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fizika –  PHYSICS –  ФИЗИКА 
 

deformirebuli 2UFe  naerTis aradrekadi Tvisebebi  

nana mamisaSvili, lalita darCiaSvili, malxaz bibiluri, zurab CaCxiani 

saqarTvelos teqnikuri universiteti 

reziume 

Seswavlilia maRal temperaturebze 2UFe  naerTis Sinagani xaxunisa da Zvris 

dinamiuri modulis temperaturuli da amplituduri damokidebuleba grexiTi rxevebis 

sixSiris 0,5 – 5,0 hc da deformaciis 105 ⋅ -5- 101⋅ -3 diapazonebSi.  gansazRvrulia 

relaqsaciuri procesebis aqtivaciis energiisa da sixSiris faqtoris mniSvnelobebi. 

6000C temperaturaze maRalamplituduri grexiTi rxevebis procesSi deformirebul 
nimuSSi gamovlenilia rxevis amplitudisagan damokidebuli Sinagani xaxunis hixterezisis 
tipis procesebi da Sefasebulia drekadobis zRvris mniSvnelobebi. SemoTavazebulia 

relaqsaciuri procesebis meqanizmebi waxnagcentrirebuli kuburi simetriis kristalebSi 
dislokaciebisa da wertilovani defeqtebis urTierTqmedebis gaTvaliswinebiT. 

sakvanZo sityvebi: urani, relaqsacia, Zvris moduli, drekadobis zRvari, aqtivaciis 

energia, kritikuli amplituda, cikluri deformacia. 

1. Sesavali 

mendeleevis sistemis d  da   f jgufebis gardamavali metalebis Senadnobebi da 

naerTebi perspeqtiulia xisti magnitebis Sesaqmnelad. isini farTod gamoiyenebian 
adaptur optikaSi, informaciis Senaxvisa da gadacemis mowyobilobebSi, agreTve 
Tanamedrove radioeleqtronikis diagnostikisa da kontrolis xelsawyoebSi. sxvadasxva 

daniSnulebis saimedo konstruqciebisa da mowyobilobebis damuSavebisaTvis metad 
mniSvnelovania aRniSnuli masalebis teqnologiuri da meqanikuri maxasiaTeblebis codna. 
dReisaTvis maTi meqanikuri Tvisebebi arasakmarisadaa Seswavlili.  

praqtikulad Seuswavlelia  UM2  masalebis realuri struqtura, misi 

damaxasiaTebeli defeqtebis tipebi, difuzia, Zvradoba, Termuli mdgradoba da moZraobis 

aqtivaciuri maxasiaTeblebi. 

naSromSi warmodgenilia ciklurad deformirebuli 2UFe  naerTis struqturulad - 

mgrZnobiare dabali sixSiris grexiTi rxevebis diapazonis Sinagani xaxunisa da Zvris 
dinamiuri modulis Seswavlis Sedegebi. naerTebis eqsperimentuli kvleva 
ganxorcielebulia temperaturisa da fardobiTi deformaciis farTo intervalebSi. 

Sinagani xaxunis meTodi saSualebas iZleva ganisazRvros myari sxeulebis meqanikuri 
modulebi da plastikuri deformaciis maxasiaTeblebi, dadgenili iqnas siTbur energiaSi 
meqanikuri energiis gardaqmnis procesebis mikroskopuli meqanizmebi. 

2. ZiriTadi nawili 

2UFe  Sinagani xaxunis speqtrebi Seswalilia grexiTi rxevebis milevis 

logariTmuli dekrementisa da sixSiris registraciis meTodiT vakuumSi gaxureba-

gacivebis  2 0C/wT siCqaris pirobebSi. 

2UFe nimuSis Sinagani xaxunis temperaturul speqtrSi gamovlenilia ori maqsimumi 

260 da 3800C temperaturebze (nax.1). maRal temperaturaTa areSi Sinagani xaxunis foni 

eqxponencialurad izrdeba. amave temperaturul intervalSi Zvris fardobiTi moduli 
ganicdis wrfivad Semcirebas. Sinagani xaxunis maqsimumebis maxloblobaSi gamovlenilia 
Zvris modulis defeqti, romelic lokalur ubnebSi atomTaSorisi kavSiris Zalebis 

SesustebiTaa gamowveuli. ganmeorebiTi gazomvisas ar SeimCneva Sinagani xaxunis 
maqsimumebisa da fonis intensivobis cvlileba. aRniSnuli garemoeba avlens rxevebis 
energiis gabnevis procesebSi monawile defeqtebis Termul stabilurobas.  
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rxevis sixSiris gazrdiT 1-dan 5 hc-mde xdeba maqsimumebisa da Zvris modulis 

defeqtebis wanacvleba maRali temperaturebis mimarTulebiT 15 – 200C-iT. es miuTiTebs 
maT relaqsaciur bunebaze. relaqsaciuri procesebis aqtivaciuri maxasiaTeblebi 

ganisazRvra sixSiruli wanacvlebis meTodiT [1]. pirveli maqsimumisaTvis aqtivaciis 
energia tolia 1,35ev, sixSiris faqtori ≈3 . 1013wm-1. meore maqsimumisaTvis aqtivaciis 
maxasiaTeblebia – 1,80ev da 14104 ⋅ wm-1. cikluri deformacia 3109 −⋅ rxeviT amplitudaze 

6000C -ze iwvevs relaqsaciuri maqsimumisintensivobis amaRlebas 10-15%-iT da maT 

gadanacvlebas dabali temperaturebisaken ≈200C-iT. es adasturebs aRniSnuli 

maqsimumebis dislokaciur bunebas. rxevis amplitudis Semdgomi SemcirebiT kvlav 
aRdgebian orive relaqsaciuri maqsimumis sawyisi maxasiaTeblebi. aRniSnuli tipis 
cvlilebebi damaxasiaTebelia dislokaciebisa da wertilovani defeqtebis 

urTierTqmedebis procesebisaTvis [2]. 

mowva 7500C temperaturaze 5sT-is ganmavlobaSi orjer amcirebs Sinagani xaxunis 

fonis intensivobas 20-2000C intervalSi, 100C-iT gadaanacvlebs maRal temperaturul 

fons, praqtikulad gavlenas ar axdens Sinagani xaxunis maqsimumebis temperaturasa da 
intensivobaze. SesaZlebelia vivaraudoT, rom Sinagani xaxunis fonis sagrZnobi Semcireba 
gamowveulia mowvis Sedegad vakansiebis koncentraciis SemcirebiT kristalis 

moculobaSi. Termuli damuSavebis Semdeg cikluri deformacia rxevis maRali 

amplitudebis pirobebSi ( )3101~ −⋅ iwvevs maqsimumebis intensivobis amaRlebas %20≈ –iT , 
amave dros ar SeiniSneba fonis intensivobis  cvlileba, rac kvlav adasturebs mis 
aradislokaciur warmomavlobas. 

aradeformirebul mdgomareobasTan SedarebiT deformirebuli 2UFe naerTis 

speqtris. ganmasxvavebel niSnad gvevlineba relaqsaciuri maqsimumebis intensivobis, 

kritikuli temperaturebis da aqtivaciuri maxasiaTeblebis Semcirebis tendencia. 

SesaZlebelia davaskvnaT, rom 2UFe naerTSi relaqsaciur procesebSi monawileoben 

sustad bmuli struqturuli defeqtebi.  
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nax.1.  naerTis Sinagani xaxunisa (1) da Zvris modulis speqtriebi,  
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etalonTan Sedarebis meTodiT [3] cnobili Tanafardobis 
2

2
0

fG G
f

= 0 safuZvelze 

ganisazRvra sawyisi da deformirebuli 2UFe  naerTis nimuSis Zvris modulisa da 

kritikuli amplituduri deformaciis mniSvnelobebi (cxr.1). G  da f  warmoadgens 

sacdeli nimuSis modulsa da sixSires absoluturi Zvris modulisa da rxevis sixSiris 

sidideebs, xolo G 0 da f 0 –etalonis (iodiduri vanadiumi) analogiur mniSvnelobebs.  

 UFe2   naerTis meqanikuri maxasiaTeblebi oTaxis temperaturaze 
                           cxr.1 

 

sacdeli nimuSi 2UFe  

 
Zvris moduli,  

kg/mm2 

 
drekadobis 

zRvari, kg/mm2 

 
kritikuli 

amplituduri 
deformacia 

X104 

sawyisi mdgomareoba 800 0,32 4,0 
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6000C, 
3

max 5 10ε −≈ ⋅   

 

760 
 

0,27 
 

3,6 

 

Zvris modulis maqsimaluri mniSvneloba axasiaTebs 2UFe  naerTs sawyis 

mdgomareobaSi: Sesabamisad maRalia kritikuli amplituduri deformacia, romelzedac 
iwyeba Sinagani xaxunis intensivobis mkveTrad amaRleba wrfivi xasiaTiT da Zvris 
modulis wrfivad Semcireba. cnobili Teoriis Tanaxmad [4] aseT amplitudebze iwyeba 

masalis struqturaSi mikroplastikuri deformacia anu dislokaciebze arsebuli 
segmentebis Seuqcevadi mowyveta da gadanacvleba kristaluri mesris moculobaSi. 

aRsaniSnavia, rom maRalamplituduri cikluri zemoqmedebis Semdeg adgili aqvs 

Sinagani xaxunis histerezisuli tipis cvlilebas e.i. Sinagani xaxunis amplituduri 
damokidebulebis daRmasvlis grafiki ganTavsdeba aRmasvlis grafikis zemoT. swored es 
adasturebs mikroplastikuri deformaciis ganviTarebas nimuSis maRalamplituduri 

datvirTvis pirobebSi.   

cnobili formuliT Gσ ε= ⋅ kr . ganisazRvra naerTis drekadobis zRvris 

mniSvnelobebi oTaxis temperaturaze. rogorc mosalodnelia is - SedarebiT maRalia  

2UFe -Si sawyis mdgomareobaSi (cxr.1). masSi SedarebiT Zlieria atomTaSorisi kavSiris 

Zalebi, Sesabamisad Zlierad arian damagrebuli dislokaciebi, gaZnelebulia 

struqturuli defeqtebis difuzia Termuli da meqanikuri zemoqmedebis pirobebSi. 
yovelive aRniSnuli ZiriTadad ganpirobebulia kristalis struqturaSi defeqtebis 
SedarebiTi simciriT. 

dislokaciuri warmoSobis ori relaqsaciuri maqsimumis arseboba 

waxnagcentrirebuli kuburi simetriis mqone 2UFe naerTSi  dakavSirebulia susti da 

Zlieri centrebidan dislokaciebis mowyveta-damagrebis Seqcevad procesebTan. 
gamovlenili procesebis sruli analizisaTvis aucilebelia realuri struqturis 

Seswavla eleqtronuli mikroskopiis meTodebiT da meqanikuri Tvisebebis gamokvleva 
temperaturisa da deformaciis farTo diapazonebSi. 

3. daskvna 
Seswavlilia 2UFe naerTis Sinagani xaxunisa da Zvris dinamiuri modulis 

temperaturuli da amplituduri damokidebulebebi sawyis da ciklurad deformirebul 
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mdgomareobaSi. grexiTi rxevebis 0,5 – 5,0 hc sixSiris diapazonSi gamovlenilia 

deformaciuli warmoSobis  ori relaqsaciuri maqsimumi 230 – 260 0C temperaturaTa 
areSi. gansazRvrulia relaqsaciuri procesebis damaxasiaTebeli aqtivaciis energiisa da 
sixSiris faqtoris mniSvnelobebi. dadgenilia, rom aRniSnuli relaqsaciuri procesebi 

ganpirobebulia 2UFe naerTis struqturaSi arsebuli dislokaciebis urTierTqmedebiT 

minarevebis atomebTan da maT kompleqsebTan. gansazRvrulia 2UFe naerTis Zvris modulisa 

da drekadobis zRvris mniSvnelobebi oTaxis temperaturaze. miRebuli Sedegebi 

mniSvnelovania 2UFe  naerTis struqturulad-mgrZnobiare fizikur-meqanikuri Tvisebebisa 

da plastikuri deformaciis maxasiaTeblebis prognozirebisa da marTvis problemebis 

gadawyvetisaTvis. 
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UNELASTIC PROPERTIES OF THE DEFORMED UFE2 COMPOUND  
Mamisashvili Nana, Darchiashvili Lalita, Bibiluri Malkhaz, Chachkhiani Zurab  

Georgian Technical University 

Summary 

The paper has, for the first time, studied internal friction and shear modulus in the 
2UFe . In order to determine activation parameters of defects movement in 2UFe , temperature 

and amplitude dependence of internal friction and shear modulus at torsion oscillations with 
frequency ≅ 1Hz within the temperature range from 20 to 7500С and amplitude of oscillation 
deformation 5.10-5 -1.10-2, have been investigated. Two maxima of relaxation origin have 
been found in the area between 200-4000С. Areas of slights and strong increase at an 
amplitude dependence of internal friction have been revealed, divided by critical amplitude of 
oscillations. Values of shear modulus and elasticity limit during the shear deformation have 
been estimated. Microscopic mechanisms of relaxation processes in the model of interaction 
of dislocation segments with different point defects were discussed. 

 
НЕУПРУГИЕ СВОЙСТВА ДЕФОРМИРОВАННОГО СОЕДИНЕНИЯ UFE2 

Мамисашвили Н.А., Дарчиашвили Л.К., Бибилури М.В., Чачхиани З.Б. 
Грузинский Tехнический Университет 

Резюме 

В работе впервые изучены внутреннее трение и модуль сдвига в соединении 2UFe  . Для  
диагностики  и определения активационных параметров движения дефектов в соединении UFe2  

исследованы температурная и амплитудная зависимости внутреннего трения и модуля сдвига 
при крутильных колебаниях с частотами 0,5 – 5,0 Гц в интервалах температуры  20-7500С и 
амплитуды  колебательной деформации 5.10-5 - 1.10-2. В области температур 200-4000С 
обнаружены два максимума релаксационного происхождения. На амплитудных зависимостях 
внутреннего трения обнаружены области слабого и сильного возрастания, разделенные 
критической амплитудой колебательной  деформации. Оценены значения модуля сдвига и 
предела упругости при сдвиге. Микроскопические механизмы  релаксационных процессов 
обсуждены в модели взаимодействия дислокационных сегментов с различными точечными 
дефектами. 


