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Seswavlilia 5.1015 sm-2 fluensis rentgenis fotonebiT dasxivebuli, Coxralskis 
meTodiT miRebuli p-tipis msxvilmarcvlovani Si0,96 Ge0,04 Senadnobis Sinagani xaxunisa 
da Zvris dinamikuri modulis amplituduri damokidebuleba. naCvenebia, rom rentgenis 
sxivebiT radiaciuli zemoqmedeba iwvevs kristalizaciis procesSi warmoqmnili 
defeqtebis qvesistemis modificirebas. 20-400⁰C temperaturul intervalSi mowvebis 
gavleniT gamovlinda dinamikuri meqanikuri ganmtkicebis tendencia, rac 
ganpirobebulia minarevebis atmosferoSi arsebuli radiaciuli defeqtebis 
gamsxvilebiTada dislokaciebis blokirebis gaZlierebiT.  

 
sakvanZo sityvebi: radiaciuli defeqtebi, Sinagani xaxuni, Zvris moduli, 

mikroplastikuroba, minarevebis atmosfero. 

 

silicium-germaniumis Senadnobebis moculobiTi kristalebis meqanikuri 

Tvisebebis mizanmimarTulicvlilebebis efeqturi ganxorcieleba SesaZlebelia 

maTi damaxasiaTebeli dislokaciuri struqturis kristalogeometriuli da 

energetikuli parametrebis marTviT. minarevebis atmosferoebis Sedgenilobisa 

da konfiguraciis cvlilebebSi mniSvnelovani wvlili SeaqvT pirvelad 

radiaciul defeqtebs, kerZod, vakansiebs. vakansiebisa da minarevebis atomebis 

urTierT-qmedebiT warmoqmnil kompleqsebSi koncentraciuli da konfigura-

ciuli gardaqmnebi ganapirobeben dislokaciebis Zvradobis cvlilebebs farTo 

sazRvrebSi. aseT pirobebSi vlindeba silicium-germaniumis kristalebis 

meqanikuri simtkicisa da mikroplastikurobis marTvis SesaZleblobebi. 

naSromebSi [1-3] naCvenebia, rom Termuli ZabvebiTa da meqanikuri deformaciiT 

ganpirobebuli wertilovani da dislokaciuri warmoSobis defeqtebi iwveven Si1-

xGex(x≤0,05) moculobiTi kristalebis dinamikuri meqanikuri Tvisebebis mkveTr 

cvlilebebs. naSromebSi [4-6] Seswavliliamonokristalur Si-Ge SenadnobebSi Ge-

is Sedgenilobis cvlilebisa da dislokaciuri struqturis gavlena Zvris 

modulisa da relaqsaciuri da histerezisuli Sinagani xaxunis maxasiaTeblebze. 
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gansazRvrulia Ge-is sxvadasxva Sedgenilobis Si-Ge SenadnobebSi dislokaciuri 

Sinagani xaxunis maqsimumebis aqtivaciuri maxasiaTeblebi. gaanalizebulia Ge-s 

koncentraciis zrdis pirobebSi mikroplastikuri deformaciis gamovlinebis 

kritikuli temperaturisa da amplituduri deformaciis Semcirebis mizezebi. 

dadgenilia Sinagani xaxunisa da tradiciuli meqanikuri meTodebiT 

gansazRvruli [7-9] Si-Ge Senadnobebis meqanikuri maxasiaTeblebis cvlilebaTa 

kanonzomierebani. miuxedavad maRali mgrZnobiarobisa da SesaZleblobebisa, 

Sinagani xaxunis meTodebi saTanado sisruliT ar aris gamoyenebuli Si-Ge 

Senadnobebis struqturulad-mgrZnobiare fizikur-meqanikuri Tvisebebis 

kvlevebSi.  

ukanasknel wlebSi Sesrulda Si-Ge SenadnobebSi radiaciiT formirebuli 

defeqtebis  maxasiaTeblebis metad saintereso kvleviTi samuSaoebi [10-12]. 

kerZod, Seswavlilia vakansia-Jangbadis kompleqsebis struqtura da 

eleqtronuli Tvisebebi. gaanalizebulia  Si-O-Si da vakansia- O-Ge kompleqsebis 

Termuli mdgradoba da eleqtronuli Tvisebebis kanonzomierebani. metad mwiria 

monacemebi Si-Ge Senadnobebis meqanikuri Tvisebebis formirebasa da cvlilebebSi. 

praqtikulad Seuswavlelia radiaciuli defeqtebis gavlena Si-Ge Senadnobebis 

struqturaSi akustikuri rxevebis milevis relaqsaciur da histerezisul 

procesebze.  

winamdebare naSromSi Seswavlilia sawyisi da rentgenis fotonebiT 

dasxivebuli msxvilmarcvlovani p-tipis Si0,98Ge0,02 Senadnobis polirebuli 

fuZeSreebis Zvris dinamikuri modulisa da grexiTi rxevebis milevis procesebi. 

sacdeli nimuSebi miRebulia Coxralskis meTodiT. maT struqturaSi Jangbadis 

atomebis koncentracia Seadgens 1018 sm-3. sakvlev Si0,98Ge0,02 SenadnobSi Ge-s 

koncentracia aris zRvruli, romlis zemoT Tavs iCens Ge-s atomebs Soris 

urTierTqmedeba da izrdeba ujredovani struqturis formirebis albaToba. 1-2 mm 

sisqis firebi gamoWrilia almasis diskze kristalis zrdis mimarTulebis 

marTobul sibrtyeebze. qimiuri da meqanikuri damuSavebis kombinirebuli 

standartuli meTodebiT miRebuli iqna maRali xarisxiT ormxriv-polirebuli 

nimuSebi. radiaciuli zemoqmedebisa da Semdgomi kvlevebis gansaxorcieleblad 

damzadda sxvadasxva formis nimuSebi zomebiT: 4x4x0,5 mm; 1,5x20x0,5 mm.  

rentgenis sxivebis radiacia ganxorcielda DRON-3 tipis difraqtometrze 

spilenZis anodiani milakidan. saeqspozicio doza Seadgenda 51015 fotoni/sm2. 

sawyisi da rentgenis fotonebiT dasxivebuli nimuSebis metalografiuli kvleva 

Sesrulda NMM-8RF/TRF  sistemis optikur mikroskopze. grexiTi rxevebis milevis 

logariTmuli dekrementisa da sixSiris kvardatis gansazRvra Sesrulda 

vakuumSi (10-4 tori) fiqsirebul temperaturebze sixSiris 0,5-5,0 hc da 
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amplituduri deformaciis 10-5-5.10-3 diapazonebSi. grexiTi rxevebis procesSi 

amplituduri deformacia ganisazRvra rogorc Sebrunebuli qanqaris vertikalur 

RerZze damagrebuli nimuSis grexvis kuTxe:  

 , 

sadac  l  aris nimuSis sigrZe; R-manZili nimuSidan saregistracio skalamde; L -

nimuSis zedapirze ganTavsebuli sarkidan areklili sxivis gadaxra 

horizontalur saregistracio skalaze. amplituduri deformaciis gansazRvris 

cdomileba ar aRemateba10%. Sinagani xaxuni ganisazRvra formuliT [13]: 

, 

sadac n warmoadgens rxevaTa raodenobas, romelic Sesruldarxevis amplitudis 

Am-dan Am+n-mde Semcirebis procesSi. Sinagani xaxunis gansazRvris cdomileba ar 

aRemateba 5%-s.  

p-tipis  Si0,98Ge0,02 Senadnobis polirebuli nimuSis metalografiulma kvlevam 

gamoavlina msxvilmarcvlovani struqtura. masSi qaosurad arian ganawilebuli 

sxvadasxva zomisa da formis mowamvlis ormoebi. maTi umravlesoba „arakristalo-

grafiuli“ defeqtia. isini formirebulia lokalizebuli defeqtebis amowamvliT 

qimiuri polirebis procesSi (nax. 1,a). aseve gamovlenilia sxvadasxva sisqis 

deformaciis xazebSi ganTavsebuli mcire zomis naTeli da bneli figurebi. 

SesaZlebelia isinidakavSirebulia nimuSis zedapirze warmoCenil dislo-

kaciebTan. msxvili marcvlebis Sida struqturaSi gamovlenilia wyobis 

defeqtebis simravleebi. isini dekorirebulia minarevebis kompleqsebiTa da 

dispersuli fazebis CanarTebiT (nax. 1,b). amave naxazze warmodgenilia aseve 

uwesrigod ganawilebuli mowamvlis ormoebi, romlebic ganekuTvnebian 

„arakristalo-grafiul“ defeqtebs. 5.1015 sm-2 saeqspozicio fluensis rentgenis 

radiaciiT sakvlevi nimuSis mikrostruqturaSi arsebiTicvlilebebi ar 

xorcieldeba. dasxivebis Semdeg kvlav fiqsirdeba sawyisi struqturis 

damaxasiaTebeli „arakristalografiuli“ da dislokaciuri warmoSobis 

mowamvlis ormoebi. nax.1,g-ze warmodgenilia uwesrigod da mwkrivebSi 

ganawilebuli mowamvlis naTeli figurebi. rentgenis fotonebiT dasxivebuli 

nimuSebis mikrostruqturaSi gamovlenili iqna mikrooreulebisa da wyobis 

defeqtebis simravleebi.isini Seicaven mravalricxovan mcire zomis naTel da 

bnel figurebs. dislokaciuri warmoSobis brtyeli defeqtebi vrceldebian 

marcvlebis gamyof sazRvrebamde, dispersul CanarTebTan da aseve 

urTierTgadakveTis areebSi (nax. 1, d).  
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metalografiuli kvlevis Tanaxmad, msxvilmarcvlovani Si0,96Ge0,04 Senadnobis 

struqtura Seicavs dislokaciebs, wertilovani defeqtebis kompleqsebsa da 

dispersul CanarTebs kristalis moculobasa da wrfivi da brtyeli 

dislokaciuri defeqtebis maxloblobaSi. aRsaniSnavia isic, rom  radiaciis 

fluensi SedarebiT dabalia da misi zemoqmedebiT SesaZlebelia Camoyalibdes 

mxolod wertilovani radiaciuli defeqtebi da maTi umartivesi kompleqsebi. 

mosalodnelia aseve Si0,96Ge0,04 Senadnobis kristalizaciis procesSi formirebuli 

dislokaciebis atmosferoebis modificireba wertilovani radiaciuli 

defeqtebiT. warmodgenili mosazrebis dasadastureblad ganxorcielda 

amplituduri deformaciis farTo intervalSi msxvilmarcvlovani Si0,96Ge0,04 

Senadnobis Sinagani xaxunisa da Zvris dinamikuri modulis kvleva sawyis da 

rentgenis fotonebiT dasxivebul mdgomareobaSi.  

 

 
                                              a                                                    b 

 
                                                           g                                                d 

nax. 1. p-tipis Si+4at.%Ge msxvilmarcvlovani Senadnobis mikrostruqtura: 

a - sawyisi mdgomareoba, naCvenebia arakristalografiuli defeqtebi; 

b - sawyisi mdgomareoba, gamovlenilia dispersuli fazebis CanarTebi; 

g - dasxivebuli, gamovlenilia mowamvlis dislokaciuri ormoebis mwkrivebi; 

d - dasxivebuli, gamovlenilia mowamvlis dislokaciuri ormoebi da dispersuli 
fazebi mikrooreulebsa da wyobis defeqtebSi 

 

oTaxis temperaturazeSinagani xaxunis Q
-1

(ɛ) intensivoba amplituduri 

deformaciis farTo diapazonSi praqtikulad ucvlelia. fardobiTi deformaciis 

8.10-5 mniSvnelobidan iwyeba misi wrfivi xasiaTis zrda. amplituduri deformaciis 

1.10-5-5.10-3 intervalSi Sinagani xaxunis cvlileba Seqcevadia.mowva vakuumSi (10-4 
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tori) 200, 300 da 400⁰C temperaturebze 1 sT-is ganmavlobaSi praqtikulad 

gavlenas ar axdens kritikuli deformaciis sidideze. 400⁰C temperaturaze mowvis 

Semdeg SeiniSneba maRaliamplitudebis areSi (ɛ>10-4) Q-1 (ɛ) wrfis daxrilobis 

umniSvnelo Semcireba.  

sawyisi Si0,96Ge0,04 Senadnobis Zvris modulis proporciuli grexiTi rxevebis 

sixSiris kvadrati f2(ɛ)kritikul amplitudur deformaciamde (~8.10-5) ucvlelia. 

misi susti wrfivi Semcireba daimzireba amplituduri deformaciis maRal 

diapazonSi (ɛ>8.10-5). Tanmimdevruli Termuli mowvebi  200  da  300⁰C temperatu-

rebze 1 sT-is ganmavlobaSi gavlenas ar axdens Zvris modulis cvlilebis 

xasiaTze. maRal grexiT deformaciebze SeimCneva Zvris modulis wrfivi 

Semcirebis tendenciebi.  

rentgenis fotonebiT dasxivebuli Si0,96Ge0,04 Senadnobis Sinagani xaxunisa da 

Zvris modulis amplitudur damokidebulebebze gamovlenilia Semdeg 

Taviseburebani. Sinagani xaxunis amplitudur damokidebulebaze Cndeba 

deformaciiskritikuli  mniSvneloba, romlis zeda diapazonSi adgili aqvs 

grexiTi rxevebis gabnevis intensivobis sust wrfiv amaRlebas (nax. 2). kritikuli 

amplituduri deformacia amaRlebulia 2.10-4-mde, es avlens dasxivebiT 

ganpirobebuli dislokaciebis bmebis gaZlierebasa da masalis simtkicis zrdas. 

savaraudoa, rom wertilovani radiaciuli defeqtebi formirdebian rogorc 

kristalis moculobaSi, aseve dislokaciebis birTvebTan arsebul atmosferoebSi 

da iwveven mis gamdidrebas.  

 

nax. 2. Termuli mowvis gavlena msxvilmarcvlovani Si0,96Ge0,04 Senadnobis Sinagani 

xaxunisa (1-4) Zvris modulis (1’-4’) amplitudur damokidebulebaze: 

1,1’ - sawyisi, f02=1,96 wm-2; 2,2’- momwvari, 200⁰C 1sT. f02=1,965 wm-2; 3,3’- momwvari, 300⁰C, 

1sT. f02=1,97 wm-2; 4,4’- momwvari, 400⁰C, 1sT. f02=1,98wm-2 
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mowva vakuumSi 200⁰C temperaturaze 10-15% amcirebs Sinagani xaxunis 

intensivobas dabali amplitudebis diapazonSi (ɛ<2.10-4). aseve vlindeba kritikuli 

amplituduri deformaciis sustad amaRleba. Sinagani xaxunis amplituduri 

damokidebulebis cvlilebebi ufro mkafiod aris warmoCenili 300
0
C tempe-

raturaze 1 sT-is ganmavlobaSi momwvar mdgomareobaSi. 400
0
C temperaturaze 

mowviT kritikuli amplituduri deformacia izrdeba sawyisi SenadnobisaTvis 

damaxasiaTebel kritikul sididemde. dasxivebuli nimuSis Zvris modulis 

amplituduri damokidebuleba deformaciis farTo intervalSi wrfivia, 

kritikul wertilamde is praqtikulad ucvlelia, xolo deformaciis maRali 

amplitudebis diapazonSi wrfivad mcirdeba. Zvris modulis wrfivi cvlileba 

SenarCunebulia 200, 300 da 400
0
C temperaturebze Termulad momwvar 

mdgomareobaSi. aseT pirobebSi Zvris modulis amplitudur damokidebulebaze 

SeiniSneba kritikuli amplituduri deformaciis amaRleba dausxivebeli 

nimuSisaTvis damaxasiaTebel mniSvnelobamde. Si0,96Ge0,04 Senadnobis amplituduri 

deformaciis kritikul mniSvnelobebze rentgenis fotonebiT dasxivebisa da 

Termuli mowvis gavlenis Sedegebi warmodgenilia cxrilSi.  

 

 

nax. 3. rentgenis fotonebiT dasxivebuli msxvilmarcvlovani Si0,96Ge0,04 Senadnobis 

Sinagani xaxunisa (1-4) Zvris modulis (1’-4’) amplituduri damokidebuleba: 

1,1’ - sawyisi; 2,2’- momwvari, 200⁰C, 1sT; 3,3’- momwvari, 300⁰C, 1sT;  

4,4’- momwvari, 400⁰C, 1sT f0=1,1hc 
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Si0,96Ge0,04 Senadnobis  amplituduri deformaciis kritikuli sidideebi 
cxrili  

p-tipis 
msxvilmarcvlovani 

Si0,96Ge0,04 

nimuSis mdgomareoba 
sawyisi momwvari, 

2000C, 1 sT 

 

momwvari, 

3000C, 1 sT 

 

momwvari, 

4000C, 1 sT 

 
dausxivebeli 8.10-5 6.10-5 8.10-5 20.10-5 
rentgenis 
fotonebiT 
dasxivebuli 

5.10-5 6.10-5 8.10-5 10.10-5 

 

miRebuli Sedegebi mowmoben, rom Termuli mowviT xorcieldeba radiaciuli 

defeqtebis koncentraciis Semcireba. Sesabamisad, sruldeba lokalurad 

darRveuli atomTaSorisi kavSirebis aRdgena da simtkicis amaRleba Tavdapirvel 

donemde. kritikuli amplituduri deformaciis amaRlebisadmi miswrafeba 

SesaZlebelia ganpirobebulia dislokaciebis damuxruWebiT vakansia-Jangbadis  

(V-O) kompleqsebiT, romlebic warmoiqmnen rentgenis fotonebiT dasxivebis 

procesSi.  Si0,96Ge0,04 Senadnobis struqturulad-mgrZnobiare fizikur-meqanikuri 

Tvisebebis cvlilebebSi Termuli da radiaciuli warmoSobis defeqtebis 

wvlilis mkafiod gancalkevebisaTvis aucilebelia srulyofili monokris-

taluri nimuSebis kvleva sawyissa da maRali fluensis radiaciiT dasxivebul 

mdgomareobaSi. 
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