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Sesavali 

mcenareTa cxovelqmedebis procesebi, iseve rogorc zogadad 
cocxali organizmebisa, mimdinareobs wylis garemoSi da 
mniSvnelovanwilad ganisazRvreba wylisa da sxvadasxva nivTierebaTa 
wyalxsnarebis unikaluri fizikuri da qimiuri TvisebebiT. wyali axdens 
biologiurad aqtiuri makromolekulebis struqturisa da gamomdinare 
aqedan ujredis, qsovilisa da mTlianad organizmis stabilizacias. 
wyali aris gamxsneli rogorc mineraluri nivTierebebisa, romlebic 
wyalTan erTad miewodeba mcenareul organizms fesvis saSualebiT, 
agreTve fotosinTezis produqtebisa, romlebic agreTve wylis 
TanxlebiT transportirdeba mcenareuli organizmis sxvadasxva 
qsovilebSi. 

 wylis mniSvnelovani gadaciebis unars mivyavarT saintereso 

Sedegebamde: organizmis gaciebisas 00C-ze dabal temperaturebze 
pirvelad kristalizacias ganicdis ujredgare wyali. xolo Semdeg, 
gansazRvruli reJimiT gaciebisas daimzireba wylis gamosvla 

ujredebidan da kristalizacia ujredSorisSi.  00C-ze dabal 
temperaturebze mimdinare procesebis Sesaswavlad Catarebulia da kvlav 
tardeba mravali kvleva, rogorc eqsperimentaluri aseve Teoriuli. 
aRniSnuli kvlevebi metwilad eZRvneba cxovelur ujredebsa da 
qsovilebs, ZiriTadad konservaciis problemebs. 

 Catarebulia agreTve kvlevebi, ZiriTadad eqsperimentaluri, 
romlebic eZRvneba mcenareuli organizmebis medegobas dabali 
temperaturebis mimarT.  

 biologiur sistemebSi wylis mdgomareobisa da kristalizaciis 
procesis eqsperimentaluri kvlevisas sakmaod informaciulia 
kalorimetriuli meTodi. qsovilSi wylis nakadebTan dakavsirebuli 
procesebis Teoriuli aRwerisaTvis gamoiyeneba arawonasworuli 
Termodinamikis meTodebi.  

 winamdebare SromaSi aris mcdeloba aRiweros mcenareul 

qsovilebSi mimdinare procesebi da maTi Taviseburebebi 00C-e dabal 
temperaturebze. am mizniT Seqmnilia dabaltemperaturuli, axali tipis 
diferencialuri reversiuli skanirebadi mikrokalorimetri, romlis 
konstruirebisas gaTvaliswinebuli iyo am konkretuli amocanis 
moTxovnebi. Tumca aRniSnuli modelis kalorimetris gamoyeneba 
SesaZlebelia sxva amocanebisTvisac.                           
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I Tavi. literaturuli mimoxilva 

§1.1. fesvis struqtura [1] 

fesvis sistemas aqvs sami ZiriTadi funqcia: 1 mcenaris fiqsacia 
niadagze; 2 wylisa da mineralebis adsorbcia niadagidan; 3 foTlebSi 
mimdinare fotosinTezis Sedegad miRebuli produqtis Senaxva. fesvis 
struqtura aris sakmaod rTuli, igi SeiZleba Sesdgebodes milionobiT 
ganStoebebisagan, romelTa jamuri sigrZe aRwevs 600 kilometrs, 
SeiZleba hqondes ramdenime miliardi fesvuri Tma da jamuri zedapiris 
farTobi fesvebisa da Tmebisa SeiZleba iyos 1000 m2. 

fesvis ganviTareba 

sur. 1-ze naCvenebia fesvis sami gansxvavebuli ubani, romlebSic 
ujredebi imyofebian diferenciaciis sxvadasxva etapze. dasawyisSi aris 
ujredebis dayofis zona (epikaluri meristema), ujredebi ganuwyvetliv 
emateba fesvis “quds” (fesvis uSualod bolo nawili), romelic aris 
fesvis wveros damcavi safari. fesvis qudis ujredebi mudmivad icvleba, 
radgan isini iqercleba niadagSi uxeS sxeulebTan urTierTqmedebis 
Sedegad. dayofis zonis zemod, ujredebi arian specializaciis stadiaSi 
_ dayovnebis zona. da bolos aris fesvis ubani, romelSic ujredebi ukve 
specializebuli da saboloo saxiT Camoyalibebulia _ simwifis zona. 
simwifis zonis identificireba SesaZlebelia fesvuri TmebiT, romelsac 
warmoSobs aRniSnuli zonis epidermuli ujredebi. fesvuri Tmebi Zalian 
mniSvnelovnad zrdian fesvis adsorbciuli unaris mqone zedapiris 
farTobs. 

fesvis simwifis zonaSi arsebuli ZiriTadi qsovilebi 

epidermisi. epidermisi fesvis gare Srea, romelic Seicavs 
ujredebis monofenas. epidermuli qsovilebis ujredebs ZiriTadad aqvT 
Txeli ujredis garsi da aqvT marTkuTxa paralelepipedis forma. 
simwifis zonaSi maT umetesobas aqvT fesvuri Tma, romelic sigrZeSi 
SeiZleba aRwevdes 8 mm-s. 

korteqsi. epidermisis Semdeg ganlagebulia didi zomis 
Txelkedliani ujreduli garsis mqone farenhemuli ujredebi, romlebic 
qmnian fesvis korteqss. es uwesrigi formis ujredebi meCxradaa 
ganlagebuli da wyalsa da mineralebs SeuZliaT gaiaron korteqsi 
ujredebis ganWolvis gareSe. korteqsi asrulebs sakvebis Semnaxvelis 
funqcias, misi ujredebi Seicaven saxameblis granulebs. 

endoderma. endodermuli qsovili epidermisis msgavsad Seicavs 
ujredebis monofenas, romelTac aqvT agreTve marTkuTxa 
paralelepipedis forma. endoTerma warmoadgens sazRvars korteqssa da  
vaskularul cilindrs Soris. ujredebi kompaqturadaa ganlagebuli ise, 
rom TiToeuli ujredi dakavSirebulia oTx mezobel ujredTan 
cilovani zonariT _ kasparis zonariT. aRniSnuli zonari saSualebas ar 
aZlevs wyalsa da mineralur ionebs gaiaron ujredebs Soris. amgvarad 
maT uxdebaT ganWolon uSualod endodermuli ujredebi. savaraudod 
endoTerma aregulirebs molekulebis SeRwevadobas vaskularul 
cilindrSi.  
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suraTi 1. fesvis struqtura. [1] 
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vaskularuli cilindri.  vaskularuli cilindris pirveli gare 
fena aris pericikli. pericikli Sedgeba ujredebis erTi an ori 
(iSviaTad ramodenime) Srisagan da ganlagebulia mTliani rgolis saxiT 
endodermis qveS. periciklis ujredebs aqvT unari uzrunvelyos 
gverdiTi da damatebiTi fesvebis da agreTve sxva struqturebis Casdaxva. 
vaskularuli cilindri Seicavs agreTve varskvlavis formis qsilemas da 
floemas, romelic ganlagebulia qsilemis qimebs Soris. qsilemis 
saSualebiT xdeba wylisa da araorganuli sakvebi nivTierebebis 
moZraoba qvevidan zeviT.  xolo floemis  saSualebiT  xdeba   wyalSi   
gaxsnili organuli nivTierebebis gadaadgileba foTlebidan Rerosa da 
Semdeg fesvebSi (daRmavali nakadi). 

 

§1.2. mcenareuli ujredi 

      mcenareul ujreds, iseve rogorc cxovelurs, gaaCnia sakmaod 
rTuli struqtura. Tumca imis gamo, rom naSromSi dasmuli amocana ar 
moiTxovs ujredis yvela Semadgeneli komponentebis struqturisa da 
funqciis ganxilvas, Cven SemovifarglebiT SedarebiT  gamartivebuli 
modelis ganxilviT. mcenareuli ujredis aRwerisas gamoyenebuli iqna 
kargad cnobili literaturuli monacemebi [2]. 

zrdasruli mcenareuli ujredi SeiZleba ganvixiloT rogorc sami 
ZiriTadi komponentis erToblioba: 1. metnaklrbad xisti celulozis 
garsi; 2. ujredis centralur nawilSi ganTavsebuli vakuoli, romelic 
Seicavs ujredis wvens; 3. protoplasti, romelic moTavsebulia vakuolsa 
da celulozur gars Soris da mas orive mxridan gars ertymis 
naxevradganWoladi cilovan-lipiduri membranebi _ tonoplasti da 
plazmolema (sur.2). 

protoplasti warmoadgens rTul sistemas, romelic Seicavs mraval 
komponents – organelebs. protoplastis TiToeul komponents gaaCnia 
specifiuri maxasiaTebeli struqtura da funqcia ujredSi. 

mcenareuli da cxoveluri ujredebis organelebs gaaCniaT msgavsi 
qimiuri Semadgenloba da molekuluri struqturuli organizacia, rac 
ganpirobebulia maTi funqciebis msgavsebiT. amaSi gamoixateba 
mcenareuli da cxoveluri ujredebis cxovelqmedebis procesebis msgavsi 
buneba. magram maT Soris mniSvnelovani gansxvavebebic arsebobs. 
mcenareuli ujredebis Tavisebureba mdgomareobs imaSi, rom mas myari 
garsi da centraluri vakuoli gaaCnia. 

vakuoli gvxvdeba TiTqmis yvela mcenareul ujredSi. isini 
warmoadgenen Rruebs ujredebSi, romlebic gavsebulia ujreduli wveniT. 
protoplastisagan ujreduli wveni izolirebulia SerCeviTad gamtari 
vakuoluri membraniT – tonoplastiT. umaRlesi mcenareebis 
ujredebisaTvis damaxasiaTebelia centraluri vakuoli, romelic, 
rogorc wesi imdenad didia (ujredis moculobis 70-90%), rom 
citoplazma Tavisi organelebiT ganlagebulia viwro Sris saxiT 
plazmolemasa da tonoplasts Soris. 
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suraTi 2. mcenareuli ujredis sqematuri gamosaxuleba.              

Цв_centraluri vakuoli, Пл_plazmolema, Т_tonoplasti,  

Я_birTvi, Ко_ujredis garsi, Пд _plazmodesma, Сп_Sualeduri 

disko,  Ц_citoplazma. [107] 
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vakuolis SigTavsi – ujreduli wveni – warmoadgens sxvadasxva 
nivTierebebis wyalxsnars. amgvarad, wyali ujreduli wvenis ZiriTadi 
komponentia. qimiuri SemadgenlobiT vakuolis SigTavsi mniSvnelovnad 
gansxvavdeba protoplastisagan. 

mcenareul ujredSi vakuoli mniSvnelovan funqciebs asrulebs, maT 
Sorisaa turgoris SenarCuneba. vinaidan ionebisa da Saqrebis 
koncentracia centraluri vakuolis ujredul wvenSi metia, vidre 
ujredis gare areSi da vakuoli Semofarglulia tonoplastiT, romelic 
mniSvnelovnad amcirebs misgan am nivTierebis difuzias, sakmarisi 
wyalmomaragebis SemTxvevaSi vakuolSi Sedis wyali, romlisaTvis 
tonoplasti Tavisuflad gamtaria. ujreduli wveni qmnis wnevas 
protoplastze da Sesabamisad ujredis garsze, iwvevs mis daZabulobas 
anu ujredis turgors [3]. 

ujreds Tu movaTavsebT romelime marilis an Saqris hipertonul 
xsnarSi (ujredul wvenze  meti osmosuri koncentraciis mqone xsnarSi), 
daiwyeba wylis gamosvla vakuolidan. am procesis Sedegad ujredis 
moculoba mcirdeba,  elastiuri plazmolema garss Sordeba _ 
gadaadgildeba  ujredis centris mimarTulebiT, turgori qreba da 
iwyeba ujredis plazmolizi (sur.6) [3,7]. 

Cveulebriv plazmolizi Seqcevadia – ujredis hipotonur xsnarSi 
gadatanisas wyali isev Sedis centralur vakuolSi, plazmuri membrana 
isev ekvris garss da turgori aRdgeba. 

mtkice garsis arseboba – damaxasiaTebelia mcenareuli 
ujredebisaTvis, cxovelurisagan gansxvavebiT. ujreds garsi aniWebs 
garkveul formas da simtkices. igi icavs ujredis  cocxal 
Semadgenlobas – protoplasts da plazmolemas. Cveulebriv pirobebSi 
garsis gareSe mcenareuli ujredis arseboba SeuZlebelia, radgan 
misTvis damaxasiaTebeli turgoruli wneva  aucileblad gamoiwvevda 
plazmolemis garRvevas da protoplastis dazianebas. garsi 
protoplastis mier iqmneba ujredis ganviTarebis procesSi da amitomac 
SeiZleba Camoyalibdes mxolod masTan kontaqtSi. garsi ar warmoadgens 
dabrkolebas wylis molekulebisa da masSi gaxsnili dabalmolekuluri 
nivTierebebis gadaadgilebisaTvis. 

ujreduli garsi ZiriTadad agebulia polisaqaridebisagan, romelTa 
monomerebi erTmaneTTan jaWvis saxiT glikoziduri kavSirebiT Sekruli 
Saqrebia. polisaqaridebis garda garsis SemadgenlobaSi Sedian cilebi, 
mineraluri marilebi, lipidebi. Cveulebriv garsi gaJRenTilia wyliT. 

umaRlesi mcenareebis ujredis garsis ConCxs warmoadgens 
celuloza. garsSi misi Zafisebri molekulebi erTmaneTis mimarT 
paralelurad arian ganlagebulni da aTeulobiT jgufdebian ise, rom 
iqmneba samganzomilebiani meseri, iseTi rogoric damaxasiaTebelia 
kristalebisaTvis [7]. 

es dajgufebebi, romelTa SeqmnaSi monawileobs kovalenturi da 
wyalbaduri kavSirebi, Seadgenen mikrofibrilebis safuZvels, boWkoebs, 
romlebic qmnian garsis ConCxs. mikrofibrilebis diametri sxvadasxva 
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ujredebisaTvis sxvadasxvaa (10 - 30 nm), xolo sigrZe SeiZleba aRwevdes 
ramodenime mikrometrs [7]. 

ujredis garsisagan gansxvavebiT tonoplasti da plazmolema 
garkveul dabrkolebas warmoadgens gaxsnili nivTierebebisaTvis, ris 
Sedegadac ujredebs gaaCnia osmosuri sistemebis Tvisebebi. membranebi 
qmnian zRudes citoplazmasa da centralur vakuols, da agreTve 
citoplazmasa da ujredSoriss Soris.  

mcenareuli ujredis, rogorc osmosuri sistemis ganxilvisas, Cven 
vivaraudebT, rom citoplazma, tonoplastisa da plazmolemis CaTvliT – 
warmoadgens naxevradgamWol zRudes, romelic ujredis osmosur 
Tvisebebs ganapirobebs. 

 

§1.3. plazmuri membranis struqtura da ganWoladoba 

mravalujrediani cxovelebi iReben kompleqsur sakvebs, magram 
sakvebi molekulebi ar warmoadgens Rirebulebas organizmisTvis Tu maT 
ar SeuZliaT SeaRwion plazmur mrmbranaSi. ujredis kompozicia aris 
fundamentalurad gansxvavebuli garemosagan romelSic igi imyofeba. 
tipi da raodenoba substanciebisa romlebic Sedis da gamodis 
ujredidan aris regulirebadi. swored plazmuri membrana axdens 
aRniSnul regulirebas, romelzec damokidebulia sicocxle. 

 

 membranis struqtura [5-7] 

gasuli saukunis dasawyisSi mkvlevarebma SeniSnes, rom cximSi 
xsnadi molekulebi ujregSi aRwevdnen ufro swrafad vidre wyalSi 
xsnadi. am faqtis safuZvelze maT mier navaraudebi iyo, rom plazmuri 
membrana unda Sedgebodes lipidebisagan. mogvianebiT qimiurma analizmma 
aCvena, rom plazmuri membrana Seicavda fospolipidebs. 1925 wels e. 
gorterma da g. grendelma gazoma sisxlis wiTeli ujredebidan 
eqstragirebuli fosfolipidebis raodenoba da daadgines, rom 
fosfolipidebis raodenoba iyo imdeni, rom SeeqmnaT biSre ujredis 
garSemo. maT SemdegSi SemogvTavazes, rom lipidebis arapolaruli 
(hidrofobuli) kudebi mimarTuli unda yofiliyo membranis Sida mxares, 
xolo polaruli (hidrofiluri) Tavebi _ gare mimarTulebiT (sur.3A). 

lipidebis arseboba ar aRmoCnda sakmarisi plazmuri membranis 
yvela Tvisebis asaxsnelad. raTa gaTvaliswinebuli yofiliyo membranis 
ganvladoba garkveuli aralipiduri substanciebis mimarT, j. danielisa 
da h. devsonis mier navaraudebi iyo, rom membranis SemadgenlobaSi unda 
Sediodes globularuli cilebic. maT SemogvTavazes membranis 
struqturis “sendviCis” modeli, romelSic fosfolipidebis biSre 
moTavsebulia proteinebis or Sres Soris, romlebic ganlagebulia ise, 
rom qmnian arxebs, romlebSic polarul substanciebs SeuZliaT gavla 
(sur.3B). 
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suraTi 3. plazmuri membranis struqtura. [7] 
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50-iani wlebis bolos eleqtronuli mikroskopia ganviTarda ise, 
rom   SesaZlebeli iyo plazmuri membranisa da ujredSi arsebuli sxva 
membranebis damzera (sur. 3C), j. d. robertsonis Tanaxmad gare muqi Sre 
(mZime metalebiT SeRebili) Seicavs proteinebisa da fosfolipidebis 
hidrofilur Tavebs. Sida nawili aris hidrofobuli kudebi. robertsoni 
mivida im varaudamde, rom ujredSi yvela membranas aqvs erTi kompozicia 
da am models ewoda “elementaruli membranis” modeli.  

 membranis struqturis es modeli aRiarebuli iyo sul mcire aTi 
wlis ganmavlobaSi, mixedavad imisa rom mkvlevarebma daiwyes eWvis 
Setana mis sizusteSi. magaliTad yvela membranas ar hqonda msgavsi saxe 
eleqtronul mikrografebSi, da agreTve maT aSkarad ar hqondaT msgavsi 
funqciebi. mitoqondriebis Sida membrana, romelic monawileobas iRebs 
ujredis sunTqviT procesSi, dafarulia rigi nawilakebiT; Sesabamisad 
maT aqvT sakmaod gansxvavebuli saxe da funqvia vidre plazmur membranas. 
 bolos, 1972 wels, s. singerma da g. nikolsonma warmoadgina 
membranis struqturis Txevad-mozaikuri modeli, romelis Tanaxmadac 
membrana aris fosfolipidebis biSre, romelsac aqvs Txevadi cximis 
konsistencia, romelSic proteinis molekulebi CaZirulia nawilobriv an 
mTlianad. proteinebi gabneulia membranaze ise rom qmnian mozaikur 
suraTs (sur.4). membranis struqturis Txevad kristaluri modeli 
gansakuTrebiT mxardaWeril iqna gayinuli da fraqcirebuli membranebis 
eleqtronuli mikrografiiT. aRniSnuli modeli amJamadac farTod 
gamoiyeneba. 

 plazmuri membranis Sesaxeb warmodgenebi icvleboda wlebis 
ganmavlobaSi. iyo ramdenime modeli. yoveli momdevno modeli 
anviTarebda winamorbeds, raTa morgeboda WeSmarit suraTs. es aris 
kargi ilustracia im faqtisa, rom mecnieruli codna yovelTvis 
cvlilebebis sagania da xdeba modifikaciebi rogorc ki xelmisawydomi 
xdeba axali monacemebi. modeli xelsayrelia radgan igi iTavsebs 
xelmisawvdom informacias da gvkarnaxobs kvlevis axal mimarTulebebs. 

 

plazmuri membranis Txevad-mozaikuri modeli 

membranis struqturis Txevad mozaikuri modeli Sedgeba ori ZiriTadi 
komponentisagan _ lipidebisa da proteinebisagan. lipidebi qmnian 
membranis matriqss, xolo proteinebi ki ganapirobeben mis yvela 
specifiur funqcias. 

lipiduri komponentebi. plazmur membranaSi lipidebis umravlesoba 
fosfolipidia. laboratoriul konteinerSi fosfolipidebi spontanurad 
qmnian biSres ise rom hidrofiluri Tavebi mimarTulia wylisken orive 
mxares, xolo hidrofobuli kudebi erideba wyalTan kontaqts da 
mimarTulia membranis siRrmeSi. amgvarad kudebi araa kontaqtSi wyalTan, 
fosfolipidebis biSre spontanurad iRebs sferos formas _ igi qmnis 
bariers plazmuri membranis msgavsad. 
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sxeulis temperaturaze plazmuri membranis fosfolipidebis biSre 
aris Txevad mdgomareobaSi; mas aqvs zeiTunis zeTis konsistencia. rac 
metia gaujerebeli cximovani mJavebis naSTebis raodenoba miT mertad  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 suraTi 4. plazmuri membranis Txevad mozaikuri modeli. [7] 



14 

 

 

denadia biSre. TiToeul monoSreSi hidrokarbonis kudebi moZraobs da 
mTel molekulas SeuZlia gadaadgildes gverdiTi mimarTulebiT. 
(fosfolipidis molekulebi iSviaTad gadadian erTi Sridan meoreSi, 
radgan am SemTxvevaSi hidrofilur Tavs uwevs gaiaros membranis 
hidrofobuli centraluri Sre). fosfolipidebis biSris Txevadi 
mdomareoba  agreTve  niSmavs,  rom  ujredebi aris moqnili. es erT-erTi 
aucilebeli Tvisebaa ujredisa, radgan maT xSirad uxdebaT 
deformaciebi. 

 fosfolopidebis garda cxoveluri ujredis plazmur memsranaSi 
gvxvdeba kidev ori tipis lipidi _ glikolipidebi da qolesteroli. 
glikolopidebi fosfolipidis msgavsia, magram maT aqvT gansxvavebuli 
hidrofiluri Tavi, romelic warmodgenilia mravalferovani martivi 
SaqrebiT, romlebic dakavSirebulia erTmaneTTan ise, rom qmnian swor an 
ganStoebebis mqone karbohidratul jaWvs. rogorc sur.4-zea naCvenebi, es 
jaWvebi yovelTvis plazmuri membranis gare zedapirzea ganlagebuli. 
mkvlevarebis azriT glikoproteinebi axdenen ama Tu im konkretuli 
individis kuTvnili ujredebis identificirebas. amiT SeiZleba aixsnas 
sisxlis specifiuri jgufebis arseboba da agreTve is faqti rom xSirad 
pacientis organizmi ver egueba organos transplantacias. 
glikolipidebi agreTve aregulireben plazmuri membranis proteinebis 
moqmedebas, romelic dakavSirebulia ujredis zrdasTan. 

 cxocelur ujredebSi, qolesteroli aris mniSvnelovani 
membranuli lipidi, zomiT fosolipidebis toli. qolesterols aqvs 
orive hidrofiluri da hidrfobuli bolo. membranaSi qolesterolis 
amcirebs mis ganWolasdobas umravlesi biologiuri molekulebi mimarT.  

plazmuri membranis fosfolipiduri biSre qmnis hidrofobul 
gaumtar bariers, romelic zRudavs polaruli (umravlesi biologiri) 
molekulebis gadaadgilebas membranis gavliT. magram aseTi molekulebis 
transporti xorcieldeba membranis proteinuli komponentebis 
saSualebiT. 

proteinuli komponentebi. plazmur membranasTan asocirebuli proteinebi 
aris dakavSirebuli membranis Sida zedapirTan an CaZirulia lipidur 
biSreSi. proteinebs xSirad aqvT hidrofobuli da hidrofiluri 
regionebi; hidrofobuli regionebi gvxvdeba membranis SigniT, xolo 
hidrofiluri _ amoSverilia biSris orive zedapiridan. 

miuxedavad imisa, rom proteinebi orientirebulia ise, rom 
specifiuri      hidrofiluri regioni yovelTvis kontaqtSia wyalTan, 
xolo hidrofobuli _ CaZirulia lipidur biSreSi, maT SeuZliaT 
moZraoba ganivad Txevad plazmur membranaSi. Tavisi funqciebis 
gansaxorcieblad zogierTi membranuli cilebi Tavisuflad unda 
moZraobdnen da gadaadgildebodnen lipidur matriksSi.  

membrana ar SeiZleba ganxilul iqnas rogorc statikuri 
warmonaqmni, romelic droSi da sivrceSi ar icvlis Tavis formas. 
piriqiT, SeiZleba warmovidginoT membrana rogorc dinamiuri sistema, 
romlis calkeuli ubnebi ganuwyvetliv gadaewyobian erTmaneTis mimarT. 
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plazmur membranasTan asocirebuli zogierTi proteini aris 
glikoproteini; maT dakavSirebuli aqvT karbohidratuli jaWvi, romelic 
mimarTulia ujredis gare mimarTulebiT. glikoproteinebi, 
glikolipidebis msgavsad, monawileobas iReben ujredebis erTmaneTis 
mimarT amocnobaSi. maTi karbohidratuli jaWvebi aris TiTis anabeWdis 
msgavsi, romlebic saSualebas aZleven ujreds gamoicnos kontaqtSi aris 
organizmis sxva ujredebTan Tu ucxo organizmis ujredTan. zog 
glikoproteins aqvs specifiuri komfiguracia, rac saSualebas aZlevs 
maT imoqmedon rogorc receptorebma. rodesac qimiuri mesenjeri 
ukavSirdeba cilas, mimdinareobs struqturuli cvlilebebi, da es iwvevs 
citoplazmaSi fermentuli reaqciebis inicirebas. zogi cila Tavad aris 
fermenti, romlebic marTaven metabolur reaqciebs. endomembranuli 
sistema mravlad Seicavs amgvar fermentul cilebs.  

proteinebi monawileoens membranis gavliT molekulebis 
transportSi. zogierT maTgans aqvs arxi, romelSic polarul 
substancias Tavisuflad SeuZlia gavla; sxvebi aris gadamtanebi, 
romlebic ikavSireben substancias da Svelian mas membranis gavlaSi. 

  

 

molekulebis moZraoba plazmuri  

membranis gavliT [7] 

plazmuri membrana absoluturad ganWoladi rom yofiliyo, yvela 
substancia gaivlida masSi dabrkolebis gareSe. Tumca, dakvirvebebis 
Sedegad dadgenilia, rom plazmuri membrana aris naxevrad ganWoladi; 
anu nawili substanciebisaTvis ganvladia nawilisaTvis ki ara. 
proteinebi xSirad monawileoben substanciebis transportSi. agreTve, 
endocitozisa da egzocitozis saSualebiT xorcieldeba didi zomis 
molekulebis transporti ujredis SigniT da Zalian didi zomis 
molekulebisa _ ujredis gareT. plazmuri membrana seleqciuri gamtaria 
_ mas gaaCnia specialuri meqanizmi raTa areguliros molekulebis 
transporti. 

difuzia [10]. ionebi da molekulebi haerSi da wyalSi gamudmebiT 
moZraoben qaosurad. Tumca, SeiZleba demonstrirebuli iyos rom 
molekulebis moZraoba ufro intensiuria maRali koncentraciis ubnidan 
dabali koncentraciis ubnis mimarTulebiT. magaliTad, rodesac 
saRebavis kristals vaTavsebT wyalSi saRebavis molekulebi moZraobs 
yvela mimarTulebiT, magram yvelaze intensiurad moZraobs 
koncentrirebuli ubnidan gare momarTulebiT. wylis molekulebis metad 
intensiuri moZraobas ki aqvs sapirispiro mimarTuleba. sabolood 
saRebavis molekulebi Tanabrad nawildeba wylis mTel moculobaSi. 
saRebavis da wylis molekulebi kvlav agrZeleben moZraobas, magram 
yvela mimarTulebiT moZraoba Tanabaria.  

 difuzia aris molekulebis moZraoba maRali koncentraciis aridan 
dabali koncentraciis aris mimarTulebiT. difuzia mimdinareobs 
spontanurad da ar moiTxovs energias. Tumca igi moiTxovs 
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koncentraciaTa gansxvavebas. zogierTi substancia Tavisuflad 
difundirebs ujredis membranaSi. magaliTad, respiratoruli airebi _ 
Jangbadi da naxSirorJangi, difundirebs ujredis rogorc Sida aseve 
gare mimarTulebiT. rodesac Cven CavisunTqavT haers filtvis 
alveolebSi aris Jangbadis ufro didi koncentracia vidre sisxlis 
kapilarebSi romlebic faraven filtvebs. difuziis Sedegad Jangbadi 
gadadis alveolebidan kapilarebSi. wyali aris kidev erTi molekula 
romelic advilad difundirebs ujredis membranaSi da es erT-erTi 
mniSvnelovani biologiuri faqtia. 

mxolor ramdenime tipis mcire zomis molekula difundirebs 
Tavisuflad membranaSi.  

osmosi [8,9]. seleqtiurad gamtar membranaSi wylis difuzias osmoss 
uwodeben. osmosis ilustraciisaTvis sinjara seleqtiurad gamtari 
membranis fskeriT CaSvebulia distilirebul wyalSi (sur.5). sinjaraSi 
aris xsnari romelic Seicavs gaxsnil nivTierebasa (magalitad Saqris 
molekulebs) da gamxsnels (wyals). cxadia gaxsnili nivTierebis dabali 
da gamxsnelis (wylis) maRali koncentracia aris sinjaris gare 
moculobaSi, amgvarad wylis molekulebi ufro intensiurad gadava 
sinjaraSi. gaxsnil nivTierebas ar SeuZlia gaiaros membrana, radgan 
membrana ar aris ganWoladi gaxsnili nivTierebis mimarT; yovelive amis 
gamo xsnaris done sinjaraSi izrdeba. xsnaris saboloo done gvaZlevs 
imformacias, wylis molekulebis maRali koncentraciis aridan dabali 
koncentraciis areSi wylis gadadinebis Sedegad, osmosuri wnevis 
sididis Sesaxeb. 

plazmuri membrana ar aris absoliturad gaumtari gaxsnili 
nivTierebebis mimarT (Saqrebis, marilebis), magram gansxvaveba wylisa da 
am nivTierebebis mimarT gamtareblobaSi imdenad didia, rom ujredebi 
ganicdian wylis osmosur dinebas. 

osmosi aris wylis difuzia seleqtiurad gamtar membranaSi. 
osmosuri wneva iqmneba rodesac wylis raodenoba izrdeba membranis im 
mxares sadac gvaqvs gaxsnili nivTierebis maRali koncentracia. 

toniciti. ujregi SeiZleba movaTavsoT izotonur, hipotonur an 
hipertonul xsnarSi (sur.6). izotonur xsnarSi ujredi arc kargavs da 
arc imatebs wyals, radgan koncentracia gaxsnili nivTierebebisa da 
wylis molekulebisa erTnairia plazmuri membranis orive mxares. 
cxoveluri ujredebi ZiriTadad imyofebian izotonur pirobebSi. 
magaliTad, adamianis qsovilis siTxe romelSic imyofeba ujredi 
Cveulebriv izotonuria ujredis mimarT. hipotonur xsnarSi ujredSi 
Sedis wyali, radgan gaxsnili nivTierebebis koncentracia ufro dabalia 
da wylis koncentracia ufro maRalia vidre ujredSi. mcenareebi da 
wyalmcenareebi romlebic cxovroben mtknar wylebSi imyofebian 
hipotonur pirobebSi. citoplazma da centraluri vakuoli iwovs wyals 
da plazmuri membrana awveba ujredis kedels. warmoiqmneba wneva, 
romelsac  turgorul  wnevas  uwodeben.  mcenareebi  romlebic  dganan 
niadagze damokidebulni arian turgorul wnevaze, romelic exmareba 
mcenares iyos gamarTul mdgomareobaSi. zogierTi organizmebi, 
rogorebicaa magaliTad zRvis Tevzi,  cxovroben hipertonul  garemoSi, 
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suraTi 5.   wylis osmosuri nakadi 

naxevradganWolad membranaSi [7] 
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romelSic aris gaxsnili nivTierebebis maRali koncentracia da wylis 
dabali koncentracia vidre ujredebSi. raime damcavi meqanizmis gareSe, 
ujredebi dakargavdnen wyals da Tevzi daiRupeboda dehidrataciisagan. 
Tumca, zRvis Tevzebis layuCebi sisxls wmends marilebisagan da igi 
xdeba izotonuri ujredebis mimarT. es magaliTebi axdens ilustracias, 
rom organizmebs ganviTarebuli aqvT meqanizmebi romlis saSualebiTac 
umklavdebian tonicitur garemos. 

transporti gadamtanebis saSualebiT. miuxedavad imisa rom lipiduri 
biSre zRudavs umravlesi substanciebis transports, biologiurad 
aqtiuri molekulebi mainc Sedian da toveben ujreds sakmaod swrafad, 
radgan membranaSi arsebobs transportuli sistema, romelic 
uzrunvelyofs droul transportirebas. plazmur membranaSi aris 
transportuli cilebi, isini specifiurni arian da kombinireben mxolod 
garkveuli tipis molekulasTan, romlis transportirebasac SemdgomSi 
axdenen membranis gavliT. gadamtani cilebi ikavSireben ra substraqts 
ganicdian komformaciul cvlilebebs, rac xels uwyobs transports. 
molekulebis transporti mimdinareobs agreTve arxebis saSualebiT 
romlebsac qmnis cilebi, romlebic ganWolaven membranis mTel sisqes.  
α–spiralur cilebs SeuZlia Rerosebri struqturebis formireba [7], 
romlebic membranis zedapiris mimarT perpendikularulad ganlagebulni 
arian da ganWolaven mas. cilovani Reros zedapiris garegan mxares _ 
cilis lipofilur aminomJavur naSTebs SeuZliaT membranis lipidebTan 
hidrofobuli urTierToba, xolo cilebis polaruli jgufebi qmnian 
Reros centrs. amgvari hidrofiluri monakveTebi SeiZleba warmovidginaT 
forebad, vinaidan hidrofilur nawilakebs SeuZliaT membranaSi gamWoli 
difundireba. 

amgvari forebis sicocxlis xangrZlivobas ganapirobeben garkveuli 
gare faqtorebi. gare faqtorebad SeiZleba CaiTvalos rogorc 
membranebis aqtiuri urTierTqmedeba nivTierebebTan, romlebic 
membranebSi qmnian xangrZliv, stabilur membranul forebs [7], agreTve 
TviT membranebis deformaciac. 

aqtiuri transporti. aqtiuri transportis saSualebiT xdeba 
molekulebis akumulireba ujredis SigniT an gareT miuxedavad 
koncentraciuli gradientis zrdisa. magaliTad mcenaris fesvis ujredis 
plazmur membranas aqvs unari Seiwovos araorganuli ionebi niadagidan 
aqtiuri transportis saSualebiT. zRvis Tevzebis layuCebSi rogorc 
ukve vTqviT ujredebs aqvT unari gamoyon marilebi. 

 aqtiuri transportis dros saWiroa cilovani gadamtanebic da 
energiis xarjvac. am SemTxvevaSi energiis wyaro aris ATF romelic 
iSleba aRniSnuli procesis dros.  

endocitozi da egzocitozi. zogierTi molekula sakmaod didia 
imisaTvis rom gaiaros membrana transportuli cilebis saSualebiT; 
magram isini mainc axerxeben ujredSi SeRwevas veZikulebis formirebis 
saSualebiT, am process endocitozi ewodeba. 
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endocitozis sapirispiro procesia egzocitozi. egzocotozis 
dros veZikula, romelic Seicavs satransporto nivtierebas, uerTdeba 
membranas da ujredgared damodevnis SigTavss. 

Tu endocitozis dros mcirdeba membranis zedapiris farTobi 
egzocitozis dros piriqiT izrdeba da es ori procesi erTmaneTs 
akompensirebs. 

endocitozSi monawileobas iRebs agreTve plazmuri membranis 
receptoruli cilebi. Cveulebriv qolesteroli aRwevs ujredSi 
receptoruli endocitoziT. rodesac organizmi ganicdis am 
procesisaTvis saWiro receptorebis naklebobas, qolesteroli 
akumulirdeba arteriebSi sadac Semdeg formirdebian trombocitebis 
saxiT, romelic dakavSirebulia hipertoniasa da gulsisZarRvTa 
daavadebebTan. 

 

 mcenareuli ujredis kedeli [3] 

plazmuri membrana aris ujredis yvelaze gare cocxali sazRvari, 
magram mraval ujreds aqvs formirebuli membranis gare damatebiTi 
komponenti. magaliTad mcenareul ujredebs aqvT ujredis kedeli, 
romelic Tavisuflad ganWoladia wylisa da masSi gaxsnili 
nivTierebebis mimarT da Sesabamisad xels ar uSlis plazmuri membranis 
funqcionirebas. 

mcenareuli ujredi garda plazmuri membranisa SemosazRvrulia 
ujredis kedliT (sur.7) romelTac SeiZleba sxvadasxva sisqe hqondeT, 
rac damokidebulia kedlis funqciaze. yvela mcenareul ujreds aqvs 
pirveladi kedeli, romlis mTavari komponenti aris celulozuri 
polimeri, romlebic qmnian Zafismagvar mikrofibrilebs. pektini, webovani 
nivTiereba romelic gvxvdeba Sua lamelaSi, erTmaneTs akravs mezobel 
ujredebs. xemcenareebis zogierT ujreds aqvs ujredis meoradi kedeli, 
romelic formirdeba pirveladi kedlis SigniT. meorad kedels aqvs 
damatebiTi fena celulozuri fibrilebisa romelic gamtkicebulia 
ligniniT _ nivTierebiT romelic aniWebs simtkices. aseTi meoradi 
kedeli mniSvnelovania xemcenareebis struqturaSi. 

 mcenareul qsovilebSi mezobeli ujredebis citoplazmebi 
erTmaneTTan    dakavSirebulia  mravali   viwro   arxebiT,   romlebic 
ganWolaven ujredis kedels (sur.8). aRniSnuli arxebi uSualod 
akavSirebs erTmaneTTan citoplazmebs. 
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   suraTi 6. mcenareuli da cxoveluri ujredebi izotonut, hipotonur    

   da   hipertonul xsnarebSi. [7] 
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suraTi 7. mcenareuli ujredebi. [7] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

suraTi 8. ujredSorisi                                                                     

kavSirebi. a - eleqtronuli                                                            

mikroskopia. b – sqematuri 

suraTi [7].      

 gamosaxuleba.    
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1.4. 0oC qvemoT gacivebisas ujredebSi  

mimdinare procesebi [11-45.94] 

mcenereebSi wylis kristalizaciis procesebis kalorimetriuli 
kvlevebis dasawyisi, dakavSirebulia tumanovisa da krasavcevis 
saxelebTan, romlebmac 1955 wlidan daiwyes aRniSnuli procesebis 
kvleva mravalwliani mcenareebis yinvagamZleobis problemasTan 
dakavSirebiT. naSromebis ZiriTadi Sedegebi Sejamebulia monografiaSi 
[114]. maT naSromebSi Seswavlili iyo mravalwliani mcenareebis mTlian 
ReroebSi wylis kristalizaciis procesebi da dadginda ReroebSi 
yinulis warmoqmnis kanonzomierebani da agreTve sicivis mimarT wrTobis 
gavlena am procesze. samwuxarod avtorebs ar hqondaT ujredSida da -
gare yinulis warmoqmnis procesebis garCevis SesaZlebloba da am 
procesebis Taviseburebanis Seswavla mcenaris sxvadasxva qsovilebSi. 

ujredSida da -gare yinulis warmoqmnis procesebis Sesaxeb 
mniSvnelovani masala Segrovilia samiginis monografiaSi [101]. 
ujredebSi wylis kristalizaciis procesebze mikroskopiuli 
dakvirvebis Sedegad avtori mivida im daskvnamde, rom nimuSis neli 
siCqariT gacivebisas yinuli ZiriTadaT warmoiqmneba ujredSorisSi, 
xolo swrafi gacivebisas adgili aqvs yinulis formirebas ujredis Sida 
moculobaSi. avtori aRniSnavs, rom gaciebis siCqareTa intervals, 
romlis drosac adgili aqvs ujredSida yinulis formirebas, 
ganapirobebs Sesaswavli mcenaris Taviseburebani. ujredebiden 
gadacivebuli wylis ukudenis SesaZlebloba mniSvnelovnad ganapirobebs 
mcenaris dabali temperaturisadmi mdgradobas. 

mimoxilvaSi [41] didi yuradReba eTmoba kalorimetriul kvlevebs, 
romlebSic dTa (diferencialuri Termuli analizi) mrudebze 
dabaltemperaturuli izoTermebis gaCena dakavSirebulia mcenaris 
sikvdilTan. mcenaris gayinvis temperaturis Semcirebasa da 
yinvagamZleobas Soris kavSiri ganixileba monografiaSi [46] da 
naSromebSi [47-49]. 

dabaltemperaturuli egzoTermebi ganxiluli iyo agreTve naSromSi 
[42], romelSic naCvenebia, rom Hicory–is wylic gayinvis procesis 
Seswavlisas, -42 ÷ -47oC temperaturul intervalSi SeiniSneba mravali 
pikisagan Semdgari egzoTerma. tempetraturul skalaze 
dabaltemperaturuli egzoTermis ganlagebis, garemo pirobebze 
damokidebuleba ganixileba naSromSi [111]. naCvenebia, rom zogierT 
saxeobis xemcenareebSi gazafxulis dadgomisas dabaltemperaturuli 
egzoTermis sawyisi temperatura izrdeba. 

citirebuli naSromebis umravlesobaSi kvlevebi Catarebuli iyo 
mcenareTa mTlian Reroebze. ar momxdara mcdeloba nimuSebis danawevreba 
calkeul qsovilebad da calkeul qsovilebSi wylis kristalizaciis 
procesebis TaviseburebaTa Seswavla. 

amgvari mcdeloba ganxorcielda naSromSi [45], romelSic avtorebma 
gadacivebul qsilemaSi Caatares wylis kristalizaciis procesis kvleva 
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da naCvenebi iqna, rom nimuSis gacivebis procesSi yinuli ujredebis 
SigniT iqmneba ZiriTadad temperaturul intervalSi -22 ÷  -45oC. 

 arsebul literaturaSi didi yuradReba eTmoba organizmebis 
(rogorc mcenareuli, agreTve cxoveluri warmoSobis) dazianebis 
meqanizmebis gamokvlevas, maTi 0oC qvemoT gacivebisas. dazianebis ZiriTad 
mizezad iTvleba Sidaujreduli yinulis formirebis procesi [50], 
romlis drosac SeiniSneba membranebis dazianeba [51,52]. membranebis 
kriodazianebis meqanizmebs eZRvneba belousis da bondarenkos 
monografia [53].  

mravalwliani mcenareebis erT-erT saintereso Tvisebad SeiZleba 
CaiTvalos garemos pirobebTan maTi Seguebis unari. dabali 
tempereturebis zemoqmedebis mimarT (mcenaris wrTobis procesi) 
mcenareTa adaptaciis meqanizmebis Seswavlas mieZRvna mravali naSromi. am 
problemis fiziologiuri aspeqtebi ganixileba tumanovis monografiaSi 
[54], romelSic ganzogadebulia avtoris mier 1929 w.–dan  dawyebuli 
Sromebis Sedegebi. wignSi moyvanilia ZiriTadi debulebebi, romlebzedac 
agebulia mcenareTa yinvamedegobis Tanamedrove  moZRvreba. avtori 
Tvlis, rom dabali temperaturebis moqmedebisadmi mcenareebis medegobis 
Tviseba ar aris mudmivi da icvleba garemos pirobebis cvlilebisas. 
ZiriTadi faqtori, romelic ganapirobebs mcenaris medegobas dabali 
temperaturebis zemoqmedebisadmi aris misi wrTobis procesi, romlis 
drosac mcenareebSi mimdinareoben garkveuli fiziologiuri (SesaZloa 
agreTve  struqturuli) cvlilebebi, ris Sedegadac mcenare iZens 
gamZleobis unars mniSvnelovnad dabali temperaturebis mimarT. 
naSromSi [52] gamoTqmulia varaudi, rom sicivis mimarT wrTobis procesi 
unda Seicavdes ujredebidan wylis ukudenis gaadvilebis meqanizms. 
varaudi eyrdnoba im debulebas, rom es procesi aaridebs mcenares 
ujredSida yinulis formirebas, romelic ujredisaTvis letaluria. 
gayinvis Sedegad plazmolemis dazianebis roli mcenaris daRupvis 
gamovlinebaSi da misi cvlileba mcenaris gamowrTobis procesSi 
ganixileba naSromSi [51]. 

zemod aRniSnulTan dakavSirebiT naTeli xdeba, ramdenad 
mniSvnelovania mcenaris gacivebisas im temperaturebze dabla, 
romlebzec mimdinareobs kristalizacia ujredSorisSi, wylis ukudenis 
meqanizmebis dadgena. ganvixiloT naSromebi, romlebSic moyvanilia 
amgvari procesebis Teoriuli aRwera. 

aseTi pirveli mcdeloba moyvanilia iyo mazuris naSromSi [26], 
romelmac ganaxorciela ujredebidan wylis ukudenis procesis 
raodenobrivi analizi, maTi mudmivi siCqariT gacivebisas. avtorma wylis  
arawonasworuli nakadisaTvis gamoiyena Seuqcevadi procesebis 
Termodinamikis gantolebebi, mamoZravebel Zalad ganixileboda mxolod 
ujredSida da -gare xsnarebis osmosuri wnevebis sxvaoba 

     

)         (1)  
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sadac k aris membronebis gamWoladobis koeficienti wylis 

molekulebisaTvis, xolo A _ membranis zedapiris farTobia. 

osmosuri wnevis Termodinamikuli ganmartebis  

 

 (2) 

 

(sadac  aris airis universaluri mudmiva,  _ absolituri 

temperatura,   _ wylis fardobiTi moluri moculoba,  da  _ 

najeri orTqlis wneva xsnarisa da sufTa wylis Tavze Sesabamisad) 
gamoyenebiT avtorma miiRo plazmatur membranaSi gamavali wylis 
osmosuri nakadis saerTo gamosaxuleba, yvelanairi modeluri 
SezRudvebis gareSe 

     

                              (3)  

 

sadac  da   – Sesabamisad wylis ujredSida da -gare xsnarebis 

najeri orTqlis wnevebia. magram, Semdeg gamoyenebul iqna raulis kanoni 
idealuri xsnarebisaTvis, romelic akavSirebs xsnaris najeri orTqlis 
wnevas gaxsnili nivTierebis molarul wilTan da klauzius-klapeironis 
gantoleba, romelic akavSirebs xsnaris najeri orTqlis wnevas orTqlis 

warmoqmnis kuTr siTbosTan. Sefardebis  temperaturul 

damokidebulebisaTvis miRebul iqna gamosaxuleba 

 

     (4)  

 

sadac V _ ujredSi wylis moculoba,  _ gaxsnili nivTierebis 

molebis raodenoba da   yinulis dnobis molaruli kuTri siTbo. 

miRebuli gamosaxuleba gamosaxavs ujredSida da -gare xsnarebis 
osmosuri wnevebis sxvaobis temperaturul damokidebulebas.  

imis daSvebiT, rom membranebis ganWoladobis koeficientis  
temperaturuli damokidebuleba SeiZleba Caiweros eqsponentis saxiT 
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        (5)  

 

sadac  _  -s mniSvnelobaa rodesac  = , mazurma miiRo 

ujredis moculobis temperaturuli damokidebuleba, nimuSis mudmivi 

siCqariT       gacivebis SemTxvevaSi 

 

  (6)  

 

mazurma miiRo (6) gantolebis ricxvobrivi amonaxsnebi masSi Semavali 
parametrebis sxvsdasxva mniSvnelobebisaTvis. sur.9-ze moyvanilia 
mrudebis seria, romelic asaxavs Sidaujreduli wylis fardobiTi 
moculobis temperaturul damokidebulebebs 5.84 mkm diametris mqone 
sferuli ujredebis gacivebis sxvasasxva siCqareebebisaTvis. moyvanili 
damokidebulebebi gviCveneben, rom gacivebis dabali siCqareebis 
SemTxvevaSi SeiniSneba ujredebidan wylis gamosvla. gacivebis siCqaris 
momateba iwvevs Sidaujreduli wylis Zlier gadacivebas. amasTan 
Sidaujreduli kristalizaciis albaToba izrdeba. es monacemebi 
Tvisobrivad emTxveva [101] naSromSi gakeTebul daskvnebs. 

Sidaujreduli xsnaris idealobis daSvebis garda, ganxilul 
modelSi igulisxmeboda, rom: a) ujredidan wylis ukudenis procesSi, 
misi zedapiris fardobi ar icvleba, b) ujredis SigniT ar aris 
temperaturuli gradienti da g) gacivebis siCqare mudmivia. 

mazuris mier SemoTavazebuli modeli [27] naSromSi iyo 
garkveulwilad koreqtirebuli. kerZod, avtorma gaiTvaliswina ra 
xsnaris araidealoba, ujredidan wylis gamosvlisTanave misi zedapiris 
farTobis cvlileba da ganixila Termoosmosis procesi im daSvebiT, rom  
membranis sazRvrebze arsebobs garkveuli temperaturuli gradienti. 
unda aRiniSnos, rom Teoriuli modeli am Sesworebisadmi ar aRmoCnda 
mgZnobiare: sur.9-ze moyvanili damokidebulebebi Tvisobrivad ar 
Seicvala. 

Termoosmosis da qimiuri potencialis araerTgvarovnebis gavlena 
ujredebidan wylis ukudenis procesze nul 0C-s qveviT temperaturebze 
ganixileboda naSromebSi [55,56,57,58], romlebSic miRebulia, gant.6-is 
ramdenadme analogiuri kinetikuri gantolebebi, romlebic samarTliania 
maRali koncentraciis mqone ujreduli xsnarebisaTvis. 

ujredSida da -gare xsnarebis araidealoba ganxilulia agreTve 
naSromSi [28]. avtori uSvebs, rom membranebis gamWoladoba funqciaa 
rogorc temperaturisa, agreTve ujredgare xsnaris osmosuri 
koncentraciisa da ganixileba ujredSorisi xsnaris gavlenis 
SesaZlebloba ujredidan wylis gamosvlis kinetikaze. 
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suraTi 9. ujredis fardobiTi moculobis 
temperaturaze damokidebulebis mrudebi maTi 
sxvadasxva siCqariTgaciebisas: 1_1, 2_10, 3_100, 
4_1000 da 5_10000 K/wT. [107] 
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Tavis momdevno naSromSi [59] mazurma Seafasa yvela zemodmoyvanili 
damatebebis gavlena mis mier SemoTavazebul modelze [26]. misi azriT, 
ZiriTadi ganusazRvreloba Teoriul gaTvlebSi Seaqvs memranebis wylis 

molekulebis mimarT ganWoladobis koeficientis k (5) nulsqvemoT 
mniSvnelobebis dasadgenad temperaturuli damokidebulebis 
eqstrapolacias, radganac am temperaturebze ar arseboben am 
mniSvnelovani parametris eqsperimentaluri monacemebi. dawvrilebiT es 
sakiTxi ganixileba naSromSi [60]. 

yuradReba unda mieqces imas, rom yvela moyvanili Teoriuli gaTvlebi 
efuZneboda sawyis gantolebas (1) wylis nakadisaTvis, romlisTvisac 
mamoZravebel Zalad gvevlineboda mxolod ujredSida da -gare xsnarebis 
osmosuri wnevebis sxvaoba, da ar aris gaTvaliswinebuli ujreduli 
kedlebis deformaciis Sedegad Seqmnili hidrostatikuri wneva. amgvari 
modeli savsebiT misaRebia cxoveluri warmoSobis ujredebisaTvis, 
romlebsac ar gaaCniaT ujreduli kedeli, xolo SeiZleba membranis 
drekadobis ugulebelyofa. rac Seexeba mcenareul ujredebs, maTSi 
sakmaod xisti ujreduli garsebis arsebobas mivyavarT ganxiluli 
modelidan  mniSvnelovan gadaxrasTan da ganapirobebs maTSi 
kristalizaciis procesis Taviseburebebs. 

 

 

gasuli saukunis 80-ian wlebSi Catarda kvlevebi, romlis 
garkveulwilad gagrZelebasac warmoadgens winamdebare naSromi. qvemod 
mokleda aris CamoTvlili aRniSnuli kvlevebis Sedegebi.   

damuSavebuli da konstruirebuli iyo ormagi skanirebadi 
diferencialuri mikrokalorimetri, romelic gankuTvnili iyo 
erTdroulad ori nimuSis gasazomad mkacrad identur pirobebSi, 
rogorc gaciebis aseve gaxurebis reJimSi [95]. 

dadginda vazis sxvadasxva qsovilSi wylis kristalizaciis 
procesebis Taviseburebani. 

 naCvenebi iyo, rom: 

 a) nimuSSi wylis kristalizaciis procesi mimdinareobs sakmaod 
ganier temperaturul intervalSi (-8 _ -40 0C) da xasiaTdeba ramodenime,  
mkafiod gamokveTili siTbogamoyofis maqsimumiT; 

 b) zogierTi tipis qsovilSi ujredSida xsnarebis kristalizaciis 
procesi mimdinareobs erTmaneTisagan damoukideblad, gansazRvrul 
temperaturul intervalSi. 

 g) kristalizaciis procesebi ujredgare da –Sida xsnarebisa 
gulgulsa da qsilemaSi mimdinareobs erTmaneTisagan mkafiod gamoyofil 
temperaturul intervalebSi. am or process Soris mdebare 
temperaturul intervalSi nimuSSi mimdinareobs wylis kristalizaciis 
dabali intensivobis procesi [61-67]. 
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dadgenilia, rom qsilemis ujredebSi adgili aqvs ujredSida 
kristalizacias, maSin roca gulgulSi daimzireba wylis gamosvla 
ujredebidan da misi kristalizacia ujredSorisSi. siTbogamoyofis or 
maqsimums Soris temperaturul intervalSi mimdinareobs garkveuli 
odenobiT wylis gamosvla ujredebidan da misi kristalizacia 
ujredSoris garemoSi. aRniSnul process adgili aqvs rogorc 
gulgulSi aseve qsilemaSi [70,71]. 

miRebuli iyo empiriuli damokidebuleba ujregSorisi xsnaris 
osmosur wnevisa temperaturaze. naCvenebia, rom pirvel miaxloebaSi 
ujredSorisi xsnaris osmosuri wnevis temperaturuli damokidebuleba 
da osmosur wnevaTa sxvaoba ujredSida da -gare areebs Soris sakmaod 
kargi sizustiT aproqsimirdeba wrfiT [72]. 

postulirebulia gulgulis ujredis dabaltemperaturuli 
plazmolizis movlena. plazmolizis procesi mimdinareobs ujredebis 
sxvadasxva jgufebSi erTmaneTisagan damoukideblad da iwyeba ujredSida 
xsnaris gansazRvruli gadaciebis dros. Catarda Teoriuli gamoTvlebi, 
romelic saSualebas iZleva aRiweros, temperaturis myisieri 
cvlilebisas, ujredebis calkeuli jgufebidan wylis gamosvlis 
procesis kinetika. [76]. 

Seswavlili iyo qsilemisa da gulgulis ujredebis sixistis 
Tvisebebi. gamoangariSebuli iyo ujredis kedlisa da celulozis 
mikrofibrilebis sixistis parametrebi, romlebic ganapirobeben 
urTierTqmedebas plazmur membranasa da ujredis kedels Soris. 
SemoTavazebul iqna ujredis plazmolizis meqanizmi, romelic 
dafuZvnebuli “ialqnis” efeqtze. [75] 

naCvenebi iyo, rom ujredis fardobiTi moculobis droze 
damokidebuleba, romelic registrirdeba nimuSis temperaturis 
naxtomiseburi cvlilebisas ujredSida da gare kristalizaciis 
procesebs Soris mdebare temperaturul intervalSi, kargad aRiwereba 
Teoriuli damokidebulebiT, romelic miRebulia naxevargmtari 
biologiuri membranis gavliT wylis nakadisaTvis arawonasworuli 
Termodinamikis gantolebis amoxsnisas. SemoTavazebuli iyo 0

0
C-ze qveviT 

ujredis membranis wylis mimarT ganWoladobis koeficientis efeqturi 
mniSvnelobis gansazRvris meTodi[69]. 

Seiqmna, qsilemisa da gulgulis ujredebidan wylis nakadis 
maTematikuri modeli, temperaturis Tanabari Semcirebisas (ganixileboda 
temperaturuli intervali ujredSida da -gare xsnarebis 
kristalizaciis procesebs Soris). wonasworuli Teoriuli 
damokidebulebis Sedarebam eqsperimentalurTan, romelic miRebulia bmr 
meTodisa da diferencialuri mikrokalorimetriis gamoyenebiT, aCvena 
maTi kargi Sesabamisoba. 

miRebuli iyo gamosaxuleba, romelic saSualebas iZleva 
ganisazRvros ujredis fardobiTi moculobis temperaturaze 
damokidebuleba mikrokalorimetriuli eqsperimentidan, nimuSis mudmivi 
siCqariT gaciebis pirobebSi. gakeTda daskvna, rom naxevradganWoladi 
biologiuri membranis gavliT wylis nakadisaTvis arawonasworuli 
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Termodinamikis gantoleba sakmaod kargad aRwers realur procesebs, 
romlebic mimdinareobs mcenareebSi maTi gaciebisas [75]. 

SemuSavebuli iyo Teoriuli modeli, romelic saSualebas iZleva 
SevafasoT plazmuri membranis deformaciis gavlena maT gamtareblobaze 
wylis mimarT. naCvenebi iyo, rom ujredis membranis wylis molekulebis 
mimarT ganWoladobis koeficientis mniSvnelobis Sesworeba SeiZleba 
arsebiTi iyos, Tuki wnevaTa sxvaoba membranis sxvadasxva mxares aris 
garkveul mniSvnekobaze meti [71]. 

Seswavlilia mcenaris dabali temperaturebis mimarT adaptaciis 
gavlena vazis sxvadasxva qsovilis ujredSida xsnaris kristalizaciis 
procesebis Taviseburebebze. naCvenebia, rom garemos temperaturis 
klebasTan erTad yvela qsovilis ujredSida xsnari, garda gulgulisa, 
kristalizdeba ufreo dabal temperaturebze. 

SemoTavazebulia qsilemis ujredSida kristalizaciis meqanizmi, 
romelic dafuZvnebulia ujredSorisi yinulis frontis gavrcelebaze 
membranis forebis saSualebiT. am warmodgenis safuZvelze warmoiSva 
hipoTeza Sesabamisi qsovilis “wrTibis” meqanizmze, romelic 
mdgomareobs imaSi, rom garemoSi temperaturis Semcirebisas mimdinareobs 
cvlilebebi ujredis membranaSi _ forebis zomebi mcirdeba da yinulis 
frontis gavrcelebas sWirdeba meti gadacieba [77]. 

naCvenebi iyo, rom dabali temperaturebis mimarT mcenaris 
adaptaciis procesSi xdeba gulgulis ujredis  plazmuri membranis 
gamtkiceba, ris Sedegadac dabaltemperaturuli plazmolizi dros 
membrana ar ziandeba da ujredi inarCunebs osmosuri sistemis Tvisebas, 
rac aucilebelia maTi cxovelqmedebisTvis [76]. 

 

 

§1.5. Sidaujreduli yinulis formirebis  

meqanizmebi. zogadi cnobebi kristalebis 

warmoqmnis Teoriidan 

arsebobs sami alternatiuli meqanizmi, romelTa mixedviT SeiZleba 
ganxorcieldes Sidaujreduli xsnaris kristalizacia. maT Soris 
pirveli efuZneba qsovilis gacivebisas, ujredSorisSi yinulis 
warmoqmnis gamo, wylis ukudenas ujredebidan da mis kristalizacias 
ujredSorisSi. danarCeni orive meqanizmi dakavSirebulia ujredis 
SigniT yinulis warmoqmnasTan. amgvari procesi SeiZleba mimdinareobdes 
ori gziT: 1. TiToeul gadacivebul ujredSi myari fazis mdgradi 
Canasaxis Seqmna da 2. ujredebSi ujredSorisi yinulis frontis SeRweva 
membranuli forebis gavliT. gadacivebul siTxeSi myari fazis mdgradi 
Canasaxis Seqmnis procesTan dakavSirebulia rogorc Sidaujredulis, 
agreTve ujredSorisis xsnaris kristalizacia. 

myari fazis mdgradi Canasaxis Seqmnis Teoria dafuZnebulia gibsis 
Sexedulebebze [95,96], romelTa mixedviT izolirebuli sistema mdgradia 
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im SemTxvevaSi, Tu ki sistemis energiis mudmivobisas, sistemis 
mdgomareobis usasrulo mcire Secvlisas, misi entropia ucvleli rCeba, 
an mcirdeba. Tu sistemis mdgomareobis sasruli cvlilebisas entropia 
izrdeba, amboben, rom igi imyofeba metastabilur mdgomareobaSi, 
romelic ganimarteba, rogorc sistemis fardobiTad mdgradi 
mdgomareoba, romelsac ar Seesabameba Tavisufali energiis minimalur 
mniSvnelobas. gadacivebuli wyalic am mdgomareobis Sesabamisia. 

Tu nivTiereba metastabilur mdgomareobaSi imyofeba, igi adre Tu 
gvian am mdgomareobidan gadava sxva – mdgrad mdgomareobaSi. axali 
fazis mdgradi Canasaxis Seqmnis stadiis garda, sistemis 
metastabiluridan stabilur mdgomareobaSi gadasvlis procesi 
mimdinareobs misi Tavisufali energiis SemcirebiT da procesi 
TviTmimdinarea. yoveli metastabiluri fazisaTvis arsebobs romeliRac 
minimaluri zoma, risi tolic unda iyos fluqtuaciis Sedegad masSi 
warmoqmnili axali fazis dajgufeba, imisaTvis, rom es faza ufro 
mdgradi iyos manamde arsebulze (pirvelad fazaze). axali fazis 
Canasaxis ufro mcire zomebisas metastabiluri faza rCeba wonasworuli 
da Canasaxi qreba. am minimaluri zomis mqone Canasaxebi – mdgradad 
iTvlebian. 

imis gaTvaliswinebiT, rom kritikuli zomis Canasaxis warmoqmnis 
process axlavs Tavisufali energiis zrda [123], igi ar aris 
TviTmimdinare, amisaTvis unda daixarjos garkveuli muSaoba. 
gadacivebuli siTxis moculobaSi wonasworuli sferuli Canasaxis 
izoTermuli Seqcevadi SeqmnisaTvis, saWiro muSaoba,  gibsis [96] 
Tanaxmad, udris misi Tavisufali zedapiruli energiis mesameds  

AA = Sσ  = πr2σ  (7)   

sadac S –Canasaxis zedapiris farTobia, σ - misi kuTri zedapiruli 
energiaa. 

realur gadacivebul nadnobSi yovelTvis arsebobs myari CanarTebi 
minarevebis saxiT. amasTan myari fazis mdgradi Canasaxis Seqmna 
yovelTvis xdeba myari kedlis zedapirze. 

Tu aRvniSnavT: 

r - Canasaxis simrudis radiusi (nax.10) (romelic wonasworobaSi 
imyofeba siTxesTan)                      

σ1 - siTxisa Canasaxis sazRvarze kuTri zedapiruli energia (Ckze) 

   σ2 – zedapirisa da Canasaxis sazRvarze kuTri zedapiruli energia 
(Ckze) 

   σ3  - siTxisa da zedapiris sazRvarze  (Ckze)         

Canasaxis wonasworobis piroba SeiZleba Caiweros:                      
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                      σ2 – σ3 = σ1 cosΘ    (8)  

sadac Θ aris kiduri kuTxe, Seqmnili Canasaxis zedapirsa da kedels 
Soris.  

am SemTxvevisaTvis (7)-is Tanaxmad, myar kedelze wonasworuli 
Canasaxis Sesaqmnelad saWiro muSaoba gamoisaxeba: 

 

A       A = (S1σ1  - S2σ2 + S3σ3)  (9) 

anu, Tu zedapiris farTobebs  Si   gamovxatoT  r da Θ-Ti, da 
gaviTvaliswinebT (8)-s miviRebT: 

AA = πr2σ1[2(1- cosΘ) - Θ cosΘ].  (10) 

Tu Canasaxi iqmneba siTxis moculobaSi da ara kedelze, anu Θ =1800 
pirobaSi, rac aRniSnavs srul Seusabamobas myari zedapiris Tvisebebis 
axali fazis kristalur meserTan, (10)-dan miviRebT gamosaxulebas 
romelic aris (7)-is analogiuri. 

 zemoaRniSnulidan ganomdinarebs, rom gadacivebul nadnobSi raime 
myari kedelis arseboba aadvilebs axali fazis mdgradi Canasaxis 
Seqmnas. 

 gadacivebul siTxeSi myari fazis mdgradi Canasaxis Seqmnis 

albaToba [95-98]-is mixedviT proporciulia exp(-A/kT), sadac  k-

bolcmanis mudmivaa, T- absoluturi temperatura. MmuSaoba A 

ganpirobebulia gadacivebis sididiT   (A~1/ ∆T
2
), rac metia gadaciveba, 

miT naklebi muSaobis Sesrulebaa saWiro myari fazis mdgradi Canasaxis 
Sesaqmnelad [96-98]. 

 zemoaRniSnulidan ganomdinarebs, rom gadacivebis gazrdiT, 
mcenareul da cxovelur qsovilebSi izrdeba yinulis mdgradi Canasaxis 
Seqmnis albaToba, izrdeba agreTve Sidaujreduli kristalizaciis 
albaTobac. TavisTavad cxadia, rom ujredSi yinulis Canasaxi unda 
Seiqmnas ara Sidaujreduli xsnaris moculobaSi, aramed romelime 
zedapirze      (SesaZloa membranisa), romlis Tvisebebic ganapirobeben 
gadacivebis sidides. 

 Sidaujreduli yinulis Seqmnis sxva alternatiuli meqanizmia – 
ujredSorisi yinulis frontis SeRweva plazmaturi membranis forebis 
gavliT. amgvari meqanizmi warmodgenilia mazuris naSromSi [99], 
romelSic avtori eyrdnoba ra gibsis warmodgenebs da uSvebs, rom 
membranebSi arseboben wyliT Sevsebuli arxebi, ganixilavs arxSi 
yinulis Seqmnas, Tu ki igi ujredSoris sivrceSi arsebobs. arxSi ori 
fazis wonasworobis pirobas mazuri (8)-is analogiurad wers. Semdeg 
ganixilavs myari fazis moculobodan arxSi gadasvlisas, molaruli 
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suraTi 10.   Canasaxis Seqmnis (1),  misi moculobiTi 

(2) da zedapiruli (3), gibsis Tavisufali energiis 

damokidebuleba  Canasaxis radiusze. [107] 

suraTi 11. myari fazis Canasaxi zedapirze. [107] 

Tavisufali energiis cvlilebas da  klapeiron-klauziusis gantolebis 
integraluri formis gamoyenebiT, im daSvebiT, rom wylis fazuri  
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gadasvlis molaruli siTbo ar aris temperaturis funqcia, avtorma 
miiRo   gamosaxuleba,   romelic   arxSi   wylis  gadacivebis  sidides 
ukavSirebs mis kritikul zomas, romlis dros arxSi SesaZloa yinulis 
gavrceleba 

Tdn  - Tgadac =       (11) 

sadac   wylis kuTri molaruli moculoba, σ1- yinulis kuTri 

zedapiruli energia wylis sazRvarze da L–yinulis dnobis molaruli 
siTbo. 

mazuris msjeloba saSualebas gvaZlevs gavigoT kavSiri 
gadaciebasa da ujredSida yinulis formirebas Soris. amave dros es ar 
gamoricxavs SesaZleblobas TviT ujredebSi yinulis Canasaxis Seqmnis 
albaTur process. cxadia, rom yovelive konkretul SemTxvevaSi am 
alternatiul meqanizms Soris asarCevad aucilebelia damatebiTi 
informacia. 

 zemoT moyvanili meqanizmis ganxilvisas, samiginma [100] gamoitana 
daskvna, rom amgvari meqanizmi ar SeiZleba iyos realizebuli, vinaidan 
plazmaturi membranebisaTvis miRebul [99] arxebis zomebisaTvis 
gamoyenebul gaTvlebSi (3-8 Å) saWiroa Zalian didi gadaciveba, rodesac 
yinulis ganWolva protoplastSi SeimCneva ukve -2  -100C. 

 savaraudod es Sefaseba metad kategoriulia Semdegi mosazreb  
ebis gamo:  

1. plazmatur membranebSi arxebis Canasaxis kritikuli zomebis 
gansazRvraSi did rols TamaSobs misi zedapiris Tviseba, romelsac 

asaxavs - kiduri kuTxe. im pirobiT, Tu =900 wonasworuli Canasaxis 

simrudis radiusi gamodis usasrulo didi. es niSnavs, rom ujredSorisi 
yinulis frontis ganWolva arxSi SeiZleba moxvdes metnaklebad mcire 
gadacivebisas da ukve aRar aris ganpirobebuli plazmatur membranaSi 
wylis arxis zomebiT. 

2. Tu wardgenili modeli miuRebelia im ujredebisaTvis, romalSic 

protoplastSi yinulis gaWolva SeimCneva ukve -20C, igi SeiZleba iyos 
samarTliani sxva tipis ujredebisaTvis, romlebisaTvisac SeimCneva 
mniSvnelovani (-400C –mde) gadaciveba. SeuZlebelia imedi viqonioT, rom 
sxvadasxva tipis ujredebSi yinulis Seqmnis procesi mimdinareobs erTi 
tipis meqanizmiT. 

 

§1.6. dabaltemperaturuli skanirebadi diferencialuri 
mikrokalorimetria  [102-108] 
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 didi xnis win arsebuli diferencialuri Termuli analizis 
meTodisgan gansxvavebiT, diferencialuri skanirebadi 
mikrokalorimetriis meTodi saSualebas gvaZlevs ganisazRvros 
(garkveuli sizustiT) nimuSSi mimdinare endo- da egzoTermuli 
procesebisas nimuSis siTbotevadobis cvlileba. meTodis arsi 
mdgomareobs nimuSSi gacivebisas da gaTbobisas mcire siTburi efeqtebis 
gazomvebSi. amocana daiyvaneba, nivTierebis mcire raodenobisas, siTburi 
efeqtebis registraciaze, romlebic sakvlev nimuSebSi garkveul 
temperaturul intervalSi fazuri an konformaciuli cvlilebebisas 
xorcieldeba. nivTierebis mcire raodenoba nakarnaxebia temperaturis 
uwyveti cvlilebebis Sedegad, nimeSSi temperaturuli gradientebis 
Sesamcireblad. 

 meTodis principi mdgomsreobs, etalonsa da nimuSs Soris, maTi 
erTdrouli da uwyveti gaTbobis an gacivebis  reJimSi, temperaturaTa 
sxvaobis (∆T) gazomvaSi. am dros registrirebuli temperaturuli 
damokidebuleba (∆T=f(T))  asaxavs nimuSis entalpiis cvlilebas. magram, 
gacilebiT mosaxerxebelia informacia sakvlevi nimuSis siTbotevadobis 
cvlilebis temperaturaze damokidebulebis saxiT, romelic SeiZleba 
miviRoT registrirebuli mrudis diferencirebiT. am sakiTxis 
eqsperimentaluri gadawyveta SesaZlebelia etalonsa da nimuSs Soris 
uaryofiTi ukukavSiris ganxorcielebiT. rogorc qvemoT iqneba naCvenebi, 
am dros siTbotevadobebis sxvaoba proporciulia an etalonsa da nimuSs 
Soris temperaturaTa sxvaobisa, an simZlavris, romelic saWiroa 
temperaturaTa am sxvaobis kompensaciisaTvis. 

 ukukavSiri, xorcieldeba etalonsa da nimuSs Soris temperaturaTa 
sxvaobis nulamde dayvaniT, kalorimetris ampulebze arsebuli 
gamaTbobeli elementebis eleqtruli simZlavreebis cvlilebiT. am dros 
registrirebuli, etalonsa da nimuSis gamaTbobel elementebSi 
gamoiyofili simZlavreebis sxvaoba, warmoadgens nimuSSi mimdinare 
procesebis siTburi efeqtebis sazoms. 

 ukukavSiris ganxorcielebis sxva meTodi mdgomareobs etalonsa da 
nimuSs Soris Tbogacvlis SeqmniT. am SemTxvevaSi nimuSSi warmoqmnili 
siTburi efeqti, nawilobriv iqneba kompensirebuli etalonidan 
nimuSisaken mimarTuli siTbos nakadiT endoTermuli procesis 
SemTxvevaSi da nimuSidan etalonamde – egzoTermuli procesis 
SemTxvevaSi. qvemoT naCvenebi iqneba, rom am dros temperaturaTa sxvaoba, 
registrirebuli etalonsa da nimuSs Soris, aris maT Soris 
siTbotevadobaTa sxvaobis proporciuli. 

 amocanebis specifika kalorimetriul sistemisadmi moiTxovs 
gansakuTrebul moTxovnilebas, romelic mdgomareobs imaSi, rom 
aucilebelia saSualeba iyos imisa, rom nimuSis gazomvebis Catardes 
rogorc gaTbobis, agreTve gacivebis reJimebSi. gacivebis reJimSi 
gazomvebis Catareba gulisxmobs Tbogacvlas kalorimetriul ujredsa 
da garemos Soris da cxadia, rom Tbogacvla unda iyos mkacrad 
kontrolirebadi. 

 C siTbotevadobis mqone kalorimetriuli ujredi movaTavsoT 
vakuumur TermostadSi da isini SevaerToT Tbogamtari elementiT λ0 
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siTbogamtareblobiT (sur.12). Tvali vadevnoT ujredis temperaturis 
cvlilebas, im pirobiT, rom Termostatis temperatura icvleba wrfivad 

 

T/ = T0  + βt                         (12) 

 sadac β= dT//dt  Termostatis temperaturis cvlilebis siCqare,  

T0  – Termostatis sawyisi temperatura,  t- dro. 

 amocanis ganxilvis dros gamoyenebulia Semdegi daSvebebi: 

1. siTbogamtari elementis siTbotevadoba ugulebelmyofilia,  
radgan gacilebiT mcirea kalorimetriuli ujredis 
sitbotevadobasTan SedarebiT, rac niSnavs, rom Termistatsa da 
kalorimetrul ujreds Soris Tbogacvlis gantolebis 
dawerisas, SegviZlia mxedvelobaSi ar miviRoT siTbos is 
raodenoba, romelic saWiroa siTbogamtari elementis 
temperaturis cvlilebisaTvis.  

2. kalorimetruli ujredi ganvixiloT rogorc idealuri 
siTbogamtari. anu, CavTvaloT, rom ujredSi damyarebuli 
temperaturuli gradienti ujredis SigniT gacilebiT naklebia,  

   vidre temperaturuli gradienti Termostatsa da ujreds Soris,    

         an  mudmivi   gradientis  damyarebis dro pirvel    SemTxvevaSi    

         gacilebiT mcirea, vidre meoreSi. 

3. ujredsa da Termostats Soris gamosxivebiT siTbocvla 
SegviZlia ugulebelvyoT. 

4. CavTvaloT, rom Sesaswavli nimuSis siTbotevadoba gacilebiT 
mcirea kalorimetriul ujredis siTbotevasobaze.  

zemodaRniSnulisagan gamomdinare da (12) pirobis gaTvaliswinebiT, 
SegviZlia kalorimetriul ujredsa da Termostats Soris siTbos 
gacvlis gantoleba CavweroT ASemdegi saxiT 

 

                  C dT/dt = λ0 (T0 + βt –T)                                              ( 13 ) 

 

gadaviweroT (13) Semdegi saxiT:  

               

               dT/dt + λ0/C *T = λ0 (T0 + βt)/ C                               (14) 

 

vxedavT, rom es araerTgvarovani diferencialuri gantolebaa, anu Tu 
movaxdenT integrirebas 0-t farglebSi da Tu miviRebT mxedvelobaSi, rom 
roca t =0    T = T0, miviRebT kalorimetriuli ujredis temperaturis droze 
damokidebulebas 



36 

 

 

                              T = T0 + βt – βC/λ0 [1-exp(-λ0/C *t)]                 (15) 

    

suraTi 12.   kalorimetris modeli erTi ampuliT. C _ ampulis 

siTbotevadoba,  _ siTbogamtari elementis siTbogamtarebloba, 

T _ ampulis temperatura,  _ Termostatis temperatura. [107] 

suraTi 13. kalorimetris modeli ori ampuliT.  _ nimuSis 

siTbotevadoba. [107] 
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 ganxiluli sistemisaTvis ZiriTadi parametria droiTi mudmiva      
τ = C/λ0, romelic gansazRvravs siTbogamtarSi stacionaruli nakadis 
dasamyareblad saWiro dros. rodesac t ≥ 5τ , maSin SeiZleba CavTvaloT, 
rom 

                                             T = T0 + βt – βC/λ0    (16) 

 amgvarad Cans, rom Tu SevqmniT Termostats, romlis temperaturis 
regulirebas SevZlebT wrfivad, SegviZlia kalorimetriuli ujredis 
temperaturis cvlilebis reJimis mkacrad daculi programireba. 

 axla TermostatSi movaTavsoT ori, identuri kalorimetriuli 
ujredi (sur.13), da orive SevaerTod TermostatTan erTnaeri λ0 

siTbogamtareblobis mqone elementebiT, xolo erTerTi ujredi SevavsoT 
ΔC siTbotevadobis mqone nimuSiT. am SemTxvevaSi orive ujredisaTvis 
SegviZlia (13) tipis gantolebis dawera, romelTa amoxsna miiRebs Semdeg 
saxes 

                      T1 = T0 + βt – β(C+ ΔC )/λ0 [1-exp(-λ0/(C+ ΔC) *t)]        (17) 

 

                       T2 = T0 + βt – βC/λ0 [1-exp(-λ0/C *t)]              (18 ) 

 

 sur.14-ze moyvanilia temperaturebis droze damokidebuleba: 
Termostatis (а), nimuSiani kalorimetriuli ujredis (б) da etalonuri 
ujredisa (в). sistemis kalibrebisaTvis Δt ≥ 5τ  drois Semdeg, nimuSian 
kalorimetriul ujredSi, masze ganlagebul siTbur elementis 
meSveobiT, Segvyavs mudmivi, zustad gansazRvruli simZlavre W . am 
SemTxvevaSi ujredis temperaturis cvlilebis kanoni aRiwereba 
formuliT 

(C+ ΔC)* dT1/dt/ = λ0 (T/
0 + βt/ –T1) +W          (19) 

sadac T/
0  =  T0  + βΔt 

mxedvelobaSi Tu miviRebT, rom rodesac  t/ = 0     T1 = T1
/ = T0

/ – β(C+ ΔC )/λ0 
maSin miviRebT  

             T1 = T0
/
 + βt/ – β(C+ ΔC )/λ0  + W/λ0 [1-exp(-λ0/(C+ ΔC) *t/)]        (20) 

 

 sur.14-ze am damokidebulebas asaxavs mrudi (г). 

 gamosaxulebebi (17), (18), (20) da sur.14-ze moyvanili mrudebi, 
gvaZleven kalorimetriuli ujredebis temperaturis droze 
damokidebulebas da gviCveneben, rom siTburi elementebis 
siTbogamtareblobis λ0 erTi da igive mniSvnelobisaTvis, Δt ≥ 5τ drois 
Semdeg, temperaturis cvlilebis mocemul siCqarisaTvis, Termostatsa da 
kalorimetriul ujredebs Soris temperaturaTa sxvaoba ganpirobebulia 
maTi siTbotevadobiT. 
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suraTi 14.    Termostatis (а), nimuSiani ampulis (б), 

etalonuri ampulis (в)  da nimuSiani ampulis, romelsac 

miewodeba simZlavre W   (г), temperaturis damokidebuleba 

droze. [107] 

suraTi 15.    ampulebs Soris temperaturaTa sxvaobis droze 

damokidebuleba[107] 



39 

 

 

 rogorc zemoT iyo aRniSnuli, mocemul eqsperimentSi izomeba 
temperaturaTa sxvaoba kalorimetriul ujredebs Soris. miRebuli 
gamosaxulebebi saSualebas gvaZlevs kalorimetriul ujredebs Soris 
temperaturaTa sxvaoba gamoisaxos drois funqciis saxiT. nimuSiani 
ujredis droiTi mudmiva τ1 = (C+ ΔC )/λ0  cotaoden metia, vidre etalonuri 
ujredis droiTi mudmiva τ2 = C/λ0  . advili SesamCnevia, rom ujredebs 
Soris mudmivi temperaturaTa sxvaobis dasamyareblad saWiro dro 
ganpirobebulia τ1 mniSvnelobiT, radgan ΔC « C pirobis Tanaxmad, τ1 - τ2 

sxvaobis ugulvelyofa SeiZleba. aqedan gamomdinare, kalorimetriul 
ujredebs Soris temperaturaTa sxvaobos droiTi damokidebulebisaTvis 
miviRebT (sur.15 ) 

                                           ΔT = – β/λ0* ΔC [1-exp(-λ0/(C+ ΔC) *t)]        (21) 

an t»τ pirobisaTvis   

                          ΔTmax = – β/λ0* ΔC                                                (22 ) 

 es ukanaskvneli gamosaxuleba gviCvenebs, rom gardamavali 
procesebis damTavrebis Semdeg, kalorimetriul ujredebs Soris 
registrirebuli temperaturaTa sxvaoba nimuSis siTbotevadobis 
proporciulia. Cans, rom rac naklebia λ0 mniSvneloba, miT metia 
registrirebuli sidide, anu miT ufro mgZnobiarea kalorimetri. magram 
amavdroulad izrdeba sistemis droiTi mudmiva da amis Sedegad, rogorc 
qvemoT iqneba naCvenebi, mcirdeba misi garCeviTobis unari. 

 nimuSis siTbotevadobis gamosaTvlelad aucilebelia viqonioT 

zusti mniSvneloba λ0-sa gazomvis mTel temperaturul intervalSi. es 
miiRweva zemod moyvanili sistemis kalibrebiT. (20)-dan (17)-is gamoklebiT 
miviRebT ujredebs Soris temperaturaTa sxvaobis droiTi 
damokidebulebas, romelic warmoiqmneba ujredSi W simZlavris 
Seyvanisas (sur.15) 

                                               δT = W/λ0 [1-exp(-λ0/(C+ ΔC) *t)]        (23) 

an t »τ pirobisaTvis   

δTmax = W/λ0                     (24) 

 (24)-is gaTvaliswinebiT, miviRebT Semdeg gamosaxulebas nimuSis 
siTbotevadobisaTvis 

                                                                                         (25) 

 saWiroa gvaxsovdes, rom formulis gamoyeneba SesaZlebelia 
mxolod gardamavali procesebis damTavrebis Semdeg (t»τ) da im 
SemTxvevaSi, Tu ΔC ≠ f (T). Tu nimuSis siTbotevadoba damokidebulia 
temperaturaze, an nimuSSi mimdinareobs siTbos gamoyofis an STanTqmis 
procesebi, ΔC -s gamosaTvlelad saWiroa Sesworebis Seyvana, romelic 
iTvaliswinebs kalorimetris droiT mudmivas. Secdoma ΔC –s 
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gansazRvraSi miT metia, rac metia τ–s mniSvneloba. aqedan 
gamomdinareobs, rom procesebis Seswavlisas, romlebsac nimuSis 
temperaturis cvlilebisas Tan axlavs siTbos STanTqva an gamoyofa, 
realurTan maqsimalurad miaxlovebul suraTis amsaxvel mrudebis 
misaRebad, aucilebeli pirobaa kalorimetris droiTi mudmivas 
minimaluri mniSvneloba. qvemoT naCvenebi iqneba sistemis droiTi 
mudmivas koreqciis SesaZlebloba eleqtronuli sistemis meSveobiT. 
damokidebulebebi (21) da (23) miRebuli iqna im pirobiT, rom 
kalorimetriul ujredebs Soris siTbos mimocvla ar xdeba. Tuki 
ampulebs Soris adgili aqvs siTbos mimocvlas, nimuSSi Seqmnili 
siTburi efeqtis nawilobrivi kompensacia xdeba siTbos gadacemiT 
ujredidan TermostatSi eqzoTermul efeqtisas da Termostatidan 
ujredSi – endoTermul efeqtis SemTxvevaSi. 

 imis gamo, rom kalorimetriul ujredebSi temperaturaTa sxvaobis 
registraciisaTvis, rogorc wesi, gamoiyeneba Termobatareebi, romelTac 
xSir DSemTxvevaSi gaaCniaT mniSvnelovani siTbogamtarebloba – 
siTbogamtareblobis gantolebis dawerisas es garemoeba unda iyos 
gaTvaliswinebuli. 

 Tu ganxilul sistemaSi (sur.13) kalorimetriuli ujredebs 
SevaerTebT siTbogamtari elementiT (λ gamtareblobiT), mivaRebT sur.16-
ze mocemul sistemas. am  SemTxvevaSi   siTbogamtareblobis    
gantolebis dawerisas (13) gantolebas unda miumatoT ujredebs Soris 
siTbos mimocvlis amsaxveli wevri, romelic damokidebulia maT Soris 
temperaturaTa sxvaobaze. Sedegad miviRebT araerTgvarovan 
diferencialuri gantolebebis sistemas, romelTa amoxsna zogadi saxiT 
sakmaod rTulia. miuxedavad amisa amocanis amoxsna SesaZlebelia, Tu 
ganvixilavT (19)-is analogiur SemTxvevas, anu erT ujredSi kalibrebuli 
simZlavris W Seyvanisas, davakvirdebiT ujredebs Soris temperaturaTa 
sxvaobis cvlilebas. 

 orive kalorimetriuli ujredisaTvis CamovweroT siTbogadacemis 
gantolebebi 

                         CdT1/dt = λ0 (T0 + βt –T1) - λ (T1 –T2 ) +W       (26) 

 

                         CdT2/dt = λ0 (T0 + βt –T2) + λ (T1 –T2 )        (27) 

sadac – T1 –T2 = δT  ujredebis temperaturaTa sxvaobaa, gamowveuli erT-erT 
ujredSi W kalibrebuli simZlavris Seyvanisas. (26), (27) gantolebebidan 
SeiZleba miviRoT gantoleba δT-s mimarT: 

Cd(δT)/dt= W-(2λ+ λ0) δT                       (28) 

romelic warmoadgens (13) tipis araerTgvarovan diferencialur 
gantolebas, romlis amoxsnas aqvs Semdegi saxe saxes 

                             δT= W/(2λ+ λ0) [1-exp(-(2λ+ λ0) /C *t))]              ( 29) 
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suraTi 16.    kalorimetris modeli, sadac 

gaTvaliswinebulia ampulebs Soris siTbos 

mimocvla termoelementiT siTbogamtareblobiT λ. 

[107] 
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(29) da (23) gantolebebis Sedareba gviCvenebs, rom ujredebs Soris 
siTbogadacemis arseboba gvaZlevs igive Sedegs, rac Seesabameba 
kalorimetriul ujredsa da Termostats Soris siTbogamtari elementis 
siTbogamtareblobis gazrdas 2λ sididiT da praqtikulad ar moqmedebs 
amocanis zogad amoxsnaze. 

formulebidan (23) da (29) Cans, rom kalorimetriul ujredebs 
Soris temperaturaTa sxvaoba proporciulia nimuSSi gamoyofili 
simZlavrisa, amavdroulad, registraciis sistemisaTvis sul erTia, 
ujredSi simZlavre miewodeba gamaTbobeli elementiT, Tu gamoiyofa 
nimuSSi mimdinare raime procesebis Sedegad. unda aRiniSnos, rom nimuSSi 
endoTermuli procesebisas registrirebadi temperaturaTa sxvaoba 
mxolod niSans Seicvlis. amgvarad, Tu ki W-s mniSvneloba icvleba 
droSi, registrirebadi sidide mas gayveba, oRond, kalorimetris droiTi 
mudmivaTi ganpirobebuli, garkveuli dayovnebiT. 

 

orarxiani skanirebadi diferencialuri mikrokalorimetri [107] 

winamdebare paragrefSi ganxilulia kalorimetris is modeli, 
romlis saSualebiTac ganxorcielebulia Sroma, romlis garkveulwilad 
gagrZelebasc warmoadgens winamdebare kvleva  

suraT 17-ze naCvenebia orarxiani skanirebadi diferencialuri 
mikrokalorimetris sqematuri suraTi. ori ormagi kalorimetriuli 
ampula 1 da 2 Camokidebulia spilenZis siTburi ekranebis sistemis 
SigniT. ampulebi dakavSirebulia ekranTan 4 siTbogamtari elementiT 3. 4 
da 5 ekrani qmnis Termostatis pirvel safexurs, xolo 5 da 6 _ meore 
safexurs. yoveli ekrani sruladaa dafaruli manganinis gamaxurebliT, 
romelic mWidrodaa daxveuli ekranebis zedapirze bifilarulad da 
miwebwbulia weboTi bf-2. 

inertuli ampula 8 gamoiyeneba Termostatis temperaturis 
cvlilebis reJimebis programirebisaTvis. Termoelementebi 9 zomaven 
temperaturaTa sxvaobas Termostatis ekranebs Soris, romlebic 
imyofebian azotis kriostatSi 10. kalorimetri da kriostati CaSvebulia 
vakuumur sistemaSi, romelSic haeris wneva ar aRemateba 10-5 tors. 12 
milebis saSualebiT xdeba kriostatis Sevseba Txevadi azotiT. masiuri 
spilenZis ekrani 11, romelsac kargi siTburi kontati aqvs kriostatTan, 
xels uwyobs ekranebis garSemo erTgvarovani temperaturuli velis 
Seqmnas. 

Termostatis pirvel da meore safexurs Soris narCundeba mudmivi 
temperaturuli gradienti. amasTan meore safexuris (gare ekranis) 
temperatura dabalia. TiToeuli ekranis temperatura regulirdeba. 
ekranebs Soris temperaturuli gradienti saSualebas iZleva 
ganxorcieldes Termostatis pirveli ekranis programuli gacieba, da 
maSasadame TviT kalorimetriuli ampulebisa. 5 ekranis temperatura 
miyveba 4 ekranis temperaturas, xolo 6 ekranisa ki _ 7 ekranis 
temperaturas. amgvarad  ormagi  kalorimertiuli  ampulebi   1   da   2 
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suraTi 17.   orarxiani diferencialuri skanirebadi 

mikrokalorimetris sqematuri suraTi (aRniSvnebi 

ganmartebulia teqstSi). [107] 

suraTi 18.   ormagi kalorimetriuli ampula 

(aRniSvnebi ganmartebulia teqstSi). [107] 
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moTavsebulia Termostatis SigniT, romlis tamperaturac icvleba 
Semdegi kanoniT: 

                       

sadac: _Termostatis sawyisi temperaturaa, _temperatura sawyis 

momentSi, _siTbogamtarebloba, _ampulis siTbotevadoba, _Sida 

ekransa 4 da inertul ampulas 8 Soris temperaturaTa sxvaobis gamzom 

Termobatareaze potencialTa sxvaobaa, _erTi Termowyvilis Termo 

e.m.Z. erTeulovani temperaturuli gradientis dros, xolo  aris 

Termowyvilebis raodenoba. 

aqedan gamomdinare ormagi kalorimetriuli ampulebis 
temperaturis droze damokidebuleba ganisazRvreba formuliT: 

                              T = T0 + βt – βC/λ0 [1-exp(-λ0/C *t)]   (31)  

 gaTvaliswinebulia gazomvebis Catareba izoTermul reJimSic. am 
mizniT ekran 4-ze mimagrebuli platinis Termometri.  aRniSnul 
Teromoetris saSualebiT regulirebis sistema uzrunvelyofs 
iozoTermuli reJimis damyarebas winaswar gansazRvrul temperaturaze. 

 ZiriTadi elementi skanirebadi diferencialuri kalorimetrisa 
(iseve rogorc yvela kalorimetris) aris kalorimetriuli ampulebi, 
romlis sqematuri gamosaxulebac naCvenebia suraT 18-ze.  

ampula Sedgeba sami ZiriTadi spilenZis nawilisagan: damWeri 1 
wriuli rgoliT 2, nimuSis ampula 3 da saxuravi 5 cilindruli 
SveriliT 6. 

 nimuSsa da temperaturis deteqtors Soris temperaturuli 
gradientis Sesamcireblad ampulis calkeul elementsa da agreTve 
nimuSsa da ampulas Soris unda iyos maqsimalurad kargi siTburi 
kontaqti. am mizniT damWeris Sida da nimuSis ampulis gare zedapirs 
aqvs wakveTili konusis forma. nimuSi moTavsebulia xufis Sverilis qveS 
da xufis miWeris Sedegad nimuSsa da ujreds Soris myardeba kargi 
siTburi kontaqti. nimuSsa da ampulas Soris siTburi kontaqtis kidev 
ufro gasaumjobeseblad ampula SeiZleba gaivsos heliumis airiT.  
ampulasa da xufs Soris moTavsebulia teflonis wriuli Suasadebi, 
romelic uzrunvelyofs ampulis hermetulobas. nimuSsa da temperaturis 
deteqtors Soris temperaturis gradientis kontroli xorcieldeba 
spilenZisa da konstantanis TermowyviliT, romlis erTi bolo Tavsdeba 
uSualod nimuSSi xolo meore mikrulia damWerze temperaturaTa 
sxvaobis deteqtoris maxloblad. 10 K/sT siCqaris dros aRniSnuli 
gradienti ar aRemateba 0.05 K-s.  
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siTbos nakadi (an civi nakadi) ampulas miewodeba spilenZis 
siTbogamtari ReroebiT 3 (suraTi 17), romelic erTmaneTTan akavSirebs 
ampulasa da ekrans. aRniSnuli siTbogamtari Reroebi unda iyos 
maqsimalurad identuri, raTa TiToeul ampulaze  siTburi  nakadi  iyos  

 

 

 

 

 

 

 

 

 

 

suraTi 19. ampulebs Soris temperaturaTa sxvaobis 

droze damokidebilebis mikrokalorimetriuli Canaweri. 

(а) kalorimetri eleqtruli ukukavSiris gareSe; (б) 

kalorimetri eleqtruli ukukavSiriT. [107] 
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erTnairi. ampulis garSemo arsebuli spilenZis rgoli 2 uzrunvelyofs 
temperaturuli gradientebis Semcirebas. 

a da b damWerebze (suraTi 18) ganlagebulia Termobatarea 8, 
romelic Sedgeba Tanmimdevrulad SeerTebuli qromel-konstantanis 120 
wyvilisagan. aRniSnuli Termobatarea warmoadgens nimuSsa da etalons 
Soris temperaturis gradientis gamzoms. 

 damWerze aris agreTve ori gamaxurebeli elementi, romelic 
mWidrod faravs mis mTel zedapirs bifilaruli xviebiT. gamaxurebeli 
damzadebulia 50 mkm diametris manganinis izolorebuli mavTulisagan. 
erTi gamaxurebeli gaTvaniswinebulia nimuSSi warmoqmnili siTburi 
efeqtebis kompensaciisaTvis, xolo meore _ sistemis kalibrebisaTvis. 

 temperaturis gasazomad gamoyenebulia platinis Termometri, 
winaRobiT: 20 omi, romelic warmoadgens 9000C-ze gamowrTobil platinis 
50μm diametris mqone mavTuls, romelic uSualod daxveulia damWeris 
zedapirze. 

 kalorimetris maxasiaTebeli parametrebis gansazRvrisaTvis xdeba 
misi kalibreba gamaxurebeli elementis saSualebiT, nimuSis ampulaSi 
etalonuri impulsuri simZlavris SeyvaniT. suraT 19a-ze moyvanilia 
kalibrebis dros miRebuli etalonuri simZlavris Sesabamisi Canaweri. Y-
RerZze gadazomilia kalorimetriul ampulebs Soris temperaturaTa 
sxvaobis proporciuli sidide. ΔT-s droze damokidebuleba SeiZleba 
ganisazRvros (23) formuliT. igi gadavweroT Semdegi saxiT:  

              

             δ δT = δ      (32)               

 
damokidebulebebi  

 

δ δT=f(t)       (33) 
da misi logariTmi 

 ln(δ δT)=Ψ(t), (34) 
 

romlebic moyvanilia suraT 20-ze gviCvenebs, rom ΔT(t)-s eqsperimentaluri 
damokidebuleba Zalian kargad aRiwereba gamosaxulebiT (23), rac 
mowmobs moyvanili gaTvlebis siswores. orarxiani kalorimetris droiTi 
mudmiva, gansazRvruli 
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(34) damokidebulebis daxriT, aRmoCnda 220 wami. aseTi sistemis 
garCeviTobis unari sakmaod dabalia, aseTi didi droiTi mudmivis gamo. 
suraT 21-ze naCvenebia, rom Tu kalorimetris ampulaSi SeviyvanT 
etalonuri simZlavris 25 wamian impulss, registrirebuli signali ΔT 
aRwevs mxolod 0.13 ΔTmax  mniSvnelobas.  

 sruliad gansxvavebuli suraTi miiReba, rodesac gamoyenebulia 
eleqtruli ukukavSiri an kalorimetris droiTi mudmivis koreqcia. 
orive SemTxvevaSi kalorimetris droiTi mudmiva erTnairia. suraT 19b-ze 
moyvanilia damokidebuleba ΔT(t), romelic daimzireba sistemis 
kalibrebisas. mrudis damuSaveba gviCvenebs, rom am SemTxvevaSi 
kalorimetris droiTi mudmiva Seadgens 13.5 wams (suraTi 22), rac 
gacilebiT naklebia vidre pirvel SemTxvevaSi. kalorimetris drioTi 
mudmivas SemcirebiT mniSvnelovnad izrdeba garCeviToba. 23-e suraTze 
naCvenebi mrudi gviCvenebs, rom am SemTxvevaSi kalorimetriul ampulaSi 
simZlavris 25 wamiani impulsis Seyvanisas registrirebuli signali ΔT 

aRwevs ukve 0.81 ΔTmax mniSvnelobas. 

 19 da 20 suraTebze moyvanili mrudebi gviCvenebs, rom ΔT(t) 
damokidebuleba orarxiani kalorimetris ampulisaTvis siTburi 
ukukavSiriT sakmaod zustad aRiwereba erTi eqsponentiT. droiTi 
mudmivebi damokidebulebebisa, romlebic moyvanilia suraT 19b da 21-ze, 
ganisazRvreba kalorimetruli ampulis SigniT siTbos gadanawilebiT. 
droiTi mudmivebi, gansazRvruli siTburi nakadebiT ampulaTa Soris da 
TviT ampulis SigniT, ikribeba da Sedegad ormagi ampulebisTvis 
vRebulobT damokidebulebas ΔT(t), romelic aRiwereba erTi eqsponentiT. 
aqedan gamomdinareobs, rom diferencialur rgolos rom ar hqonoda 
didi mgrZnobiaroba xmauris mimarT, SesaZlebeli iqneboda sistemis 
Seqmna, romelSic nimuSis siTbotevadobis proporciuli registrirebuli 
sidide da kalorimetris droiTi mudmivebi gavlenas ver moaxdenen 
gazomvis Sedegze. 

 es Zalian mniSvnelovani Sedegia, iqmneba SesaZlebloba nimuSis 
WeSmariti siTbotevadobis gansazRvrisa temperaturis Tanabari 
cvlilebis reJimSi, sakvlevi nivTierebis umniSvnelo xarjiT. Tumca, 
aucilebelia gvaxsovdes, rom ganxilul SemTxvevaSi rodesac saubaria 
Termodinamikur wonasworobaze ar aris gaTvaliswinebuli is, rom 
droiTi mudmivebis koreqciis dros relaqsaciuri procesebi, romlebic 
mimdinareobs nimuSis SigniT misi temperaturis cvlilebisas, ar aris 
gaTvaliswinebuli.  

 kalorimetris mgrZnobiaroba ganisazRvreba gamosaxulebiT 

 

                                     (35)        
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suraTi 20.   droiTi 

gamokidebuleba sididisa 

 da misi 

logariTmi (kalorimetri 

siTburi ukukavSiriT). 

[107] 

suraTi 21.    𝛥T(t) damokidebuleba (a), 

registrirebuli ampulaSi 25 wamis 

xamgrZlivobis simZlavris (б)  

impulsis miwodebisas. (kalorimetri 

siTburi ukukavSiriT). [107] 
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suraTi 22.   droiTi gamokideb- 

uleba sididisa  

da misi logariTmi (kalori- 

metri eleqtruli ukukavSiriT). 

[107] 

 

suraTi 23.   𝛥w(t) damokidebuleba 

(a), registrirebuli ampulaSi 25 

wamis xamgrZlivobis simZlavris 

(б) impulsis miwodebisas. (kalo- 

rimetri eleqtruli uku- 

kavSiriT). [107] 
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      saidanac Cans, rom W-s mocemuli mniSvnelobisaTvis warmoqmnili 
temperaturaTa sxvaoba ampulaTa Soris miTufro didia rac mcirea λo 
sidide. amavedros kalorimetris droiTi mudmivasTvis samarTliania 
gamosaxuleba  

  (36) 

 

am ori gamosaxulebidan gamomdinareobs, rom  λo   parametris gazrda erTis 
mxriv iwvevs kalorimetris mgrZnobiarobis gazrdas, xolo meores mxriv 
_ droiTi mudmivis gazrdas. es faqti aucileblad gasaTvaliswinebelia 
skanirebadi diferencialuri mikrokalorimetris konstruirebis dros. 

 qvemod moyvanilia mikrokalorimetris aRwerili modelis ZiriTadi 
parametrebi, rogor gaciebis aseve gaxurebis reJimSi muSaobis dros: 

  

muSa temperaturuli intervali                        -100 _ +150 oC 

temperatutis cvlilebis siCqare                       0 _ 30 K/sT 

mgrZnobiaroba                                           610  vati 

droiT mudmiva: 

 a) siTburi ukukavSiris dros                          220 wm 

 b) eleqrtonuli ukukavSiris dros                    13.5 wm 

 g) droiTi mudmivis koreqciis SemTxvevaSi            13.5 wm  

absoluturi temperaturis gansazRvris sizuste       0.1 K 

nimuSsa da temperaturis deteqtots Soris  

temperaturis gradienti 10 K/sT siCqaris dros        0.5 K 

nimuSis ampulis moculoba                             0.03 _ 0.3 sm3 
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II Tavi 

         kvlevis meTodi da sakvlevi obieqti 

 

§2.1. sakvlevi nimuSebi 

kvlevis obieqts warmoadgens erTwlovani mcenaris _ mravalZarRvas 
fesvebi. eqsperimentebi tardeboda fesvis sxvadasxva ubansa da fesvis 
Tmebze. Tumca Cvens mizans ar warmoadgens am konkretul mcenareul 
sistemaSi kristalizaciisa da dnobis procesebis Seswavla, aramed am 
procesebis Seswavla zogadad mcenareul qsovilebSi da es nimuSi 
aRebulia rogorc modeluri sistema. garda imisa, rom nimuSad viRebdiT 
fesvis sxvadasxva komponents, romlebic erTmaneTisagan gansxvavdebian 
struqturiTa da Semadgeneli qsovilebis gansxvavebuli TanafardobebiT, 
isini gansxvavdebodnen gazomvis wina istoriiTac, esenia: 1. normalur 
klimatur pirobebSi myofi mravalZarRvas intaqturi fesvidan aRebuli 
nimuSi, 2. gvavlian periodSi aRebuli, 3. hidroponuli sistema (aqac aris 
ori gansxvavebuli nimuSi: erTi romelic ganviTarda mas Semdeg rac 
mcenare gadatanil iqna hidroponul garemoSi da meore, nimuSi romelic 
aRebulia im fesvidan romelic ganviTarda niadagSi da Semdeg moxvda 
hidroponul garemoSi), 4. xdeboda nimuSebis xelovnurad nawilobriv 
gaSroba, raTa migveRo nimuSebi sxvadasxva sasurveli wylis 
SemcvelobiT, aseTi nimuSebi izomeboda dayovnebis gareSe an garkveuli 
periodiT dayovnebis Semdeg raTa gaSrobis Sedegad Zlier 
arawonasworul mdgomareobaSi myofi sistema gadasuliyo 
wonasworulTan axlos mdebare mdgomareobebSi (ramdenad axlos iqneba 
sistema wonasworul mdgomareobasTan damokidebulia dayovnebis 
xangrZlivobaze, sruli wonasworuli mdgomareoba myardeba daaxloebiT 
10 saaTis Semdeg, es droc damokidebulia nimuSze (asakze, gamoSrobis 
doneze da agreTve imaze Tu fesvis romeli ubnidan aris aRebuli 
nimuSi). 

mSrali masis dadgenis meTodiT ganisazRvra normalur klimatur 
pirobebSi myofi mravalZarRvas intaqturi fesvisa da hidroponuli 
sistemis fesvis wylis Semcveloba. nimuSis sawyisi masis gansazRvra 
xdeboda analitikuri sasworis saSualebiT, romlis cdomileba aris 0.2 
mg, nimusebis sawyisi masa icvleboda 5 _ 15 mg intervalSi, anu sawyisi 
masis gansazgvris procentuli cdomileba icvleboda 4 _ 1.3 % 
intervalSi. mSrali masis misaRebad nimuSi Tavsdeboda TermostatSi 105 
oC –ze 2 saaTis ganmavlobaSi, mSrali masis gansazRvra xdeboda 
dayovnebis gareSe raTa Tavidan agveridebina haeridan gamomSral nimuSze 
tenis adsorcia. nimuSis sawyisi masisagan gansxvavebiT mSrali masis 
gansazgvris procentuli cdomileba cxadia metia radgan mSrali wonebi 
mcirea (0.5 _ 2 mg). nimuSis wylis Semcveloba anu wylis procentuli 
raodenoba ganisazRvreboda formuliT:  
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                           100
s

w

w
M

M
C    (37) 

sadac Cw aris nimuSSi arsebuli wylis procentuli odenoba, Mw nimuSSi 
arsebuli wylis masa, xolo Ms _ nimuSis masa. aRniSnuli meTodiT wylis 
Semcveloba normalur klimatur pirobebSi myofi mravalZarRvas 
intaqturi fesvisaTvisaTvis miviReT saSualod 80%, xolo hidroponuli 
sistemis fesvisTvis _ 85 %.  

gaSrobis meTodiT sasurveli wylis procentuli Semcvelobis 
misaRebad nimuSi iWreboda grZivad or nawilad. nimuSis gaWra saWiro 
gaxda radgan fesvis gareTa lateraluli qsovili xels uSlis fesvSi 
arsebuli wylis aorTqlebas da sakmaod kargad icavs fesvs tenis 
kargvisagan. aorTqlebis intensivibis gasazrdelad gamoyenebul iqna 
agreTve haeris Tbili nakadi (nakadis temperatura _ 30  oC) . nimuSis 
grZivad gaWrisa da haeris Tbili nakadis gamoyenebis gareSec cxadia 
moxdeba wylis aorTqleba fesvis oTaxis pirobebSi eqspoziciis dros, 
magram xSir SemTxvevebSi eqsperimentebisaTvis saWiro iyo nimuSebi, 
romlebic Zlier arawonasworul mdgomareobaSia tenis dakargvis 
Sedegad da arawonasworuli mdgomareoba miT ufro didia rac ufro 
mcire droSi xdeba tenis dakargva, radgan nimuSidan wylis aorTqlebis 
paralelurad mimdinareobs procesi, romelsac sistema miyavs 
wonasworuli mdgomareobisaken. aRniSnuli procesi aris nimuSSi 
aRZruli wylis nakadebi, romlis mamoZravebeli Zala aris fesvidan 
wylis aorTqlebis Sedegad miRebuli osmosur wnevaTa gradientebi. 

 Tu cnobilia nimuSis sawyisi masa da agreTve masSi arsebuli 
wylis procentuli raodenoba, SesaZlebelia nimuSis miReba sasurveli 
swlis SemcvelobT. amisaTvis grZivad gaWrili nimuSi unda moTavsdes 
sasworze haeris Tbili nakadis qveS da unda dayovndes aseT pirobebSi 
manam sanam misi masa ar Semcirdeba  

                        1

2

1
2

100

100
M

C

C
M




    (38)  

mniSvnelobamde, sadac MM2   aris nimuSis saboloo masa, C1 _ nimuSSi 
wylis sawyisi procentuli raodenoba, C2 _ wylis saboloo procentuli 
odenoba anu winaswar gansazRvruli sasurveli wylis Semcveloba, M1  ki 
nimuSis sawyisi masa. rodesac nimuSis masa Semcirdeba M2  mniSvnelobamde 
nimuSi Tavsdeba hermetul ampulaSi. 
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suraTi 25. kalorimetriuli 
ampula (aRniSvnebi ganmarte- 
bulia teqstSi). 

 

 

§2.2 dabaltemperaturuli diferencialuri skanirebadi 
reversiuli mikrokalorimetri [109, 112] 

 

                   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

suraTi 24. dabaltemperaturuli diferencialuri skanirebadi 

reversiuli mikrokalorimetris sqematuri suraTi (aRniSvnebi 

ganmartebulia teqstSi). 

15 
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ramdenime wlis win anrdonikaSvilis fizikis institutis 
biologiuri sistemebis fizikis ganyofilebaSi, winamdebare naSrobSi 
ganxiluli problemis gadasaWrelad, Seiqmna dabaltemperaturuli 
diferencialuri skanirebadi reversiuli mikrokalorimetri. aRniSnuli 
kalorimetri aris principulad gansxvavebuli aqamde arsebuli 
modelebisagan da ZiriTadi gansxvaveba gamoixateba imaSi, rom 
kalorimetriuli sistemis gacieba xdeba ara Txevadi azotis saSualebiT 
aramed e.w. “pelties efeqtis” gamoyenebiT. aRniSnuli efeqtis gamoyeneba 
saSualebas gvaZlevs SevqmnaT gacilebiT kompaqturi, eqspluataciisaTvis 
mosaxerxebeli da mniSvnelovnad ekonomiuri modeli. gansaxilveli 
kalorimetriuli modeli sqematurad naCvenebia suraT 24-ze. nebismieri 
kalorimetris erT-erTi yvelaze mTavari komponenti aris 
kalorimetriuli ampula, romlebSic Tavsdeba sakvlevi obieqti. mocemul 
SemxvevaSi kalorimetriuli ampula ar aris stacionaruli, nimuSis 
kalorimetrSi mosaTavseblad saWiroa nimuSi moTavsdes jer ampulaSi, 
xolo Semdeg ampula Tavsdeba ampulis konteinerSi. hermetuli ampula 
damzadebulia spilenZis masalisagan. spilenZis upiratesoba 
ganpirobebulia misi kargi siTbogamtareblobiT da mcire 
siTbotevadobiT, rac saboloo jamSi amcirebs sistemis droiT mudmivas 
da zrdis kalorimetris mgrZnobiarobas, da garCeviTobas. ampula 
Sedgeba sami detalisagan (sur.25) cilindruli formis Wiqisagan 1, 
xufisa 2 da teflonis Suasadebisagan 3, romelic uzrunvelyofs 
hermetulobas. stacionaruli konteineri (sur. 24-ze 10 da 11), romelSic 
Tavsdeba ampula, aseve spileZisaganaa damzadebuli, romlis Sida 
zedapiri imeorebs ampulis gare zedapiris formasa da zomebs, raTa maT 
Soris iyos kargi da stabiluri siTburi kontaqti. konteinerebs Soris 
moTavsebulia ori identuri "pelties" elementi, romlebic 
erTmaneTisagan ar gansxvavdebian magram aqvT gansxvavebuli 
funqcionaluri datvirTva: erT-erTis saSualebiT izomeba sxvaoba 
konteinerebis temperaturebs Soris, xolo meore uzrunvelyofs 
aRniSnuli temperaturuli gradientis kompensacias, rac xorcieldeba 
elementSi gansazRvruli mimarTulebisa da mniSvnelobis denis 
gatarebiT, rac iwvevs elementis erT-erTi zedapiris gaxurebas da 
amavdroulad meoris gaciebas. konteinersa da "pelties" elements Soris 
sasurvelia kargi siTburi kontaqti. igi ganxorcielebulia siTburi 
xidakis saSualebiT 14, romelic warmoadgens spilenZis mavTulis xviebs. 
aseT xidaks kargi siTbogamtareblobis garda aqvs drekadobis unaric, 
rac mocemul konstruqciaSi saWiroa, raTa Tavidan aviciloT xisti da 
dabali simtkicis naxevargamtari elementis (12, 13) dazianeba. rogorc 
ukve aRvniSneT sistemis gacieba da gaTbiba xdeba "pelties" 
naxevargamtaruli Termoelementebis saSualebiT. uSualod 
konteinerebisa (10, 11) da ampulebis gacieba-gaxureba xorcieldeba 
SedarebiT mcire zomisa da Sesabamisad mcire simZlavris "pelties" 
elemietis (7) saSualebiT. am elementis sicivis (siTbos) warmadoba unda 
iyos iseTi, rom uzrunvelyos mxolod 10gr masis spilenZis (konteinerebi  
da ampulebi) temperaturis cvlilebis gansazRvruli siCqare (skanirebis 
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siCqare < 70K/sT). 7 elementis mier producirebuli sicive (siTbo) 
praqtikulad ar ixarjeba konteinerebze garedan Semosuli siTburi 
nakadebis kompensaciaze radgan aRniSnuli nakadebi TiTqmis nolamdea 
dayvanili 6-e, 16-e, 17-e siTburi ekranebis saSualebiT. yovelive 
zemodTqmulis gaTvaliswinebiT SeiZleba iTqvas, rom 7 "pelties" 
elementis sicivis (siTbos) warmadoba unda iyos sul raRac 1 vt-is 
rigis. ufro maRali simZlavris siTburi elementis gamoyenebis aranairi 
saWiroeba ar arsebobs da xelis SemSlelic kia, radgan "pelties" efeqts 
yovelTvis Tan axlavs joulis fuWi efeqtic, romelic arTulebs mTeli 
kalorimetriuli sistemis gaciebas da fuWi joulis efeqti miT metia 
rac ufro mZlavria "pelties" elementi. 

 kalorimetris skanirebis siCqare imarTeba agreTve 7 Termo 
elementiT. aRniSnul elementSi gadis eleqtruli deni, romelic 
garkveuli kanonzomierebiT icvleba kalorimetris temperaturis 
mixedviT, raTa elementis zedapirze sicivis (siTbos) warmadoba iyos 
iseTi rom uzrunvelyos konteinerebis (Sida kalorimetriuli sistemis) 
temperaturis cvlilebis mudmivi siCqare (sasurveli mniSvnelobis). 7 
TermoelementSi gamavali denis temperaturaze damokidebulebis 
kanonzomierebaSi gaTvaliswinebulia temperaturis cvlilebis dros 
Termoelementis efeqturobis cvlileba da agreTve konteinerebze mcire 
gare siTburi nakadebis cvlilebac.  

 7 Termoelementis zedapiridan konteinerebze siTburi nakadis (civi 
an Tbili nakadi) miwodeba xdeba spilenZis 8 da 9 siTbogamtari 
elementebis gavliT. 9-e siTbogamtari elementis zustad Sua nawils, 8-e 
elementis gavliT, miewodeba siTburi nakadi, romelic iyofa or nawilad 
da miewodeba konteinerebs. imisaTvis rom aRniSnuli ori nakadi iyos 
ernairi saWiroa 9 elementi iyos maqsimalurad simetriuli (9-e 
elementis orive nawils  unda hqondes erTnairi siTbogamtarebloba).  

Sida kalorimetriuli sistema (ampulebi) moTavsebulia ormag 
siTbur ekranSi 16, 17, 6, romelTa temperatura, skanirebis dros, miyveba 
kalorimetriuli ampulebis temperaturas 0.01 0C sizustiT da Sesabamisad 
uzrunvelyofen Sida kalorimetriuli sistemis adiabaturobas. 
aRniSnuli siTburi ekranebis Termoregulireba xorcieldeba 4, 3 
"pelties" mZlavri naxevargamtaruli elementebis saSualebiT. aRniSnuli 
elementebis sicivis warmoebis simZlavre gansazRvravs 
dabaltemperaturuli kalorimetris samuSao intervals. warmodgenili 
kalorimetruli sistema muSaobs -600C -mde, am temperaturaze mimdevrobiT 
dakavSirebuli 3 da 4 elementis mier sicivis warmadoba aRwevs maqsimums 
da igi tolia -600C -ze oTaxidan siTbos nakadisa da kalorimetris 
mocemuli siCqariT gaciebisaTvis moTxovnili simZlavreebis jamisa.                 

5 da 3 Termoelementebs Soris moTavsebulia 3 mm sisqis spilenZis 
firfita romelic imeorebs didi Termoelementis formas. spilenZis 
aRniSnuli detali xels uwyobs 5 Termoelementis cxel zedapirze 
gamoyofili siTbos moxsnas 3 Termoelementis mier. 3 naxevargamtaruli 
Termoelementi imyofeba karg siTbur kontaqtSi gamaciebel abazanasTan, 
romelSic gaedineba wyali.  



56 

 

6 mm diametrisa da 0.2 mm kedlis sisqis uJangavi foladis milebi 15 
asruleben ampulis konteinerebis fiqsatoris rols da amavdroulad 
aadvilebs ampulis moTavsebas konteinerSi. radgan sasurvelia ampulebis 
maqsimaluri siTburi izolireba garemosagan, arCeul iqna dabali 
siTbogamtarobis masalisagan (uJangavi foladi) damzadebuli 
Txelkedliani (0.2 mm) mili. 15 uJangavi foladis milebsa da 16, 17 siTbur 
ekranebs Soris kargi siTburi kontaqtis gansaxorcieleblad 
gamoyenebulia spilenZis siTbogamtari xidaki. aRniSnuli siTburi xidaki 
mirCilulia rogorc ekranTan aseve uJangavi foladis milTan. 15 
uJangavi foladis milebSi Tavsdeba sacobi, romelic xels uSlis milSi 
haeris konveqcias.  

 oTaxidan kalorimetrul sistemaze siTburi nakadebis 
Sesamcireblad mTeli sistema izolirebulia 100 mm sisqis penoplastiT. 
sistemis kargi siTburi izolireba xels uwyobs kalorimetris samuSao 
inintervalis gazrdas da agreTve amcirebs bazisuri xazis xmaurs da 
aumjobesebs bazisis gameorebadobas. kalorimetriuli sistema 
penoplastis TboizolatoriTurT moTavsebulia gare hermetur korpusSi, 
romelSic gacieba_gaxurebis proceSi haeri Sedis (gadis) adsorbentiT 
(silikageli) savse balonis gavliT, raTa Tavidan aviciloT tenis 
dagroveba korpusis Sida moculobaSi.     

qvemoT moyvanilia kalorimetris ZiriTadi parametrebi. 

1. xmauri - 10μW. 

2. bazisuri xazis ganmeorebadoba 50μW. 

3. ampulis moculoba - 25 da100μl. 

4. temperaturis cvlilebis siCqare 70, 60, 40, 25, 15 и 10 К/sT 
temperaturis rogorc matebis, agreTve klebis reJimSi. 

5. nimuSis temperaturis gazomvis sizuste  0.1 К. 

6. nimuSSi temperaturis gradienti 70 К/sT skanirebis siCqareze ar 
aRemateba  0.1 К. 

7. droiTi mudmiva – 15 w. 

8. kalorimetri gankuTvnilia rogorc myari, agreTve Txevadi 
nimuSebis gasazomad. 

Seqmnilia on line  reJimSi kalorimetris muSaobisaTvis da miRebuli 
siTbos STanTqmis da siTbos gamoyofis mrudebis pirveladi damuSavebis 
programebi. gazomvis procesSi xdeba mrudebis registracia V(t) da V(u) 
koordinatebSi, sadac V - etalonur da gamzom  ampulebs Soris 
temperaturaTa sxvaobis maregulirebul elementze modebuli 
ukukavSiris Zabva,  t- dro da u - nimuSis temperaturis gadamwodis Cveneba. 
pirveladi damuSaveba Seicavs Semdeg safexurebs:  

1. V(u) damokidebulebidan V(T) damokidebulebaze gadasvla, sadac Т – 
nimuSis temperaturaa.  
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2. kalorimetris kalibreba –V(t) da V(T) damokidebebulebidan W(t) da 
W(T) damokidebebulebebze gadasvla, sadac  W –simZlavrea, 
romelic saWiroa, sakvlev nimuSSi, misi gacivebis an gaTbobis 
procesSi wylis fazuri gadasvlisas  gamoyofili (an 
STanTqmuli) siTbos kompensaciisaTvis. es sidide  proporciulia 
nimuSis siTbotevadobis cvlilebis mniSvnelobisa. 
proporciulobis koeficientia temperaturis cvlilebis siCqare.  

3. mrudebis normireba kalorimetris temperaturis cvlilebis 
siCqaris gaTvaliswinebiT da ΔСр (Т) damokidebulebaze gadasvla, 
sadac ΔСр  - mudmivi wnevis pirobebSi nimuSis siTbotevadobis 
cvlilebaa.   

4. registrirebuli mrudis bazisuri xazis dadgena, wyali - yinuli 
(an yinuli - wyali) fazuri gadasvlisas axali fazis warmoqmnis 
procesSi nimuSis siTbotevadobis cvlilebis gaTvaliswinebiT. 
amasTan erTad unda iyos  gaTvaliswinebuli is, rom sistemis 
siTbotevadobis cvlileba proporciulia temperaturis 
cvlilebisas warmoqmnili axali fazis raodenobisa, romelic 
mocemul temperaturul intervalSi registrirebuli mrudis 
farTobiT gamoiTvleba.  

5. registrirebuli mrudidan calkeuli monakveTebis gamoyofa.   

fazuri gadasvlis faruli siTbo, miRebuli bazisuri xazis mimarT, 
W(t) damokidebulebis integrirebiT miiReba, programa Origin 6.0-is 
gamoyenebiT.  

 

§2.3. eqsperimentaluri mrudebis damuSaveba 

 eqsperimentaluri mrudebis registracia da vizualizacia xdeba 
kompiuterSi acg-s gavliT. kalorimetridan kompiuters mudmivad 
miewodeba informacia 1 hercis sixSiriT nimuSis temperaturisa da 
nimuSis ampulis makompensirebeli simZlavris proporciuli sididisa. 
pirveladi eqsperimentaluri mrudi naCvenebia suraT 26-ze. ordinatTa 
RerZze gadazomilia maregulirebeli simZlavris proporciuli sidide 
(maregulirebeli simZlavre anu simZlavre, romelic unda miewodos 
nimuSis ampulas raTa SenarCundes mudmivi nulovani temperaturuli 
gradienti kalorimetriul ampulebs Soris skanirebis reJimSi muSaobis 
dros, aRniSnuli maregulirebeli simZlavre cxadia SeiZleba iyos 
rogorc dadebiTi aseve uaryofiTi mniSvnelobis). abscisaTa RerZze 
gadazomilia nimuSis temperatura 

0
C-Si. nimuSis temperatura droSi 

icvleba wrfivad kargi sizustiT (0.1%). maregulirebeli simZlavris 
mniSvnelobas ZiriTadad gansazRvravs nimuSisa da etalonuri ampulebis 
siTbotevadobaTa sxvaoba da nimuSSi mimdinare procesebis Sedegad 
gamoyofili an STanTqmuli simZlavre. vinaidan spilenZis siTbotevadoba 
samuSao temperaturul intervalSi praqtikula ar icvleba da vinaidan 
orive ampula TavianTi konteneirebiTurT damzadebulia spilenZisagan, 
sakmaod kargi miaxloebiT SeiZleba CavTvaloT, rom maregulirebeli 
simZlavris cvlileba ganpirobebulia mxolod nimuSis siTbotevadobis 
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cvlilebiTa da nimuSSi mimdinare procesebis Sedegad producirebuli 
siTburi efeqtebiT. aqve unda iTqvas, rom eqsperimentalur CanawerSi 
garkleuli wvlili Seaqvs drekadi deformaciebis Sedegad warmoqmnil 
siTbur efeqtebs da agreTve diferencialur ampulebze araTanabar da 
cvlad gare siTbur nakadebs. maregulirebeli simZlavris donis 
cvlilebas iwvevs agreTve gansxvaveba ampulebis masebs Soris da agreTve 
9 siTbogamtar elementSi gamavali siTburi nakadebis asimetria. aq 
CamoTvlili faqtorebis Sedegad gamowveuli xelisSemSleli efeqtebis 
mosaxsnelad gamoiyeneba bazisuri mrudis gamoklebis xerxi, romelic 
SemdegSi mdgomareobs: eqsperimentaluri mrudi iwereba nimuSis gareSe 
(carieli ampuliT), romelSic asaxulia yvela zemod CamoTvlili 
faqtoriT gamowveuli efeqti. amis Semdeg maregulirebeli simZlavris 
registracia xdeba ukve nimuSiT sasve ampuliT, romelSic asaxulia 
bazisur mrudSi arsebuli yvela "mavne" siTburi efeqti da amavdroulad 
nimuSis siTbotevadoba da nimuSSi mimdinare procesebis Sedegad 
miRebuli siTburi efeqtebi. cxadia Tu ukanasknel eqsperimentalur 
mruds gamovaklebT bazisur mruds, miRebuli mrudi asaxavs mxolod 
nimuSTan dakavSirebul procesebsa da uSualod nimuSis siTbotevadobas. 
 imisaTvis, rom ordinatTa RerZze gadazomili maregulirebeli 
simZlavris proporciuli sidididan gadavideT uSualod 
maregulirebeli simZlavris mniSvnelobaze saWiroa sistemis kalibreba, 
romelic xorcieldeba specialurad kalibrebisaTvis gankuTvnil 
gamaxurebelSi winaswar cnobili simZlavris SeyvaniT. amgvarad 
kalibrebis saSualebiT viRebT koeficients romelsac gadahyavs 
pirveladi mrudis ordinatTa RerZze gadazomili sidide maregulirebel 
simZlavreSi.   

 laboratoriaSi Seqmnilia programuli paketi romlis 
saSualebiTac xorcieldeba rogorc informaciis gadacema kalorimetrsa 
da kompiuters Soris aseve miRebuli eqsperimentaluri mrudebis 
damuSaveba.   

 aRniSnili programuli paketis saSualebiT dgindeba fazuri 
gadasvlis procesSi nimuSis siTbotevadobis cvlilebis aRmweri mrudi. 
sadac gamoyenebulia daSveba, rom nimuSis siTbotevadobis cvlileba 
proporciulia axali fazis raodenobisa. Cvens SemTxvevaSi fazur 
gadasvlaSi igulisxmeba mcenareul qsovilSi arsebuli wyalxsnaris 
fazuri gadasvlebi _ kristalizacia da dnoba, radgan aRniSnuli 
procesebis siTburi efeqtebi aris gacilebiT didi vidre nimuSSi 
mimdinare yvela danarCeni sxva SesaZlo procesebisa. Tuki 
maregulirebeli simZlavris temperaturaze damokidebulebis mruds 
gamovaklebT nimuSis siTbotevadobis cvlilebis aRmwer mruds miRebuli 
sxvaoba asaxavs mxolod wylis fazuri gadasvlis Sedegad warmoqmnili 
siTburi efeqtis simZlavris temperaturaze damokidebulebas. xolo 
aRniSnuli mrudis qveS moTavsebuli farTobis saSualebiT SesaZlebelia 
ganisazRvros gaciebis an gaxurebis dros wylis fazuri gadasvlis 
Sedegad gamoyofili an STanTqmuli mTeli siTbo. amisaTvis saWiroa 
aRmiSnuli farTobi gamravldes skanirebis siCqareze vinaidan wylis 
fazuri gadasvlis entalpia ar aris mudmivi sidide da igi 
damokidebulia gadasvlis temperaturaze wylis raodenobis 
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dasaTvlelad, romelmac ganicada fazuri gadasvla, SemuSavebulia 
meTodi romelic moyvanilia 3.7 paragrafSi, romlis saSualebiTac 
SesaZlebelia, rogorc mTeli formacvlili wylis masis gamoTvla aseve 
axali fazis warmoqmnis intensivobis temperaturaze damokidebulebis 
dadgena.  

 aRniSnuli programuli paketis saSualebiT SesaZlebelia agreTve 
eqsperimentaluri mrudidan calkeuli pikebis gamoyofa da Semdgomi 
damuSaveba. SesaZlebelia agreTve eqsperimentalur mrudze arsebuli 
defeqtebis moxsna. sruli entalpiisa da siTbotevadobis naxtomis 
gamoTvla.  

 

 

III Tavi. Sedegebi da ganxilva 

§3.1. nimuSSi arsebuli wylis kristalizaciisa da yinulis 
dnobis procesebis amsaxveli kalorimetriuli mrudebis 

zogadi aRwera [109, 110, 111] 

winamdebare naSromis I TavSi aRwerili iyo biologiur sistemebSi 
wylis gadaciebis problemebi da ZiriTadad exeboda mcenareebis dabali 
temperaturebisadmi adaptaciis meqanizmebis Seswavlas.  qvemod moyvanili 
Sedegebi warmoadgens am samuSaoebis gagrZelebas da miZRvnilia 
erTwlian mcenareTa fesvebSi wylis kristalizaciisa da yinulis dnobis 
procesebis TaviseburebaTa Seswavlisadmi. pirvel TavSi moyvanil 
samuSaoebSi, romlebSic ganxilulia mcenareTa qsovilebSi wylis 
gadaciebis problemebi, sakvlev obieqts warmoadgenda mravalwlian 
mcenareTa calkeuli qsovilebi. es sistemebi gacilebiT ufro martivia 
vidre fesvebi, romlebSiac Tavmoyrilia sxvadasxva tipis ujredebi, 
meristemuli ujredebis CaTvliT. amdenad, aseT sistemebze miRebuli 
Sedegebis interpretacia gacilebiT rTulia. miuxedavad amisa 
winamdebare samuSaoSi moyvanili Sedegebi garkveuli mosazrebebis 
gamoTqmis saSualebas iZleva. sakvlev obieqtad arCeul iqna 
mravalZarRvas fesvebi, Tumca Cvens mizans ar warmoadgens am konkretul 
mcenareul sistemaSi kristalizaciisa da dnobis procesebis Seswavla, 
aramed am procesebis Seswavla zogadad qsovilebSi da es nimuSi 
aRebulia rogorc modeluri sistema. 

suraT 26a-ze naCvenebia normalur klimatur pirobebSi myofi 
mravalZarRvas intaqtur fesvze Catarebuli kalorimetriuli 
eqsperimentis Sedegad miRebuli mrudi, romelzec asaxulia nimuSSi 
arsebuli wylis kristalizaciis procesi. aRniSnuli mrudidan dgindeba, 
rom amgvar nimuSSi wylis kristalizacia intensiurad iwyeba -10°C-ze. 
myisieri kristalizaciis procesis Semdeg siTbos gamoyofis intensioba 
klebulobs, magram dabali intensiobis kristalizaciis procesi mainc 
grZeldeba -27 оС-mde. -27 - -40оС temperaturul intervalSi kvlav izrdeba 
procesis intensioba da gvaqvs kidev erTi intensiuri egzoTerma (suraTi 
26a da misi CanarTi), romelic Sedgeba ori, SesaZloa sami pikisagan. rac 
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suraTi 27.  normalur klimatur pirobebSi aRebul mravalZarRvas intaqtur 

fesvSi yinulis dnobis procesis mikrokalorimetruli Canawerebi. nimuSis 
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Seexeba dnobis mruds, masze miviReT erTi maqsimumi -3 оС-ze (suraTi 26b), 
Tumca iyo iseTi eqsperimentebi sadac ZiriTadi pikis marjvena ferdze 
Cans mcire zomis mxari (suraTi 27) (anu SesaZloa yinulis dnobis 
Sesabamis mrudze realurad gvqondes ori erTmaneTTan axlosmdebare an 
erTadmdebare piki). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

suraTi 26.   normalur klimatur pirobebSi aRebul mravalZarRvas 

intaqtur fesvSi wylis kristalizaciisa (a) da yinulis dnobis (b) 

procesebis mikrokalorimetruli Canawerebi. nimuSis masa _ 19.8mg, 

wylis Semcveloba _ 82.3%, skanirebis siCqare 60o
C/sT. sur.1a-s 

CanarTze naCvenebia dabaltemperaturuli egzoterma gansxvavebul 

masStabSi. 
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§3.2 yinulis mdgradi Canasaxis warmoqmnis albaToba, rogorc 
temperaturisa da drois funqcia [111] 

cnobilia rom wylis kristalizacia iwyeba, rodesac myari fazis 
Canasaxi miaRwevs kritikul zomas (rodesac warmoiqmneba myari fazis 
mdgradi Canasaxi). mocemuli wyalxsnarisTvis mdgradi Canasaxis Seqmnis 
albaToba damokidebulia wyalxsnaris temperaturaze da am 
temperaturaze nimuSis dayovnebis droze. imis dasadgenad Tu ramdenad 
aris damokidebuli mdgradi Canasaxis Seqmna droze, eqsperimenti 
Catarebul iqna Zalian dabal siCqareebze (0.1°C saaTSi) (sur.28), Tumca 
kristalizaciis procesi ar daiwyo manam sanam nimuSis temperatura ar 
gaxda kvlav -10°C, anu mocemuli nimuSisTvis drois mcire erTeulebSi 
(1wm; 1wT; 1sT) mdgradi Canasaxis warmoqmnis albaToba am temperaturaze 
mkveTrad izrdeba 0-Tan axlos mdebare mniSvnelobidan 1-Tan axlos 
mdebare mniSvnelobamde (suraTi 29a). aqedan gamomdinare SeiZleba iTqvas 
rom temperatura, romelzec iwyeba kristalizaciis procesi, mocemuli 
nimuSis maxasiaTebeli temperaturaa. igi araa damokidebuli gaciebis 
siCqareze da kristalizaciis procesi ar iwyeba manam sanam temperatura 
ar miaRwevs maxasiaTebel mniSvnelobas. magram Tu drois erTeulad 
aviRebT ara wams an saaTs aramed ufro did drois erTeuls, es 
temperatura aRar iqneba maxasiaTebeli mocemuli nimuSisaTvis da 
kristalizaciis dasawyisi mniSvnelovnad iqneba damokidebuli nimuSis 
gaciebis siCqareze. magram Cven ar viciT romelia es “didi” drois 
erTeuli, romlisTvisac drois am SualedSi mdgradi Canasaxis 
warmoqmnis albaTobis damokidebulebas temperaturaze eqneba Semdegi 
saxe (suraTi 29b). es SeiZleba iyos kvira, weliwadi an kidev gacilebiT 
didi drois erTeuli. 

 

 

§3.3. nimuSis gaciebis procesSi sxvadasxva etapze gayinnuli 
wylis identifikacia da kristalizaciis pirvel etapze 

mimdinare procesebis scenari 

kristalizaciis mrudidan (suraTi 26a) SeiZleba vivaraudoT, rom 
pirvelad xdeba ujredSorisi wylis kristalizacia, radgan mxolod 
moculobiT wyals Tu SeuZlia mogvces msgavsi myisieri procesi. am 
Zalzed intensiur siTbos gamoyofis process mohyveba kristalizaciis 
procesi, romelic TandaTan mcirdeba. kristalizaciis es piki ar 
SeiZleba mTlianad ekuTvnodes ujredSoriss, radgan aRniSnuli pikis 
farTobi aris mTliani farTobis 90%, maSin roca ujredSorisi wylis 
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wili qsovilSi bevrad naklebia, anu am temperaturul intervalSi xdeba 
ujredSida wylis kristalizaciac. mas Semdeg rac iyineba ujredSorisi,  

 

 

 

 

suraTi 28.  temperaturiasa (1) da siTbos gamoyofis 

simZlavris (2) droze damokidebuleba nimuSis Tanabari 

siCqariT gaciebisas (0.013K/sT). nimuSis wylis Semcveloba 

80.5%. 
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suraTi 29. nimuSSi mdgradi Canasaxis warmoqmnis albaTobis 

damokidebuleba nimuSis temperaturaze.  _ drois erTeulSi 

a b 
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suraTi 30. uwyveti xaziT naCvenebia  normalur klimatur 

pirobebSi aRebuli mravalZarRvas intaqtur fesvSi wylis 

pirveladi kristalizaciis procesebis mikrokalorimetruli 

Canaweri, xolo wyvetili xaziT _ meoradi. nimuSis masa _ 

12.7g, wylis Semcveloba _ 79.3%, skanirebis siCqare 60o
C/sT. 
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iqmneba didi osmosuri gradienti ujredSida da ujredgare areebs 
Soris, radgan yinulis najeri orTqlis wneva mocemul temperaturaze 
naklebia ujredSi arsebuli wyalxsnaris najeri orTqlis wnevaze. 
Sesabamisad aRiZvreba wylis nakadi ujredidan ujredSorisSi, sadac 
Semdgom mimdinareobs transportirebuli wylis kristalizacia. 
logikurad ibadeba kiTxva xom SeiZleba procesi (kristalizaciis) 
mimdinareobdes ujredis SigniT. magram am versias gamoricxavs meoradi 
kristalizaciis mrudis forma romelic naCvenebia suraTi 30-ze 
(wyvetili mrudi). 

aRniSnul suraTze Cans, rom meoradi kristalizaciis dasawyisi 
kidevufro intensiuria vidre pirveladisa (anu pirveli kristalizaciis 
Sedegad gaizarda moculobiTi wylis odenoba) da marcxena ferdi ufro 
cicaboa da pikis sigane naklebia. anu ufro male moxda ujreduli 
wylis gayinva es gaugebari iqneba im SemTxvevaSi ujredebis SigniT rom 
mimdinareobdes kristalizaciis procesi, iqneboda es yinulis frontis 
gavrceleba ujredis SigniT Tu miTumetes masSi mdgradi Canasaxis Seqmna 
da individualuri kristalizacia. radgan arcerTi es procesi araa 
damokidebuli nimuSis wina istoriaze. rCeba erTaderTi varianti: 
ujredebidan wylis gamosvla da misi kristalizacia ujredSorsSi, am 
varauds ar gamoricxavs eqsperimentaluri monacemebi da metic mis 
sasargeblodac ki metyvelebs: Tuki ujredidan wyali gamovida cxadia 
pirveladi kristalizacia ufro intensiuri unda iyos da im 
SemTxvevaSic ki Tu yinulis dnobis Semdeg wylis garkveuli nawili 
kvlav dabrunda ujredSi (isev osmosuri gradiebtis gamo), meoradi 
kristalizaciis dros plazmolizi ufro gaiolebuli iqneba da nakadic 
Sesabamisad ufro intensiuri iqneba. 

 

 

§3.4. yinulis dnobis procesis amsaxveli urTierTgadafaruli 
kalorimetriuli pikebis identifikacia da kristalizaciisa 
da dnobis maqsimumebs Soris urTierTSesabamisobis dadgena. 

[110] 

rac Seexeba kristalizaciis process, romelsac intensivobis 
maqsimumi -35°C-ze aqvs, Sedgeba ori (SesaZloa sami) pikisagan romelTac 
gausis ganawilebis mzgavsi forma aqvT. am temperaturul intervalSi 
minimum ori pikis arseboba eWvgareSea _ naTlad Cans kalorimetriuli 
Canawerebidan (suraTi 31), xolo rac Seexeba sami pikis arsebobas es 
varaudi gaCnda radgan miRebuli egzoTerma yvelaze kargad iSleba sam 
(da ara or) gausis mrudad.  

sainteresoa imis garkveva mcenareul qsovilSi arsebuli romeli 
wyali iyineba am temperaturul ubanSi. am sakiTxis gagrZelebamde 
ganvixiloT dnobis mrudi, sadac xSirad Cans garkveuli gamrudebebi, 
romelic zemod ukve vaxseneT, rac gvafiqrebinebs rom endoTerma ori 
pikisagan Sedgeba. 
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suraTi 31.   normalur klimatur pirobebSi aRebuli 

mravalZarRvas intaqtur fesvSi wylis kristalizaciis 

procesis mikrokalorimetruli Canaweri. nimuSis masa _ 15.3mg, 

wylis Semcveloba _ 68%, skanirebis siCqare 60o
C/sT.  
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dnobis maqsimumis mdebareoba temperaturul RerZze damokidebulia 
wyalxsnarSi gaxsnil nivTierebebze (ZiriTadad osmosurad aqtiur 
nivTierebebze)  da maT koncentraciebze. erTaderTi gza temperaturul 
RerZze am ori pikis (Tu is marTlac arsebobs) daSorebisa aris maTi 
Sesabamisi wyalxsnarebis osmosuri koncetraciebis Secvla. Tuki dnobis 
ori piki erTidaimave temperaturaze mdebareobs an erTmneTTan 
axlosmdebarea es imas niSnavs, rom maTi Sesabamisi wyalxsnarebis 
osmosuri koncentraciebi erTmaneTs emTxveva an mcirediT gansxvavdebian 
erTmaneTisagan. pikebis gansacalkeveblad, anu wyalxsnaris or fraqcias 
Soris osmosuri gradientis misaRebad mivmarTeT Semdeg xerxs: mcenris 
grZivad gaWrili fesvidan amovaSreT wylis garkveuli nawili (nimuSSi 
wylis Semcveloba nawilibriv amoSrobis Semdeg darCa 50%) (ixileT 
paragrafi 2.1), radgan vvaraudobdiT rom SesaZlebeli iyo wylis 
aorTqleba ori sxvadasxva fraqciidan momxdariyo araTanabrad 
(araproporciulad) rac gamoiwvevda osmosuri gradientis miRebas (an 
gazrdas). aRniSnuli nimuSSi yinulis dnobis mrudze marTlac miviReT 
ori erTmaneTisagan mkveTrad gamoyofili piki -11.8°C-ze da -4.5°C-ze 
(suraTi 32).  

nawilobriv amomSral nimuSebSi rogorc ukve vTqviT vRebulobT 
or endoTermas dnobis mrudze, ori egzoTerma gvaqvs agreTve 
kristalizaciis drosac (suraTi 33), sainteresoa arsebobs Tu ara raime 
urTierTSesabamisoba maT Soris. amis dasadgenad CavatareT 
eqsperimentebis cikli kvlav xelovnurad gamomSral nimuSze (wylis 
Semcveloba 48%): pirveli ciklis dros nimuSi gavaciveT oTaxis 
temperaturidan -50°C-mde da Semdeg kvlav gavaTbeT oTaxis 
temperaturamde (suraTi 33), am ciklis dros dadginda kristalizaciisa 
da dnobis pikebis mdebareoba temperaturul RerZze (Tkr1=-18.2, Tkr2=-35, 

Tdn1=-3.3 Tdn2=-11). meore ciklis dros nimuSi gavaciveT mxolod -26°C-mde 
raTa gayinuliyo wylis mxolod pirveli fraqcia, xolo meore fraqcia 
darCeniliyo Txevad mdgomareobaSi. aseT SemTxvevaSi dnobis mrudze 
miRebuli endoTermuli procesi iqneba pirveli fraqciis wylis 
wonasworuli fazuri gadasvlis amsaxveli (gamoCndeba mxolod is 
siTburi efeqti romelsac iwvevs pirveli fraqciis yinulis dnoba). 
dnobis mrudze gamoCnda dabaltemperaturuli piki da mcire zomis piki -
3.4 CO-ze (suraTi 34). am eqsperimetaluri mrurebidan dgindeba, rom 
maRalremperaturul kristalizaciis piks (wylis pirveli fraqciis 
kristalizacias) Seesabameba dabaltemperaturuli dnobis piki (pirveli 
fraqciis yinuli dneba dabal temperaturaze).   

rac Seexeba mcire zomis endoTermas, romelic -3.4 CO-ze mdebareob, 
savaraudod ekuTvnis wylis meore fraqcias da dnobaze gamoCnda radgan 
-26 CO-ze ukve dawyebuli iyo dabaltemperaturuli kristalizaciis 
procesi. 
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suraTi 32.  xelovnurad nawilobriv gamomSral mravalZarRvas 

fesvSi yinulis dnobis procesebis mikrokalorimetruli 

Canaweri. nimuSis masa _ 18.1 mg, wylis Semcveloba _ 49%, 

skanirebis siCqare 60o
C/sT. 
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suraTi 33.   xelovnurad nawilobriv gamomSral mravalZarRvas 

fesvSi wylis kristalizaciisa (a) da yinulis dnobis (b) procesebis 

mikrokalorimetruli Canawerebi (kristalizaciisa da dnobis 

pirveli cikli). nimuSis masa _ 19.5 mg, wylis Semcveloba _ 48%, 

skanirebis siCqare 60o
C/sT. 
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suraTi 34.  xelovnurad nawilobriv gamomSral mravalZarRvas 

fesvSi wylis kristalizaciisa (a) da yinulis dnobis (b) 

procesebis mikrokalorimetruli Canawerebi (kristalizaciisa 

da dnobis meore cikli). nimuSi gacivda mxolod -260
C-de. 

nimuSis masa _ 19.5 mg, wylis Semcveloba _ 48%, skanirebis 

siCqare 60o
C/sT. 
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suraTi 35.    xelovnurad nawilobriv gamomSral mravalZarRvas 

fesvSi wylis kristalizaciisa (a) da yinulis dnobis (b) 

procesebis mikrokalorimetruli Canawerebi (kristalizaciisa da 

dnobis mesame cikli). nimuSis masa _ 19.5 mg, wylis Semcveloba _ 

48%, skanirebis siCqare 60o
C/sT. 
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suraTi 36.  xelovnurad nawilobriv gamomSral mravalZarRvas 

fesvSi wylis kristalizaciisa (a) da yinulis dnobis (b) procesebis 

mikrokalorimetruli Canawerebi (kristalizaciisa da dnobis meoTxe 

cikli, romelic Catarda nimuSis aRebidan meore dges da sistema 

imyofeboda wonasworul mgdomareobaSi). nimuSis masa _ 19.5 mg, wylis 

Semcveloba _ 48%, skanirebis siCqare 60o
C/sT. Canartebze naCvenebia 

aRniSnuli procesebi gansxvavebuli masStabiT. 
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§3.5. wylis kristalizaciis dabaltemperaturuli procesi. [109, 
110] 

yovelive zemodTqmulidan calsaxad dgindeba, rom 
dabaltemperaturuli kristalizaciis procesi mindinareobs danarCeni 
xsnarisagan sivrculad izolirebil moculobaSi, radgan aRniSnuli 
procesis dros warmoqmnili yinuli dneba damoukideblad. radgan 
qsovilSi xsnaris sivrcul izolaciazea saubari upirveles yovlisa 
SeiZleba vivaraudoT, rom es aris ujredSida wyali, romelic 
gamoyofilia danarCeni wylisagan plazmuri membraniT, anu savaraudod  -
27 - -40оС temperaturul intervalSi mdebare egzoTerma unda asaxavdes 
ujreduli wylis kristalizaciis process. am versiis sasargeblod 
metyvelebs is faqtic, rom aRniSnul dabaltemperaturul egzoTermas 
aqvs gausis mrudis forma, ufro swored Sedgeba ori, SesaZloa sami 
gausis mrudisagan. nimuSSi aris sakmaod didi raodenoba ujredebisa 
(meti vidre 106) imisTvis rom samarTliani iyos statistikuri fizikis 
kanonebi. cxadia ar SeiZleba ujredebi identuri iyos, isini 
gansxvavdebian erTmaneTisagan garkveuli parametrebiT (im parametrebiTac 
romlebic gansazRvraven gadaciebis sidides), romlebic SeiZleba 
xasiaTdebian gausis ganawilebiT, Sesabamisad logikuria gausis mrudis 
formis egzoTermebis miReba. rac Seexeba im faqts, rom 
dabaltemperaturuli egzoTerma Sedgeba ori SesaZloa sami 
maqsimumisagan SesaZloa aixsnas imiT, rom nimuSSi gvaqvs ori (an sami) 
jgufi ujredebisa romlebSic wyali ganicdis mniSvnelovan gadaciebas. 
nimuSis xelovnurad nawilobriv amoSrobis dros, romelzec zemod iyo 
saubari da romelic agreTve aRwerilia paragrafSi 2.1, cxadia 
orTqldeba araujreduli wyali, xolo ujredSida Tavdapirvelad ar 
ganicdis aranair cvlilebebs. amgvari nimuSebis kvlevam gviCvena, rom 
nimuSSi arsebuli wylis kristalizaciis procesis amsaxvel 
kalorimetriul mrudze mniSvnelovnad Seicvala pirveli piki, maSin 
roca praqtikulad ucvleli darCa dabaltemperaturuli egzoTerma (sur. 
33a). ar icvleba agreTve dabaltemperaturuli egzoTermis Sesabamisi 
dnobis pikis mdebareoba temperaturul RerZze. es faqtic miuTiTebs, rom 
-27 - -40оС temperaturul intervalSi mdebare egzoTerma asaxavs 
ujredSida xsnaris kristalizaciis process. Tumca unda iTqvas, rom es 
ver iqneba nimuSSi arsebuli mTeli Sidaujreduli wyali, radgan meore 
fraqciis wylis odenoba mxolod 10%-ia, maSin roca ujreduli wylis 
wili nimuSSi gacilebiT metia. aq SeiZleba ganvixiloT ori varianti: 1. 
mas Semdeg rac iyineba wyaliYujredSorisSi da Sedegad warmoiqmneba 
osmosuri gradienti ujred -Sida da –gare areebs Soris, Sidaujreduli 
wyali iwyebs dinebas ujredSorisSi da -27 - -40оС temperaturul 
intervalSi iyineba is Sidaujreduli wyali, romelic jerkidev darCa 
ujredSi. anu dabaltemperaturuli egzoTerma asaxavs ujredebSi narCeni 
wylis kristalixaciis process; 2. dabaltemperaturul areSi 
mimdinareobs mxolod garkveuli tipis ujredebis ujredSida wylis 
kristalizacia. 
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§3.6. osmosuri wnevebi ujredSida da -gare moculobebSi. [110] 

 eqsperimentebis seria Catarda fesvis sxvadasxva ubanze. SerCeul 
iqna fesvis 5 gansxvavebuli nawili, rogorc es naCvenebia suraT 37-ze. 1-
li nimuSi aris fesvis Tmebi; 2-e _ fesvis wvero; xolo 3-e, 4-e da 5-e 
Sesabamisad momdevno ubnebi fesvis dasawyisamde. TiToeuli am 
nimuSisTvis qsovilSi arsebuli wyalxsnaris kristalizaciisa da 
SemdgomSi yinulis dnobis kalorimetriuli kvlevis Sedegebi 
garkveulwilad gansxvavdebian erTmaneTisagan da iyo mcdeloba 
dadgeniliyo garkveuli kanonzomiereba eqsperimentaluri monacemebidan 
gansazRvrul parametrebze dayrdnobiT. TiToeuli zemod aRwerili 
nimuSisTvis gansxvavebuli Sedegebis miReba arc aris gasakviri, radgan  
fesvis sxvadasxva ubans aqvs gansxvavebuli funqcionaluri datvirTva da 
gansxvavebulia agreTve maTi agebuleba. sainteresoa fesvis gaswvriv 
osmosuri wnevebis gradientebis dadgena, fesvis erT-erT mTavar 
funqciasTan dakavSirebiT _ mcenares miawodos wyali niadagidan masSi 
gaxsnil nivTierebebTan erTad. nimuSSi arsebuli xsnaris wonasworuli 
fazuri gadasvlis temperatura, rogorc ukve zemod aRvniSneT, 
damokidebulia xsnarSi arsebul osmosurad aqtiur nivTierebebze da maT 
koncentraciebze. osmosurad aqtiur nivTierebebze da maT 
koncentraciebzea damokidebuli agreTve xsnaris osmosuri wneva. aeqdan 
gamomdinare arsebobs korelacia nimuSSi arsebuli wyalxsnaris 
wonasworuli fazuri gadasvlis temperaturasa da mis osmosur wnevas 
Soris. ganvixiloT ra raodenobrivi korelaciaa am or parametrs Soris. 

 xsnarebis osmosuri wneva SeiZleba  gamoTvlil iqnas cnobili 
damokidebulebidan [97] 

 

                                             π =-(RT/v)ln(Po/P)       (39) 

 

sadac  R = 82.056 sm3 at/kmol – universaluri airis mudmiva, v =18 sm3/mol - 
wylis kuTri molaruli moculoba, Т- absoluturi temperatura, P da P0 - 
wylis najeri orTqlis wnevebi Sesabamisad xsnarisa da sufTa wylis 
Tavze. mocemul erTeulebSi osmosuri wnevis mniSvnelobebs viRebT 
atmosferoebSi. nax. 38-ze moyvanilia najeri orTqlis wnevebis 
temperaturuli damokidebuleba  [17]  gadacivebuli wylis (1), yinulis (2) 
da  Тm   temperaturaze fazuri gadasvlis mqone xsnaris (3) Tavze. 
mrudebis (2) da (3) gadakveTa Тm  temperaturaze  Р da Р0  mniSvnelobebis 
miRebis saSualebas  gvaZlevs da Sesabamisad Тm   temperaturaze fazuri 
gadasvlis mqone xsnaris osmosuri wnevebis gamoangariSebis saSualebas. 

nax. 39-ze moyvanilia wylis xsnarebis osmosuri   wnevis 
damokidebuleba wonasworuli fazuri gadasvlis temperaturaze, 
romelTa fazuri gadasvlis temperatura mdebareobs 0-sa da -150С 
temperaturul intervalSi. wertilebi dasmulia cxrilebidan aRebuli 
monacemebis safuZvelze [17], xolo wiri miRebulia meore xarisxis 
polinomiT am wertilebis aproqsimaciiT.  aqedan  gamomdinare  mocemuli  
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suraTi 37.  mravalZarRvas fesvis sqematuri suraTi. cifrebiT 

gadanomrilia fesvis Tmebi da fesvis sxvadasxva ubani, 

romlebisTvisac dadgenilia maTSi arsebuli wylis owmosuri wnevebi.  
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suraTi 38.  temperaturuli damoki- 

debuleba najeri orTqlis wnevisa 

[17]: 1 _ gadaciebuli wylis Tavze; 2 

_ yinulis Tavze da 3 _ wyalxsnaris 
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fazuri gadasvlis temperatura aris 
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suraTi 39.  wyalxsnaris osmosuri 

wnevis damokidebuleba wonaswo- 

ruli fazuri gadasvlis tempera- 

turaze. 
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cxrili 1

nimuSis nomeri 1 2 3 4 5 

wylis fraqciebis 
Tanafardoba   ±0,003 

0.185 0.048 0.042 0.036 0.035 

siTbos STanTqmis 
ZiriTadi maqsimumis 
temperatura 0С  ±0,1 

-3,6 -3,3 -2,8 -2,7 -2,7 

osmosuri wneva (atm) 42.8 

 

39.2 

 

33.4 

 

32.2 

 

32.2 

 

siTbos gamoyofis 
dabaltemperaturuli 
maqsimumis 
maxasiaTebeli 
temperatura 
0С  ±0,5 

 

-31,5 

 

-31,4 

 

-31,6 

 

-30,9 

 

-32 
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temperaturuli intervalisaTvis miviReT savsebiT mosaxerxebeli 
gamosaxuleba osmosuri wnevis damokidebulebisa sakvlevi xsnaris 
fazuri gadasvlis temperaturaze                     

π = - 12.02 T - 0.039 T2       (40) 
sadac  Т  celsiusis gradusebSi gamosaxuli wonasworuli fazuri 
gadasvlis temperaturaa. aqedan gamomdinare, rTul biologiur 
sistemebSi wylis fazuri gadasvlebis procesebis SeswavliT da yinulis 
dnobis temperaturebis gamovleniT, Cven SegviZlia sakvlev nimuSebis 
rogorc sxvadasxva ubnis aseve  Sidaujreduli da ujredSorisi 
xsnarebis osmosuri wnevis mniSvnelobebis Sesaxeb informaciis miReba. 
 cxrili 1-Si moyvanilia fesvis sxvadasxva ubnis (sur. 37) 
kalorimetriuli kvlevebis Sedegad miRebuli parametrebi, maT Soris 
osmosuri wnevebis mniSvnelobebi fesvis calkeuli ubnisaTvis. rogorc 
vxedavT fesvis gaswvriv marTlac arsebobs osmosur wnevaTa gradienti 
(razedac saubari iyo paragrafis dasawyisSi), magram aRniSnuli 
gradienti iseTia, rom igi ver uzrunvelyofs mcenaris fesvSi wylis 
aRmaval nakads. aqedan gamomdinare Seizleba gakeTdes daskvna, rom 
mcenaris wyliTa da masSi gaxsnili mineralebiT momaragebis meqanizmi ar 
unda iyos dakavSirebuli osmosur ZalebTan. 
 davubrundeT eqsperimentebis cikls, romelic ganxiluli iyo 
paragraf 3.4-Si (sur. 33 _ 36). nimuSis yoveli momdevno gaciveba-gaTbobis 
ciklis monacemebi gviCvenebs, rom winamorbedi ciklis damTavrebasTan 
erTad wylis garkveuli nawili gaedina ujredebidan ujredSoris 
moculobaSi. amas mowmobs ujredSoris sivrceSi kristalizebadi wylis 
raodenobis mateba da misi fazuri gadasvlis temperaturis gazrda. 
amasTan erTad Sidaujreduli yinulis dnobis temperaturac mcirdeba. 
Sidaujreduli da ujredSorisi xsnarebis fazuri gadasvlis 
temperaturebis cvlileba warmoadgens ujredebidan wylis ukuqcevis 
Sedegs, ris gamoc Sidaujredul xsnarSi osmosurad aqtiuri 
nivTierebebis koncentracia izrdeba da ujredSorisi xsnaris ganzaveba 
xdeba.  
 gaciveba-gaTbobis bolo cikli (sur. 36) Catarda 15 saaTis Semdeg. 
am periodis ganmavlobaSi nimuSi moTavsebuli iyo kalorimetrSi oTaxis 
temperaturaze. igulisxmeboda, rom am drois ganmavlobaSi nimuSi 
wonasworul mdgomareobaSi unda mosuliyo: nimuSis sxvadasxva 
nawilebSi osmosuri wnevebi unda gawonasworebuliyo. nax. 36-ze 
moyvanilia am ciklis Sedegebi, romlebic adastureben gamoTqmul 
varauds. mniSvnelovnad Semcirda Sidaujreduli xsnaris wili (wina 
ciklis 38.4% -dan  6%-mde), romelic ganicdis mniSvnelovan gadacivebas. 
misi gadaciebis maxasiaTebeli temperatura mcirdeba -400 С-mde. nimuSSi 
warmoqmnili yinulis dnobis procesi mimdinareobs erT stadiad siTbos 
STanTqvis maqsimumiT  -6,6 0С –ze (ix. CanarTi nax. 36 b -ze), rasac SeiZleba 
adgili hqondes mxolod im SemTxvevaSi, Tu ki UujredSorisi da 
SidauJreduli xsnarebs aqvT osmosuri wnevis erTnaeri mniSvnelobebi, 
romlibic xsnaris fazuri gadasvlis -6,6 0С temperaturisaTvis formula 
40-is Tanaxmad Seadgens 81 at.  ganxiluli procesebis parametrebi 
Sejamebulia cxrilSi 2. 
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cxrili: 2  

 
δT1 – ujredSorisi xsnaris gadaciveba - 0С. 

Тsc1 – ujredSorisi xsnaris kristalisaciis dasawyisis temperatura -  0С. 

Тsc2 – Sidaujreduli xsnaris kristalisaciis maxasiaTebeli temperatura -       

          0С. 
Тeq1 – ujredSorisi xsnaris fazuri gadasvlis temperatura -  0С. 

Тeq2 – Sidaujreduli xsnaris  fazuri gadasvlis temperatura  - 0С. 

m1 – gamoyinuli ujredSorisi wylis massa -  mg. 
m2 -  gamoyinuli Sidaujreduli ujredSorisi wylis massa -  mg. 
π1 –   ujredSorisi xsnaris osmosuri wneva –at. 
π2 -  Sidaujreduli xsnaris osmosuri wneva –at. 
δT2 – Sidaujreduli xsnaris gadaciveba - 0С.  

 

* normalur klimatur pirobebSi aRebul mravalZarRvas intaqtur fesvSi 
wylis kristalizaciisa da yinulis dnobis procesebis amsaxveli 
parametrebi. 

** m1 da m2 parametrebi gamoangariSebulia wylis kristalizaciis 
amsaxveli mrudebidan, wyali-yinuli fazuri gadasvlis entalpiis 
temperaturaze damokidebulebis gaTvaliswinebiT.   

moyvanili Sedegebidan gamomdinareobs, rom xelovnurad nawilobriv 
gamomSrali fesvis ujredebi imyofebian hipertoniur garemocvaSi. 
daismis kiTxva: xom ar aris es nimuSidan wylis aorTqlebis Sedegi, 
vinaidan cxadia, rom nimuSis gamoSrobis procesSi wyali pirvel rigSi 
aorTqldeba ujredSoris sivrcidan da masSi miT ufro gaizrdeba 
osmosurad aqtiuri nivTierebebis koncentracia. magram, rom daubrundeT 
sur. 27 da azrobrivad davSaloT yinulis dnobis mrudi (ix. CanarTi 
nax.27 b), SevamCnevT, rom fazuri gadasvlis ~ -1 0С temperaturis mqone 
xsnaris wili danarCeni xsnaris, romlis fazuri gadasvlis temperaturaa 

№ nimuSis 
gaciveba-
gaTbobic 
ciklisa 

Тsc1 

0С 

Тsc2 

0С 

Тeq1 

0С 

Тeq2 

mg 

m1** 

mg 

m2** 

mg 

π1 

at 

  π2 

at 

δT1 

0С 

δT2 

0С 

 

0* -10,1 -35 ~ -1 -3 5,61 1,04 35,9 12   

1 -18.2 -35,2 -11 -3.3 1.2 1.5 137 40 7,2 31,9 

2 -17.3 - -10.1 -3.4 - - 122 41 7,2  

3 -16.5 -35.4 -9.5 -3.4 1.34 1.4 118 41 7 32 

4 -13.6 -40 -6.6 -6.6 2.34 0.35 81 81 7 33,4 
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-3 0С, mxolod mcire nawils Seadgens. xolo mocemuli nimuSisaTvis 
Sidaujreduli wylis wili, kristalizaciis mrudidan gamoangariSebuli, 
Seadgens mxold 15%-s nimuSSi gayinuli mTeli wylisa. maSasadame, 
sakmarisi rwmunebis xarisxiT, Cven SegviZlia daSveba, rom zemod 
aRweril mdgomareobaSi Senaxuli mcenaris fesvebSi, ujredebi 
hipertoniuri xsnariT garSemortyulni arian.  

 

 

 

§3.7. wylis fazuri gadasvlis dros axali fazis warmoqmnis 
imtensivobis gansazRvra 

 kristalilizaciisas gamoyofili da agreTve dnobisas 
STanTqmuli siTbos mixedviT SeiZleba Sesabamisad kristalizebuli da 
gamdnari wylis masebis gamoTvla (cxdia es masebi erTnairi unda iyos). 
Tumca am dros gasaTvaliswinebelia is faqti, rom fazuri gadasvlis 
dros gamoyofili an STanTqmuli siTbos odenoba damokidebilia 
temperaturaze. Tuki simZlavris temperaturaze damokidebulebis mruds 
gavyofT entalpiis temperaturaze damokidebulebis mrudze mivigebT 
axal mruds, romelic gviCvnebs wylis kristalizaciis (dnobis) 
intensivibas da Tu movaxdenT am mrudis integrebas mividebT 
kristalizebuli (an gamdnari) wylis masas. am operacias vakeTebT 
programa “eqselSi”. Eeqselis programaSi specialurad ganTavsebul 
velSi Segvaqvs skanirebadi eqsperimentis dros miRebuli monacemebi 
(dro, temperatura, simZlavre, bazisuri xazi) da gvaZlevs wylis mTlian 
odenobas miligramebSi. SegviZlia agreTve gavigoT nimuSSi arsebili 
wylis mTeli masa mSrali woniT da Sesabamisad bmuli wylis raoenobac. 

 suraT 31-ze moyvanilia kalorimetriuli mrudi, romelic asaxavs 
nimuSis mocemuli mudmivi siCqariT gaciebis procesSi nimuSSi arsebili 
wylis kristalizaciis Sedegad gamoyofili siTbos simZlavres. 
ordinatTa RerZze gadazomilia nimuSis temperatura 

0
C-Si, xolo 

abscisaTa RerZze _ wylis kristalizaciis Sedegad gamoyofili 
simZlavre milivatebSi. Cven SegviZlia avagoT simZlavris droze 
gamokidebulebis mrudi, radgan registraciis dros xdeba rogorc 
temperaturis aseve drois redistraciac. Tumca im SemTxvevaSi Tuki 
kalorimertiuli eqsperimentis dros ar xdeba drois registracia 
SesaZlebelia ganvsazRvroT simZlavris droze gamokidebulebis mrudi  
skanirebis siCqqaris gamoyenebiT. amisaTvis simZlavris temperaturaze 
gamokidebulebis mrudi unda gavyoT skanirebis siCqareze, Sedegad 
miviRebT. W=f(t) funqciis Sesabamis mrudsa da ordinatTa RerZs Soris 
moTavsebuli farTobi asaxavs wylis kristalizaciis Sedegad nimuSSi 
gamoyofil  siTbos odenobas (Q= ). Tumca ufro metad sainteresoa 

ara kristalizaciis dros gamoyofili siTbos raodenoba aramed 
kristalizebuli wylis raodenoba. amisaTvis unda vicodeT wylis 
kristalizaciis kuTri siTbos mniSvneloba, romelic araris mudmivi 
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sidide da damokidebulia fazuri gadasvlis temperaturaze. am 
damokidebulebas aqvs Semdegi saxe:  

                    ∆H=332+1.63T-0.034T
2 

           (41) 

sadac T arias fazuri gadasvlis temperatura. 

    eqsperimentis Catarebis procesSi paralelurad xdeba monacemebis 
Senaxva cxrilebis saxiT (cxrili 3) da vizualizacia grafikis saxiT 
(suraTi 40). 

monacemTa pirveladi cxrilis damuSavebis Sedegad miiReba axali 
cxrili (cxrili 4), romelic sami svetisgan Sedgeba: drois sveti, 
temperaturis sveti da nimuSis temperaturis mudmivi siCqariT 
cvlilebis procesSi masSi arsebuli wylis fazuri gadasvlis Sedegad 
gamoyofili an STanTqmuli siTburi energiis simZlavris sveti. am 
cxrilis safuZvelxe SeiZleba avagoT simZlavris temperaturaze an 
droze damokidebulebis mrudi. simZlavris droze damokidebulebis 
mrudis integrireba mogvcems siTburi energiis srul odenobas romelic 
gamoiyofa nimuSSi arsebuli wylis kristalizaciis procesSi (an 
romelic STainTqmeba gayinuli wylis dnobis dros). garda amisa mrudis 
forma gviCvenebs aRniSnuli siTburi efeqtebis xasiaTs. zemodaRniSnuli 
monacemebidan, wylis fazuri gadasvlis entalpiis gaTvaliswinebiT, 
SesaZlebelia gamoTvlil iqnas nimuSSi kristalizebuli an gamdnari 
wylis raodenoba. cnobilia, rom sufTa wylisTvis wonasworuli fazuri 
gadasvlis kuTri entalpia aris ΔH=332 jouli/grami. Tu fazuri 
gadasvlis dros miRebuli siTburi energiis raodenobas gavyoT ΔH-ze 
miviRebT wylis raodebobas, romelmac ganicada fazuri gadasvla. Tumca 
wylis raodenobis daTvlis aRniSnuli meTodi ar aris zusti da 
gvaZlevs garkveul cdomilebas, es cdomileba miT metia rac ufro 
dabal temperaturebze mimdinareobs wylis kristalizacia an dnoba. 
aRniSnuli cdomileba gamowveulia imiT, rom wylis kuTri entalpia araa 
mudmivi sidide da igi damokidebulia fazuri gadasvlis temperaturaze 
(formula 41) 

radganac Cvens SemTxvevaSi, rogorc nimuSSi arsebuli wylis 
kristalizaciis, agreTve yinulis dnobis procesi mimdinareobs ara erT 
temperaturaze, aramed sakmaod ganier    temperaturul intervalSi (20 _ 
30  K), amitom saWiroa daTvlil iqnas kristalizebuli (an gamdnari) 
wylis raodenobebi viwro temperaturul intervalebSi, Sesabamisi kuTri 
entalpiebs gaTvaliswinebiT da Semdeg moxdes maTi ajamva. aseTi 
operaciis Catareba advilad SesaZlebelia saofise programa “Microsoft 

Exel”-is gamoyenebiT. amisaTvis saWiroa damuSavebuli monacemTa cxrilis 
(cxrili3) samive sveti (dro, temperatura, simZlavre) gadavitanoT 
“Microsoft Exel”-is samuSao gverdze pirvel sam svetSi, xolo meoTxe svetis 
pirvel ujraSi Caiwereba Semdegi formula:  

                   C1/(332+1.63* B1-0.034* B12)  

sadac  C1 aris W1 anu t=1wm momentSi drois erTeulSi gamoyofili (an 
STanTqmuli) siTbos raodenoba, B1 ki nimuSis temperatura aseve t=1wm 
momentSi. programa “Exeli” saSualebas gvaZlevs movaxdinoT am formulis 
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ganzogadeba meoTxe sveTis TiToeuli ujrisaTvis, Sedegad Dn ujredSi 
formulas eqneba Semdegi saxe: 

cxrili3 

      t(wm)        T(0C)          V(volti)  

  1.00  11.60278  0.24506 

  2.00  11.58142  0.24506 

  3.00  11.56616  0.24506 

  4.00  11.54480  0.24506 

  5.00  11.52344  0.24506 

  6.00  11.51123  0.24567 

  7.00  11.48376  0.24567 

  8.00  11.46851  0.24506 

   .  

    . 
     .     
cxrili 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dro (wm) temperatura 

(oC) 

gamoyofili 
simZlavre 

(milivati) 

1 T1 W1 

2 T2 W2 

3 T3 W3 

. 

. 

. 

. 

. 

. 

 

. 

. 

. 

 

suraTi 40.  eqsperimentaluri 

mrudis Tavdapirveli saxe 
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                   Cn/(332+1.63* Bn-0.034* Bn2)       (42) 

 ganvixiloT ras warmoadgens  (42) gamosaxuleba. Cn aris t=n momentSi 
drois erTeulSi gamoyofili (STanTqmuli) siTbos raodenoba anu 
simZlavre. Tu am sidides gavyofT 332+1.63*Bn-0.034*Bn2   gamosaxulebaze 
anu Tn  temperaturis Sesabamis kuTr entalpiaze (ΔHn) miviRebT t=n 
momentSi drois erTeulSi warmoqmnili wylis axali fazis odenobas anu 
axali fazis warmoqmnis intensivibas miligram/wam erTeulebSi.  

SesaZlebelia aigos dm/dt-s rogorc droze, aseve temperaturaze 
damokidebulebis mrudebi, xolo maTi integrireba ki mogvcems im wylis 
mTlian masas, romelmac ganicada fazuri gadasvla. suraT 41-ze 
naCvenebia nimuSSi arsebuli wylis kristalizaciis procesSi rogorc 
gamoyofili siTburi energiis simZlavris (dQ/dt) aseve wylis 
kristalizaciis intensivobis (dm/dt) temperaturaze damokidebulebis 
mrudebi. am suraTidan Cans, rom rac ufro dabalia fazuri gadasvlis 
temperatura miT met efeqts iZleca entalpiis temperaturaze 
damokidebulebis gaTvaliswineba. 

 

 

 

cxrili 5 

 

 

 

 

 

dro (wm) temperatura 

(oC) 

gamoyofili 

simZlavre 

(milivati) 

wylis 

kristalizaciis 

intensivoba 

(miligrami/wami) 

 

1 T1 W1 W1/(332+1.63* T1-0.034* 

T1
2) 

2 T2 W2 W2/(332+1.63* T2-0.034* 

T2
2) 

3 T3 W3 W3/(332+1.63* T3-0.034* 

T3
2) 

. 

. 

. 

 

. 

. 

. 

 

. 

. 

. 

 

. 

. 

. 
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suraTi 41.  naCvenebia simZlavris temperaturaze 

damokidebulebisa da axali fazis masis cvlilebis 

siCqaris temperaturaze damokidebulebis amsaxveli 

mrudebi. 



83 

 

 

§3.8. korelaciebi wylis gadaciebis temperaturas, 
wonasworuli fazuri gadasvlis temperaturas, gadaciebasa da 

qsovilis wylis Semcvelobas Soris [111] 

 zemod ganxiluli iyo mikrokalorimetriuli eqsperimentebis cikli 
nawilobrov gamomSral nimuSze (suraTebi: 32 _ 36). Catarebul iqna kidev 
ramodenime analogiuri cikluri eqsperimenti msgavsi nimuSebisaTvis. 
nimuSi, rogorc ukve aRvniSneT, imyofeba mkveTrad arawonasworul 
mdgomareobaSi, radgan momzadebis dros aorTqleba ZiriTadad xdeba 
ujredSorisidan da Sedegad ujredSorisSi izrdeba osmosuri wneva. 
eqsperimentis yovel momdevno ciklze icvleba wylis raodenobebis 
Tanafardoba ujredSida da ujredgare fraqciebs Soris, radgan 
osmosuri wnevis aseTi didi gradientis gamo adgili aqvs Sidaujreduli 
wylis gadinebas ujredSorisSi. suraTebidan (32 _ 36) agreTve Cans, rom 
yovel momdevno ciklSi icvleba nimuSis maxasiaTebeli temperaTurebi 
(ujredSorisi wylis kristalizaciis dasawyisis temperatura, 
dabaltemperaturuli kristalizaciis pikis maqsimumis temperatura da 
dnobis mrudze yinulis I da II fraqciis dnobis maqsimumebis mdebareoba 
temperaturul RerZze). rogorc Cans aRniSnuli temperaturebi 
damokidebulia ujredSorisSi da ujredebSi wylis Semcvelobebzec. 
aRniSnuli cdebidan vlindeba sakvlevi sistemis saintereso 
Tavisebureba. Tu ganvixilavT calke  I da calke II fraqciis wylis 
kristalizaciisa da yinulis dnobis maxasiaTebel temperaturebs 
eqsperimentis TiToeul ciklze, sadac yovel momdevno ciklze icvleba 
wylis Semcvelobebi, aRmovaCenT, rom wylis TiToeuli fraqciisTvis 
gadaciebis temperaturasa da wonasworuli fazuri gadasvlis 
temperaturebs Soris aris mkveTri wrfivi korelacia (suraTebi: 42 a da 
42 б). aRniSnuli wrfivi damokidebuleba ufro naTlad Cans wylis 
pirveli fraqciisaTvis, radgan yovel momdevno ciklze am fraqciis 
wylis maxasiaTebeli temperaturebi mkveTrad icvleba da Sesabamisad 
eqsperimentaluri wertilebic sakmaod daSorebulia temperaturul 
RerZebze. rac Seexeba Sidaujreduls wyals, misi Sesabamisi 
maxasiaTebeli temperaturebi mcirediT icvleba I, II da III ciklze, xolo 
bolo ciklze, romelzec nimuSi ukve wonasworul mdgomareobaSia 
aRniSnuli maxasiaTebeli temperaturebi mkveTrad icvleba. Sedegad 
suraT 42 б -ze sawyisi eqsperimentaluri wertilebi erTmaneTTan axlos 
mdebareobs da mniSvnelovnad daSorebulia mxolod erTi, bolo 
(wonasworuli) eqsperimentaluri werTili. eqsperimentaluri wertilebis 
simciris da maTi aRwerili ganlagebis gamo ujredSida wylis 
gadaciebasa da dnobis temperaturas Soris mkveTrad gamoxatul wrvfiv 
korelaciaze saubari Znelia, ujredSorisi wylisgan gansxvavebiT. suraT 
42a-ze Cans kidev erTi saintereso faqti: wrfis daxra Zalian axlosaris 
1-Tan (1.001), rac imas niSnavs, rom gadacieba (sxvaoba ujredSorisSi 
arsebuli wylis kristalizaciis dasawyisisa da wonasworuli fazuri 
gadasvlis temperaturebisa) mocemuli nimuSisaTvis mudmivia da ar aris 
damokidebuli ujredSorisSi wylis Semcvelobaze. Tu avagebT 
gadaciebis wylis Semcvelobaze damokidemulebis mruds (suraTi 44, mrudi 
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fazuri gadasvlis temperaturaze damokidebulebis mrudis (suraTi 44, 

mrudi 2)  daxra 1-sagan gansxvavebulia (A=1.4). Sesabamisad ujredSida 
wylis gadacieba araa mudmivi sidide mocemuli nimuSisTvis da igi 
damokidebulia ujredebSi wylis Semcvelobaze. magram am 
damokidebulebis raodenobrivi da Tundac xasiaTis gansazRvra 
moyvanili eqsperimentaluri monacemebis simciris gamo SeuZlebelia.  

 rogorc zemoT aRiniSna, nimuSis gaciveba-gaTboba ciklis Semdeg, 
osmosuri wnevebis gradientisa da ujreduli membranebis 
naxevradgamWoladi Tvisebebis gamo, sufTa wylis nawili gaedineba 
ujredebidan ujredSoris sivrceSi. amiT osmosurad aqtiuri 
nivTierebebis koncentracia ujredebis SigniT ufro izrdeba, xolo 
ujredSorisi xsnari ganzavdeba. maSasadame, xsnaris gadacivebis 
temperatura (iseve, rogorc misi fazuri gadasvlis temperatura) 
damokidebulia osmosurad aqtiuri nivTierebis koncentraciebze.  

suraT 42-ze moyvanili damokidebulebebis analigiuri 
damokidebuleba miviReT binaruli sistemisaTvis NaCl – H2O evteqtikur 
koncentraciamde  (sur. 43). damokidebuleba (1) im SemTxvevas Seesabameba, 
rodesac gasazomi xsnarebi iyo moTavsebuli polimerizirebuli БФ-2 

("Алексинский ХК", Россия) -is feniT dafarul spilenZis ujredSi, xolo (2) 
damokidebuleba miRebulia xsnarebis moTavsebiT SuSis apularSi. 
gadacivebul siTxeSi myari fazis mdgradi Canasaxis warmoqmna calsaxad 
dakavSirebulia sakvlev sistemaSi myari minarevebis an zedapirebis 
arsebobasTan, romlebic aadvileben kritikuli zomebis Canasaxis Seqmnas. 
gadaciebis sidide ganisazRvreba myari fazis msgavsebiT kristaluri 
struqturis zedapirTan. Cven SemTxvevaSi es zedapiri warmoadgenda 
moculobis kedels, romelSic sakvlevi xsnari iyo moTavsebuli. 
mocemuli damokidebulebebis daxris sidide gansxvavdeba erTisagan (1.2 
da 1.15 pirvel da meore damokidebulebebisaTvis Sesabamisad). 
mravalZarRvas fesvebisaTvis aRiniSneba ramdenadme gansxvavebuli 
suraTi.  Sidaujreduli xsnarisaTvis mrudis daxra Seadgens 1.4-s, roca 
ujredSorisi xsnarisaTvis es sidide udris 1.03. sur. 44-ze moyvanil 
damokidebulebebi adgenen kavSirs ujredSorisi (1) da Sidaujreduli (2) 
xsnarebis gadacivebasa (|Tsc| - |Тeq|) da nimuSis Sesabamis areebSi arsebuli 
wylis raodenobasTan da gviCveneben, rom Sidaujreduli xsnaris 
gadacivebasa mniSvnelovnad damokidebulia am areSi arsebuli wylis 
raodenobaze, roca ujredSorisi xsnarebisaTvis amgvari damokidebuleba 
praqtikulad ar SeimCneva. maSasadame moyvanili mrudebis daxra avlens 
gadciebis damokidebulebis xarisxs osmosurad aqtiuri nivTierebebis 
koncentraciaze.  qvemoT Cven SevecdebiT, gadacivebul xsnarebSi 
Canasaxis warmoqmnis fizikaSi sakmaod kargad cnobil monacemebze 
dayrdnobiT  SemCneul movlenas mouZebnoT axsna. 

gadacivebul xsnarebSi myari fazis mdgradi Canasaxis warmoqmnis 
pirobas warmoadgens moculobiTi energiis misi zedapirul energiaze 
Warboba [113].    

     |4/3πr3ΔGv| > |4 πr2γ| 
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sadac r – mdgradi sferuli Canasaxis radiusia,  ΔGv – wylis siTxidan myar 
fazaSi gadatanis moculobiTi Tavisufali energiaa da γ – daWimuloba 
Txevadi da myari fazebis sazRvarze. rodesac myari fazis Canasaxi 
romelime zedapirze iqmneba, maSin γ –s sidide Seicvleba  

γ1=γ[2(1-cosθ) – sin2θ cosθ], 

 sadac  θ – Canasaxis zedapirsa da im zedapirze warmoqmnili Canasaxis 
zedapirs Soris kiduri kuTxe.   θ –s sidide damokidebulia myari fazis 
kristalur struqturis zedapirTan msgavsebaze. maSasadame sxvadasxva 
zedapirebisaTvis sxvadasxva gadaciveba  SeiZleba  aixsnas maTi 
sxvadasxva msgavsebiT yinulis kristalur meserTan. rac Seexeba xsnarSi 
NaCl –is koncentraciis zrdasTan gadametcivebis sididis matebas 
(erTisgan  gansxvavebuli mrudebis daxra), es dakavSirebulia 
zedapiruli daWimulobis zrdasTan xsnarSi NaCl –is koncentraciis 
matebisas.  

ramdenadme gansxvavebuli suraTi, miRebuli wylis gadanawilebisas 
Sidaujreduli da ujredSoris areebs Soris nimuSis gacibeba-gaTbobis 
ramodenime ciklis procesSi, aRiniSneba mravalZarRvas fesvebis 
SemTxvevaSi.  jer erTi Sidaujreduli xsnaris gadaciveba gacilebiT 
metia, vidre ujredSorisi xsnarisa, rac ujredSi da ujredSorisi 
zedapirebis Tvisebebis SesaZlo gansxvavebebiT SeiZleba aixsnas, vinaidan 
am zedapirebze gadacivebul xsnarebSi warmoiqmneba yinulis mdgradi 
Canasaxi. yvelaze ufro savaraudoa, rom amgvari zedapirebis rolSi 
SesaZloa gamovlindes ujredis membranuli struqturebi anda ujredis 
moculobaSi adgili aqvs homogenur nukleacias;  SesaZloa amiT aixsneba  
Sidaujreduli xsnaris gadametcivebis sidide. yvelaze savaraudoa, rom 
ujredSoris sivrceSi yinulis mdgradi Canasaxi warmoiqmneba ujredis 
celulozur kedlebze da savsebiT savaraudoa, rom maTTvis γ1 –s 
mniSvneloba gacilebiT naklebia, vidre membranuli struqturebisaTvis.  

meorec,  Sidaujreduli xsnarisaTvis Tsc(Тeq) damokidebulebis daxra 
udris 1.4, saidanac gamomdinareobs, rom ujredebSi wylis Semcvelobis 
SemcirebiT Sidaujreduli xsnaris gadaciveba izrdeba (sur. 44 (2)). es 
SeiZleba osmosurad aqtiuri nivTierebebis koncentraciis zrdiT iyos 
gamowveuli da Sedegad amisa zedapiruli daWimulobis γ gazrda.  

ujredSorisi xsnarisaTvis Tsc(Тeq) damokidebulebis daxra axloa erTTan 
(1.03): ujredSorisi xsnaris gadaciveba mciredaa damokidebuli am areSi 
nimuSis wylis Semcvelobaze (sur. 44 (1)). imis gaTvaliswinebiT, rom 
ujredSorisi xsnaris osmosuri wnevis sidide sakmaod maRalia, es 
niSnavs, rom xsnari Seicavs osmosurad aqtiur nivTierebebis SedarebiT 
did raodenobas. 

 radganac eqsperimentaluri wertilebis simciris gamo sistemis esa 
Tu is gansazRvluli kanonzomiereba garkveulwilad eWvis qveS dgas da 
zogierTi kanonzomierebis dadgena ki saerTod ver moxerxda, 
gansxvavebuli wylis Semcvelobis nimuSebze Catarda eqsperimentebi 
sakmaod didi raodenobiT (40-45 eqsperimenti), romelic mieZRvna amave 
paragrafSi ukve aRwerili kanonzomierebis ufro zust gansazRvras. 
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eqsperimentebis cikli zemod moyvanili cdebisagan gansxvavebiT 
tardeboda sxvadasxva nimuSebze. miviReT sakmao raodenobis 
eqsperimentaluri wertilebi, Tumca unda iTqvas, rom paragrafis 
dasawyiSi moyvanil eqsperimentebs garkveuli upiratesoba hqondaT: 
nimuSi iyo erTi da igive da cdidan cdamde icvleboda mxoloda 
Tanafardoba wylis fraqciebs Soris.  

 cxrili 6-Si moyvanilia 45 sxvadasxva nimuSis mikrokalorimentuli 
eqsperimentebidan miRebuli Sedegebi. suraT 45-ze naCvenebia pirveli 
fraqciis wylis kristalizaciis dasawyisisa (a) da wonasworuli fazuri 
gadasvlis temperaturis (b) nimuSis wylis Semcvelobaze 
damokidebulebis mrudebi, miRebuli cxrilSi moyvanili monacemebis 
safuZvelze. orive SemTxvevaSi eqsperimentaluri wertilebis 
ganawileba sakmaod kargad aRiwereba eqsponentiT. wertilebis garkveuli 
gabneva misaRebia rTuli sakvlevi sistemisTvis, miTumetes TuU 
gaviTvalisWinebT, rom eqsperimentebi tardeboda nimuSebze romlebic 
gansxvavebul mdgomareobebSi imyofebodnen. esenia nimuSebi, romlebic 
izomeboda dayovnebis gareSe masESemdeg rac xdeboda garkveuli wylis 
odenobis aorTqleba da imyofebodnen aSkarad arawonasworul 
mdgomaroebaSi; kristaliza_dnobis gansxvavebuli ciklebi; da bolos 
nimuSebi, romlebic yovndebodnen hermetul ampulaSi 24 saaTiT raTa 
sistema mosuliyo wonasworobaSi. 

 suraT 46-ze moyvanilia damokidebulebebi ujredSorisi wylis 
kristalizaciis dasawyisis temperaturasa da yinulis dnobis 
temperaturebs Soris (a) da gadaciebasa da nimuSis wylis Semcvelobas 
Soris (b).  

rogorc suraTi 46(a)-dan vxedavT pirveli fraqciis wylis am or 
maxasiaTebel temperaturas Soris kvlav wrfivi damokidebulebaa da 
wrfis daxra kvlav erTis tolia iseve rogorc zemod ganxiluli 
cikluri eqsperimentisaTvis.  

 zemod moyvanili msjeloba exeboda wylis pirvel fraqcias 
(ujredSorisi wyali). rac Seexeba wylis Sidaujredul fraqcias, 
maTTvis msgavsi analizis Catareba bevrad rTulia. mizezi oria: 1) umetes 
SemTxvevaSi ar SegviZlia ganvsazRvroT Sidaujreduli wylis 
wonasworuli fazuri gadasvlis temperatura, radgan aRniSnuli wylis 
fraqciis Sesabamisi dnobis piki xSirad gadafarulia ufro didi (5-jer 
_ 20-jer didi) zomis dnobis maqsimumiT, romelic Seesabameba wylis 
ujredSoris fraqcias, amitom rTulia zustad ganisazgvros 
Sidaujreduli yinulis dnobis… maqsimumis mdebareoba (wonasworuli 
fazuri gadasvlis temperatura) temperaturul RerZze. aRniSnuli 
parametris sakmarisi sizustiT gansazRvra SesaZlebelia mxolod im 
SemTxvevaSi roca dnobis ori piki erTmaneTisagan sakmaod daSorebulia 
temperaturul RerZze (2-3 oC);  2) rTulia agreTve im ujredebis wylis 
Semcvelobis dadgena, romlebic ganicdian mniSvnelovan gadaciebas. 
SesaZlebelia ganisazRvros wylis meore fraqciis raodenoba, romelic 
ganicdis fazur gadasvlas, magram ar viciT nimuSis am nawilis mSrali 
wona _ ra odenobiTaa aRniSnuli ujredebi ama Tu im nimuSSi. miuxedavad 
am sirTuleebisa iyo mcdeloba ujredSorisi wylis analogiuri analizi  
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suraTi 45.  ujredSorisi xsnaris gadaciebis temperaturis (A) 

da yinulis dnobis temperaturis (B) damokidebuleba nimuSis 

wylis Semcvelobaze. Aaproqsimacia eqsponentaTi y=y0+A1e
(-x/C), 

sadac  y0=-9.80С (A)-Tvis da y0=-2.50С  (В)-Tvis. 

suraTi 46.  ujredSorisi xsnaris gadaciebis temperaturis 

damokidebuleba warmoqmnili yinulis dnobis temperaturaze (A) da 

ujredSorisi xsnaris gadaciebis damokidebuleba nimuSis wylis 

Semcvelobaze (B). 
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suraTi 49. Sidaujreduli wylis gadaciebis 

damokidebuleba wonasworuli fazuri gadasvlis 

temperaturaze. 

suraTi 47. Sidaujreduli wylis 

kristalizaciis temperaturis 

wonasworuli fazuri gadasvlis 

temperaturaze damokidebuleba 
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suraTi 48. Sidaujreduli wylis 

kristalizaciis temperaturis 

wonasworuli fazuri gadasvlis 

temperaturaze damokidebuleba. 

wiTlad Seferilia is eqsperi- 

mentaluri wertilebi romelTa 

koordinatebis dadgena SesaZle- 

beli iyo didi sizuetiT. 
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Catarebuliyo wylis meore fraqciisTvisac, Tumca winaswar cxadi iyo 
rom miRebuli Sedegebis saimedoba ar iqneboda xarisxiani arc sandoobis 
da arc raodenobrivi TvalsazrisiT. 

ganxilul iqna urTierTdamokidebuleba dabaltemperaturuli 
kristalizaciis procesis Sesabamisi pikis maqsimumis temperaturasa (Tkr) 
da Sesabamisi wylis fraqciis wonasworuli fazuri gadasvlis 
temperaturas (Tdn)  Soris. Tkr-s gansazRvra martivia eqsperimentaluri 
mrudebidan, xolo Tdn gansazRvra, rogorc ukve aRvniSneT, xSir 
SemTxvevaSi rTulia. im SemTxvevebSi, rodesac problemuri iyo Tdn 
gansazRvra, anu dnobis mrudze ori piki imdenad axlos iyo erTmaneTTan 
temperaturul RerZze, rom calkeuli maqsimumis identificireba 
SeuZlebeli iyo, CavTvaleT rom Tdn emTxveva pirveli fraqciis wylis 
fazuri gadasvlis temperaturas. am daSvebis ufleba arsebobs Tuki 
aRniSnuli iqneba am daSvebis cdomilebis Sesaxeb (2_3 0C). ganxilul or 
parametrs Soris damokidebuleba moyvanilia suraT44-ze. 
damokidebulebas, rogorc suraTidan vxedavT, garkveuli miaxloebiT 
aqvs wrfivi xasiaTi, magram eqsperimentaluri wertilebis gabneva sakmaod 
didia, es raTqma unda mosalodneli iyo pirvel rigSi Tdn parametris 
gansazRvris didi cdomilebis gamo (≈20C). suraT45-ze wiTlad aris 
Seferili is wertilebi, romlebisTvisac Tdn  parametris gansazgvra 
sakmao sizustiT iyo SesaZlebeli, radgan mkveTrad iyo gamoyofili 
wylis meore fraqciis dnobis piki. rogorc suraTi45_dan Cans aRniSnuli 
wertilebic wrfezea ganlagebuli da aproqsimaciiT miRebuli wrfis 
daxrac analogiuria. rac Seexeba gabnevas _ igi gacilebiT  mcirea,  rac   
mosalodneli  iyo  radgan   Tdn  parametris 

gansazRvra am wertilebisTvis SesaZlebelia sakmaod kargi sizustiT. 

aproqsimaciiT miRebuli wrfis daxra aris 1.83, rac mniSvnelovnad 
gansxvavdeba ujredSorisisTvis miRebuli analogiuri parametrisagan 
(wrfis daxra _ 1.01). rac Seexeba gadaciebas cxadia aRar iqneba mudmivi 
sidide, radgan gadacieba mudmivia mxolod im SemTxvevaSi, rodesac 
Tkr_is Tdn_ze damokidebulebis mrudis daxra 1-is tolia. suraT46_ze 
naCvenebia gadaciebis damokidebuleba dnobis temperaturaze. 
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daskvnebi 

1. Seqmnilia dabaltemperaturuli diferencialuri skanirebadi 
mikrokalorimetris axali laboratoriuli modeli, romelic ZiriTadad 
gankuTvnilia biologiur obieqtebSi wylis kristalizaciisa da yinulis 
dnobis procesebis registraciisaTvis. aRniSnuli kalorimetriuli 
modelis muSaoba dafuZvnebulia naxevargamtaruli Termoelementebis 
muSaobis principze (pelties efeqtze), rac saSualebas iZleva 
uzrunvelyos nimuSis gacieba -600C-mde (samuSao intervali _ oTaxis 
temperaturidan   -600C-mde). aRniSnuli modelis saSualebiT 
SesaZlebelia gazomvebis Catareba skanirebis ramodenime gansxvavenuli 
mudmivi siCqariT _ rogorc gaciebis aseve gaxurebis reJimSi da agreTve 
izoTermul reJimSi. kalorimetri dakavSirebulia kompiuterTan 
analogur-cifruli da cifrul-analoguri gardamqmnelis saSualebiT. 
kalorimertidan miRebuli informaciis registracia da Senaxva xdeba 
cxrilebis saxiT da agreTve xorcieldeba skanirebis procesSi nimuSSi 
mimdinare procesebis Sedegad gamoyofili an STanTqmuli siTburi 
energiis simZlavris temperaturaze (an droze) damokidebulebis 
vizualizacia.  

2. Seswavlilia erTwliani mcenaris FfesvebSi wylis 
kristalizaciisa da yinulis dnobis procesebis Taviseburebani. 
naCvenebia, rom:  

a. nimuSSi arsebuli wylis kristalizaciis dasawyisis Sesabamisi 
temperatura mocemuli nimuSisaTvias maxasiatebeli sidide, igi araa 
damokidebuli gaciebis siCqareze da damokidebulia mxolod nimuSis 
mdgomareobaze. aRniSnuli parametri, miuxedavad imisa Tu ra pirobebSi 
iqneba igi miRebuli, gvaZlevs garkveul informacias sakvlevi obieqtis 
mdgomareobaze. 

b. qsovilis rogorc Sidaujreduli, aseve ujredSorisSi moTavsebuli 
wyali ganicdis did gadaciebas. gansakuTrebiT Rrma gadacieba (-320C-mde) 

daimzireba wylis SedarebiT mcire fraqciisaTvis. dadginda, rom nimuSSi 
arsebuli wylis kristalizaciis procesis amsaxvel kalorimetriul 
mrudze arsebuli sawyisi egzoTerma (temperaturuli intervali: -10 _ -
250C) Seesabameba ujredSorisSi arsebuli wylis kristalizaciis 
process, xolo dabaltemperaturuli egzoTerma (temperaturuli 
intervali: -25 _ -400C) Seesabameba Sidaujreduli wylis kristalizaciis 
process, e.i.  wylis is fraqcia romelic ganicdis Rrma gadaciebas      
(-320C-mde)  warmoadgens Sidaujredul wyals. 

g. wylis kristalizaciis procesis amsaxvel kalorimetriul mrudze 
arsebul or egzoTermul piks Soris mdebare temperaturul intervalSi 
mimdinareobs Sidaujreduli wylis gamosvla ujredebidan da misi 
kristalizacia ujredSorisSi. aRniSnuli procesi gamowveulia 
ujredSorisSi yinulis Seqmnis Sedegad ujredSida da –gare areebs 
Soris osmosuri wnevis gradientis warmoqmniT. 
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d. nimuSSi yinulis dnobis temperatura ganpirobebulia Sesabamis     
xsnarebSi osmosurad aqtiuri nivTierebebis koncentraciiT. amasTan, 
miuxedavad imisa, rom Sidaujreduli wyali mniSvnelovnad met 
gadaciebas ganicdis, Sidaujreduli yinuli dneba ufro maRal 
temperaturaze, vidre ujredSorisSi Seqmnili yinuli. es Sedegi 
damzerili iqna nawilobriv gamomSrali nimuSebis Seswavlisas. 

e. fesvis sxvadasxva ubanze Catarebuli eqsperimentebis Sedegad 
dadginda, rom fesvis gaswvriv osmosur wnevaTa gradients ar aqvs iseTi 
mimarTuleba, romelic fesvis sistemaSi ganapirobebda wylis aRmaval 
nakads. aRniSnuli Sedegis gamo SeiZleba vivaraudoT, rom fesvTa 
sistemaSi wylis gadaadgilebis meqanizmi ar unda iyos dakavSirebuli 
osmosur wnevebTan.  

v. dadginda, rom arsebobs korelacia nimuSSi arsebuli wylis 
kristalizaciis dasawyisis temperaturasa da nimuSis wylis Semcvelobas 
Soris _ damokidebulebas aqvs eqsponencialuri saxe. agreTve 
eqsponencialuri damokidebulebaa wonasworuli fazuri dagasvlis 
temperaturasa da nimuSis wylis Semcvelobas Soris. dadgenilia 
damokidebulebis parametrebi. 

z. gadacieba rogorc ujredSorisi aseve Sidaujreduli wylisa mudmivi 
sididea miuxedavad imisa, rom SeiZleba icvlebodes gadaciebis 
temperatuda da igi tolia 7K-sa ujredSorisisaTvis, xolo 
SidaujredulisTvis _ 32K-is. 

3. Seqmnilia algoriTmi romlis saSualebiTac SesaZlebelia 
nimuSSi mimdinare procesebis Sedegad gamoyofili an STanTqmuli 
siTburi energiis simZlavris temperaturaze (an droze) 
damokidebulebidan gadasvla axali fazis warmoqmnis temperaturaze (an 
droze) damokidebulebaze da Sesabamisad kristalizebuli an gamdnari 
wylis raodenobis dadgena kargi sizustiT. 

 

avtori did madlobas uxdis samecniero xelmZgvanels fiz. maT. 
mecnierebaTa doqtor baton nugzar baqraZes samuSaos mudmivi 
xelmZRvanelobisa da yuradRebisaTvis; programis xelmZRvanels fiz. maT. 
mecnierebaTa doqtor baton Tamaz mZinarisvils yuradgebisaTvis; el. 
andronikaSvilis saxelobis  fizikis institutis TanamSromlebs  fiz. 
maT. mecnierebaTa doqtor batob evgeni kizirias, fiz. maT. mecnierebaTa 
kandidat baton viqtor soxaZes,  biologiis mecnierebaTa kandidat 
qalbaton marina abulaZes, sasargeblo rCevebisa da diskusiebisaTvis. 
programist qalbaton eTeri vardiZes programuli uzrunvelyofis 
SeqmnisaTvis.  
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