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winasityvaoba 

 

winamdebare damxmare saxelmZRvanelo gankuTvnilia umaRlesi 

teqnikuri saswavleblebis sainJinro specialobebis studentebisaTvis, 

visTvisac zogadi fizika savaldebulo kursia. masSi kompaqturad 

Tavmoyrilia da ganxilulia molekuluri fizikis Semdegi Tavebi: idea-

luri airebis kinetikuri Teoria, Termodinamika da realuri airebi. 

aRvniSnavT, rom damxmare saxelmZRvanelos Sinaarsi srulad eTanx-

meba saswavlo programis moTxovnilebebs da vfiqrobT, rom is saTanado 

daxmarebas gauwevs studentobas Sesabamisi kursis SeswavlaSi. 

avtori madlobis grZnobiT miiRebs yvela SeniSvnas da winadade-

bebs da gaiTvaliswinebs maT SemdgomisaTvis. 
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molekuluri fizika 

 

molekuluri fizika (molekulur-kinetikuri Teoria) fizikis nawi-

lia, romelic Seiswavlis sxeulTa fizikur Tvisebebs sxvadasxva agre-

gatul mdgomareobaSi maTi molekuluri aRnagobis ganxilvis safuZ-

velze. molekulur-kinetikuri Teoria Camoyalibda XIX saukuneSi dal-

tonis, klauziusis, maqsvelis da bolcmanis Sromebis ganviTarebiT. 

nivTierebis molekulur-kinetikur Teorias safuZvlad udevs Semdegi 

debulebebi: 

1. nivTierebas gaaCnia diskretuli agebuleba, is Sedgeba moleku-

lebisagan (atomebisagan). nivTierebis erTi moli agregatuli mdgomareo-

bisgan damoukideblad Seicavs  molekulas ( -s avogadros 

ricxvi ewodeba). 

2. molekulebi nivTierebaSi imyofebian ganuwyvetel siTbur-qaosur 

moZraobaSi. 

3. molekulebis siTburi moZraobis xasiaTi damokidebulia moleku-

lebs Soris urTierTqmedebis bunebaze da icvlebian nivTierebis erTi 

agregatuli mdgomareobidan meoreSi gadasvlisas. 

4. siTburi moZraobis intensivoba damokidebulia sxeulis gaTbobis 

xarisxze, rac xasiaTdeba absoluturi (Termodinamikuri) temperaturiT 

. 

5. molekulur-kinetikuri TeoriiT sxeulis sruli energia  war-

moadgens Semdeg SesakrebTa jams: 

, 

sadac  da  warmoadgenen sxeulis, rogorc mTlianis kinetikur 

da potencialur energiebs, xolo  warmoadgens sxeulis Semadgeneli 

molekulebis (atomebis) energias. mas Sinagani energia ewodeba. 

debulebebis irib mtkicebulebebs warmoadgenen brounis moZraoba da 

difuziis movlena, xolo pirdapirs _ atomebze dakvirveba eleqtronuli 

da ionuri mikroskopebiT. 

 

makroskopiuli sistema. mdgomareobis parametrebi. sistemas (sxeuls) 

ewodeba makroskopiuli, Tu is Sedgeba molekulebis didi raodenobisa-
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gan. makroskopiuli sistemis Tvisebebis damaxasiaTebel sidideebs _ pa-

rametrebi ewodebaT. ZiriTad parametrebs warmoadgenen sistemis wneva , 

moculoba  da temperatura . 

wneva  _ fizikuri sididea, is ricxobrivad tolia farTobis er-

Teulze moqmedi marTobi Zalis: 

 

sadac  _ marTobi (normaluri) Zalis ricxviTi mniSvnelobaa, mo-

qmedi sxeulis zedapiris mcire  farTobze. 

pa (paskali),   

temperatura _  fizikuri sididea, axasiaTebs sxeulis gaTbobis 

xarisxs. Termodinamikuri wonasworobis pirobebSi sistemis Semadgeneli 

sxeulebis temperaturebi erTnairia. 

 _ kelvinis skaliT,   _ celsiusis skaliT. 

wneva da temperatura statistikuri sidideebia, amitom am cnebebs 

erTi an ramdenime molekulisTvis azri ara aqvs. 

sxeulis simkvrive  _ ewodeba sxeulis  masis Sefardebas mis  

moculobasTan. 

 

 

xvedriTi wona  _ ewodeba sxeulis  wonis Sefardebas mis  mo-

culobasTan. 

 

  

avogadros ricxvi  warmoadgens nivTierebis erT molSi nawilake-

bis (molekulebis) raodenobas. 

 moli-1.  

molis masa _ molaruli masaa, xolo erTi molis moculobas mola-

ruli moculoba ewodeba. 

 

molekuluri fizikis meTodebi. 
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makrosistemebis Tvisebebis Seswavlis ori meTodi arsebobs: sta-

tistikuri da Termodinamikuri. 

mTeli sxeulis mdgomareobis damaxasiaTebeli sidideebi miiReba 

calkeuli molekulebis damaxasiaTebel sidideTa gasaSualoebiT. ma-

galiTad, sxeulis temperatura warmoadgens molekulebis saSualo ki-

netikuri energiis proporciul sidides; gazis wneva gaizomeba im saSu-

alo impulsiT, romelsac molekulebi gadascemen kedlis erTeul far-

Tobs drois erTeulSi; idealuri gazis Sinagani energia warmoadgens 

misi Semadgeneli molekulebis saSualo kinetikuri energiebis jams. 

sxeulis makroskopiuli Tvisebebis Sesaswavlad saWiroa molekuluri 

warmodgenebidan gamomdinare, gamoviyvanoT is zogadi kanonzomierebani, 

romlebic mTel sxeuls axasiaTebs. aseTi Seswavla xorcieldeba e.w. 

statistikuri meTodis saSualebiT. statistikuri meTodi emyareba alba-

Tobis Teorias. mas gamoyavs is zogadi kanonzomierebani, romlebsac 

emorCileba SemTxveviTi movlenaTa erToblioba. 

Termodinamikuri meTodi _ aqsiomaturi meTodia. aqsiomebad gamoi-

yenebian is fundamentaluri kanonebi, romelTa samarTlianoba emyareba 

eqsperimentebs. maT Termodinamikis principebi ewodebaT. am principebze 

dayrdnobiT, Termodinamika Seiswavlis energiis gardaqmnis movlenebs 

sistemebSi maTi molekuluri aRnagobis gaTvaliswinebis gareSe. 

Termometruli xelsawyoebis dasagraduireblad gamoiyeneba e.w. `re-

peruli wertilebi~ _ zogierTi nivTierebis dnobis da duRilis tem-

peraturebi, romlebic mudmivi moculobis pirobebSi ar icvlebian. 

 

1. idealuri airebis kinetikuri Teoria 

 

airebis kinetikuri Teoria _ Seiswavlis airebis aRnagobas, maT fi-

zikur Tvisebebs da efuZneba kvlevis statistikur meTods. 

 

1.1. idealuri airi. molekulur-kinetikuri Teoriis 

ZiriTadi gantoleba 

 

iseT airs, romlis molekulebs Soris ugulvebelyofilia ur-

TierTqmedebis energia da romelSiac molekulebis zoma SeiZleba ugu-
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lebelvyoT, idealuri airi ewodeba. es fizikuri modelia. urTierTqme-

deba idealuri airis molekulebs Soris warmoebs mxolod dajaxebisas. 

molekulebis uamravi dajaxebebis Sedegia airis warmoebuli  wneva 

WurWlis kedlebze, romelSic is moTavsebulia. 

airebis molekulur-kinetikuri Teoriis ZiriTadi gantolebaa: 

 

airis wneva tolia erTeul moculobaSi moTavsebuli molekulebis 

gadataniTi moZraobis kinetikuri energiis -is, 

sadac  _ airis molekulebis gadataniTi moZraobis saSualo 

kinetikuri energiaa,  _ siCqaris kvadratis saSualo mniSvnelobaa. 

 

 _ molekulebis saSualo kvadratuli siCqarea, 

kv   _ molekulebis koncentraciaa,  _ airis 

moculobaa,  _ molekulebis raodenoba mocemul moculobaSi. 

 

kavSiri temperaturasa da molekulebis 

saSualo kinetikur energias Soris 

siTburi movlenebi gvarwmunebs, rom molekulebis saSualo kineti-

kuri energia izrdeba temperaturis gazrdiT. rodesac gazs vaTbobT, mi-

si wneva izrdeba, rac aisaxeba imiT, rom gaTbobis dros izrdeba mole-

kulebis kinetikuri energia, amitom izrdeba dajaxebisas molekulebis 

mier kedlisadmi gadacemuli impulsi. uamravi dakvirvebidan gamomdinare, 

airis temperatura proporciulia molekulebis saSualo kinetikuri en-

ergiis (warmoadgens energiis zomas) . molekulis gadataniTi moZrao-

bis saSualo kinetikuri energia 

gad gad 

sadac  gadamyvani koeficientia energiis erTeulebidan tempera-

turis erTeulebSi.  _ bolcmanis universaluri mud-

mivaa,  absoluturi temperaturaa, is aiTvleba kelvinis skalaze, sadac 
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nulad aRebulia , romelsac absoluturi nuli ewodeba. es is 

temperaturaa, romelzec molekulaTa gadataniTi moZraoba wydeba. igi 

dakavSirebulia celsiusis skalaze aTvlil temperaturasTan  for-

muliT . 

Tu gaviTvaliswinebT wina formulebs, miviRebT, rom idealuri airis 

wneva dakavSirebulia temperaturasTan TanafardobiT, rac agreTve Ziri-

Tad gantolebas warmoadgens _ . 

Tu , wneva damokidebulia mxolod koncentraciaze da ar 

aris damokidebuli molekulis (atomis) gvarobaze. 

 

idealuri airis gantoleba. 

airebis kinetikuri Teoriis ZiriTadi gantolebidan vRebulobT: 

 

es gantoleba amyarebs kavSirs airis mdgomareobis  da  parame-

trebs Soris, amitom faqtiurad warmoadgens idealuri airis gantolebas. 

am gantolebiT sargebloba praqtikulad mouxerxebelia, radgan is Sei-

cavs molekulebis saerTo ricxvs airSi _ . 

aRvniSnoT airSi molebis raodenoba -iT, maSin , amitom 

, miviRebT  da , rac warmoadgens klapeiro-

nis gantolebas idealuri airisaTvis, sadac  airis masaa,  _ mola-

ruli masa, xolo  warmoadgens airis universalur mud-

mivas. 

 

idealuri airis kanonebi. 

idealuri airis gantolebidan SesaZlebelia miviRoT idealuri air-

ebis yvela kanoni. 

1.  izoTermuli procesi _ boil-mariotis kanoni: 

 izoTermis gantolebaa. 
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nax. 1 

 

nax. 1. naCvenebia -s damokidebulebis grafiki -ze. 

2. , izobaruli procesi _ gei-lusakis kanoni:  _ 

izobaris gantolebaa. 

-s damokidebuleba -ze mocemulia nax. 2. . 

3. , izoqoruli procesi _ Sarlis kanoni:  _ izo-

qoris gantolebaa.  

-s damokidebuleba -ze mocemulia nax. 3. . 

 

             

         nax. 2                     nax. 3. 

 

4. avogadros kanoni. erTnairi wnevisa da temperaturis pirobebSi ne-

bismieri airis tol moculobebSi molekulebis erTnairi ricxvi imyofe-

ba, radgan  
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maSin  

sadac  _ molekulebis raodenobaa airis nebismier tol 

moculobebSi. 

5. daltonis kanoni. airebis narevis wneva tolia narevSi Semavali 

airebis parcialuri wnevebis jamis: 

 

parcialuri wneva ewodeba narevis erT-erTi komponentis wnevas, Tu 

marto is Seavsebda narevis mTel moculobas. 

 

1.2. idealuri airis Sinagani energia 

 

Sinagani energia moicavs airis Semadgeneli nawilakebis Sinagani mo-

Zraobis da urTierTqmedebis energiis yvela saxeobas. mravalatomiani 

airis Sinagani energiis Semadgenlebia: 

1. molekulebis siTburi da brunviTi moZraobebis kinetikuri ener-

giebi. 

2. molekulebSi atomebis rxeviTi moZraobis kinetikuri da poten-

cialuri energiebi. 

3. molekulebSorisi urTierTqmedebis potencialuri energia. 

4. atomebis da ionebis garsebis energia. 

5. atomebis birTvebSi nuklonebis kinetikuri da urTierTqmedebis 

potencialuri energiebi. 

 

energiis Tanabari ganawilebis kanoni 

Tavisuflebis xarisxTa ricxvi ewodeba im damoukidebel koor-

dinatTa ricxvs, romlebic gansazRvraven sxeulis mdebareobas sivrceSi. 

magaliTisTvis, wrfeze moZrav materialur wertils gaaCnia  Tavisu-

flebis xarisxi, sibrtyeze  xolo sivrceSi  rac Seesabameba 

moZraobis ganmsazRvrel koordinatebs. 

energiis Tanabari ganawilebis kanoni Tavisuflebis xarisxebis mix-

edviT. nebismieri saxis moZraobisas erT Tavisuflebis xarisxs eTanadeba 
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 energiis raodenoba. Tu molekulas gaaCnia  Tavisuflebis xarisxTa 

raodenoba, maSin misi saSualo energia  

 masis airis Sinagani energia iqneba 

 

 

1.3. molekulaTa siCqareTa ganawilebis kanoni 

 

maqsvelis kanoni molekulebis siCqareebis ganawilebis mixedviT, 

gansazRvravs  molekulebis raodenobas saerTo  raodenobidan, ro-

melTa siCqareebi moTavsebulia  SualedSi mocemul tempera-

turaze 

 

sadac  _ molekulis siCqaris absoluturi mniSvne-

lobaa,  _ molekulis masaa. 

molekulebis ganawilebis funqcia , romlis maTematikuri ga-

mosaxuleba miiRo maqsvelma, Semdegia: 

 

ganawilebis funqcia eqvemdebareba normirebis pirobas 

 

integrireba warmoebs 0-dan -mde, radgan siCqareebi moTavsebulia am 

intervalSi. 

grafikulad maqsvelis ganawilebis kanoni gamosaxulia nax. 4.,  

siCqares, romelsac ganawilebis mrudis maqsimumi Seesabameba ( -s RerZze 

1), ualbaTesi siCqare ewodeba. ualbaTesi siCqaris maxlobeli siCqareebi 

gaaCnia molekulebis umetes nawils,  
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            nax. 4                   nax. 5 

 

grafikze daStrixuli farTi ricxobrivad tolia molekulebis im 

fardobiTi raodenobis, romelTa siCqareebi moTavsebulia  da  in-

tervals Soris. 

temperaturis gazrdiT mrudis maqsimumi inacvlebs didi siCqaree-

bisken, magram siCqareebis absoluturi mniSvneloba klebulobs (nax. 5). 

 

1.4. barometruli formula. bolcmanis ganawilebis kanoni 

 

dedamiwis mizidulobis velSi airis (haeris) molekulebi imyofebian 

ganuwyvetel siTbur-qaosur moZraobaSi da ganicdian simZimis Zalis mo-

qmedebas. mizidulobis da siTburi moZraobis moqmedeba iwvevs airis sta-

cionalur mdgomareobas, ris gamoc atmosferuli wneva da simkvrive 

mcirdeba dedamiwis zedapiridan manZilis gazrdiT. 

gantoleba, romelic gansazRvravs airis wnevis damokidebulebis ka-

nons simaRlesTan, aris barometruli formula da aqvs Semdegi saxe: 

 

sadac  _ airis wnevaa  simaRleze,  _ wnevaa  simaRleze,  _ 

molekulis masaa,M  _ molaruli masaa. 

wnevis damokidebuleba simaRlesTan mocemulia nax. 6-ze. 
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nax. 6 

 

radgan  koncentraciis ganawilebis kanoni simaRlis cvlile-

basTan, iqneba  

 

sadac  da  _ molekulaTa koncentraciaa im wertilebSi, ro-

melTa Soris simaRleTa sxvaoba -is tolia. 

 _ molekulis potencialuri energiaa  simaRleze.  

Tu , adgili aqvs koncentraciis gaTanabrebas airis da-

kavebul moculobaSi. 

Tu  dedamiwis atmosferos yvela molekula unda daeSvas 

dedamiwis zedapirze. 

bolcmanis ganawileba sruldeba nebismier Zalovan velSi 

 

sadac  molekulis potencialuri energiaa.  

 

1.5. molekulaTa dajaxebaTa ricxvis da saSualo 

Tavisufali gadarbenis gamoTvla 

 

martivi cdebi (brounis moZraoba, difuzia) aCveneben, rom molekulis 

moZraoba airis erTi nawilidan meoresken ar aris Tavisufali, igi ga-

nicdis mraval dajaxebas sxva molekulebTan. manZils _ , romelsac 

gaivlis molekula erTi dajaxebidan meoremde, Tavisufali ganarbeni 
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ewodeba. radgan molekulaTa dajaxeba (Sexla) SemTxveviTi xasiaTisaa, 

amitom gansazRvraven Tavisufali ganarbenis saSualo mniSvnelobas _  

 

sadac   dajaxebaTa raodenobaa, 

molekulis efeqturi diametri  _ minimaluri manZilia, romel-

zedac uaxlovdebian molekulebis centrebi Sexlisas. es xdeba maSin, 

roca maTi urTierTganzidvis potenciuri energia gadaaWarbebs maTi 

fardobiTi moZraobis kinetikur energias. 

gamoTvlebis Tanaxmad, drois erTeulSi TiToeuli molekula ga-

nicdis dajaxebaTa saSualo raodenobas, rac tolia  

 

sadac _  molekulis saSualo ariTmetikuli siCqarea,  _ koncen-

traciaa.  

mudmivi temperaturis pirobebSi airis koncentracia wnevis pir-

dapirproporciulia ( ) da molekulis saSualo Tavisufali ganar-

beni  tolia: 

 

formula aCvenebs, rom  izrdeba temperaturis gazrdiT da wnevis 

SemcirebiT:  da . 

 

2. Termodinamika 

2.1. Termodinamikuri sistema, damaxasiaTebeli parametrebi 

 

makroskopiuli sxeulebis Tvisebebis Seswavla SeiZleba ganxor-

cieldes maTi molekuluri aRnagobis gaTvaliswinebis gareSe. amisaTvis 

sakmarisia ganvixiloT energiis gardaqmnis movlenebi, romlebsac adgili 

aqvs fizikuri procesebis dros. 

fizikis im nawils, romelic Seiswavlis energiis gardaqmnis movle-

nebs, Termodinamika ewodeba. 
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Termodinamikuri sistema _ makroskopiuli obieqtebia (sxeulebi da 

velebi), romlebsac SeuZliaT energocvla, rogorc erTmaneTTan, aseve 

gareSe sxeulebTan. 

Termodinamikuri sistemebis mdgomareoba calsaxad ganisazRvreba sa-

mi parametriT: wneviT P, moculobiT V da Termodinamikuri (absoluturi) 

temperaturiT T. 

Termodinamikuri sistemis mdgomareobas, romlis drosac misi mdgo-

mareobis ganmsazRvreli parametrebi ucvlelia, ucvleli garemo pirobe-

bisas, wonasworuli mdgomareoba ewodeba. am mdgomareomaSi sistemis tem-

peratura mudmivia da warmoadgens molekulebis moZraobis intensivobis 

zomas. sistema arawonasaworul mdgomareobaSia, Tu mis Termodinamikur 

parametrebs sxvadasxva wertilebSi sxvadasxva mniSvnelobebi gaaCnia. 

relaqsacia iseTi procesia, rodesac sistema arawonasaworuli 

mdgomareobidan gadadis wonasworulSi. 

Termodinamikuri sistema stacionalur mdgomareobaSia, Tu misi 

mdgomareobis ganmsazRvreli parametrebi, droSi mudmivi rCebian sistemis 

nebismier wertilSi. 

process wonasworuli ewodeba, rodesac sistemis mdgomareobis 

cvlileba imdenad nela mimdinareobs, rom is uwyvetad gaivlis usasru-

lod maxlobel Termodinamikur wonasworul mdgomareobebs. procesebi, 

romlebic ar akmayofileben am moTxovnebs _ arawonasworulia. 

 

Termodinamikuri sistemis Sinagani energia 

sistemis Sinagani energia U damokidebulia mxolod mis Termodi-

namikur mdgomareobaze. is calsaxa funqciaa sistemis mdgomareobis: misi 

cvlileba dU-Ti sistemis gadasvlisas 1 mdgomareobidan 2-Si ar aris da-

mokidebuli procesis gvarobaze da tolia 

 

sadac  da  Sinagani energiis mniSvnelobebia 1 da 2 mdgo-

mareobebSi. Tu sistema asrulebs wriul process (cikls), anu ubrundeba 

Tavis sawyis mdgomareobas, maSin Sinagani energiis cvlileba iqneba 

nuli. 
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muSaoba da siTbo 

nebismieri Termodinamikuri sistemis mdgomareobis cvlilebas Tan 

axlavs muSaoba, romelsac is asrulebs _ an muSaoba, romelsac masze 

asruleben gare Zalebi. cxadia, muSaoba gamoisaxeba sistemis parametre-

biT da nebismieri maTi cvlileba dakavSirebulia Sesrulebul muSao-

basTan. 

Tu sistemis elementarul Sesrulebul muSaobas gare sxeulebze 

aRvniSnavT -Ti, maSin niutonis me-3 kanonis Tanaxmad 

 

sadac  gare sxeulebis Sesrulebuli muSaobaa sistemaze. sis-

temis mier Sesrulebuli muSaoba gare wnevis Zalis sawinaaRmdegod (ga-

farToebis muSaoba), gamoisaxeba formuliT 

 

sadac p _ gare wnevaa, dV _ moculobis cvlileba. 

sruli muSaoba gafarToebaze 

 

sistemis mdgomareobis cvlilebas procesi ewodeba. muSaoba da siT-

bo _ procesis funqciebia. amitom dA da dQ aRniSnaven muSaobis da siT-

bos mcire sidideebs, xolo dU warmoadgens srul diferencials. 

 

2.2. Termodinamikis pirveli kanoni 

 

Termodinamikuri sistemis Sinagani energiis Secvlis ori gza arse-

bobs: 

a) siTbos miReba an gacema, 

b) muSaobis Sesruleba. 

Termodinamikis I kanoni (principi), warmoadgens energiis Senaxvis ka-

nons siTburi procesebisaTvis: sistemis mier miRebuli siTbos raodenoba 
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(dQ) ixarjeba am sistemis Sinagani energiis gazrdaze da mis mier Ses-

rulebul muSaobaze gare Zalebis sawinaaRmdegod: . Tu Sinagani 

energiis cvlileba usasrulod mcirea, maSin formula aseT saxes mii-

Rebs 

 

Tu sistema periodulad ubrundeba sawyiss mdgomareobas, misi Sina-

gani energiis cvlileba  da Termodinamikis I kanonis Tanaxmad 

 

e.i. ar SeiZleba avagoT periodulad momqmedi siTburi manqana, ro-

melic met muSaobas Seasrulebda, vidre Sesabamisi miwodebuli energiaa. 

sxva sityvebiT, pirveli gvaris mudmivi Zravi (perpetuum mobile) SeuZle-

belia. 

 

 

 

2.3. airebis siTbotevadoba. maieris gantoleba 

 

sistemis (sxeulis) siTbotevadoba  fizikuri sididea da tolia 

sistemisTvis gadacemuli  siTbos raodenobis Sefardebis mis tempera-

turis  cvlilebasTan: 

 

 

kuTri siTbotevadoba ( ). nivTierebis kuTri siTbotevadoba  

ewodeba skalarul fizikur sidides, romelic tolia sxeulis  siTbo-

tevadobis Sefardebis amave sxeulis masasTan: 

 

e.i. kuTri siTbotevadoba siTbos is raodenobaa, romelic saWiroa 

sxeulis erTi kilogramis gasaTbobad erTi kelvinis gradusiT. 

sxeulis gasaTbobad  kelviniT, saWiro siTbos raodenoba , iq-

neba 
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 da kuTri siTbotevadobebia Sesabamisad mudmivi wnevis da mud-

mivi moculobis pirobebSi. 

molaruli siTbotevadoba ( ). nivTierebis molaruli siTbo-

tevadoba ewodeba fizikur sidides, romelic tolia sistemis  siTbote-

vadobis fardobis masSi Semaval nivTierebis  raodenobasTan. 

 

 

ansxvaveben siTbotevadobebs mudmivi moculobis da wnevis pirobebSi. 

 

 

sadac  molaruli siTbotevadobaa mudmivi moculobis pirobebSi,  

 _Sinagani energiis cvlilebaa temperaturis  cvlilebisas, 

 _ molekuluri masaa,  _ nivTierebis masa. 

2.  

 

sadac  _ molaruli siTbotevadobaa mudmivi wnevis pirobebSi, 

 _ sxeulisadmi gadacemuli siTbos raodenobaa temperaturis  

cvlilebisas. maieris gantoleba akavSirebs molarul siTbotevadobebs 

 da  erTmaneTTan: 

 

kuTri siTbotevadobebisTvis maieris gantolebaa: 

 

sadac  _ airebis universaluri mudmivaa. 

airebis unioversaluri mudmiva  ricxobrivad tolia im muSaobis, 

romelic sruldeba airis nivTierebis erTi molis gasaTbobad erTi kel-

viniT mudmivi wnevis pirobebSi. 
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gazebis siTbotevadoba da Tavisuflebis xarisxi 

 Taviseflebis xarisxTa mixedviT, Sinagani energiis ganawilebis ka-

nonis da maieris gantolebis gaTvaliswinebiT, vRebulobT: 

 

sadac  da  molaruli siTbotevadobebia mudmivi moculobis da 

wnevis pirobebSi. Termodinamikuri procesebis ganxilvisas, sargebloben 

gamosaxulebiT 

 

erTatomiani molekulisTvis Tavisuflebis xarisxi  = 3, oratomian-

isTvis  = 5, xolo sam da mravalatomiani airebisTvis  = 6. 

 

2.4. adiabaturi procesi 

 

process, romelic mimdinareobs garemosTan siTbocvlis gareSe, adi-

baturi procesi ewodeba _  = 0. 

imisaTvis, rom airi adiabaturad gafarTovdes, is unda movaTavsoT 

siTbos aragamtar WurWelSi. gafarToebisas airi siTbos ar miiRebs, e.i. 

muSaobas asrulebs Sinagani energiis xarjze da civdeba. adiabaturi 

kumSvisas muSaobas gareSe Zala asrulebs da, radgan airi siTbos ar 

gascems, misi Sinagani energia izrdeba, e.i. airi gaTbeba. 

maSasadame, adiabaturi gafarToebis dros airi civdeba, xolo adia-

baturi kumSvis dros _ Tbeba. 

adiabaturi procesis gamomsaxvel gantolebas puasonis gantoleba 

ewodeba: 

 

adiabaturi gafarToebis muSaoba 
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sadac  _ adiabaturi gafarToebis muSaobaa,  da  procesis sa-

wyisi da saboloo temperaturebia. 

 

2.5. wriuli procesi. Seqcevadi da Seuqcevadi procesebi 

 

wriuli procesi anu cikli _ Termodinamikuri procesebis erTo-

bliobaa, romlis Sesrulebis Semdeg sxeuli ubrundeba sawyis mdgo-

mareobas (nax. 7) 

 

nax. 7. 

gamovTvaloT ciklis dros Sesrulebuli muSaoba. aRvniSnoT ACB 

procesis dros Sesrulebuli muSaoba -iT. is dadebiTia da ACB  

farTobiT gamoisaxeba.  kumSvis procesis dros Sesrulebuli muSaoba 

uaryofiTia da ADB  farTobiT gamoisaxeba. amitom, ciklis dros Ses-

rulebuli sruli muSaoba  toli iqneba 

 ACB ADB ACB  

e.i. ciklis dros Sesrulebuli muSaoba cikliT SemosazRvruli 

farTobiT gamoisaxeba. ciklis dros Sinagani energiis cvlileba nulis 

tolia: 

 

cikls pirdapiri ewodeba, Tu sistema asrulebs dadebiT muSaobas 

 

da Seqceulia (ukucikli), Tu sistemis Sesrulebuli muSaoba uary-

ofiTia 
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Seqcevadi ewodeba iseT Termodinamikur process, romelic SeiZleba 

warmoebdes rogorc pirdapiri, ise Sebrunebuli mimarTulebiT; Se-

brunebuli procesis dros sistema TanmimdevrobiT gaivlis yvela im 

saSualedo mdgomareobas, romlebic man gaiara pirdapiri procesis dros 

da ise dabrunda sawyis mdgomareobaSi,rom gareSe sxeulebSi araviTari 

cvlileba ar moxda. winaaRmdeg SemTxvevaSi cikli Seuqcevadia. 

saerTod, nebismieri wminda meqanikuri procesi (xaxunis gareSe mim-

dinare), Seqcevadia. praqtikulad Seqcevadi procesebi ar xorcieldeba. 

 

2.6. siTburi manqana. margi qmedebis koeficienti 

 

nebismieri siTburi manqanis Semadgeneli sami nawilia gamaxurebeli, 

macivari da muSa sxeuli. 

muSa sxeuli _ Termodinamikuri sistemaa, romelic asrulebs wriul 

process da siTbocvlaSia sxva sxeulebTan. Cveulebriv is airia. 

gamaxurebeli (siTbogadamcemi) _ sxeulia, romelic Termodinamikur 

sistemas gadascems energias siTbos saxiT. 

macivari (siTbos mimRebi) _ sxeulia, romelic Termodinamikuri sis-

temidan Rebulobs energias siTbos saxiT. 

siTburi manqanis Termodinamikuri margi qmedebis koeficienti ewo-

deba sasargeblo muSaobaze daxarjul siTbos raodenobis Sefardebas 

gamxureblidan miRebul siTbos raodenobasTan 

 

sadac  _ muSa sxeulis mier gamaxureblidan miRebuli siTbos 

raodenobaa  temperaturisas, 

 _ macivris mier muSa sxeulisgan miRebuli siTbos raodenobaa  

temperaturisas, 

 _ siTburi manqanis mier Sesrulebuli sasargeblo muSaobaa erTi 

ciklis dros. 

 _ margi qmedebis Termodinamikuri (mqk) koeficientia. 
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2.7. karnos cikli. karnos ciklis mqk 

 

karnos cikli pirdapiri wriuli procesia, romlis drosac sistemis 

Sesrulebuli muSaoba maqsimaluria. vTqvaT  cilindrSi dguSis qveS 

moTavsebulia idealuri airis erTi moli (nax. 8). cilindris kedlebi da 

dguSi siTbos aragamtarebia, xolo fskeri atarebs siTbos. mivadgaT ci-

lindris fskers gamaxurebeli , maSin airi miiRebs gamaxureblis  tem-

peraturas, rac iqneba airis sawyisi temperatura. aRvniSnoT sawyisi mo-

culoba , sawyisi wneva _ . airis sawyisi mdgomareoba  diagramaze 

gamoisaxeba 1 wertiliT (nax. 9).  

       

         nax. 8               nax. 9 

Tu airis sawyisi wneva  metia gareSe wnevaze, maSin is gafar-

Tovdeba da Seasrulebs muSaobas, masTan, airis temperatura ar Seicv-

leba, radganac is iRebs siTbos gamaxureblisgan. Tu gafarToeba sakmaod 

nela iwarmoebs, procesi izoTermuli iqneba da 2 mdgomareobaSi airis 

parametrebi iqneba  da . 1-2 izoTermuli gafarToebis dros muSa 

sxeulis miRebuli siTbos raodenoba aRvniSnoT -iT. 2 mdgomareobaSi 

movaciloT cilindrs  gamaxurebeli da mivadgaT siTbos aragamtari  

firfita, maSin airi gafarTovdeba da is siTbos arc miiRebs da arc 

gascems e.i. procesi adiabatauri iqneba. airi Seasrulebs muSaobas Sina-

gani energiis xarjze, misi temperatura Semcirdeba da gafarToebas 

SevwyvetT, rodesac airis temperatura  macivris temperaturas 

gautoldeba. adiabaturi procesi 2-3 mrudiT gamoisaxeba da 3 mdgomareo-

baSi airis parametrebi iqnebian  da . am mdgomareobaSi  firfitis 
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nacvlad cilindrs mivadgaT  macivari da daviwyoT airis kumSva. am 

dros muSaobas gareSe Zala asrulebs, airi ar Tbeba, radgan gamoyofili 

siTbo macivars gadaecema e.i. kumSva izoTermulad iwarmoebs, procesi 

gamoisaxeba 3-4 izoTermiT. aRvniSnoT am procesis dros macivrisadmi 

gadacemuli siTbos raodenoba -iT. me-4 mdgomareobaSi airis parametre-

bia  da . me-4 mdgomareobaSi movaciloT cilindrs  macivari da 

mivadgaT siTbogaumtari  firfita. radganac, exla gazi izolirebulia 

siTbos mxriv, kumSva adiabaturad iwarmoebs da, Tu meoTxe mdgomareoba 

saTanadod aris SerCeuli, airi daubrundeba sawyis 1 mdgomareobas. Ses-

ruldeba erTi cikli, romelic Sedgeba ori izoTermuli da ori adiaba-

turi procesisgan. 

mTeli ciklis dros muSa sxeulis mier miRebuli siTbos raodenoba 

iqneba . radgan airi asrulebs wriul process _ cikls, ener-

giis cvlileba  da Termodinamikis I kanonis Tanaxmad 

 A . 

karnos Teorema. gamxureblis da macivris erTi da igive tempera-

turebisas, verc erTi siTburi manqanis mqk ver gadaaWarbebs karnos 

Seqcevadi ciklis mqk-s. 

karnos ciklis mqk ar aris damokidebuli muSa sxeulis gvarobaze 

da warmoadgens mxolod gamaxureblis  da macivris  temperaturebis 

funqcias 

 

es formula gviCvenebs agreTve mqk gazrdis gzas. karnos Seqcevadi 

ciklisaTvis sruldeba Sefardeba 

 

nebismieri ciklisaTvis Termodinamikuri mqk 

 

sadac tolobis niSani Seqcevad cikls Seesabameba, utolobis ki _ 

Seuqcevads. 
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2.8. Termodinamikis meore kanoni 

 

Termodinamikis I kanoni faqtiurad energiis mudmivobis kanonia siT-

buri procesebisaTvis da amitom yvela procesSi sruldeba, magram is ar 

aCvenebs procesis mimarTulebas. magaliTad, siTbo TavisTavad arasodes 

ar gadadis civi sxeulidan cxelze, Tumca am process Termodinamikis I 

kanoni ar ewinaaRmdegeba. 

Termodinamikis II kanoni (principi) gansazRvravs Termodinamikuri 

procesis mimarTulebas da amiT pasuxs cems kiTxvas, Tu romeli proce-

sebi SeiZleba ganxorcieldes bunebaSi. 

ganvixiloT meore kanonis ramdenime formulireba: 

a) SeuZlebelia procesi, romlis erTaderTi Sedegi iqneba siTbos 

gadacema civi sxeulidan cxelze. 

b) SeuZlebelia iseTi perioduli procesi, romlis erTaderTi Sede-

gi iqneboda siTburi energiis gardaqmna mis eqvivalentur muSaobad. 

g) SeuZlebelia avagoT iseTi periodulad momqmedi manqana, romlis 

moqmedebis erTaderTi Sedegia muSaobis Sesruleba siTbos erTi wyaros 

gacivebis xarjze. 

davuSvaT, rom sxeuli vardeba dedamiwaze. vardnis procesSi meqani-

kuri potenciuri energia siTbod gardaiqmneba _ Tbeba sxeulic da miwac. 

Sebrunebuli procesi _ siTburi energiis xarjze (miwis gacivebis), 

sxeulis asvla imave simaRleze arasodes ganxorcieldeba. Termodi-

namikis I kanonis TvalsazrisiT es procesi ar aris SeuZlebeli, magram 

igi ewinaaRmdegeba Termodinamikis meore kanons, radgan Sesruldeba 

muSaoba mxolod erTi wyaros _ dedamiwis gacivebis xarjze. 

 

2.9. entropia. Termodinamikis gaerTianebuli kanoni 

 

siTburi procesebis Seswavlidan gamomdinareobs, rom unda arsebob-

des iseTi funqcia , romlis cvlileba 1-dan 2 mdgomareobaSi raime 

Seqcevadi procesis gadasvlisas, toli iqneba 
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 funqcias entropia ewodeba.  da  entropiis mniSvnelobebia 1 da 

2 mdgomareobebi. -s dayvanili siTbo ewodeba. 

amgvarad, entropia warmoadgens mdgomareobis funqcias, romlis 

cvlileba Seqcevadi procesis dros, gvaZlevs dayvanil siTbos raodeno-

baTa jams. 

Tu sistema izolirebulia, maSin , Seqcevadi procesisTvis 

gveqneba , xolo nebismierisTvis  e.i. izolirebul 

sistemaSi procesebi ise warmoebs, rom sistemis entropia mudmivi rCeba, 

an izrdeba. es debuleba warmoadgens Termodinamikis meore kanonis uzo-

gades formulirebas. 

Tu 1 da 2 wertilebi usasrulod axlosaa erTmaneTTan e.i. sistemis 

mdgomareoba usasrulod mcired icvleba, maSin entropiis sasrulo 

cvlilebis magivrad gveqneba usasrulod mcire nazrdi da Termodi-

namikis meore kanoni Semdeg saxes miiRebs (entropiis zrdis kanoni): 

 

xolo, Tu sistema araizolirebulia, maSin  

kavSiri entropiasa da informacias Soris mogvca bolcmanma 

 

sadac _ bolcmanis mudmivaa,  _ Termodinamikuri albaToba. am 

formulidan gamomdinareobs entropiis fizikuri arsi kinetikuri Te-

oriiT _ entropia warmoadgens fizikuri sistemis mouwesrigeblobis zo-

mas. 

entropiis warmodgena, rogorc damoukidebeli parametris ucnauri 

Canda, radgan ar arsebobda misi gazomvis pirdapiri meTodi. es problema 

moxsna nerstis siTburma Teoriam, romlis Tanaxmadac Tu , maSin 

, e.i. absolutur nulze entropiac nuls utoldeba. amgvarad, ner-

stis TeoremiT moxda entropiis kalibreba.  
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cnobilia, rom nebismier energetikul kontaqts Seesabameba parame-

trebis wyvili. Termodinamikis meore kanonidan , e.i. temperatura 

da entropia parametrTa wyvilia. radgan siTbocvla proporciulia en-

tropiis zrdis, is miCneulia eqstenciur parametrad, xolo temperatura 

intensiurad. 

Termodinamikis I da II kanonebis ( ) SerwymiT miviRebT Ter-

modinamikis gaerTianebul kanons: 

 

es formula saSualebas gvaZlevs srulad miviRoT Termodinamikuri 

Tanafardobebi nebismieri konkretuli fizikuri sistemisaTvis. 

 

7. realuri airebi 

7.1. realuri airebi. molekuluri Zalebi 

 

realuri airebis Tvisebebis gansxvaveba idealurebTan gansakuTrebiT 

SesamCnevia didi wnevebisa da dabali temperaturebis dros. didi wnevebis 

dros airis molekulebs Soris manZili imdenac mcirdeba, rom aRar 

SeiZleba molekulebis sakuTari moculobisa da maTi urTierTqmedebis 

ugulvebelyofa, xolo temperaturis Semcirebis dros, molekulebis sa-

Sualo kinetikuri energia mcirdeba, amitom dabal temperaturaze mole-

kulebis urTierTqmedebis energiebs veRar ugulvebelvyofT maT kineti-

kur energiebTan SedarebiT. 

realuri iseT airebs ewodebaT, romlis molekulebs Soris mo-

qmedebs mizidva-ganzidvis Zalebi. es Zalebi sxvadasxvanairad arian da-

mokidebulni molekulebs Soris manZilebze. atomis zomis tol man-

Zilebze (10-10m) Warbobs ganzidvis  Zalebi, xolo 10-9m manZilebze _ ki 

urTierTmizidvis  Zalebi (nax. 10). tolqmedi Zala 

 

Tu  

Tu  xolo Tu  
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 _ aRniSnulia molekulebSorisi moqmedebis radiusi _ es aris man-

Zili molekulebs Soris wonasworuli mdgomareobisas, rodesac siTburi 

moZraoba ar warmoebs. 

 eTanadeba molekulebis wonasworul mdgomareobas, rasac ewi-

naaRmdegeba molekulebis siTburi moZraoba. 

 

 

nax. 10 

 

nivTierebebis sxvadasxva agregatuli mdgomareobis kriteriums war-

moadgens Tanafardoba molekulebis urTierTqmedebis minimalur poten-

cialur  da  sidides Soris.  gansazRvravs mizidvis Zalebis 

sawinaaRmdego muSaobas, raTa daaSoron molekulebi wonasworul mdgo-

mareobas ( ), xolo  sidide gansazRvravs molekulebis siTburi 

moZraobis intensivobis xarisxs. 

Tu , nivTiereba imyofeba airovan mdgomareobaSi, radgan 

molekulebis intensiuri siTburi moZraoba ewinaaRmdegeba maT SeerTebas. 

Tu , nivTiereba imyofeba myar mdgomareobaSi. am dros moleku-

lebs Soris mizidvis Zalebs gaaCniaT didi mniSvnelobebi da isini as-

ruleben mxolod rxeviT moZraobas wonasworuli mdgomareobis maxlob-

lobaSi. Tu  nivTiereba imyofeba Txevad mdgomareobaSi. siT-

buri moZraobis Sedegad molekulebi gadaadgildebian siTxis mTel 

moculobaSi, magram ar scildebian erTmaneTs -ze met manZilze. 
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amgvarad, nebismieri nivTierebis agregatuli mniSvneloba ganisaz-

Rvreba -sididiT. magaliTad, inertuli airebis  mcire sididee-

bia, xolo liTonebis didi, amitomac Cveulebriv (oTaxis) temperaturaze 

isini Sesabamisad imyofebian airovan da myar mdgomareobebSi. 

 

van der vaalsis gantoleba 

realuri airis gantolebis misaRebad holandielma mecnierma 

idealuri airis gantolebaSi ori Sesworeba Seitana: 1. Sesworeba 

molekulebis sakuTar moculobaze, 2. Sesworeba molekulebis urTierT-

mizidvaze. 

1. imis gamo, rom realuri airis molekulebs sakuTari moculoba 

gaaCniaT, maT SeuZliaT moZraoba ara mTel moculobaSi, aramed 

moculobis im nawilebSi, romelic Tavisufalia. Tu -Ti aRvniSnavT 

moculobis im nawils, romelic molekulebisTvis SeuRwevadia, maSin 

molekulebis moZraobis Tavisufali moculoba iqneba ara , aramed 

.  warmoadgens Sesworebas molekulebis sakuTari moculobis 

gaTvaliswinebiT, da is tolia erT mol gazSi arsebuli molekulebis 

gaoTxkecebuli moculobis: 

 

sadac  _ avogadros ricxvia,  _ molekulis diametri. 

2. airSi molekulebis urTierTmizidvis gaTvaliswineba iwvevs dama-

tebiTi wnevis warmoqmnas, romelsac Sinagani wneva ewodeba. van der 

vaalsis gamoTvlebiT Sinagani wneva  tolia 

 

sadac  _ mudmivaa, damokidebulia airis gvarobaze,  _ molaruli 

moculobaa.    

Sesworebebis gaTvaliswinebiT realuri airis mdgomareobis gan-

toleba _ van der vaalsis gantoleba _ erTi moli airisTvis, iqneba  

 

nebismieri masisaTvis realuri airis mdgomareobis gatoleba Semdegi 

saxisaa 
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sadac  airis moculobaa. 

Tu  da , van der vaalsis gantoleba gadadis klapeiro-

nis gantolebaSi. 

 

realuri airis izoTermebi 

realuri airis izoTerma warmoadgens airis molaruli moculobis 

damokidebulebas wnevaze mudmivi temperaturis pirobebSi. kritikul 

mdgomareobamde ( -mde), mrudebi warmoadgenen nivTierebis uwyvet gadas-

vlas airovani mdgomareobidan siTxeSi (nax. 11). 

monakveTi  Seesabameba nivTierebis airovan mdgomareobas,  _ ai-

rovani mdgomareobis gadasvlas siTxur mdgomareobaSi,  _ siTxes. 

wertili  Seesabameba mduRare siTxes,  _ mSral najer orTqls (nax. 

11). 

 

nax. 11 

temperaturis gadidebiT grafiki iwevs zeviT da orTqlis konden-

saciis dasawyisis  da damTavrebis  wertilebi erTmaneTs uaxlovdeba. 

rac metia temperatura, miT naklebi moculobis dros iwyeba da miT meti 

moculobis dros mTavrdeba orTqlis siTxed qceva. Tu avagebT izoTer-

mebs TandaTan ufro maRal temperaturaze, miviRebT, rom erT garkveul 

 temperaturaze, romelsac kritikuli ewodeba, grafikis  nawili 

moispoba da am ubnis nacvlad miviRebT gadaRunvis  wertils. -s Sesa-
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bamiss mdgomareobas kritikuli ewodeba, xolo mis Sesabamis parametrebs 

_ kritikuli wneva , kritikuli moculoba  da kritikuli tempera-

tura . 

kritikul temperaturaze ispoba gansxvaveba airsa da siTxes Soris. 

Tu izoTermas avagebT  temperaturaze, vnaxavT, rom realuri airis 

izoTerma emTxveva idealuri airis izoTermas, e.i. aq nivTiereba SeiZleba 

imyofebodes mxolod airis mdgomareobaSi, anu -s zeviT SeuZlebelia 

airis (orTqlis) gaTxevadeba. 

van der vaalsis gantolebidan kritikuli mdgomareobisaTvis, Se-

saZlebelia kritikuli parametrebis gamoTvla. 



 

 

 

 

 

 

ibeWdeba avtoris mier warmodgenili saxiT 

 

 

 

 

 

gadaeca warmoebas 28.05.2009. xelmowerilia dasabeWdad 

08.06.2009. qaRaldis zoma 60X84 1/16. pirobiTi nabeWdi Tabaxi 2. 

tiraJi 100 egz.  
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