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Sesavali. 

 

nivTierebebis, masalebis da nakeTobebis kvlevis meTodebi 

kriminalistur eqspertizaSi gulisxmobs kvlevis nebismieri fi-

ziko – qimiuri meTodis gamoyenebas, rac kanongareSe qmedebebSi 

obieqturi realobis da mizez – Sedegobrivi kavSiris dadgenis 

saSualebas iZleva. ufro zustad im nivTierebebis, masalebis da 

nakeTobebis mizn - mimarTul Seswavlas, romlebsac saqmeze WeS-

maritebis dadgenisaTvis garkveuli da xSirad gadamwyveti mniS-

vneloba aqvT.   

saeqsperto obieqtis Seswavla misi garegnuli vizualuri 

dakvirvebiT iwyeba, rasac – morfoskopia ewodeba. nakeTobebis 

aRwera - daxasiaTebisaTvis marto morfoskopuli kvlevebis Cata-

reba araa sakmarisi da aucilebelia nakeTobebis geometruli 

formebisaTvis xazovani da kuTxuri zomebis dadgena anu raode-

nobrivi daxasiaTeba. sakvlevi obieqtis zomebis raodenobrivi 

daxasiaTebisaTvis Seswavlas morfometria ewodeba. morfometru-

li gamokvlevebisaTvis gamoiyeneba iseTi meTodebi da maTTan da-

kavSirebuli xelsawyo – mowyobilobebi, rogorebicaa: optikuri 

da eleqtronuli mikroskopia, fotografia, xazovani da kuTxuri 

zomebis dadgenis sxvadasxva meTodebi da saSualebebi. 

masalebSi da nakeTobebSi (mag. sxmulebSi) makrodefeqtebis 

SeswavlisaTvis, rac SeiZleba teqnologiuri procesebis darRve-

vis mizeziTac iyos gamowveuli, gamoyenebulia e.w. intraskopuli 

meTodebi, rogoricaa meTodebi: rentgenis sxivebis, radio -, ul-

trabgeriTi talRebis da radioaqtiuri izotopebis gamoyenebiT. 

intraskopia aris optikurad gaumWvirvale obieqtebis Sinagani 

(moculobiTi) vizualuri Seswavla. praqtikulad esaa defeqto-

skopebiT obieqtis kontroli misi rRvevis gareSe. 

nivTierebebis da masalebis fiziko – qimiuri Tvisebebi gani-

sazRvreba, rogorc qimiuri elementebis SemcvelobiT, aseve maTi 

sivrciTi aRnagobiT anu struqturiT. nivTierebebis qimiuri Sed-

genilobis da sivrciTi aRnagobis kvlevis meTodebia: 

1) elementuri. elementuri analizi tardeba, rogorc qimiuri 

aseve instrumenturi meTodebiT. rogoricaa: rentgenospeqtruli, 

absorbciulspeqtruli, emisiurspeqtruli, eleqtronul oJe-speq-

trometruli, meoradi ionebis mas - speqtrometruli da polaro-

grafiuli analizebi. 

2) molekuluri. molekuluri analizi tardeba, rogorc qimi-

uri aseve instrumentuli meTodebiT. rogoricaa, mas-speqtrome-

truli da meoradi ionebis mas – speqtrometruli, speqtrofoto-

metruli, radiospeqtrometrulebi: ЭПР – eleqtronuli paramagni-
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tur (spinuri) rezonansuli da ЯМР – birTvuli magnitur rezo-

nansuli meTodebi. 

3) fraqciuli. fraqciuli analizis Casatareblad gamoiyeneba 

iseTi meTodebi, rogoricaa, qromatografiuli, petrografiuli, 

sporo - mtver analizebi.  

4) fazuri. fazuri analizi tardeba, rentgenografiuli da 

eleqtronografiuli meTodebiT. 

5) struqturuli. nivTierebaTa makrostruqturebis kvlevis 

meTodebia rentgenografia da metalografia. atomuri aRnagobis 

ki rentgenostruqturuli, eleqtrono - da neitronografia.  

6) sxva meTodebi. kvlevis sxva meTodebSi igulisxmeba Sefe-

riloba, sisale, eleqtruli da magnituri Tvisebebi.       

nivTierebebis, masalebis da nakeTobebis kriminalistur eqs-

pertizaSi miRebul kvlevis meTodebSi, rogorc vxedavT meTo-

debs rentgenis sxivebis gamoyenebiT mniSvnelovani adgili uWi-

ravs. am meTodebiT upiratesad adgenen nivTmtkicebis individua-

lobas, fazur Sedgenilobas, struqturul cvlilebebs, atareben 

topografiul kvlevebs da a.S. mocemul saxelmZRvaneloSi ganxi-

lulia eleqtrosadenebze Termuli zemoqmedebis Seswavla rent-

genis sxivebis gamoyenebiT.    

eleqtrosadenebze Termuli zemoqmedeba. kriminalisturi eqs-

pertizis TvalsazrisiT eleqtrosadenebze Termuli zemoqmede-

bis Seswavla saWiroa, roca dasadgenia xanZris gaCenis adgili 

da mizezi. eleqtrosadenebze Termuli zemoqmedeba SesaZlebelia 

ganxorcieldes ori gziT: eleqtruli sadenis xanZris aqtiur 

zonaSi moxvedriT an mokle CarTviT, rac SesaZlebelia TavisTa-

vad gaxdes xanZris warmoqmnis mizezi. statistikuri monacemebiT 

saSualod yoveli meoTxe xanZari gamowveulia eleqtrosadenebis 

an eleqtrodanadgarebis gaumarTaobiT, an araswori eqspluata-

ciiT. sadenebze maRaltemperaturuli Termuli zemoqmedeba iw-

vevs spilenZis an aluminis nalRobis warmoqmnas. gamyarebuli 

nalRobis da mimdebare ubnebis fizikuri meTodebiT Seswavla 

saSualebas iZleva gairkves saxanZro-teqnikuri eqspertizisTvis 

ori ZiriTadi sakiTxi:   

1) gamtaris nalRobi warmoiqmna mokle CarTviT Tu garemodan 

Termuli zemoqmedebiT.  

2) mokle CarTvis SemTxvevaSi dadgindes misi warmoqmnis mo-

menti.  

mokle CarTvis warmoqmnis momentis dadgenaSi igulisxmeba: 

xanZari gaCnda mokle CarTvis mizeziT (pirveladi mokle CarTva), 

Tu xanZris sxva wyarodan Termuli zemoqmedebiT dairRva sade-

nis eleqtruli izolacia da amis Sedegad moxda mokle CarTva 
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(meoradi mokle CarTva); anu mizezobriv-Sedegobrivi kavSiris 

dadgena mokle CarTvasa (mC) da xanZris gaCenas Soris.  

pirveladi mokle CarTvis (pmC) qveS igulisxmeba mC, romelic 

xorcieldeba gamtarze xanZarsaSiSi faqtorebis moqmedebis gare-

Se anu normalur (oTaxis temperatura, atmosferos standartu-

li Sedgeniloba: 21% O2, 79% N2) pirobebSi.  
meoradi mokle CarTvis (mmC) qveS ki igulisxmeba mC, romelic 

xdeba xanZris ganviTarebis procesSi anu garemos gazrdili tem-

peraturis (200
oC da meti) pirobebSi. es temperatura sakmarisia 

sadenis izolaciis intensiuri Termuli rRvevisaTvis.  

xanZars yovelTvis Tan axlavs mimdebare garemoSi cvlilebe-

bi. icvleba atmosferos, rogorc Sedgeniloba, aseve Semadgene-

li komponentebis procentuli wili, is gajerebulia wvis Sede-

gad warmoqmnili axali produqtebiT (C – muri, CO, CO2, H2 da 

sxva). amitom imis da mixedviT pirveladia Tu meoradi mokle 

CarTva liTonis eleqtrosadenebSi mimdinareobs gansxvavebuli 

procesebi, rac xanZris likvidaciis Semdeg sadenebze tovebs 

gansxvavebul kvals (mag. xdeba sadenebis zedapirze da moculo-

baSi qimiuri Sedgenilobis, makrostruqturis, fazuri Semcvelo-

bis  gansxvavebuli cvlileba).  

mokle CarTvis momentis gansazRvrisaTvis aucilebelia sakv-

levi sadenis kompleqsuri Seswavla, rac gulisxmobs sxvadasxva 

fiziko-qimiuri meTodebis gamoyenebas. mocemul naSromSi yurad-

Reba gamaxvilebulia ZiriTadad kvlevis rentgenografiul meTo-

debze (meTodebi rentgenis sxivebis gamoyenebiT sakvlevi nivT-

mtkicebis araviTar dazianebas ar iwvevs. amitom isini Zalian 

mniSvnelovan, Tumca am TvalsazrisiT jer kidev dasamuSavebel 

meTodebs warmoadgenen). rogorc saeqsperto praqtikam aCvena, 

rentgenografiul meTodebze dayrdnobiT mokle CarTvis Seswav-

la, gamokvlevaTa 50%-Si warmatebul Sedegs iZleva, xolo niv-

Tierebis identurobis, masalebis fazuri Semcvelobis, krista-

lur struqturaSi atomebis sivrciTi ganawilebis dadgenaSi  

pirvelobas jerjerobiT arcerT sxva meTods ar uTmobs. 

rentgenografiuli meTodebis gamoyeneba sagamoZiebo-sasamar-

Tlo praqtikaSi, saeqsperto gamokvlevebis dros unda efuZvnebo-

des da Seesabamebodes saproceso kanonis Sesabamis normebs.  

yoveli teqnikuri saSualebis gamoyenebis Sesaxeb eqspertma 

daskvnaSi unda miuTiTos: ra saxis teqnikuri saSualeba iyo ga-

moyenebuli, romeli obieqtis Seswavlis dros, ra mizniT, anali-

zisTvis ra pirobebi iyo SerCeuli, miRebuli Sedegi.      
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1. saeqspertizo eleqtrosadenebis kompleqsuri kvlevis Ziri-

Tadi sqema.  

 

saeqspertizo eleqtrosadenebis kvlevis sqemis SerCeva mniS-

vnelovan pirobas warmoadgens dasaxuli miznis misaRwevad. 

kvlevis sqemis SerCevis dros gasaTvaliswinebelia sadenis gva-

roba (spilenZi da alumini ZiriTadad), misi tipi (erT- da mra-

valZarRva, kveTis farTi da sxva), eleqtruli, meqanikuri da 

Termuli izolaciis tipi (rezina Tu sxva organuli izolacia, 

Ria Tu daxuruli - liTonis milebSi da a.S). miuxedavad eleq-

trosadenebis daniSnulebis niSniT gansxvavebisa kompleqsuri 

kvlevis sqema msgavsia da xdeba erTidaigive instrumentaluri 

meTodebis gamoyenebiT. kvlevis sqemis SerCevis dros win unda 

wamoiwios iseTi meTodebi, romlebic ar iwveven nivTmtkicebis 

dazianebas da miTumetes likvidacias anu kvlevis sqemas safu-

Zvlad unda edos nivTmtkicebis SenarCunebiT mC-s warmoqmnis 

momentis Sesaxeb daskvnis saimedoobis gazrdis principi. 

saeqspertizo eleqtrosadenebis kompleqsuri kvlevis ZiriTa-

di sqema SeiZleba warmovidginoT Semdegi saxiT:  

1) obieqtze xanZris Sedegis vizualuri daTvaliereba da sak-

vlevi nimuSebis amoReba;    

2) morfologiuri analizi; 

3) rentgenografiuli analizi;  

4) metalografiuli analizi;  

5) liTonuri gamtarebis analizi naxSirbadze.  

 

1.1. obieqtze xanZris Sedegis vizualuri daTvaliereba da 

saeqspertizo nimuSebis amoReba.  

 

eqspertizis pirveli etapis ZiriTad amocanas warmoadgens 

sadenis SelRobis gamomwvev mizezze anu mC-s momentze savaraudo 

mosazrebis Seqmna da saeqspertizo nimuSebis kvalificiuri amo-

Reba.  

eleqtruli denis gamtaris xanZarTan pirveladi kontaqtis 

adgilmdebareobis swori gansazRvra da madiferencilebeli niS-

nebi, romlebic gamovlindeba SemTxvevis adgilis daTvalierebis 

Sedegad, saSualebas iZleva ukve eqspertizis pirvelive stadi-

aze moxdes swori versiis formulireba da nivTmtkicebis kvali-

ficiurad amoReba. yuradRebaa gasamaxvilebeli, rom am etapze 

dauSvebelia iseTi meTodis gamoyeneba, romelic gamoiwvevs nivT-

mtkicebis dazianebas da miTumetes ganadgurebas.  
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nivTmtkicebis anu SelRobis kvalis mqone gamtarebis kvali-

ficiuri da sruli SegrovebisTvis aucilebelia SemTxvevis ad-

gilze gamocdili specialistis mowveva. nivTmtkicebis SerCevaSi 

daSvebuli Secdomis gamosworeba, rogorc saxanZro-teqnikuri 

eqspertizis praqtikam aCvena, garkveuli drois gasvlis Semdeg 

SeuZlebelia.  

xanZris adgilis daTvalierebis Semdeg dazianebuli eleq-

truli sadenebis amoReba unda moxdes ara mTlianad, aramed sa-

denebis im fragmentebisa romlebsac atyviaT Termuli zemoqmede-

bis lokaluri kvali. gansakuTrebuli yuradReba unda mieqces 

elgayvanilobis im ubnebs, romlebic xanZris kerebSia ganTavse-

buli. amoRebuli gamtarebis sigrZe ar unda iyos 30-35 mm-ze nak-

lebi. Tu SelRobili adgili xanZarsdaqvemdebarebuli gamtaris 

daboloebas (gadanawyvets) ar warmoadgens sasurvelia nimuSi 

amoiWras SelRobis kvalidan orive mxares 30-40 mm daSorebiT. 

amoReba unda moxdes frTxilad, SelRobis adgilis dauzianeb-

lad. nimuSebis SefuTvis dros dauSvebelia maTi moRunva Sel-

Robis adgilidan 50 mm-ze ufro axlo manZilze. Tu mravalZar-

Rva sadeni SelRobilia is amoiReba mTlianad daSlis gareSe. 

yovel amoRebul nimuSs ukeTdeba iarliyi, romelzedac miTiTe-

bulia amoRebis adgili da obieqtis eleqtrul sqemaSi misi mde-

bareoba. amoRebuli nimuSebi ifuTeba calcalke. SemTxvevis ad-

gilis daTvalierebis oqmSi Sedis amoRebuli nimuSebis mona-

cemebi da Tan erTvis Sesabamisi fotomasala. 

 

1. 2. saeqsperto sadenebis morfologiuri analizi. 

 

saeqspertizo sadenebis zedapiris morfologiuri analizis 

dros saWiroa misgan Slifis momzadeba, amitom adgili aqvs 

nivTmtkicebis nawilobriv likvidacias. TviT Slifi ki saTanado 

pirobebis dacviT SesaZlebelia SevinarCunoT SelRobili adgi-

lis Semdgomi kvlevisaTvis. SelRobili zedapiris analizi um-

jobesia Catardes rastruli eleqtronuli mikroskopis gamoyene-

biT. am meTods gaaCnia simkveTris didi siRrme, rac aucilebelia 

morfologiuri kvlevisaTvis. SesaZlebelia gamoyenebul iqnas 

nebismieri optikuri mikroskopic, romelic muSaobs areklil xi-

lul sxivebze da aqvs fotografirebis saSualeba.  

morfologiuri analiziT wydeba SelRobis mizezi da zus-

tdeba mC-s warmoqmnis momenti (pmC Tu mmC). Tu dabejiTebiT SeiZ-

leba imis Tqma, rom SelRobis mizezi ar aris dakavSirebuli mC-

Tan, maSin kvlevis Semdgomi etapebis Catareba aRaraa mizanSewo-

nili.  
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1. 3. saeqsperto sadenebis rentgenografiuli analizi. 

 

kvlevis am etapze SeiZleba sabolood ganisazRvros mC-s 

warmoqmnis momenti anu dazustdes pmC-Tan gvaqvs saqme Tu mmC-

Tan. rentgenografiuli analizi gansakuTrebiT mniSvnelovania 

im SemTxvevaSi, roca morfologiuri analizis Catareba praqti-

kulad SeuZlebelia. magaliTad sadeni ar iZleva Slifis dam-

zadebis saSualebas. Tu kvlevis am etapze mC-s warmoqmnis mo-

mentis dadgenisaTvis miRebulia urTierT gamomricxavi Sedegebi 

an rentgenografiuli analizis Sedegebi eWvs iwvevs (gasakuTre-

biT aluminis gamtarebisaTvis), maSin tardeba metalografiuli 

gamokvlevebi. 

 

1. 4. saeqsperto sadenebis metalografiuli analizi.  

 

metalografiuli analizi metad informaciulia da umetes 

SemTxvevaSi saSualebas iZleva erTmniSvnelovnad ganisazRvros 

mC-s warmoqmnis momenti II da III etapebis gavlis gareSec. am ana-

lizis gareSe TiTqmis SeuZlebelia mC-s warmoqmnis momentis gan-

sazRvra milebSi moTavsebuli spilenZis gamtarebisTvis. 

 

1. 5. saeqsperto sadenebis analizi naxSirbadze. 

 

aluminis ZarRvebis Semcvel gamtarebSi mC-s warmoqmnis mo-

mentis gansazRvrisaTvis mizanSewonilia SelRobili ubnis gamo-

kvleva naxSirbadis Semcvelobaze. am meTodiT kvlevas moyveba 

nimuSis sruli likvidacia, amitom misi gamoyeneba rekomendire-

bulia im SemTxvevaSi, roca rentgenografiuli analizi ar gvaZ-

levs mC-s warmoqmnis momentis Sesaxeb saboloo daskvnis gake-

Tebis saSualebas, xolo metalografiuli analizi SeuZlebelia.  
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2. rentgenis sxivebi.  
 
rentgenis sxivebi ewodebaT eleqtromagnituri talRebs, romelTa tal-

Ris sigrZe icvleba 0,001 – dan 1000 Å - mde, an qvantis energiebSi 100 Mev – 
dan 10 ev – mde. mokle talRur diapazonidan grZel talRovanSi gadasvliT 

rentgenis sxivebis nivTierebasTan urTierTqmedebis xasiaTi da Tvisebebi 

mniSvnelovnad icvleba. magaliTad Tu gamosxivebebs, romelTaTvisac tal-

Ris sigrZe λ  < 0,4 Å - ze axasiaTebT nivTierebis kargi ganWolvis unari, 

ris gamoc gamoiyenebian, rogorc samrewvelo nakeTobaTa, aseve samedicino 

daniSnulebiT dasxivebisaTvis (rentgenuli topografia), grZel talRovani 

gamosxiveba λ  > 10 Å STainTqmebian ara Tu biologiur preparatebSi, haer-

Sic ki. rentgenis sxivebiT nivTierebis da masalebis kvlevebi emyareba maTi 

ama Tu im Tvisebis gamoyenebas. am TavSi saubari iqneba rentgenis sxivebis 

Tvisebebsa, maT SesaZleblobebsa da gamoyenebaze.   

 

2.1 rentgenis sxivebis buneba. 
 

rentgenis sxivebi, rogorc avRniSneT eleqtromagnituri talRebia da 

axasiaTebT xiluli sxivebis msgavsad sworxazovani gavrcelebis unari. 

isini mxedvelobis organoTi ar aRiqmebian, iwveven zogierTi nivTierebis 

naTebas, moqmedeben foto firze, axdenen gazebis ionizacias da kristalur 

nivTierebebze ganicdian difraqciasa da interferencias. es is ZiriTadi 

Tvisebebia ris, gamoc SeiZleba maTi nivTierebaTa kvlevebSi gamoyeneba da 

miRebuli Sedegis registrireba: vizualuri – manaTobeli ekranis, foto-

grafiuli – fotofiris da ionizaciuri – mricxvelis saSualebiT.  

rentgenis sxivebs gaaCniaT xilul sxivebze mokle talRis sigrZe, ga-

cilebiT meti ganWolvis da fiziologiuri moqmedebis unari. maTTan muSao-

bis periodSi aucilebelia usafrTxoebis wesebis mkacri dacva. sakvlev 

obieqtSi rentgenis sxivebis gavlisas adgili aqvs maT STanTqmas da gabne-

vas. STanTqma damokidebulia maT talRis sigrZesa da mSTanmTqmeli masa-

lis bunebaze. rentgenis sxivebi, mokle talRis sigrZeebiT xasiaTdebian 

kargi ganWolvis unariT. maT “xist” sxivebs uwodeben, xolo sxivebi Seda-

rebiT grZeli talRis sigrZeebiT ufro metad STainTqmebian da maT “rbil” 

sxivebs uwodeben.  

cnobilia, rom nebismieri eleqtromagnituri talRis difraqcia SeiZ-

leba ganxorcieldes meserze, romlis identurobis periodi dacemuli tal-

Ris sigrZis rigisaa. radganac rentgenis sxivebis talRis sigrZe kristalu-

ri nivTierebis meseris identurobis periodis rigisaa, maTi urTierTqmede-

biT kristalur meserTan adgili eqneba difraqciisa da Semdgom inter-

ferenciis movlenebs. miRebuli difraqciuli suraTi Seicavs informacias 

kristaluri nivTierebis Semdgeneli atomebis gvarobasa da struqturul 

erTeulSi maT ganawilebaze. erTerTi rentgenografiuli meTodi, romelic 

iZleva nivTierebis kristaluri meseris identurobis periodebis (krista-

lografiuli parametrebis) gansazRvris, aqedan gamomdinare ki individua-

lobis da masSi fazuri Semcvelobis, rogorc Tvisobrivad, aseve raode-

nobrivad dadgenis saSualebas, cnobilia rentgenofazuri analizis saxel-

wodebiT.           
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2. 2. rentgenis sxivebis miReba. 
 

rentgenis sxivebis miReba SeiZleba rentgenis milakebis gamoyenebiT. 

isini minis balonebia, sadac CarCilulia anodi da kaTodi da amotumbulia 

haeri (sur. 2. 1). milakidan rentgenis sxivebis miRebisaTvis aucilebelia: 1) 

Tavisufali eleqtronebis arseboba. 2) maTTvis didi kinetikuri energiis 

miniWeba da 3) didi siCqariT moZravi eleqtronebis urTierTqmedeba anodis 

nivTierebis atomebTan. Tavisufal eleqtronebs did energias aniWebs ka-

Todsa (1) da anods (2) Soris modebuli maRali mudmivi Zabva. kaTodidan 

Termoemisiuri gziT emitirebuli eleqtronebi fokusirdebian uaryofiTi 

potencialis mqone cilindruli diafragmiT (5), miemarTebian anodisaken da 

masTan urTierTqmedebiT aRZruli rentgenis sxivebi specialuri (beriliu-

mis, es nivTiereba rentgenis sxivebs umniSvnelod STanTqavs) fanjridan (3) 

gamosxivdebian milakidan. 

 

 
 

sur. 2. 1 

 

anodze didi kinetikuri energiis mqone eleqtronebis moqmedebiT, rad-

ganac mTeli energiis mxolod 1% gamosxivdeba danarCeni ki gadadis siT-

burSi, anodi xurdeba, rac iwvevs milakis mwyobridan gamosvlas. amitom 

aucilebelia misi raime gziT gacieba. amis gamo anodis firfita kargi 

Tbogamtarobis gamo dafiqsirebulia spilenis fuZeze (4) da damatebiTi 

gacieba xdeba wylis nakadis gatarebiT.      

konstuqciulad zogierTi milaki isea mowyobili, rom SesaZlebelia 

maTi daSla da anodis firfitis masalis Secvla. aseTi milakebi saSuale-

bas iZleva isini gamoviyenoT rentgenospeqtruli analizis Casatarebladac 

(elementuri analizi). rentgenul milakebs ansxvaveben anodis masalis, Ta-

visufali eleqtronebis miRebis, daniSnulebis da gaciebis principis mixed-

viT.    

milakebidan rentgenis sxivebis miRebisaTvis arseboben rentgenis apa-

ratebi. isini iyofian danadgarebad foto meTodisaTvis da difraqtometre-

bad. rentgenis aparatebis daniSnulebaa uzrunvelyon rentgenis gamos-

xivebis milaki stabiluri maRali mudmivi ZabviT, moaxdinon anoduri 

denisa da Zabvis Secvla da registrireba. difraqtometruli kompleqsebi 

aRWurvilia damatebiTi blokebiT, rogorebicaa: goniometrebi, deteqtorebi, 

mricxvelebi da maTi marTvis blokebiT.    

mecnierebis da teqnikis dRevandeli ganviTarebis etapze drois didi 

ekonomiurobis gamo upiratesoba eniWebaT avtomatur difraqtometrebs 
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(sur. 2. 2), romelTa marTva da miRebuli informaciis damuSaveba xdeba 

specialuri programuli paketebiT uzrunvelyofili kompiuterebiT. 

 

 
 

sur. 2. 2 

 

2. 3. rentgenis sxivebis speqtri.  

 

rentgenis milakidan gamosuli sxivebi Seicavs or erTmaneTze gadafa-

rul speqtrs: uwyvets anu TeTrs –talRis sigrZeebis uwyveti mniSvnelobe-

biT da xazovans anu maxasiaTebels - talRis sigrZeTa diskretuli mniSvne-

lobebiT (sur. 2. 3). uwyveti gamosxivebis talRis sigrZeebis diapazoni mxo-

lod milakis muSaobis reJimze anu modebul Zabvasa da anodur denzea da-

mokidebuli (sur. 2. 3; a da b, Zabvas da denis gazrdiT i3 > i2 > i1 izrdeba I / Io 
fardobiTi intensiobac), xolo xazovani gamosxivebis talRis sigrZe – ano-

dis masalis gvarobazec (sur. 2. 3; в). amitomac xazovan gamosxivebas maxa-
siaTebelsac uwodeben. 

         

 
 

sur. 2. 3 
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kaTodsa da anods Soris dabali Zabvis dros miiReba mxolod uwyveti 

speqtri, xolo rodesac Zabva raRac garkveul kritikul mniSvnelobas ga-

daaWarbebs, miiReba maxasiaTebeli speqtric. Zabvis es kritikuli mniS-

vneloba anodis masalazea damokidebuli da mas aRgznebis potenciali 

ewodeba. aRgznebis potenciali gamoiTvleba formuliT UaRg.= λ
1

e
hc

, sadac h 

– plankis mudmivaa, c – sinaTlis siCqare, e – eleqtronis muxti, λ - gamosxive-
buli talRis sigrZe.  

maxasiaTebeli speqtris miReba da Seswavla nivTierebis elementuri 

analizis saSualebasac iZleva. ufro detalurad rentgenuli speqtris mi-

Rebis meqanizmze saubari iqneba Semdgom TavSi rentgenospeqtruli anali-

zis ganxilvis dros. 

 

2. 4. rentgenis sxivebiT miRebuli informaciis registracia. 

 

miRebuli informaciis registracia gulisxmobs nimuSidan areklili 

rentgenis sxivebis, rogorc mimarTulebis, ise masSi Semavali kvantebis 

raodenobis (intensioba) dadgenas. nimuSze dacemuli da areklili sxivebis 

mimarTulebebi mkacrad gansazRvrul damokidebulebaSia erTmaneTTan. ami-

tom rentgenis sxivebis wyaros, sakvlev obieqtsa da maregistrirebel mow-

yobilobas erTmaneTis mimarT aseve mkacrad gansazRvruli mdebareoba unda 

hqondeT. registracia SesaZlebelia vizualurad, fotografiulad da maTi 

ionizaciis unaris gamoyenebiT. vizualur registracias ZiriTadad medici-

naSi mimarTaven. am meTodis gamoyenebis dros ixmareba manaTobeli ekrani. 

fotografiuli da ionizaciuri meTodebiT registrirebis SemTxvevaSi 

rentgenografiuli kvlevis meTodebs Sesabamisad foto da difraqtomet-

rul meTodebs uwodeben. fotomeTodiT registraciis dros gamoiyeneba ren-

tgenis firebi, xolo ionizaciuri meTodis dros ionizaciuri an scintila-

ciuri mTvlelebi (sur. 2. 4). ionizaciuri mricxvelebidan upiratesad iyene-

ben geigeris mTvlels (sur. 2. 4; a). igi warmoadgens minis ampulas (3) ro-

melSic airi gaiSviaTebulia, CarCilulia anodi (1), spilenZis cilindruli 

kaTodi (2) da rentgenis sxivebis Sesasvleli fanjara (4). misi muSaobis 

principia rentgenis sxivebiT airis ionizacia da ionebis eleqtrodebze 

ganmuxtviT eleqtruli impulsis warmoqmna. scintilaciuri mTvlelebSi 

rentgenis qvanti ecema natriumis iodidis (gamoiyeneba kaliumis an ceziu-

mis iodidebic) kristals - k (sur. 2. 4; b), romelSic rentgenis sxivebi gar-

daiqmneba ultraiisfer an xilul sxivebad, xolo Semdeg xvdeba fotogama-

ZlierebelSi, romelSic aRiZvreba eleqtruli impulsebi. orive SemTxvevaSi 

impulsebis ricxvi proporciulia rentgenis sxivebis intensivobis. 

 
a 
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b 

sur. 2. 4 

 

rentgenis sxivebis difraqciiT miRebul suraTebs zogadad rentgeno-

gramebi ewodeba. konkretul SemTxvevaSi saxelwodeba gadaRebis meTodis 

dasaxelebiT ganisazRvreba. 
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3. speqtruli analizi. 

 

rogorc avRniSneT rentgenis milakis anodis masalaSi Semavali nebis-

mieri elementis atomi, Tu milakSi potencialTa sxvaoba kritikul mniSv-

nelobas aWarbebs asxivebs misTvis maxasiaTebel gamosxivebas. yvela elemen-

tis atoms, mxolod misTvis damaxasiaTebeli gasxivebis talRis sigrZeebi 

da intensivobebi gaaCnia. swored es principi udevs safuZvlad rentgenos-

peqtruli analizis meTodebs, romliTac SesaZlebelia nivTierebis elemen-

turi Sedgenilobis gansazRvra.  

elementis atomebis iZuleba gamoasxivos rentgenis maxasiaTebeli gamo-

sxiveba SesaZlebelia sxvadasxva gziT. atomis mier rentgenis maxasiaTebeli 

speqtris gamosxiveba SesaZlebelia rogorc, TviT rentgenis sxivebis zemoq-

medebiT, aseve sakvlevi obieqtis eleqtronebis koniT dasxivebiTac. es uka-

naskneli cnobilia eleqtronul-zonduri mikroanalizis saxeliT. is aer-

Tianebs rastrul eleqtronul mikroskopias da rentgenospeqtrul mikro-

analizs. orive meTodis SemTxvevaSi aucilebelia kristal-analizatoris 

gamoyeneba. rentgenospeqtraluri analizi saSualebas iZleva Catardes, ro-

gorc kristaluri, aseve amorfuli nimuSis zedapirze arsebuli fazebis da 

CanarTebis elementuri Semcvelobis Tvisobrivi da raodenobrivi analizi, 

elementebis ganawileba fazebsa da CanarTebSi da sxva.  

 

3. 1. rentgenospeqtruli analizis meTodebi. 

 

rentgenospeqtruli analizi SeiZleba davyoT or ZiriTad mimarTule-

bad: emisiuri da fluorescenciuli meTodebi.  

emisiuri meTodi. emisiuri meTodis SemTxvevaSi sakvlev nivTierebas 

aTavseben dasaSleli rentgenuli milakis anodis nacvlad. gamosakvlevi 

rentgenis speqtri am SemTxvevaSi aris pirveladi da Sesabamisad maTi in-

tensiobac didia; amitom cxadia eqspoziciis dro naklebi iqneba. emisiur 

speqtrometrul meTodSi rentgenis sxivebi difraqcias ganicdis kristal-

analizatorze da fokusirdeba fotofirze, firis qimiuri damuSavebis Sem-

deg SesaZlebelia miRebul speqtrSi talRis sigrZeebis dadgena da mis sa-

fuZvelze elementuri Sedgenilobis Tvisobrivad gansazRvra. 

fluorescenciuli meTodi. es meTodi emisiuri meTodisagan imiT gan-

sxvavdeba, rom nimuSis dasxiveba xdeba xisti (mokle talRis sigrZis) ren-

tgenuli sxivebiT, romelic masSi aRZravs meorad rentgenul maxasiaTebel 

gamosxivebas. is saimedo meTods warmoadgens, iZleva rogorc Tvisobrivi 

aseve raodenobrivi analizis saSualebas, amasTan nimuSi inarCunebs sawyis 

saxes anu ar xdeba misi likvidacia.  

Tanamedrove fluorescenciul analizatorebSi ZiriTadad meoradi 

rentgenul gamosxivebis registraciis ionizaciur meTods iyeneben. SesaZle-

belia analizis vakuumSi Catarebac, rac uzrunvelyofs speqtrSi Zalian 

susti intensiobis maqsimumebis dafiqsirebasac da amis gamo mkveTrad 

izrdeba elementuri analizisTvis misi SesaZleblobebi.  

speqtrul analizSi gamoyenebulia 3,0 ÷ 0,4 Å – is sigrZis rentgenuli 

talRebi. aseTi mokle sigrZis talRebis miReba xdeba volframis anodiT. 

volframis anodis gamoyenebis dros SesaZlebelia element skandiumidan 

element iodamde miviRoT K – seriis xazebi, xolo ceziumidan - uranamde ki 

– L – seriis xazebi. ufro msubuqi elementebisTvis - beriliumidan skandiu-
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mamde, romlebic Zalian grZel talRis sigrZeebs asxiveben STainTqmebian 

haerSi. maTi speqtris dafiqsireba SeiZleba, mxolod vakuumur speqtrogra-

febSi ionizaciuri meTodis gamoyenebiT. 

 meTodis mgrZnobiaroba miT ufro metia, rac ufro metia gamosavleni 

qimiuri elementis rigiTi nomeri.   

kristal-analizatori. speqtruli analizisTvis kristal-analizatoris 

amorCeva dakavSirebulia sakvlevi nivTierebis mier gamosxivebul talRis 

sigrZeebze. imdenad ramdenadac kristal-analizatoris sibrtyeTa Soriso 

manZilebi, Sesaswavli talRis sigrZis naxevars yovelTvis unda sWarbob-

des, mokle da saSualo talRiis sigrZeebisaTvis kristal-analizatorebad 

iyeneben qvamarils, kvarcs da islandiur Spats, grZeltalRiani gamosxive-

bisaTvis – akvamarins da qarss.  

kristal-analizatoridan difragirebuli saanalizo speqtri unda iyos 

ramdenadac SesaZlebelia intensiuri. mniSvnelovania 200 ÷ 300 mm simrudis 

radiusis, gaRunuli analizatoris gamoyeneba. zogierTi speqtrografi kar-

gi fokusirebis gamo muSaobs, mxolod gaRunuli kristal-analizatoris 

meSveobiT. am niSniT ansxvaveben speqtrografebs - brtyeli (sur 3. 1) da 

gaRunuli kristal-analizatoriT. orive tipis speqtrografebSi gadaRebis 

sqema (sur 3. 1) erTnairia rentgenis milakidan (2) gamosuli sxivebi xvde-

bian nimuSs (3). nimuSSi aRZruli meoradi rentgenis sxivebi diafragmaSi (4) 

gavlis Semdeg difraqcias ganicdian kristal-analizatorze (1), saidanac 

miemarTebian fotofirisken (5) an ionizaciuri mTvlelisken (6). radganac 

cnobilia kristal-analizatoris amrekli sibrtyeTaSoriso maZili da eqs-

perimentiT miviRebT arekvlis kuTxeebis mniSvnelobebs, vulf-bregis gan-

tolebiT SesaZlebelia viangariSoT speqtrSi Semavali talRis sigrZeebi 

θλ sin2d=  (mxedvelobaSi miReba mxolod pirveli rigis arekvlebi).  

  

  
 

sur 3. 1 
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talRis sigrZeTa miRebuli mniSvnelobebis cxrilur monacemebTan Sedare-

biT SesaZlebelia davadginoT sakvlev naerTSi Semavali elementebis gva-

roba.    
 

3. 2. eleqtronul-zonduri mikroanalizis safuZvlebi. 

 

 eleqtronul-zonduri mikroanalizi warmoadgens kvlevis meTods, ro-

melSic wertilovani fokusis mqone eleqtronuli kona ecema sakvlev ni-

muSs. misi urTierTqmedebis dros nimuSTan warmoiqmneba sxvadasxva signa-

li, romlebic Seicaven informacias sakvlev obieqtze (sur. 3. 2). 

ZiriTadi signalebia: rentgenuli maxasiaTebeli gamosxiveba (1), rent-

genuli damuxruWebiTi (TeTri) gamosxiveba (2), meoradi eleqtronebi (3), 

areklili eleqtronebi (4), kaTodurluminescencuri eleqtronebi (5), oJe-

eleqtronebi (6) da STanTqmuli eleqtronebi (7). yvela es signali garda 

damuxruWebiTi (TeTri) rentgenuli gamosxivebisa SeiZleba gamoyenebul 

iqnes nimuSidan raime informaciis misaRebad.  

 

 

 

 

 

 

 

 

 

 

 

 

 

sur. 3. 2  

      

eleqtronebis mcire energiebis SemTxvevaSi Tu pirveladi eleqtronebi 

muxruWdebian nimuSis atomebis eleqtruli veliT (kulonuri urTierT-

qmedeba) da miiReba TeTri gamosxiveba, didi energiebis SemTxvevaSi ki isini 

iWrebian atomis eleqtronebis eleqtrul velSi da ejaxebian eleqtronuli 

garsis eleqtronebs. Sejaxebis Sedegad pirvelad eleqtronebs SeswevT una-

ri eleqtronebi amoagdon nimuSis atomebis Sida doneebidanac. Seqmnili 

vakansiebis Sevseba xdeba eleqtronebis gadmosvliT ufro maRali energeti-

kuli donidan. aseT gadasvlas Tan axlavs Warbi energiis emisia rentgenis 

qvantis saxiT. imdenad, ramdenadac yoveli elementis   atomSi eleqtronebi 

ganawilebulia mxolod misTvis damaxasiaTebel energetikul doneebze da 

amasTan gaaCniaT dasaSvebi da akrZaluli energetikuli zonebi rentgenis 

gamosxivebis speqtric araa uwyveti, is diskretulia ( 12 EEh −=ν ). amitom 

rentgenis maxasiaTebeli gamosxivebis speqtris Sedgeniloba miuTiTebs mo-

cemuli elementis atomis gvarobaze (sur. 3. 3).  

atomis agebulebis qvanturi Teoriidan cnobilia, rom energetikuli 

doneebis energiebi ganisazRvreba mTavari qvanturi ricxvebiT (n). gamosxi-
vebuli kvantis energia an talRis sigrZe SeiZleba ganisazRvros mozlis 
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kanoniT E=p(Z-s)2 (energia) da 
λ
1 =k2(Z-s)2 (talRis sigrZe), sadac p da k - mTavari 

qvanturi ricxvebiT gansazRvruli mudmivebia, Z – atomis rigiTi nomeri, 

xolo s – ekranirebis mudmiva. rigiTi nomeris gazrdiT gamosxivebis talRis 

sigrZe mcirdeba. e. i. Tu davadgenT gamosxivebis energiebs an talRis 

sigrZeebs SesaZlebelia sakvlevi obieqtis Semadgeneli atomebis identi-

ficireba (Tvisobrivi analizi), xolo Tu davadgenT speqtrSi Semavali xa-

zebis intensivobasac maTi procentuli Semcvelobis dadgenac (raodenob-

rivi analizi). yovelive es aris safuZveli rentgenospeqtruli analizis. 

intensivobis ganawileba K da L seriis xazebSi emorCileba Semdeg damokide-

bulebas: 

K – seria → α1 : α2 : β1 : β2 = 100 : 50 : 20 : 5;  
L - seria→α1 : α2 : β1 : β2 : β3 : β4 : γ1 = 100 : 10 : 50 : 20: 10 : 5 : 10.  
es Tanafaroba SeiZleba dairRves sakvlevi nimuSis mier rentgenis sxivebis 

SanTqmiT, rac damokidebulia nimuSis Sedgenilobasa da rentgenis sxivebis 

talRis sigrZeze. 

 

 
 

sur. 3. 3 

 

Sn da Sb atomebis Semcveli nimuSis speqtri mocemulia sur. 3. 4-ze. 
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sur. 3. 4  

 

 

3. 3. rentgenospeqtruli mikroanalizatoris principuli sqema. 

 

rentgenospeqtruli mikroanalizatoris ZiriTad agregatebs warmo-

adgenen eleqtronuli mikroskopi, nimuSis zedapiris vizualurad dasaTva-

lierebeli da miRebuli informaciis maregistrirebeli mowyobiloba (sur. 

3. 5). eleqtronuli mikroskopis daniSnulebaa wertilovani fokusis mqone 

eleqtronuli konis miReba.  

eleqtronul mikroskopSi Tavisufali eleqtronebis miReba xdeba Ter-

moeleqtruli emisiiT, volframis kaTodis (1) gaxurebiT amofrqveuli 

eleqtronebi veneltis cilindriT (2) fokusirdeba da aCqardeba xvreliani, 

maRali dadebiTi potencialis mqone anodiT (3). xvrelSi gasuli didi 

siCqaris eleqtronebi diafragmebisa da eleqtromagnituri linzebis (4 - 7) 

sistemis gavlis Semdeg ecema nimuSs (16). nimuSze muxtis moxsnisaTvis is 

damiwebulia (11). winaaRmdeg SemTxvevaSi nimuSze dagrovili uaryofiTi mux-

ti eleqtronul sxivs ganizidavda. nimuSze eleqtronuli konis sasurvel 

ubanze moxvedris mizniT aucilebelia nimuSis vizualurad dasaTvaliere-

beli, monitorTan (8) dakavSirebuli, eleqtronuli sxivis moZraobis mare-

gistrilebeli mowyobiloba (9, 12, 13). mesame kvanZi esaa eleqtronuli sxi-

vis nimuSTan urTierTqmedebiT miRebuli informaciis registraciis da da-

muSavebis mowyobilobebi (rentgenis - 14 da eleqtronebis - 15).  

 

 

3. 4. rentgenuli gamosxivebis speqtrometia.  

 

emitirebuli rentgenuli signali registrirdeba rentgenuli speqtro-

metrebiT intensivobis mixedviT da analizi tardeba talRis sigrZeebis an 

energiebis kontroliT. Tu speqtrometrSi intensivobas ganixilaven, 
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rogorc talRis sigrZis funqcias speqtrometri talRuri dispersiisaa, 

xolo Tu, rogorc energiis funqcias speqtrometri energo dispersulia.  

 

 

 
 

sur 3. 5  

 

talRuri dispersiis speqtrometri. is Sesdgeba uSualod rentge-

nospeqtrometrisagan, rentgenuli deteqtorisagan da informaciis 

maregistrirebeli da damamuSavebeli mowyobilobebisagan (sur. 3. 6).  

nimuSidan (3) raRac θ kuTxiT wamosuli rentgenis sxivi ecema kristal-

analizators (1), romelic bregis arekvlis principiT aireklavs mas. 

arekvlis Semdeg diafragmis (2) gavliT sxivi Sedis deteqtorSi (4). 

deteqtoridan miRebuli signalebi gamaZlierebelsa (5) da erTarxian 

analizatorSi damuSavebis Semdeg Stovdeba da aRiricxeba TviTCamweri (7, 

8) an mTvleli (9) mowyobilobebiT. ramdenadac SesaZlebelia maqsimaluri 

intensivobis misaRebad aucilebelia rolandis principis dacva anu 

rentgenis sxivebis wyaro (4) (sur. 3. 7), kristal-analizatori (1) da deteq-

tori (2) unda ganTavsdnen fokusirebis wrewirze (konkretul SemTxvevaSi 
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kristal-analizatori gaRunulia). am pirobis dasakmayofileblad ren-

tgenuli speqtris gadaRebis dros rentgenis sxivis dacemis ϕ kuTxe 

uwyvetad icvleba kristal-analizatoris brunviT eleqtroZravis meSveo-

biT. 

 

 
         

sur. 3. 6 

 

 

 

 
 

sur. 3. 7 
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xelsawyoSi problemas qmnis pirvel rigze maRali arekvlebi (2dsinθ =nλ 

Tu n>1). talRuri dispersiis speqtrometris garCevis unaria 
λ
λ∆
=10-3÷10-4.  

energo dispersuli speqtrometri. energo dispersuli speqtrometri 

Sedgeba deteqtorisagan, gamaZliereblisa da mravalarxiani analizatorisa-

gan. deteqtori warmoadgens siliciumis naxevargamtaruli masalas p-n gada-
svliT. is muSaobs diodis principiT, dasawyisSi dens ar atarebs, rentge-

nis qvantis zemoqmedebiT ki, ionizaciis gamo, warmoiqmneba eleqtruli wyvi-

li: eleqtroni – xvreli. maTi ricxvi proporciulia qvantis energiis. 

eleqtruli wyvilis eleqtroni – xvrelis warmoqmnis gamo deteqtorSi 

aRiZvreba signali, romelic aseve proporciulia qvantis energiis. miRebu-

li impulsebi gamaZlierebelSi gavlis Semdeg xvdeba mravalarxian anali-

zatorSi. analizatorSi xdeba maTi gancalkeveba energiis sididis mixedviT 

da damaxsovreba Sesabamis arxSi.  

garkveuli informaciis dagrovebis Semdeg xdeba damaxsovrebuli in-

formaciis aRdgena da sruli energetikuli speqtris raime formiT vizua-

luri warmoCineba. ris Semdegac SesaZlebelia speqtrSi maqsimumebis 

identifikacia, rac niSnavs sakvlevi nimuSis elementuri Sedgenilobis gan-

sazRvras.  

talRuri dispersiis speqtrometrTan misi upiratesoba isaa, rom anali-

zis dro gacilebiT mcirea, magram mTeli rigiT CamorCeba garCevis unaria-

noba. 
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4. difraqciuli meTodebi.  

 

nebismieri kristaluri nivTiereba struqturuli erTeulebis periodu-

li ganawilebis mravalatomiani sistemaa. aseT sistemaze rentgenis sxivebis 

moqmedebiT, rogorc adre avRniSneT adgili eqneba difraqciisa da interfe-

renciis movlenebs. miRebuli difraqciuli suraTi marTalia ar warmoad-

gens kristalis Sinagani aRnagobis fotografiul gamosaxulebas, magram is 

saSualebas iZleva, Semdgomi damuSavebiT, warmodgena SeviqmnaT kristalSi 

arsebul realur mdgomareobaze: Semcvelobasa da struqturaze. difraq-

ciuli meTodebiT Seiswavleba, mxolod kristaluri nivTierebebi. 

 

4. 1. rentgenis sxivebis difraqcia da arekvla. 

 

nebismieri kristaluri nivTiereba perioduli (mowesrigebuli) ganawi-

lebis mravalatomiani sistemaa. misi difraqciuli suraTis miRebis maTema-

tikuri meqanizmi mogvca lauem, romelsac laues pirobebi ewodeba. laues 

pirobebi esa gantolebaTa sistema samganzomilebiani sistemisTvis da is 

araa martivi warmosadgeni. ganvixiloT difraqciuli suraTis miRebis uf-

ro martivi da TvalsaCino arekvlis meqanizmi. igi Zalian gavs sarkeSi xi-

luli sxivis arekvlas im gansxvavebiT, rom Tu xiluli sxivis sarkidan 

arekvla dacemis nebismier kuTxeze xdeba, rentgenis sxivis arekvla krista-

lografiuli sibrtyidan mxolod gansazRvruli mimarTulebiT xdeba. da-

vuSvaT paralelur kristalografiul sibrtyeebs anu sibrtyeTa ojaxs ece-

ma paraleluri sxivebis kona (sur. 4. 1).  
 

 
 

sur. 4. 1 
 

or uaxloes sibrtyeTa Soris manZili avRniSnoT d asoTi. sxivTa koni-

dan gamovyoT 1 da 2 paraleluri sxivi. xiluli sxivebis msgavsad, ra θ  

kuTxiTac ecema rentgenis sxivebi sibrtyes igive θ  kuTxiT xdeba arekvla. 

Tu 2 sxivis dacemul da arekvlil nawilebze davuSvebT OA da OC marTo-

bebs, maSin svlaTa sxvaoba, romelic 1 da 2 sxivs gaaCniaT dakvirvebis N 

wertilamde tolia AB da 
BC monakveTebis jamis. marTkuTxa ABO samkuTxdSi ∠ AOB tolia dacemis 

θ  kuTxisa, rogorc urTiermarTobi gverdebiT Seqmnili kuTxeebi. amitom AB 
= d sinθ , sadac d or uaxloes paralelur sibrtyeTa Soris manZilia. ABO da 
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CBO  samkuTxdebis simetriulobis gamo AB = BC = d sinθ  amitom jamuri 

svlaTa sxvaoba AB + BC = 2dsinθ . interferenciis pirobidan gamomdinare 

svlaTa sxvaoba talRis sigrZis jeradi unda iyos, e.i. AB + BC = nλ e.i. 2d 
sinθ  = nλ, sadac n=1, 2, 3,… da mas arekvlis rigi ewodeba. es gantoleba cno-

bilia vulf-bregis gantolebis saxelwodebiT da is cvlis laues gan-

tolebebs. areklili sxivis mimarTulebasTan erTad Zalian mniSvnelovania 

misi intensioba. arekvlili sxivis intensiobis gamosaTvleli formulaa:  

I = I0 ( 2

2

mc
e

)2 2

1
R

P(θ ) M2[F(hkl)]2, 

sadac I0- rentgenis sxivis sawyisi intensiobaa, e- eleqtronis muxti, m- da-
muxtuli nawilakis masa, c- sinaTlis siCqare, R- arekvlis wertilidan dak-

virvebis wertilamde manZili, P(θ )- polarizaciis faqtori, M- kristalSi 

elemetaluri ujredis raodenoba, F(hkl) - e.w. gabnevis struqturuli faqto-

ri, romelis tolia: 

[F(hkl)]2=[∑
=

N

i
if

1
cos2π(hxi + kyi + lzi)]2 + [∑

=

N

i
if

1
sin2π(hxi + kyi + lzi)]2,  

sadac if - gabnevis atomuri faqtoria, hkl- mileris indeqsebi, xi, yi, zi ele-

mentalur ujredSi i - uri atomis koordinatebi. rogorc moyvanili formu-

lidan Cans, arekvlili sxivis intensioba pirdapirproporciulia I0- rentge-

nis sxivis sawyisi intensiobisa da ukuproporciulia dakvirvebis werti-

lamde manZilis kvadratisa. amave dros ukuproporciulia gambnevi nawila-

kis masis kvadratisa, amitom remtgenis sxivebis ganbnevaSi birTvebis roli 

ugulvebelyofilia. mniSvnelovania is, rom gabneuli sxivis intensioba 

uSualod dakavSirebulia atomebis ganawilebis specifikasTan, e.i. masSi 

devs informacia elementalur ujredSi atomebis koordinatebis Sesaxeb. 

refleqsebis ganawilebis kanonzomierebis da intensiobis mixedviT SesaZle-

belia ganisazRvros elementalur ujredSi Semavali atomebis koordinate-

bi. koordinatebis codna ki saSualebas iZleva daviTvaloT atomebs Soris, 

rogorc savalento, aseve arasavalento maZilebi da kuTxeebi anu raode-

nobrivad davaxasiaToT kristaluri nivTierebis aRnagoba. rentgenografi-

ul meTods, romelic Seiswavlis kristaluri nivTierebis aRnagobas rent-

genostruqturuli analizi ewodeba. 

 

4. 2. elementalur ujredSi geometriuli elementebis aRniSvnebi 

(mileris indeqsebi). 

 

elementalur ujredze msjelobis dros, rom gavarCioT, Tu romel wi-

bosTan an waxnagTan gvaqvs saqme, unda SemoviRoT simboloebis sistema, 

romelic uzrunvelyofs nebismieri geometruli elementis calsaxa miniSne-

bas. davakvirdeT sur. 4. 2 - ze 1 waxnags (sibrtyes). igi koordinatTa siste-

mis RerZebze mokveTs X = 1a, Y = ∞ b, Z = ∞ c monakveTebs (1 waxnagi paralelu-

ria koordinatTa sistemis YOZ sibrtyisa). es ricxvebi 1, ∞, ∞ SeiZleba ga-

moviyenoT am waxnagis simboloebad. magram vinaidan usasrulobaze maTema-

tikuri moqmedebebis Catareba mouxerxebelia, iReben am ricxvebis Sebrune-

bul sidideebs da maT h, k, l simboloebiT aRniSnaven. am simboloebs mileris 

indeqsebi ewodebaT. ganxilul SemTxvevaSi h = 
1
1  = 1, k = 

∞
1  = 0, l =  

∞
1  = 0, e.i. 1 
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sibrtyis indeqsebi iqneba (100) da ismeba mrgval frCxilebSi. misi marTobi 

mimarTulebis anu X RerZis indeqsebi iqneba isev [100] oRond kvadratul 

frCxilebSi (sur 4. 3).  

 
 

                        
 

             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              sur. 4. 2                      sur. 4. 3 

 

mileris indeqsebis sworad SerCevas (sxvadasxva sibrtyeze gansxvavebu-

li: retikularuli simkvrivis da atomebis gvarobis gamo) difraqciuli Se-

degebis damuSavebaSi udidesi mniSvneloba aqvs. 

 

4. 3. Caqrobis kanonebi. 

 

difragirebul anu gamartivebulad arekvlil sxivebs kristalogra-

ful sibrtyeebis msgavsad axasiaTeben HKL indeqsebiT. cxadia isini dakavSi-
rebulia atomur sibrtyeTa hkl (mileris) indeqsebTan. 

rentgenis sxivebis kristalur nivTierebasTan urTierTqmedebis dros, 

yvela tipis arekvlebi, anu arekvlebi nebismieri HKL indeqsebiT ar xorci-

eldeba. wesebs, romlebic adgenen arekvlebis HKL indeqsebis dasaSveb mniS-
vnelobebs Caqrobis kanonebi ewodebaT. Caqrobis kanonebis codna aucilebe-

lia difraqciuli suraTis maqsimumebze indeqsebis miniWebisaTvis anu am-

rekli sibrtyis indeqsebis dadgena rasac rentgenogramis indicireba ewo-

deba. indicireba dakavSirebulia sivrciTi jgufis sworad dadgenasTan. 

sivrciTi jgufis codna ki aucilebelia kristalis struqturasTan dakav-

Sirebuli nebismieri amocanis gadaWrisaTvis. magaliTad elementaluri 

ujredis parametrebsa da meseris parametrebis erTmaneTTan dakavSireba, 

agebulebis damaxasiaTebeli nebismieri geometruli parametris gamoTvala 

da sxva.  

mileris indeqsebi mTeli racionaluri ricxvebia da iyofa sam jgufad: 

zogadi – hkl, anu roca SeiZleba maT nebismieri ricxviTi mniSvneloba hqon-

deT, zonaluri – hk0, h0l, 0kl indeqsebidan erTerTi unda iyos nuli da Rer-
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Zuli – h00, 0k0, 00l indeqsebidan nebismieri ori unda iyos nuli. rogorc zo-
gadi, aseve zonluri da RerZuli indeqsebis mniSvnelobebi damokidebulia 

Sesabamisad imaze, Tu rogoria braves meseri, sibrtye Cveulebrivia Tu 

sriala, RerZi Cveulebrivia Tu xraxnuli. vnaxoT, Tu rogor aisaxeba mile-

ris indeqsebis mniSvnelobebze braves mesris xasiaTi. ganvixiloT sivrciTi 

jgufebis SedarebiT martivi warmomadgenlebi magaliTad: Pmmm, Immm da 
Fmmm. gabnevis struqturuli faqtoris gamosaTvleli formulaa:  

2F  = {f cos2π(xh + yk + zl)}2 + {f sin2π(xh + yk + zl)}2
. 

Pmmm sivrciT jgufs Seesabameba primitiuli elementaluri ujredi, 

romelSic, rogorc viciT mxolod erTi bazuri struqturuli erTeulia (8 

x 
8
1 =1). misi koordinatebia 0, 0, 0. SevitanoT koordinatebis es mniSvnelobe-

bi struqturuli faqtoris formulaSi 
2F  = {f cos2π(0h + 0k + 0l)}2+{f sin2π(0h 

+ 0k + 0l)}2
. rogorc formulidan vxedavT cos2π(0h + 0k + 0l) = cos0 = 1. amitom 

pirveli wevri udris f2 – s, meore ki nuls (sin0 = 0). am SemTxvevaSi 2F  mniS-

vneloba araa damokidebuli mileris indeqsebis mniSvnelobebze da isini 

(indeqsebi) SeiZleba iyos nebismieri. e.i. primitiuli elementaluri ujre-

dis SemTxvevaSi rentgenogramaze miviRebT nebismieri indeqsebis mqone are-

kvlebs (100), (110), (111), (200), (210), (211), (220) da a.S. 

Immm moculoba centrirebul jgufSi elementalur ujredze modis 

ori struqturuli erTeuli (8 x 
8
1
 + 1 = 2). maTi koordinatebia 0, 0, 0 da 

2
1
, 

2
1
, 

2
1
. SevitanoT es mniSvnelobebi faqtoris gamosaTvlel formulaSi:  

2F ={f·cos2π(0h+0k+0l)+f·cos2π(
2
1 h+

2
1 k+

2
1 l)}2+{f·sin2π(0h+0k+0l)+f·sin2π(

2
1 h+

2
1 k+

2
1 l)}2, 

gamartivebis Semdgom 
2F = f2 [1 + cos π(h + k + l)]2 + f2 [sin π(h + k + l)]2, gantolebaSi 

meore wevri mileris indeqsebis nebismieri mniSvnelobisTvis nulia (sinnπ = 
0, sadac n = 1, 2, 3, . . .), xolo pirveli wevri gansxvavdeba nulisagan roca h + 
k + l = 2n anu mileris indeqsebis jami Tu luwia. aseT SemTxvevaSi 

2F  = 4f2. 
rac imas niSnavs, rom (100), (110), (111), (200), (210), (211), (220) da a.S. SesaZlo 

arekvlebidan miiReba mxolod iseTebi, romelTa indeqsebis jamic luwia. 

intensiobis gamosaTvlel formulaSi, roca mileris indeqsebis jami kenti 

gamova Tanamamamravli [F(hkl)] = 0 da cxadia intensiobac  I = 0. e.i. moculoba 

centrirebul elementalur ujredis SemTxvevaSi miiReba mxolod (110), (200), 

(211), (220) da a.S. tipis arekvlebi, xolo danarCeni Caqvreba (ar miiReba).  

Fmmm waxnagcentrirebul sivrciT jgufSi elementalur ujredze mo-

dis oTxi struqturuli erTeuli (8 x 
8
1
+6 x 

2
1
=4). ujredSi maTi koordina-

tebia 0, 0, 0 da 
2
1
, 

2
1
, 0; 

2
1
, 0, 

2
1
; 0, 

2
1
, 

2
1
. koordinatebis es mniSvnelobebi 

SevitanoT struqturuli faqtoris formulaSi, miviRebT: 
2F =f2 [1 + cosπ(h + k) + cosπ(h + l) + cos π(k + l)]2 + f2 [sinπ(h + k)+sinπ(h + l) + sin π(k + l)]2

 

radgan am SemTxvevaSic meore wevri yovelTvis nulia, xolo pirveli wevri 
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gansxvavdeba nulisagan, roca h + k = 2n, h + l = 2n, k + l = 2n  anu wyvilwyvilad 

mileris indeqsebis jami luwia. am pirobebSi 
2F =16f2 da (100), (110), (111), 

(200), (210), (211), (220) da a.S. SesaZlo arekvlebidan miiReba mxolod iseTebi, 

romelTa wyvilwyvilad jamic luwia. intensiobis gamosaTvlel formula-

Si, roca wyvilwyvilad indeqsebis jami kentia Tanamamamravli [F(hkl)] = 0 da 
intensiobac I = 0 anu Sesabamisi refleqsebi rentgenogramaze ar miiReba. e.i. 

waxnagcentrirebul elementalur ujredis SemTxvevaSi miiReba mxolod 

(111), (200), (220), (311) da a.S. tipis arekvlebi.   

Caqrobis kanonebi mocemulia cnobarebSi arsebul specialur cxrileb-

Si.  

 

4. 4. rentgenis sxivis arekvlis geometria. 

 

calkeuli rentgenografiuli meTodis garCevamde gaverkveT nimuSidan 

areklili rentgenis sxivebis geometriaSi, rac SemdgomSi saSualebas mogv-

cems davadginoT, Tu ra wesiT lagdeba rentgenogramebze refleqsebi. si-

martivisaTvis warmovidginoT xiluli sxivebis wvrili kona da brtyeli 

sarke. davuSvaT aseTi sxivebis gzaze movaTavseT sarke ise, rom pirveladi 

sxivi srialebdes sarkis sibrtyeze, sarkes SeeZlos brunva OO` RerZis gar-
Semo (sur. 4. 4 a) da amasTan brunvis RerZi pirvelad sxivTan 0 < α < 90o 
kuTxes adgendes. cxadia, aseT sawyis mdgomareobaSi sxivi gasrialdeba ra 

sarkis zedapirze araviTari arekvla ar moxdeba. sarkis OO` RerZis garSemo 
brunviT moZraobaSi moyvaniT sxivi airekleba da areklili sxivi sarkis 

erTi sruli brunvis periodSi Semowers konuss, romlis erTerTi msaxveli 

pirveladi sxivis gagrZeleba iqneba, xolo sxva danarCeni – areklili sxi-

vebi (sur. 4. 4 b).                                                                                        
                                          
 

 

 

 

 

 

 

 

                       sur. 4. 4                                  sur. 4. 5  

 

Tu sarkes SevcvliT kristaliT, xolo xilul sxivs rentgenis sxiviT, 

suraTi aRmoCndeba diskretuli anu ekranze refleqsebi miiReba wertilebis 

saxiT. Tu gamoviyenebT rentgenis monoqromatul gamosxivebas kristali 

unda vabrunoT, konkretuli kristalografiulu sibrtye mxolod garkveul 

orientaciaSi iqneba amrekl mdgomareobaSi. zonaSi Semavali sibrtyeebidan 

arekvlebi moxdeba maTTvis igive orientaciaSi gavlis momentSi. amitom 

arekvlebi miiReba konusis mxolod zogierTi msaxvelis gaswvriv. Tu kris-

tali uZravia, monoqromatul gamosxivebiT SeiZleba arekvla verc miviRoT. 

amitom uZravi kristalis SemTxvevaSi is unda davasxivoT uwyveti rentge-

nuli gamosxivebiT. zonaSi Semavali sibrtyeebisTvis arekvlis pirobis dak-

mayofileba moxdeba Sesabamisi λ - s avtomaturad SerCeviT. radganac 
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talRis sigrZeTa raodenoba araa usasrulo, am SemTxvevaSic arekvlebi 

moxdeba konusis zogierTi msaxvelis gaswvriv. zona aris im kristalogra-

fiuli sibrtyeebis erToblioba, romlebic raime mimarTulebis paralelu-

ri arian, xolo TviT am mimarTulebas zonis RerZi ewodeba (sur. 4. 5 –ze 

magaliTad eqvskuTxa prizmaSi yvela gverdiTi waxnagi qmnis zonas, xolo 

Sesabamisi zonis RerZia NN`).   
 

4. 5. rentgenis sxivebis urTierTqmedeba sakvlev obieqtTan.  

 

rentgenis sxivebi rom saWiro adgilas da sasurveli mimarTulebiT 

xvdebodnen sakvlev obieqts, iyeneben rentgenis kamerebs da nimuSis gonio-

metrul damWerebs. gadaRebis meTodze damokidebulebiT isini konstruqciu-

lad erTmaneTisagan gansxvavdebian, magram aqvT erTi da igive daniSnulebis 

detalebic (kvanZebi). fotomeTodiT gadaRebisaTvis iyeneben rogorc zoga-

di, aseve specialuri daniSnulebis rentgenul kamerebs (sur. 9. 3). miuxeda-

vad maTi mravalsaxeobisa, yvela kamerisaTvis aucilebelia: 1 - korpusi, 2 - 

firis damWeri – kaseta, 3 - kolimatori, 4 - tubusi, 5 - nimuSis damWeri, 6 - 

meqanizmi nimuSis centrirebisaTvis, 7. fexebi kameris orientirebisaTvis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sur. 4. 6.  

             

korpusi fexebis meSveobiT uzrunvelyofs kameris rentgenis sxivis mi-

marT saWiro mdgomareobaSi moTavsebas. kolimatori aris erTi an ramdenime 

diafragmisagan Sedgenili sistema, romlis daniSnulebaa milakidan gamosu-

li rentgenis sxivebis ganSladi konidan, erTi diafragmis SemTxvevaSi, 

wvrili ganSladi konis amoWra, an ori diafragmis SemTxvevaSi, wvrili, 

TiTqmis paraleluri konis amoWra. nimuSis damWeri sxvadasxva saxisaa imis-

da mixedviT, rogori forma aqvs nimuSs. is uzrunvelyofs sxivis mimarT 

nimuSis orientirebas da specialuri meqanizmis meSveobiT centrirebas Tu 

is brunavs. kasetis daniSnulebaa pirveladi sxivis mimarT rentgenis firis 

saWiro mdgomareobaSi moTavseba da gareSe sxivebisagan izolireba. kaseta 

SeiZleba iyos brtyeli an cilindruli. tubusi, anu pirveladi sxivis Cam-

Weri, moTavsebulia kolimatoris mopirdapire mxares nimuSis Semdeg. misi 

daniSnulebaa pirveladi sxivis CaWera ise, rom man firze ar imoqmedos. 

tubusis gareSe gadaRebis SemTxvevaSi firze SesaZlebelia gaCndes vuali 

romelic dafaravs difraqciiT miRebul maqsimumebs.   
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difraqtometruli meTodis dros iyeneben e.w. goniometrul mowyobilobas. 

is uzrunvelyofilia diafragmebis sistemiT, nimuSis damWeriT da arekli-

li sxivebis maregistrirebeli mowyobilobiT. konstruqciulad is isea 

mowyobili, rom uzrunvelyofs rentgenis sxivebis wyaros, nimuSisa da mri-

cxvelis iseT urTierTganlagebas, rom SesaZlebeli iyos areklili sxive-

bis mimarTulebis (arekvlis θ an 2θ kuTxis) da intensiobis (I) gansazRvra. 

Tanamedrove difraqtometrebi avtomatizirebulia. maTi marTva da miRebuli 

informaciis damuSaveba xorcieldeba kompiuterebiT. 

 

4. 6. rentgenografiuli kvlevis ZiriTadi mimarTulebebi. 

 

kristalur meserSi SeiZleba uamravi warmosaxviTi sibrtyis gatareba. 

es ki erTi SexedviT niSnavs, rom unda miviRoT uamravi arekvlac da dif-

raqciuli suraTiT informaciis garCeva, misi uwyvetobis gamo SeuZlebeli 

iqneboda. aRmoCnda, rom sibrtyeTa ojaxidn arekvlisTvis arsebobs garkveu-

li SezRudva. CavweroT 2dsinθ  = nλ (CavTvaloT, rom n = 1)  gantoleba Semde-

gi saxiT sinθ  = 
d2
λ

, radgan sinθ  ≤ 1, 
d2
λ

 ≤ 1, saidanac λ ≤ 2d-ze, e.i arekvla 

moxdeba mxolod iseTi sibrtyeebidan romelTaTvisac sibrtyeTa Soriso 

gaormagebuli manZilebic metia talRis sigrZeze. cxadia am SemTxvevaSi maq-

simumebis (refleqsebis) raodenoba iqneba sasruli da difraqciuli suraTi 

informaciis momcemi.  

rentgenografiuli kvlevis meTodebi SeiZleba ZiriTadad or mimarTu-

lebaSi gavaerTianoT, romlebic aseve vulf-bregis gantolebidan gamomdi-

nareoben. amrekli unaris mqone sasrul sibrtyeebs aseve sasruli raodeno-

ba sibrtyeTa Soriso manZilebi Seesabameba. amasTan mocemuli kristaluri 

nivTierebisaTvis d mniSvnelobebi mudmivia (mesris mudmivebia).  

Tu daveSvebT, rom monokristali ar brunavs anu θ  ar icvleba vulf-

bregis 2dsinθ  = nλ gantolebidan gamomdinare d konkretul mniSvnelobas un-

da Seesabamebodes λ konkretuli mniSvneloba. e.i. arekvlis pirobis dasakma-

yofileblad uZravi monokristali unda dasxivdes TeTri gamosxivebiT, 

raTa yoveli d - Tvis avtomaturad SeirCes λ mniSvneloba.  

Tu monokristali brunavs anu θ  icvleba maSin 2dsinθ  = nλ  pirobis da-
kmayofileba SesaZlebelia mudmivi λ mniSvnelobisTvisac. d – s yovel kon-

kretul mniSvnelobas unda Seesabamebodes θ  konkretuli mniSvneloba. e.i 

monokristalis brunavs SemTxvevaSi SesaZlebelia maxasiaTebeli gamosxive-

bis gamoyeneba.  

am niSnebiT rentgenografiuli meTodebi or ZiriTad mimarTulebad 

iyofa: poliqromatul (laues) da monoqromatul (brunvis) meTodebad.  

 

4. 6. 1. poliqromatuli (laues) meTodi. 

 

poliqromatuli anu laues meTodiT kristaluri nivTierebis kvlevis 

SemTxvevaSi rogorc avRniSneT kristali uZravia da vasxivebT uwyveti 

(TeTri) gamosxivebiT. gadaRebis dros gamoiyeneba e.w. laues kamera. krista-

lis erTi da igive zonis sibrtyeebidan areklili sxivebi miyvebian erTi 

da igive warmosaxviTi konusis msaxvelebs. amitom firis gamJRavnebis Sem-

deg erTi zonis Sesabamisi wertilovani refleqsebi dalagdebian im wiris 
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gaswvriv, romelsac mogvcems Sesabamisi konusis kveTa firTan. radganac 

laues meTodis SemTxvevaSi firi brtyelia da pirveladi sxivis marTob  

 

sur. 4. 7 

 

sibrtyeSia moTavsebuli, konusebis kveTa firTan SeiZleba iyos wrfe, 

elifsi, parabola an hiperbola. es damokidebulia imaze, Tu ra α kuTxes  

adgens NN` zonis RerZi pirvelad sxivTan (sur. 4. 4). Tu α=0o, arekvla ar 

moxdeba da gveqneba mxolod pirveladi sxivis kvali. Tu 0 < α < 45o, maSin 
konusis kveTa firTan iqneba elifsi da is miT ufro gaWimulia, rac ufro 

axloa α kuTxe 45
o-Tan. roca 45 < α < 90o

 konusis kveTa firTan iqneba para-

bola da α miaxlovebiT 90
o- Tan, parabola TandaTan gadadi hiperbolaSi. 

roca α = 90o, maSin konusis gaSlis kuTxea 180
o, e.i. is ukve sibrtyea da sibr-

tyis kveTa firTan (sibrtyesTan) aris wrfe. Tu rentgenis sxivi kristals 

ganWolavs, firi Tavsdeba nimuSidan rentgenis sxivebis wyaros sawinaaRmde-

go mxares da gadaRebul rentgenogramas ewodeba lauegrama (sur. 4. 7 a). 

suraTi 4. 7. b warmoadgens lauegramas, romelzec kargad Cans, rom refleq-

sebi miiReba wertilebis saxiT da isini dalagebuli arian wrfis, elifsis, 

parabolis an hiperbolis gaswvriv. Tu rentgenis sxivi kristals ar 

ganWolavs, firi Tavsdeba nimuSidan rentgenis sxivebis wyaros mxares da 

gadaRebul rentgenogramas ewodeba epigrama. am meTodiT SeiZleba davadgi-

noT monokristaluri nivTierebis simetria. 

  

4. 6. 2. monoqromatul (brunvis) meTodi. 

 

monoqromatuli meTodis SemTxvevaSi gamoiyeneba maxasiaTebeli gamosxi-

veba. vulf-bregis pirobis dasakmayofileblad kristalografiuli sibrtye-

ebi, rom amrekl mdgomareobaSi gamovidnen, aucilebelia nimuSis brunva. er-

Ti sruli brunis Semdeg suraTi meordeba.  

konstruqciulad brunvis meTodisTvis kamera laues kameraze rTuli 

mowyobilobaa (sur. 4. 8). am SemTxvevaSi kaseta cilindruli formisaa da 

firic, igive formas Rebulobs. cxadia konusebi (konusi wvetiT kristalze, 

fuZiT vertikalurad zeviT da qveviT) da cilindri gadaikveTebian parale-

lur wrewirebze (sur. 4. 9 a) da firis gaSlis da gamJRavnebis Semdeg 

refleqsebi warmosaxviT paralelur wrfeebze aRmoCndebian dalagebuli 

(sur. 4. 9 b).  

 am meTodiT SeiZleba daviTvaloT elemetaluri ujredis parametrebi. 

paralelur wrfeebze dalagebuli wertilebi sxvadasxva rigis arekvlebiT 

miRebuli refleqsebia da mwkrivebs Soris manZilebis gazomva saSualebas 



 31

iZleva gamoviTvaloT identurobis periodi brunvis RerZis gaswvriv. misi 

gamosaTvleli formulaa T=λ 1
2

+⎟
⎠
⎞⎜

⎝
⎛

y
Rk , sadac λ - rentgenis talRis 

sigrZea, R - kameris radiusi, y - fenebs Soris manZili (mm).  

  

      

    a                      b 

                                             

              sur. 4. 8                                sur. 4. 9 

 

4. 6. 3. debai-Sereris (fxvnilis) meTodi.  

 

poliqromatuli (laues) da monoqromatuli (brunvis) meTodebi Tu mo-

nokristalebis Sesaswavlad gamoiyenebian debai-Sereris anu fxvnilis meTo-

diT Seiswavleba polikristaluri masalebi an  fxvnilebi. Tu nimuSi mono-

kristalia, is unda gafxvierdes. am meTodiT sakvlevi obieqti Seswavla Se-

saZlebelia, rogorc foto aseve difraqtometruli meTodebis gamoyenebis 

dros.  

debai-Sereris foto meTodi. am meTodis SemTxvevaSi gamoiyeneba e.w. 

debais kamerebi (sur. 4. 6), xolo miRebul rentgenogramas debaigrama ewode-

baT. debais kamerebSi kaseta brunis brunvis meTodis msgavsad cilinruli 

formisaa, cilindri moTavsebulia ise, rom pirveladi rentgenuli sxivi 

cilindris RerZis marTobia (sur. 4. 10). 

debaigramis gadaReba xdeba K seris rentgenuli sxivebiT. K seris gamo-
sxiveba mxedvelobaSi misaRebi intensiobiT Seicavs K 1α , K 2α , K β  sxivebs. 
erTi da igive kristalografiuli sibrtye samive sxivs sxvadasxva kuTxur 

mdebareobaSi ireklavs amis gamo miRebuli difraqciuli suraTi rTuli 

gasarCevia. K 1α , K 2α  sxivebis talRis sigrZeebi Zalian axloa da isini praq-

tikulad did problemas ar qmian, rac Seexeba Kβ  sxivs is umjobesia  

filtrebis meSveobiT Tavidan aviciloT.   

gadasaRebi nimuSi winaswar unda momzaddes cilindruli an tabletis 

formiT. myar masalas formas aZleven (magaliTad liTons) meqanikuri damu-

SavebiT, xolo fxvnilis SemTxvevaSi amzadeben comisebur masas da aZleven 

saWiro formas. comisebur masas Rebuloben rentgenulad amorful vaze-

linSi sakvlevi fxvniliT SereviT. debai-Sereris meTodiT kvlevisas Zali-

an didi mniSvneloba aqvs, rogorc kompaqtur aseve fxvier nimuSSi mar-

cvlebis zomas. Tu nimuSi msxvil marcvlovania, normaluri suraTis gada-

saRebad, aucilebelia nimuSis brunva.  
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debaigramaze refleqsebi warmoadgenen nimuSidan (1) miRebuli arekvlis 

konusebis da wriulad ganTavsebuli AB firis (2) kveTiT miRebul rkalebs 

(3) (sur. 4. 10 a).  

  
sur. 4. 10 

 

fxvnilis meTodiT, rogorc avRniSneT Seiswavleba polikristaluri 

masalebi an fxvnilebi. am SemTxvevaSi arekvlis mimarTuleba arekvlis ko-

nusis yvela msaxvels SeiZleba daemTxves da amitom refleqsis forma wer-

tilovanis nacvlad uwyveti rkalebia.  

debaigramis gadaRebis ramdenime SesaZlebloba arsebobs simetriuli 

da asimetriuli. simetriuli SeiZleba iyos, rogorc pirdapiri - aseve uku-

gadaReba (Sesabamisad sur. 4. 10. a da b). pirdapiri simetriuli gadaRebis 

dros rentgenis firi amogebulia tubusis mxares. debaigrama simetriulia 

da arekvlis θ  kuTxe izrdeba centridan gareT. ukugadaRebis dros rentge-

nis firi amogebulia kolimatoris mxares, debaigrama aseve simetriulia da 

arekvlis θ  kuTxe izrdeba centrisken. am dros rentgenis firi amogebulia 

pirvel SemTxvevaSi tubusis, meore SemTxvevaSi ki kolimatoris mxares. asi-

metriuli gadaRebis dros firi mTlianadaa amogebuli kasetaSi, debaigrama 

araa simetriuli da masze erTdrouladaa warmodgenili rogorc pirdapiri 

- aseve ukugadaRebis Sedegi (sur. 4. 11). debaigramebze wyvili xazebi miRebu-

lia K 1α , K 2α  sxivebiT. λK 1α , λK 2α  talRis sigrZeebi radgan Zalian axloa 

gamokveTilad Canan, mxolod θ  kuTxis 90
o –Tan axlo mniSvnelobebisTvis.  

debaigramebiT arekvlis θ  kuTxis dadgena xdeba wyvili simetriuli 

rkalebis Suawertilebs Soris manZilis (2L) gazomviT. misi mniSvnelobebi 

SeaqvT formulaSi: θ  = 2Li 
kD2
3,57 , sadac 2Li simetriul rkalebs Soris manZi-

lia, kD - debais kameris diametri, 57,3 - radianebis gradusebSi gadasayvani 

koeficientia. θ  kuTxis martivad dadgenisaTvi kameris diametri 57,3 – is 

jeradia kD = 57,3 an 114,6; amitom θ  = Li an θ  = Li / 2. asimetriuli gadaRebis 

dros θ  kuTxis 45
o –ze maRali mniSvnelobebisTvis θ  = 90 - Li an θ  = 90 - Li 
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/ 2. refleqsebis intensiobis gamoTvla xdeba vizualurad etalonuri Ska-

lis an mikrofotometrebis gamoyenebiT. debai-Sereris anu fxvnilis foto 

meTodiT polikristaluri aluminis nimuSidan gadaRebuli asimetriuli 

debaigrama mocemulia suraTze 4. 11 b. 

 

 
a 

 

 
b 

sur. 4. 11 

      
difraqtometruli meTodi. retgenuli difraqtometrebi or ZiriTad sa-

xeT iyofa: orwriani difraqtometrebi, romliTac SeiZleba SeviswavloT 

polikristalebi da sam- da oTxwriani difraqtometrebi monokristalebisa-

Tvis. isini SeiZleba iyvnen nawilobriv an srulad avtomatizirebuli. 

difraqtometrebis ZiriTadi kvanZebia: rentgenis sxivebis wyaro – 

uzrunvelyofili kvebisa da marTvis blokebiT, goniometruli 

mowyobiloba – diafragmebis sistemiT, nimuSis damWeriT da mricxveliT, 

informaciis mimRebi da damuSavebis bloki. kvebisa da marTvis blokebi 

unzrunvelyofen rentgenul milakebs saWiro stabiluri maRali ZabviT da 

gamarTuli anoduri deniT. goniometris daniSnulebaa rentgenis sxivebis 

wyaro, nimuSi da mricxveli ganaTavsos ise, rom dakmayofildes vulf-bre-

gis pirobebi. informaciis mimRebi da damuSavebis bloki ki uzrunvelyofs 

mricxvelis kvebas, misgan miRebuli impulsebis damuSaveba - daTvlas da 

mkvlevarisTvis sasurveli formiT dafiqsirebas.  

srulad avtomatizirebul rentgenul difraqtometrebSi damatebiTi 

blokia kompiuteruli qseli, romelic aRWurvilia saTanado programuli 

paketebiT. isini arseboben difraqtometrebis marTvis da informaciis 

damuSavebis da sasurveli formiT gaformebis uzrunvelsayofad. difraq-

tometrebSi gamoiyeneba Kα  maxasiaTebeli gamosxiveba. sizustis gazrdis 

mizniT xSirad mimarTaven specialurad momzadebul monokristalidan – 

monoqromatoridan, miRebuli monoqromatuli gamosxivebis gamoyenebas. 
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orwriani difraqtometrebis SemTxvevaSi erTi da igive RerZis garSemo 

SeuZliaT brunva rogorc nimuSs, aseve mricxvels. sur. 4. 12 – ze 

mocemulia difraqtometris blok sqema: maRali Zabvis wyaro (1); goniometri 

(2) T - milaki, O - nimuSi, D - deteqtori; marTvis bloki (3); informaciis 

sxvadasxva formiT maregistrilebeli mowyobilobebi (4 - 9). nimuSis da 

mricxvelis erTdrouli moZraobis SemTxvevaSi nimuSis θ  kuTxiT mobru-

nebas unda Seesabamebodes mricxvelis 2θ  kuTxiT mobruneba. amitom 

mricxvelis moZraobis kuTxuri siCqare orjer metia nimuSis brunvis kuT-

xur siCqareze. difraqtometrebi saSualebas iZleva CavataroT, rogorc 

uwyveti, aseve wyvetili anu skanirebiT 2θ /θ  Sebmuli (mricxveli da nimuSi 

erTad brunavs), gadaReba. uwyveti gadaRebis SemTxvevaSi nimuSis gadaReba 

xdeba kuTxeTa did intervalSi da nimuSidan miiReba refleqsebis sruli 

krebuli (sur. 4. 13). rac Seexeba skanirebiT gadaRebas, is gamoiyeneba, roca 

saWiroa romelime konkretuli maqsimumis (pikis) zusti mdebareobis (2θ ) da 

intensivobis zusti mniSvnelobis dadgena an profilis Seswavla. am dros 

iReben im kuTxur intervals, romelSic es pikia moTavsebuli. misi gadaReba 

xdeba mcire kuTxuri bijiT da mricxveli iTvlis intensivobas garkveuli 

drois ganmavlobaSi. rac metia drois xangZlioba da mcirea biji, miT 

ufro zustad SeiZleba davadginoT pikis mdebareoba, intensivoba da forma. 

 

 
 

sur. 4. 12 

 
sur. 4. 13 
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4. 7. gamosxivebis SerCeva sakvlevi obieqtis nivTierebis gvarobaze 

damokidebulebiT. 

 

rentgenis sxivebiT sakvlevi obieqtis dasxivebas SeiZleba mohyves Zli-

eri STanTqma da fluorescencia, rac mkveTrad gaauaresebs rentgenogramas, 

gaizrdeba eqspoziciis droc. amitom sakvlevi obieqtisTvis damaxasiaTebel 

λzR-ze naklebi sigrZis talRis gamoyeneba arasasurvelia da am niSniT unda 

SevarCioT garkveuli talRis sigrZis rentgenuli gamosxiveba konkretuli 

obieqtisTvis. ganvixiloT suraTi 4. 14.  

 

 
                                                

sur. 4. 14 
 

pirvel SemTxvevaSi (sur. 4. 14. a), roca milakis anodi da sakvlevi 

obieqti erTi da igive nivTierebaa, STanTqma mcirea am dros mcirea 

fluorescenciac. sur. 4. 14. b SemTxvevaSi anodis nivTierebis rigiTi 

nomeri erTiT naklebia nimuSis nivTierebis rigiT nomerze. am dros Kβ 
Zlier STainTqmeba, xolo Kα  - TiTqmis ara. sur. 4. 14. g SemTxvevaSi, roca 

rigobriv nomrebs Soris gansxvaveba ramdenime erTeulia Zlier STainTqmeba 

rogorc Kα  aseve Kβ, am dros fluorescenciac didia. rentgenogramebis 

damuSavebas arTulebs is garemoeba, rom λKα da λKβ mniSvnelovnad gansxvav-

debian. isini erTi da igive kristalografiul sibrtyidan refleqsebs 

iZlevian sxvadasxva kuTxur mdebareobaSi. rentgenis sxivis kvals firze, 

romelsac vRebulobT firis gamomJRavnebis Semdeg refleqsi ewodeba. erTi 

da igive kristalografiul sibrtyidan refleqsis orjer miRebis Tavidan 

asacileblad λKβ intensioba λKα - sTan SedarebiT mniSvnelovnad unda 

SevamciroT, rom misi Sesabamisi refleqsi rentgenogramaze ar gamoCndes. 

λKβ gamosxivebis Zlieri STanTqmis saSualebas iZleva suraTze 9. 5 g 

SemTxveva. Tu pirveladi sxivis gzaze movaTavsebT anodis qimiuri elemen-

tis rigobriv nomerze erTiT naklebi rogobrivi nomris qimiuri elementis 

Semcvel firfitas, miviRebT λKβ gamosxivebisagan gafiltrul mxolod λKα 

gamosxivebas. am dros daculi iqneba Semdegi piroba λKα> λKzRv >λKβ. 

gadaWarbebuli STanTqmis Tavidan asacileblad firfitis sisqe unda 

SeirCes optimalurad. 
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5. rentgenofazuri analizi.  

 

 sakvlev obieqtSi fazuri Semcvelobis garkvevas fazuri analizi ewo-

deba. fazur analizis yovelTvis win unda uswrebdes elementuri Sedgeni-

lobis gansazRvra, e.w. elementuri analizi, winaaRmdeg SemTxvevaSi gamo-

ricxuli araa fazebis dadgenaSi Secdomis daSveba. sistemisaTvis, romelic 

kristaluri fazebisagan Sedgeba, fazuri analizi SeiZleba rentgenis sxi-

vebis gamoyenebiT ganxorcieldes da am meTods rentgenofazuri analizi 

ewodeba. rentgenofazuri analizi faqtiurad Seucvleli meTodia erTi da 

igive qimiuri Sedgenilobis da sxvadasxva modifikaciis narevis Seswavlis 

saqmeSi. 

rentgenofazuri analizi efuZvneba im faqts, rom nebismier kristalur 

fazas misTvis damaxasiaTebeli kristaluri meseri gaaCnia, gansazRvruli 

parametrebiT da mas Seesabameba mxolod am nivTierebisTvis damaxasiaTebe-

li difraqciuli suraTi. mraval faziani sistemidan miRebuli suraTi war-

moadgens calkeuli fazebis difraqciuli suraTebis superpoziciis Sedegs. 

fazuri analizis dros mniSvnelovania fazebis erTmaneTisagan garCeva, rac 

xSirad rTul saqmes warmoadgens.  

analizis Sedegad miRebuli difraqciuli suraTis saxe sakvlevi nivTi-

erebis Semadgeneli atomebis (ionebis) gvarobasa da sivrceSi ganawilebazea 

damokidebuli. isini warmoadgenen rentgenis sxivebis difraqciiT miRebuli 

pikebis (refleqsebis) erTobliobas (debai- an difraqtogramebi), romelTa 

intensivoba sxva faqtorebTan erTad damokidebulia sistemaSi Semavali ama 

Tu im fazis gvarobasa da raodenobaze. aqedan gamomdinare rentgenofazuri 

analiziT SesaZlebelia ara marto fazis gvarobis - Tvisobrivi analizi, 

aramed misi raodenobis dadgenac - raodenobrivi analizi. naerTSi romeli-

me fazis raodenobis gazrda iwvevs misi Sesabamisi pikebis itensiobis gaz-

rdas da piriqiT. ama Tu im fazis raodenobis zusti dadgena damokidebu-

lia sakvlev obieqtSi mis procentul Semcvelobazec. dasaSvebze mcire 

raodenobis SemTxvevaSi misi Sesabamisi maqsimumebi SeiZleba arc ki dafiq-

sirdnen.  

minimalur procentul raodenobas romlis dafiqsirebac SeuZlia 

meTods – meTodis mgrZnobeloba ewodeba. is sxvadasxva gvarobis fazisa-

Tvis sxvadasxvaa, woniTi procentis meaTedi nawilidan damdenime procen-

tamde. mgrZnobeloba miT metia, rac ufro maRalia atomuri sibrtyeebis 

arekvlis unari da rac ufro naklebia rentgenogramaze fonis gamomwvevi 

faqtorebi. Zalian dispersul sistemebSi (10-8 m) mgrZnobeloba mkveTrad 

mcirdeba. saSualod meTodis mgrZnobeloba SeiZleba CavTvalod erTi pro-

centis farglebSi. rentgenofazuri analizi ZiriTada SeiZleba davyoT sam 

saxesxvaobad: wyvili pikis Sedarebis meTodi, damoukidebeli etalonis me-

Todi da etalonis Serevis meTodi.   

 

5. 1. Tvisobrivi rentgenofazuri analizi.  

 

Tvisobrivi rentgenofazuri analizis SemTxvevaSi ZiriTadia difraqci-

uli suraTis geometriul mxareSi garkveva anu pikebis kuTxuri mdebare-

obis gansazRvra da maTTvis fardobiTi intensivobis dadgena. pikebis kuT-

xuri mdebareobis da maTTvis fardobiTi intensivobis gansazRvra, fotome-

TodisTvis, ganvixileT debai-Sereris meTodis garCevis dros. arekvlis θ i 
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kuTxis mniSvnelobis SetaniT, SeiZleba viangariSoT kristalografiul 

sibrtyeTa Sorisi manZilebi di =
iθ

λ
sin2

. difraqtometruli Seswavlis dros, 

2θ  mniSvnelobis aReba uSualod difraqtogramebidan xdeba. TiToeuli pi-

kisTvis fardobiTi intensivobis dadgenis yvelaze martivi gzaa da Tvisob-

rivi rentgenofazuri analizisTvis sakmarisi misi fonidan geometruli si-

maRlis gazomva. rogorc foto aseve difraqtometruli meTodis SemTxve-

vaSi maqsimaluri intensivobis piks Tvlian 100 erTeulad danarCeni ki ga-

daiangariSeba mis mimarT fardobiT (zog SemTxvevaSi maqsimaluri inten-

sivobis piks Tvlian 1 tolad danarCeni ki gadaiangariSeba mis mimarT). mi-

Rebuli sibrtyeTa Soriso manZilebis di da fardobiTi intensiobebis I/Io 
monacemebiT adgenen cxrils. srulad avtomatizirebuli difraqtometrebi 

am monacemebs avtomaturad iZlevian cxrilebis saxiT.  

elementuri analizis monacemebze dayrdnobiT sakvlevi obieqtisTvis 

dgindeba savaraudo qimiuri Sedgeniloba. eqsperimentiT miRebuli cxrilu-

ri monacemebi dardeba savaraudo qimiur naerTze cnobarebSi arsebul 

kristalografiul monacemebTan, rac iZleva Sedgenilobis dadgenis saSua-

lebas. erTerTi aseTi cnobaria masalaTa kvlevis saerTaSoriso cnobari 

(American Society for Testing Materials - ASTM), romelSic mocemulia yvela aucile-

beli kristalografiuli monacemebi (cxrili 5. 1).  

  
cxrili 5. 1  

  
  23-1424 

d 3.11 2.94 1.89 5.44 
I/Io 100 90 40 2 

TmNbO4                      (1) 
Thulium Niobium Oxide 
d Å (4) I/I1 hkl Rad.  CuKα1 λ 1.5405       Filter Ni       Dia          (3)

Cut off    I/I1      Diffractometer        I/Icor=2.4 
Ref. McCarthy, Penn State University (1971) 
Sys.   Monoclinic                 S. G.   12        (5) 
ao   5.258     bo   10.87    co   5.044  A          C     (2)
α                  β    94o35`    γ                Z   8      DX 
Ref. Ibid. 
a                nω β                y                  Sign 
2V            D             mp           Color    White  
Ref. Ibid.             
Low temperature form (Fegusonite structure)  
transforms to tetragonal form at ~ 810oC 
 
 

5.44 
4.72 
4.56 
3.11 

2.980 
2.939 
2.718 
2.620 
2.515 
2.284 
2.206 
2.144 
2.005 
1.996 

2 
2 
9 

100 
10 
90 
20 
20 
25 
2 
7 
7 
2 
9 

020 
110 
011 
-121 
130 

031,121 
040 
200 
002 

-112,022
-141,211

141 
150,-231

051  

 

cxrilis TavSi marjvena mxares ujredSi (1) mocemulia naerTis qimiuri 

formula da saxelwodeba, marcxena mxares ujredebSi (2) ki ZiriTadi pike-
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bi Tavisi fardobiTi intesivobebiT (am pikebiT xdeba saZebni naerTis pirve-

ladi amocnoba); (3) – sivrciTi jgufi da elementaluri ujredis paramet-

rebi; (4) – gadaRebis pirobebi; (5) – sibrtyeTa Soris manZilebi, (6) – far-

dobiTi intensivoba da (7) – mileris indeqsebi. cnobarSi arsebuli sibrtye-

Ta Soris manZilebis da intensivobebis mniSvnelobebi Tu garkveul miaxlo-

ebaSi daemTxva eqsperimentiT miRebul monacemebs, es niSnavs, rom dadginda 

Tu ra nivTierebas warmoadgens Sesaswavli obieqti anu moxda nivTierebis 

identifikacia an mocemuli nivTiereba Sedis sakvlev mraval fazian siste-

maSi. fazuri Semcvelobis dadgena sxva midgomiTac aris SesaZlebeli. mosa-

lodneli fazebis, rogorc etalonuri nimuSebis rentgenogramebis gadaRe-

biT da sakvlevi nimuSis rentgenogramasTan SedarebiT. yovelive zemoT aR-

niSnulis tipiuri magaliTia cxrilSi 5. 2 - Si moyvanili Sedegebi.  

 

cxrili 5. 2  

    

αFe αFe2O3 Fe3O4 
# θ Ieqs deqs d I d I d I 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

11.7 
15.5 
19.4 
21.2 
22.9 
23.7 
26.1 
27.8 
28.4 
32.0 
35.0 
37.6 
40.9 
42.0 
42.7 
46.0 
47.9 
49.6 
50.5 
54.7 
55.7 
56.7 
58.2 
61.4 
62.6 

1 
4 
3 
7 
7 
2 
5 
4 
5 
6 
7 
3 
7 
5 
2 
1 
4 
1 
2 
4 
3 
4 
4 
5 
3 

4.76
3.62
2.93
2.66
2.48
2.41
2.18
2.07
2.03
1.82
1.68
1.59
1.47
1.44
1.43
1.34
1.30
1.27
1.25
1.18
1.17
1.16
1.14
1.10
1.09
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sadac rkinisa (α-Fe) da rkinis Jangeulebis (α-Fe2O3; Fe3O4) Semcveli narevis 

nimuSisagan gadaRebuli debaigramis damuSavebiT miRebuli sibrtyeTa Sori-
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so manZilebi mocemulia marcxena mxares, xolo marjvena mxares sibrtyeTa 

Soriso manZilebis cnobarebidan amoRebuli monacemebi. cxrilSi naTlad 

Cans, rom mraval faziani sistemidan miRebuli debaigrama warmoadgens 

calkeuli fazis difraqciuli suraTebis zeddebis Sedegs (eqsperimentul 

debaigramaze maqsimumebis intensivoba Sefasebulia aT baliani sistemiT, 

xolo cnobaris monacemebSi as baliani sistemiT).  

rentgenofazuri analizis CatarebiT rogorc vxedavT advilia Semcve-

li fazebis erTmaneTisagan garCeva, Tumca yovelTvis SeiZleba arc iyos 

ase martivi, miTumetes Tu Casatarebelia raodenobrivi rentgenofazuri 

analizi. dReisaTvis arsebobs programebi, romlebSic winaswar aris ganTav-

sebuli fazuri analizis saerTaSoriso cxrilebis monacemebi da sakvlevi 

nimuSidan miRebuli eqsperimentuli masalis SeyvaniT SesaZlebelia, ro-

gorc Tvisobrivi aseve raodenobrivi fazuri analizis Catareba. srulyofi-

lad avtomaturi difraqtometrebisTvis eqsperimentuli masalis Seyvanac ki 

araa saWiro, isini avtomaturad iZlevian analizis Sedegebs, mkvlevarisa-

Tvis sasurveli formiT. 

 

5. 2. raodenobrivi rentgenofazuri analizi.  

 

raodenobrivi fazuri analizi gulisxmobs ara marto sakvlevi obieq-

tis Sedgenilobis gansazRvras, aramed Semadgeneli fazebis koncentracie-

bis (raodenobis) dadgenasac. raodenobrivi analizi moiTxovs ufro maRal 

kvalifikacias da met yuradRebas eqsperimentis Catarebis periodSi. Tu 

Tvisobrivi analizis Catarebis dros intensiobis dadgenas didi yuradReba 

ar eqceoda, am SemTxvevaSi ukve analizis cdomilebis upirvelesi ganmsa-

zRvreli pikis intensiobis gansazRvris sizustea. raodenobrivi rentge-

nofazuri analizi efuZvneba konkretuli fazis pikebis intensiobebis Seda-

rebas sakvlevi sistemis Semadgeneli danarCeni fazebis Sesabamisi pikebis 

intensiobebTan. Sedareba xdeba igive an sxva rentgenogramaze etalonuri 

nimuSis pikebis intensivobebTan - etalonis Serevis an damoukidebeli eta-

lonis meTodebi. sistemaSi sakvlevi fazebis erTi da igive raodenobis 

SemTxvevaSi Sesabamisi pikebis intensiobebis Semcireba damokidebulia nimu-

Sis STanTqmis saSualo koeficientze. amitom amocanis gadawyvetisTvis 

saWiroa dadgindes nimuSis STanTqmis koeficientis mniSvneloba an raime 

gziT intesiobaTa fardobaSi gamoiricxos STanTqmis faqtoris gavlena.  

gavarkvioT, Tu rogori damokidebulebaa intensiobasa da STanTqmis ko-

eficients Soris. davuSvaT, rom Sesaswavlia n fazian sistema, romelic 

sxivdeba Uo kveTis farTis mqone sxiviT da is ecema θ  bregis kuTxiT (sur. 

5. 1). dasxivebuli zedapiris farTobi iqneba 
θsin
oU

, xolo t siRrmeze dt sisqis 

ubanSi amrekli moculoba ki dV = 
θsin
dtU o  an radganac t = Ssinθ  dV = UodS. Tu fi – 

avRniSnavT, romeliRac i - ri fazis moculobiT Semcvelobas, maSin UodS 
moculobidan i - ri fazis arekvlis intensivoba iqneba dIi = (Ii)o if Uoe-2µSdS, 
sadac (Ii)o i - ri fazis arekvlis intensivobaa STanTqmis gauTvaliswineblad. 

sasrulo zomebSi gadasvlisaTvis gantolebis 0-dan ∞-mde integrirebiT 

miviRebT, rom Ii  = 
µ2

)( oioi UfI
. Tu sidides 

2
1 (Ii)oUo avRniSnavT Ki – iT, intension-
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bisTvis formulas eqneba saxe Ii = Ki 
µ

if , sadac Ki – nimuSze da gadaRebis 

pirobebze damokidebuli mudmivaa, xolo µ  mTeli nimuSis STanTqmis xazo-

vani koeficienti. is udris µ ∑=
i

iµ if  calkeuli fazebis STanTqmis xazo-

vani koeficientis da moculobiTi wilis namravlis jams. 

 

 
 

sur. 5. 1 

 

if  i-ri fazis moculobiTi wili nimuSSi if = 
∑

i i

i

i

i

x

x

ρ

ρ
, sadac iρ  i-ri fazis 

simkvrivea, xi i-ri fazis masuri wili. moculobiT procentebs Tu SevcvliT 

masuri procentiT xi miviRebT µ =

∑

∑

i i

i

i
ii

x

x

ρ

µ *

, sadac 
*
iµ  STanTqmis masuri 

koeficientia. am ukanasknels Tu SevitanT intensivobis formulaSi 

intensivobisTvis miviRebT Semdeg damokidebulebas Ii = Ki ∑
i

ii

i

i

x

x

*µ
ρ

. es 

formula gamosaxavs swored intensivobis kavSirs fazis gvarobasa da pro-

centul SemcvelobasTan.  

n faziani sistema warmovidginoT rogorc ori fazisagan Semdgari 

sistema, sadac gamoyofilia 1) romeliRac saanalizo i-ri faza da 2) 

danarCeni fazebi erTad anu matrica (M). i-ri fazis masuri wili matricaSi 

tolo iqneba (xi)M = 
m

i

m
m

 = 
)1( i

i

xm
mx
−

=
i

i

x
x
−1

 (radganac wilebis jami yovelTvis 

tolia erTis xi + xM = 1 ), sadac mi i-ri fazis, mM matricis, xolo m nimuSis 
masebia. matricis STanTqmis masuri koeficienti tolia calkeuli fazebis 
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STanTqmis masuri koeficientebis jamisa, romelic SesaZlebelia ase 

gamovsaxoT 
)1(

)(
...)()( 2

*

3
*
32

*
2

*

i

n

ii

MMM x

x
xx

−
=++=
∑ µ

µµµ , aqedan ∑=−
n

i
n
iiM xx

2

* )1( µµ .  

Tu Ii - is gamosaTvlel bolo tolobaSi SevitanT am ukanasknels miviRebT, 

rom Ii  = 
])([ ***

MMiii

ii

x
xk

µµµρ +−
.  

SesaZlebelia ganvixiloT sami SemTxveva:  

1) Tu n fazian sistemaSi *
iµ =

*
Mµ , maSin Ii = *

Mi

ii xk
µρ

= ikx . 

 2) Tu gvaqvs or faziani sistema da 
*
1µ ≠ *

2µ , sufTa pirveli (i = 1) fazisTvis 

xi = 1 da samarTliania (I1)o = *
11

1

µρ
k , maSin pirveli da meore fazebis nare-

visTvis x1≠ 1 da I1 =
])([ *

2
*
2

*
111

11

µµµρ +−x
xk

. am ori ukanaskneli gantolebis 

erTmaneTTan SefardebiT miviRebT 
oI

I
)( 1

1 = *
2

*
2

*
11

*
11

)( µµµ
µ

+−x
x

. aseT SemTxvevaSi 

arsebobs sami varianti  
*
1µ =

*
2µ ; 

*
1µ >

*
2µ ; 

*
1µ <

*
2µ . 

 3) Tu gvaqvs n fazian sistema (n >2) da *
iµ ≠ *

Mµ . es SemTxveva aris yvelaze 

rTuli da zogadi xasiaTis.  

radganac raodenobrivi rentgenofazuri analizis Catareba dakavSire-

bulia maqsimumis intensivobis zust gazomvasTan raodenobrivi rentgeno-

fazur analizis CatarebisaTvis ufro xSirad difraqtometrebs iyeneben, 

Tumca SiZleba fotomeTodis gamoyenebac. rentgenofazuri analizis dRemde 

damuSavebul meTodebSi Tavidanaa acilebuli an gaTvaliswinebulia faqto-

rebi, romlebmac SeiZleba Secvalon koncentraciasa da intensivobas Soris 

proporciuli damokidebuleba. raodenobrivi rentgenofazuri analizis me-

Todebia: homologiuri wyvilis meTodi, Sida standartis (Serevis) meTodi, 

STanTqmis masuri koeficientis dadgenis meTodi, “gare standartis” (damou-

kidebeli etalonis) meTodi, raodenobrivi analizi mravalarxiani difraq-

tometriT.  

 

5. 2. 1 homologiuri wyvilis meTodi. 

 

homologiuri wyvilis meTodi gamoiyeneba fotomeTodiT gaRaRebis 

dros, orfaziani sistemisTvis, Tu kmayofildeba piroba STanTqmis 

koeficienebi 
*
1µ ≈

*
Mµ  (maTi Sedareba SeiZleba cnobarebSi arsebuli cxri-

lebiT). roca saanalizo fazis STanTqmis koeficienti umniSvnelod 

gansxvavdeba narevis STanTqmis koeficientisgan, maSin firze refleqsis 

gaSavebis simkvrive gamoisaxeba formuliT D=kxQ, sadac k – fotodamuSave-

bis da gadaRebis pirobebze damokidebuli proporciulobis koeficientia, 

x – saanalizo fazis masuri wili, Q – konkretuli hkl kristalografiuli 

sibrtyis arekvlis unari. Tu 1 da 2 fazis, romelime uaxloesi wyvili 

maqsimumi xasiaTdeba erTi da igive gaSavebis simkvriviT anu (D1)1=(D2)2, rad-
ganac orive maqsimumi erT rentgenogramazea da Sesabamisad miRebulia erTi 
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da igive pirobebSi k1 =  k2, ris gamoc x1Q1= x2Q2. vinaidan x1 + x2= 1, amitom x1Q1= 
(1-x1)Q2, saidanac saanalizo fazis wili narevSi gamoiTvleba tolobidan 

x1=
21

2

QQ
Q
+

 an igive toloba procentebSi x1=
21

2

QQ
Q
+

100%.   

5. 2. 2. Sida standartis (Serevis) meTodebi.  

 

or da mravalfaziani sistemebis raodenobrivi rentgenofazuri anali-

zi SeiZleba Catardes sakvlev fxvnilSi etalonuri nivTierebis fxvnilis 

gansazRvruli xo raodenobiT (10-20%) SereviT. romlis iterferenciul xa-

zebsac (pikebs) adareben sakvlevi nimuSis xazebs. es meTodi SeiZleba gamo-

yenebuli iqnes, rogorc foto- aseve defraqtometruli gadaRebis SemTxve-

vaSi. aucilebelia, rom etaloni akmayofilebdes Semdeg piribebs: 1) etalo-

nis maqsimumebi ar emTxveodes sakvlevi fazis didi intensivobis maqsimu-

mebs; 2) etalonis STamTqmis masuri koeficientis Sµ  mniSvneloba axlo un-

da iyves saanalizo nimuSis STanTqmis masur koeficientTan; 3) marcvlis 

zomebi unda iyos 5-25 mk farglebSi. etalonur nivTierebas meqanikuri sare-

velaTi guldasmiT ureven saanalizo fxvnilSi, Semdeg aTavseben siTxeSi 

(magaliTad meTanolSi). morevis pirobebSi is imyofeba Sewonasworebul 

mdgomareobaSi, rac grZeldeba minimum 10 sT. amis Semdgom siTxes acileben 

aorTqlebiT. nimuSi mzadaa gadaRebisaTvis.     

etalonuri nivTierebis Serevis meTodi. davuSvaT sakvlev obieqtSi 

etalonuri nivTierebis Serevamde saanalizo fazis masuri wilia xa, Serevis 
Semdgom sakvlev obieqtSi saanalizo fazis masuri wili gaxdeba - xa’, xo-
lo etalonuri nivTierebis masuri wili iqneba - xs,. gadaRebis Semdgom ren-
tgenogramaze saanalizo fazis intensivobis fardoba etalonuri nivTiere-

bis intensivobasTan Ia/Is=kxa
’. xa

’ cxadia proporciulia xa da tolia xa
’= xa(1- 

xs), Sesabamisad Ia/Is fardobac xazovani funqciaa xa. analizis Casatareblad 

winawar ageben ukve cnobili saanalizo fazis da etalonuri fazis ukve 

cnobili Sedgenilobis Ia/Is  - xa damokidebulebis grafiks (sur. 5. 3.) 

 

             
                    sur. 5. 3                           sur. 5. 4 

 

grafiki gamosaxavs xs/xa - Ia/Is damokidebulebas FeO⋅Cr2O3 saanalizo da NaCl 
etalonuri fazebisTvis). ris Semdegac saanalizo da etalonuri fazebis-

Tvis angariSoben wyvili maqsimumis Ia/Is fardobas da grafikze piruku 

pouloben saanalizo fazis xa masur wils. Sida standartis meTodis uar-
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yofiTi mxare isaa, rom etelonuri nivTierebis Seyvana iwvevs Sesaswavli 

fazis ganzavebas, amcirebs meTodis mgrZnobelobas da sizustes.  

saanalizo nivTierebis Serevis meTodi. zogjer standartuli nivTiere-

bis Sereva arasasurveli an saerTod SeuZlebelia. am SemTxvevaSi saanali-

zo nivTierebaSi SeaqvT igive saanalizo nivTiereba, oRond cnobili 

raodenobiT. analizis dros erTmaneTs adareben saanalizo fazis Ia da sxva 
Semadgeneli fazis Il maqsimumebis intensivobebs Ia/II = kxa/xI, sadac xa da xl a da 
I fazebis masuri wilebia. saanalizo nivTierebis damatebis Semdeg es damo-

kidebuleba icvleba (Ia/II)’=k
l

a

a

aa

x
y

y
yx +

×
+
+ 1

1
, sadac ya – damatebuli saanalizo 

nivTierebis masuri wilia. Tu meore tolobas gavyobT pirvelze da 

gavanartivebT miviRebT (Ia/II)’: (Ia/II) = 1+
a

a

x
y

. miRebuli TanafardobiT adviliad 

davadgenT xa masur wils.  

SesaZlebelia saanalizo nivTierebis Serevis meTodis Catareba (Ia/II) da 
ya damokidebulebis grafikis agebiTac. am dros Sereva gansxvavebuli raode-

nobiT orjer mainc unda moxdes.  

 

5. 2. 3. STanTqmis masuri koeficientis dadgenis meTodi. 

 

radganac sufTa (erTi) i-ri fazisTvis maqsimumis intensivoba 

(Ii)o=ki *

1

iiµρ
, xolo narevisTvis Ii = *µρ i

ii xk
, maTi fardoba toli iqneba Ii/(Ii)o=xi *

*

µ
µ i , 

sadac 
*µ - nimuSis STanTqmis koeficientia, 

*
iµ - ki SanTqmis koeficientia i-

ri fazisTvis. Tu gvecodineboda 
*µ da i-ri fazis intensivoba Ii, SeiZleba 

davadginoT, i-ri fazis masuri wili xi. (Ii)o da
*
iµ mniSvnelobebs adgenen 

etalonuri (sufTa i-ri faza) nimuSis saSualebiT. 

 

5. 2. 4. “gare standartis” (damoukidebeli etalonis) meTodi.  

 

“gare standartis” meTodi gamoiyeneba, maSin, roca sakvlevi nimuSi ar 

SeiZleba fxvnilis mdgomareobaSi gadaviyvanoT. mas xSirad iyeneben stan-

dartul pirobebSi gadaRebis drosac. am analizis Catareba SeiZleba, ro-

gorc foto, aseve difraqtometruli meTodebis gamoyenebis dros. fotome-

Todis gamoyenebis SemTxvevaSi iReben ∼5 mm diametris cilindrul nimuSs 

da masze awebeben oqros an aluminis folgas. e.i nimuSis kveTis wrewiris 

sigrZidan Ls nawili Tu ukavia etalons danarCeni La mxolod sakvlevi obi-

eqtia. ase momzadebul nimuSs aTavseben specialur rentgenis kameraSi ise, 

rom misi RerZi ar daemTxves kameris RerZs, xolo pirveladi sxivi sria-

lebdes nimuSis zedapirze. aseT pirobebSi nimuSis brunvis dros pirveladi 

sxivi periodulad asxivebs xan etalons da xan nimuSs. etalonsa da nimuSi-

dan miRebuli konretuli pikebis intensivobaTa fardobis cvla SesaZlebe-

lia rkalebis sigrZeTa Ls / La Tanafardobis SecvliT. difraqtometruli 

gadaRebis dros ki kiuvetSi sakvlev nimuSs da etalons aTavseben erTad. 

orive SemTxvevaSic etalonuri nivTierebis Serevis meTodis msgavsad ageben 

xa = f (Ia / Is) damokidebulebis grafiks (sur. 5. 3), risi saSualebiTac Semdeg 
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adgenen sakvlevi fazis masur wils. arsebobs analizis ganxiluli meTode-

bis monaTesave meTodebi, romlebic principulad ar gansxvavdebian zemoT 

CamoTvlili meTodebisagan.  

 

5. 2. 5. raodenobrivi rentgenofazuri analizi mravalarxiani difrato-

metriT. 

 

rTuli Sedgenilobis nimuSebis raodenobrivi rentgenofazuri anali-

zis seriuli CatarebisaTvis gamoiyeneba mravalarxiani difratometri. maTi 

saSualebiT yvela interferenciuli xazi erTdroulad fokusirdeba wre-

wirze, romelic nimuSs exeba O wertilSi (sur. 5. 4), gadis F fokusze da 
deteqtorebis S diafragmebze. deteqtorebi D unda moTavsdnen gansazRvrul 

mdebareobaSi, riTac SesaZlebeli iqneba saanalizo fazidan saWiro arek-

vlebis da fonis intensivobebis dafiqsireba. brtyeli nimuSis gamoyeneba 

iZleva misi brunvis saSualebas. goniometris wre moTavsebulia vertikalu-

rad, ris gamoc nimuSis kiueti horizontalurad SeiZleba moTavsoT. misi 

aseTi mdebareoba saSualebas iZleva fxvnilebi gadaviRoT Semkvreli niv-

Tierebis gamoyenebis gareSe. interferenciuli xazebis intensivobebis dasa-

fiqsireblad gamoyenebulia mcire gabaritiani scintilaciuri mTvlelebi. 

maTi raodenoba gansazRvravs difratometrSi arxebis raodenobas. erTerTi 

mTvleli gamoyofilia fonis Sesaswavlad. intensivobis erTdrouli aRric-

xva gamoricxavs aparaturul arastabilurobas. mravalarxiani difratomet-

rebi iTvlebian didi sizustis da mgrZnobelobis xelsawyoebad. 
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6. rentgenuli mikroskopi. 

 

linzebis gamoyenebiT optikuri xelsawyoebis Seqmna SesaZlebeli aR-

moCnda imis gamo, rom xiluli sxivebis marTva (mimarTulebis Secvla) Sei-

Zleba optikuri linzebiT. rentgenis sxivebis marTva am gziT SeuZlebelia, 

imdenad ramdenaTac maTi talRis sigrZe igive rigisaa rac kristalur masa-

laSi atomebs Soris manZilebia da adgili aqvs difraqcias. maTi marTva 

xerxdeba kargad amrekli monokristalebis e.w. monoqromatorebis gamoyene-

biT. am principiT Seqmnilma mikroskopebma farTo gamoyeneba ver hpoves 

rTuli konstruqciuli gadawyvetis aucileblebis gamo. Seqmnilia mxolod 

Zvirad Rirebuli eqsperimentuli modelebi da dRevandel pirobebSic mim-

dinareobs calkeuli kvanZebis damuSaveba da daxvewa msoflios ramdenime 

wamyvan samecniero-sakonstruqtoro kvleviT centrSi (sur. 6. 1). 

 

 
 

sur. 6. 1 

dReisTvis SedarebiT gavrcelebul rentgenul mikroskopebs warmoadge-

nen МИР- 2 tipis mikroskopebi nemsiseburi anodiT (sur. 6. 2). am tipis ren-

tgenuli mikroskopi rentgenuli topografiis erTerT nairsaxeobad Sei-

Zleba CaiTvalos. misi daniSnulebaa sxvadasxva tipis sakvlev obieqtSi 

gamoavlinos mikrodefeqtebi, elementuri da fazuri Semcveloba. Cveuleb-

riv optikur mikroskopebTan SedarebiT rentgenuli mikroskopi saSualebas 

iZleva SeviswavloT xiluli sxivebisaTvis ara ganWolvadi obieqtebis 

(loTonebi, biologiuri nimuSebi da sxva) struqturebi. eleqtronul mik-

roskopTan SedarebiT ki saSualebas iZleva SeviswavloT ufro sqeli 

nimuSebi, ar moiTxovs vakuumis Seqmnas da radganac Sesaswavli obieqti ar 
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sxivdeba eleqtronuli koniT nimuSi daculia daSlisagan. imis gamo, rom 

rentgenuli gamosaxulebis kontrasti damokidebulia nimuSis qimiur Semad-

genlobaze rentgenuli mikroskopiT SesaZlebelia Tvisobrivi qimiuri ana-

lizis Catareba. 

 

 

sur. 6. 2 

rentgenuli mikroskopis ZiriTadi nawilia mikrofokusuri (nemsiseburi 

anodiT) rentgenuli milaki (sur. 6. 3).  

kaTodidan TermoemisiiT miRebuli eleqtronebis kona eleqtrostatikur 

linzaSi gavlis Semdeg ecema anodze. aRZruli rentgenuli sxivebi gaiv-

lian ra nimuSs fotofirze iZlevian gadidebul gamosaxulebas. gamosaxu-

lebis gamadidebloba Г= 
a

ba +
 (a–manZili wyarodan nimuSamde,  b – manZili 

nimuSidan firamde.) mikroskopis garCevis unari δ= 
Γ
D
, sadac D =

a
bd ×
 – 

gamosaxulebis gadRabvnis zomaa da radganac a gacilebiT naklebia b - ze δ 
≅ d e.i. garCevis unarianoba damokidebulia anodis wveris diametrze. am 

tipis mikroskopebSi is 1mkm rigisaa. mikroskopis gamadidebloba damoki-

debulia tubusebis (garkveuli sigrZis mili) arCevaze, rac cvlis b 
parametris mniSvnelobas, Sesabamisad icvleba a parametric  rentgenis mi-
lakis mikroxraxniT vertikaluri gadaadgilebiT (ufro zustad c – milaki-

dan nimuSamde manZili) da misi maqsimumi (gamadideblobis) 300 farglebSia. 

  nimuSze Sesaswavli ubnis SerCevisaTvis mas SeuZlia gadaadgildes 

horizontalur sibrtyeSi urTierT marTobi mimarTulebebiT. nimuSze gada-
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saRebad sasurveli ubnis SerCeva xdeba rentgenul mikroskopze damontaJe-

buli optikuri mikroskopiT.   

  
 

sur 6. 3 
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7. mokle CarTvisa da Termul zemoqmedebas daqvemdebarebuli spilenZis 

da aluminis sadenebidan amoRebuli saeqspertizo nimuSebis kvleva.  

 

eleqtruli sadenebis rentgenis sxivebis gamoyenebiT kvleva, Tanmimdev-

rulad ganvixiloT xanZars daqvemdebarebuli sadenebidan amoRebuli saeq-

pertizo nimuSebisaTvis. 

 

7. 1. sadenebidan amoRebuli saeqspertizo nimuSebis vizualuri daTva-

liereba.  

 

saeqspertizo nimuSebis daTvalierebis procesSi unda dadgindes da 

nivTmtkicebis aRweraSi mieTiTos:  

1) kabeluri namzadis kveTi da sigrZe; 

2) ZarRvebis da ZarRvebSi mavTulebis raodenoba; 

3) izolaciis mdgomareoba; 

4) izolaciis arsebobis SemTxvevaSi - kabeluri namzadis masala da 

marka; 

5) SelRobis arseboba da gamtaris ganivi kveTis cvlileba sigrZis mi-

xedviT. 

vizualuri daTvalierebis ZiriTadi amocanaa sakvlevi nimuSis SerCeva 

instrumentaluri meTodebiT kvlevisaTvis. 

gamtarebi, romlebic ganicdian gamtaris masalis lRobis temperatu-

rasTan axlo temperaturebze Termul zemoqmedebas, gamousadegaria Semdgo-

mi kvlevisaTvis. aseT Termul zemoqmedebaze metyveleben Semdegi niSnebi: 

ZarRvebSi mavTulebis Secxoba; gazrdili simyife (erTi - ori gadaRunviT 

tydeba); gamtaris sigrZeze ganikveTis cvlileba.  

gamtaris SelRobis mizezis mC-mde xanZari (xanZari warmoqmnili mC-mde) 

an mC, agreTve mC-s pirveladobis da meoradobis garkvevisaTvis ikvleven 

SelRobis xasiaTs, gamtaris sigrZeze ganikveTis cvlilebas da izolaciis 

mdgomareobas. 

gamtarisaTvis, romelic SelRobilia xanZris Termuli zemoqmedebis Se-

degad, damaxasiaTebelia gamtaris sigrZeze ganikveTis mniSvnelovani cvli-

leba da SelRobis did manZilze gavrceleba. SenalRobs SeiZleba hqondes 

nebismieri forma. mC-iT SemolRobas aqvs lokaluri xasiaTi: momrgvalebu-

li forma, iribi Wris an krateris saxe. gamtaris ganikveTi SeiZleba Sei-

cvalos mxolod SelRobis adgilTan axlos mcire monakveTze. 

izolaciis arsebobis SemTxvevaSi mC-mde xanZaris Termuli zemoqmede-

bis Sedegad izolaciis gare zedapiri danaxSirebuli da SemolRobilia, 

maSin, roca pmC - is dros izolacia Signidanaa danaxSirebuli. izolaciis 

SemolRobis xasiaTma da mdgomareobam SeiZleba gagvarkvevinos mC pirvela-

dia Tu meoradi. kerZod, SemolRobis adgilas, zedapirze airovani warmo-

Sobis niJarebis da forebis arseboba miuTiTebs mmC-ze, maSin, roca pmC-is 

dros aseTi niSnebi ar arseboben, mxolod Signidan danaxSirebuli izola-

ciaa pmC-is niSani.  

magaliTad Tu spilenZis sadenis galRobili nawili gaWimulia gamta-

ris gaswvriv da SelRobis adgilTan axlos zedapiri gluvia saqme gvaqvs 

pmC-Tan (sur. 7. 1). gaRobili nawilis nebismieri orientacia da galRobis 

mimdebare nawilSi sferoseburi warmonaqmnebis arseboba miuTiTebs mmC-is 

arsebobaze (sur. 7. 2).  
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sur. 7. 1                              sur. 7. 2 

 

7. 2. spilenZis da aluminis sadenebidan amoRebuli saeqspertizo nimu-

Sebis mikroanalizis Sedegebis Sefaseba. 

 

spilenZis da aluminis gamtarebis SelRobili zonebis elementuri 

Sedgenilebis dadgena warmoadgens damatebiT informacias mC-is meqanizmis 

diferencirebisaTvis. 

pmC-is Sedegad gamtarebis rentgenuli speqtrebi arafriT ar gansxvav-

debian dauzianebeli gamtarebis Sesabamisi speqtrebisagan. magaliTad spi-

lenZis SelRobili gamtaris rentgenuli speqtri (sur. 7. 3) arafriT ar 

gansxvavdeba dauzianebeli gamtaris Sesabamisi speqtrisagan. (sur. 7. 4). ana-

logiur Sedegs iZleva aluminis SelRobili da dauzianebeli gamtaris 

rentgenuli speqtrebis Sedarebac.  

 

\   

 

              sur. 7. 3                            sur. 7. 4 

 

Tu gamtarebis Sedgenilobis analizis SedegebSi Sedis is elementebi, 

romlebsac Seicavs izolacia, maSin aseTi gamtarebi SelRobilia mmC-is Se-

degad. magaliTad mmC-is Sedegad spilenZis SelRobili gamtaris rent-

genuli speqtri (sur. 7. 5) Seicavs SelRobili izolaciisaTvis gadaRebul 

speqtrSi (sur. 7. 6) SemCneul elementebs.  
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          sur. 7. 5                         sur. 7. 6 

 

analogiuria Sedegs iZleva aluminis SelRobili da dauzianebeli 

gamtaris rentgenuli speqtrebis Sedarebac. mmC-is Sedegad aluminis Sel-

Robili gamtaris rentgenuli speqtri (sur. 7. 7) Seicavs SelRobili 

izolaciisaTvis gadaRebuli speqtris Sedegebs (sur. 7. 8). 

  

   
 

              sur. 7. 7                            sur. 7. 8 

 

 

7. 3. rentgenis sxivebis gamoyenebiT eleqtrosadenebis kvlevis SesaZ-

leblobebi. 

 

Termuli zemoqmedebis Sedegad spilenZis da aluminis sadenebSi 

gansxvavebuli fiziko-qimiuri procesebi mimdinareobs, amitom amoRebuli 

saeqspertizo nimuSebis rentgenis sxivebiT kvlevebic gansxvavebuli 

midgomiT swarmoebs. magaliTad spilenZis sadenebSi Termuli zemoqmedebiT 

gamowveuli procesebidan mniSvnelovania qimiuri gardaqmnebi, amitom 

ZiriTadi yuradReba gadatanilia zedapiruli fenis debais meTodiT 

rentgenofazur analizze, xolo aluminis sadenebSi yuradReba gasamaxvile-

belia makrostruqturul gardaqmnebze. amitom aluminis gamtarebisTvis 

mniSvnelovania morfologiuri kvlevebi da ikvleven mas laues meTodis 

gamoyenebiT.  

 

7. 4. spilenZis sadenebSi mC-is warmoqmnis momentis diferencirebis 

meTodika. 

 

Termuli zemoqmedebis Sedegad spilenZis sadenebSi mC-is pirveladobis 

da meoradobis dasadgenad gavarkvioT, Tu rogori TanmimdevrobiT unda 
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warimarTos kvlevebi da ra Taviseburebebi unda iqnas gaTvaliswinebuli, 

rom eqspertiziT miRebuli daskvna iyos saimedo da eWvis Setanis 

safuZveli Semcirdes minimumamde. 

 

7. 4. 1. spilenZis sadenebSi Termuli zemoqmedebis pirobebSi mosalod-

neli qimiuri procesebi. 

 

spilenZisaTvis, rogorc qimiuri elementisTvis cnobilia Zlieri 

swrafva Jangbadis Semcveli naerTebis warmoqmnisaTvis. gavarCioT 

spilenZis sadenebSi Termuli zemoqmedebis pirobebSi mosalodneli qimiuri 

procesebi, rac saSualebas mogvcems garkveuli winaswari warmodgena 

viqonioT elementuri da rentgenofazuri analiziT miRebul Sedegebze.   

pmC-is SemTxvevaSi gamtaris mTel sigrZeze warmoiSveba temperaturuli 

gradienti. SelRobis adgilze temperatura aRwevs spilenZis lRobis da 

ufro maRal temperaturul mniSvnelobebs (1083
o C da meti). liTonis zeda-

pirze am dros intensiurad warmoiqmneba spilenZis qveJangi Semdegi reaqci-

iT: 2CuO⇄Cu2O+1/2O2. 800o C - ze met temperaturebze reaqciis wonasworoba 
gadanacvlebulia marjvniv. SelRobisagan dacilebul adgilebSi mC-is rka-

lis temperaturuli gavlena sustdeba da Sesabamisad gamtaris zedapirze 

Cu2O Semcveloba mcirdeba. SelRobis adgilidan 25-30 mm-ze zedapirul fe-

naSi Cu2O Semcveloba Seesabameba mis Semcvelobas sawyis gamtarSi (mC-mde). 

maSin, roca spilenZis qveJangis Semcveloba SelRobis axlo momijnave uban-

Si sakmaod maRalia miuxedavad imisa, rom es ubani ar ganicdis eleqtruli 

rkalis uSualo zemoqmedebas. 

mC-mde xanZris (xanZari warmoqmnili mC-mde) pirobebSi mmC-is dros 

gabolili atmosfero Seicavs organuli naerTebis arasruli wvis produq-

tebs, nawilobriv CO-s. am SemTxvevaSi mC-is dros moxdeba SelRobis adgi-

las spilenZis(I) oqsidis (Cu2O) aRdgena Semdegi reaqciiT: Cu2O+CO⇢2Cu+CO2. 
Tu mC-s win uZRoda intensiuri gaxureba (∼1025oC) umniSvnelo gabolvis 

pirobebSi, maSin gamtaris zedapirze warmoiqmneba spilenZis oqsidis fena 

(2Cu2O+O2⇢CuO), ufro maRal (∼1050oC) temperaturaze ki xdeba Termuli 

disociacia: 2Cu2O⇢4Cu+O2. radganac mmC-is dros mxolod SelRobis zeda-

pirze da mimdebare ubanSi xdeba daJanguli fazebis aRdgena amitom daJan-

guli fazebis Semcveloba am ubanze iqneba ufro naklebi, vidre daSore-

bul ubnebSi.  

Tu mC moxda izolaciis darRvevisTanave da gamtarebma ar ganicades 

winaswari Termuli zemoqmedeba, damJangav areSi oqsiduri fazebi ar iarse-

bebs arc SelRobis da arc mis mimdebare ubnebSi. 

mC-is Semdeg Termuli zemoqmedeba mniSvnelovani faqtoria. mC-mde xan-

Zris pirobebSi gaxureba SesaZlebelia, rogorc damJangav areSi (are aRm-

dgeni airebis gareSe), aseve aRmdgen areSi (are atmosferoSi arasruli wvis 

produqtebiT). damJangav garemoSi 900
oC-ze da zemoT 30 wT meti Termuli 

zemoqmedebis pirobebSi spilenZis gamtaris mTel sigrZeze mimdinareobs 

zedapiris Tanabari Jangva da madiferencirebeli niSnebi ikargeba. 900
oC-ze 

da zemoT 30 wT meti Termuli zemoqmedebis pirobebSi aRmdgen garemoSi ki 

piriqiT adgili aqvs spilenZis gamtaris mTel sigrZeze zedapirze Jangis 

fenis aRdgenas da am SemTxvevaSic madiferencirebeli niSnebi ikargeba. 
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7. 4. 2. sakvlevi nimuSis momzadeba, aparatura da gadaRebis pirobebi. 

 

spilenZis sadenis gadanaWrebs oqsidis fenis mosacileblad guldagul 

recxaven eTilis spirtSi da wmenden marlis tamponiT. spilenZi(II) oqsidis 

mocileba aucilebelia, radgan misi (002) da (200) intensiuri pikebi 

(maqsimumebi) SeiZleba gadaefaron spilenZi(I) oqsidis (111) piks, rac 

gaarTulebs difraqciuli suraTis garCevas.  

sadenis damuSavebis Semdgom mzaddeba ori nimuSi: pirveli (nimuSi #1) 

5 mm sigrZis – ubani, romelic uSualod emijneba SelRobis adgils (sur. 7. 

9), meore (nimuSi #2) SelRobis adgilidan 30 mm-iT daSorebuli 5 mm 

sigrZis ubani. 

 

 
 

sur. 7. 9 

 

rentgenofazuri kvlevisTvis SeiZleba gamoyenebul iqnas, rogorc 

rentgenuli difraqtometrebi, aseve rentgenuli danadgarebi, debais 

kameriT, foto meTodiT gadaRebisaTvis. SeZlebisdagvarad mC-is 

pirveladobis da meoradobis raodenobrive Sefasebis TvalsazrisiT 

upiratesoba eniWebaT avtomatur difraqtometrebs.  

#1 da #2 nimuSebi magrdeba difraqtometris nimuSis damWerze, ise, 

rom spilenZis sadenidan amokveTili cilindruli nimuSi iyos rentgenuli 

sxivis sibrtyeSi, pirveladi sxivis marTobulad. Tu sadenis ganikveTis 

diametri mcirea SesaZlebelia ramdenime CamonakveTis (magaliTad 

mravalZarRva sadenidan) paralelurad damagreba (sur. 7. 10).    

 

 
 

sur. 7. 10 

 

foto meTodiT debais kameraSi sadenebis gadaRebis dros 1,5 mm2-ze nak-

lebi kveTis farTis mqone nimuSs pirveladi rentgenuli sxivi unda 

ecemodes marTobulad centralur nawilSi da sxivi srulad moicavdes 
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nimuSs. sakvlevi #1 da sakontrolo #2 obieqtebis Sesabamisi 

rentgenogramebis nimuSebi mocemulia sur. 7. 11. Tu gamtaris kveTi 1,5 mm2-ze 

metia, maSin gamoiyeneba arasruli gadaRebis meTodi da sxivi nimuSs 

moicavs sanaxevrod. Sesabamisi rentgenograma mocemulia sur. 7. 12. 

 

 
 

sur. 7. 11. zeda sakvlevi, qveda sakontrolo. 

 

 
 

sur. 7. 12 

 

rentgenogramebis gadaRebisaTvis rekomendirebulia reJimebi: 

gamosxiveba – spilenZis (kobaltis); 

filtri – nikeli (rkina); 

Zabva - 30÷35 kv. 

anoduri deni - 30÷45 ma; 

gadaRebis dro damokidebilia gamtaris kveTis diametrze. gadaReba 

xdeba nimuSis brunvis pirobebSi. 

difraqtometruli analizis dros yoveli nimuSisTvis iReben or 

maqsimums Cu2O (111) sibrtyeTaSoriso manZiliT d/n=2,45 Å da Cu (111) - d/n=2,08 
Å, gadaRebis reJimi uwyveti. 

foto gadaRebis dros rekomendirebulia asimetriuli gadaReba. 

nimuSebs iReben erTi da igive kameraSi, erTi paketidan amoRebul firebze 

da aucileblad erTi da igive pirobebSi. debaigramebi muSavdeba 

erTdroulad. 

spilenZis oqsidis pikebisTvis integraluri intensivobis dadgena ar 

xdeba, radgan misi zedapirze cudi adgeziis gamo CuO nawili SeiZleba 

nimuSis amoRebis da transportirebis dros Camocvivdes.    
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7. 4. 3. spilenZis sadenebSi difraqtogramebiT mC-is warmoqmnis momentis 

gansazRvra. 

 

#1 da #2 nimuSebisTvis araavtomatur difraqtogramebze miRebuli 

maqsimumebis intensivobis dasadgenad iTvlian pikis farTobs an is gadaqvT 

kalkazeQamoWrian piks da analizur sasworze wonian ( cxadia avtomatur 

difraqtogramebze skanirebiT gadaRebis pirobebSi es problema moxsnilia). 

misi masa pirdapirproporciulia refleqsis intensivobis.  

amis Semdeg #1 da #2 ubnebisTvis (nimuSebisTvis) pouloben Cu2O (111) 
da Cu (111) mileris indeqsebiT maqsimumebis intensivobaTa an amoWrili 

pikebis masebis fardobas e.i. 
ICu

OICu2  sidides. #1 da #2 nimuSebis 
ICu

OICu2  

sidideTa Tanafardoba gansazRvravs mC-is warmoqmnis moments:  

1) Tu 
ICu

OICu2  sidide #1 nimuSisaTvis orjer an ufro metjer aRemateba 

ICu
OICu2  sidides #2 nimuSisaTvis, maSin SelRoba moxda pmC-is Sedegad.    

2) Tu #1 nimuSisaTvis 
ICu

OICu2  sidide orjer an ufro metjer naklebia 

#2 nimuSis 
ICu

OICu2  sidideze, maSin SelRoba moxda mmC-is Sedegad.  

3) Tu miRebuli Sedegebi ar iZleva pasuxis calsaxad gacemis sa-

Sualebas, maSin iZulebuli vxdebiT CavataroT metalografiuli gamokvle-

va. aseve iZulebuli vxdebiT CavataroT metalografiuli gamokvleva, roca 

Cu2O faza rentgenogramaze saerTod ar Cans. 

 

7. 4. 4. spilenZis sadenebSi debaigramebiT mC-is warmoqmnis momentis 

gansazRvra. 

 

debaigramis (foto meTodiT gadaReba) gaSifvras da analizs 

awarmoeben gamoTvliT an gasaReb-etalonis momzadebiT (arasruli 

gadaRebis meTodiT gamoyenebis SemTxvevaSi gaSifvra da analizi xdeba 

mxolod gasaReb-etalonis gamoyenebiT). gasaReb-etaloni (sur. 7. 13) 

mzaddeba konkretuli geometruli zomebiT (suraTze zomebi daculi araa) 

calkeuli tipis debais kameris diametrisa da rentgenis milakis anodis 

masalisagan damokidebulebiT. gaTvlebi xdeba 2L=
3,57

2 kD
θ  formuliT: sadac 

2L – wyvil rkals (maqsimums) Soris manZilia; D – kameris diametria; θ  - 

bregis kuTxe mocemuli maqsimumisTvis.  

gasaReb-etaloni warmoadgens erT furcelze agebul simetriuli 

debaigramebis Sesatyvis Strixdiagramebs (sur. 7. 13), romelzec miTi-

Tebulia maqsimumebis Sesatyvisi sibrtyeTaSoriso manZilebi da intensivo-

bebi. mis asagebad saWiroa spilenZis gamtarebis zedapirze arsebuli 

fazebis kristalografiuli monacemebis winaswari Segroveba (cxr. 7. 1).  

debaigramaze arsebuli xazebis (maqsimumebis) garCevisaTvis anu imis 

dasagenad Tu romeli pikebi ekuTvnis ama Tu im fazas da romel fazebTan 

gvaqvs saqme, debaigramas rigrigobiT adareben (meqanikuri zeddebiT) 
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gasaReb-etalonze samive gverdze ganTavsebuli Strix diagramebs (Cven 

SemTxvevaSi esenia CuO – marcxniv, Cu – zeviT, Cu2O – marjvniv).  

 

 

 
sur. 7. 13 

 

 

  cxrili 7. 1 

 

fazebi hkl d/n Å I/Io θCuKα(o) θCoKα(o) θFeKα(o) 
Cu 111 

200 
220 
311 
222 
400 

2,08  
1,81 
1,28 
1,09 
1,04 
0,90 

100 
53 
33 
33 
9 
3 

21,75 
25,21 
37,03 
45,01 
47,87 
58,93 

25,49 
29,64 
44,37 
55,20 
59,39 
84,02 

27,76 
32,35 
51,28 
62,71 
68,65 

- 
Cu2O 110 

111 
200 
220 
311 

3,00 
2,45 
2,12 
1,51 
1,28 

20 
100 
31 
44 
31 

14,89 
18,34 
21,32 
30,70 
37,03 

17,36 
21,43 
24,97 
36,35 
44,37 

18,84 
23,29 
27,19 
39,90 
49,18 

CuO 002 
200 
202 

2,51 
2,31 
1,85 

100 
100 
20 

17,89 
19,49 
24,63 

20,89 
22,80 
28,94 

22,70 
24,79 
31,57 

 

spilenZis da misi oqsidebis Sesabamisi refleqsebis intensivobebis 

(rac igivea fazis procentuli Semcvelobis) Sedareba xdeba rent-

genogramaze arsebuli im maqsimumebiT, romelTac cxr. 7. 1-is mixedviT 
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toli an erTmaneTTan axlo myofi intensivobebi aqvT. Tumca ZiriTadi 

yuradReba eqceva (111) mileris indeqsebis mqone pikebs.   

aucilebelia imis gaTvaliswineba, rom 1,5 mm2 meti ganikveTis nimuSe-

bisTvis moxdeba maqsimumebis kuTxuri mdebareobis wanacvleba mcire 

kuTxeebis mxares. 

maqsimumebis intesivobaTa Sedarebis mizniT isini fasdebian xuTi 

baliani sistemiT vizualurad an markerebis gamoyenebiT. 

 #1 da #2 nimuSebis debaigramebis Sedarebis dros SeiZleba adgili 

hqondes sam SemTxvevas:  

1) spilenZis Sesabamisi maqsimumebis erTnairi intensivobis pirobebSi, 

Tu #1 nimuSis debaigramaze spilenZis qveJangis Sesabamisi maqsimumi 

Sefasdeba, rogorc Zlieri (4 bali) an Zalian Zlieri (5), xolo #2 nimuSis 

debaigramaze analogiuri maqsimumi, rogorc susti (2) an Zalian susti (1) – 

saqme gvaqvs pmC-sTan. 

2) spilenZis Sesabamisi maqsimumebis erTnairi intensivobis pirobebSi, 

Tu #1 nimuSis debaigramaze Cu2O fazis Sesabamisi maqsimumi fasdeba, 

rogorc susti (2) an Zalian susti (1), xolo #2 nimuSis rendgenogramaze 

analogiuri maqsimumi, rogorc Zlieri (4) an Zalian Zlieri (5) – saqme 

gvaqvs mmC-sTan. 

3) Tu Cu2O fazis Sesabamisi maqsimumi arsebobs mxolod #1 nimuSis 

debaigramaze saqme gvaqvs pmC-sTan, xolo Tu mxolod II nimuSis 

debaigramaze saqme gvaqvs mmC-sTan.   

gaurkvevel SemTxvevaSi, radganac debaigramebze maqsimumebis 

intensivobebi vizualurad fasdeba (e.i. didia cdomileba) aucilebelia (Tu 

es SesaZlebelia) eqsperimentuli Sedegebis gadamowmeba difraqtometruli 

meTodiT. 

im SemTxvevaSi, Tu gamtaris zedapirze Cu2O faza saerTod ar arsebobs, 

aucilebelia kvlevebis gagrZeleba metalografiuli meTodis gamoyenebiT.   

 

7. 5. aluminis sadenebSi mC-is warmoqmnis momentis diferencirebis 

meTodika. 

 

Termuli zemoqmedebis Sedegad spilenZis sadenebSi mC-s pirveladobis 

da meoradobis garkvevisaTvis, mniSvnelovani iyo fazuri Semcvelobis 

gansazRvra. exla gavarkvioT mC-s pirveladobis da meoradobis ra 

madiferencirebeli procesebi mimdinareobs aluminis sadenebSi. 

  

7. 5. 1. aluminis sadenebSi Termuli zemoqmedebis pirobebSi mosalodne-

li procesebi. 

  

aluminis sadenebis mC-s pirveladobis da meoradobis kvleva 

dakavSirebulia maT struqturaze deformaciis da rekristalizaciis 

gavlenis SeswavlasTan.  

cnobilia, rom Termul zemoqmedebamde aluminis sadenSi liToni 

xasiaTdeba RerZuli simetriis daZabulobis mqone mowesrigebuli 

struqturiT, romelic warmoiqmnilia mavTulis adidvis procesSi.  

aluminis sadenebis deformaciis dros SesaZlebelia atomebs Soris 

manZilebis iseTi cvlileba, romelic iwvevs atomuri sibrtyeebis gamru-

debas da Sesabamisad Warbi raodenobiT sasazRvro dislokaciebis gaCenas. 
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es ki ganapirobebs lauegramebze radialurad gawelili refleqsebis 

(lauegramaze interferenciul maqsimumebs refleqsebsac uwodeben) 

warmoSobas – asterizmis zolebi.  

aluminis sadenebSi mC-is dros erTdroulad xdeba ori procesi: 

deformacia, sadenis wagrZelebis da wyvetis xarjze da rekristalizacia, 

rac gamowveulia mC-is denis gavlis gamo sadenis dasaSvebze metad 

gaxurdebiT. deformaciis siCqarisagan damokidebulebiT mimdinareobs 

sruli an nawilobrivi rekristalizacia. deformaciis didi siCqaris 

SemTxvevaSi rekristalizacia saerTod verc aswrebs dawyebas.  

mC-is denis dabali simkvrivis SemTxvevaSi, rogorc pmC-s aseve mmC-s 

SemTxvevaSi, rentgenogramebze SeiniSneba pirveladi rekristalizaciis 

erTnairi difraqciuli suraTi. rentgenogramebze wvril refleqsebTan 

erTad aris SedarebiT msxvili mouwesrigebeli refleqsebic. rac 

damaxasiaTebelia krebadi rekristalizaciisTvis (sur. 7. 14). 

  

 
 

sur. 7. 14 

 

denis simkvrivis gazrdas Tan axlavs msxvili mouwesrigebeli 

refleqsebis gaqroba. arekvlis mcire kuTxeebze SeimCneva pirveladi 

rekristalizaciis difraqciuli suraTi anu wvrili refleqsebis mowes-

rigebis tendencia da rkalebis gaswvriv ganlageba (sur. 7. 15). pmC-is denis 

simkvrivis Semdgomi gazrdiT rentgenogramaze SeimCneva calkeuli radia-

lurad gawelili  

 

 
 

sur. 7. 15 

  

refleqsebis Sejgufeba. aseTi difraqciuli suraTi Seesabameba 

poligonizaciis process, roca xdeba dislokaciebis gadajgufeba da 

nawilobrivi anihilacia. 

pmC-is denis didi simkvrivis SemTxvevaSi SeimCneva deformirebuli 

aluminis difraqciuli suraTi, radganac deformaciis procesi midis 

Zalian swrafad da poligonizacia ver aswrebs dawyebas. rentgenogramaze 

am SemTxvevaSi Cndeba radialurad gawelili refleqsebi – asterizmis zo-

lebi (sur. 7. 16).  
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sur. 7. 16 

 

 mmC-is dros denis saSualo da didi simkvrivis SemTxvevaSi difraqciu-

li suraTi Seesabameba, sadenze xanZris winaswari Termuli zemoqmedebiT 

gamowveul, pirvelad rekristalizacias.  

qimiuri procesi, romelic SeiZleba mC-s dros ganxorcieldes 

aluminis sadenis garemosTan urTierTqmedebiT, esaa, misi oqsidis urTierT-

qmedeba naxSirbadTan da miiReba karbidi, procesi warimarTeba Semdegi 

qimiuri reaqciiT: 2Al2O3+9C⇢Al4C3+6CO.     
 

7. 5. 2. sakvlevi nimuSis momzadeba, aparatura da gadaRebis pirobebi. 

 

aluminis sadenis gadanaWrebs oqsidis fenis mosacileblad guldagul 

recxaven eTilis spirtSi da wmenden marlis tamponiT. gadasaRebad 

SerCeuli nimuSis sigrZe SelRobili nawilis CaTvliT 10-12 mm. nimuSis 

momzadebisa da damagrebis dros gansakuTrebiT unda moveridoT meqanikur 

zemoqmedebas (magaliTad gaqlibvas, gadaRunvas da a.S.).  

rentgenuli kvlevisaTvis SeiZleba gamoviyenoT nebismieri rentgenuli 

danadgari fotoregistraciiT anu aluminis sadenebSi mC-is warmoqmnis 

momentis diferencirebisaTvis gamoiyeneba mxolod foto meTodi. gadaReba 

SeiZleba, rogorc debais aseve brtyel kasetiani kameriT. rentgenuli mi-

laki SeiZleba iyos spilenZis, kobaltis, rkinis an qromis anodiT. kameraSi 

nimuSi Tavsdeba imdagvarad, rom rentgenis sxivi mTlianad moicavdes gana-

lRob zedapirs. Tu es zedapiri sxivis farTobze didia gadaReba unda 

moxdes etapobrivad (ramdenjerme), mTeli zedapiris sruli suraTis misaRe-

bad. araa gamoricxuli, rom suraTi sxvadasxva ubanSi iyos gansxvavebuli. 

gadaRebis pirobebi zustdeba eqsperimentis processSi.  

pirveli gadaRebisTvis rekomenidirebuli reJimia (suraTis xarisxis 

gaumjobesebis mizniT dasaSvebia reJimis  mniSvnelovni cvlilebac): 

gamosxiveba – spilenZis (an sxva); 

filtri – nikeli (Sesabamisi); 

Zabva - 25÷30 kv. 

anoduri deni - 30÷40 ma; 

eqspoziciis dro damokidebilia gamtaris kveTis diametrze. spilenZis 

sadenisagan gansxvavebiT gadaReba xdeba nimuSis brunvis gareSe. 

 

7. 5. 3. aluminis sadenebSi rentgenogramebiT mC-is warmoqmnis momentis 

gansazRvra. 

 

mC-is warmoqmnis momentis gansazRvra swarmoebs cxadia igive rentgeno-

gramebiT, romliTac dgindeba aluminis gamtaris, rogorc liTonis dnobis 

mizezi da meqanizmi. sakvlev nimuSze rentgenogramebis gadasaRebi ubnis, 
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gadaRebis pirobebis da fotofiris sworad SerCevis SemTxvevaSi miiReba 

kargad garCevadi sami gansxvavebuli tipis suraTidan erTerTi.  

1) Tu rentgenogramaze mcire kuTxeebze arekvlis ubanSi mkveTradaa 

gamoxatuli asterizmis efeqti saqme gvaqvs pmC-is SemTxvevasTan (sur. 7. 17 

a).  

 
 

sur. 7. 17 a 
 

2) Tu rentgenogramaze mcire kuTxeebze arekvlis ubanSi asterizmis 

efeqti aramkveTradaa (sustadaa) gamoxatuli, zog SemTxvevaSi saerTod ar 

sCans saqme gvaqvs pmC-is SemTxvevasTan (sur. 7. 17 б).  

 
 

sur. 7. 17 б 
 

3) Tu rentgenogramaze mcire kuTxeebze arekvlis ubanSi miiReba 

refleqsebi msxvili TiTqmis qaosurad ganawilebuli wertilebis saxiT 

saqme gvaqvs Termul zemoqmedebasTan mC-s gareSe (sur. 7. 17 в).  

 
 

sur. 7. 17 в 
 

Tu mC ar iwvevs gamtaris (an ZarRvSi erTi mavTulis) wyvetas miRebuli 

difraqciuli suraTi analogiuri iqneba sawyisi gamtaris suraTisa da 

aseTi nimuSi rentgenografiul kvlevas ar eqvemdebareba.  

im SemTxvevaSi, Tu aluminis gamtaridan amokveTili nimuSi rentgeno-

grafiul kvlevas ar eqvemdebareba unda mivmarToT kvlevis sxva meTodebs, 

romlebic marTalia iwveven nivTmtkicebis anulirebas, magram SesaZlebelia 

SeZlon dasmuli amocanis gadawyveta. aseTebia magaliTad metalografiuli 

da analizi naxSirbadze.  
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gamtaris mikrosruqturis metalografiuli gamokvlevisTvis aucile-

belia mikroSlifebis momzadeba. spilenZisa da aluminis sadenebisagan maTi 

momzadebis teqnologia mniSvnelovnad gansxvavdebian erTmaneTisagan. sak-

vlev nimuSs guldagul amuSaveben jer meqanikurad, sxvadasxva nomris zum-

faris qaRaldebiT, bolos ki qeCiT, romelzec uwyvetliv esmeva wvril-

dispersuli qromis an aluminis Jangis suspenzia. meqanikuri damuSavebis 

Semdgom mikrosruqturis gamomJRavnebis mizniT aucilebelia misi qimiurad 

damuSaveba e.w. qimiuri mowamvla Sesabamisi qimiuri reaqtivebis gamoyenebiT. 

amis Semdgom nimuSi mzadaa metalografiuli gamokvlevebisaTvis. cxadia am 

process Tan axlavs nimuSis rogorc nivTmtkicebis nawilobrivi likvi-

dacia. mikrostruqturis Seswavla SesaZlebelia nebismier metalografiul 

mikroskopze (mag. МИМ-8 an ММР-4)   
alumini, rogorc adre avRniSneT urTierTqmedebs naxSirbadTan da 

intensiurad STanTqavs CO da CO2 – s. gabolil atmosferoSi naxSirbadis, 

CO da CO2 – is Semcveloba 200 – jer aRemateba normalur garemoSi maT 

Semcvelobas, amitom sadenebSi, romlebic SelRobilia pmC-s da mmC-s dros 

am komponentebis Semcveloba mkveTrad gansxvavebulia. pmC-s SemTxvevaSi Tu 

naxSirbadis Semcveloba ar aRemateba 0,02 – 0,03 %, mmC-s dros is sWarbobs 

0,05 – 0,06 %-s.  
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8. spilenZis sadenSi mC-is warmoqmnis momentis dadgena sasamar-

Tlo eqspertizis praqtikaSi. 

 

saqarTvelos struqturul kvlevaTa respublikur centrSi 

Semovida sakvlevi masala, Termul zemoqmedebas daqvemdebarebu-

li eleqtruli denis gamtari spilenZis mavTulebi, romlis sa-

SualebiTac unda dagvedgina xanZari gamoiwvia sadenSi mokle 

CarTvam Tu is gaCnda raime sxva wyaroTi. am sakiTxis garkveva 

SesaZlebelia sadenSi mC-is warmoqmnis momentis dadgeniT anu 

pirveladia Tu meoradi mokle CarTva.  

mizani – xanZris gamomwvevi mizezis dadgena. 

amocana – 

1) spilenZis sadenebidan saeqspertizo nimuSebis SerCeva da 

momzadeba.  

2)  sadenSi mC-is warmoqmnis momentis dadgena. 

meTodika – radganac kvlevis sqemis SerCevis dros win unda 

wamoiwios iseTi meTodebi, romlebic ar iwveven nivTmtkicebis 

dazianebas da miTumetes likvidacias anu kvlevis sqemas 

safuZvlad unda daedos nivTmtkicebis SenarCunebiT mC-s war-

moqmnis momentis Sesaxeb daskvnis saimedoobis gazrdis principi 

gadavwyviteT: 

1) sadenSi mC-is warmoqmnis momentis dadgena mogvexdina sak-

vlev (№1) da sakontrolo (№2) nimuSebSi Cu/Cu2O/CuO fazebis 
koncentraciebis Tanafardobis dadgeniT da spilenZis gamtarSi, 

rogorc polikristalur masalaSi, marcvlis zomebis cvlile-

biT;  

2) kvlevebi Cagvetarebina rentgenografiuli meTodebiT. ker-

Zod rentgeno fazuri analiziT gagverkvia spilenZis nimuSis ze-

dapirul fenebSi arsebuli fazebis gvaroba da fardobiTi Sem-

cveloba. xolo sadenSi marcvlis zomebis cvlileba dagvedgina 

fotogadRebis meTodiT.  

3) kvlevisaTvis gamogveyenebina germanuli warmoebis HZG 4 – 
is tipis avtomaturi difraqtometri, romelic dakompleqtebu-

lia Robotron – is tipis kompiuteriT. kompiuteri Tavismxriv 

aRWurvilia programebiT, romlebic uzrunvelyofen sakvlevi 

obieqtis, rogorc θ/2θ Sebmuli uwyveti (programa MEAS1), aseve 
θ/2θ Sebmuli skanirebiT (programa MEAS_2) gadaRebis pirobebs. 
miRebuli eqsperimentuli masalis profiluri analizis progra-

miT (PROFAN) damuSaveba ki iZleva saSualeba didi sizustiT 

davadginoT Sesabamisi maqsimumis intensivoba, rac, rogorc gav-

rcelebuli ДРОН – is tipis difraqtometrebisTvis, aseve foto 

meTodiT gadaRebis dros problemas warmoadgens. 
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spilenZis sadenSi Termuli zemoqmedebiT gamowveuli mar-

cvlis zomebis cvlileba Segveswavla fotomeTodis gamoyenebiT; 

kerZod ki debais meTodiT, РКУ – 114 tipis kameraSi uZravi nimu-
Sis gadaRebiT.             

 

8. 1. spilenZis sadenebis vizualuri daTvaliereba.  

 

warmodgenili iyo spilenZis sadenidan amokveTili ∼10÷12 sm 

sigrZis xuTi nimuSi. nimuSebis vizualuri daTvalierebiT dava-

dgineT: 

1) sadeni aris erT ZarRva da Seicavs 19 mavTuls.  

2) sadenis kveTis diametri izolaciiT 3,6 mm, izolaciis ga-

reSe 2,9 mm; ZarRvSi erTi mavTulis diametria 0,4 mm. 

3) nimuSebidan mxolod erTs gaaCnia nawilobriv damwvari 

organuli masalis izolacia.  

4) or nimuSs etyoba SelRobis kvali, mavTulebis daboloeba 

sferuli formisaa.  

vizualuri daTvalierebiT savaraudoo mmC-s SemTxveva. 

   

8. 2. spilenZis sadenebidan saeqspertizo nimuSebis momzadeba. 

 

rentgeno fazuri kvlevisaTvis nimuSis SerCevis dros dava-

dgineT, rom SelRobili ZarRvi advilad daiSala Semadgenel 

mavTulebad. umetesobaze kargadaa gamokveTili SelRobis mxares 

sferoseburi formis daboloeba (sur. 8. 1). radganac ZarRvSi Ti-

Toeuli mavTulis diametri Zalian pataraa (0,4 mm) da  

 
sur. 8. 1 

difraqtomeruli gadaRebisTvis zedapiris farTi arasakmarisia 

sakvlevi da sakontrolo nimuSebisTvis SevarCieT aTi-aTi  mav-

Tuli, romlebidanac amovkveTeT 10 mm sigrZis sakvlevi, pirobi-

Ti nomeriT 1 da misgan 50 mm – iT daSorebiT 15 mm sakontrolo 

(Sesadarebeli) nimuSebi pirobiTi nomeriT 2. aTive nimuSis erT-

maneTTan mWidro mibjeniT, “Sesqelebuli vazelinis” meSveobiT 

davafiqsireT fxvnilovani nimuSebis mosamzadebel kiuvetebSi.  

foto meTodiT gadasaRebad gamoviyeneT igive nimuSebis TiTo 

egzempliari. kameraSi nimuSis damagreba movaxdineT cvilis me-

SveobiT. 
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8. 3. difraqtometruli gadaRebis pirobebi da Sedegebi. 

 

pirobebi: 

goniometri - HZG 4 /A-2; 
gamosxiveba – spilenZi ( =λ 1,54 Å); 
filtri – nikeli; 

Zabva - 30 kv; 

anoduri deni - 30 ma; 

diapazoni – 103 imp/wm; 

drois mudmiva – 3 wm-1;  

nimuSis ω kuTxuri siCqare – 1 
o/wT; 

gadaRebis 2θ kuTxuri Sualedi @34 ÷ 44
o  

programa - MEAS1 (uwyveti gadaReba);    
gadaReba moxda nimuSis, rogorc uZrav, aseve brunvis piro-

bebSi. 

gadaRebulia: 

uwyveti gadaRebis reJimiT oTxi difraqtograma (sur. 8. 2).  

sakvlevi nimuSi (№ 1): 1 (1) – brunvis gareSe, 1 (2) – brunvis 
pirobebSi;  

sakontrolo nimuSi (№ 2): 2 (3) – brunvis gareSe, 2 (4) – brun-
vis pirobebSi.  

gadaRebuli difraqtogramebiT dasturdeba spilenZis sade-

nebSi: moculobaSi Cu, zedapirul fenaSi Cu2O da CuO fazebis 
arseboba. cxadia yvelaze intensiuri piki spilenZs Seesabameba, 

kargad Cans Cu2O da cudad CuO fazebis Sesabamisi pikebi. maTi 

realuroba dasturdeba cxrili 7. 1 – is meSveobiT (sur. 8. 2 – 

ze mocemulia gaerTianebulad yvela difraqtograma da pikebze 

miTiTebulia fazis gvaroba da Sesabamisi mileris indeqsebi).  

miRebulia: 

raodenobrivi analizis gareSec Tvisobrivadac kargad Cans, 

rom, rogorc brunviT aseve mis gareSe gadaRebul difraqtogra-

mebze pirvel nimuSSi (sur. 8. 2; 1(1), 1(2)) Cu fazis Sesabamisi (111) 
pikis intensivoba metia meore nimuSSi Cu fazis Sesabamisi (111) 
pikis intensivobaze (sur. 8. 2; 2(3), 2(4)). Cu2O fazis Sesabamisi 

(111) da (200) pikebis intensivoba ki piriqiT meore nimuSSi (sur. 8. 

2; 2(3), 2(4)) metia pirveli nimuSis igive pikebis intensivobaze 

(sur. 8. 2; 1(1), 1(2)). rac Seexeba CuO fazas Sesabamisi (002) da 

(200) pikebis intensivobaTa fardobas pirveli da meore nimuSi-

sTvis mdgomareoba Cu2O fazis analogiuria (intensivoba pirda-

pirproporciulia koncentraciis).  
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sur. 8. 2 

pirveli Sedegi: 

I1
Cu > I2

Cu ; I1Cu2O <  I2
Cu2O; I1CuO <  I2

CuO 
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8. 4. debaigramis gadaRebis pirobebi da Sedegebi. 

 

pirobebi: 

kamera – РКУ-114 (D=114,6 mm); 
gamosxiveba – spilenZi ( =λ 1,54 Å); 
filtri – nikeli; 

Zabva - 45 kv; 
anoduri deni - 18 ma; 

eqspoziciis dro – 3 sT; 

gadaReba moxda uZravi nimuSis pirobebSi. 

gadaRebulia: 

ori debaigrama (sur. 8. 3).  

sakvlevi nimuSi (№ 1): sur. 8. 3. 1 – brunvis gareSe,  
sakontrolo nimuSi (№ 2): sur. 8. 3. 2 – brunvis gareSe.  
 

 
                                1 

 
 

2 

sur. 8. 3 

miRebulia: 

gadaRebuli debaigramebiTac dasturdeba spilenZis sadenSi 

Cu, zedapirul fenaSi Cu2O fazebis arseboba. cxadia yvelaze 

intensiuri pikebi spilenZis Sesabamisi pikebia. maTi mdebareoba 

debaigramaze aRniSnulia debaigramis gareT wertilebiT, rea-

luroba ki dasturdeba cxrili 7. 1 – is meSveobiT. sakontroli 

nimuSidan gadaRebul firze (sur. 8. 3; 2) maqsimumis Sesabamisi 

rkalebi (pikebi) TiTqmis uwyveti (wvril wertilovani) wirebis 

saxiTaa warmodgenili, maSin, roca sakvlevi nimuSisTvis isini 

(sur. 8. 3; 1) aSkarad wyvetili (msxvil wertilovani) wirebia. es 

faqti miuTiTebs imaze, rom sakvlevma nimuSma ganicada damatebi-

Ti Termuli zemoqmedeba, ris Sedegadac sadenSi Semavali mar-
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cvlebis zomebi ufro metad gaizardnen sakontrolosTan Seda-

rebiT da misTvis debais rkalebi ufro diskretulia. 

 

meore Sedegi: 

P1
Cu > P2

Cu ;   
 

miRebul SedegebSi Cu da Cu2O fazebisTvis sadao araferia, 

xolo CuO fazis arseboba SeiZleba saeWvod CaiTvalos gansa-

kuTrebiT pirvel nimuSSi Sesabamisi pikebis intensivobis simci-

ris gamo (pikebi fonSi Cans kvalis saxiT sur. 8. 2; 1 da 2). 

arsebuli meTodika iTvaliswinebs iseT SemTxvevas, roca CuO fa-

za rentgenogramebze saerTod ara sCans (magaliTad Tu misi Sem-

cveloba naklebia 1% - ze). am SemTxvevaSi sargebloben sakvlev 

nimuSSi Cu2O / Cu fazebis koncentraciaTa fardobis da sakontro-

lo nimuSSi igive fardobis SedarebiT. Tu sakvlev nimuSSi Cu2O 
/ Cu fazebis koncentraciaTa fardoba orjer metia sakontrolo 

nimuSSi Cu2O / Cu fazebis koncentraciaTa fardobaze saqme gvaqvs 

pirvelad mC-Tan, Tu piriqiT mC meoradia.  

rogorc cnobilia koncentraciaTa fardoba pirdapirpropor-

ciulia pikebis intensivobaTa fardobisa. amitom aucilebelia 

intensivobaTa fardobis ara Tvisobrivi aramed raodenobrivi 

gansazRvra. risTvisac nimuSebi gadaviReT skanirebis meTodiT 

da mavaxdineT profiluri analizi. skanirebis meTodiT gadaReba 

movaxdineT igive pirobebiT da gamoviyeneT igive nimuSebi.  

 

8. 5. skanirebis pirobebi da profiluri analizis Sedegebi. 

 

skanirebis pirobebi: 

skanirebis biji – 0,05 
o; 

skanirebis dro – 2 wm; 

gadaRebis 2θ kuTxuri Sualedi (111)Cu2O – 35,85 ÷ 36,75 o;   
gadaRebis 2θ kuTxuri Sualedi (111)Cu – 42,40 ÷ 43,80 o;  
programebi - MEAS_2, PROFAN. 
Cawerilia: 

oTxi piki: ori Cu2O (111) sakvlevi da sakontrolo nimuSebi-

saTvis da ori Cu (111) igive nimuSebisaTvis. pikebis Cawera xde-

boda nimuSebis brunvis pirobebSi. 

profiluri analiziT miRebulia: 

profiluri analiziT daviTvaleT oTxive pikisTvis intensi-

vobaTa zusti mniSvneloba, Tavisi cdomilebiT. intensivobis da-

zusteba grZeldeboda misi cdomilebis minimumamde miyvaniT da 
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Xi da K parametrebze dakvirvebiT (Xi⇢0 da K⇢1). eqsperimentis 
saboloo Sedegebi mocemulia cxril 8. 1 – Si. 

 

cxrili 8. 1. 

 

sakvlevi nimuSi № 1: 
----------  
Cu2O                                                                               35.850…..36.750 
Xi=         .39                                                  Background:  -.2206∗X  +     31.3409 
Half width=     .252(   .090)                Integral=           55.      K= .93434 
Two theta=  36.250(  .022)                 Intensity=         51.(    13. )   d=  2.47225 
PR,   PP,   RP,   LS,   CD,   CH,   AD,   DE,   FW,   EN   :     
 
----------  
Cu                                                                                   42.400…..43.800 
Xi=          1.10                                              Background:  -.5041∗X  +     35.8357 
Half width=    .236(   .032)                 Integral=           522.      K= .96894 
Two theta=  42.959(  .017)                 Intensity=         184.(    23. )   d=  2.10356 
Two theta=  43.233(  .011)                 Intensity=       321.(    23. )   d=  2.09085 
PR,   PP,   RP,   LS,   CD,   CH,   AD,   DE,   FW,   EN   :                    
 
sakvlevi nimuSi № 2: 
----------  
Cu2O                                                                               35.800…..36.800 
Xi=          .36                                                 Background:  -.1255∗X  +     28.4874 
Half width=     .337(   .094)                Integral=           81.      K= .96889 
Two theta=  36.343(  .022)                 Intensity=         79.(    18. )   d=  2.46987 
PR,   PP,   RP,   LS,   CD,   CH,   AD,   DE,   FW,   EN   :     
 
----------  
Cu                                                                                   42.400…..43.800 
Xi=           .30                                                Background:  -.5131∗X  +     36.9158 
Half width=    .140(   .009)                 Integral=         399.      K= .99576 
Two theta=  43.148(  .009)                 Intensity=       108. (    13. )   d=  2.09479 
Two theta=  43.284(  .004)                 Intensity=       289. (    16. )   d=  2.08852 
PR,   PP,   RP,   LS,   CD,   CH,   AD,   DE,   FW,   EN   :     
 
cxrili 8. 1. iZleva Semdegi gaTvlis saSualebas: 

 
 sakvlevi nimuSi (№ 1) fardoba ICu2O/ ICu = 51/321=0,158; 
 sakvlevi nimuSi (№ 2) fardoba ICu2O/ ICu = 79/289=0,273; 
miRebul mniSvnelobaTa fardoba 0,273 / 0,158 =1,728 ≈ 2  
 
e.i fardoba ICu2O/ ICu № 2 nimuSisTvis orjer metia igive 

fardomaze № 1 nimuSisTvis, rac miuTiTebs, rom eleqtro 

sadenma ganicada meoradi mokle CarTva.        
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mesame Sedegi: 

     (ICu2O/ ICu)2/(ICu2O/ ICu)1=2 
 

meTodur rekomendaciaSi “Пожарная опасность электропроводок при 
аварийных режимах” (Энергоатомиздат, Москва, 1986) mocemulia Cvens 
mier gamokvleuli parametrebis analogiuri parametrebis Tana-

fardoba spilenZis sadenebSi mokle CarTvisa da Termuli zemo-

qmedebis pirobebSi  (cxr. 8. 2). 
      
 cxrili 8. 2 
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daskvnis gamosayvanad gavaerTianoT Sedegebi da 1-4 mniSvne-

lobebi SevadaroT cxr. 8. 2 - is monacemebs: 

 

# Tanafardoba mC 

1 P1
Cu > P2

Cu mmC 

2 I1
Cu > I2

Cu
 mmC 

3 I1
Cu2O <  I2

Cu2O
 mmC 

4 I1
CuO <  I2

CuO mmC 

5 (ICu2O/ ICu)2/(ICu2O/ ICu)1=2 mmC 

 
rogorc spilenZis sadenSi mokle CarTvis madiferencilebe-

li parametrebis Sedarebidan irkveva maTi sakvlevi da sakon-

trolo nimuSebisaTvis Tanafardoba iseTia, rom mokle CarTva 

unda warmoadgendes meorads. amitom xanZris warmoSobis keras 

ar warmoadgens eleqtruli sadenebis mokle CarTvis adgili.  

 

daskvna: 

spilenZis saeqspertizo nimuSebs ganucdiaT meoradi mokle 

CarTva da is ar warmoadgens xanZris gaCenis mizezs. 
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