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fizika –  PHYSICS –  ФИЗИКА 

kristalis energiis rxeviTi mdgeneli 

lalita darCiaSvili, malxaz  bibiluri, zurab CaCxiani 

saqarTvelos teqnikuri universiteti 

reziume 

kristalis saSualo energies aiTvlian hipoTezuri zRvrulad gaiSviaTebuli gazis 

energiidan, roca temperature absoluturi nulia. kristalis energiis dasaxasiaTeblad 

iReben sidides romelsac uwodeben kristaluri mesris energies, romelic zogad 

SemTxvevaSi damokidebulia temperaturaze. statiaSi miRebuli Sedegi damakmayofileblad 

aRwers erTatomiani da ionuri kristalebis siTbotevadobas. kristalis energiis rxeviTi 

mdgenelis gamoTvlis Seoria moyvanili saxiT marTebulia mxolod kristalebisaTvis, 

romelTa struqturul elementebs warmoadgens atomebi da ionebi mcired gansxvavebuli 

masebiT. 

                                  1. Sesavali 

rxeviTi Tavisuflebis xarisxis wvlili kristalis energiaSi Cveulebriv, 

gamoiTvleba harmoniul miaxloebaSi. es gamoixateba imaSi, rom potenciur energias atom-

Ta wanacvlebis mimarT mwkrivad Slian da inarCuneben kvadratul wevrebs 
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miaxloeba marTebulia, Tu wanacvlebebi qi mcirea uaxloes atomebs Soris manZilTan 

Ri SedarebiT. atomTa rxeviTi moZraoba, maTi Zlieri urTierTqmedebis gamo, atarebs 

koleqtiur xasiaTs. kristali warmoadgens urTierTdakavSirebul oscilatorTa sistemas. 

harmoniul miaxloebaSi Nrx Tavisuflebis mqone sistemis rxeviTi moZraoba SeiZleba 

warmodgenil iqnes rogorc Nrx  damoukidebel erTganzomilebian oscilatorTa moZraoba 

sixSiriT vi (i=1Nrx). calkeuli oscilatoris statistikuri jami udris [1] 
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                         2. ZiriTadi nawili 

kristalisaTvis, romelic Sedgeba N identuri atomebisagan, Tavisuflebis xarisxTa 

ricxvia Nrx=3N-6; anu imis gaTvaliswinebiT, rom N>>6, SeiZleba CavweroT Nrx=3N. 

maSasadame, rxeviTi statistikuri jami kristalisaTvis ganisazRvreba normalur sixSire-

Ta krebuliT vi (i=13N) 
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kristalis saSualo rxeviTi energia 
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kristalis srul energiaSi saWiroa agreTve mesris statistikur energiis 

gaTvaliswineba 

rxEUE  0 . 
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SevniSnoT, rom wonasworuli mdgomareobis mosaZebnad saWiroa ara kristalis 

potenciuri energiis minimizeba, aramed sistemis sruli Tavisufali energiis minimizacia 

harmoniul miaxloebaSi rxeviTi Tavisufali energia ar aris damokidebuli manZilze R1 

uaxloes mezoblebs Soris. 

Termodinamikur funqciebSi rxeviTi moZraobis wvlilis gamosaTvlelad saWiroa 3N 

normaluri sixSireebis vi gansazRvra. ra Tqma unda, am amocanis amoxsna praqtikulad 

SeuZlebelia. 

yvelaze martivi miaxloeba miiReba Tu davuSvebT, rom atomTa rxevebi SeiZleba 

aRweril iqnes klasikuri meqanikis safuZvelze klasikur meqanikaSi yovel Tavisuflebis 

xarisxze rxeviTi moZraobisaTvis modis saSualo energia kT. maSasadame, am miaxloebaSi 

 NkTE 3rx ,                                 (4) 

saidanac siTbotevadoba  
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(5) gamosaxuleba warmoadgens diulongis da ptis kanons, romlis marTebuloba ma-

Rali da zogjer saSualo temperaturebisaTvis eqsperimentuladaa damtkicebuli. 

dabali temperaturisaTvis diulongis da ptis kanoni ar sruldeba, rac miuTiTebs 

imaze, rom saWiroa kvantur-meqanikuri statistikis gamoyeneba. 

ainStainma dauSva, rom (3; 3a)-Si yvela sixSire erTi da igivea vi=v. rac niSnavs, 

rom rxevebi kristalebSi damoukidebelia da mimdinareobs erTi da imave sixSiriT v. 

saSualo rxeviTi energia rxE  da siTbotevadoba erT gramatomze aseT modelSi iq-

neba 
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sadac R=N0k wris nawilakTa ricxvia erT gram atomSi (avogadros ricxvi), E – 

ainStainis temperatura 
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maRal temperaturaze T>>E (7)-dan miiReba vĈ  klasikuri mniSvneloba, dabal 

temperaturebze (T<<E) 
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amgvarad, ainStainis modelma axsna C
~

-s miiswrafeba nulisaken dabali 

temperaturebis dros, roca T0. es formula karg TanxmobaSia eqsperimentTan ara Zali-

an dabali temperaturebis areSi. magram, absoluturi nulis maxloblobaSi eqsperimenti 

uCvenebs C
~

-s swrafvas nulisaken, rogorc T
3 da ara eqsponencialurad. 

kristaluri mesris siTbotevadobis Teoriis Semdgomi srulyofa Seasrula debaim  

[1,2], romelmac ganixila kristaluri mesris SekavSirebuli rxevebi.  
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dabali sixSireebis (didi talRis sigrZeebi) rxevebi warmoadgens bgeriT talRas 

da SeiZleba gaTvalisiwnebul iqnes ganuwyveteli garemos miaxloebaSi. debais Semdgomi 

gamartiveba mdgomareobs daSvebaSi, rom sixSireebis mTel areSi atomebis rxevebis 

siCqareebi ar aris damokidebuli sixSireze, e.i. ugulebelyofilia dispersia. 

am daSvebebiT SesaZlebelia g()-s  gamoTvla. saWiroa aRiniSnos, rom drekadi 

garemos rxevaTa speqtri ar aris Semofargluli. meore mxriv, myari sxeulisaTvis rxeva-

Ta Tavisuflebis xarisxi udris 3N, e.i. 

 Ndg 3)(
0




 .                             (9) 

(9) pirobis SesrulebisaTvis miRebuli iyo daSveba, rom g() ganisazRvreba uwyveti 

garemos miaxloebaSi, magram TviT funqcia mokveTilia =max sixSiris zemoT (g()=0 

sixSireebisaTvis. am SemTxvevaSi, max sidide ganisazRvreba pirobiT 
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zemoT miRebuli daSvebis safuZvelze, advilad gamoiTvleba simkvrive g() [3, 1, 4] 
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sadac Ct da Ce ganivi da gaswvrivi rxevebis siCqareebia Sesabamisad. 

Tu (9)-s CavsvamT (3a)-Si da SemovitanT debais temperaturas 
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rxE  da C
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–saTvis gramatomze, miviRebT [1, 3, 4] 
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o  argumentis debais funqcia, romelic ganisazRvreba 

TanafardobiT 
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(13) formulidan gamomdinareobs, rom erTatomiani kristalebis siTbotevadoba aris 

0

T
 cvladis universaluri funqcia, e.i. am cvladebSi C

~
 nivTierebis tipze ar aris da-

mokidebuli da konkretuli nivTierebis specifika Cadebulia debais temperaturaSi. 

am temperaturis sidide Cveulebriv, ganisazRvreba eqsperimentulad kristalis 

simkvrivisa da misi drekadobis maxasiaTeblebis (Ce, Ct) safuZvelze. 0 agreTve SeiZleba 

ganisazRvros siTbotevadobis temperaturuli eqsperimentuli minacemebidan. 

(13) gamosaxuleba damakmayofileblad aRwers erTatomiani da agreTve ionuri 

kristalebis (Tu ionebis masebi didad ar gansxvavdeba) siTbotevadobas. kerZod, (13)-dan 
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maRali temperaturebisaTvis (T>>0) miiReba siTbotevadobis klasikuri sidide. 

dabaltemperaturul areSi (T<<0),  gveqneba 
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(15)-is damokidebuleba temperaturaze, roca T0 TanxmobaSia eqsperimentul mona-

cemebTan mravalricxovani martivi sxeulebisaTvis, atarebs debais T
3 kanonis saxels. 

3. daskvna 

maSasadame, debais Teoria sakmaod kargad aRwers siTbotevadobis temperaturul da-

mokidebulebas mTel temperaturul diapazonze, Tumca axasiaTebs uTanxmoebanic. rac See-

xeba speqtrul funqcias g(), misTvis debais modeli warmoadgens Zalian uxeS miaxloebas 

da eqsperimetuli monacemebisagan didad gansxvavdeba. unda aRiniSnos, rom kristalis 

energiis rxeviTi mdgenelis gamoTvlis Teoria moyvanili saxiT marTebulia mxolod kris-

talebisaTvis, romelTa struqturul elementebs warmoadgens atomebi an ionebi mcired 

gansxvavebuli masebiT. rTuli struqturuli mesrebisaTvis statistikur jamSi gasaTva-

liswinebelia brunviTi moZraobebi, Sigamolekuluri rxevebi.  
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OSCILLATORY COMPONENTS OF THE ENERGY OF THE CRYSTAL 

Darchiashvili Lalita, Bibiluri Malkhaz, Chachkhiani Zurab 

Georgian Technical University 

Summary 

The average energy of the energy of the crystal count hypothetical bound rarefied gas at T = 0. 

To characterize the crystal energy exploit value is called the energy of the crystal lattice, which 

generally depends on the temperature. The paper is calculated as resultant well describes the behavior 

of the specific heat of monatomic and ionic crystals. Theory calculations of the vibration component 

of the energy of the crystal in the present form applies only to crystals with the structure of the 

elements in the form of atoms or ions with similar masses. 

 

КОЛЕБАТЕЛЬНАЯ СОСТАВЛЯЮЩАЯ ЭНЕРГИИ КРИСТАЛЛА 

Дарчиашвили Л., Бибилури М., Чачхиани З. 

Грузинский Технический Университет 

Резюме 

Среднюю энергию кристалла отсчитивают от энергии гипотетического пределыю 

разряженного газа при Т=0. Для характеристики энергии кристалла используются величину 

называемую энергией кристаллической решетки; которая в общем случае зависит о 

температуры. В статье полученны результат неплохо описывает поведение теплоемкости 

одноатомных, а также ионных кристаллов. Теория расчета колебательной составляющей 

энергии кристалла в приведенном виде относится только к кристаллам со структурой 

элементами в виде атомов либо ионов с близкими массами. 


