfitis temperatura aRar Seicvleba 
roca igi gamoasxivebs zustad imden energias rasac 
Rebulobs mzisgan.                (40.4)-is da (40.5)-Tan 

gatolebiT gveqneba:  ,cos
4

1

4

21000 TTSS   

 saidanac                
S

S
TT



 cos10004

1

4

2


cos10004

1 T . 

ricxviTi mniSvnelobebis CasmiT miviRebT, rom 

8

8

84

2 10257
10675

1000
1081 





,

T  kel4     da T2=400kel 

 
              $41. airTa siTbogamtaroba 

 ganvixiloT airTa siTbogamtaroba 
molekulur kinetikuri Teoriis  TvalsazrisiT. 
cxel ubanSi myof airTa molekulebs gaaCnia  ra 
saSualo kinetikuri energiis maRali mniSvneloba 
dabali temperaturis ubanSi SeRwevisas Sejaxebebis 
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Sedegad gadacems energiis nawils am  ubnis 
molekulebs. piriqiT, molekulebi dabali 
temperaturis ubnidan xvdeba ra ufro cxel ubanSi 
Rebulobs garkveul kinetikur energias.  
 msgavsad difuziis movlenisa, x RerZis 

mimarTulebiT x=-saS manZiliT daSorebuli 

molekulebis is raodenoba, romelic t droSi 

gaivlis S farTs tolia tSnN  saS222
6

1
  (n2 

koncentraciaa x=-saS sibrtyeSi). maT mier 
gadatanili siTburi energia iqneba:          

22222
26

1
kT

i
tSnwNQ  saSsaS   

analogiurad miiReba x RerZis sapirispirod  x=saS 
daSorebul molekulaTa mier S farTSi imave droSi 
gadatanili siTburi energia:        

11111
26

1
kT

i
tSnwNQ  saSsaS   

radgan energiaTa gadatana xdeba 
urTierTsapirispiro mimarTulebiT, amitom  S 
farTSi  gadatanili jamuri siTburi energia iqneba:     

  tSTnTnk
i

QQQ  112212
26

1
1saS2saS        

ubnebs Soris temperaturis mcired gansxvavebisas 

saS1saS2saS  nnn  12  radgan n1/T, xolo saS  

T1/2; n saS  T-1/2 anu sustadaaa damokidebuli 

temperaturaze (ix. cxrili 41.1 ). maSin Q ase 
Caiwereba: 

            tSTTkn
i

Q  12
26

1
saS               (41.1)          

sadac T2-T1  tolia x RerZis gaswvriv sigrZiT 
erTeulze temperaturis cvlilebis (temperaturis 
gradientis)  namravlisa am ubnebs Soris manZilze  

2saS: 
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                         saS212
x

T
TT




  

(41.1)-Si gaTvaliswinebiT vRebulobT siTburi 
nakadis Semdeg formulas: 

                S
x

T
kn

i

t

Q
saSsaS  


















23

1
       (41.2)                       

,,_” ganpirobebulia imiT rom siTbos gadacema xdeba 
temperaturuli gradientis sapirispirod.   
 (41.2)-is (40.1)-Tan gatolebiT miiReba 
siTbogamtarobis koeficientis formula:          

               saSsaS kn
i

23

1
                  (41.3)  

siblantis koeficientis msgavsad, $38-Si moyvanili 
msjelobis safuZvelze, SegviZlia vaCvenoT, rom  

 airTa siTbogamtarobis koeficienti wnevaze 
araa damokidebuli29.    

-s sidide SeiZleba davakavSiroT airis molur 

siTbotevadobasTan CV. marTlac  AV kN
i

R
i

C
22

 , 

ris gamoc (41.3) ase Caiwereba:    

              V

A

C
N

n
saSsaS

3

1
                 (41.4)                

es ukanaskneli asec SeiZleba gardavqmnaT:     

VVV

A

cC
M

C
Nm

saSsaSsaSsaSsaSsaS 






3

1

3

1

3

1

0

 (41.5)       

( MCc VV  kuTri siTbotevadobaa mudmivi 

moculobis dros). 
                             cxrili 41.1.  

                                                             
29es damokidebuleba SeiniSneba mxolod Zalian dabali wnevebis 
SemTxvevaSi. 

 
airebi 
 

vt/m.kel 
    

vt/m.kel 
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difuziis, siblantis da siTbogamtarobis 
koeficientebis gamosaTvlel formulebSi ((38.6) 
(39.4), (41.5)) yvelgan figurirebs Tavisufali 
ganarbeni, amitom erT-erTi maTganis cdiseulad 

gazomvis SemTxvevaSi, SesaZlebelia  saS-s 
gamoTvla, xolo (37.2)-is saSualebiT molekulis 
efeqturi diametris gansazRvra. 
  (41.5)-is SefardebiT (39.4)-Tan vRebulobT:   

.Vc  igi miRebulia molekulur - kinetikur 

Teoriaze dayrdnobiT. realurad es fardoba 
miaxloebiTia, kerZod, cdebis Sedegebidan  

gamomdinare, erTatomiani airis SemTxvevaSi  Vc   

unda gamravldes 2,5-ze, xolo oratomiani airisTvis 
1,9-ze. 
 
 amocana 41.1. balonSi heliumis wneva 106pa-s 
tolia, temperatura 00C. gamoTvaloT molekula 
Tavisufali ganarbeni.  
 amoxsna: (41.5)-is Tanaxmad  

            
VC

M

saS

saS





3
                      (1) 

   00C  1000C 
haeri 

       0,024      0,032 

heliumi        0,125      0,171 

azoti        0,024      0,031 

argoni        0,016      0,021 

wyalbadi        0,176      0,218 

Jangbadi        0,025      0,033 

naxSirorJangi        0,014      0,022 
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gaviTvaliswinoT, rom 
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           a m o c a n e b i: 

1. ipoveT Jangbadis molekulebis Tavisufali 
ganarbenis saSualo sigrZe 0,3pa wnevisa da 150K 

temperaturis pirobebSi. (pasuxi:  1,8sm)  
2. ra wnevis dros iqneba wyalbadis molekulis 
Tavisufali ganarbenis saSualo sigrZe 0,5m-is toli 

400 K temperaturis dros? (pasuxi:  0,04pa) 
3. 10l moculobis balonSi aris 1g masis wyalbadi. 
gansazRvreT molekulebis Tavisufali ganarbenis 

saSualo sigrZe. (pasuxi:  1,210-7m)   
4. gansazRvreT gaiSviaTebuli azotis simkvrive, Tu 
molekulebis Tavisufali ganarbenia 2sm. azotis 

molekulis efeqturi diametria 0,310-9m. (pasuxi: 

5,1410-6kg/m3) 
5. gansazRvreT 1wm-Si dajaxebaTa saSualo ricxvi, 
romelsac ganicdis wyalbadis molekula normalur 
pirobebSi. wyalbadis molekulis efeqturi 

diametria 0,2510-9m. (pasuxi: 1,261010)  
6. 0,7m sigrZis wibos mqone kubis formis WurWlidan 
amotumbulia azoti 10-2mm vwy. sv.-is wnevamde. 
SeafaseT ramdenjer ejaxeba molekula sxva 
molekulebs or mopirdapire waxnags Soris 
gadaadgilebisas, Tu WurWelSi temperaturaa 00C. 
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azotis molekulis efeqturi  diametria 0,310-9m. 

(pasuxi: 11) 
7. wyalbadis atomebis Tavisufali ganarbenis sigrZe 

normalur pirobebSia 210-7m. gansazRvreT misi 

difuziis koeficienti. (pasuxi: 1,1310-5m2/wm) 
8. 200C teperaturaze Jangbadis difuziis 

koeficientia 1,810-5 m2/wm. gansazRvreT Jangbadis 
molekulebis Tavisufali ganarbenis sigrZe. (pasuxi: 

1,210-7 m) 
9. erTnair pirobebSi romeli airi difundirebs 
ufro swrafad wyalbadi Tu Jangbadi? (pasuxi: 
Jangbadis difuziuri nakadi wyalbadis difuziuri 
nakadis 17,3%-s Seadgens ) 
10. 100vt-iani eleqtruli naTuris mqk 10%-ia. 
gamoTvaleT temperaturis sxvaoba naTuris Siga da 
gare zedapirebs Soris, Tu igi warmoadgens 3sm 
radiusis minis balons, romlis kedlis sisqe 1mm-ia. 
(pasuxi: 9,50C )  
11. oTaxs ori fanjara aqvs (1,7 × 1,5)m. minis sisqea 
3mm. gamoTvaleT siTburi danakargebi (siTbos 
nakadi), Tu minis Siga da gare zedapirebTan 
temperaturaa 200C da 180C. (pasuxi: -2,9 kvt) 
12. saxlis Siga moculobaa 450m3, Tboizolirebuli     
kedlebis sisqe 25sm-ia, saerTo farTobia 150m2, 
siTbogamtaroba penoplastis siTbogamtarobis 
tolia.  iataki da Weri 6sm sisqis xea, saerTo 
farTiT 300m2. saxls aqvs 0,6sm sisqis 6 minis 
fanjara TiToeuli 2m2 farTobis. gamoTvaleT 
siTbos miwodebis siCqare, raTa saxlSi SeinarCunoT 
200C temperatura, Tu gareT --20C yinvaa. (pasuxi: 59 

kj/wm) 
13. ra raodenobis siTbos miwodebaa saWiroO  (ix. 
amocana14),  saxlSi temperaturis 100C-dan 200C-mde 
30wT-Si gasazrdelad? haeris simkvrivea 1,29kg/m3, 

kuTri siTbotevadobaa 0,17kkal/kg0C. (pasuxi: 110,3103 

kj)  
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14. ra Tanxa unda gadaixadoT erTi Tvis 
ganmavlobaSi, rom saxlSi (ix. amocana14) 
SeinarCunoT aRwerili mdgomareoba, Tu 
gamaTbobeli muSaobs bunebriv airze, romlis wvis 

kuTri siTboa 4,2106j/kg da erTi kg sawvavis 
Rirebulebaa 10 TeTri?  gamaTboblis mqk-ia 90%.  

(pasuxi: 170 lari) 
15. 1,5sm kedlis sisqis mWidrod daxurul 
siTboizolirebul   sferuli formis (gare 
radiusi 20sm) penoplastis yuTSi moTavsebulia 10kg 
-50C-iani yinuli. ra drois Semdeg gadneba yinuli, 

Tu yuTis gareT temperaturaa 170C? (pasuxi: 73sT) 
16. aCveneT idealuri airis difuziis koeficientis 
damokidebuleba absolutur temperaturasa da 

molekulis masaze. (pasuxi: T3/2;  m-1/2 ) 
17. 1sm kedlis sisqis mWidrod daxurul 
Tboizolirebul   20sm sigrZis wibos mqone kubis 
formis penoplastis yuTSi moTavsebulia 10kg -100C-
iani yinuli. ra drois Semdeg gadneba yinuli, Tu 

yuTis gareT temperaturaa 270C? (pasuxi: 75sT) 
18. 3sm kedlis sisqis mWidrod daxurul 
Tboizolirebul   40sm diametris sferos formis 
penoplastis yuTSi moTavsebulia 10kg 00C-iani 
yinuli. ra drois Semdeg gadneba yinuli da 
miRebuli wylis temperatura gautoldeba garemos 

temperaturas, Tu igi 200C-s tolia? (pasuxi: 47dRe-
Rame) 

 


