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winasityvaoba 

 
axali teqnikis dargebis udidesi tempebiT ganviTareba gaumjobese-

bulian principulad axali fizikuri, qimiuri da meqanikuri Tvisebebis 

mqone masalebis Seqmnis aucileblobasTxoulobs. dReisaTvis perioduli 

sistemis sul ufro meti iseTi elementi poulobs teqnikaSi gamoyenebas, 

romlebic axlo warsulSi mxolod samecniero kvlevis interesis sferos 

miekuTvneboda. yovelive aman, Tavis mxriv, biZgi misca masalaTa damuSavebis 

axali teqnologiebis SemuSavebas da praqtikaSi gamoyenebas.  

XX saukunis dasasruls da XXI saukunis dasawyisSi liTonebis Sesaxeb 

mecnierebis ganviTarebam mniSvnelovnad gazarda liTonuri masalebis Sesa-

xeb fizikuri warmodgenebis roli, romelic liTonTa fizikisa da fiziku-

ri liTonmcodneobis Seswavlis sagans warmoadgens.  

teqnikaSi gamoyenebuli elementebis mravalferovneba da maTi urTi-

erTSexamebis amouwuravi pirobebi unikaluri Tvisebebis Senadnobebis Seqm-

nis did perspeqtivebs saxavs, Tumca sasurveli Tvisebebis mqone, jer kidev 

ararsebuli Senadnobis Sedgenilobis winaswari gansazRvrisaTvis aucile-

belia viswavloT kristalSi eleqtronebis ganawilebis, maTi urTierTqmede-

bis xasiaTisa da atomTSorisi kavSiris Zalebis gamoTvla. swored am gziT 

aris SesaZlebeli liTonmcodneobis gadayvana ganviTarebis aRweriTi etapi-

dan axal safexurze, rodesac SesaZlebeli gaxdeba Teoriulad ganisazRv-

ros sasurveli Tvisebebis mqoneSenadnobis Sedgeniloba da struqtura. 

swored aq ikveTeba liTonTa fizikosisa da liTonmcodnisaTvis #1 amocana: 

Seiqmnas SenadnobTa uaxlesi Teoria (gamoTvliTi liTonmcodneoba), rome-

lic winaswar cnobili Tvisebebis mqone masalis Seqmnis SesaZleblobebs 

uzrunvelyofs. 

meore generaluri amocana, liTonur masalaSi dRemde ucnobi Tvise-

bebis gamomJRavnebaa, ramac SeiZleba safuZveli Cauyaros teqnikis sruliad 

axal, araerT mimarTulebas. am miznis misaRwevad aucilebelia maRali si-

sufTavis sawyisi nivTierebebisa da zusti maTematikuri kvlevis meTodebis 

gamoyeneba; masalis TvisebaTa Seswavlis arealis mniSvnelovani gafarToeba  
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– amJamad maTi ricxvi aTamde CamonaTvaliT Semoifargleba, saWiroaki aso-

biT Tvisebis Seswavla; liTonebisa da Senadnobebis misaRebad eqstremalu-

ri pirobebis (maRali da kriogenuli temperaturebi, maRali wneva da Rrma 

vakuumi, mZlavri eleqtruli, magnituri da ultrabgeris velebi, uwonadoba 

da a.S) gamoyeneba. 

mecnieruli moTxovnebis aseTma gamowvevebma ganapiroba swored li-

TonTa fizikosebisa da liTonmcodneebis interesTa gadakveTa, ramac mizan-

Sewonili gaxada umaRles skolebSi axali disciplis – fizikuri liTon-

mcodneobis Semotanis aucilebloba. 

winamdebare leqciebis kursi warmoadgens pirvel mcdelobas safuZve-

li Cauyaros qarTul enaze fizikur liTonmcodneobaSi saxelmZRvanelos 

Seqmnis process masalaTmcodneebisaTvis, rac mniSvnelovnad aamaRlebs axal-

gazrda specialistebis momzadebis dones mocemul sferoSi. amasTan, kursis 

Seswavla ar moiTxovs specialur Teoriul momzadebas myari sxeulebis fi-

zikis sferoSi, rac leqciebis kurss xelmisawvdoms xdis masalaTmcodne-

obis studentebis farTo wrisaTvis. 
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I.sufTa liTonis struqtura 

 
1.1. elementis eleqtronuli struqtura 

 

liTonisaTvis damaxasiaTebeli fizikuri da qimiuri Tvisebebi, riTac 

is sxva elementebisgan gansxvavdeba, atomis eleqtronuli struqturiT gani-

sazRvreba. 

rezerfordis modelis Tanaxmad, atomi SeiZleba warmovidginoT dade-

biTad damuxtuli birTvis (atomgulis) saxiT, romelic garSemortymulia 

uaryofiTad damuxtuli eleqtronebis RrubliT (sur. 1.1.).miuxedavad imisa, 

rom birTvSi atomis TiTqmis mTeli masaa Tavmoyrili, misi diametri (daax-

loebiT 10-13 sm) sakmaod mcirea mTeli atomis diametrTan SedarebiT (atomis 

diametri 10-8 sm rigisaa). Z nomris mqone atomis dadebiTi muxti, romelic 

eleqtronis muxtis erTeulebiTaa gamosaxuli (e=4,802910-10 el. stat. erTeu-

li), +Z-is tolia. am muxtis matarebelia Z raodenobis protonebi. bunebri-

via, yovel maTgans aqvs +e muxti daiseTive masa, rogoric wyalbadis atomis 

birTvs (igi 1836-jer aRemateba eleqtronis masas). 

atomis birTvi umuxto nawilakebsac Seicavs.maT neitronebi ewodeba. 

neitronis masa TiTqmis protonis masis Tanazomadia. vinaidan neitrons mux- 
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ti ar gaaCnia, is atomgulis muxts ar cvlis, samagierod didi wvlili Se-

aqvs elementis atomur wonaSi. 

elementebis didi nawili iseTi atomebisganSedgeba, romlebsac erT-

nairi atomuri nomrebi aqvT, magram gansxvavdebian atomuri woniT. aseTi 

atomebi protonebis Tanabar raodenobas Seicavs (romelic atomuri Z  

nomris tolia), Tumca neitronebis ricxvi gansxvavebulia, rac e.w. izotope-

bis warmoqmnasganapirobebs. amrigad, izotopi ewodeba erTi da imave qimiuri 

elementis atomebs, romlebsac aqvT sxvadasxva atomuri wona, magram 

erTnairi qimiuri buneba. izotopebi fizikuri TvisebebiT umniSvnelod gan-

sxvavdebian erTmaneTisgan. maT erTi da igive adgiliuWiravT periodul 

sistemaSi. 

atomguli kidev erTi bunebis mqone nawilakebsSeicavs, romlebsac me-

zonebi ewodeba. isini SeiZleba iyvnen an neitraluri, an rogorc dadebiTi, 

ise uaryofiTi muxtis matareblebi. mezonebi neitronebsa da protonebs 

SoriskavSirsaxorcieleben. aRsaniSnavia, rom atomgulSi Tavmoyrili na-

wilakebis (protonebis garda) gavlena elementis qimiur Tvisebebze jer ki-

dev ar aris Seswavlili. 

eleqtronulad neitralur atomSi atomgulis Z raodenobis proto-

nebs imave raodenobis orbitaluri eleqtronebiSeesabameba. boris Teoriis 

Tanaxmad, eleqtroni atomgulidan sakmaod Sor manZilzeSeiZleba moZra-

obdes, magram drois udides SualedSi is unda imyofebodes mkacrad gansa-

zRvrul garsSi da energiis gamosxivebis gareSe im wriul an elifsur or-

bitazebrunavdes,romlisme ����  moZraobis raodenobis momenti ���� (brunvis im-

pulsi an kuTxuri momenti) h/2 fardobismTeli ricxvebis jeradia,sadac:  

mearis mbrunavi sxeulis anu eleqtronis masa; 

��_orbitaze brunvis siCqare; 
��–orbitis radius-veqtori, romelic brunvis centrs nawilakTan aer-

Tebs; 

h _plankis universaluri mudmiva (h=6,62510-27 ergiwm).  

���� veqtoris mimarTulebaim sibrtyisperpendikularulia,romelSic�� 
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da �� veqtorebia ganTavsebuli (sur. 1.2). 

     aqedan gamomdinare, eleqtronulor-

bitebs Semdegi kuTxurimomentebi eqnebaT: 

h/2, 2h/2, 3h/2da a.S.anu moZraobis rao-

denobis momenti 

me����=��
�(1.1) 

n=1; 2; 3; 4; 5; 6; 7 aris mTavari kvanturi 

ricxvi, romelsac K; L; M; N; O; P; QsimboloebiTaRniSnaven. mTavari kvanturi 

ricxvi n eleqtronis saerTo energias da atomgulidan misi daSorebis 

xarisxs gansazRvravs. 

n kvanturi orbitis radiusi da orbitaze moZravi eleqtronis siCqare 

Semdegi damokidebulebiTganisazRvreba: 

rn= 
�	  �	

��	  
� �	  (1.2);    �n=
���	

�� (1.3) 

(1.2) tolobidan gamomdinare, kvanturiorbitis radiusi mTavari kvan- 

turi ricxvis kvadratis proporciulia, Tumca mis sidides aseve atomis bi-

rTvis muxti (e) gansazRvravs. warmodgenili formulebiT gamoTvlili wyal-

badis atomis orbitis radiusi r1=0,5310-8 sm, xolo eleqtronis moZraobis 

siCqare �1=2,2108 sm/wm. 

mTavari kvanturi ricxvi n dakavSirebulia agreTve eleqtronebis ener- 

giasTan _ mTavar garsSi moZravi eleqtronebis uaryofiTi energiis sidide 

n2–is ukuproporciulia: 

En= -
��	
���

�	�	 (1.4) 

eleqtronebis raodenoba eleqtronul garsSi ganisazRvreba tolobiT: 

N=2n2     (1.5) 

eleqtronul garsSi eleqtronebi qvegarsebad (qvedoneebad) aris gan-

lagebuli. qvegarsebSi eleqtronebis mdgomareoba orbitalur   ℓ kvantur 
ricxvs Seesabameba. orbitaluri kvanturi ricxvi im orbitis formas gansa-

zRvravs, romelzedac eleqtronebi moZraobs. rodesac ℓ = 0, orbita wriu- 
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lia (sur. 1.3, a). Tu ℓ =1, orbitis forma elifsSi gadadis (b).  ℓ  sididis 

mniSvnelobisSemdgomi zrda elifsis sul ufro metad wagrZelebas iwvevs 

(g).elifsuri orbitadaaxloebiT imave energiiT xasiaTdeba, rogoriTac 

wriuli orbita, magram gansxvavebuli kuTxuri momentiaqvs. orbitaluri 

kvanturi ricxvi iRebsmniSvnelobebs nulidan (n-1)-mde. amrigad, mniSvnelo-

bebi ℓ=0; 1; 2; 3 . . . dakavSirebulia qvegarsebTan, romlebic s; p; d; f . . . 

simboloebiT aRiniSneba. qvegarsebSi eleqtronebis maqsimaluri ricxvi  

2(2ℓ + 1)-is tolia. 

zemoTqmulidan gamomdinare, K garsi SeiZleba Seicavdes mxolod s tipis 

orbitas, L garsi _sdaptipis orbitebs, M garsi – s, p da d tipis orbitebs da 

a.S., anu mTavari kvanturi ricxvis yoveli erTeuliT gazrdas Tan sdevs 

axali qvegarsebis gaCena.  

amrigad, mendeleevis perioduli sistemis Sesabamisad, dabali rigiTi 

nomris elementidan momdevnoze gadasvlisas mimdinareobs energetikuli qve-

doneebis TandaTanobiTi Sevseba eleqtronebiT. jer ivseba umciresi energi-

is mqone doneebi, Semdeg ki SedarebiT ufro maRali energiisa.  

elementebis eleqtronuli konfiguraciis, anu kvanturi mdgomareobis 

aRwerisaTvis, specialuri aRniSvnebiaSemoRebuli: Tavdapirvelad iwereba 

mTavari kvanturi n ricxvis aRmniSvneli cifri, Semdeg – Sesabamisi qvedone-

ebis simboloebi s; p; d; f, romlebsac zeda registrSi, xarisxis maCveneblad, 

miTiTebuli aqvs am qvedoneze eleqtronebis raodeniba. magaliTad, spilen-

Zis atomisaTvis, romlis rigiTi nomeria 29, eleqtronuli konfiguracia Sem-

degnairad Caiwereba: 
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1s22s22p63s23p63d104s1. 

1.4a suraTzenaCvenebia spilenZis atomis eleqtronuliagebulebis 

modeli. 

mraval liTonSi eleqtronuli garsis normalurad Sevseba 3p 

donemdeSeiniSneba,Semdeg ki eleqtronebiT qvedoneebis Sevsebis zemoT 

aRwerili Tanmimdevroba irRveva da eleqtronebis energiis zrda 1; 2; 3 . . . 

7 doneebze da s, p, d, f qvedoneebze Semdegi TanmimdevrobiT mimdinareobs: 

1s2s2p3s3p4s3d4p5s4d5p6s4f5d6p7s5f6d 

 

 

aseTive TanmimdevrobiT xdeba energetikuli doneebisa da qvedoneebis 

Sevseba eleqtronebiT. amasTan, eleqtronebis energia im energetikul done-

ze, sadac eleqtronebiT Sevseba mimdinareobs, ufro maRalia Sevsebul do-

neebTan SedarebiT. 

rogorc gamomdinareobs 1.5suraTze warmodgenili sqemidan, 4s energe-

tikuli done ufro naklebia3d donesTan SedarebiT. amitom axali, 4sqvegar-

sis Seneba iwyeba manam, sanam bolomde Seivseba winamdebare. aqedan gamomdi-

nare, liTonebis did jgufs, romelSic Sedis Sc, Ti, V, Cr, Mn, Fe, Co da 

Ni,Seuvsebeli aqvT 3d Sre maSin, rodesac 4s Sreze erTi an ori eleqtroni 

aqvT. magaliTad, rkina, romlis rigiTi nomeria 26, 3d Sreze 10-is nacvlad 6 

eleqtrons Seicavs (ix. sur. 1.4, b): 
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1s22s22p63s23p63d64s2 

Seuvsebeli qvedoneebis Sevseba ele-

qtronebiT mxolod mas Semdegmimdi-

nareobs, rodesac ufro maRali ener-

giis, 4s, 5s da 6s qvedoneebi Sesabamisad 

Seivsebian eleqtronebiT. 

    maqsimaluri n ricxvis mqone s da p 

qvedoneebis eleqtronebi savalento 

eleqtronebs warmoadgens. Tu sqvedone 

an s da p qvedoneebi srulad aris Sevse-

buli eleqtronebiT, atomi qimiurad ne-

itraluria.  

gare eleqtronuli orbitebis (qvedoneebis) Sevsebis xarisxis mixedviT 

elementebs or jgufad yofen. liTonebs, romlebsac ar gaaCniaT d qvedone 

(mcire atomuri nomris liTonebi – Li, Na, K, Al da sxva) an aRniSnuli qvedone 

srulad aqvT Sevsebuli eleqtronebiT (Cu, Zn, Cd, Ag da a.S), ubralo liTo-

nebs uwodeben. xolo liTonebs, romlebsac nawilobriv aqvT Sevsebuli 

dqvedone maSin, rodesac Camoyalibebulia gare s eleqtronuli qvedone, gar-

damaval liTonebs uwodeben.  

Seuvsebeli 3d Sre liTonebis mraval specifikur Tvisebas ganapiro-

bebs. magaliTad, cvlad valentobas, polimorfizms, paramagnetizms, zogier-

Ti liTonis (Fe, Ni, Co, Gd, Er, Tu, Ho) feromagnetizms, kristalebSi SeWidulo-

bis did Zalebs, sublimaciisa da dnobis maRal temperaturas, dabal eleqtro-

gamtarobas, midrekilebas karbidebis warmoqmnisadmi (am SemTxvevaSi naxSir-

badis atomis mier gacemuli savalento eleqtroni 3d Sres avsebs) da a.S. 

karbidebis warmoqmnisadmi midrekileba, karbidebis mdgradoba, maTi sisale da 

warmoqmnis temperatura miT ufro maRalia, rac ufro metia eleqtronuli or-

bitis Seuvseblobis xarisxi. 

atomis eleqtronuli mdgomareoba kidev ori – orbitaluri magnituri mℓ 

da spinuri ms kvanturi ricxvebiT ganisazRvreba. 
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orbitaluri magnituri kvanturi ricxvi axasiaTebs elifsuri orbitis 

orientacias da kuTri momentis komponentebs garkveuli mimarTulebiT. igi war-

moadgens eleqtronis moZraobis raodenobrivi momentis (brunvis impulsi an 

kuTxuri momenti) proeqciis zomas metad susti, gare magnituri velis mimarTu-

lebiT. orbitalurma magniturma kvanturma ricxvma SeiZleba miiRos nebismieri 

mniSvneloba +ℓ-dan –ℓ-mde nulis CaTvliT da zRudavs orbitebis ricxvs s, p, d 

da f qvegarsebSi. 

atomgulis garSemo eleqtronis brunva wriul densda masTan dakavSire-

bul magnitur moments warmoqmnis. amitom eleqtrons, miuxedavad misi orbita-

luri moZraobisa, sakuTari kuTri momentic aqvs, romelsac spinur moments, an 

ubralod, spins uwodeben. bolodroindeli mosazrebis Tanaxmad, spini SeiZ-

leba ganvixiloT, rogorc eleqtronis raRac fundamenturi Tviseba, romlis 

srulyofili axsna, sxva movlenebze dayrdnobiT, Tanamedrove codnis doneze 

SeuZlebelia. 

meoTxe, spinuri kvanturi ricxvi swored eleqtronis spinis mimarTu-

lebasTan aris dakavSirebuli, romlis gansazRvra aseve magnituri velis arse-

bobasmoiTxovs.amdenad,spinuri kvanturi ricxvi magnituri momentis kompo-

nentswarmoadgens, romelic eleqtronis mbrunavi magnituri momentiT – 

spiniTaRiZvreba.igi mxolod or mniSvnelobasRebulobs _ms=±1/2. 

maSasadame,yoveli orbita, romelic ℓ, mℓ  damskvanturi ricxvebiT ganisazRvreba, 

SeiZleba Seicavdes or eleqtrns urTierTsapirispiro spinebiT _ms=+1/2 dams= -

1/2. 

yoveli eleqtronuli mdgomareoba garkveul energiasTan aris dakavSire-

buli, amitom atomis sruli energia orbitaluriZ eleqtronebis energiebis 

SejamebiT unda ganisazRvrebodes. Tumca, rogorc zemoT iyo aRniSnuli, yvela 

eleqtronma ar SeiZleba daikavos umciresi energetikuli mdgomareoba. paulis 

akrZalvis principis Tanaxmad, mocemul energetikul mdgomareobaSi, romelic 

n, ℓ, mℓ  damsoTxi kvanturi ricxviT ganisazRvreba, ar SeiZleba arsebobdes 

erTze meti eleqtroni. amitom nebismieri elementis atomSi Z eleqtronebi 

iseTnairad gadanawildebanebadarTul mdgomareobaSi, rom atomis saerTo 

energia minimaluri aRmoCndes. 
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sxvadasxva elementis eleqtronuli struqturis gaanalizebis Sedegad mi-

vdivarT im daskvnamde, rom swored mTavar garssa da qvegarsebSi eleqtronebis 

kvanturi kanonebiT ganawileba ganapirobebs sayovelTaod cnobili valentobis 

da Tvisebebis perioduli cvlilebebis xasiaTs atomuri nomrebis Tanmimdevru-

li matebis Sesabamisad, romelic mendeleevis periodul sistemaSia Sejame-

buli. 

 

1.2. atomTa Soris kavSiri kristalebSi 

kristalSi elementarul nawilakebs Soris kavSiris tipi urTierTqmedebaSi 

myofi atomebis eleqtronul agebulebazeadamokidebuli. elementaruli 

nawilakebi erTmaneTs garkveul manZilze uaxlovdeba, rac kristals ga-

zrdil Termodinamikur stabilurobas aniWebs. nawilakebs Soris manZils im 

moqmedi Zalebis buneba da sidide gansazRvravs, romlebic ionebs, atomebsa 

Tu molekulebs kristaluri gisosis kvanZebSi akaveben. mizidvis Zalebi 

eleqtronebisa da dadebiTad damuxtuli atomis birTvebTan urTierTqmede-

bis Sedegad aRiZvreba, xolo ganzidvisa – dadebiTad damuxtuli mezobeli 

atomgulebis urTierTqmedebiT garkveul manZilze maTi miaxloebisas. 

atomebis miaxloebasTan erTad ganzidvis Zalebi sul ufro meti intensivo-

biT izrdeba mizidvis ZalebTan SedarebiT (sur. 1.6). Zalebis gawonasworeba 

elementaruli nawilakebis raRac d0 manZilze miaxloebisas xorcieldeba, 

romelsac energiis minimumi Seesabameba da kristali Termodinamikulad sta-

bilur mdgomareobaSi gadadis. mas bmis energias (Ebm) uwodeben. swored bmis 

energia gansazRvravs iseT fizikur Tvisebebs, rogoricaa dnobisa da aorTq-

lebis temperatura, drekadobis moduli, xazobrivi gafarToebis koeficien-

ti da a.S. 

liTonebSi atomebi imdenad axlo manZilzea ganlagebuli, rom erTmane-

Tis eleqtromagnituri velis Zlier zemoqmedebas ganicdian,rac maTi energe-

tikuli mdgomareobis Secvlas iwvevs – qvedoneebi ixliCeba da energetikul zo-

nebad gardaiqmneba (sur. 1.7). energetikuli zonebis gadafarva savalentoeleqt-

ronebis mimocvlisa da gaerTianebis SesaZleblobas iZleva. savalento zonebis 
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eleqtronebiT Sevsebis xarisxs eleqtruli da Tburi Tvisebebi gansazRvravs. 

myar sxeulebSi nawilakebs Soris kavSiri eleqtruli xasiaTisaa, mag-

ram igi sxvadasxva kristalSi sxvadasxvagvarad mJRavndeba. bmis upiratesi 

xasiaTis mixedviT kristalebi iyofa molekulur, kovalentur, ionur da 

liTonur kristalebad. Tumca aseTi dayofa pirobiTia, radgan zogierT Sem-

TxvevaSi kristalebSi SeiZleba ara erTi, aramed ramdenime tipis bmis Zale-

bimoqmedebdes. 
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1.2.1. molekuluri kavSiri. molekulur kristalebSi atomebs Soris 

kavSiri upiratesad van-der-vaalsis ZalebiT aris ganpirobebuli. aseTi kav-

Siri aRiZvreba nebismier elementarul nawilakebs (ionebs, atomebs,  moleku- 

lebs) Soris, Tumca kristalebis umravlesobisaTvis igi mcire sididisaa 

sxva, ufro mniSvnelovan ZalebTan SedarebiT. miuxedavad amisa, van-der-vaal-

sis Zalebi mniSvnelovan rols TamaSobsmyar mdgomareobaSi inertuli da 

oratomiani airebis struqturis CamoyalibebaSi, agreTve zogierT anizotro-

pul kristalebSi, magaliTad, selenSi, sadac van-der-vaalsis kavSirebi ga-

rkveul kristalografiul mimarTulebebSi xorcieldeba.  

inertuli airis kristalebSi van-der-vaalsis kavSiri erTaderTia da, 

amdenad, swored igi gansazRvravs kristalebis struqturasa da Tvisebebs. 

inertuli airis atomebs eleqtronuli doneebi Sevsebuli aqvT, amitom ato-

mebis miaxloebisas eleqtronebis mimocvla SeuZlebelia. aseT SemTxvevaSi 

atomTa Soris mizidvis Zalebis aRZvras atomebis myisier polarizacias 

ukavSireben (sur. 1.8). 

     analogiuri Zalebi moqmedebs ga-

jerebuli eleqtronuli kavSirebis 

mqone oratomiani airebis (H2, N2, Cl2) 

kristalebSi, romlebic metad dabal 

temperaturazeda didi wnevis piro-

bebSiSeiZlebaarsebobdnen, xolo J2, 

H2O, CO2, agreTve CH4 da sxva organu-

li nivTierebebis kristalebSi _ nor-

malur pirobebSi. 

      van-der-vaalsis Zalebis wvlili gisosis u energiaSi ganisazRvreba 

tolobiT: 

u=3ℎ��-
����∝	

���       (1.6) 

sadac��aris ori atomis an molekulis rxevis sixSre; 

 _ mudmiva, romelic polarizaciasTan aris dakavSirebuli; 

ℎ _ plankis mudmiva; 
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� _ atomebs Soris manZili. 

moyvanil gamosaxulebaSi pirveli wevri izolirebuli atomebis  ener- 

gias warmoadgens, xolo  meore _ axasiaTebs mezobel atomebs Soris  urTi- 

erTqmedebis energias kristalSi. tolobidan gamomdinareobs, rom van-der-va- 

alsis Zalebi metad swrafad mcirdeba atomTa Soris manZilis gazrdiT, rac 

mis sakmaod did sisusteze miuTiTebs. kavSirebis energiis tipuri mniSvne-

loba 0,2 ev-is rigisaa da igi, Cveulebriv, neitralur atomebsa da moleku-

lebs Sorisrealizdeba. 

radgan van-der-vaalsis kavSirebis warmoqmnisas eleqtronebis mimocv-

la an eleqtronul airSi maTigaerTianebaar mimdinareobs, Camoyalibebuli 

molekuluri kristalebis struqtura ZiriTadad geometriuli faqtorebiT 

ganisazRvreba. aRZruli Zalebi ar aris mimarTulebiTi, radgan myisieri 

dipoli yovel mezobel atomSi warmoiqmneba, amitom kristalur gisosSi 

atomebis mWidrod ganlagebis tendenciamJRavndeba. inertuli airebis kris-

taluri gisosis tipur formas waxnagdacentrebuli kubi warmoadgens. 

amgvarad, van-der-vaalsis kavSiris Zalebi metad sustia, amitom mole-

kuluri kristalebi dabali dnobisa da aorTqlebis temperaturiTxasiaT-

deba da mravali maTgani normalur pirobebSi airad mdgomareobaSia. aseTi 

kristalebi dieleqtrikebs warmoadgenen. amasTan, maTi eleqtruli Tvisebebi 

calkeuli atomebis an molekulebis TvisebebiT ganisazRvreba da umniSvne-

lod icvleba myari mdgomareobidan Txevad an airad mdgomareobaSi gadasv-

lis dros. 

 

1.2.2. kovalenturi kavSiri.kovalenturi kavSiri xorcieldeba erTi da 

igive an ramdenime qimiur elements Soris, romlis gare garsis eleqtrone-

biT Sevsebis xarisxi naxevari an naxevarze ramdenadme metia.  

kovalenturi kavSiri ganixileba, rogorc ori atomis eleqtronebis 

mimocvliTi urTierTqmedeba, romlis Sedegadac rezonansuli efeqtiaRiZv-

reba, anu eleqtronebi nawilobriv orive atomis kuTvnileba xdeba, magram 

arc erT maTganze mibmuliar aris. kovalenturi kavSirebis ricxvi, romelic 

SeiZleba mocemulma atomma mezobel atomebTan ganaxorcielos, im ele-
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qtronebis ricxvis tolia, romelic (ns+np) Seuvsebeli eleqtronuli qvegar-

sebis gajerebisaTvisaris aucilebeli. aqedan gamomdinare, atomebis ricxvs,  

romelTa Sorisac eleqtronebis mimocvlamimdinareobs, elementebis valento- 

ba gansazRvravs da gamoiTvleba damokidebulebiT (8_N), sadac Naris elementis 

valentoba. 

amgvarad, kovalenturi kavSiris ganxorcielebisas, mezobeli atomebis 

gare Sris eleqtronebi erTiandeba da warmoqmnis eleqtronebis wyvils urTi-

erTsapirispiro mimarTulebis magnituri momentebiT. magaliTad, wyalbadis mo-

lekulis SemTxvevaSi kovalenturi bma ori urTierTsapirispiro spinis mqone 

eleqtroniT xorcieldeba(sur. 1.9, a). molekulis orive eleqtroni wyalbadis 

orive atomsekuTvnis da mudmivad `qanaobs~ erTi atomidan meoreze, ra drosac 

warmoiqmneba mimocvliTi kovalenturi Zalebi. maSasadame, Cndeba imis tendencia, 

rom orive urTierTmoqmedi atomis garsi gajerdes eleqtronebiT. 

      SedarebiT ufro rTulia kovalenturi 

kavSiri mravaleleqtronian atomebSi, Tumca 

xarisxobrivad suraTi iseTivea, rogoric 

zemoT ganvixileT. magaliTad almasSi, ro-

melic 1s22s22p2 eleqtronuli konfiguraciis 

mqone naxSirbadis atomebisganSedgeba,me-

zobel atomebs Soris kovalenturi kavSiri 

im savalento eleqtronebis wyvilebiTxor-

cieldeba, romlebic maT saerTo SemakavSirebel orbitazeaganTavsebuli. amde-

nad, bma oTx mezobel atoms Soris oTxi mimarTulebiT oTxi savalento eleqt-

roniT xorcieldeba (sur. 1.9, b).  

grafitis rTul heqsagonur gisosSi (sur. 1.10) fuZis sibrtyeebSi sam 

atoms Soris moqmedebs bmis kovalenturi Zalebi, xolo fuZeebs Soris kavSiri 

ganxorcielebulia susti van-der-vaalsis ZalebiT.  amitom grafitis deforma-

ciis dros, upirveles yovlisa, fuZeebs Soris susti kavSiriwydeba, riTac Se-

iZleba aixsnas grafitis dabali sisale. xazobrivi gafarToebis koeficienti 

mniSvnelovnad  maRalia van-der-vaalsis Zalebis moqmedebis mimarTulebiT. 
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upiratesad kovalenturi kavSiri myardeba 

sxvadasxva bunebis atomebs Soris iseT qimiur na-

erTebSi, rogoricaa karbidebi (Fe3C, SiC) da nitridSi 

(AlN).  

kovalenturi kavSiris simtkice savalento 

eleqtronebis orbitis gadafarvis xarisxzeadamo-

kidebuli. gadafarvis xarisxis gazrdiT izrdeba 

kavSirebis simtkicec. amitom kovalenturi kristale-

bis Tvisebebi SeZleba erTmaneTisgan Zlier gansxvav-

debodes. maTTvis damaxasiaTebelia maRali simyife da mTel rig SemTxvevebSi 

metad maRali sisale (almasi, karbidebi, nitridebi). 

       mimarTulebiTi atomTSorisi kavSiri ganapirobebs atomebis arakompaqtur 

ganlagebas gisosSi, ris Sedegadac warmoiqmneba struqturebi mcire sakoordi-

nacio ricxviT. magaliTad, almasis kristaluri gisosis sakoordinacio ricx-

via 4, xolo kompaqturobis koeficienti mxolod 0,34 (34%). bmis maRali energia 

dnobisa da aorTqlebis aseve maRal temperaturas ganapirobebs (almasisaTvis 

dnobis temperatura Seadgens 50000C). 

kovalentur kristalebs warmoqmnis perioduli sistemis IV, V, VI da 

VII jgufis B qvejgufis elementebi (C, Si, Ge, Sn, Pb, As, Bi, Se, Te da a.S).  

 

1.2.3. ionuri kavSiri.ionuri kavSiri xorcieldeba sxvadasxva valentobis 

elementebs Soris. atomebis (ionebis) sakmao manZilze miaxloebisasmaTi eleqt-

ronuli garsebi modis urTierTSexebaSi, magram, paulis principis Tanaxmad, ar 

xdeba maTi urTierTSeRweva (mxolod erTma eleqtronma SeiZleba daikavos mo-

cemuli mdgomareoba). eleqtrodadebiTi elementi kargavs savalento eleqtrons 

da dadebiT ionad gadaiqceva, xolo eleqtrouaryofiTi _ ierTebs am eleqt-

rons da savalento zonas mdgrad konfiguraciamde (rogoric inertul airebs 

aqvT)avsebs, anu mimdinareobs eleqtronebis gadanawileba. amgvarad, ionuri 

kavSiri xorcieldeba dadebiTad da uaryofiTad damuxtul ionebs Soris ele-

qtrostatikuri mizidvis ZalebiT.  
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ionuri kavSiri mraval araorganul dieleqtriksaxasiaTebs, rogoricaa, 

magaliTad, Al2O3.am jgufis tipuri warmomadgenelia NaCl, romlis ionebs So-

riskavSiris modeli 1.11suraTzea warmodgenili. qloris uaryofiTad damuxtu-

li ioni Tavis garSemo ara marto `sakuTar~, mxolod erT Na+–is ions izidavs, 

aramed sxva ionebsac. amdenad, nebismieri ionis maxloblobaSi aRmoCndeba ara 

marto sawinaaRmdego niSnis mqone erTi ioni, 

aramed ramdenime. faqtobrivad qloris 

yoveli ioni garSemortymuliaRmoCndeba 

natriumis eqvsi ioniT, xolo natriumuis yo-

veli ioni – qloris aseve eqvsi ioniT. aseTi 

mowesrigebuli ganlagebis kristals ionur 

kristals uwodeben.  

araliTonuri ionis radiusi liTo-

nuri ionis radiusze metia, amitom liTonis 

ionebi avsebs forebs araliTonuri ionebis 

mier Camoyalibebul kristalur gisosSi. 

ionuri kavSiris simtkice, anu bmis energia, muxtis sidideze, ionebis zo-

mebze da sivrceSi maT urTierTganlagebazeadamokidebuli. rac ufro mcirea 

ionebis zomebi da rac ufro mWidrod arian isini erTmaneTis mimarT sivrceSi 

ganlagebuli, miT ufro metia bmis energia.   

      ionuri kristalebi TiTqmis yovelTvis gazrdili simyifiT gamoirCeva da 

advilad ipoba garkveul kristalografiul sibrtyeebze. savalento eleqtro-

nebi mtkiced arian dakavSirebuli atomis birTvTan. ionebis erTi Sris daZvra 

meoris mimarT erTnairi muxtis mqone ionebis miaxloebasganapirobebs (sur. 1.12), 

rac maT Zlier urTierTukugdebas da kristalis ngrevasiwvevs. 

radgan ionuri kristalebis savalento zonebi srulad aris Sevsebuli 

eleqtronebiT, myar mdgomareobaSi isini naxevrad gamtaruli an dieleqtrikuli  

TvisebebiT xasiaTdebian. Txevad mdgomaeobaSi ionuri kristalebi ionur gamta-

rebs warmoadgens. 
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1.2.4.liTonuri kavSiri. liTonebSi kavSiri erTi da igive an ramdenime 

elementis atomebs Sorisxorcieldeba, romelTa gare eleqtronuli Sre na-

xevramde ar aris Sevsebuli.myar mdgomareobaSi liTonis atomebi imdenad 

axlos arian erTmaneTTan ganlagebuli, rom xdeba gare eleqtronuli orbi-

tebis urTierTgadafarva, ra drosac warmoiqmneba saerTo zona Tavisufali 

qvedoneebiT (sur. 1.13). Sedegad, airis atomebis msgavsad, savalento eleqt-

ronebiadvilad scildeba sakuTar atoms, Tavisuflad moZraobsatomidan 

atomze aRniSnuli saerTo zonis farglebSi da yoveli maTganisaTvis saer-

Toni, koleqtiuri xdebian, anu mimdinareobs savalento eleqtronebis gaer-

Tianeba kristalis mTel moculobaSi (aqedan warmoiSva liTonmcodneobaSi 

farTod gavrcelebuli terminebi `eleqtronuli Rrubeli~, `eleqtronuli 

airi~). 

Tu ar arsebobs gare zemoqmedeba, eleqtrostatikuri Zalebis zegavle-

niT, uaryofiTi muxtis matarebeli nawilakebi erTmaneTs ukuagdebs, ris Se-

degadac  Tavisufali eleqtronebisganawileba kristalis mTel moculoba--

Si statistikurad erTgvarovania.eleqtronebi `amWidroebs~ dadebiT io-

nebs,romlebic, Tavis mxriv, erTmaneTisgan ganizideba garkveul manZilzemaTi 

miaxloebis Semdeg. ionebi kanonzomierad lagdeba sivrceSi erTmaneTis mimarT 

ise, rom mizidvisa  da ganzidvis Zalebi gawonasworebulia (sur. 1.14).atomTa 

SorisaseT kavSirs liTonursuwodeben. 

      amgvarad, liTonuri kavSiri warmoiqmneba dadebiTad damuxtuli ionebis-

gan formirebul kristalur gisossa da maT irgvliv garSemortymul `Ta-

visufal~eleqtronebs Soris aRZruli mizidvis ZalebiT. kristalSi elemen- 
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taruli nawilakebis aseTi urTierTganla-

gebis xasiaTi maqsimalur Termodinamikur 

stabilurobasuzrunvelyofs. 

liTonuri struqturebisaTvis dama-

xasiaTebelia atomebs Soris SedarebiT 

gazrdili manZili da uaxloesi mezobeli 

atomebis didi raodenoba. sxva tipis kav-

Sirebisgan gansxvavebiT, liTonuri kavSi-

ri ar aris mimarTulebiTi, amitom yoveli atomi cdilobs miizidos mezobe-

li atomebis rac SeiZleba meti raodenoba. amis pirdapiri Sedegia liTonebis 

kristaluri struqturis maRali sakoordinacio ricxvi da kompaqturoba. 

liTonebis umravlesobaSi aseTi tipis kavSiris ganxorcielebaSi yoveli 

atomis TiTo eleqtronimonawileobs. maRali sakoordinacio ricxviT xasi-

aTdeba sivrciT dacentrebuli kuburi da mWidro heqsagonuri gisosebi. 

mWidro heqsagonuri gisosi mraval liTons aqvs, magram periodebis Sefarde-

ba    !⁄ =1,633, romelic atomebis sferul simetriasSeesabameba, mxolod Mg da 

Co gaaCnia. c/ ! =1,633 Tanafardobidan gadaxras aRniSnul kristalebSi kova-

lenturi kavSrebis wilis arsebobiTxsnian, rac atomebis arasferul simet-

rias  (atomebis wagrZelebas, gawelvas)  iwvevs.  Tu  kristalSi arasferuli  
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atomebis wagrZelebis mimarTuleba z RerZis Tanxvedrilia, Tanafardoba c/! 
aRemateba 1,633_s da piriqiT, Tu TanxvedraSia mcire RerZi - c/! Tanafardoba 

mcirea 1,633_ze. 

liTonis yoveli atomi mravali tipis kavSirSia CarTuli. Sesabamis ora-

tomian molekulasTan SedarebiT liTonebSi atomTa Soris manZili gazrdilia, 

rac imis maCvenebelia, rom kavSiris yovel tipze mosuli energia sakmaod mci-

rea. ase magaliTad, Li-Li kristalSi atomebs Soris manZili Seadgens 3,04Å maSin, 

rodesac kovalenturi bmis sigrZe Li2molekulaSi 2,67Å-ia. miuxedavad amisa, kris-

talSi bmis sruli energia ufro metia, vidre molekulaSi, radgan liTonur 

kristalSi realizebulia SedarebiT susti, magram mniSvnelovnad ufro meti 

kavSirebi. magaliTad, Li2molekulaSi erT atomze mosuli bmis energia 0,6 ev-dan 

1,8 ev-mde izrdeba liTonuri liTiumisaTvis. 

zogierTi elementi xasiaTdeba kavSirebis Sereuli tipiT. magaliTad, bis-

mutis, selenisa da dariSxanis atomebi rigSi erTiandebian kovalenturi kavSi-

riT, xolo rigebs Soris ganxorcielebulia liTonuri tipis kavSiri. amitom 

aseTi elementebi naklebad gamoxatuli liTonuri TvisebebiT xasiaTdeba. 

 

1.2.5. liTonuri kavSiriT ganpirobebuli zogierTi fizikuri Tvi-

seba.liTonuri kavSiris ganxilvidan gamomdinare, liTonis mdgradoba, ro-

melic gulisxmobs ionur-eleqtronul sistemas, dadebiTad damuxtul io-

nebsa da koleqtivizirebul eleqtronebs Soris urTierTqmedebiT ganisa-

zRvreba. swored ionur ConCxedsa da eleqtronul airs Soris aseT urTierT-

qmedebas uwodeben liTonur kavSirs. amdenad, cneba `liToni~ atomebis iseT 

agregats gansazRvravs, sadac eleqtronebi Tavisuflad SeiZleba gadaad-

gildebodes Tundac metad mcire eleqtruli velis modebis Sedegad. aseTi 

eleqtronebis ricxvi atomebis ricxvis Tanazomadia. liTonuri  mdgo-

mareo.bis cnebis aseTi Sefaseba mis erT-erT yvelaze tipur Tvisebas gamoxa-

tavs, Tumca arsebobs gansxvavebuli SemTxvevebic. magaliTad, germaniumi, 

romelic Cveulebriv temperaturaze naxevrad gamtars warmoadgens, maRal 

temperaturaze liTonur Tvisebebs amJRavnebs. 

liTonebs myar da zogjer Txevad mdgomareobaSic, mTeli rigi damaxa- 
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siaTebeli Tvisebebi gaaCnia:  

a. maRali siTbo da eleqtrogamtaroba. 

liTonebis maRali siTbogamtaroba, upirveles yovlisa, ganpirobebu-

lia Tavisufali eleqtronebis didi ZvradobiT, ufro naklebi xarisxiT – 

ionebis rxeviTi moZraobiT, ris gamoc liTonis mTel masaSi swrafad mimdi-

nareobs temperaturis gaTanabreba. 

maRali eleqtrogamtaroba unda aixsnas aseve Tavisufali eleqtrone-

bis arsebobiT, romlebic advilad gadaadgildeba gisosis potencialur 

velSi. temperaturis gazrdiT izrdeba ionebis (atomebis) rxeviTi moZraoba, 

warmoiqmneba vakansiebi da irRveva potenciuri velis swori perioduloba, 

rac aZnelebs eleqtronebis gadaadgilebis unars. Sedegad mcirdeba liTo-

nis eleqtrogamtaroba.  

piriqiT, dabal temperaturaze mkveTrad mcirdeba ionebis (atomebis) 

rxeviTi moZraoba, rac eleqtrogamtarobis gazrdas ganapirobebs. ufro me-

tic, zogierT liTonSi eleqtronebis airis warmoqmnisa da maTi mowesrige-

buli moZraobis gamo, metad dabal temperaturaze (<20K), eleqtrogamtaroba 

usasrulod izrdeba, rasac zegamtarobis movlenas uwodeben.   

b. eleqtrowinaRobis temperaturuli koeficientis dadebiTi mniSvne-

loba.  

temperaturis gazrdiT sufTa liTonebis eleqtrowinaRobaizrdeba. 

liTonuri mdgomareobis mTavar fizikur kriteriumadmyari tanis Teoria 

swored eleqtrowinaRobis temperaturul cvlilebas(T) miiCnevs: liTonebi-

saTvis, roca T0, 0 maSin, rodesac araliTonebisaTvis, e.i.naxevrad gamta-

rebisa da dieleqtrikebisaTvis  (izolatorebisaTvis) roca T0,. 

zegamtarobiT liTonebis umravlesoba (30) xasiaTdeba. aRniSnul li- 

TonebSi  absoluturi  nulis maxloblobaSi eleqtrowinaRoba naxtomisebu-

rad ecema praqtikulad nulamde. 

g. Termoeleqtruli  emisia.  

Termoeleqtruli emisia aris liTonis unari, amoafrqvios eleqtro-

nebi gaxurebisas. gare eleqtronebis kavSiri atomTan xasiaTdeba ionizaciis 

potencialiT, anu izolirebuli atomidan eleqtronebis mowyvetaze daxar-
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juli muSaobiT. liTonebisaTvis ionizaciis potenciali 4-9 ev-s Seadgens, 

araliTonebisaTvis ki es maxasiaTebeli 10 ev-s aRemateba erTi da igive io-

nizaciis xarisxis (erTi eleqtronis mowyvetis) SemTxvevaSi. aqedanac naT-

lad Cans, rom liTonebSi gare eleqtronebi bevrad ufro sustadaa da-

kavSirebuli atomTan da ufro advilad warmoqmnis eleqtronul airs.  

d. kargi arekvlis unari. 

liTonebi gaumWviri masalebia da axasiaTebs liTonuri bzinvareba, 

rac kargi arekvlis unariT aris ganpirobebuli. 

e. plastikuri deformaciisadmi gazrdili midrekileba. 

maRali plastikuroba aixsneba liTonis atomuri struqturis perio-

dulobiT da liTonuri kavSiris aramimarTulebiTi xasiaTiT (yoveli atomi 

cdilobs TavisTan rac SeiZleba meti mezobeli atomi miizidos). eleqtro-

nuli airi, romliTac atomebia garSemortymuli, ar aris xisti da man SeiZ-

leba Seicvalos rogorc zomebi, ise forma. amitom plastikuri deformaci-

is procesSi (Wedva, glinva, da a.S.), e.i. liTonis erTi moculobis meoris 

mimarT gadaadgilebisas, ionebs (atomebs) Soris kavSiri ar irRveva da de-

formirebuli liToni mTlianobas inarCunebs.  

 

1.3. samganzomilebiani kristaluri sistemebi 

1.3.1. sivrciTi jgufebi. myari tanis Semadgeneli atomebi (nawilakebi) 

sivrceSi iseTi ganlagebisken miiswrafvis, rom maTi urTierTqmedebis ener-

gia minimaluri aRmoCndes. aseT mdgomareobas sivrceSi nawilakebis garkveu-

li wesrigiT ganlageba Seesabameba, romelsac cneba `kristaluri gisosi~ 

axasiaTebs. kristaluri gisosi aris warmosaxviTi sivrciTi bade, romlis 

kvanZebSi ganTavsebuli atomebi (nawilakebi) myar (kristalur) sxeuls war-

moqmnis. msgavsi warmosaxviTi modeli rTuli fizikuri realobis  TvalnaT- 

liv warmodgenisa da gamosakvlevi obieqtis gamartivebuli saxiT  Seswavlis 

SesaZleblobas iZleva. kristaluri mdgomareobis umTavres Taviseburebas 

nivTierebis nawilakebis mowesrigebuli, kanonzomieri ganlageba warmo-

adgens.  1.15  suraTze mocemulia kristaluri gisosis sqema. Tu kristalur  
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gisosskoordinatTa sistemaSi CavwerT, kristalSi uaxloes nawilakebs So-

ris manZiliT da koordinatis RerZebs Soris kuTxeebiT SesaZlebelia nawi-

lakebis urTierTganlagebis xasiaTis dadgena.  

     kristaluri agebulebis Se-

mdgomi SeswavlisaTvis krista-

lur gisosSi SeiZleba gamoiyos 

nawilakebis (atomebis) minimalu-

ri raodenobiT Semofargluli 

moculoba, romlis mravaljeradi 

ganmeorebiT sivrceSi mTeli kri-

stalis agebaa SesaZlebeli (sur. 

1.15). atomebis minimalur komp-

leqss, romelic mocemuli tipis kristalis agebulebas axasiaTebs, elemen-

taruli ujredi ewodeba. sibrtyeebs, romlebic kristaluri gisosis kvan-

Zebzea (atomebzea) gavlebuli, kristalografiul sibrtyeebs uwodeben, xo-

lo gisosis kvanZebze gavlebul wrfeebs – kristalografiul mimarTule-

bebs. 

yvelaze zogad saxes samganzomilebian sivrceSi triklinuri gisosi 

warmoadgens, romlis elementarul ujreds paralelepipedis forma aqvs. pa-

ralelepipedis kuTxeebi gansxvavebulia 900-sgan, xolo yvela wibo sxvada-

sxva sigrZisaa. maTematikurad dadgenilia, rom sivrceSi wertilebis ganla-

gebis mxolod ToTxmeti sxvadasxva SesaZlebloba arsebobs (im pirobis da-

cviT, rom yoveli wertili erTnairi garSemowerilobis unda iyos). aqedan 

gamomdinare, SesaZlebelia arsebobdes braves mxolod ToTxmeti sxvadasxva 

tipis samganzomilebiani kristaluri gisosi. 1.1 cxrilSi warmodgenilia 

monacemebi, ris mixedviTac xdeba gisosebis dayofa Svid kristalografiul 

sistemad (singoniad). 

liTonebSi yvelaze metad sami saxis kristaluri gisosia gavrcelebu- 

li: sivrciT dacentrebuli kubi (sdk, sur. 1.16, a), waxnagdacentrebuli kubi 

(wdk, b) da heqsagonuri prizma. es ukanaskneli SeiZleba iyos rogorc primi- 

tiuli, ise mWidro gisosis mqone (mh,  !⁄ = 1,633, g). naklebad  aris  gavrce- 
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                                                                         cxrili 1.1 
Svidi samganzomilebiani kristaluri sistema da  

braves ToTxmeti gisosi 
 

 
sistema 

sayovelTaod miRebuli                                     
elementaruli ujredis 
daxasiaTeba. zomebi da 

kuTxeebi 

 
Bbraves gisosi mocemul 

sistemaSi 

triklinuri ! ≠ & ≠   
∝≠ ' ≠ ( 

) (primitiuli) 

monoklinuri ! ≠ & ≠   
∝= ( = 90° ≠ ' 

) (primitiuli) 
, (bazisdacentrebuli) 
 

rombuli ! ≠ & ≠   
∝= ' = ( = 90° 

) (primitiuli) 
, (bazisdacentrebuli) 
- (sivrciTdacentrebuli) 
. (waxnagdacentrebuli) 
F 

tetragonuri ! = & ≠   
∝= ' = ( = 90° 

) (primitiuli) 
- (sivrciTdacentrebuli) 
 

kuburi ! = & =   
∝= ' = ( = 90° 

) (primitiuli) 
- (sivrciTdacentrebuli) 
. (waxnagdacentrebuli) 
 

trigonaluri an 
romboedruli 

! = & =   
120° >∝= ' = ( ≠ 90° 

 

1 (romboedruli 
primitiuli) 

Hheqsagonuri ! = & ≠   
∝= ' = 90°, ( = 120° 

) (primitiuli 
romboedruli) 
 

 

lebuli romboedruli, tetragonuri da ufro rTuli gisosebi.  

kristaluri gisosis ZiriTadi parametrebia: gisosis periodi; atomis 

radiusi; sakoordinacio ricxvi; bazisi; kompaqturobis koeficienti; giso-

sis energia; 

gisosis periodi aris elementarul gisosSi or mezobel nawilaks 

(atoms, ions) Soris manZili (!, &,  , sur. 1.15). gisosis periodebi gamoisaxeba 
angstremebSi an nanometrebSi (1nm=10-9sm=10Å). kubur sistemebSi  gisosis  ! pe- 
riodi 0,286-dan 0,607 nm-is zRvrebSi icvleba, heqsagonur sistemebSi  !  icv- 
leba 0,228-dan 0,398 nm, xolo c – 0,357-dan 0,652 nm-is zRvrebSi. 

atomis radiusSi gulisxmoben atomTSorisi manZilis naxevars  norma- 

luri temperaturisa da wnevis pirobebSi. es maxasiaTebeli ar aris mudmivi 

sidide,  aramed mravali  faqtoris zegavleniT icvleba.  maTgan umTavresia 
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sakoordinacio ricxvi da atomTa Soris qimiuri kavSiris tipi kristalSi. 

sakoordinacio ricxvi K miuTiTebs kristalur gisosSi nebismierad 

SerCeuli atomidan uaxloes da Tanabar manZilze dacilebuli atomebis 

ricxvs. 

gisosis bazisi aris erT elementarul ujredze mosuli atomebis ra-

odenoba. qvemoT mocemulia liTonebis ZiriTadi kristaluri gisosebis sa-

koordinacio ricxvisa da bazisis mniSvnelobebi. 

gisosis kompaqturobis koeficienti ganisazRvreba atomebis mier da-

kavebuli  Va  moculobis SefardebiT  gisosis Vg mTel moculobasTan, anu 

=Va/Vg.  ubralo kuburi gisosisaTvis igi Seadgens   0,52;  sivrciT  dacentre- 

buli da waxnagdacentrebuli kubebisaTvis Sesabamisad 0,68 da 0,74. darCeni-

li moculoba forebs warmoqmnis.        

kristaluri gisosis energia im energiiT ganisazRvreba, romelic io-

nebis, atomebis an sxva nawilakebisagan kristalis warmoqmnis procesSi ga-

moiyofa da am nawilakebis sawyisi mdgomareoba airadia. liTonuri kavSiriT 
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                                                     cxrili 1.2 

  liTonebis ZiriTadi kristaluri gisosebis sakoordinacio 

                 ricxvisa da bazisis mniSvnelobebi 

Kkristaluri gisosi aRniSvna sakoordinacio 

ricxvi 

bazisi 

ubralo kuburi k 6 1 

kuburi sivrciTdacentrebuli   sdk 8 2 

kuburi waxnagdacentrebuli     wdk 12 4 

mWidro  heqsagonuri mh 12 4 

 
ganpirobebul kristalis energias gansazRvravs  Tavisufali  eleqtronebis 

potenciuri da kinetikuri energiebi, agreTve im eleqtronebis kinetikuri 

energia, romlebsac dakavebuli aqvT SedarebiT ufro dabali energetikuli 

mdgomareoba. gisosis energia iseT mniSvnelovan fizikur maxasiaTeblebs 

gansazRvravs, rogoricaa dnobis temperatura, drekadobis moduli, sisale, 

simtkice da sxva. atomis valentobis gazrda gisosis energiis zrdas ganapi-

robebs. 

 
1.3.2. kristalografiuli sibrtyeebisa da mimarTulebebis indicire-

ba.sxvadasxva saxis amocanebis gadasawyvetadxSirad aucilebeli xdeba re-

alur samganzomilebian kristalSi romelime kristalografiuli sibrtyis 

an mimarTulebis miTiTeba. am mizniT mileris indeqsebiT sargebloben. 

sibrtyeTa indicirebisaTvis gamosaval sidides im monakveTebis sigrZe-

ebi warmoadgens, romlebsac mocemuli sibrtye TiToeul koordinatTa RerZ-

ze mokveTs. moWrili monakveTebi RerZis gaswvriv gisosis periodebSi izomeba. 

davuSvaT, x, ydaz RerZebze moWrili monakveTebis  sigrZeebia m,  ndap 

Sesabamisad. mileris indeqsebis gamosayvanad saWiroa maTi warmodgena Seb-

runebuli ricxvebiT – 1/m, 1/n da 1/p.umciresi saerTo jeradis moZebnis Sem-

deg wiladebi SeiZleba Semdegi saxiT Caiweros: h/x,  k/x,  l /x, sadach=x/m, 

k=x/nda l =x/p.bunebrivia, h, kda l sidideebi nuls an mTel ricxvebs warmo-

adgenen. saerTo mniSvnels ukuagdeben, xolo mricxvelSi miRebul cifrebs 

mrgval frCxilebSi svamen (h k l ),  rac  swored  mileris  indeqsebs warmoad- 

gens.  
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magaliTis saxiT ganvixiloT ubralo, kuburi gisosis sibrtyeebis in-

dicirebis principi. amisaTvis elementaruli gisosi sivrceSi iseTnirad un-

da gamoixazos, rom koordinatTa sistemis sawyisi wertili gisosis erT-erT 

wveros daemTxves. daStrixuli A sibrtye (sur. 1.17, a) X RerZze mokveTs ku-

bis wibos sigrZis tol monakveTs, xolo Y da Z RerZebis mimarT igi para-

leluria (anu maT usasrulobaSi gadakveTs). amgvarad, moWrili monakveTebi 

toli iqneba: 

m=1; n=, p=. 

maTi Sebrunebuli sidideebi Semdeg mniSvnelobebs miiRebs:  

                          1; (1/)=0; (1/)=0. 

maSasadame, sibrtyis indeqsebia (100).  

analogiuri gamoTvlebiT vRebulobT, rom  B sibrtyis indeqsebia (101), C 

sibrtyisa – (110), xolo D sibrtyisa – (111) (sur. 1.17, b, g, d). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tu  sibrtye koordinatebis erT-erT RerZs uaryofiTi mniSvnelobis 

mxares kveTs, maSin Sesabamisi indeqsic uaryofiTi iqneba. simartivisaTvis 

uaryofiT niSans indeqsis zemoT weren. magaliTad, ( 1 00), an (0 1 0). 
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idealur kristalSi paralelur sibrtyeTa usasrulo raodenoba ar-

sebobs, romlebic koordinatTa RerZebs - ,na . . . ,2a ,a ,a a2 , . . . na  manZi-

lebze kveTen. maT sibrtyeTa ojaxSi aerTianeben da indeqsebs figurul 

frCxilebSi svamen. magaliTad, {100} sibrtyeTa ojaxs miekuTvneba (100), (010), 

(001), ( 1 00), (0 1 0) da (00 1 ) indeqsebis mqone sibrtyeebi. rogorc Cans, igi ku-

bis yvela waxnags moicavs.  

davuSvaT, sibrtyis indeqsebia (223) (sur. 1.18). erTisgan gansxvavebuli 

indeqsebi imaze miuTiTebs, rom aRniSnulma sibrtyem  TiToeul X   da Y Rer- 

Zebze mokveTa 1/2 ! sigrZis monakveTebi (anu ! wibo Sesabamisi koordinatebis 
mimarTulebiT orad gayo), xolo Z RerZze mokveTili monakveTis  sigrZea 

1/3  !  (wibo mocemuli mimarTulebiT sam tol nawilad aris gayofili).  

kristalografiuli sibrtyeebis aRniSvna mileris samniSna indeqsebiT 

SesaZlebeliaagreTve rogorc heqsagonur, ise trigonalur kristalebSic 

ganxorcieldes, Tumca am SemTxvevaSi sibrtyeTa indicirebisaTvis ufro mi- 

zanSewonilia a 1, a 2, a 3DdaA c  veqtorebis  (X1, X2, X3da Z RerZebis) parale-

luri (ℎ456 ) tipis indeqsebis gamoyeneba (sur. 1.19), romelsac miler-braves 

indeqsebs uwodeben. meoTxe indeqsi cZ RerZze CamoWrili monakveTis sigr-

ZesTan aris dakavSirebuli.  

    miler-braves indeqsebis gamoTvla imave xerxiT warmoebs, rogorc mile-

ris indeqsebis SemTxvevaSi ganvixileT. magaliTad, sibrtye, romlis indici-

rebac aris saWiro, X1 RerZs koordinatTa saTavidan 1/2   ! ½manZilze kveTs, 
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X2RerZs – (-1/2 !) manZilze, X3RerZis paraleluria da Z  RerZs kveTs 2c  man-

Zil- 

ze igive wertilidan. Sesabamisad, koordinatTa RerZebze moWrili monakve-

Tebi gisosis periodis erTeulebSi toili  iqneba 1/2, -1/2, ∞, 2. moWrili mo-

nakveTebis Sebrunebuli sidideebi Sesabamisad  aris 2, -2, 0 da 1/2, rac SeiZ-

leba Semdegi saxiT Caiweros:  
�
� , − �

� ,
�
� , 

:
� . aqedan gamomdinare, gansaxil-

veli sibrtyisTvis miler-braves indeqsebi iqneba [44<01]. 
X1, X2 da X3 RerZebs Soris garkveuli geometriuli Tanafardoba arse-

bobs, romlis Tanaxmadac miler-braves mesame indeqsi yovelTvis pirveli 

ori indeqsis jamis tolia Sebrunebuli niSniT. amdenad, radgan miler-bra-

ves mesame indeqsi srulad aris gansazRvruli, rodesac  pirveli ori cno-

bilia, indicirebis procesSi SesaZlebelia mesamis gamotoveba. magaliTad, 

sibtye, romlis indeqsia (21<1<0), SeiZleba Semdegnairadac Caiweros: (21< .0). inde-
qsebs Soris dasmuli wertili mesame indeqss asaxavs. magram rodesac mi-

ler-braves mesame indeqss toveben, sibrtyis indicirebisaTvis mileris 

indeqsebis gamoyenebas aZleven upiratesobas. bunebrivia, aseT SemTxvevaSi ga-

motovebuli iqneba rogorc mesame koordinatTa RerZi, ise masze  mokveTili  

monakveTi. magaliTis saxiT 1.20 suraTze warmodgenilia heqsagonuri prizmis 

waxnagebis indicireba orive sistemiT. 

      nebismieri kristalografiuli mimarTu-

leba, romelic sivrciT gisosSi veqtoriT ai-

saxeba, aseve SeiZleba mileris indeqsebiT 

[ℎ46] gamoisaxos. sawyis wertilad koordinat-

Ta saTavea miRebuli, xolo meore, magaliTad, 

f wertilis (sur. 1.21) koordinatebs gisosis 

periodebis proporciuli ricxvebiT gamosaxa-

ven. kristalografiuli sibrtyeebisa da mi-

marTulebebis indeqsebis erTmaneTisgan gansx-

vavebis mizniT, am ukanasknels kvadratul frCxilebSi svamen. zemoTqmulidan 

gamomdinare, X RerZis mimarTuleba iqneba [100], Y RerZisa [010], xolo Z Rer- 

Zisa – [001]. 
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kristalografiuli mimarTulebebis ojaxis indeqsebs maTi orientaciisagan 

damoukideblad <> frCxilebSi svamen. <111>ojaxi Semdeg mimarTule-

bebsaerTianebs: [111], [ 1 11], [1 1 1], [11

1 ], [ 1 1 1], [1 11 ], [ 1 1 1 ] da [ 111 ]. 

      kristalografiuli mimarTu-

lebebis aRwera miler-braves indeq-

sebiT garkveul siZneleebTanaa da-

kavSirebuli, amitom kristalogra-

fiaSi heqsagonur sistemebSi mimar-

Tulebebis aRwerisaTvis mileris 

indeqsebi farTo gamoyenebas pou-

lobs.  

 

 

1.3.3. liTonebis tipuri struqturebi.elementTa perioduli sistemis 

mixedviT, liTonebis umravlesoba sam ZiriTad kristalur gisosSikristal-

deba: waxnagdacentrebul kubSi (A1
), sivrciT dacentrebul kubSi (A2) da 

mWidro heqsagonurSi (A3) (sur. 1.16).  

kubur waxnagdacentrebul gisosSi (A1) elementaruli ujredis wvero-

Si ganTavsebuli yoveli atomi garSemortymulia Tormeti uaxloesi, Tanab-

rad dacilebuli atomiT, romelTa Soris manZili Seadgens 
=

√� =(0,707 ! ). ! 
elementaruli ujredis wibos sigrZea. sakoordinacio ricxvis gamosaTvle-

lad unda gaviTvaliswinoT, rom kubis nebismier wveroSi ganTavsebuli ato-

mi realurad 8 elementarul ujreds ekuTvnis, xolo waxnagebis centrSi gan-

Tavsebuli atomebi – or elementarul ujreds. aqedan gamomdinare, waxnag-

dacentrebuli kubis sakoordinacio ricxvi K= 
�×@

�  =12. 

meore koordinaciul sferoSi eqvsi atomia ganTavsebuli, Tumca isini  

 
________________ 


simboloebi A1, A2, A3da a.S. miRebulia kristaluri struqturis tipebis saerTaSo-

riso aRniSvnisaTvis 
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erTmaneTisgan mniSvnelovnad ufro didi manZiliT arian daSorebuli, rome-

lic ! parametris tolia.  

amgvarad, waxnagdacentrebuli gisosis sakoordinacio ricxvia 12. 

gansaxilveli struqtura Seicavs ori tipis (kvanZebsSoris) sicarieles, 

romlebSic SeiZleba sxva elementis ufro mcire zomis atomebi ganTavsdes. 

udidesi sicariele kubis centrsa da wiboebis SuaSi mdebareobs (sur. 1.22, 

a). yoveli aseTi sicariele garSemortymulia wdk gisosis eqvsi atomiT, rom-

lebsac adgili ukavia swori oqtaedris wveroebSi. amitom am forebs oqtaed-

ruls uwodeben. austenitSi naxSirbadis SedarebiT ufro mcire zomis ato-

mebs swored oqtaedruli kvanZebsSorisi adgilebi (sicarieleebi) ukavia.  

waxnagdacentrebul kubur gisosSi ufro mcire zomis sicarieebs  tet- 

raedruli forebi qmnis (sur. 1.22, b). aseTi  fora garSemortymulia gisosis  

oTxi atomiT. Tu davuSvebT, rom kuburi waxnagdacentrebuli gisosi agebu-

lia r radiusis mqone erTmaneTTan SexebaSi myofi xisti burTulebisgan,  ma- 

Sin sferos maqsimaluri radiusi, romelic SeiZleba ganTavsdes oqtaedrul 

da tetraedrul sicarieleebSi, Sesabamisad toli aRmoCndeba 0,41 r da 0,225 r-is. 

yvelaze mWidro sibrtyes waxnagdacentrebul kubur struqturaSi (111) si-

brtye warmoadgens, romelSic atomebi ganTavsebulia tolgverda samkuTxe-

dis kuTxeebSi, rogorc es 1.23 suraTzea naCvenebi. yovel aseT sibrtyes mWid-

rod wyobili sami mimarTulebagaaCnia, sadac, unda vigulisxmoT, rom ato- 
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mebi erTmaneTs exeba. 

sivrciT dacentrebuli kubis A2struq-

tura naklebad aris mWidrod wyobili waxnag-

dacentrebul kubTan SedarebiT. atomebi gi-

sosSi ganTavsebulia wveroebSi da elemen-

taruli ujredis centrSi (sur. 1.16, a). yo-

veli atomi garSemortymulia rva uaxloesi 

mezobeli atomiT, romlebic erTmaneTis mi-

marT
=√�

�  (=0,866  ! ) manZiliT arian daSorebuli (sadac! aris kubis wibos si-
grZe). eqvsi sxva mezobeli atomi, romlebic meore koordinaciul sferoSia, 

!  manZiliT aris dacilebuli. amitom marTalia, mocemul struqturaSi sako-

ordinacio ricxvad miRebulia 8, magram zogjer mas (8+6)-iT aRniSnaven. 

sdk struqturaSic ori tipis sicariele arsebobs. yvelaze didi sica-

rieleebi adgils ikavebs elementaruli ujredis waxnagebSi (sur. 1.24, a). 

isini garSemortymulia swori tetraedris wveroebSi ganlagebuli oTxi 

atomiT. SedarebiT mcire zomis sicarieleebs adgili  ukavia  wiboebisa  da  

 

 

 

 

 

 

 

 

 

 

waxnagebis SuaSi. yoveli fora garSemortymuliaeqvs-eqvsi atomiT, romle-

bic arawesieri oqtaedris wveroebSia ganlagebuli (sur. 1.24, b). Tu sdk-is 

struqtura agebulia xisti burTulebisgan, maSin tetraedrul sicarieleSi 

SeiZleba moTavsdes sfero, romlis radiusi  toli  iqneba 0,291 r-is,  xolo  
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oqtaedrulSi – 0,154 r-is.  

amrigad, sferos maqsimaluri diametri, romelic SeiZleba moTavsdes 

kuburi sivrciT dacentrebuli gisosis forebSi, ufro naklebia im sferoe--

bis zomebTan SedarebiT, romelTa ganTavsebac SesaZlebelia ufro mWidro 

wyobis mqone waxnagdacentrebul kubur gisosSi. sainteresoa aRiniSnos, rom 

tetraedrul foraSi 0,291 r-ze meti radiusismqone atomis Canergvam unda ga-

napirobos misi garemomcveli oTxive atomis wanacvleba maSin, rodesac Se-

sabamisad ufro meti zomis atomis Canergva oqtaedrul foraSi mxolod 

ori atomis daZvrasgamoiwvevs elementaruli kuburi gisosis wibos parale-

lurad. Sedegad, aRZruli Zabvis relaqsacia unda ganxorcieldes gisosis 

gafarToebiT mxolod aRniSnuli mimarTulebiT. swored amiT SeiZleba aixs-

nas naxSirbadis atomebis tendencia,  rkinaSi daikavos oqtaedruli kvan-

ZebsSorisi adgilebi. martensitul struqturaSi, sadac naxSirbadis atome-

bi mxolod c RerZis paralelur wiboebze arsebul oqtaedrul sicariele-

ebSi da am RerZis perpendikularuli waxnagebis centrebSia Canergili, sa-

wyisi  rkinis tetragonul damaxinjebasganapirobebs.  

sivrciT dacentrebul kubSi yvelaze mWidrod wyobilia {110} Tormeti 

sibrtye (sur. 1.25). aRniSnul sibrtyeebSi aris ori mimaTuleba, romelTa ga-

swvrivac xisti burTulebi urTierTSexebaSi aRmoCndeba. 

mWidro heqsagonuri gisosi A3iseTna-

irad aris agebuli, rom nebismieri Sris yo-

veli atomi Tanabari manZilebiT dacilebuli 

eqvsi mezobeli atomiT aris garSemortymuli, 

romlebic imave Sres ekuTvnis.damatebiT ki-

dev sami uaxloesi atomi mocemuli Sris ze-

moT da qvemoT mdebareobs (sur. 1.16, g). atome-

bi, romlebic momijnave fenebSia ganTavsebu-

li, mocemuli atomidan ! manZiliT im SemTx-

vevaSiiqnebian dacilebuli, Tu parametrebis Sefardeba  !⁄ = A8 3C (=1,6330). aseT 

struqturas idealur mWidrod wyobils uwodeben da misisakoordina- 
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cio ricxvia 12. 

heqsagonuri struqturis mqone liTonebis umravlesobaSi  !⁄  fardoba 

Zevs 1,56-1,63 intervalSi, anu ramdenadme mcirea idealur mniSvnelobasTan 

SedarebiT. gamonakliss TuTia da kadmiumi warmoadgens, sadac es maxasiaTe-

beli gazrdilia da Sesabamisad udris 1,86 da 1,89-s. es imiT aris ganpirobe-

buli, rom TuTiisa da kadmiumis eleqtronuli Rrubeli ar xasiaTdeba sfe-

ruli simetriiT, aramed gaWimulia c RerZis gaswvriv. am movlenas heqsago-

nur SreebSi ganlagebul atomebs Soris kavSirebis kovalentur mdgenels 

ukavSireben. marTalia, sufTa liTonebSi parametrebs Soris idealuri Se-

fardeba ar aris dafiqsirebuli, magram Senadnobebis zogierT fazaSi igi 

SeiniSneba. 

heqsagonur mWidro gisosSi aseve ori tipis sicariele gvxvdeba (sur. 

1.26).isini swori oqtaedris an tetraedris centrebSi, waxnagdacentrebuli 

kuburi kristaluri gisosis analogiurad arian ganTavsebuli. xisti sfero-

ebis diametri, romelic SesaZlebelia heqsagonuri struqturis oqta-

edrulsicarieleebSimoTavsdes, am SemTxvevaSic 0,41r–is tolia,xolo tet-

raedrulSi _ 0,225r-is. 
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 2. myari xsnarebis struqtura 

 
myari xsnarebi im SemTxvevaSiwarmoiqmneba, rodesac gansxvavebuli ele-

mentebis atomebi, romlebic sxvadasxva TanafardobiT ireva (ixsnebian) 

erTmaneTSi, saerTo kristalur gisosswarmoqmnis. dadgenilia, rom yvela 

liToni da naerTi xasiaTdeba garkveuli xsnadobiT myar mdgomareobaSi, ma-

gram friad sainteresoaxsnadobis xarisxis garkveva sxvadasxva konkretul 

SemTxvevaSi. am TvalsazrisiT did yuradRebas imsaxurebs is faqtorebi, 

romlebic gansazRvravs rogorc myar mdgomareobaSi xsnadobis zRvars, ise 

gansazRvruli myari xsnarebis struqturas. aseTebia, magaliTad, atomebis 

wyobis xasiaTi kristalur gisosSi, defeqtebi, mouwesrigebeli ganawile-

bidan atomebis gadaxra kristalur gisosSi, ganzomilebis faqtori da a.S. 

2.1. myari xsnaris tipebi.myari xsnarebi cvalebadi Sedgenilobis fa-

zebs warmoadgens da principSi SesaZlebelia Sednobili komponentebis ne-

bismieri raodenobidanwarmoiqmnas. simartivis mizniT kursSi umTavresad 

ganxiluli iqneba ormagi (orkomponentiani)Senadnobebi. magaliTad, sufTa 

spilenZis kristalur gisosSi spilenZis atomebis garkveuli raodenoba Tu 

Seicvleba nikelis atomebiT, Canacvlebis myari xsnarimiiReba. im SemTxveva-

Si ki, rodesac komponentebi nebismieri TanafardobiT cvlis erTmaneTs 

gamxsnelis kristalur gisosSi, ganusazRvreli rigis myari xsnarebiwarmo-

iqmneba. 

myar xsnars, romlis arsebobis are ar gamodis mdgomareobis diagra-

mis im ubnidan, romelic sufTa komponents emijneba, gansazRvruls uwodeben. 

bunebrivia, aseTi myari xsnarebi iseTive struqturiTxasiaTdeba, rogoriTac 

Sesabamisi komponentebi, romlis fuZezec isini aris Camoyalibebuli. yvela 

danarCen fazas, romelic sistemaSi warmoiqmneba, Sualedurs uwodeben. 

Sualeduri fazebi liTonTSoris (intermetalur) an valentur naerTebadim 

SemTxvevaSiganixileba, rodesac myar mdgomareobaSixsnadobis ubani steqio-

metruli Sedgenilobis maxloblobaSi, metad mcire ariT aris Semo-

sazRvruli. Sualeduri fazebis struqtura xSirad gansxvavebulia Semadge-

neli komponentebis struqturisagan. 
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Tu myari xsnaris Semadgeneli komponentebis atomis zomebi erTmaneTis- 

gan mniSvnelovnad gansxvavdeba, maSin maTi Sednobis procesSi SesaZlebelia 

erT-erTi maTganis atomebi im sicarieleebSi (kvanZebs Soris) ganTavsdes, 

romelc meore, gamxsneli komponentis gisosSi formirdeba. aseT SemTxvevaSi 

Canergvis myari xsnariCamoyalibdeba. analogiuri xsnarebi liTonebSi 

araliTonuri elementebis, magaliTad, boris, Jangbadis, azotisa da na-

xSirbadis gaxsnisasmiiReba. 

Canacvlebisa da Canergvis myari xsnarebi SeiZleba iyos rogorc mou-

wesrigebeli (kristalur gisosSi atomebis statistikuri ganawilebiT), ise 

nawilobriv an srulad mowesrigebuli. aseT SemTxvevaSi Semadgeneli kompo-

nentebis atomebi garkveuli mowesrigebiT aris erTmaneTis mimarT ganlagebu-

li. srulad mowesrigebul myar xsnarebs xSirad zestruqturuls uwodeben. 

zogierT SemTxvevaSi, Senadnobis Semadgeneli romelime komponentis 

atomebs aqvT miswrafeba, Segrovdnen kristaluri gisosis raRac moculoba-

Si. aseTi Tavmoyris ubnebi SeiZleba ganawilebuli iyos rogorc mouwesri-

geblad, ise garkveuli mowesrigebiT an orientirebulad, ris Sedegadac 

rTuli zestruqturis nairsaxeobamiiReba.  

eqsperimenturi monacemebi, romlebic ZiriTadad rentgenostruqturu-

li analiziT aris miRebuli, safuZvels iZleva davaskvnaT, rom sruli mou-

wesrigebloba (iseve, rogorc idealuri kristaluri agebuleba), albaT bu-

nebaSi ar arsebobs. myari xsnarebi, romlebic Termodinamikur wonasworoba-

Siimyofeba, makroskopuli masStabiT SeiZleba WeSmaritad homogenurad Ca-

iTvalos, Tumca atomur doneze maTi ganxilvisas ar aris gamoricxuli ho-

mogenurobidan gadaxra dafiqsirdes. 

2.1 suraTze warmodgenilia sxvadasxva tipis myari xsnarebis sqemebi. 

 

2.2. faqtorebi, romlebic marTavs myari xsnarebis Camoyalibebis 

process.imisda mixedviT, Tu rogor aris ganlagebuli gaxsnili elementis 

atomebi gamxsnelis kristalur gisosSi, myari xsnari ZiriTadad orgvaria: 

Canacvlebisa da Canergvis. 

Canacvlebis myari xsnari im SemTxvevaSiwarmoiqmneba, rodesacgamxs- 
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nelis gisosSi zogierTi atomi (Senadnobis koncentraciis Sesabamisad) Secv--

lilia gaxsnili elementis atomebiT. Canacvlebis myari xsnari, Tavis mxriv, 

SeiZleba iyos ganusazRvreli da gansazRvruli xsnadobis.  

ganusazRvreli xsnadobis SemTxvevaSi gamxsnelis atomebis nebismieri 

raodenoba SeiZleba Seicvalos gaxsnili elementis atomebiT. aqedan gamom-

dinare, B elementis koncentraciis zrdasTan erTad, gamxsnelis sul ufro 

meti raodenobis atomebi Seicvleba BkomponentisatomebiT, TiTqosda xor-

cieldeba A liTonidan B-Si TandaTanobiTi, mdovre gadasvla. ganusazRvreli 

xsnadobis erT-erTi ZiriTadi piroba imaSi mdgomareobs, rom orive liTons 

unda gaaCndes erTnairi, magaliTad, waxnagdacentrebuli kristaluri struq-

tura. 

ganusazRvreli rigis myari xsnarebis  warmoqmnis  pirobebi  ZiriTadad  
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ium-rozeris mier aris Seswavlili. man Camoayaliba zogadi principebi, rom- 

lebic myar mdgomareobaSi xsnadobis zRvarTan da zogierTi  Sualeduri  fa- 

zis stabilurobasTan aris dakavSirebuli. am principebis Tanaxmad, ZiriTadi 

faqtorebi, romlebic marTaven myari xsnarebis Camoyalibebis pirobebs, aris 

urTierTqmedebaSi myofi elementebis atomTa radiusebs Soris sxvaoba, eleqt-

roqimiur Tvisebebs Soris gansxvaveba da valentoba.  

ium-rozeris wesis formulireba Semdegnairad aris SesaZlebeli: 

1.Tu Senadnobis Semadgeneli komponentebis atomTa zomebs Soris sxvaoba 

aRemateba 14-15%-s, myar mdgomareobaSi xsnadoba SeiZleba SezRuduli aRmoCn-

des.dadgenilia, rom rkinaSi ganusazRvreli rigis myari xsnarebi warmoiqm-

neba im SemTxvevaSi, rodesac atomTa zomebs Soris sxvaoba ar aRemateba 8%-

s, spilenZSi – 10-11%-s.Tu gaxsnili elementis atomis diametri aRniSnuli 

diapazonis zRvars gareTgamodis, ganzomilebis faqtori araxelsayreli aR-

moCndeba da myar mdgomareobaSi xsnadoba Semcirebas daiwyebs elementebis 

atomTa zomebs Soris sxvaobis zrdis proporciulad. aqve aRsaniSnavia, rom 

ium-rozeris 15%-iani sxvaobis wesi ganmsazRvrel rols im SemTxvevaSi Tama-

Sobs, rodesac xsnarTa warmoqmnis procesSi ZiriTad SemzRudav faqtors 

atomTa zomebs Soris sxvaoba warmoadgens. 

2. ganusazRvreli rigis myari xsnarebis warmoqmnis damatebiTi piroba 

imaSi mdgomareobs, rom mocemul sistemaSi ar unda yalibdebodes Sualedu-

ri naerTi, radgan igi zRudavs komponentebis urTierTxsnadobas. aseTi naer-

Tebis warmoqmnis albaTobas komponentebis qimiuri naTesaoba gansazRvravs 

da igi miT ufro maRalia, rac ufro metad aris erT-erTi komponenti ele-

qtrouaryofiTi, xolo meore – eleqtrodadebiTi. myari xsnarebis are viw-

rovdeba Sualeduri fazis stabilurobis gazrdasTan erTad. ganxiluli 

principi cnobilia, rogorc eleqtrouaryofiTi valentobis efeqti. 

3. empiriuli kvleviT naCvenebia, rom SenadnobTa mraval sistemaSi 

erT-erT umTavres faqtors, romelic myar mdgomareobaSi xsnadobis zRvars 

da Sualeduri fazebis mdgradobasgansazRvravs, eleqtronuli koncentra-

cia warmoadgens. miRebulia, rom es parametri elementarul ujredze  mosu- 

li yvela savalento eleqtronis ricxviTgamoisaxos  im  pirobis  dacviT,  
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rom kristaluri gisosis yvela kvanZi dakavebulia atomebiT. eleqtronuli 

koncentracia SeiZleba ganisazRvros agreTve yvela savalento eleqtronis 

SefardebiT atomebis ricxvTan, anu sididiT D !⁄ . 

ium-rozeris mier aseve naCvenebia, rom myar mdgomareobaSi ori elemen-

tis urTierTxsnadoba dakavSirebulia maT valentobasTan. amasTan, dabali 

valentobis elementSi xsnadoba yovelTvis ufro metia, vidre maRali va-

lentobis elementSi. am ganzogadebul Sedegs fardobiTi valentobis 

efeqts uwodeben. warmodgenili debuleba mtkicdeba erTvalentiani liTo-

nebis _ spilenZis, oqrosa da vercxlis Senadnobebis Camoyalibebisas perio-

duli sistemis B qvejgufis elementebTan, romelTa valentoba erTze metia. 

aRniSnuli movlenis arsi dReisaTvis bolomde ar aris axsnili.  

yoveli tipis kristaluri gisosisaTvis damaxasiaTebelia eleqtrone-

bis garkveuli kritikuli koncentracia, ra drosac dgeba xsnadobis zRva-

ri. magaliTad, sivrciT dacentrebuli da waxnagdacentrebuli kuburi kris-

taluri gisosebis mqone erTvalentiani liTonebisaTvis eleqtronebis kri-

tikuli koncentracia Seadgens Sesabamisad 1,48 da 1,36 eleqtrons atomze. es 

imas niSnavs, rom waxnagdacentrebuli gisosis mqone liTonSi ganusazRvre-

lad SeiZleba gaixsnas mxolod isev erTvalentiani liToni, romelic ele-

qtronul koncentracias ar cvlis (koncentracia rCeba erTis toli, e.i. 

zRvrulze naklebi). Tu erTvalentian liTonSi ixsneba orvalentiani liTo-

ni, maSin gaxsnili komponentis raodenobis zrdasTan erTad eleqtronuli 

koncentracia SenadnobSi TandaTan gaizrdeba da rodesac igi mocemuli gi-

sosisaTvis zRvrul mniSvnelobas miaRwevs, dadgeba xsnadobis zRvari. 

fardobiTi valentobis efeqti ar warmoadgens zogad wess. maRali va-

lentobis ori elementis Sednobisas xSirad SeuZlebeli xdeba imis winas-

war ganWvreta, Tu romeli maTganis fuZeze warmoiqmneba ufro farTo aris 

mqone myari xsnari. 

amrigad, Tu xsnadoba arasrulia, igi SeiZleba ganpirobebuli iyos 

ankristaluri gisosebis SeusabamobiT, an atomTa radiusebs Soris 

sxvaobiT, an meore (Sualeduri) fazis warmoqmniT. magaliTad, sistemaSi  

vercxli-spi- 

lenZi (sur. 2.2) orive elements gaaCnia waxnagdacentrebuli kuburi  krista- 
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luri gisosi. spilenZis atomis diametri tolia 2,55Å , xolo vercxlisa – 

2,88 Å. maTi eleqtronuli agebuleba msgavsia  (eleqtronebis ricxvi spilen-

Zis TiToeul energetikul doneze Seadgens 2; 8; 18; 1; xolo vercxlis 

energetikul doneebze – 2; 8; 18; 18; 1). am monacemebis safuZvelze SeiZleba 

davaskvnaT, rom gansazRvruli xsnadobis mizezs am sistemaSi atomis zomebs 

Soris gansxvaveba warmoadgens.  

    aluminisa (wdk, atomis dia-

metri 2,85 Å ) da vercxlis (wdk, 

atomis diametri 2,88  Å ) atomTa 

zomebisa da kristaluri struq-

turebis urTierTSedareba SesaZ-

leblobas iZleva davaskvnaT, 

rom TiTqos am sistemaSi unda 

warmoiqmnas ganusazRvreli ri-

gis myari xsnarebi, Tumca es ase 

ar aris. urTierTSeurevlobis ubnis gaCenis mizezi ori Sualeduri fazis 

CamoyalibebaSimdgomareobs (sur. 2.3). 

 

2.3. myari xsnaris mowesrigeba.sxvadasxvasaxeliani atomebis midre-

kileba, kristalur gisosSi daikavon mkacrad gansazRvruli adgilebi (rac 

zestruqturis warmoqmnas ganapirobebs), mravali myari xsnaris damaxasiaTe-

bel Taviseburebas warmoadgens.mouwesrigebel ganlagebasTan SedarebiT, 

atomebis mowesrigebuli ganlageba ufro dabali Sinagani energiiT xasiaT-

deba. es gansakuTrebiT mkveTrad maSin mJRavndeba, rodesac kristaluri gi-

sosis garkveul kvanZebSi atomebis gadanawileba SedarebiT dabal tempera-

turaze mimdinareobs. am dros entropia, romelic fazis mouwesrigeblobas-

Tan aris dakavSirebuli, ganmsazRvrel rolsnaklebad TamaSobs. srulyofi-

li wesrigis pirobebi, romlis Tanaxmadac erTsaxela ori atomi ar SeiZ-

leba kristalur struqturaSi erTmaneTis mezoblad, uaxloes manZilze gan-

Tavsdes, SeiZleba miRweul iqnasmxolod martivi  gisosis  mqone  srulyo- 
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fil monokristalebSi. amasTan,  

maTi  Sedgeniloba atomebis mkac-

rad gansazRvrul Tanafardobas 

unda pasuxobdes, magaliTad, AB, 

AB2, AB3da a.S. sinamdvileSi sxva-

dasxva saxis defeqtebisa da mar-

cvlis sazRvrebis arseboba praq-

tikulad gamoricxavs aseT SesaZ-

leblobas. garda amisa cnobilia, 

rom mowesrigebuli myari xsnari 

SeiZleba Sedgebodes idealuri 

agebulebis, magram erTmaneTis mimarT dezorientirebuli domenebisagan, rac 

ganapirobebs erTsaxela atomebis uSualo kontaqtebis ricxvis gazrdas 

domenebis sazRvrebSi. mowesrigebul domenebs xSirad antifazurs uwodeben 

da, rogorc wesi, maTi ricxvi sakmaod didia masalis yoveli marcvlis 

farglebSi. 

myari xsnarebis maqsimaluri wesrigidan gadaxris meore mizezi Sed-

genilobis optimaluri steqiometriidan gadaxraSimdgomareobs. rogorc we-

si, es ganapirobebs mowesrigebis temperaturis vardnas da mTeli rigi Tvi-

sebebis cvlilebas, rogoricaa, magaliTad, sisale, eleqtrowinaRoba da a. S. 

sxvadasxvasaxelian atomebs Soris Zlieri urTierTqmedebis SemTxve-

vaSi Tc kritikuli temperatura, romelzedac mimdinareobs mowesrigebuli 

mdgomareobidan mouwesrigebelSi gadasvla, SeiZleba masalis dnobis tem-

peraturaze maRali aRmoCndes. aseT Senadnobebs qimiur naerTebTan msgavseba 

axasiaTebT. Tu urTierTqmedebis xarisxi naklebad intensiuria, maSin mowes-

rigebuli myari xsnari mouwesrigebelSi gadava im SemTxvevaSic ki, rodesac 

misi Sedgeniloba steqiometriul Tanafardobas mkacrad pasuxobs. dabo-

los, Tu momwesrigebeli Zalebi metad umniSvneloa (magaliTad, mcire kon-

centraciis ubnebi gansazRvruli myari xsnarebis warmoqmnisas), maSin Tc 

kritikuli temperatura SeiZleba im temperaturis qvemoTiyos, romelzedac 

SesaZlebelia wonasworobis miRweva drois misaReb monakveTSi. aseT  SemTx- 
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vevaSi SeiZleba iTqvas, rom mouwesrigebeli mdgomareoba aris `gayinuli~. 

miRebulia, rom myari xsnaris mowesrigebuli mdgomareobidan mouwesrige-

belSi gadasayvanad saWiro aqtivaciis energia igive xarisxisaa, rac auci-

lebelia difuziis warmarTvis an civad plastikurad deformirebuli li-

Tonis gamobrunebisaTvis, anu daaxloebiT 1,5-2 ev. 

amrigad, myari xsnaris mowesrigeba im SemTxvevaSimimdinareobs, 

TuSenadnobis Semadgeneli komponentebis atomebis koncentracia tolia, an 

jeradia 13 (iSviaTad 12 an 14) fardobisa. am mniSvnelobebidan mcireodeni 

gadaxra iwvevs myari xsnaris mxolod nawilobriv mowesrigebas. Tu gadaxra 

didia, mowesrigebis procesi saerTod ar mimdinareobs.   

myari xsnaris mowesrigebis erT-erT ZiriTad mizezs sxvadasxvasaxeli-

an atomebs Soris SedarebiT ufro Zlieri urTierTqmedeba warmoadgens,erT-

saxela atomebTan SedarebiT. mowesrigebis Sedegad mcirdeba Camoyalibebu-

li fazis Tavisufali energia. rac ufro Zlieria aseT atomebs Soris ur-

TierTqmedebis Zalebi, miT ufro metia mowesrigebis xarisxi. mowesrigebis 

procesi myar xsnarebSi kristaluri gisosis drekadi damaxinjebis Semci-

rebasiwvevs, romelic misi Semadgeneli komponentebis atomebis zomebs So-

ris sxvaobis gamo warmoiqmneba. rac ufro metia es sxvaoba, miT ufro maRa-

lia mowesrigebis temperatura. 

myari xsnaris mowesrigeba iwyeba kanonzomierad ganlagebuli atome-

bis kritikuli zomis ubnebis CasaxviT. maTi zrda myari xsnaris mouwesri-

gebeli da mowesrigebuli ubnebis gamyof zedapirze atomebis gadasvliTmi-

mdinareobs. procesis siCqare, Cveulebriv, ar aris didi, amitom aucilebe-

lia myari xsnaris mcire siCqariT gaciveba an kurnakovis wertilis qvemoT 

xangrZlivi dayovneba. 

maRali temperaturidan gadidebuli siCqariT gaciveba uzrunvelyofs 

atomebis maRaltemperaturuli mdgomareobis dafiqsirebas oTaxis tempera-

turaze. Tumca arsebobs iseTi sistemebi, sadac mowesrigebis procesi imde-

nad didi siCqariT mimdinareobs, rom SeuZlebelia misi damuxruWeba. aseT 

myar xsnarebs iZleva, magaliTad, Cu-Zn sistemis Senadnobebi. 

mraval myar xsnarSi mowesrigebis procesi SeiZleba kritikuli zomis  
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Canasaxis warmoqmnis gareSec warimarTos. aseT SemTxvevaSi atomebi Tanmim-

devrulad ikaveben kristaluri gisosisgarkveul kvanZebs. procesi sakmaod 

did temperaturul diapazonSi mimdinareobs. 

2.4. zestruqturis tipebi.arCeven ubralo zestruqturas da ze-

struqturas Sori wesrigiT. ubralo zestruqturis elementaruli ujredi  

imdenive atomsSeicavs, ramdensac mouwesrigebeli myari xsnari, xolo ze-

struqtura Sori wesrigiT – ramdenjerme ufro mets, vidre ubralo ze-

struqtura. aqedan gamomdinare, Sori wesrigis zestruqturis elementaluri 

ujredis zomebi mniSvnelovnad aRemateba sawyisi myari xsnaris elementaru-

li ujredis zomebs. 

ormag (orkomponentian) SenadnobebSi ubralo zestruqtura kuburi 

gisosiT im SemTxvevaSiwarmoiqmneba, rodesac misi Sedgeniloba axlos dgas 

steqiometriul proporciasTan A3B, AB anAB3. magaliTis saxiT SeiZleba ga- 

modges waxnagdacentrebuli kuburi gisosis mqone Cu-Au sistemaSi kargad 

cnobili mowesrigebuli myari xsnarebi Cu3Au, CuAu da CuAu3. Cu3Au struqtu-

ra dabal temperaturaze warmoiqmneba (sur. 2.4, a). CuAu  naerTis SemTxve-

vaSi (002) sibrtye monacvleobiT Seicavs an mxolod spilenZis (sur. 2.4, b), an 

mxolod oqros atomebs, ris Sedegadac c RerZis mimarTulebiT xdeba giso-

sis SekumSva. gisosis SekumSvis mizezi, didi albaTobiT, unda iyos aRni-

Snul sibrtyeebze ganTavsebul atomebs Soris mizidvis Zalebi, rac wax-

nagdacentrebuli tetragonuri gisosis Camoyalibebas ganapirobebs periode-

bis SefardebiT c/!=0,92.  
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sivrciT dacentrebuli kuburi struqturis mowesrigeba aseve myari 

xsnaris Sedgenilobazea damokidebuli. AB tipis myari xsnaris mowesrigebi- 

sas, sadac gaxsnili komponentis koncentracia 50 at.%-sSeadgens, kargad 

cnobili CsCl tipis struqturawarmoiqmneba. aseTi struqturis mqone mowes-

rigebuli myari xsnaris magaliTs  TiTberi warmoadgens (sur. 2.5). Tu gaxs-

nili komponentis raodenobaa 25-50 at.%, zogjer SeiZleba sivrciT dacent-

rebuli kuburi gisosis bazaze mTeli rigi mowesrigebuli myari xsnarebis 

struqturebiCamoyalibdes, magaliTad, Fe-Al sistemaSi Fe3Al da FeAl.  

     kuburi struqturebis analogiurad, 

mWidro heqsagonuri gisosis mqone myar 

xsnarebSic xSirad SeiniSneba mowesrigebu-

li zestruqturebis Camoyalibebis SesaZleb-

loba. magaliTad, Mg-Cd sistemaSi maRal 

temperaturaze ganusazRvreli rigis myari 

xsnarebiwarmoiqmneba, dabal temperaturaze 

ki SeiniSneba xsnadobis wyveta mowesri-

gebuli struqturebis Camoyalibebis gamo, romlebic pasuxoben Sedgenilo-

bas MgCd3, MgCd daMg3Cd. amasTan,  MgCd3xasiaTdebadamaxinjebuli mWidro 

heqsagonuri struqturiT, Mg3Cd – mWidro heqsagonuri gisosisT, xolo 

MgCd   mowesrigebul rombul struqturaswarmoqmnis. 

 

2.5. Sori da axlo wesrigi.ZiriTadi piroba, romelic uzrunvelyofs 

garkveuli Sedgenilobis myari xsnaris mowesrigebas imaSi mdgomareobs, rom  

sxvadasxvasaxeliani atomebi erTmaneTs ufro Zlierad unda izidavdes, vid-

re erTsaxeliani atomebi. aqedan gamomdinare, mowesrigebis Semdeg Senadno-

bis Tavisufali energia unda Semcirdes. aRniSnuli piroba SeiZleba gamoi-

saxos sxvadasxvasaxeliani atomebis urTierTqmedebis energiebiT: 

EAB<
:
�(EAA+EBB)           (2.1) 

sadac EAAdaEBB aris erTsaxela atomebis wyvils Soris urTierTqme-

debis, xolo EAB – sxvadasxvasaeliani atomebis wyvils Soris  urTierTqme- 
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debis energiebi. Tu es piroba sruldeba mocemuli steqiometruli propor-

ciis mqone SenadnobisaTvis, maSin SedarebiT dabal temperaturaze struqtu-

ra srulyofilad mowesrigebul mdgomareobaSigadava, anu A da B atomebi 

mkacrad gansazRvrul, davuSvaT,  da  kvanZebsdaikaveben kristalur gi-

sosSi. gaxurebisas energia, romelic sistemas siTbos saxiT miewodeba, xels 

Seuwyobs atomebis migracias, ris Sedegadac zogierTi A atomi meore ato-

mis  kvanZsdaikavebs da piriqiT. saboloo jamSi atomebis ganawileba kris-

talur gisosSi sul ufro mouwesrigebel mdgomareobaSi gadava.   

dabal temperaturaze srulyofili wesrigis SemTxvevaSikvanZis A 

atomebiT da  kvanZisa _ B atomebiTSevsebis maTematikuri albaToba erTis 

toli aRmoCndeba.  

gardaqmna `wesrigi – mouwesrigebloba~ kooperatiul movlenaTa 

ricxvs miekuTvneba. Tburi moZraobis Sedegad rac ufro meti atomi aRmoCn-

deba `ucxo~ kvanZSi, miT ufro naklebi xdeba 2.1 tolobiT gamoTvlil ener-

giebs Soris sxvaoba da miT ufro advilad gadadis  Senadnobi mouwesrige-

bel mdgomareobaSi. saboloo jamSi miiRweva raRac Tc kritikulitempera- 

tura, romlis drosac sxvadasxva kvanZebs Soris raime gansxvaveba sru-

liad ispoba. 

rogorc zemoT iyo aRniSnuli,Cu-Au sistemis  dabaltemperaturuli 

mowva (<3800C) ganapirobebs waxnagdacentrebuli tetragonuri struqturis 

Camoyalibebas, romlis elementaruli ujredis sqema 2.4 suraTzea warmod-

genili. aRniSnuli struqtura, Cveulebriv, cnobilia, rogorc CuAu I. 380-

4100C temperaturul intervalSi warmoiqmneba Sori wesrigis mqone gansxva-

vebuli zestruqtura, romelsac xSirad CuAu II simboloebiT aRniSnaven.  

CuAu II zestruqturawarmoadgens CuAu I-is modifikacias da aqvs rom-

buli struqtura, romlis elementaruli ujredis sqema 2.6 suraTzea war-

modgenili. aRniSnuli struqturis gaWimuli ujredi miiReba CuAu I xuTi 

elementaruli ujredis rigSi Sepirapirebis gziT, grZeli ujredis erT-

erTi waxnagis mimarTulebiT (periodi b). Semdeg kvlav meordeba aseTive 

ujredi, magram igi aRmoCndeba pirvelTan SedarebiT 1/2(! +  ) veqtoris (na-  
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xevari diagonalis) sididiTdaZruli. CuAu II zestruqturaserTganzomile- 

bianSoriwesrigis zestruqturasuwodeben periodiT 5. grZeli antifazebis 

domenebis Sepirapirebis ubnebSi ganzidvis ZalebiaRiZvreba, racgrZeli 

RerZebis mimarTulebiT gisosis mcire, lokalur gazrdas ganapirobebs. 

kuburi struqturis mqone SenadnobebSi Sori wesrigis mravali ze-

struqturaa aRmoCenili, gansakuTrebiT A3B SenadnobebSi. Sori wesrigis ze-

struqtura SeiZleba warmoiqnas agreTve heqsagonuri struqturis mqone Se-

nadnobebSic.  

 

 

 

 

 

 

  

 

 

 

3. Sualeduri fazebi  
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Sualedurs, Cveulebriv, uwodeben yvela axal fazas, romlebic mra-

valkomponentian sistemebSi warmoiqneba. ukanasknel periodSi am terminsim 

fazebis aRsaniSnavadaciyeneben, romlebic mouwesrigebeli myari xsnarebis 

mowesrigebis Sedegad yalibdeba, anu Sori wesrigis mqone zestruqturebisa-

Tvis. Sualedur fazebSi, romelTa kristaluri struqtura gansxvavebulia 

misi warmomqmneli komponentebis, an maT fuZeze Camoyalibebuli myari xsna-

rebis struqturisagan, gazrdil temperaturaze Sori wesrigi SeiZleba ar 

arsebobdes, magram mowesrigebas ganicdides SedarebiT ufro dabal tempe-

raturaze (magaliTad, -TiTberi). umetes SemTxvevaSi Sualeduri fazebi Se-

iZleba garkveuli koncentraciis intervalSi arsebobdes. 

im Sualeduri fazebis aRniSvnisaTvis, romlebic maTi stabilurobis 

mTel temperaturul intervalSi Sor wesrigs inarCunebs, ufro SezRuduli 

termini gamoiyeneba – liTonTSorisi (intermetaluri) naerTebi. es fazebi, 

rogorc wesi, komponentebis garkveuli atomuri Tanafardobis pirobebSi ya-

libdeba da umetes SemTxvevaSi, homogenobis viwro intervaliT xasiaTdeba. 

homogenobis intervali SeiZleba ganpirobebuli iyos an vakansiebis warmoqm-

niT, an myari xsnaris mcireodeni ganwesrigebiT (Sori wesrigis xarisxis 

SemcirebiT). am orive meqanizmma SeiZleba e.w. arasteqiometruli, anu iseTi 

naerTebis warmoqmnaganapirobos, romlebic mdgradobas im koncentraciul 

intervalSicinarCunebs, romelic ar Seesabameba srulad mowesrigebul 

struqturas. magaliTad, θ (CuAl2) warmoadgens Sualedur fazas, romelic ar 

pasuxobs steqiometruli proporciis idealur Tanafardobas – igi warmoad-

gens nawilobriv mouwesrigebel aluminis myar xsnars CuAl2–Si. 

arsebobs sami ZiriTadi faqtori, romelic Senadnobis struqturas 

gansazRvravs. kerZod: atomebis zomebis Tanafardoba, fardobiTi valentoba 

da komponentebis eleqtrouaryofiToba. kidev erT faqtors komponentebis 

kristaluri struqtura warmoadgens, romelic gadamwyvet mniSvnelobas mxo-

lod ganusazRvreli rigis myari xsnarebis warmoqmnis dros Rebulobs. am 

SemTxvevaSi aucilebelia, magram  arasakmarisi  komponentebis  kristaluri  

 

struqturebis identuroba.  
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zomiTi faqtori, rogorc wesi, xasiaTdeba komponentebis atomTa radi-

usebis garkveuli TanafardobiT. dadgenilia, rom Sualeduri fazebis mTe-

li rigi ojaxebis (magaliTad, steqiometriiT AB2) warmoqmna imis gamoa ga-

iolebuli, rom atomebis radiusebis garkveuli Tanafardobis SemTxvevaSi 

kristaluri gisosis sivrcis atomebiT Sevseba yvelaze xelsayrelad mimdi-

nareobs.  

fardobiTi valentobis faqtori komponentebis valentobebis 

sxvaobiTganisazRvreba. miuxedavad imisa, rom lavesis fazebis warmoqmnis 

pirobebsa da mdgradobas umTavresad zomiTi faqtori gansazRvravs, mTel 

rig SemTxvevebSi, aRniSnulTan erTad did rols eleqtronuli 

faqtoricTamaSobs.  

elemetebis eleqtrouaryofiToba gansazRvravs atomebisunars, miiRos 

savalento eleqtronebi. amitom elementebis eleqtrouaryofiToba xarisxob-

rivad Sualeduri fazebis warmoqmnis albaTobasda maTSi ganxorcielebuli 

kavSirebis bunebasaxasiaTebs. Sualedur fazebSi atomebs Soris kavSiris 

bunebas garkveuli xarisxiT sakoordinacio ricxvicganapirobebs. im 

nivTierebebis sakoordinacio ricxvi, romlebic upiratesad kovalenturi an 

ionuri tipis kavSirebiT xasiaTdeba, rvaze naklebia maSin, rodesac li-

TonebSi es maxasiaTebeli Teqvsmetamde SeiZleba iyos. im struqturebSi, 

romlebSic arsebiT rols zomiTi faqtori TamaSobs, sakoordinacio ricxvi 

maqsimaluriunda iyos, xolo atomebs Soris kavSiris xasiaTi – upiratesad 

liTonuri.       

 
3.1. ium-rozeris fazebi _ eleqtronuli naerTebi.eleqtronul naer-

TebSi fazebis struqturas mTlianad eleqtronuli koncentracia  – sava-

lento eleqtronebis Sefardeba atomebis ricxvTan, anu erT atomze mosuli 

eleqtronebis ricxvigansazRvravs. es ricxvi SeiZleba icvlebodes mocemu-

li elementis atomebis CanacvlebiT sxva, gansxvavebuli valentobis mqone 

elementis atomebiT. umravles SemTxvevaSi swored es garemoeba iZleva zo-

gierTi Sualeduri fazis mdgradobis pirobebis axsnissafuZvels. 

eleqtronuli  naerTebi warmoiqmneba Semdegi orijgufis liTonebs  
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Soris: Cu, Ag, Pt, Au, Fe, Co, Ni, Pd da Be, Zn, Cd, Al, Sn, Si. ingliselma  liTonTa 

fizikosma, ium-rozerim daadgina, rom yvela eleqtronul naerTSi daculia 

garkveuli kanonzomiereba saerTo savalento eleqtronebisa da atomTa ri-

cxvis SefardebaSi, romelic tolia 3/2, 21/13 da 7/4. amasTan, yovel Sefarde-

bas garkveuli tipis kristaluri gisosi Seesabameba. kerZod, Sefardeba 3/2 

iZleva sivrciT dacentrebul kubs, e.w.  fazas; Sefardeba 21/13 – rTul 

kubur gisoss 52 atomiT elementarulujredSi, e.w.  fazas, xolo Sefar-

deba 7/4 – heqsagonur gisoss, e.w.  fazas. 

eleqtronuli naerTebi mraval teqnikur SenadnobSimiiReba, rogore-

bicaa, magaliTadCu-Zn, Cu-Sn, Cu-Si, Fe-Alda sxva sistemebi. rogorc wesi, erT 

sistemaSi samive faza warmoiqmneba. Cu-Zn sistemaSi  fazas CuZn qimiuri na-

erTi warmoadgens (savalento eleqtronebis raodenobaa 3 – erTi spilenZis, 

ori – TuTiis, xolo atomTa raodenoba _ 2);  fazas – Cu5Zn8,  fazas ki – 

CuZn3. 

aseTi tipis Sualeduri naerTis magaliTadSeiZleba spilenZ-TuTia 

sistemis sivrciTdacentrebuli kuburi  faza ganvixiloT, romlis krista-

luri struqturis stabiluroba ganpirobebulia eleqtronebis ganlagebiT 

SedarebiT ufro dabal energetikul doneebze. spilenZSi yovel atoms aqvs 

erTi eleqtroni, romelic kristaluri gisosis Camoyalibebisas sakuTar 

atoms scildeba da liTonur kavSirsganapirobebs. Tu eleqtronebis ricxvi 

izrdeba ufro maRali valentobis elementebiT spilenZis atomebis Cana-

cvlebis gamo (magaliTad, TuTiiT 2+, aluminiT 3+, kaliT 4+da a. S), maSin 

erT atomze mosuli eleqtronebis saSualo raodenoba gaizrdeba. rodesac 

es sidide miaRwevs daaxloebiT 1,4 eleqtrons atomze, sivrciT dacentrebu-

li kubi veRar miiRebs Warb eleqtronebs energiis mniSvnelovnad gazrdis 

gareSe. amave dros, rogorc kvlevebiT aris naCvenebi, sivrciT dacentrebul 

kubur struqturas aRmoaCndeba ufro dabali energia maSin, rodesac erT 

atomze mosuli eleqtronebis raodenoba daaxloebiT 1,5 iqneba. cnobilia 

sakmaod bevri sistema, romlebSic eleqtronuli koncentracia Seesabameba 

fardobas 3/2, gaaCniaT sivrciT dacentrebuli struqtura da liTonuri 
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maxasiaTeblebi, radgan maTSi eleqtronebi ar aris individualur atomeb-

Tan kavSirSi. 

analogiuri fazebia dafiqsirebuliagreTve eleqtronebisa  da atome- 

bis ricxvs Soris 21/13 da 7/4 Tanafardobis SemTxvevaSic. am fazebis Tavi-

sebureba imaSi mdgomareobs, rom orive komponentis atomebis WeSmariti Ta-

nafardoba metad farTo zRvrebSi icvleba, Tumca erT atomze mosuli ele-

qtronebis raodenoba mudmivad aris SenarCunebuli.  

3.1. cxrilSi warmodgenilia sistemebi, romlebSic ,  da  fazebi war-

moiqmeba.  

                                                           cxrili 3.1 

eleqtronuli koncentraciis mniSvnelobebi zogierT  
eleqtronul naerTSi 

 
 

sistema 
 

 faza 
 faza  faza  faza 

Sedgeni- 
loba 

Kkoncent- 
racia 

Sedgeni- 
loba 

Kkoncent- 
racia 

Sedgeni- 
loba 

Kkoncent- 
racia 

 

Cu-Zn 

   Cu-Al 

Cu-Ga 

Cu-Si 

Cu-Ge 

Cu-Sn 

Ag-Zn 

Ag-Cd 

Ag-Al 

 

1,38 

1,41 

1,41 

1,42 

1,36 

1,27 

1,38 

1,42 

1,41 

 

CuZn 

Cu3Al 

Cu3Ga 

Cu5Si 

 

Cu5Sn 

AgZn 

AgCd 

Ar3Al 

 

1,48 

1,48 

 

1,49 

 

1,49 

 

1,50 

 

Cu5Zn8 

Cu9Al4 

Cu9Ga4 

 

 

Cu31Sn8 

Ar5Zn8 

 

 

1,58-1,66 

1,63-1,77 

 

 

 

1,60-1,63 

1,58-1,63 

1,59-1,63 

 

 

CuZn3 

 

 

 

Cu3Ge 

Cu3Sn 

 

AgCd3 

Ag5Al3 

 

 

1,78-1,87 

 

 

 

 

1,73-1,75 

1,67-1,90 

1,65-1,82 

1,55-1,80 

 

  
SeniSvna:moyvanili koncentraciebi Seesabameba fazaTa sazRvrebs 

 
 

zemoT warmodgenili savalento eleqtronebisa da atomTa ricxvs So-

ris Tanafardobas, Cveulebriv, ium-rozeris Tanafardobas uwodeben.  

fazebis mdgradoba, romlebic ium-rozeris, an eleqtronuli naerTebis 

saxelwodebiT aris cnobili, ar aris damokidebuli imaze, ukaviaT Tu ara 

atomebs garkveuli mdgomareoba kristalur gisosSi. atomebis ganlageba Se-

iZleba icvlebodes struqturis mdgradobis cvlilebis gareSe. ium-rozeris 

fazebi SesaZlebelia arsebobdes koncentraciis sakmaod mniSvnelovan diapa-
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zonSi, romelic, umetes SemTxvevaSi, ar pasuxobs atomebis martiv urTierT-

Sefardebas.am TvalsazrisiT aseTi fazebi myar xsnarebs warmoadgens. sak-

maod dabal temperaturaze isini SeiZleba mowesrigebul mdgomareobaSiga-

davides.  

3.1. suraTze warmodgenilia im sistemebis gamartivebuli mdgomareobis 

diagramebi, romlebSic  ,  da  tipis struqturis fazebi warmoiqmneba. 

 

 

 

 

 

 

 

 

 

 

 

ium-rozeris klasifikacias miesadageba agreTve perioduli sistemis 

VIII gardamavali jgufis elementebiT Camoyalibebuli zogierTi Sualeduri 

faza (cxrili 3.2). SeniSvnis saxiT unda aRiniSnos, rom gardamaval elements  

 

cxrili 3.2 
 
zogierTi eleqtronuli naerTi, romelic Seicavs 
VIII gardamavalijgufis elementebs 

 
 

 

 

 

 

 

 

 faza 
D !⁄ =3/2 

 faza 
D !⁄ =21/13 

 

CoAl 

NiAl 

NiIn 

PdIn 

 

Mn5Zn21 

Fe5Zn21 

Co5Zn21 

Ni5Zn21 

Ni5Cd21 

Rh5Zn21 

Pd5Zn21 
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nulovani valentobamiewereba, radgan mas ar Seaqvs wvlili Tavisufali ele-

qtronebis koncentraciaSi. amitom aseTi  tipis  naerTebis  eleqtronul 

agebulebaSi ar aris aucilebeli gardamavali liTonebis savalento an gam-

tareblobis eleqtronebis  gaTvaliswineba. 

amrigad, eleqtronul koncentracias mniSvnelovani roli eniWeba ium-

rozeris fazebis stabilurobis gansazRvraSi. aRniSnuli fazis Sedge-

nilobis cvlilebam, erTi saxis atomebis meoriT Secvlis gziT, SeiZleba 

savalento eleqtronebis ricxvsa da atomebis ricxvs Soris Tanafardobis 

cvlilebagamoiwvios, rac, Tavis mxriv, Tavisufali energiis cvlilebasac 

ganapirobebs. NiAl naerTis SemTxvevaSi ( faza, D/! = 3/2), aluminis koncent-

raciis gazrda vakansiebis gaCenasganapirobebsgisosis im kvanZebSi, rom-

lebic nikels unda hqondes dakavebuli. amitom elementarul ujredze mosu-

li eleqtronebis raodenoba mudmivad aris SenarCunebuli, rac aucilebe-

lia mocemuli fazis mdgradobisaTvis. amgvarad yalibdeba defeqturi kris-

taluri gisosi. aseT SemTxvevaSi eleqtronuli koncentraciis asaxva ele-

mentarul ujredze mosuli eleqtronebis ricxviT ukeTesad xsnis movlenis 

fizikur arss, vidre Tanafardoba D/! . marTalia, xSirad elementarul uj-

redze mosuli eleqtronebis ricxvi D/! fardobis analogiuria, magram de-

feqturi gisosebisaTvis aRniSnuli xerxiT eleqtronuli koncentraciis 

asaxva ufro mizanSewonilia imdenad, ramdenadac savalento eleqtronebis 

energia elementarul ujredze mosuli maTi ricxviTganisazRvreba. 

 

3.2. lavesis fazebi.lavesis fazebi aerTianebs monaTesave intermeta-

luri naerTebis did jgufs, romelTa Sedgeniloba aisaxeba formuliT AB2 

da gaaCniaT Semdegi sami tipis struqturidan erT-erTi: MgCu2, MgZn2 an 

MgNi2. MgCu2naerTis gisosi kuburia, xolo MgZn2 da MgNi2 naerTebisa – heq-

sagonuri. intermetaluri naerTebis didi raodenoba magniumis aRniSnuli 

naerTebis izostruqturulia. 3.3. cxrilSi warmodgenilia zemoT aRniSnuli 

naerTebis zogierTi tipi. 

ZiriTadi faqtori, romelic lavesis fazebis warmoqmnas ganapirobebs, 

aris mendeleevis perioduli sistemis praqtikulad nebismier adgilas  gan- 
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                                                          cxrili 3.3. 

 lavesis intermetaluri naerTebis zogierTi magaliTi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tavsebuli komponentebis atomebis zomebs Soris Tanafardoba. amasTan, zog 

naerTSi mocemulma elementma SeiZleba iTamaSos A atomis roli, sxvebSi ki 

_ B atomisa.                                    

sferoebis mWidro wyobis modelidan gamomdinare, lavesis fazebis 

warmosaqmnelad komponentebis atomis diametrebis idealuri Sefardeba 

dA/dB=1,225. Tumca naerTebis umravlesobisaTvis es mniSvneloba 1,1-1,6 zRvreb-

SiTavsdeba. lavesis fazebis homogenobis are, rogorc wesi, umniSvneloa. 

miuxedavad imisa, rom lavesis fazebis warmoqmnasa da mis stabiluro-    

baSi mTavar rols zomiTi faqtori TamaSobs, mTel rig SemTxvevebSi, ara-

nakleb mniSvnelobas eleqtronuli agebuleba TamaSobs. kerZod, eleqtronu-

li koncentracia gansazRvravs, Tu zemoT warmodgenili sami struqturidan 

romeli maTgani Camoyalibdeba fsevdobinarul sistemebSi (MgCu2,MgZn2) 

aluminTan, vercxlTan da siliciumTan.amis ilustracias 3.4 cxrilSi war-

modgenili monacemebi iZleva, sadac magniumis fuZeze sammagi sistemis homo- 

 

struqturis  tipi 

MgCu2 MgZn2 MgNi2 

 

MgCu2 

CuBe2 

CeAl2 

UAl2 

BiAu2 

KBi2 

NaAu2 

CtCo2 

UMn2 

YfCo2 

ZrCr2 

TaCr2 

TiCr2 

ZrCo2 

CdCuZn 

CuTaV 

MgNiZn 

 
MgZn2 

MnBe2 

CaMg2 

NbFe2 

ZrCr2 

ZrOs2 

HfMn2 

TiMn2 

UNi2 

KNa2 

CoCrTa 

CoTaTi 
 

 
MgNi2 

UPt2 

U(Fe,Ni)2 

U(Mn,Ni)2 

CuMg2Zn3 
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cxrili 3.4 
 

eleqtronuli koncentraciiTgamosaxuli  MgCu2, MgNi2da MgZn2 tipis  

struqturis mqone fazebis homogenobis intervalebi sammag magniumis 

SenadnobebSi 

 

 

sistema 

struqturis tipi 

 
MgCu2 

 
MgNi2 

 
MgZn2 

 

MgCu2- MgZn2 

MgCu2-MgAl2 

MgCu2-MgSi2 

MgAr2-MgZn2 

 

1,33-1,75 

1,33-1,73 

1,33-1,71 

1,72-1,75 

 

1,83-1,90 

1,84-1,95 

1,81-1,89 

1,78-1,90 

 

1,98-2,00 

2,03-2,05 

1,81-2,01 

1,98-2,00 

 

eleqtronuli koncentraciis gamoTvlis dros 

miRebuli iyo, rom atomebi xasiaTdeba  Semdegi 

valentobiT: Cu, Ag=1;  Mg, Zn=2;  Al=3;  Si=4  

 

genobis intervali eleqtronuli koncentraciiT MgCu2, MgZn2 da MgNi2 ti-

pis struqturebisaTvisaris mocemuli.   

aRsaniSnavia, rom yovel sistemaSi TiToeuli struqturuli tipisTvis 

eleqtronuli koncentraciis maqsimaluri mniSvnelobebi daaxloebiT Tana-

baria. es saSualebas iZleva vivaraudoT, rom energetikuli zonebis Sesavse-

bad nebadarTuli mdgomareobebis sruliad gansazRvruli ricxviarsebobs. 

eleqtronebis damatebisas axali struqturis Camoyalibebamoxdeba. 

lavesis fazebi warmoadgens ganmamtkicebel intermetalur fazebs 

mxurvalmtkice foladebSi. 

 

3.3. sigma fazebi. -faza rTuli tetragonuri gisosisTxasiaTdeba. igi 

elementarul ujredSi 30 atomsSeicavs da, Cveulebriv, iseT sistemebSi 

warmoiqmneba, romlebic gardamaval liTonebs Seicavs. -fazebis gansakuT-

rebul Taviseburebas homogenobis farTo aris arseboba warmoadgens, Tumca 

maTi mdgradobis temperaturuli da koncentraciuli intervali sxvadasxva 

sistemisaTvis gansxvavebulia (cxrili 3.5, sur. 3.2).  

rogorc 3.2 suraTze naCvenebi diagramebidan gamomdinareobs, -faza 

erT SemTxvevaSi pirveladi  myari xsnaridanwarmoiqmneba (a),  xolo  meore  
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                                                  cxrili 3.5 
 

zogierTi -fazis mdgradobis koncentraciuli 

intervali 

 

 

 

 

 

 

 

 

SemTxvevaSi _ periteqtikuri reaqciiT(b) da igi oTaxis 

temperaturamdeinarCunebs mdgradobas. zogierT sistemaSi ki, rogoricaa, 

magaliTad, Nb-Re, 

dabal temperaturaze igi daSlas ganicdis.  

-fazis elementarul ujredSi 30 atomis gansaTavseblad xuTi araek-

vivalenturi tipis mdgomareobaarsebobs: !, E, ic, id  da.  Tu-fazis gisosSi am 

mdgomareobebSi ganTavsebul atomebs Sesabamisad A, B, C, D da E simboloebiT 

aRvniSnavT, maSin aRmoCndeba, rom ori Aatomi ikavebs ! mdgomareobas, oTxi 

B atomi – E mdgomareobas, rva C atomi – ic mdgomareobas,rva D atomi – id    

mdgomareobas dabolos,  rva E atomi – j  mdgomareobas.  atomebi  

 

sistema 

 

Kkoncentraciuli 

intervali, at% 

 

 

temperatura,  
0C 

 

Cr-Mn 

Cr-Fe 

Cr-Co 

Mn-V 

 

16 - 24 Cr 

43 - 49 Fe 

58,6-63 Cr 

13,4-24,5V 

 

1000 

600 

1200 

1000 



57 

 

 

Sreebad aris ganlagebuli da struqturas 

didimsgavsebaaqvs  mWidro  heqsagonur gisosTan 

(ix. sur. 3.3). Tumca,mWidro heqsagonuri struq-

turis TvalTaxedvidan gamomdinare, zogierTi 

atomi daZrulia bazisis sibrtyeebidan fenebs So-

ris Sualedur mdgomareobaSi, rac atomebis wyo-

bissaerTo gaumjobesebas ganapirobebs.  

      arsebobs raRac gaurkvevloba zemoT aRniSnuli xuTi tipis 

kristalografiul mdgomareobebs Soris, atomebis ganawilebis Tvalsazri-

siT. -fazebis homogenobis farTo areebis arseboba saSualebas iZleva vi-

varaudoT, rom atomebis nawili statistikurad aris ganawilebuli da rom 

zomiTi faqtori mniSvnelovan rols TamaSobs aseTi fazebis warmoqmnaSi. 

Tumca neitronebis difraqciis Seswavlis Sedegebma daadastura zogierT -

fazaSi mowesrigebuli mdgomareoba. 3.6 cxrilSi warmodgenilia xuT 

sxvadasxva kristalografiul sibrtyeSi atomebis ganawilebis Sesaxeb 

monacemebi. 

 

                                                                 cxrili 3.6 

atomebis mowesrigebis xasiaTi zogierT -fazaSi 

Aatomebis 
mdebareoba 

 
Ni-V 

 

 
Fe-V 

 
Fe-Cr 

 
Co-Cr 

 
Mn-Cr 

 
Mn-Mo 

 
Fe-Mo 

 

A 

B 

C 

D 

E 

 

Ni 

Ni 

V 

Ni, V 

V 

 

Fe 

Fe 

V 

Fe, V 

 Fe, V 

 

Fe 

Fe 

Cr 

Fe, Cr 

Cr 

 

Co 

Co 

Cr 

Co, Cr 

Co, Cr 

 

Mn 

Mn 

Mn, Cr 

Mn, Cr 

Mn, Cr 

 

Mn 

Mn 

Mo 

Mn, Mo 

Mn, Mo 

 

Mo 

Fe 

Mo 

Fe 

Mo 

 

Fe-Cr sistemis -fazaSi atomebs Soris manZili 2,28 ÅSeadgens, rac 

mniSvnelovnad mcirea Fe-Fe umokles manZilTan SedarebiT  rkinaSi (2,48 Å) 

an Cr-Cr Soris manZili qromis gisosSi (2,49 Å). aqedan cxadi xdeba, rom aR-

niSnuli fazis warmoqmnisas komponentebis eleqtronuli mdgomareoba arse-

biTad icvleba. amgvarad, -fazebis warmoqmnisa da stabilizaciis procesze  
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rogorc zomiTi, ise eleqtronuli faqtoriaxdensgavlenas. amasTan, erT 

SemTxvevaSi upirates mniSvnelobas pirveli maTgani Rebulobs,  xolo  sxva 

SemTxvevaSi – meore. eqsperimentuli monacemebi adasturebs orive faqtoris  

arsebiT rols sigma fazebis Camoyalibebis procesSi. aqve aRsaniSnavia, rom 

-faza SeiZleba gamoCndes sammag sistemaSi maSin, rodesac igi ar warmoiqm-

neba Semadgeneli komponentebis ormag sistemaSi. zogierTi -fazis stabilu-

robis temperaturuli intervali mcirdeba komponentebis atomebis radiuse-

bis gazrdisas, magram SeiZleba gafarTovdes mesame komponentis damatebiT. 

 

3.4. Canergvis Sualeduri fazebi.mcirekovalenturi radiusis 

mqonearaliTonebma – wyalbadma (0,53 Å), borma (0,80 Å), naxSirbadma (0,77 Å) da 

azotma (0,74 Å) mraval liTonTan da, gansakuTrebiT gardamaval elementeb-

Tan urTierTqmedebisas, SeiZleba rogorc gansazRvruli xsnadobis Canergvis 

myari xsnarebi, ise Sualeduri fazebiwarmoqmnan. naCvenebia, rom Tu gardama-

val liTonebTan SenadnobebSi araliTonisa da liTonis atomuri radiuse-

bis Tanafardoba r/R<0,59, Camoyalibebuli myari xsnarebi an Sualeduri fa-

zebi martivi struqturiT unda xasiaTdebodes. Sualedur fazebSi liTonis 

atomebi M, Cveulebriv, kubur waxnagdacentrebul, kubur sivrciT dacentre-

bul, mWidro heqsagonur an ubralo heqsagonur gisosebs warmoqmnian, xolo 

araliTonis atomebi X liTonis atomebs Soris sicarieleebSi (forebSi) gan-

Tavsdebian. Sedegad warmoiqmneba metad mWidro, axali tipis kristaluri 

gisosi didi sakoordinacio ricxviT, romelic gansxvavebulia ZiriTadi li-

Tonis gisosisagan. 

Canergvis fazebis Sedgeniloba, romlebsac zemoT aRniSnuli erT-er-

Ti ubralo struqtura gaaCnia, xasiaTdeba TanafardobiT, romelic axlos 

dgas steqiometriul proporciasTan M4X, M2X, MXda MX2. Tu atomebis 

radiusebis Tanafardoba aRemateba 0.59_s, ufro rTuli struqturebi war-

moiqmneba, radgan sicarieleebis zomebi arasakmarisi aRmoCndeba araliTonis 

atomebis ganTavsebisaTvis, rac struqturis damaxinjebas ganapirobebs.  

waxnagdacentrebul kubur da mWidro heqsagonur gisosebSi ori xaris- 
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xis sicariele arsebobs – tetraedruli  da oqtaedruli  (ix. qveTavi 1.3.3).  

mocemuli foris sakoordinacio ricxvs centridan Tanabar manZilze ganTav-

sebuli misi garemomcveli sferoebis ricxviwarmoadgens. Tu foras sferos 

saxiT warmovidgenT, maSin misi garemomcveli sferoebis jgufi sakoordina-

cio poliedrs warmoqmnis. tetraedruli forebisaTvis sakoordinacio po-

liedri iqneba tetraedri, xolo oqtaedruli forebisaTvis – oqtaedri. si-

vrciT dacentrebul kubSi, romelic mWidro gisossar miekuTvneba, arsebobs 

eqvsi arawesieri oqtaedruli sicariele, romlebic ganTavsebulia ele-

mentaruli ujredis kubis waxnagebis centrSi, agreTve rva arawesieri tet-

raedruli sicariele. 

titani, cirkoniumi, hafniumi, vanadiumi, niobiumi da tantali MXSedge-

nilobis stabilur karbidebsa da nitridebs iZleva. amasTan, liTonis atome-

bi warmoqmnis waxnagdacentrebul kubur gisoss, xolo ufro mcire naxSir-

badis an azotis atomebi adgils ikavebs yvela oqtaedrul sicarieleSi. Se-

degad warmoiqmneba NaCl-is identuri struqtura, anu erTmaneTSi Cadgmuli 

ori waxnagdacentrebuli kuburi gisosi. 

gamoTqmulia varaudi imis Sesaxeb, rom NaCl tipis struqturis mqone 

fazebSi kavSiri liToni-metaloidi nawilobriv kovalenturia. sisalisa da 

dnobis temperaturis maRali mniSvnelobebi adasturebs am tipis kavSirebis 

arsebobas.  

3.7 cxrilSi warmodgenilia tipuri Canergvis fazebi da maTi dnobis 

temperaturebi. 

 

cxrili 3.7. 

zogierTi Canergvis faza 

naerTi Ddnobis 
temperatura, 0C 

naerTi Ddnobis 
temperatura, 0C 

 

TiC 

TiN 

VC 

ZrC 

ZrN 

 

3150 

2940 

2200 

3530 

2980 

 

NbC 

NbN 

HfC 

TaC 

TaN 

 

3500 

2200 

3900 

3900 

3087 
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Sualeduri Canergvis fazebis kristaluri struqturis bunebidan ga- 

momdinare,homogenobis farTo area mosalodneli. marTlac, monokarbidebi 

SeiZleba farTo koncentraciis intervalSi arsebobdes. am SemTxvevaSi war- 

moiqmneba defeqturi struqturebi, romelSic metaloidis atomebi mouwesri-

geblad ikaveben adgilebs oqtaedrul sicarieleebSi. magaliTad, TiC naer-

Tis homogenobis are vrceldeba TiC0,8-dan TiC-mde. vanadiumis karbidi, ro-

melsac NaCl tipis struqtura aqvs, SenarCunebulia Semadgenlobis zRvrebSi 

VC0,75–dan VC-mde.  

cnobilia agreTve mowesrigebuli Sualeduri Canergvis fazebi, sadac 

metaloidis atomebi adgils mxolod garkveul forebSi ikavebs. magaliTad,-

rkinaSi, romelsac waxnagdacentrebuli kuburi kristaluri gisosiaqvs, 10%-

mde azotiixsneba, romlis atomebi mouwesrigeblad ikavebs adgils 

oqtaedrul forebSi. 5900C-ze aRniSnuli myari xsnari evteqtoidur 

daSlasganicdis  da  fazebis warmoqmniT.  warmoadgens mowesrigebul  

fazas, romlis struqturaSic azotis atomebi sruliad gansazRvrul ad-

gilebs ikavebs oqtaedrul sicarieleebSi. es sicarieleebi elementaruli 

ujredebis centrSimdebareobs, xolo aseT pirobebSi Camoyalibebuli nit-

ridi axlos dgas SedgenilobasTan Fe4N da gamoirCeva homogenobis viwro 

intervaliT. 

Canergili atomebi (C, N, H) ar miekuTvneba an Zlier eleqtrouaryofiT, 

an eleqtrodadebiT elementebs. aqedan gamomdinare, ufro eleqtrodadebiT 

liTonebTan SeiZleba maT Sualeduri fazebiwarmoqmnan, romlebic Tavisi 

bunebiT izolators warmoadgenen (magaliTad, CaC2). xolo im elementebTan, 

romlebic ar miekuTvneba Zlier eleqtrouaryofiT an eleqtrodadebiT ele-

mentebs, SeiZleba warmoqmnan naxevrad gamtaruli Tvisebebis mqone fazebi 

(magaliTad, SiC). 
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4. defeqtebi kristalSi 

 
geometriuli niSnis mixedviT, kristaluri aRnagobis defeqtebs (ara-

srulyofilebebs) wertilovan (nulganzomilebian), xazovan (erTganzomile-

bian), zedapirul (organzomilebian) da moculobiT (samganzomilebian) de-

feqtebadyofen. 

wertilovani defeqtebi metad mcire zomisaa samive ganzomilebaSi. ma-

Ti zomebi nebismieri mimarTulebiT atomis diametersar aRemateba. werti-

lovan defeqtebs miekuTvneba vakansia, kvanZebsSorisi atomi, minarevi atomi 

da maTi kompleqsebi.  

xazovani defeqtebiszomebi atomis diametris rigisaa or ganzomile-

baSi, mesameSi ki maTi sidide mniSvnelovnad metia. igi SeiZleba kristalis 

sigrZis Tanazomadic ki aRmoCndes. xazovan defeqtebs miekuTvneba disloka-

cia, vakansiebisa da kvanZebsSorisi atomebis jaWvi.  

zedapiruli, kerZo SemTxvevaSi brtyeli defeqtebi, mcire zomas mxo-

lod erTi mimarTulebiT inarCuneben. aseTebia marcvlis, blokebisa da ore-

ulebis sazRvrebi, wyobis defeqtebi, domenebis sazRvrebi zestruqturaSi.  

wertilovani, xazovani da zedapiruli defeqtebi mikroskopuls war-

moadgenen minimum erT ganzomilebaSi, sadac maTi ganfeniloba atomuri dia-

metrebiT izomeba. maTgan gansxvavebiT moculobiTi defeqtebi atomur masS-

tabSi makroskopulia – maT samive ganzomilebaSi SedarebiT ufro didi zo-

mebi aqvT. moculobiT defeqtebs forebi, bzarebi da nakawrebimiekuTvneba. 

rodesac liTonuri kristalebis arasrulyofilebaze msjeloben, umetes Sem-

TxvevaSi, mikroskopuli defeqtebi aqvT mxedvelobaSi.  

kristalis damaxinjebas, rac Tbur rxevebTan an drekad deformacieb-

Tan aris dakavSirebuli, romlebic realur kristals idealurisgan gana-

sxvaveben, defeqturs ar miakuTvneben. amgvarad, saWiroa erTmaneTisgan ganva-

sxvavoT: idealuri kristali, romelic gayinul sqemaswarmoadgens da sadac 

uZravi atomebi wertilebis swor sistemas warmoqmnian; realuri srul- 

yofili kristali, sadac yoveli rxevaSi mosuli atomis garSemo ganTavse-

buli atomebis ganlageba idealurs Seesabameba; realuri arasrulyofili 
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kristali, romelic wertilovan, xazovan, zedapirul an moculobiT defeq-

tebs, an erT-erT maTgans mainc Seicavs.  

 

4.1. wertilovani defeqtebi. myar sxeulSiwertilovani defeqtebi Se-

iZleba or jgufad daiyos: minarevi (ucxo atomi) da sakuTari defeqtebi. 

wertilovans miekuTvneba agreTve iseTi defeqtebi, romlebic sxvadasxvasa-

xeliani ramdenime atomisgan, an minarevi atomebisa da sakuTari wertilova-

ni defeqtebisgan aris Sedgenili. aRsaniSnavia, rom wertilovani defeqtebis 

maqsimaluri zoma nebismier ganzomilebaSi ar aRemateba ramdenime atomTSo-

ris manZils. 

minarevi atomebi myari tanis eleqtrul, optikur, magnitur, Tbur da me-

qanikur Tvisebebze axdenen gavlenas. sakuTari defeqtebis wonasworuli kon-

centracia, zogierT SemTxvevaSi, minarevebis koncentraciazea damokidebuli. 

liTonebis umravlesobaSi sakuTari defeqtebis umartives da ZiriTad 

saxes, romelic Tbur wonasworobaSi imyofeba, vakansia miekuTvneba. igi war-

moadgens sicarieles kristaluri gisosis kvanZSi. vakansiis warmosaqmnelad 

saWiro energia bevrad ufro mcirea kvanZebsSorisi atomebis warmosaqmnelad 

saWiro energiasTan SedarebiT, amitom Tbur wonasworobaSi myofi srulyofi-

li kristalis moculobaSi vakansia ar SeiZleba ubralod Caisaxos `vakan-

sia-kvanZebsSorisi atomi~ wyvilis warmoqmnis gziT. maTi Casaxva unda mo-

xdes Sesabamisi wyaros arsebobis pirobebSi da difundirdebodes gisosis 

srulyofil moculobaSi, raTa wyarosgan mocilebul areebSi SenarCundes  

vakansiebis wonasworuli koncentracia.  

vakansiis wyaros kristalis Tavisufali zedapiri warmoadgens, sadac 

atomebis normaluri rxeva yvelaze ufro naklebad aris gaZnelebuli. vakan-

siis Casaxvis arsebiT wyaros SeiZleba mivakuTvnoT agreTve marcvlis sazRv-

rebi, sadac atomebis mowesrigebuli ganlageba Zlier aris damaxinjebuli. 

amJamad Tvlian, rom wertilovani defeqtebis wonasworul koncentra-

cias mniSvnelovnad gansazRvravs dislokaciis gadacocebisunari. am pro-

cesis mamoZravebeli Zala, romelic dislokaciis erTeul  sigrZeze  moqme-

debs, daaxloebiT (kT/b2)ln(N/N0) sididesSeadgens, sadac b aris dislokaciis 
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biurgersis veqtori, N0– wonasworuli, xolo N – realuriwertilovani 

defeqtebis koncentracia. varaudoben, rom rogorc kidura, ise xraxnuli 

dislokaciebis gadacocebas Tan sdevs wertilovani defeqtebis an gaCena, an 

STanTqma, rac Sesabamisad imazea damokidebuli,gaRaribebulia Tu gadaje-

rebulimasala defeqtebiT. im mosazrebas, rom vakansiis wyaro SeiZleba 

iyos dislokacia, zogierTi mkvlevari eTanxmeba, Tumca daudasturebeli 

eqsperimentuli monacemebis gamo, zogierTi am azrs uaryofs. 

vakansiis warmoqmnis dros atomi SeiZleba kristalis zedapirze (sur. 

4.1. a) an kristalSi arsebul romelime sazRvarzegadavides. aseT pirobebSi 

warmoqnil vakansias Sottkis defeqts uwodeben. rogorc Cans, mocemul Sem-

TxvevaSi, defeqturi kristali igive raodenobis atomebs Seicavs, ramdensac 

idealuri. aRZruli drekadi deformaciis gamo, vakansiis garemomcveli ato-

mebi foris centrisken iZvreba da nawilobriv avsebs warmoqmnil sicarie-

les, rac kristaluri gisosis damaxinjebas iwvevs. drekadi deformacia 

1/R3fardobis proporciulia, sadac R aris vakansiis centridan mezobel 

atomamde manZili. aqedan gamomdinare, sivrciT dacentrebul kubSi vakansiis 

moculoba atomis moculobis 50-60%-s Seadgens 

davuSvaT, atomebi kristalur gisosSi xistad arian damagrebuli da 

kristalis moculobidan atomis amosagdebad saWiroa raRac Evenergia.amas-

Tan, vTqvaT, kristalis zedapirze atomis amosvlas Tan sdevs Es energiis 

gamoyofa. aseT pirobebSi xist gisosSi erTi vakansiis warmoqmnaze daixar-

jeba Ev-Es10 ev. radgan gisosi realurad xisti ar aris, aRniSnuli energiis 

nawili kompensirdeba gisosis relaqsaciiT _ carieli kvanZis mezobeli 

atomebi ramdenadme daiZvreba da Seamcirebs sicarielis moculobas.  

ionur naerTebSi vakansiis warmoqmnis SemTxvevaSi, im moculobaSi, ro-

melic gars ertymis vakantur kvanZs, eleqtrostatikuri neitralurobis pi-

robaunda Sesruldes. eleqtrostatikuri neitraluroba ki im SemTxvevaSi 

iqneba SenarCunebuli, Tuvakansiebi sxvadasxva niSnis Sesabamisi atomebiT 

warmoiqmneba iseTi TanafardobiT, romelic kristalSi qimiur steqiometri-

ul proporcias ar daarRvevs (ganwesrigeba Sottkis  mixedviT).  magaliTad,  
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Sottkis mixedviTganwesrigebis dros RbF-is kristalSi Rb+ionebis vakan-

siebisricxvi F- ionebiT warmoqmnili vakansiebis ricxvis tolia. 

dadgenilia, rom Sottkis mixedviT, ganwesrigeba realizdeba mxolod 

iseT binarul naerTebSi, romelTa komponentebs Soris Tanafardobaa 1:1. ami-

tom termini `defeqti Sottkis mixedviT~ gulisxmobs agreTve vakansiis 

wyvils urTierTsawinaaRmdego niSnebiT. amasTan, ar aris aucilebeli defeq-

tis komponentebi kristalSi erTmaneTTan uSualo maxloblobaSi mdebare-

obdes.  

ar aris gamoricxuli, rom Tavisi regularuli mdgomareobidan amo-

vardnilma atomma kristaluri gisosis moculobaSi, mis kvanZebs Soris dai-

kavosadgili.mas kvanZebsSorisi atomi ewodeba (sur. 4.1, b). kristaluri giso-

si am SemTxvevaSic deformerdeba, raTa moxdes kvanZebs Soris sivrceSi ato-

mis Canergva. defeqtebis wyvils _ `vakansia+kvanZebsSorisi atomi~, fren-

kelis defeqti ewodeba. 

unda vivaraudoT, rom im atomis energia, romelic gisosis kvanZebs So-

ris ganTavsdeba, imdenad maRalia, rom TavisTavad aseTi aqtisganxorcieleba 

metad iSviaTad aris SesaZlebeli. es imiT aixsneba, rom kristaluri gi-

sosis kvanZebs Soris sivrce metad mcirea atomis zomebTan SedarebiT. aqe-

dan gamomdinare, aseT mcire moculobaSi zedmeti atomis Canergvas Tan 

sdevs gisosis mniSvnelovani adgilobrivi damaxinjeba. aseTi tipis damaxin-

jebisaTvis da, zogadad, kristalSi arawonasworuli defeqtebis  SetanisaT- 

vis aucilebeli energiis wyaro SeiZleba aRmoCndes plastikuri deformacia,   

atomebis Sejaxeba maRali energiis nawilakebTan (`radiaciuli dazianeba~),  
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maRali temperaturidan wrToba, agreTve steqiometruli Sedgenilobidan ga-

daxra zogierT intermetalur naerTSi. Tu dasxivebis procesSi maRali ener-

giis nawilakTan Sejsxebisas gisosis atomi Rebulobs raRac Ep energias, 

romelic aRemateba Zvris Ed energias, atomi tovebs kristalur gisosSi 

misTvis gankuTvnil adgils da warmoiqmneba wyvili: daZruli (kvanZebSorisi) 

atomi da mis mier kristalur gisosSi gamoTavisuflebuli adgili – vakan-

sia (frenkelis `wyvili~).  

neitronebiTa da protonebiT dasxivebis SemTxvevaSi samarTliania Sem-

degi Tanafardoba: Epmax=4EMm/(M+m)2, sadac E da m aris dacemuli nawilakis 

energia da masa, xolo M – atomis masa. 1 mev energis mqone erTi 

neitronialuminis 10-6 m3 moculobaSi daaxloebiT 6000 frenkelis 

wyvilswarmoqmnis.  

rogorc zemoT iyo aRniSnuli, kristalur gisosSi atomis gadanacv-

leba im SemTxvevaSimimdinareobs, rodesac Ep>Ed. myari sxeulebis umravle-

sobisaTvis Ed Rebulobs mniSvnelobebs 10-dan 30 ev-mde. 

kvanZebSorisi atomiim SemTxvevaSic warmoiqmneba, rodesac atomi  (an 

ioni)zedapiridan kristalis moculobaSi, gisosis kvanZebs Sorisdaikavebs 

adgils (sur. 4.1, b.). kvanZebSorisi atomis garSemo kristaluri gisosi an 

SeikumSeba,  an gafarTovdeba. praqtikulad SeuZlebelia atomis ganTavseba 

mWidrodwyobil, magaliTad, spilenZis  waxnagdacentrebul kubur an TuTi-

is mWidro heqsagonur struqturaSi, Tumca almasis tipis naklebad Sevse-

bul gisosSi ramdenime pozicia arsebobs, romelSic SesaZlebelia sakuTari 

an minarevi kvanZebSorisi atomis Canergva, rac axlo mezoblebis umniSvne-

lo gadanacvlebas gamoiwvevs. kvanZebs Soris dadebiTi an uaryofiTi ione-

bis erTdrouli ganTavseba steqiometruli proporciis dacviT naklebad sa-

albaToa. magaliTad, NaCl-is gisosis kvanZebs Soris SeiZleba Na+ ionebi Ca-

inergos, magram Cl- ionebis zomebi saamisod metad didia.  

vakansia da kvanZebSorisi atomi kristalSi SeiZlebawarmoiqmnas ato-

mebis Tburi rxevebis gamo nebismier temperaturaze, romelic absolutur 

nuls aRemateba. kristalebis umravlesobisaTvis erTi vakansiis warmosaqmne-

lad 1_2 ev energiaasaWiro, xolo kvanZebSorisi atomebis warmosaqmnelad –  
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5_6 ev. amitom mocemul temperaturaze vakansiebis ricxvi yovelTvis metia 

kvanZebSoris atomebTan SedarebiT. ase magaliTad, rodesac vakansiebis ricxvi 

atomebis 0,01%-s  Seadgens, kvanZebSorisi atomi 1020-jer naklebia. 

oTaxis temperaturaze vakansiebis ricxvi metad mcirea atomebis saer-

To ricxvTan SedarebiT da 1018 atomze mxolod erTi vakansia modis. maTi 

koncentracia mkveTrad izrdeba temperaturis matebasTan erTad da dnobis 

wertilis maxloblobaSi erTi vakansia modis 104 atomze. Tu gaxurebul kri-

stals swrafad gavacivebT, vakansiebi `gaiyineba~ da dabal temperaturaze 

kristalSi dafiqsirdeba vakansiebis Warbi raodenoba wonasworul koncent-

raciasTan SedarebiT.  

ucxo, anu minarevis atomi, adgils ikavebs an kristaluri gisosis 

kvanZebSi, sadac cvlis ZiriTadi liTonis atoms, an kvanZebs Soris Cainer-

geba. ucxo atomi yovelTvis arsebobs minarevis saxiT rogorc teqnikurad 

sufTa, ise sakmaod maRali sisufTavis liTonebSi. 

amgvarad, wertilovani defeqtebi arRvevs rogorc struqturis  perio- 

dulobas, ise atomebs Soris kavSiris Zalebs da muxtis normaluri ganawi-

lebis xasiaTs, rac iwvevs liTonis eleqtruli, magnituri da meqanikuri Tvi-

sebebis Secvlas.  

magaliTad, sakmarisia nikelSi 0,005% gogirdis minarevis arseboba, rom 

sufTa mdgomareobaSi es plastikuri masala myifed gadaiqces, xolo 0,001% 

wyalbadis an naxSirbadis moxvedra rkinas gazrdil simyifes aniWebs oTaxis 

temperaturis maxloblobaSi. sufTa rkina ki plastikurobas inarCunebs Txevadi 

heliumis (-268,8o
C) temperaturazec ki. 

mTel rig naxevrad gamtarebSi minarevebis raodenoba ar unda aRematebo-

des erT memiliarded procents, xolo kristaluri agebuleba idealurs unda 

uaxlovdebodes. magaliTad, Tu germaniumis kristalSi yovel miliard atomze 

mova regularuli mdgomareobidan daZruli mxolod erTi atomi, maSin umarti-

vesi tranzistorebis 80% wundebuli aRmoCndeba. saimedod muSaobs mxolod is 

naxevrad gamtari, romlis kristalur gisisSi 1012 atomze ukidures SemTxvevaSi 

erTi  daZruli atomi mova!  

cnobilia  ganwesrigebis  kidev  erTi  tipi, romelicqimiuri naerTis  
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kristalebSigvxvdeba. mas antistruqturuls uwodeben da Tavisebureba ima- 

Si mdgomareobs, rom kristalur gisosSi erTsaxela atomebi ikavebs meore 

saxis atomebis adgils. aseTi defeqtebi, magaliTad, InSb-is kristalSi, ar 

arRvevs steqiometriul proporcias im SemTxvevaSi, Tu indiumis atomebis 

mier dakavebuli stibiumis kvnZebis raodenoba utoldeba stibiumis mier da-

kavebuli indiumis kvanZebis raodenobas. bunebrivia, antistruqturuli de-

feqtebi mosalodnelia mxolod iseT kristalebSi, sadac Semadgeneli kom-

ponentebis atomebis zomebi erTmaneTTan sakmaod miaxloebulia. am moTxov-

nis dakmayofilebis SemTxvevaSi SeiZleba warmoiqmnas 50-100 atomisgan Sed-

genili, mouwesrigeblad ganlagebuli kompleqsebi, romlebic kristalSi 

SedarebiT mcire ares ikaveben. 

radgan wertilovani defeqtis, magaliTad, vakansiis warmosaqmnelad 

saWiroa garkveuli E energiis daxarjva, SeiZleba mogveCvenos, rom Tburi 

wonasworobis pirobebSi kristalSi raRac raodenobiT vakansiis arseboba 

energetikulad araxelsayrelia. Tumca nulisagan gansxvavebuli vakansiebis 

koncentracia zrdis sistemis entropias da amcirebs Tavisufal energias  

srulyofil kristalTan SedarebiT. vakansiebis ricxvi, romelic wonaswo-

robaSia  T temperaturaze, ganisazRvreba formuliT: 

�
FG� = exp (−L/4M)         (4.1), 

sadac n aris vakansiebis wonasworuli raodenoba; N _ kvanZebis ricx-

vi kristalur gisosSi; E _ erTi vakansiis warmosaqmnelad saWiro energia; 

k – bolcmanis mudmiva. 

Tu n mcirea N_Tan SedarebiT, maSin (4.1) toloba Semdeg saxes miiRebs: 

N = ODPQ(−L/4M)          (4.2) 
amgvarad, sakuTari defeqtebis simkvrivis yvela realuri mniSvnelobi-

saTvis maTi koncentracia eqsponencialurad aris damokidebuli temperatu-

ris Sebrunebul mniSvnelobaze. Tu L -s mniSvnelobas 1 ev-is tolad mivi-

RebT (igi efuZneba arapirdapir eqsperimentul monacemebs), maSin 1000Ktem-

peraturaze N OC  fardoba, anu vakansiebis koncentracia, daaxloebiT 10-5 Se-

adgens. es imas niSnavs, rom kristaluri gisosis yovel 100000 adgilze  da- 
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axloebiT erTi vakansiamodis. 

arsebobs safuZveli vivaraudoT, rom ar aris gamoricxuliliTonebSi 

ufro rTuli wertilovani defeqtebis Camoyalibebis SesaZlebloba. ma-

galiTad, SeiZleba stabilurad Tanaarsebobdes ori an ramdenime saxis va-

kansia, an vakansiam gaxsnil (Canergil an Canacvlebul) atomebTan erTobli-

obaSi mdgradi defeqturi wyviliwarmoqmnas.aseTi `rTuli wertilovani 

defeqtebis~ damajereblad arseboba ar aris dadasturebuli, magram ganixi-

leba rogorc friad savaraudo. 

wertilovani defeqtebimxolod erTi an ramdenime mezobeli kvanZis 

areSi iwvevskristaluri gisosis damaxinjebas. marTalia, romelime wrfis 

an sibrtyis gaswvriv SeiZleba erTdroulad ramdenime wertilovani defeq-

ti Camoyalibdes, magram maT gaaCniaT unari arsebobdnen an gadaadgilde-

bodnen erTmaneTisgan damoukideblad. isini wertilovan defeqtebad rCebian 

maSinac ki, rodesac rigSi ewyobian an garkveuli wesrigiT lagdebian ama 

Tu im sibrtyeze.  

 

4.2. dislokacia.dislokaciastruqturis xazovan rRvevas ganapirobebs 

da ar SeiZleba misi gaigiveba wertilovani defeqtebiT, magaliTad, va-

kansiebiT ganpirobebul wrfesTan. dislokaciebs kristalSi nebismieri for-

maSeiZlebahqondes, magram TvalsaCinoebis mizniT rTuli dislokacia gani-

xileba, rogorc ori martivi, kidura da xraxnuli dislokaciis zeddeba.  

kidura dislokaciis SemTxvevaSi erT-erTi atomuri sibrtyis (eqstra-

sibrtyis) kide kristalis SigniT gadis (sur. 4.2, a). kristaluri gisosis 

Zvris mimarTuleba (biurgersis veqtori &<) dislokaciis wrfis, anu naxevar-

sibrtyis atomebis ukanaskneli rigis perpendikularulia. biurgersis veqto-

ris sigrZe gisosis veqtoris erTeulis (periodis) jeradia. 

xraxnuli dislokaciis SemTxvevaSi (sur. 4.2, b) gisosis erTi nawili 

meoris mimarT dislokaciis wrfis paralelurad aris daZruli. dacurebis 

mimarTuleba, biurgersis veqtori da dislokaciis RerZi urTierTparale-

luria.  

rogorc zemoT iyo aRniSnuli, dislokacia kristalSi kidura da xrax- 
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nuli komponentebis zeddebiT warmoqmnili defeqtia. amasTan, maTi Tanafar- 

doba icvleba dislokaciis kidis gaswvriv, biurgersisveqtori ki ucvle-

lad aris SenarCunebuli mis mTel sigrZeze. dislokacia ar SeiZleba kris-

talSigawydes. man SeiZleba miiRos Sekruli maryuJis forma, damTavrdes 

kristalis Tavisufal zedapirze an marcvlis sazRvarze. masalebis umrav-

lesobaSi marcvlis sazRvarze gamosuli dislokaciebi aris erTaderTi ad-

gili, sadac dislokaciis `danaxvaa~ SesaZlebeli. 

dislokaciis simkvrive ND sm-2 kristalis srulyofilebas axasiaTebs. 

mTeli rigi pirobebis dacviT SesaZlebelia, magaliTad, germaniumisa da si-

liciumis kristalebis gazrda dislokaciis simkvriviT ND<100 sm-2, Tumca 

maTTvis ufro tipuri mniSvnelobaa ND<104 sm-2. liTonur kristalebSi dis-

lokaciis simkvrive, Cveulebriv, ar aris 107 sm-2-ze naklebi.  

rogorc cnobilia,kristaluri agebuleba yalibdebaatomebis mowesrigebuli 

ganlagebiT kristalur gisosSi, ris gamoc misi Tavisufali energia 

minimaluria. aqedan gamomdinare, dislokaciiT damaxinjebuli kristalis 

energia meti unda iyos idealuri kristalis energiasTan SedarebiT. es 

safuZvels iZleva vimsjeloT  dislokaciis  energiaze.  varaudoben, rom es  

sidide 1 ev-is rigisaa yoveli atomuri sibrtyisaTvis.  

dislokaciis energia kristalis deformaciis proporciulia. kidura 

dislokaciis SemTxvevaSi (sur. 4.3) kristalSi arsebobs rogorc SekumSuli  
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ubnebi C, sadac yoveli atomi Cveulebriv mdgo-

mareobasTan SedarebiT ufro mcire sivrces ika-

vebs, ise gaWimuli ubnebi T, romelSic TiToeul 

atomze mosuli sivrce ufro metia, vidre ara-

deformirebul gisosSi. garda amisa, arsebobs 

ZvriT ganpirobebuli deformaciis ubnebi S, sa-

dac icvleba kuTxeebis sidide. dabolos, arse-

bobs N ubani, sadac ar SeiZleba deformacia SevafasoT, rogorc idealuri 

kristalis deformacia, radgan aq uaxloesi mezobeli atomebis raodenoba 

da atomTa Soris manZilebi gansxvavebulia idealur kristalTan SedarebiT. 

dislokaciis energia Tmisi 6  sigrZis proporciuladac icvleba. es 

dakavSirebuli unda iyos dislokaciis gamWimav ZalasTan.aRniSnuli wrfi-

vigamWimavi Zalis sidide ganisazRvreba damokidebulebiT: 

M ≈ S&<2,       (4.3)  

      sadac  S aris Zvris moduli, xolo &< _ biurgersis veqtori. 
dislokacia ganapirobebs kristaluri gisosis drekad damaxinjebas da 

zrdis mis energias. dislokaciis energias gansazRvraven formuliT: 

LT=!S&�6,      (4.4) 
      sadac !=0,5-10.   

meqanikuri daZabulobakristalSi dislokaciis Zvradobis unarsgana-

pirobebs. dislokaciis gadaadgileba manam grZeldeba, sanam igi ar damux-

ruWdeba minarev atomebTan, agreTve sxva dislokaciebTan misi urTierTqme-

debiT (deformaciuli ganmtkiceba). kristalSi dislokaciis mdgomareobis 

Secvlis ori ZiriTadi SesaZlebloba arsebobs: amxleCi Zalis zemoqmedeba 

(dacureba) an gadacoceba. 

dacurebis meqanizmSi gasarkvevadganvixiloT 4.4 suraTze warmodgeni- 

li sqema. Tu kidura dislokaciaze (sur. 4.4, a) amxleCi Zalamoqmedebs 4.4 b  

suraTze isriT naCvenebi mimarTulebiT, gisosi deformirdeba. rodesac AB 

wrfe AC dgomareobaSi gadaadgildeba, drekadi deformacia moixsneba. es C-

dan B mdgomareobaSi dislokaciis gadasvlis tolfasi aRmoCndeba, rac kri- 
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stalis Zvris meqanizmiTdeformaci-

asganapirobebs.4.5 suraTze warmodge-

nilia dislokaciis gadaadgilebi-

sada  energiis  xarisxobrivi  cli-

lebissqema, rac saboloo jamSi dis-

lokaciis kristalis gareT gamosv-

liT mTavrdeba.  

dacurebis sibrtyis (Q, sur. 4.2)  

 

perpendikularulad kidura dislokciamxolod im procesis realizaciis 

gziTgadaadgildeba, romelsac `gadacocebas~ uwodeben. gadacocebis mizezi 

vakansiebis STanTqma an warmoqmnaa. Tu 4.6 suraTze warmodgenili sqemis mi-

xedviT, vakansia A wertilSimoxvdeba (sur. 4.6 a), es dislokaciis B wer-

tilSi gadaadgildebas gamoiwvevs (b). Tumca dislokaciis, rogorc erTi 

mTliani sistemis gadacocebisaTvis, aseTi aqti yvela paralelur sibrtye-

zeundaganxorcieldes. 

piruku procesi realizdeba im SemTxvevaSi, rodesac atomebi vakantur, 

CwertilSi  (sur. 4.6, g) gadavlen, anu moxdeba dislokaciis gadacoceba 

Awertilidan C–Si. 4.6 d da e suraTebze warmodgenilia dislokaciis gada-

cocebis aqtebi, romelic vakansiisa da dislocirebuli atomis adgilebis 

urTierTmonacvleobis gziT SeiZleba ganxorcieldes.  

dislokaciis gadacocebis geometria sakmaod rTulia. amitom unda vi-

varaudoT, rom es aqti metad Znelad xorcieldeba gansakuTrebiT maSin, ro-

desac wyobis defeqtebis energia mcirea.   
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liTonze gare Zalis zemoqmedebiT dislokaciebi urTierTzemoqmede-

bas ganicdis. aRniSnuli zemoqmedebis umartivesi Sedegebi aseTia: 

1. erTsa  da imave dacurebis sibrtyeSi sxvadasxva niSnis kidura  dis- 

lokaciebi miizideba, radgan maTi miaxloebisas kristaluri gisosis dama- 

xinjebis xarisxi mcirdeba. rodesac zeda da qveda eqstrasibrtyeebi erTma-

neTs SeuTavsdeba, xdeba maTi anihilacia, anu urTierTmospoba.  

2. erTsa da imave dacurebis sibrtyeSi erTi da igive niSnis kidura 

dislokaciebi ganizideba da erTmaneTisgan moSorebiT ganTavsdeba. 

3. mosazRvre dacurebis sibrtyeebSi sxvadasxva niSnis kidura dislo-

kaciebi miizideba. 

4. erTi da igive niSnis dislokaciebi `kedlebad~ jgufdebian (sur. 

4.7). aseTi kedlebi warmoqmnis sazRvrebs mcire kuTxiT, romlebic kristals 

SedarebiT ufro mcire zomis nawilebad yofs.  am process poligonizacias 

uwodeben. poligonis SigniT dis-

lokacia TiTqmis ar aris darCe-

nili. 

    poligonizacia dislokacie-

bis `gadacocebis~ gziT,maTi sa-

kuTari dacurebis sibrtyeebidan 

ufro mcire energiis mqone mdgo-
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mareobaSi gadasvliTmimdinareobs. procesi sagrZnobi siCqariT mxolod im 

temperaturazerealizdeba, romelzedac vakansiebis sakmaod didi raodenoba 

arsebobs da maT sakmarisi Zvradobis unari gaaCniaT. bunebrivia vivaraudoT, 

rom poligonizaciis temperatura mniSvnelovnad ufro maRalia, vidre es 

Warbi vakansiebis anihilaciisaTvis aris saWiro. 

plastikuri deformaciis dros sxvadasxva sibrtyeSi ganlagebuli dis-

lokaciebi gadaikveTeba. dislokaciebis sistemas, romelic dacurebis sibr-

tyes gaWolaven, dislokaciis `tyes~ uwodeben. dislokaciebis urTierTgada-

kveTis adgilebSi dabrkolebebi warmoiqmneba, romlebic, umetes SemTxvevaSi, 

dislokaciis Semdgom gadaadgilebas aZnelebs. amitom madeformirebeli Za-

la deformaciis ganviTarebasTan erTad unda gaizardos 

sibrtyeSi didi raodenobis dislokaciebis dagrovebam (rasac gadau-

laxavi dabrkolebebi uwyobs xels, (sur. 4.8, a) da maTma Serwymam SeiZleba 

bzaris Casaxva gamoiwvios (b). aseTi bzari, romelic dabrkolebis kedelTan 

Caisaxeba, SeiZleba sqematurad ganvixiloT, rogorc erTi `zedislokacia~.     

 

 

 

meore, bzarwarmoqmnis ufro metad saalbaTo meqanizmSi gasarkvevad 

ganvixiloT 4.9 suraTze warmodgenili sqema. bzaris Casaxvis procesSi ur-

TierTqmedebs ori dagrovili, urTierTkveTaSi mosuli dislokacia, romel-

Tagan TiToeuli meorisaTvis dabrkolebas warmoadgens sakuTari moZraobis 

gzaze (sur. 4.9). am ori dagrovili dislokaciis urTierTqmedebiT  warmo-

iqmneba axali dislokacia biurgersis veqtoriT b3=b1+b2. Tu am dislokaci-

ebis gadaadgileba SeuZlebelia an maT dacurebis sibrtyeebSi ar arsebobs 

mxebi Zabvebi, isini ver gamovlen Tavmoyris ubnidan da erTiandebian, ris 

Sedegadac bzari ganviTardeba.  
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4.3. zedapiruli defeqtebi.zedapirul,anu organzomilebian defeqtebs 

miekuTvneba:kristalis Tavisufali da Siga sasazRvro zedapiri, romelic 

warmoiqmneba rogorc erTidaigive struqturis, magramsxvadasxva orientaciis 

mqone kristalitebs Soris (marcvlebis, blokebis, fragmentebisa da 

oreulebis sazRvrebi), ise gansxvavebuli struqturis kristalitebs Soris 

(fazaTaSorisi sazRvrebi).  

Siga sasazRvro zedapirebi arsebiT gavlenas axdens liTonis iseT 

Tvisebebze, rogoricaa simtkice, plastikuroba, simyife, cocvadoba, bzarwar-

moqmna da korozia. 

atomebis mowesrigebul ganlagebaSi mniSvnelovani darRveva SeiniSneba 

kristalizaciis proceSi formirebuli marcvlebis Sezrdis ubnebSi. maT 

Soris sazRvari marcvlis zomebTan SedarebiT mcire, 5-10 atomuri sisqis 

zonaswarmoadgens, sadac atomebis urTierTganlagebis mowesrigebuli xasi-

aTi mniSvnelovnad aris darRveuli. aseTi arasrulyofileba klasificir-

deba, rogorc zedapiruli, anu organzomilebiani defeqtebi. sasazRvro zo-

nebSi Tavs iyris sxvadasxva saxis minarevebi. Tumca, rogorc zemoT iyo aR-

niSnuli, arc marcvlis moculobaSi SeiniSneba kristaluri gisosis idea-

luri agebuleba.   

TavisTavad igulisxmeba, rom Tundac erTnairi agebulebis mqone  ori 

kristalis urTierTSezrda SeuZlebelia iseTnairad ganxorcieldes, rom 

yoveli atomi mezobeli atomebis iseT garemocvaSiaRmoCndes, rogorc es 

idealur kristalSia SesaZlebeli. amitom ori kristalis Sezrda mxolod 

iseTSemTxvevaSimoxdeba,Tu dakmayofi;ebuli iqneba Semdegi pirobebi: 

a)orive kristals unda hqondes idealuri agebuleba SeuRlebis zeda- 

piris CaTvliT, romelic meore kristalis SeuRlebis  zedapiris identuri 
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unda iyos; 

b) atomebs dakavebuli unda hqondeT iseTi mdgomareoba, romelic gar-

damavali zonis funqciasSeasrulebs erTi kristalis agebulebidan meore 

kristalis agebulebamde; 

g) unda arsebobdes atomebis fena iseTi ganlagebiT, romelic krista-

lografiulad ar iqneba dakavSirebuli arc erT kristalTan.  

kristalebis SeuRlebis warmodgenili sami SesaZleblobis sqematuri 

gamosaxuleba 4.10 suraTzea warmodgenili. 

4.10 a suraTze warmodgenili struqtura SeiZleba mxolod im SemTxve-

vaSi Camoyalibdes, rodesac ori kristalis orientaciaSi da saerTo sibrt-

yeebSi gansakuTrebuli urTierTkavSiri arsebobs. damajereblad SeiZleba 

iTqvas, rom aseTi agebulebiT xasiaTdeba gaorebuli kristalis 

sazRvrebi.zogadad, rodesac kristalebis urTierTorientaciaSi aseTi 

ubralo damokidebuleba ar arsebobs, sibrtyeebs Soris SeuRlebis xasiaTi 

arapirdapiri kvlevis meTodebiTunda ganisazRvros. es imiT aris 

ganpirobebuli, rom Tanamedrove eqsperimentuli meTodebis garCevis unari 

kristalTSoris sazRvarze calkeuli atomebis mdebareobis uSualod 

Seswavlis SesaZleblobas  
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ar iZleva. 

danarCeni ori SemTxveva `gardamavali gisosis~ da `amorfuli Sris~  

Teoriebis saxelwodebiTaa cnobili.  

Tu ori kristali erTmaneTisgan amorfuli SriT aris gayofili, ro-

melSic atomebs esa Tu is sruliad SemTxveviTi adgilebi ukavia, maSin sa-

sazRvro zonis Tvisebebi ar unda iyos damokidebuli misi dezorientaciis 

xarisxze. magram Tu sazRvris Tvisebebs misi orientacia gansazRvravs,  age-

bulebac aseve masze iqneba damokidebulida, aqedan gamomdinare, igi ar Se-

iZleba iyos SemTxveviTi. zemoTqmulidan gamomdinare, sazRvris agebuleba 

mosazRvre kristalebis struqturasTan aris dakavSirebuli. 

marcvlis sazRvris struqturis asaxsnelad farTod sargebloben dis- 

lokaciurimodeliT. rogorc mravali gamokvlevis Sedegad aris dadgenili, 

marcvlis sazRvrebSi dislokaciebis ganawileba mowesrigebul xasiaTs  

atarebs, ramdenadac es ubnebi struqturuli Seusabamobis garkveuli mdgo- 

mareobiT xasiaTdeba.  

dezorientaciis  kuTxis sidideze damokidebulebiT (sur. 4.11) asxva-

veben: sazRvrebs mcire kuTxiT, sazRvrebs saSualo kuTxiTa da sazRvrebs 

didi kuTxiT.  kuTxis sididis miaxloebiTi mniSvneloba ganisazRvreba Ta-

nafardobiT: &< ℎC , sadac &< aris biurgersis veqtoris sigrZe, xolo ℎ _ dis-

lokaciebs Soris manZili. 

sazRvrebi mcire kuTxiT (=0,3-40) erTgvarovani, 

vertikaluri daurTierTparaleluri dislokaciebis 

dajgufebaswarmoadgens. 

dezorientaciis kuTxis SemcirebasTan erTad 

mcirdeba dislokaciebs Soris manZili ℎ: 
ℎ = & V2 sin Z 2C [\         (4.5), 

rac dislokaciis simkvrivis () zrdis ekvivalentu-

ria] = 1 ℎC ^. amasTan, metad rTuldeba calkeuli dis-



77 

 

lokaciebis garCeva. rodesac =5-100, yalibdeba sazRvrebi saSualo kuTxiT, 

xolo Tu>100 – sazRvrebi 

didi kuTxiT. 

      didi kuTxiT dezorientirebulisazRvrebis modeli savaraudod gu-

lisxmobs gisosebis kargi Sesabamisobis mqone `kunZulebis~arsebobas, sazRv-

ris warmomqmneli orive marcvlis zedapirze. amasTan, `kunZulebi~ garSemo-

rtymulia araxelsayreli Sesabamisobis mqone ubnebiT. aRniSnuli dezorienti-

rebuli ubnebi Sedgeba vakansiebis wrfivi sistemisagan, romlebic sazRvris 

sibrtyeSia  ganlagebuli (sur. 4.12).   

 

 

 

dislokaciur  warmodgenebze  damyarebuli `kunZulovani~ modelis (Sem-

TxvevisaTvis  sazRvrebi  didi  kuTxiT) Semdgom ganviTarebas dislokaciuri 

birTvisa (sur. 4.13) da damTxvevis adgilebis (sur. 4.14) modelebiwarmoadgens.  

dislokaciis birTvs uwodeben arasrulyofili  kristaluri  struqturis 

ares, romelic pirobiTad cilindrSia moqceuli. cilindris RerZs eqstra-

sibrtyis 1-1 kide warmoadgens (ix. sur. 4.2). pirveli modelis Tanaxmad, dis-

lokaciis birTvi sakuTar individualobas inarCunebs im SemTxvevaSi, Tu Ses-

rulebulia piroba: (`�� ℎ C )<1, sadac �� aris dislokaciis birTvis sawyisi ra-

diusi(��a b �C ). rodesac (`�� ℎ C )=1, birTvebi erTmaneTs exeba, uwyvet Sres warmo-

qmnis da sazRvris `birTvad~ (forebad) yalibdeba (sur. 4.13). 

modelSi `damTxvevis adgilebi~ igulisxmeba, rom ori marcvali, romle-

bic saerTo sazRvars warmoqmnis da garkveuli kuTxiT aris erTmaneTis mi-

marT  dezorientirebuli,  Seicavs atomebis mniSvnelovan raodenobas, romle- 



78 

 

bic saerTo samganzomilebian, e.w. `zegisosSi~ aris ganlagebuli. amis maga-

liTs gaorebuli 

sazR- vari (sur. 

4.14)warmoadgens. aseTi koherentuli sazRvrebis (SeuRlebuli sazRvrebi 

damTxvevis maRali xarisxiT) energia  ar  aris   

 

 

 

 

 

 

 

 

 

didi da liTonisnebismieri marcvlis sazRvrebis energiis 3-10%-s Seadgens.  

bikristali aseTive orientaciiT SeiZleba Camoyalibdes ori erTnairi, wdk 

gisosis mqone monokristalisgan. gaorebuli kristalis misaRebad unda 

gaerTiandes (Seirwyas) mWidrod wyobili EFG da EFG sibrtyeebi (sur. 4.15) 

da Sesabamisad erTmaneTs SeuTavsdnen E da E, F da F  G da Gwertilebi. Sedegad 

sazRvars Camoscildeba zedmeti kristalografiuli sibrtye  da erTi krista-

li meoris sarkis anareklis orientacias miiRebs. 
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4.1cxrilSi warmodgenilia gaorebis sibrtyeebi sxvadasxva kristaluri 

gisosisaTvis.   

oreulebi SeiZleba warmoiqmnas, magaliTad, marcvlis  zrdis  procesSi  

(zrdis oreulebi), meqanikuri zemoqmedebis Sedegad (deformaciuli oreule-

bi), aseve rekristalizaciis dros. radgan koherentul sazRvrebs dabali ener- 

gia aqvT, metad Znelia maTi gamomJRavneba reaqtiviT damuSavebisas. 

kristalTSorisi sazRvrebis mniSvnelovan Taviseburebas sakmaod maRal 

temperaturaze maTi gadaadgilebis unari warmoadgens. sazRvrebis  Zvradobis 

unari Zlier izRudeba mcire raodenobiT minarevebis arsebobis  SemTxvevaSic 

cxrili 4.1 

gaorebis sibrtyeebi 

Ggisosis tipi Ggaorebis 
sibrtye 

kuburi waxnagdacentrebuli 

mWidro heqsagonuri 

kuburi sivrciTdacentrebuli 

romboedruli 

tetragonuri (kala) 

{111} 

{101<2} 
{112} 

{001} 

{331} 

 

ki, riTac dasturdeba is mosazReba, rom minarevebi segregaciasganicdis kris-

talTSoris sazRvrebSi. sazRvrebis gadaadgilebis mamoZravebel Zalas Tavi-

sufali energiis Semcirebawarmoadgens. es ukanaskneli SeiZleba ganpirobebu-

li iyos an TviT marcvlis sazRvrebis Tavisufali energiis vardniT misi sa-

erTo farTobis Semcirebis gamo, an dislokaciis simkvrivis SemcirebiT, an ni-

muSis zedapiris Tavisufali energiis SemcirebiT.  
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4.4. fazaTa Soris zedapiri.fazaTa Soris zedapiri SeiZleba iyos 

koherentuli an arakoherentuli. koherentuls uwodeben ori kristalis gam-

yofzedapirs, sadac  kavSiri gisosebis urTierTorientaciiT aris ganxorcie-

lebuli. aseTi SeuRleba SeiZleba ganpirobebuli iyos struqturis ama Tu im 

konkretuli TaviseburebiT, magaliTad, sibrtyeebs Soris manZiliT an geomet-

riuli SesabamisobiT, miuxedavad imisa,rom meore kristalis struqtura pir-

velisagan SeiZleba kristalografiulad gansxvavebuli agebulebiT xasiaTde-

bodes. aseTi organzomilebiani SeuRlebis umartivesi magaliTi 4.16  suraTzea  

warmodgenili. sqemidan gamomdinare, erTi kris-

talis sworkuTxedis gverdi meore kristalis 

sworkuTxedis diagonalTan arisTanxvedrili. 

unda vivaraudoT, rom xarisxovani SeuRlebis 

SemTxvevaSi am tipis sazRvris energia metad 

mcirea gansakuTrebiT maSin, rodesac SesauR-

lebeli kristalebis atomebis eleqtronuli 

konfiguraciebi didad ar gansxvavdeba erTmaneTisgan. unda vivaraudoT, rom 

zomebis aseTi SeTavseba mxolod im SemTxvevaSi miiRweva, rodesac fazaTa gam-

yof zedapirze garkveuli xarisxiT mimdinareobs gisosis drekadi damaxinje-

ba, magaliTad, erTi kristalis SekumSva da meoris gaWimva, an ZvriT deforma-

cia. bunebrivia, aseT SemTxvevaSi sazRvris energia izrdeba warmoqmnili dre-

kadi deformaciis sididiT, Tumca kavSiri koherentulirCeba.  

     Tu fazaTa Soris kavSiris gansaxorcieleblad bevrad ufro mniSvnelo-

vani drekadi energiaa saWiro, maSin arakoherentuli sazRvari yalibdeba. mar-

Talia, kristalebis SeuRlebaze araviTari deformaciuli energia ar ixarje-

ba, magram TviT sazRvari xasiaTdeba gazrdili energiiT, radgan gamyof zeda-

pirze  atomebis energia ufo metiaRmoCndeba TiToeuli kristalis moculo-

baSi ganTavsebuli atomebis energiasTan Seda-

rebiT. dislokaciebis erTobliobam SeiZleba 

analogiuri sazRvrebis energiis Semcirebaga-

moiwvios. aseT dislokaciebs Seusabamobis 
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dislokaciebs uwodeben. rogorc 4.17 suraTze warmodgenili sqemidan Cans, 

Tanabrad ganawilebuli deformaciis energia dislokaciis energiiT icvleba. 

 

  

 

 

 

 

  

 

 

 

    5. fazuri gardaqmnebi 

 
5.1. Txevadi liTonis struqtura 

siTxeSi yoveli atomi garkveul koordinaciaSi imyofeba mis uaxloes 

mezobel atomebTan. maT Soris manZils siTxis temperatura gansazRvravs. 

Tumca intensiuri Tburi moZraobis gamo, atomTa jgufebis aseTi mowesrige-

buli ganlageba iSleba da igi sxva mezobeli atomebiT icvleba axlo ko-

ordinaciis SenarCunebiT. Tu ganvixilavT 

romelime atoms da mis uaxloes atomebs, 

rogorc calkeul jgufs, maSin droSi, 

izoTermul pirobebSic ki, aseTi jgufebi 

ganuwyvetliv warmoqmna-gaqrobis 

stadiaSia da icvlis Tavisi atomebis 

kontingents da sakuTar orientacias 

sivrceSi. 

siTxis mTeli moculobis aseT 

jgufebad dayofas da yoveli jgufis 
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SigniT atomebis mowesrigebul geometriul Senebas erTi terminiT axasiaTe-

ben _ `axlo wesrigi~, romelsac myar kristalur nivTierebebSi atomebis 

ganlagebis `Sor wesrigs~ upirispireben. 5.1 suraTze naCvenebia atomebis 

wyobis modeli kristalur (a) da Txevad (b) fazebSi.              

    dnobis procesSi TiTqmis yvela liTonSi atomebs Soris manZili izr-

deba. 2-6%-iT matulobs siTxis moculobac. moculobiTi efeqti ufro Se-

samCnevia iseT liTonebSi, romlebic maRali kompaqturobiT gamoirCeva 

(heqsagonur da kubur sivrciT dacentrebul kristalebSi). elementebi, rom-

lebic mkveTrad gamoxatuli kovalenturi bmiT xasiaTdeba da arakompaqtu-

ri kristaluri gisosi gaaCnia (Si, Bi, Ge, Ga), dnobis procesSi ikumSeba. 

maSasadame, Txevad fazaSi aseT nivTierebebSi atomebi ufro mWidrod gan-

lagdeba erTmaneTTan.  

dnobis wertilis zemoT umniSvnelod gadaxurebul liTonSi SeiZleba  

gamoiyos atomTa mcire  jgufebi, romelTa wyoba kristalebis analogiuria 

(sur. 5.1, g). atomTa aseT jgufebs fazur, an heterofazur fluqtuaciebs 

uwodeben. maTi zomebi erTmaneTisgan gansxvavebuli SeiZleba iyos.  

farTo gagebiT fluqtuacia aris SemTxveviTi sididis mouwesrigebeli 

gadaxra misi saSualo mniSvnelobidan. fizikur movlenebSi fluqtuaciis 

arseboba ori ZiriTadi faqtoriT aris ganpirobebuli: materiis wyvetado-

biT (nivTierebis atomuri struqturiT) da nawilakebis Tburi moZraobiT. 

fazuri fluqtuaciebi aramdgradi warmonaqmnebia. zogi maTgani gark-

veul zomebamde izrdeba, sxvani – atomebis Tburi moZraobis gamo mcirde-

bian da qrebian.  

siTxis mniSvnelovani gadaxurebisas atomebs Soris manZili izrdeba, xolo 

maTi urTierTqmedebis Zalebi imdenad sustdeba, rom axlo wesrigic qreba. 

ispoba eleqtronebis koleqtivizacia da ionebi eleqtrulad neitralur 

atomebad gadaiqceva. aseTi mdgomareoba Txevadi da airadi fazebis wo-

nasworul wertilSi dgeba. am momentidan siTxe iwyebs duRils da airSi ga-

dasvlas. 

5.2. kristalizacia 
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Txevadi sistemis energetikuli mdgomareoba, romelic moicavs uzarma-

zari Tburi energiis mqone moZravi nawilakebis did raodenobas, gansakuT-

rebuli Termodinamikuri funqciiT (F) xasiaTdeba, romelsac Tavisufali 

energia ewodeba: 

F=U-TS          (5.1) 

sadac U aris sistemis Sinagani energia; 

T _absoluturi temperatura; 

S –entropia. 

rac ufro metia Tavisufali energia, sistema miT ufro aramdgradia 

da Tu arsebobs xelsayreli pirobebi, igi gadava iseT mdgomareobaSi, sadac 

energiis  naklebi  maragi aqvs. bunebaSi TavisTavad mimdinare procesebi da, 

maT Soris, kristalizacia da dnoba, am zogad kanons emyareba. 

kristalizaciis procesi gulisxmobs kristalebis zrdas ukve arsebu- 

li kristalis zedapirze (Canasaxze) siTxis calkeuli atomebis (an atomTa 

jgufebis) mierTebis gziT. gamyarebis aseTi procesis zomas warmoadgens 

drois garkveul monakveTSi siTxidan mzardi kristalis zedapirze mierTe-

buli atomebis raodenobasa da im atomebis raodenobas Soris sxvaoba, rom-

lebic tovebs kristals da siTxeSi ukan brundeba. wonasworul pirobebSi 

am ori procesis siCqareebi erTmaneTis tolia, anu myar da Txevad fazebs 

Soris atomebis mimocvla kompensirebulia.siTbos miwodebis SemTxvevaSi 

kristalebi daiwyebs dnobas – isini atomebis ufro met raodenobas da-

kargavs, vidre siTxidan SeiZens. wonasworuli temperaturis qvemoT ki, ga-

dacivebis SemTxvevaSi, myari fazis Tavisufali energia siTxesTan Sedare-

biT ufro naklebi aRmoCndeba, atomebis gadasvla kristalur warmonaqmneb-

ze upiratesi gaxdeba da daiwyeba siTxis dakristaleba. aqedan gamomdinare, 

sasruli siCqariT gamyarebis an gaTxevadebis procesis mimdinareobisaTvis 

aucilebelia erTi procesis siCqare meorisas aRematebodes da adgili hqon-

des gadaxras wonasworuli temperaturidan.  

mouwesrigebeli Txevadi fazis Sinagani energia mniSvnelovnad aRemateba 

mowesrigebuli myari fazis Tavisufal energias. aqedan gamomdinare, erTi mdgo-

mareobidan meoreSi gadasvla Tburi efeqtiT – siTbos gamoyofiT an STanTqmiT 

mimdinareobs.  
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davuSvaT,  kristalisa da  siTxis Sexebis wertilSi temperatura wonaswo- 

rulTan SedarebiT ramdenadme ufro dabalia. bunebrivia, aseT pirobebSi krista-

lizaciis procesi raRac garkveuli siCqariT warimarTeba. gasaTvaliswinebelia 

is faqti, rom Txevadidan myar sxeulSi atomis gadaadgileba dnobis atomuri 

faruli siTbos gamoyofas da Tbur energiaSi mis gadasvlas gamoiwvevs, rome-

lmac SeiZleba sistemis temperatura wonasworul donemdec ki aamaRlos. dnobis 

atomuri faruli siTbo atomis myari da Txevadi mdgomareobebis Sinagan ener-

giebs Soris sxvaobas warmoadgens. swored siTbos am raodenobis miwodebaa sa-

kmarisi, rom atomi moscildes mezobl atomebs da siTxeSi  gadavides.  ami-

tom kristalizaciis procesi SeuZlebelia gagrZeldes, Tu fazaTa gamyof ze-

dapirze ar iqneba SenarCunebuli wonasworulTan SedarebiT ufro dabali  tem-

peratura. amis miRweva ki SesaZlebeli iqneba mxolod maSin, Tu moxdeba  siTbos 

 

gamotana fazaTa gamyofi zedapiridan myar an Txevad fazaSi. winaaRmdeg SemTx-

vevaSi, zedapiri swrafad gaxurdeba wonasworul temperaturamde da kristali-

zaciis procesi Sewydeba. amgvarad, kristalizaciis siCqares faruli siTbos ga-

moyofis siCqaqare gansazRvravs.  

davuSvaT, mzardi kristalis zedapiris aRnagoba misi Sinagani agebulebis 

identuria. aseT SemTxvevaSi kristalis zedapiri ver miiRebs nebismier formas 

atomur masStabebSi da gamyareba Cveulebrivad, sistemaSi Seqmnili temperatura-

Ta  sxvaobis  Sesabamisad warimarTeba.  izoTermuli zedapiri (kristalizaciis 

fronti AB, sur. 5.2) rogorc wesi, ar daemTxveva ama Tu im kristalografiul 

sibrtyes da zedapiri `safexurebisagan~ iqneba Sedgenili, romlis sqema idealu-

ri SemTxvevisaTvis 5.3 suraTzea warmodgenili. safexurebis `simaRle~ atomebis 

monofenis toli unda iyos, Tumca maTi gverdiTi ganfeniloba sxvadasxvaa. aRsa-

niSnavia, rom aseTi konfiguracia maqsimalurad aris miaxloebuli nebismierad 

SerCeuli zedapiris idealur sigluvesTan. sinamdvileSi ki igi  unda  Seesabame- 

mebodes sqemas, romelic 5.4 suraTzea warmodgenili.  
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savaraudoa, rom atomebi zedapiris yvela adgils  myarad  ver  daikaveben.  

umetes SemTxvevaSi atomi kristals iseT wertilebSi miuerTdeba, sadac mas mra-

vali mezobeli atomi daxvdeba, magaliTad, ara B, aramed A wertilSi (sur. 5.3). 

aseTi mikedlebuli atomi energiis maragis mixedviT axlos dgas myari sxeulis 

atomebTan, amitom naklebad aris kristalis kvlav datovebisa da siTxeSi dabru- 

nebis  albaToba,  radgan  amisaTvis saWiro iqneba aqtivaciis ufro meti energia. 

aqedan gamomdinare, analogiur pirobebSi, kristali upiratesad atomuri fenebis 

wrfivi ganviTarebis gziT unda gaizardos, Tumca ar aris gamoricxuli axali 

fenebis warmoqmnis SesaZleblobac. amitom yovelTvis unda velodoT kristalis 

upiratesi zrdis mravali mimarTulebis arsebobas.  

amgvarad, saboloo jamSi, kristalis realuri zrdis siCqare damokidebu-

li unda iyos arsebuli safexurebis raodenobasa da gverdiTi mimarTulebiT 

misi zrdis siCqareze. 

5.3 suraTze warmodgenili sqemiT kristalizaciis SemTxvevaSi iseTi tempe-

raturuli gradienti warmoiqmneba, romelic siTbos gacemas mxolod marjvnidan 

marcxniv (sur. 5.4), anu myari fazis gavliT ganapirobebs. aseT pirobebSi fazaTa 

gamyofi zedapiri marjvniv gadaadgildeba iseTi siCqariT, romelsac faruli si- 

Tbos gacemis siCqare gansazRvravs. es uka-

naskneli ki, Tavis mxriv, Txevad da myar fa-

zebs Soris realur temperaturul gradi-

entzea damokidebuli. garkveuli siCqariT 

procesis mimdinareobisaTvis saWiroa kris-

talizaciis frontze temperatura naklebi 

aRmoCndes im temperaturasTan SedarebiT, 

romelzedac kristali wonasworobaSi imyo-

feba nalRobTan. bunebrivia, gamyarebis siC-

qare miT ufro meti iqneba, rac ufro metia gadacivebis xarisxi. gansaxilvel 

SemTxvevaSi mdgradi aRmoCndeba `gluvi~ gamyofi zedapiri. Tu misi romelime 

ubani raRac mizezis gamo ramdenadme gauswrebs zrdaSi sxva zedapirebs, igi 

ufro maRal temperaturul zonaSi (wonasworuli temperaturis maxloblobaSi) 

aRmoCndeba SeWrili da Semdgomi gadaadgilebis SesaZlebloba Semcirdeba.  



86 

 

sruliad gansxvavebuli situacia warmoiqmneba, Tu siTxe ufro metad gada-

civebuli aRmoCndeba myar fazasTan SedarebiT. aseT SemTxvevaSi gamyofi zedapi-

ridan faruli siTbos gatana siTxis gavliT moxdeba da gluvi zedapiri ara-

mdgradi aRmoCndeba: yoveli misi ubani, romelic sxva ubnebTan SedarebiT  ufro  

swrafad gadaadgildeba, SedarebiT civ zonaSi moxvdeba da Sedegad ufro swra-

fad gaizrdeba. kristalis zrda damoukideblad mimdinareobs, radgan gamoyofi-

li faruli siTbo misi uSualod garemomcveli siTxiT STainTqmeba da am zona-

Si kristalebis CamoyalibebisTvis araxelsayreli pirobebi iqmneba.  

amgvarad, fazaTa gamyofi zedapiri calkeuli nemsebis, zog SemTxvevaSi ki 

firfitebis saxiT viTardeba, romlebic siTxeSi sul ufro Rrmad SeiWreba. maTi 

zrdis siCqare bevrad SeiZleba aRematebodes im siCqares, romelic viTardeba 

myari fazis gavliT siTbos gatanis SemTxvevaSi. Camoyalibebuli dendrituli 

nemsebis geometria metad mWidrod aris dakavSirebuli liTonis kristalogra-

fiasTan. dendritebis RerZi didi sizustiT Tanxvdeba im kristalografiul mi-

marTulebebs, romlebic 5.1 cxrilSia warmodgenili. 

 

                                                    cxrili 5.1 

                           dendritis RerZis kristalografiuli 
                                        mimarTulebebi 
 

 

 

 

 

 

 

      pirobebi, romelic dendritul zrdas ganapirobebs (gadacivebis dadebiTi 

gradienti, anu siTbos gacema fazaTa gamyofi zedapiridan siTxeSi) xels uw-

yobs pirveladi dendritebidan ganStoebebis zrdas. amasTan, aseTi ganStoebe-

bis RerZebi kristalografiulad pirveladi dendrituli RerZebis identuria. Tu                                                           

arsebobs xelSemwyobi pirobebi, SeiZleba meore, mesame da a.S. rigis ganStoebebis 

Camoyalibebac.  

 

Ggisosis tipi mimarTuleba 

kuburi waxnagdacentrebuli 

kuburi sivrciT dacentrebuli 

mWidro heqsagonuri 

tetragonuri (kala) 

almasis tipis kuburi 

<001> 

<001> 

[0001] 

<110> 

<112> 
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5.3. Canasaxis warmoqmna 

5.3.1. fenomenologia.kristalebis Casaxvazogadad SeiZleba warmovidgi-

noT, rogorc moculobis raRac SemosazRvrul ubanSi axali fazis warmo-

qmnis procesi, romelic nivTierebis danarCeni nawilisagan gamyofi zeda-

piriT aris gamocalkevebuli. kristalizaciis procesSi aseT Canasaxs kris-

talizaciis centri warmoadgens, romelic Txevad fazaSi aRmocendeba. Tu 

Txevadi liToni absoluturad sufTaa da arc WurWlis kedlebi, romelSic 

liToni myardeba, arc raime gareSe minarevebi (fuZeSre) gavlenas ar axdens  

 

Canasaxis warmoqmnaze, mas homogenuri Canasaxi ewodeba.  

Tu sistemaSi raime saxis gardaqmnaa dawyebuli, mzard da sawyis fazebs 

Soris gamyofi zedapiri warmoiqmneba. procesis Semdgomi ganviTareba ganixileba, 

rogorc sawyisi fazidan atomebis gadasvla ufro mdgrad mdgomareobaSi, rome-

lic Tavisufali energiis Semcirebas ganapirobebs. bunebrivia, Tavisufali ener-

giis ufro dabali mniSvnelobiT swored axlad Camoyalibebuli faza unda xasi-

aTebodes. Tu es moTxovna ar iqneba dakmayofilebuli, arc axali faza aRmoCnde-

ba wonasworuli. amasTan gasaTvaliswinebelia, rom sanam gamyofi sazRvari ar 

Camoyalibdeba, ar iarsebebs arc iseTi adgilebi, romelTa Sevseba atomebiT maTi 

Tavisufali energiis Semcirebas gamoiwvevs. fazebs Soris gamyofi sazRvari ki 

martivad ar yalibdeba. amitom mizanSewonilia im pirobebis ganxilva, romlebic 

pirvelsawyisi mdgradi, axali fazis nawilakebis warmoqmnas uwyobs xels.  

davuSvaT ori, A da B faza, raRac TP temperaturaze wonasworobaSi imyo-

feba. es imis tolfasia, rom aRniSnul wertilSi maTi Tavisufali energiebi 

erTmaneTis tolia. Tu TP temperaturis zemoT A fazas ufro naklebi Tavisufa-

li energia aqvs, TP temperaturis qvemoT B faza aRmoCndeba ufro mdgradi. am-

denad, ganxilul pirobebSi axali fazis kristalizaciis centrebis warmoqmna 

gulisxmobs B fazis Canasaxis Camoyalibebas A fazis TP temperaturis qvemoT 

gadacivebis SemTxvevaSi. Tumca temperaturis Semcirebisas B fazis warmoqmna 

TviTneburad ar ganxorcieldeba, aramed aucilebelia man gaiaros garkveuli 

stadia metad mcire zomis nawilakebis arsebobidan dawyebuli, romlebic SeiZ-

leba arc ki xasiaTdebodnen ufro maRali mdgradobiT A fazasTan SedarebiT. es 
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imiT aris ganpirobebuli, rom AB fazuri gardaqmnis dros gamyofi zedapiris 

warmoqmnaze energiis garkveuli nawili ixarjeba, rac sistemis Tavisufali ener-

giis gazrdas iwvevs.Canasaxi ki mdgradi aRmoCndeba da SesaZlebeli iqneba 

misi gazrda mxolod im SemTxvevaSi, Tu sistemis jamuri Tavisufali energia  

Semcirdeba.amgvarad, sistemis sruli energia fazebis kuTr Tavisufal energi-

ebTan erTad zedapiris Tavisufal energiasac moicavs. Tu B nawilakebis Tav-

moyris ubnebi didi zomisaa, maSin SesaZlebelia zedapiris Tavisufali energiis 

ugulebelyofa  jamuri  Tavisufali  energiis sididesTan SedarebiT. Tumca es 

SeuZlebeli iqneba manam, sanam nawilakebi mcire zomas inarCunebs. 

igive daskvnamde mivalT sakiTxis kinetikuri TvalsazrisiT ganxilvisas. 

metad mcire zomis Canasaxis zedapirze atomebs didi energia gaaCniaT, radgan, 

umravles SemTxvevaSi, isini adgils ikaveben axali warmonaqmnis wiboebze an kuT-

xeebSi, rac didi zomis kristalebis zedapirze ar SeiniSneba. es amcirebs maTi 

aqtivaciis saSualo energias da, Sesabamisad, BA ukugardaqmnis saSualo siC-

qaris zrdas ganapirobebs.  

amgvarad, wonasworuli temperatura, romlis drosac zedapiri imden atoms 

ierTebs, ramdensac igi kargavs, miT ufro dabali unda iyos, rac ufro mcire 

zomisaa kristali.                                                                                                                                                   

Canasaxis warmoqmna fazuri fluqtuaciebis bazaze xorcieldeba (ix. 

sur. 5.1). atomebis aseTi jgufebi Canasaxad rom gadaiqces, garkveul zomamde 

unda gaizardos Txevadi fazis xarjze, raTa winaaRmdegoba gauwios siTxis 

atomebis damangrevel zemoqmedebas. winaaRmdeg SemTxvevaSi, Canasaxi gaqreba, 

gaixsneba siTxeSi. aqedan gamomdinare, kristalizaciis centrebi iseTi gadaci-

vebis pirobebSi yalibdeba, romlis drosac warmonaqmnebis radiusi kritikuls 

aRemateba. gadacivebis xarisxi, romelic aucilebelia kritikuli zomis Canasa-

xis warmosaqmnelad, mcirdeba siTxeSi iseTi zedapiris (fuZeSris) arsebobis Sem-

TxvevaSi, romelzedac winaCanasaxovani warmonaqmnebi advilad aRmocendeba da ma-

grdeba. am process, homogenurisagan gansxvavebiT, Canasaxis heterogenur warmo-

qmnas uwodeben.  

 

5.3.2. Canasaxis kritikuli zoma.A da B fazebis Tavisufal energiebs So-

ris sxvaoba raRac moculobaSi ∆.-iT aRvniSnoT.  
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rogorc zemoT iyo naCvenebi, kristalizaciis procesi mxolod im SemTx-

vevaSi warimarTeba, Tu ufro mdgrad mdgomareobaSi gadasvlis Sedegad sis-

temis saerTo mogeba energiaSi meti aRmoCndeba im danakargebTan SedarebiT, 

romelic gamyofi zedapiris warmoqmnaze ixarjeba. aqedan gamomdinare, rac 

ufro meti iqneba gadacivebis xarisxi 

n, miT ufro meti iqneba  Txevad da  

myar 

fazebs Soris Tavisufali energiebis 

sxvaoba F=FL-FS  (sur. 5.5). es sidide 

kristalizaciis mamoZravebel Zalas 

warmoadgens.  

meore mxriv ki gasaTvaliswinebelia, 

rom siTxisa da kristalis sazR- 

varze warmoiqmneba da izrdeba zeda-

piruli energia. erT atomze mosuli 

zedapiruli energia daaxloebiT dno-

bis faruli siTbos naxevrad aris mi-

Rebuli. am faqtorebis gaTvaliwinebiT sistemis Tavisufali energia ganisa-

zRvreba, rogorc ori wevris algebruli jami, romelTagan erTi axasiaTebs 

zedapirul S, xolo meore – moculobiT VFV energiebs:  

F=S-VFV(5.2), 

      sadac S aris Canasaxis zedapiri; 

 _ zedapiruli daWimuloba; 

           V _ moculoba; 

FV _ Txevadi da kristaluri mdgomareobebis Tavisufal energiebs Soris 

sxvaoba moculobis erTeulze.  

Tu davuSvebT, rom Canasaxs aqvs sferos forma da mis zedapirsa da 

moculobas r radiusiT gamovsaxavT, miviRebT: 

F=4r2
-(4/3)r3

FV(5.3) 

rogorc (5.3) tolobidan gamomdinareobs, Canasaxis zrdasTan erTad 

misi zedapiruli energia radiusis kvadratis, xolo moculobiTi – radiu-



90 

 

sis kubis proporciulad izrdeba. amitom mcire radiusis mqone Canasaxis 

gazrda  sistemis  Tavisufali energiis gazrdasac gamoiwvevs, radgan am pi- 

robebSi moculoba V mcirea, xolo zedapiri S – SedarebiT ufro didi. ra-

diusis raRac kritikuli mniSvnelobis zemoT ki upiratesad izrdeba to-

lobis meore wevris absoluturi mniSvneloba, rasac Tan sdevs Tavisufali 

energiis Semcireba. gantolebis analizidan gamomdinare, F(r)  funqcias gaaCnia 

maqsimumi da igi nulis tolia, roca r=0. 

5.6 suraTze naCvenebiaTavisufali energiis cvlilebis grafiki Canasaxis 

 

zomaze damokidebulebiT. rogorc grafikidan gamomdinareobs, Tu warmo-

iqmneba Canasaxi, romlis zoma naklebi iqneba rk-ze, igi ver gaizrdeba, radgan 

es gamoiwvevda sistemis energiis gazrdas. xolo Tu  r≥rk, misi zrda SesaZle-

belia, radgan uzrunvelyofili iqneba sistemis Tavisufali  energiis Semci-

reba. Canasaxis minimalur zomas, rom-

lis gazrda SesaZlebelia, kritikuli 

zoma ewodeba, xolo aseT Canasaxs – 

mdgradi. kristalizaciis mocemul tem-

peraturaze sxvadasxva zomis Canasaxi 

warmoiqmneba, romelTagan iseTebi, rom-

lis radiusi r≥rk, izrdeba, xolo danar-

Cenebi siTxeSi ixsneba.  

     amgvarad, kritikuli rk radiusis 

gansazRvrisaTvis saWiroa 5.3 gamosaxulebis warmoebuli (radiusiT) nuls 

gautoldes da amoixsnas r-is mimarT: 

�(∆d)
�e = 8`�f − 4`��∆.� = 0          (5.4), 

saidanac 

                     rk =
�g
∆dh

 (5.5) 

Tu gaviTvaliswinebT, rom FV=nQ/T, sadac Q aris moculobis erTe-

ulze mosuli Tburi efeqti da am gamosaxulebas CavsvamT 5.5 tolobaSi, mi-

viRebT: 
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         �i = �g
∆dh

= : 
�

�gj
k (5.6) 

amgvarad, rac ufro metia gadacivebis xarisxi, sxva Tanabar pirobeb-

Si miT ufro naklebi radiusis mqone Canasaxi aRmoCndeba mdgradi. amasTan, 

Semcirdeba sistemis jamuri Tavisufali energiac.  

rogorc (5.5) tolobidan gamomdinareobs, Canasaxis kritikul zomas 

gansazRvravs agreTve kristalisa da siTxis sazRvarze zedapiruli daWimu-

loba . siTxis midrekileba gadacivebisadmi damokidebulia siTxesa da 

kristalSi  atomebis axlo wesrigis msgavsebaze. Tu msgavseba mcirea, maSin  

siTxesa da kristals Soris zedapiruli daWimuloba didia, rac aZnelebs 

Canasaxis warmoqmnas. aseT pirobebSi gamyofi  zedapiris  CamoyalibebisaTvis 

energiis didi fluqtuaciaa saWiro. 

kritikul radiussa da gadacivebis xarisxs Soris (5.6) tolobiT war-

modgenili damokidebuleba samarTliania im SemTxvevaSi, rodesac Tavisufa-

li energia sxva saxis gardaqmnebs ar ganicdis. Tu axali fazis warmoqmni-

sas icvleba misi Sedgeniloba an energia ixarjeba deformaciaze, rac SeiZ-

leba ganpirobebuli iyos warmoqmnili fazis gansxvavebuli formiT an zo-

mebiT deda fazasTan SedarebiT, damokidebulebis saxe rTuldeba. Tumca sa-

boloo Sedegi mxolod detalebSi Seicvleba, formiT ki igive rCeba.  

zemoT warmodgenil gamoTvlebSi gakeTebuli iyo daSveba _ Canasaxis 

formad sfero ganixileboda. sinamdvileSi temperatura, romlis drosac ama 

Tu im zomis radiusi kritikuls aRwevs, zedapiris simrudis radiuszea da-

mokidebuli da mas ar gansazRvravs sferos srulyofileba. imis albaToba, 

rom atomebis esa Tu is grova garkveul moculobas aRwevs, TiTqmis sru-

lad aris damokidebuli atomebis raodenobaze da mniSvnelovnad ufro nak-

lebi xarisxiT – grovis zedapiris formaze. aqedan gamomdinare, savsebiT 

samarTliania ganvixiloT arasferuli formis atomebis aseTi grova, ro-

gorc garkveuli simrudis mqone sferos nawili. am tipis Canasaxis sqema 5.7 

suraTzea warmodgenili. Tu aseTi Canasaxi im temperaturaze arsebobs, ro-

melic rkradiusisTvis kritikuls  warmoadgens,  misi amozneqili zedapiris  
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nawili SeiZleba Tanabari albaTobiT an mcir-

debodes, an farTovdebodes. Tumca ubnebi 

PQperiferiaze, romelTa radiusi kritikulze 

mniSvnelovnad naklebi sididisaa, swrafad Sem- 

cirdeba  im  SemTxvevaSi,  Tu  ar moxda raime 

xerxiT maTi stabilizacia. aseTi mdgradoba 

maT SeiZleba mivaniWoT Sesabamisi fuZeSris 

gamoyenebiT, romelic SedarebiT ufro dabali energiis adgilebs qmnis B 

fazis atomebisaTvis. fuZeSris efeqturoba  ganisazRvreba  kuTxis minima-

luri mniSvnelobiT, romlis drosac atomebi mdgradobas inarCunebs  B  fa- 

zaSi adgilebis dakavebisas. aseTi kuTxis mniSvneloba damokidebulia A,B da 

A-Bzedapirebis Tavisufali energiebis mniSvnelobebze – f AS, f BSda f AB Se-

sabamisad. 

kuTxis wonasworuli mniSvneloba Semdegi pirobiT ganisazRvreba: 

fAS=fBS+fABcos (5.7) 

kuTxis mcire sidide iseT SemTxvevas Seesabameba, rodesac B fazisa 

da fuZeSris gamyofi zedapiris Tavisufali energia naklebia A fazisa da 

fuZeSris gamyofi zedapiris Tavisufal energiaze. es piroba Sesruldeba im 

SemTxvevaSi, rodesac B fazis atomebsa da fuZeSres Soris kavSiria ganxor-

cielebuli. marTalia, ori struqturis atomTaSorisi manZilebis kargi Tan-

xvedra xels uwyobs dabali energiis mqone zedapiris Camoyalibebas, magram 

heterogenuri Canasaxi SeiZleba warmoiqmnas kuTxis nebismieri mniSvnelo-

bis SemTxvevaSic, romelic naklebia 1800_ze. aRniSnuli Seesabameba pirobas: 

fAS<fBS+fABcos            (5.8) 

kuTxe rk radiusis mqone sferuli TaRis moculobas da, Sesabamisad, 

kritikuli zomis CanasaxSi atomebis  i 

ricxvs gansazRvravs. rodesac kuTxe 

1800-ze naklebia, heterogenur CanasaxSi 

atomebis ricxvi naklebia homogenur 

CanasaxTan SedarebiT. fuZeSreze 
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sakmarisi moculobis kristalizaciis centrebis arsebobis miaxloebiTi 

pirobebi 5.8 suraTzea warmodgenili, sadacr aris yvelaze msxvili Canasaxis 

simrudis radiusi (rogorc navaraudevi iyo, Tu mas sferos forma aqvs), 

xolo r - sferosebri TaRis mqone igive zomis Canasaxis simrudis radiusi, 

romelic kuTxiT aris ganpirobebuli (ix. sur. 5.7). rmrudebi 

gavlebuliakuTxis 450 da 50 mniSvnelobebisaTvis. warmodgenili sqemidan 

gamomdinareobs, rom Sesabamisi fuZeSris SemTxvevaSi kristalizaciis 

centrebis  CasaxvisaTvis  mniSvnelovnad   ufro  

 

mcire gadacivebis xarisxia saWiro. kuTxis SemcirebasTan erTan Canasaxis 

warmoqmnis procesze fuZeSris zedapiris katalizuri efeqtianoba izrdeba. 

 

5.4. orkomponentiani sistema. 

 

Cven mier zemoT ganxilul sakiTxebSi igulisxmeboda, rom siTxis krista-

lizaciis procesSi yvela atomi erTgvarovani da urTierTSenacvlebadi iyo. 

Tu atomebi nairgvarovania da gaxsnili komponentis atomebis xsnadoba 

siTxeSi meti an naklebia myar fazaSi xsnadobasTan SedarebiT, procesi 

gansxvavebulad warimarTeba. kerZod, Tu gaxsnili nivTierebis (minarevis) 

koncentracia siTxeSi ufro metia, vidre kristalSi, likvidusisa da soli-

dusis temperaturebi dabla iwevs (sur. 5.9, a) da piriqiT, myar fazaSi ufro 

meti xsnadoba likvidusisa da solidusis xazebis awevas ganapirobebs (b). 

amis mizezi xarisxobrivad SeiZleba Semdegnairad Camoyalibdes: 

1. Tu gaxsnili, B komponentis koncentracia myar da Txevad fazebSi 

Tanabaria, maSin wonasworul temperaturaze myaridan Txevad fazaSi ato-

mebis ufro meti raodenoba gadadis, 

vidre Txevadidan myarSi. procesi ga-

grZeldeba manam, sanam ar damyardeba 

iseTi koncentracia, rodesac erTi fa-

zidan meoreSi atomebis gadasvlis 

siCqareebi ar gaTanabrdeba. aseT pi-
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robebSi B komponenti lRobis ufro dabali aqtivaciis energiiT xasiaTdeba 

A–Tan SedarebiT. energiis Semcireba ganpirobebulia A atomebis 

ganTavsebiTB-s kristalur gisosSi.  

2. sufTa A fazisaTvis wonasworuls warmoadgens iseTi temperatura, 

romlis drosac misi gaxsnisa da gamyarebis siCqareebi erTmaneTis tolia 

(Tu orive faza – rogorc siTxe, ise myari, mxolod A atomebs Seicavs). 

3. Tu Txevad da myar fazebs  B nivTierebiT `ganvazavebT~, maSin lRo-

bisa da gamyarebis siCqareebi Semcirdeba fazebis `ganzavebis~ xarisxis pro- 

porciulad. amgvarad, sufTa A nivTierebis wonasworuli temperaturis pi-

robebSi A da B siTxeebis gamyarebis procesi ufro meti xarisxiT neldeba, 

vidre lRobis procesi, radgan A-s `ganzavebis~ xarisxi Txevad fazaSi uf-

ro metia, vidre myarSi. Sesabamisad, sistemis wonasworuli temperatura da-

bla daiwevs. 

     5.10 suraTze warmodgenilia A komponen-

tis siCqaris mrudebi gansaxilveli SemTxve-

visaTvis, sadac �no  da �po  sufTa A komponen-

tis, xolo �no
q
 da �po

q
 _ AB  Senadnobis maxa-

siaTeblebia. Tp da Tp Sesabamisad sufTa 

Akomponentisa da AB Senadnobis wonasworuli 

temperaturebia.  

     myar da Txevad fazebSi minarevebis kon-

centraciebis urTierTSefardeba (CS/CL), ume-

tes SemTxvevaSi, mudmivad aris SenarCunebu-

li temperaturaTa farTo diapazonSi. am Tanafardobas minarevebis ganawi-

lebis koeficienti (k) ewodeba. rogorc wesi, SenadnobebisaTvis misi mniSv-

neloba erTze naklebia, Tumca arsebobs araerTi magaliTi, rodesac es si-

dide erTs aRemateba. 

Tu wonasworul pirobebSi siTxis umniSvnelo moculoba  kristalde- 

ba, romelSic B komponentis koncentracia Seadgens CL_s, maSin myari fazac 

unda Seicavdes B komponents raRac CS raodenobiT (CS/CL=k<1). rCeba B kompo-

nentis raRac gauTvaliswinebuli wili (CL-CS), anu CL(1-k)  raodenobiT, rome- 
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lic myari fazidan kvlav siTxeSi ganidevneba. Sedegad B komponentis Semc-

veloba siTxeSi ramdenadme matulobs. rogor aisaxeba es SemdgomSi gamok-

ristalebuli myari fazis Sedgenilobaze, damokidebuli iqneba Warbi mina-

revebis gadanawilebis xasiaTze siTxis darCenil moculobaSi.  

aRniSnuli realuri pirobebis savaraudo Sedegebis ganxilvamde, mizan-

Sewonilia sami martivi SemTxvevis gaanalizeba. 

1. wonasworoba mudmivad aris SenarCunebuli.  ganvixiloT  C0Sedgeni- 

lobis siTxe (sur. 5.11). igi gamyarebas iwyebs T1 temperaturaze Cmy Sedgeni-

lobis metad mcire moculobis myari fazis warmoqmniT. siTxis Sedgenilo-

ba mcired icvleba C0-mde, ris gamoc Semdgomi gamokristaleba umniSvnelod 

Semcirebul, T1 temperaturaze ganaxldeba. mocemul etapze Camoyalibebuli  

myari faza xasiaTdeba Cmy wertilis Sesaba-

misi SedgenilobiT. sruli wonasworobis 

pirobebis Tanaxmad, aseTi Semadgenloba un-

da hqondes mTel gamokristalebul fazas, 

rac SeiZleba miRweuli iyos mxolod masSi 

mimdinare difuziuri procesebiT. siTxis 

Sedgeniloba gadaadgildeba likvidusis, 

xolo myari fazisa – solidusis xazis gas-

wvriv. monakveTebis wesis Tanaxmad, aRniSnu-

li fazebis raodenoba Sesabamisi monakveTe-

bis proporciulia. rodesac siTxis temperatura T2-mde Semcirdeba (A wer-

tili), xolo myari da Txevadi fazebis Sedgeniloba C0 da CsiT Sesabamisi 

aRmoCndeba, gamyarebis procesi damTavrdeba, anu mTeli nivTiereba C0 Sedge-

nilobis myar fazaSi gadasuli aRmoCndeba.  

2. siTxe yovelTvis inarCunebs erTgvarovan Sedgenilobas, xolo myar 

fazaSi difuzia ar mimdinareobs. wina SemTxvevis  analogiurad,  gamyarebis  

procesi iwyaba T1 temperaturaze (P wertili, sur. 5.12) Cmy Sedgenilobis 

myari fazis warmoqmniT. SemdgomSi siTxe Sedgenilobas icvlis likvidusis 

xazis Sesabamisad, xolo Tanmimdevrulad Camoyalibebuli myari fazis kris-
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talebis Sedgeniloba ganuwyvetliv icvleba Cmy-dan gaxsnili komponentis 

zrdis mimarTulebiT. myari fazis saSualo Sedgeniloba siTxis Sedgenilo- 

bis Sesabamisi ki aRar iqneba, aramed igi pasuxobs PQ wrfis romelime wer-

tils. aqedan gamomdinare, T2 temperaturaze siTxe srulad ar kristaldeba. 

mTeli masa myar mdgomareobaSi mxolod 

maSin gadava, rodesac myari fazis saSualo 

Sedgeniloba C0-s gautoldeba, anu T3 

temperaturaze (Q wertili).  

 3. myar fazaSi difuzia ar 

mimdinareobs, xolo siTxeSi  Sereva  mxo- 

lod difuziiT xorcieldeba. am SemTxveva-

Si siTxeSi minarevebis ganawileba damoki-

debuli unda iyos gamyarebis �  siCqareze, 

siTxeSi difuziis r  siCqaresa da minareve-

bis ganawilebis 4  koeficientze. davuSvaT, 

gamyareba kristalizaciis frontis (zedapi-

ris) mudmivi siCqariT gadaadgilebis piro-

bebSi mimdinareobs. T1 temperaturaze (sur. 

5.13),  gamyarebis procesSi, kristalizaciis 

frontis win dagrovili minarevebi siTxeSi 

difundirebas daiwyebs. aRniSnul zonaSi mi-

narevebis koncentracia TiTqmis eqsponencia-

luri kanoniT Seicvleba manam, sanam gamyare-

bis procesSi gamodevnili minarevebis Warbi 

raodenoba ar gautoldeba siTxeSi ukan di-

fundirebuli minarevebis raodenobas. damyar-

deba wonasworoba, romlis drosac kristalizaciis frontis win da mis max-

loblobaSi Camoyalibebuli  pirobebi Txevadi fazis arsebobis bolomde 

iqneba SenarCunebuli. procesis Semdgomi ganviTareba xels Seuwyobs fazaTa 

gamyof sazRvarze minarevebis koncentraciis Semdgom zrdas, rac mTeli siTxis 
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srul gamyarebamde gagrZeldeba. amitom minarevebis koncentracia nalRobis uka-

nasknel narCebebSi SeiZleba sagrZnoblad aRematebodes mis sawyis mniSvnelobas. 

Tu sakiTxs xarisxobrivi TvalsazrisiT ganvixilavT, im daskvnamde mi-

valT, rom minarevebis koncentracia siTxis zedapirTan ufro metia, vidre  mis  

danarCen moculobaSi. amitom am ubnebis likvidusis temperatura ufro dabla 

daiwevs sawyis Txevad fazasTan SedarebiT. maRali temperaturis pirobebSi 

siTxe mdgrad mdgomareobaSi aRmoCndeba, SedarebiT dabal temperaturaze ki 

SesaZlebeli gaxdeba myari fazis warmoqmna. es adasturebs mocemuli siTxis ga-

dacivebul mdgomareobas. likvidusis temperaturasa da siTxis faqtobriv  tempe- 

 

raturas Soris sxvaoba ∆T  misi gadacivebis xarisxis zomas warmoadgens.  

likvidusis temperaturis tipuri mrudi kristalizaciis frontidan da-

cilebaze damokidebulebiT 5.14 suraTzea warmodgenili. mdgradi mdgomareobi-

dan gamomdinare, fazaTa gamyofi zedapiris temperatura solidusis temperatu-

ris, anu 5.13 suraTze warmodgenili T2 temperaturis toli aRmoCndeba 

CLSedgenilobis siTxisaTvis da igi ar iq-

neba damokidebuli gamyarebis � siCqareze. 
amgvarad, likvidusis temperaturasa da 

kristalizaciis frontidan fazaTa gamyo-

fi zedapiris dacilebas Soris urTierT-

kavSiri yovelTvis eqsponencialuri xasia-

Tisaa da ar aris damokidebuli � sidide-
ze. 

 
 

5.5. `koncentraciuli~ gadaciveba. 

 

gadaciveba, romelic miiReba zedapiris temperaturis SemcirebiT (dep-

resiiT), `koncentraciuli~ gadaciveba ewodeba.  

sakmarisi koncentraciuli gadacivebis SemTxvevaSi, axali kristalebi 

SeiZleba nalRobis moculobaSic Caisaxos. isini dendritebis saxiT izrde-

bian, radgan maTi formireba gadacivebul siTxeSi xdeba. kristalebis zrda 

male muxruWdeba, radgan faruli siTbos gamoyofis  Sedegad  gardauvalia  
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misi garemomcveli siTxis temperaturis mateba da gadacivebis xarisxis nu-

lamde dacema. amas xels uwyobs agreTve darCenili siTxis gamdidreba mina-

revebiT, romelic adablebs likvidusis temperaturas. yovelive amis Sdegad 

nalRobSi sakmaod mtkice dendrituli agebulebis kristaluri karkasi ya-

libdeba. swored amiT aixsneba is garemoeba, rom zogierTi Senadnobi kris-

talizaciis procesSi e.w. `comiseburi~ (pastiseburi) mdgomareobis periods 

gadis. dendritebs Soris sivrceSi darCenili siTxe, saboloo jamSi gare-

moSi siTbos gacemis gziT myardeba. 

Tu davuSvebT, rom siTxis raRac nawili Tavis  sawyis  Sedgenilobas  

inarCunebs da misi mTeli moculobis temperatura fazaTa gamyofi zedapi-

ris Sesabamisia, miRwevadi `koncentraciuli~ gadacivebis xarixi SeiZleba 

mdgomareobis diagramis mixedviT ganisazRvros. aseT SemTxvevaSi gadacive-

bis maqsimaluri xarisxis zomas sawyisi Sedgenilobis siTxis likvidusisa 

(TL,sawyisi siTxis likvidusis temperatura) da solidusis (TS,fazaTa gayo-

fis zedapiris temperatura wonasworul mdgomareobaSi) temperaturebs So-

ris wyvetis sidide warmoadgens vertikaluri mimarTulebiT (sur. 5.15). ume-

tes SemTxvevaSi Canasaxi aseTi gadacivebis miRwevamde warmoiqmneba.   

bunebrivad igulisxmeba, rom koncentraciuli gadaciveba ar miiRweva 

im SemTxvevaSi, rodesac likvidusis xazi  solidusisas  uTavsdeba  (sufTa  

liTonebi, evteqtikuri Senadnobebi da iseTi SemTxvevebi, rodesac likvidu-

sisa da solidusis xazebze minimumi an maqsimumi miiReba (sur. 5.16). am Sem-

TxvevaSi siTxe ar gaivlis kristalizaciis e.w. `comiseburi~ (pastiseburi)  

mdgomareobis stadias, ar ganviTardeba agreTve arc dendrituli kristali-

zacia im SemTxvevaSi, Tu siTxe ar aris gadacivebuli fazaTa gamyofi zeda-

piris temperaturis qvemoT, ris miRwevac SeuZlebelia aRniSnuli zedapiri-

dan siTbos gamotanis SemTxvevaSi. 
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erTze meti fazis Camoyalibebis procesis gaanalizebisaTvis ramdeni-

me SemTxvevis gaTvaliswinebaa saWiro: 

1. siTxis Sedgeniloba evteqtikuria, anu Sesabamis temperaturaze  ori 

 myari faza erTdroulad imyofeba wonasworobaSi siTxesTan. 

 

2. siTxe iseTi Sedgenilobisaa, rom evteqtikur koncentracias misi Se- 

madgeneli erT-erTi komponentiT gamdidrebis xarjze aRwevs, rac ganpiro-

bebulia Warbi minarevis dagrovebiT fazaTa gamyof zedapirze. aseTi siste-

mebia:  

a - evteqtikuri, rodesac sawyisi Txevadi fazis Sedgeniloba araevteq-

tikuria; 

b – periteqtikuri, rodesac saTanado Sedgenilobis siTxe reagirebs 

pirvel etapze gamoyofili myari fazis kristalebTan meore myari fazis kri-

stalebis wrmoqmniT. 

 

5.5.1. evteqtikuri sistema. evteqtikuri sistema warmoiqmneba, rogorc 

ori likvidusis mrudis gadakveTis Sedegi (sur. 5.17).  O wertilSi P da Q 

Sedgenilobis ori myari faza 

wonasworobaSi imyofeba siTxesTan. 

rogorc Cans, siTxesTan wonasworobaSi 

myofi gamokristalebuli myari nivTiereba  

orfazaa da iseTive saSualo Sedgenilo-
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biT xasiaTdeba, rogoriTac siTxe. aqedan gamomdinare, aseTi nalRobis 

gamyareba SeiZleba siTxis Sedgenilobis cvlilebis gareSe warimarTos. 

amitom ar aris aucilebeli minarevis difuziuri gadaadgileba kris-

talizaciis frontis mimarTulebiT miuxedavad imisa, rom erTmaneTisgan 

sruliad gansxvavebuli Sedgenilobis ori myari faza yalibdeba. eqsperimen-

tulad naCvenebia, rom aRniSnuli fazebi tipur SemTxvevebSi praqtikulad 

erTdroulad warmoiqmneba.  

siTxidan P da Q wertilebis Sedgenilobis kristalebis warmoqmnas Tan 

sdevs maTi garemomcveli siTxis gamdidreba Sesabamisad Y da X kompo-

nentebiT. amitom siTxeSi grZivi mimarTulebis garda, romelic erTfaza mya-

ri sxeulis gamyarebisas SeiniSneba, koncentraciuli gradienti ganivi mi-

marTulebiTac warmoiqmneba. amgvarad, orive myari faza garSemortymuli aR-

moCndeba  O  wertilis Sedgenilobisagan  gansxvavebuli, O da Owertilebis  

SesabamisiSedgenilobis siTxiT (sur. 5.17). aseTi Sedgenilobis Txevadi faza 

T temperaturaze gamokristaldeba da formirebuli myari fazebi Sedgeni-

lobiT ramdenadme gansxvavebuli aRmoCndeba wonasworuli P da Q wertile-

bisagan. wonasworuli mdgomareoba dadgeba maSin, rodesac siTxeSi mzardi 

orive komponentSi Warbi minarevebis Semcveloba gawonaswordeba difuziis 

mimdinareobiT. ase magaliTad, siTxis Sedgeniloba M wertilSi (sur. 5.18) 

ganisazRvreba Y komponentis atomebis gandevnisa (P kristalis zrdis gamo) 

da X komponentis atomebiT misi Canacvlebis siCqariT. siTxis faqtobrivi 

(lokaluri) Sedgeniloba wertilidan wertilamde icvleba, magram ori kris-

talis Sepirapirebis adgilSi (J wertili, sur. 5.18), praqtikulad Okoncen-

traciis Sesabamisi rCeba (sur. 5.17). aRniSnuli Sedgenilobidan gadaxra miT 

ufro metia, rac ufro grZelia difuziuri gza ganivi mimarTulebiT.   

      analogiurad icvleba fazaTa gayofis zeda-

piris temperaturac, ris gamoc mzardi kristalis 

zedapiri iseT formas Rebulobs, rogoric es 5.18 

suraTzea warmodgenili. P kristalis win siTxis Y 

komponentiT gamdidreba ar SeiZleba usazRvrod 

gagrZeldes, radgan yovel aqts garkveuli gadaci-
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veba Seesabameba wonasworul Q mdgomareobasTan SedarebiT. Tu gadaciveba 

sagrZnoblad didia, daiwyeba Q kristalebis Canasaxis warmoqmna da axali 

kristalebis zrda.  

amgvarad, P da Q kristalebis zoma ganivi mimarTulebiT SezRudulia. 

SezRudvis xarisxi miT ufro metia, rac ufro didia kristalebis zrdis 

siCqare, radgan am SemTxvevaSi difuziis masStabebi izRudeba da izrdeba 

gadacivebis xarisxi siTxeSi  J–dan garkveul manZilze. 

mosazRvre fazebis kristalebis geometriuli forma mTel rig faqto-

rebzea damokidebuli, romelTagan yvelaze arsebiTia: TiToeuli kristalu-

ri fazis moculoba da misi zrdis siCqareebi; kristalebis midrekileba, ga-

izardos didi atomuri simWidrovis mqone kristalografiuli sibrtyis mi-

marTulebi;  mesame komponentis mcire minarevebis arseboba.  

yvelaze Cveulebriv SemTxvevas orive fazis moculobis miaxloebiTi 

toloba warmoadgens. aseT SemTxvevaSi evteqtika Rebulobs firfitovan age-

bulebas, romlis sqema da mikrostruqtura 5.19 suraTzea warmodgenili. ase-

Ti struqtura A da B fazebis  urTierTmonacvleobiT  xasiaTdeba.  xSirad  

 

 

 

 

 

 

 

 

 

 

 

 

yovel fazas iseTi kristalografiuli orientacia gaaCnia, romelic yvela 

firfitisTvis identurs warmoadgens. es maTi erTiani Canasaxidan saerTo 

warmomavlobisa da uwyvetobis (mTlianobis) dasturia. arsi  imaSi mdgomare-
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obs, rom orive fazis kristali erTmaneTis gverdigverd izrdeba. difuziu-

ri manZili fazaTa urTierTSeRweviT izRudeba da ara axal_axali  Canasaxe-  

bis warmoqmniT. am etapze kristalebis geometria metad rTulia, Tumca Sesa- 

Zlebelia misi warmodgena imis gaTvaliswinebiT, rom fazebi  uwyvetad,  er- 

Tis meoreSi SeRweviT izrdeba.  

Tu erT-erTi faza mniSvnelovnad mcire moculobas ikavebs meoresTan 

SedarebiT, maSin igi izolirebuli firfitebis, Reroebis (nemsebis) an glo-

bulebis saxiT yalibdeba. saWiroa erTmaneTisgan ganvasxvaoT mTliani, uwy-

veti da wyvetili evteqtikuri struqturebi, romelTa warmoqmnisaTvis auci-

lebelia  erT-erTi  fazis kristalizaciis centrebis xSiri Casaxva. aqedan  

gamomdinare, ukanasknel SemTxvevaSi myari sxeulis struqturaSi uwyveti da 

wyvetili fazebi Tanaarsebobs. rogorc zemoT iyo aRniSnuli, wyvetili 

faza erT SemTxvevaSi SeiZleba iyos `nemsisebri~ an qerclovani (firfito-

vani) agebulebis, xolo meore SemTxvevaSi – globularuli. 

pirvel SemTxvevaSi, romlis TvalsaCino magaliTs Al-Si sistemis evteq-

tikuri Senadnobebi (sur. 5.20) warmoadgens, wyvetadoba imiT aris ganpirobe-

buli, rom siliciumiT mdidari nebismiebri faza im mimarTulebiT izrdeba, 

romelsac  maTi kristalografia da orientacia gansazRvravs Casaxvis pro-

cesSi.  amitom  sivrceSi  nemsebis  ganlageba da maTi mimarTuleba ar aris 

erTgvarovani, rac aucilebelia fazis uwyveti zrdisaTvis.  
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wyvetili agebulebis meore TvalsaCino magaliTs rkina-naxSirbadis 

evteqtikis agebuleba warmoadgens, romelic TujebSi warmoiqmneba. naxSirba-

diT mdidar fazas mocemul SemTxvevaSi grafiti warmoadgens, romelic Tuj-

Si, umetes SemTxvevaSi, qerclovani agebulebis (firfitovan) formas Rebu-

lobs (sur. 5.21).  

     evteqtikuri sistemis araevteqtikri Sedgenilobis Senadnobis gamyare-

bis  procesis  gasaanalizeblad  ganvixiloT  C0 Sedgenilobis Senadnobis  

kristalizacia (sur. 5.22). gamyareba iwyeba T1 temperaturaze S Sedge-

nilobisA fazis gamoyofiT. Tu vivaraudebT, rom Sereva mxolod difuziis 

gziT mim- 

 

 

dinareobs, maSin A fazis pirveladi kristalebi gaizrdeba manam, sanam maTi  

garemomcveli siTxe ar miaRwevs raRac O wertilis Sedgenilobas da tem-

peraturas, romlis drosac B fazis Canasaxebis aRmoceneba daiwyeba. 

     zogadad, pirvelad kristalebs dendrituli agebuleba unda hqondes, 

radgan mocemul pirobebSi SesaZlebelia adgili hqondes mniSvnelovan kon-

centraciul gadacivebas. Tu daiwyeba B fazis Canasaxebis warmoqmna da siT- 
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xis mTel masas eqneba erTnairi temperatura, maSin A fazis dendritebis gam-

yof zedapirze siTxis Sedgeniloba C-dan C-mde Seicvleba. C SeiZleba um-

niSvnelod gansxvavdebodes Csididisagan, ris gamoc siTxis saSualo  Sed- 

geniloba zustad evteqtikuri ar aRmoCndeba. miuxedavad amisa, darCenili 

siTxe myardeba, rogorc evteqtikuri. amitom fazebis raodenobrivi urTi-

erTSefardeba umniSvnelod iqneba gadaxrili evteqtikisaTvis damaxasiaTebe-

li Tanafardobidan. 

amgvarad, evteqtikur temperaturaze wonasworobaSi imyofeba sami faza 

– siTxe L,  da  myari xsnarebi. raRac gadacivebisas gardaqmnis Termodina-

mikuri stimuli warmoiqmneba da iwyeba evteqtikuri gardaqmna _L+. swored 

gadacivebis xarisxi gansazRvravs siTxis evteqtikuri daSlis mimdinareobas 

da Senadnobis saboloo struqturas. 

mcire gadacivebis SemTxvevaSi da  kristalebis Casaxva da maTi 

zrda cal-calke xdeba. Sedegad formirdeba sakmaod msxvilmarcvlovani 

struqtura (sur. 5.23, 

a). aseT evteqti-

kur 

warmonaqmns uxeSi 

konglomeratis struqturas uwodeben.  

 

 

marTalia, evteqtikuri fazebis Casaxva erTdroulad ar xdeba, magram 

SemdgomSi maTi zrda paralelurad xorcieldeba. es SesaZlebeli xdeba imi-



105 

 

tom, rom da kristalebis gamyof siTxeSi komponentebis difuziuri gada-

nawileba mimdinareobs. evteqtikuri Sedgenilobis siTxidan  myari xsnaris 

gamoyofisas siTxis mimdebare moculoba Raribdeba B komponentiT, xolo -s 

gamoyofisas _ A komponentiT. Txevad xsnarSi Ada B komponentebis koncent-

raciuli gradientis warmoqmnis gamo siTxeSi, kristalizaciis frontze, mim-

dinareobs maTidifuziuri gadatana: B komponenti mocemul SemTxvevaSi di-

fundirebs marjvnidan marcxniv, xolo A komponenti – sawinaaRmdego mimar-

TulebiT (sur. 5.23, a). swored aseTi procesi uzrunvelyofs da  fazebis 

gamoyofas siTxeSi ukve arsebul Sesabamis kristalebze, rac, Tavis mxriv, 

orive fazis erTdroul kristalizacias ganapirobebs axali Canasaxis war-

moqmnis gareSe. amitom evteqtikur kristalizacias xSirad Txevadi xsnaris 

difuziur gayofasac uwodeben. 

gadacivebis gazrdis SemTxvevaSi evteqtukuri kristalizaciis mimdina-

reobis xasiaTi icvleba. mas Semdeg, rodesac Caisaxeba da izrdeba erT-erTi, 

magaliTad,  faza, mis zedapirze, rogorc  fuZeSreze,  aRmocendeba  meore  

fazis, mocemul SemTxvevaSi  fazis erTi an ramdenime kristali. amas xels 

uwyobs  siTxis  mimdebare moculobaSi A komponentis siWarbe. Semdeg orive  

kristaluri faza erToblivad, kooperaciulad izrdeba, ris gamoc xdeba 

maTi datotva da urTierTSezrda (sur. 5.23, b). aseT SemTxvevaSi siTxis daS-

lis Sedegad miiReba ori an meti kristalis orfaza warmonaqmni, romelsac 

evteqtikur marcvals, an evteqtikur kolonias uwodeben. imisda mixedviT, 

Tu rogor gadaikveTeba es koloniebi metalografiuli Slifis sibrtyiT, 

mikroskopSi sxvadasxva suraTs iZleva. 

liTonis Tvisebebsa da, upirveles yovlisa, meqanikur maxasiaTebleb-

ze, arsebiT gavlenas axdens evteqtikuri koloniebis forma da sidide. ko-

loniis formas is kristali gansazRvravs, romelic siTxeSi  pirvelad  Cai- 

saxeba. misi datotvis xarisxi ramdenadme win uswrebs meore fazis war-

moqmnas, romelic mzardi fazis uswormasworobaSi Caisaxeba. fazas, rome-

lic evteqtikuri marcvlis formas gansazRvravs, wamyvans uwodeben. 
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zemoT ganxiluli suraTi damaxasiaTebelia normaluri evteqtikuri 

kristalizaciisaTvis, romlis niSan-Tvisebebs warmoadgens orive mzardi fa-

zis uSualo kontaqti siTxesTan. 

evteqtikuri kristalizacia SeiZleba gansxvavebuli, abnormaluri gzi-

Tac warimarTos. aseT SemTxvevaSi siTxesTan uSualo kontaqtSi mxolod 

erT-erTi myari faza imyofeba, magaliTad, .  fazis kristalebi ki  faziT 

garSemortymuli aRmoCndeba da siTxisagan izolirebul pirobebSi izrdeba 

(sur. 5.23, g). aseT SemTxvevaSi evteqtikuri kristalizacia iwyeba erT-erTi 

myari fazis, magaliTad, –s CasaxviT. Semdeg mis zedapirze warmoiqmneba  

fazis mkvrivi garsi, ris gamoc  faza siTxisgan izolirebuli aRmoCndeba. 

koncentraciuli gradientis gamo siTxidan  fazis gavliT mimdinareobs B 

komponentis atomebis difuzia  fazisaken, xolo A komponentisa – sapiris-

piro mimarTulebiT. es procesi siTxis mospobasTan erTad mTavrdeba da Se-

nadnobi Cveulebriv, tolRerZa  fazisaTvis damaxasiaTebel kristalur 

agebulebas Rebulobs, romelic faziT iqneba garSemortymuli. evteqtikuri 

Senadnobebis aseT struqturas abnormalurs uwodeben. 

Fe-Si-C da Al-Si sistemis samsxmelo SenadnobebSi abnormaluri  struq- 

tura aumjobesebs  meqanikur Tvisebebs. abnormaluri evteqtikuri kristali- 

zacia miiRweva Senadnobebis modificirebiT. Fe-Si-C sistemis Senadnobebs am 

mizniT  magniumsa  da  ceriums, xolo Al-Si sistemis Senadnobebs – natriums  

 

umateben. 

marTalia, evteqtikuri Senadnobi yovelTvis ori myari fazis mikrome- 

qanikur narevs warmoadgens, magram misi Semadgeneli fazebis ganawileba da 

forma (morfologia) sxvadasxva binaruli Senadnobis evteqtikis marcvlebSi 

SeiZleba erTmaneTisgan arsebiTad gansxvavdebodes.  

sxvadasxva binarul SenadnobSi sakmao damajereblobiT evteqtikis ti-

pis winaswari gansazRvra SeuZlebelia, magram mainc arsebobs zogierTi ise-

Ti niSani, romelic gamokristalebuli evteqtikis savaraudo tipze miuTi-

Tebs. magaliTad, Tu myari fazebis Sedgeniloba mdgomareobis diagramis mi-

xedviT ekvidistanciuria (Tanabrad daSorebuli) evteqtikuri wertilis mi-
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marT, an Tu TiToeuli myari fazis mier dakavebuli kuTri moculobebi mni-

Svnelovnad ar gansxvavdeba erTmaneTisagan, umetes SemTxvevaSi, firfitovani 

an Rerovani struqturebis Camoyalibebas unda velodoT. es piroba Sesrule-

bulia Pb-Sn,  Al-Snda Cd-SnsistemebSi. 

nemsisebri tipis evteqtikis Camoyalibeba iseT sistemebSi SeiniSneba, 

sadac evteqtikuri wertili erT-erTi fazis maxloblobaSi Zevs da faza, 

romelsac evteqtikuri siTxe mcire raodenobiT Seicavs, zrdis didi anizo-

tropiulobiT xasiaTdeba. 

       miuxedavad imisa, rom zemoaRniSnuli kanonzomierebani samarTliania 

rigi binaruli sistemebisaTvis, sxvadasxva tipis struqturebis warmoqmnis 

srulyofili Teoriis Camosayalibeblad aucilebelia didi raodenobis evteq-

tikuri Senadnobebis kristalizaciis meqanizmis Seswavla. 

rogorc zemoT iyo aRniSnuli, firfitovani evteqtika Semadgeneli fa-

zebis urTierTmonacvle firfitebis erTobliobas warmoadgens. unda vivara-

udoT,  rom kristalizaciis procesi iwyeba evteqtikis Semadgeneli erT-er-

Ti, magaliTad,  fazis gamoyofiT (sur. 5.24, a).  aseT pirobebSi siTxis  mim-

debare ubnebi TandaTan gamdidrdeba meore komponentis atomebiT  da krista- 

lizaciis frontze misi koncentracia iseT mniSvnelobas  miaRwevs, rac sak-

marisi aRmoCndeba am kristalebis Canasaxis warmosaqmnelad.  Canasaxi  SeiZ-

leba uSualod wamyvani fazis kristalis  zedapirze  aRmocendes  (b),  ris 

Semdegac  orive fazis zrda rogorc ganivi, ise grZivi mimarTulebiT praq- 
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tikulad erTdroulad warimarTeba.  siTxeSi  koncentraciuli  gradientis  

warmoqmnis gamo, mzard firfitebze kvlav gaCndeba axal-axali fenebi da 

saboloo jamSi Camoyalibdeba firfitovani evteqtikisaTvis damaxasiaTebe-

li struqtura, romlis sqema 5.19 a suraTze iyo naCvenebi. analogiuri tipis 

evteqtika yalibdeba, magaliTad, kala-tyvia sistemis SenadnobebSi (b). muqi 

firfitebi mikrofotografiaze warmoadgens tyviis fuZeze, xolo Ria feri-

sa – kalisfuZeze warmoqmnil fazebs. ar aris gamoricxuli, rom axlad Ca-

saxuli fazis firfitam adreul stadiaSi warmoqmnili firfitebis kide ga-

dafaros (ix. sur. 5.24, g). 

Rerovani tipis evteqtika Sedgeba erTi fazis Reroebis erTobliobi-

sagan, romelic Canergilia meore, uwyvet fazaSi (sur. 5.25, a). aseTi struqtura 

damaxasiaTebelia, magaliTad, Cd-Sn sistemis SenadnobebisaTvis (b). muqi Rero-

ebi warmoadgens kadmiumis fuZeze warmoqmnil fazas, xolo Ria, uwyveti mat-

rica – fazas kalis fuZeze. eqsperimentiT dadgenilia, rom rogorc Cd-Sn, 

ise Cd-Zn sistemaSi, siTxis gadacivebis xarisxis gazrdiT evteqtikis Rero-

vani agebuleba firfitovanSi gadadis. Cd-Bi da Sn-BisistemebSi ki  gadacive- 

bis xarisxi mxolod evteqtikuri koloniebis dispersiulobaze moqmedebs. 

amis mizezad im garemoebas Tvlian, rom gadacivebis sxvadasxva xarisxis  pi- 

robebSi yovelTvis ar xdeba sistemis Semadgeneli kristalebis formis iseT-

nairi Secvla, romelic evteqtikuri koloniebis Semadgeneli fazebis Tana-

bari siCqariT, kooperaciulad zrdas  uzrunvelyofs.  amitom  dendrituli  
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da sustaddatotvili formis kristalebis urTierTkontaqtis pirobebSi Re-

rovani struqtura warmoiqmneba, xolo ori dendrituli kristalis Sexame-

bisas – struqtura firfitovani mikromorfologiiT. ukanasknel SemTxvevaSi 

ori dendritis kooperaciuli zrda brtyeli dendritebis paketis formire-

bas ganapirobebs, dautotveli kristalebi ki nebismier SeTanxmebaSi uxeSi 

konglomeratis warmoqmnas uwyobs xels. 

globuluri tipis evteqtika (sur. 5.26, a) SedarebiT iSviaT morfolo-

gias warmoadgens, magram mainc gvxvdeba zogierT sawarmoo SenadnobSi. maga-

liTad, Cu-Cu20 sistemaSi Cu20 faza sferos formis nawilakebis saxiT ga-

moiyofa (b). 

termini `nemsisebri~  iseTi tipis evteqtikis aRwerisaTvis gamoiyeneba,  
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sadac meore fazas araregularuli, wyvetili agebuleba aqvs. xSirad igi 

nemsis formas Rebulobs da mouwesrigeblad  aris orientirebuli matricis 

mimarT (sur. 5.20, a). aseTi tipis evteqtika warmoiqmneba, magaliTad, Al-Si  sis- 

temis SenadnobebSi. siliciumi nemsebis saxiT gamoiyofa, romlebic garSemo-

rtymulia aluminis fuZeze warmoqmnili myari xsnariT (b). evteqtikaSi sili- 

ciumis nawilakebi mTeli moculobis 15%_s ikavebs. radgan siliciumis kris- 

talebi matricazemouwesrigebladaa ganlagebuli, mikrostruqturis saxes 

mikroxexis sibrtyis mdebareoba ar gansazRvravs. 

globuluri da nemsisebri tipis evteqtikebi SedarebiT ufro  rTuli 

warmonaqmnebia. maTTvis damaxasiaTebeli struqturebi, Cveulebriv, siTxeSi 

meore fazis uwyveti, heterogenuli Casaxvis Sedegs warmoadgens. evteqtikis 

aseTi mouwesrigebeli orientaciis gamo mas `anomalurs~uwodeben. xSir Sem-

TxvevaSi meore, wyvetili, anu gancalkevebuli faza kristalizaciis proce-

sis dasasruls warmoiqmneba, ris gamoc misi gamoyofa marcvlis sazRvrebSi 

xorcieldeba.  

rogorc alumin_siliciumis, ise rkina-naxSirbadis evteqtika dabali 

meqanikuri TvisebebiT gamoirCeva, rac myife (siliciumi) an dabali simtki-

cis (grafiti) struqturuli Semdgenebis arsebobiT aris ganpirobebuli. ma-

Ti warmonaqmni Zabvis mniSvnelovan koncentratorebs warmoadgens. aRniSnu-

li evteqtikebis meqanikuri Tvisebebis, gansakuTrebiT plastikuri maxasia-

Teblebis gaumjobeseba, SesaZlebelia kristalizaciis iseTi pirobebis Seqm-

niT, romlis drosac wyvetili faza ara nemsebis an firfitebis, aramed 

globulebis saxiT Camoyalibdes. amis miRweva mcire raodenobiT mesame kom-

ponentis damatebiT aris SesaZlebeli. aseTi danamati ar ganapirobebs mesa-

me fazis warmoqmnas, Tumca savaraudoa, rom igi mniSvnelovnad aferxebs 

wyvetili fazis zrdas normaluri evteqtikuri kristalizaciis  procesTan  

SedarebiT.  

amis mizezi, albaT, Semdegi mosazrebidan gamomdinare unda aixsnas: 

gamyarebis dros mesame komponenti (danamati) kristalizaciis frontidan 

SedarebiT ufro meti xarisxiT ganidevneba wyvetili fazis mier, ris Sede-

gadac aRniSnul  fazaTa  gamyof zedapirze mniSvnelovani koncentraciuli  
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gadaciveba miiRweva, anu temperatura am zonaSi ufro metad Semcirdeba, vid-

re uwyveti fazis gamyarebis uSualo zonaSi. amitom es ukanaskneli (uwyveti 

faza) wyvetili fazis zrdis frontis gaswvrivac daiwyebs gamokristalebas, 

rac SezRudavs meore fazis kristalizaciis areals da es ukanaskneli ara 

msxvili nawilakebis, aramed metad mcire zomis wyvetili fazisKkristale-

bis saxiT Camoyalibdeba. mcire raodenobiT natriumis danamatebi alumin_ 

_siliciumian SenadnobSi, agreTve magniumis an ceriumis danamatebi rkina-

naxSirbadis SenadnobSi, evteqtikis kristalizaciaze analogiur zemoqme-

debas uzrunvelyofs. Sedegad, TujebSi grafiti gansakuTrebul kristalo-

grafiul (sferoidul,  globulur) agebulebas  Rebulobs. 

 

5.5.2. periteqtikuri sistema. periteqtikuri gardaqmna, msgavsad evteq-

tikurisa, mudmiv temperaturaze mimdinareobs, radgan kristalizaciis  pro-

cesSi erTdroulad sami faza monawileobs: siTxe L,  myari  da   fazebi  

(sur. 5.27). evteqtikuri sistemisagan gansxvavebiT, periteqtikuri gardaqmnis 

temperatura minimaluri ki ar aris, aramed igi A da B sufTa komponentebis 

dnobis temperaturebs Soris mdebareobs. 

         I SenadnobSi, romlis koncentracia P wertilis Sesabamisia (sur. 5.27), 

kristalizacia iwyeba 1-el wertilSi s Sedgenilobis myari xsnaris gamo-

yofiT. wonasworuli kristalizaciis SemTxvevaSi, temperaturis Semcirebas-

Tan erTad, siTxis Sedgeniloba likvi-

dusis xazis 1_D monakveTis, xolo  fa-

zisa – solidusis xazis s_CmonakveTis 

Sesabamisad icvleba. CPD periteqtikuri 

gardaqmnis horizontalze siTxis Sedge-

niloba D wertilis, xolo  myari xsna-

risa _ C wertilis Sesabamisi aRmoCn-

deba. aRniSnuli Sedgenilobis fazebi 

mudmiv temperaturaze reagirebs erTma-

neTTan, ris Sedegadac P wertilis  Sed- 
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genilobis axali, β myari xsnari miiReba:  

LD+CβP 

     gansaxilvel SenadnobSi siTxisa da  myari fazis raodenoba iseTia, 

rom reaqciaze orive srulad ixarjeba.  

     SenadnobebSi, romelTa koncentracia C-P zRvrebSi mdebareobs (magali-

Tad, II Senadnobi), reaqciaSi monawile siTxisa da  myari xsnaris Tanafar-

doba iseTia, romβ myari xsnaris warmoqmnaze siTxe mTlianad ixarjeba,  faza 

ki _ nawilobriv. amitom periteqtikuri reaqciis damTavrebis Semdegstruq-

turaSi miiReba periteqtikuri reaqciis produqtis – β  myari xsnarisa da 

Warbi  myari xsnaris mikromeqanikuri narevi +.  

piriqiT,  P-D koncentraciis  SenadnobebSi  (magaliTad,  III SenadnobSi), 

periteqtikur reaqciaze  myari xsnari mTlianad ixarjeba, siTxe ki – nawi- 

lobriv. amitom darCnili siTxidan 2-3 temperaturul intervalSi uSualod 

β myari xsnaris gamokristaleba mimdinareobs.  

5.28 suraTze naCvenebia Senadnobis mikrostruqtura periteqtikuri  gar-

daqmnis Semdeg. 

umetes SemTxvevaSi periteqtikuri reaqciis produqti, magaliTad,  faza, Cai-

saxeba da izrdeba β fazis zedapirze, rac 

nawilobriv an srulad ganacalkevebs mas 

siTxisagan (sur. 5.29, a). SemdgomSi /L faza-

Ta sazRvari gadaadgilebas iwyebs Txevadi 

fazis, xolo / fazaTa sazRvari _  fazis 

SigniT, ris gamoc  faza TandaTan msxvil-

deba. amgvarad, periteqtikuri kristalizaci-

is dros  fazis raodenoba izrdeba, xolo 

siTxisa da  myari xsnarisa – mcirdeba. 

 myari xsnari, romelic erTmaneTisgan 

ganacalkevebs siTxesa da  myar xsnars, qimiurad araerTgvarovania:  fa-

zasTan kontaqtis adgilas igi Raribia A komponentiT, xolo siTxesTan kon-

taqtis adgilas – SedarebiT ufro mdidari (sur. 5.29, b).  am  araerTgvarov- 
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nebas igi inarCunebs manam, sanam arsebobs danarCeni ori moreagire faza – 

siTxe da  myari xsnari.  fazis qimiuri araerTgvarovnebis gamo, masSi mim-

dinareobs komponentebis difuziuri gadatanis procesi. kerZod, A komponen-

tis atomebi difundireben siTxesTan Sexebis zedapiridan  myari xsnaris 

mimarTulebiT, xolo B komponentisa – sapirispirod. amitom  faza mdidr-

deba A komponentiT da iqmneba pirobebi  gardaqmnis mimdinareobisaTvis. 

/L sazRvarze, saiTkenac ganidevneba B komponentis atomebi, SenarCunebulia 

uSualod siTxidan  myari xsnaris gamoyofis pirobebi.  

periteqtikuri gardaqmna SeiZleba gansxvavebuli meqanizmiTac wari-

marTos.  kerZod,  SesaZlebelia   faza Caisaxos ara  fazis kristalebis  

zedapirze, aramed maTgan mocilebiT, siTxeSi,  heterogenuli an homogenuri 

gziT. aseT SemTxvevaSi  faza gaizrdeba siTxis xarjze, xolo  _ Tanda-

Tan gaixsneba (sur. 5.29, g). aRniSnuli meqanizmis  realizaciisas mniSvnelo- 

van rols  da  kristalebis gamyofi siTxis qimiuri araerTgvarovneba Ta- 

maSobs.  fazasTan sakontaqto zedapirze siTxe ufro Raribia A komponen-

tiT, vidre  fazasTan Sexebis ubnebSi (sur. 5.29, d).  siTxeSi  koncentraci- 
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aTa sxvaoba uzrunvelyofs A komponentis atomebis difuziur gadatanas si-

Txisa da  fazis sasazRvro zonebidan siTxisa da  fazis sasazRvro zo-

nebisaken, xolo B komponentis atomebis difuzia sapirispiro mimarTulebiT 

xdeba. amitom L/ sasazRvro zedapirze SenarCunebulia  fazis gamokrista-

lebis, xolo L/ fazebis sasazRvro zedapirze _  fazis gaxsnis SesaZleb-

loba. 

periteqtikuri koncentraciis SenadnobSi es procesi maSin wydeba, ro- 

desac moispoba orive moreagire faza _ siTxe L da  myari xsnari. wonaswo-

rul mdgomareobaSi Senadnobi Sedgenili aRmoCndeba mxolod P koncentraci- 

is  myari xsnaris kristalebisagan (sur. 5.27). 

Tu zemoT warmodgenil periteqtikuri kristalizaciis kanonzomiere-

bebs 5.30 suraTze naCvenebi sqemis mixedviT SevajamebT, SesaZlebeli iqneba 

Semdegi daskvnebis Camoyalibeba:  

periteqtikuri kristalizaciis T 

temperaturis zemoT siTxe wonaswo-

robaSi imyofeba  myar xsnarTan. T 

temperaturis qvemoT sxvadasxva Sed-

genilobis β faza wonasworobaSia si-

TxesTan da  myar xsnarTan. wonaswo-

rul pirobebSi C1, C2, C3 da C4Sedge-

nilobis siTxeebis T1 temperaturam-

de gacivebisSedegad unda warmoiqm-

nas myari fazebi, romlebic Sesabami-

sad Sedgenili iqneba mxolod  fazisagan,  da β fazebisagan, mxolod  β 

fazisagan, β fazisa da siTxis narevisagan. 

arawonasworul pirobebSi kristalizaciis Sedegis ganxilvisaTvis 

davuSvaT, rom difuzia myar fazaSi ar mimdinareobs, xolo siTxeSi  Sereva  

mxolod difuziis gziT xorcieldeba. ganvixiloT oTxi sxvadasxva SemTxveva.  

1. Tu C1 Sedgenilobis Senadnobs T2 temperaturamde gavacivebT, daiwye-

ba  fazis kristalebis Casaxva. kristalebis zrdas Tan  sdevs  siTxis  gam- 
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didreba B komponentiT. Sedegad fazaTa gamyofi zedapiris temperatura Sem-

cirdeba da  fazis warmonaqmnebis Sedgeniloba marjvniv daiZvreba. Tu ar 

iqneba SenarCunebuli temperaturis mkveTri vardna, warmoiqmneba koncentra-

ciuli gadaciveba, rac  fazis kristalebis axali Canasaxebis warmoqmnas 

ganapirobebs. kristalebs Soris sivrceSi siTxe ganuxrelad gamdidrdeba  B 

komponentiT, ramac SeiZleba C5 koncentracias miaRwios da Seiqmnas  β fazis 

kristalebis Camoyalibebis SesaZlebloba. aqedan gamomdinare, saboloo jam-

Si myari nivTiereba  da β fazebis kristalebisgan aRmoCndeba Sedgenili. 

Tu koncentraciuli gadacivebis xarisxi ar aris sakmarisi kristaliza-

ciis frontis win Canasaxebis warmosaqmnelad, dadgeba wonasworuli mdgoma-

reoba, romlis drosac T3 temperaturaze Camoyalibdeba C1 Sedgenilobis   

faza. procesi gagrZeldeba manam, sanam ar iqneba iseTi zRvruli Tanafardoba 

miRweuli, rodesac siTxe gamyof zedapirze da myari faza TandaTan ar daiw-

yeben gamdidrebas B komponentiT. β faza mxolod maSin warmoiqmneba, rodesac 

siTxis Sedgeniloba Q wertilis koncentracias miaRwevs. 

2. C2 sawyisi Sedgenilobis Senadnobis mdgradi mdgomareoba dgeba ori-

ve,  da β fazebis warmoqmnis procesSi. unda vivaraudoT, rom aRniSnuli fa-

zebis erTdrouli zrda unda mimdinareobdes evteqtikis monaTesave struqtu-

ris formirebiT.   

3. C3 sawyisi Sedgenilobis Senadnobis wonasworuli mdgomareoba Sei-

Zleba iseT pirobebSi iqnas miRweuli, rodesac fazaTa gamyof zedapirze β 

faza Q Sedgenilobis siTxidan warmoiqmneba. gamyarebis damamTavrebel etapze 

mimdinare periteqtikuri reaqcia siTxis Sedgenilobas marjvniv, likvidusis 

xazis QR monakveTis gaswvriv gadaanacvlebs. amgvarad, myari fazis ukanaskne-

li ulufa T1 temperaturis qvemoT warmoiqmneba. aRniSnuli fazis Sedgenilo-

ba PU xazis mdgomareobas pasuxobs. 

4. C4 Sedgenilobis siTxidan gamyarebis procesis sawyis stadiaSi kvlav  

 fazis kristalebi iwyebs gamoyofas. fazis warmoqmna mimdinareobs nebismie- 

ri Sedgenilobis siTxidan, romelSic B komponentis koncentracia metia Q  

wertilTan  SedarebiT.  saboloo  struqtura Sedgenili aRmoCndeba  fazis  
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pirveladi kristalebisagan, romelic β faziT iqneba garSemortymuli. 

miRebulia, rom periteqtikur sistemaSi siTxisa da pirveladi kristale-

bis urTierTqmedebiT meoradi faza miiReba. sinamdvileSi aseTi urTierTqme-

deba SesaZlebelia β fazaSi difuziis mimdinareobis gareSe, metad SezRudul 

masStabebSic ganxorcieldes. β faza myisierad warmoiqmneba siTxisa da pir-

veladi fazis gamyof zedapirze. Tu gamyareba metad neli  siCqariT  mimdina- 

reobs, siTxesTan urTierTqmedebiT pirveladi  faza ar unda gardaiqmnas β 

fazad. umetes SemTxvevaSi periteqtikur sistemaSi pirveladi faza xangrZlivi  

drois ganmavlobaSia Semonaxuli, Tumca igi arawonasworulia. 

kristalebSi difuzia metad neli siCqariT mimdinareobs. aqedan gamomdi-

nare, procesebi, romlebic myar mdgomareobaSi difuziis mimdinareobazea da-

mokidebuli, mniSvnelovan gavlenas ver moaxdens im struqturis formirebaze, 

romelic Cveulebriv pirobebSi gamyarebis dros yalibdeba. 
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6. gardaqmnebi myar mdgomareobaSi 

 
myar mdgomareobaSi mimdinare fazuri gardaqmnebis ramdenime sxvada-

sxva tipi arsebobs. maTi klasifikacia SesaZlebelia axlad Camoyalibebuli 

fazebis raodenobis mixedviT, agreTve im TvalsazrisiT, gansxvavdeba Tu 

ara isini sawyisi fazisagan SedgenilobiT. aqedan gamomdinare, Semdegi ti-

pis gardaqmnebs asxvaveben: 

1. sawyisi faza axal fazad gardaiqmneba Sedgenilobis cvlilebis ga-

reSe; aseT gardaqmnas aradifuziurs, anu martensituls uwodeben.  

2. axali faza SedgenilobiTa da struqturiT gansxvavebulia sawyisi 

fazisagan. sawyisi faza arsebobasganagrZobs, Tumca ramdenadme Secvlili 

SedgenilobiT. aseT reaqciebs miekuTvneba daZveleba evteqtoiduri gardaqm-

nis Semdeg da dispersiuli ganmtkicebis reaqcia. 

3. sawyisi faza gardaiqmneba or axal fazad, romelTagan TiToeuli 

Sedgenilobis mixedviT gansxvavdeba sawyisi fazisagan. am tips miekuTvneba 

evteqtoiduri gardaqmna gacivebis dros da periteqtoiduri gardaqmna gaxu-

rebis procesSi. orive SemTxvevaSi axali fazebi sawyisisagan gansxvavdebian 

rogorc struqturis, ise Sedgenilobis mixedviT. amave tips miekuTvneba ise-

Ti gardaqmnebi, rodesac ori axali faza erTmaneTisgan gansxvavdeba Sedge-

nilobiT, magramaqvs sawyisi fazis struqtura.  

4. mimdinareobs struqturis mowesrigeba atomebis gadanawilebis gziT, 

kristalur sistemaSi raime cvlilebebis gareSe.  

5. myari sxeuli da airi urTierTqmedeben axali fazis warmoqmniT an 

myari fazis Sedgenilobis SecvliT.  

Cveulebriv, didi yuradReba eTmoba Senadnobis gacivebis procesSi mi-

mdinare gardaqmnebs, radgan Senadnobebis umravlesoba iseT 

temperaturazegamoiyeneba, romelic mniSvnelovani siCqariT mimdinare 

reaqciebis temperaturasTan SedarebiTsagrZnoblad dabalia. Sesabamisad, am 

Senadnobebis struqturuli mdgomareoba im gardaqmnebis Sedegs 

warmoadgens, romlebic temperaturis Semcirebis Sedegad miiReba. 

Senadnobis Tvisebebi ki damokidebulia misi Semadgeneli fazebis  formaze,  

zomaze,  ganawilebis  xasiaTze,  



118 

 

rac fazaTaSoris sazRvrebiT aris ganpirobebuli. yovelive amas mniSvnelo-

vanwilad gansazRvravs axali fazebis Casaxvisa da zrdis kinetika da, aqe-

dan gamomdinare, gacivebis dros mimdinare gardaqmnebi. Tumca unda aRiniS-

nos, rom es gardaqmnebi, Tavis mxriv, damokidebulia sawyisi fazis (an faze-

bis) konkretul struqturaze, romelic gaxurebis dros yalibdeba. am Tval-

sazrisiT gaxurebisas mimdinare gardaqmnebic sakmaod did yuradRebas imsa-

xurebs. garda amisa, arsebobs gansakuTrebuli SemTxvevebi, rodesac sabo-

loo Sedegi maRal temperaturaze dayovnebis drois regulirebiTmiiRweva. 

aqedan gamomdinare, mizanSewonilia ara marto pirdapiri, aramed Seqcevadi 

procesebis ganxilvis aucileblobac.  

saWiroa erTmaneTisgan ganvasxvavoT ori saxis gardaqmna: pirveli, rom-

lis drosac atomebi imdenad mcire manZize gadaadgildeba, romelic ar 

aRemateba atomTSorisi manZilis raRac nawils da meore, rodesac atomebi 

gadis bevrad ufro did manZils wina SemTxvevasTan SedarebiT. meore tipis 

gardaqmnebi dakavSirebulia kristalur gisosSi atomebis difuziur gadana-

cvlebasTan.  

 

6.1. fazuri gardaqmnebi gaxurebis dros.  

austenitis warmoqmna 

 

ganvixiloT ferito-cementituri narevis (perlitis) gardaqmna auste-

nitad evteqtoidur foladSi (0,8%C). Ac1 temperaturamde gaxurebisas ferit-

Si ixsneba cementitis garkveuli raodenoba Fe-C diagramis PQ xazis Sesaba-

misad (sur. 6.1). Ac1-is zemoT temperaturis awevisas, magaliTad, t1-mde,naxSir-

badis koncentracia feritis calkeul ubnebSi matulobs (d wertili 6.1 

suraTze). feritis aseTi ubnebi aramdgradia da ganicdis austenitSi garda-

qmnas, romelic mocemul temperaturaze stabilur fazas warmoadgens. Ac1 

wertilis zemoT umniSvnelod gadaxurebuli austeniti naxSirbads Seicavs 

0,8%_s. am raodenobiT naxSirbadis Semcvelobis SemTxvevaSi austenitis 

Canasaxebis warmoqmna unda davakavSiroT feritSi naxSirbadis koncentraci-

is fluqtuaciasTan. austenitis Canasaxebi feritisa  da  cementitis  sazRv- 
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rebSi warmoiqmneba, sadac arsebuli defeqtebi austenitis Canasaxis warmo-

qmnisaTvis saWiro muSaobasamcirebs. SesaZlebelia, austenitis Canasaxis  

warmoqmnaze garkveul rols atomebis ganlagebis fluqtuaciacTamaSobdes. 

Tu feritis moculobaSi warmoiqmneba fluqtuaciuri ubnebiaustenitis 

kristaluri gisosiT, sasazRvro ubnebis gavliTmasSi daiwyeba naxSirbadis 

atomebis modineba cementitidan. Tu am fluqtuciebis zoma ar aris kriti-

kulze naklebi, maSin isini SeiZleba austenitis Canasaxad gardaiqmnas. 

feritisa da cementitis sazRvrebis mospobis Semdeg, sadac upirate-

sad xdeba Canasaxis aRmoceneba, SeiniSneba austenitis marcvlebis mxolod 

zrda axali Canasaxebis warmoqmnis gareSe. warmoqmnili austeniti naxSirba-

dis Semcvelobis mixedviT araerTgvarovania: cementitTan mosazRvre ubneb-

Si naxSirbadis koncentracia metia (b wertili 6.1 suraTze) feritTan mimde-

bare ubnebTan SedarebiT (c wertili). aseTi koncentraciuli vardnilis ze-

gavleniT austenitSi mimdinareobs naxSirbadis atomebis difuzia cementit-

Tan mosazRvre zonebidan feritTan mosazRvre zonebamde, rac aRniSnuli 

fazebisa da austenitis fazaTaSorisi zedapirebis wonasworobas ar-

Rvevs.wonasworobis aRdgena miiRweva austenitSi cementitis Semdgomi 

gaxsniT da naxSirbadis atomebis gadasvliT feritSi, racaadvilebs 

austenitad mis gardaqmnas. Sesabamisad, austenitis ubnebis zrda 

naxSirbadis atomebis  di- 
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fuziiT da  polimorfuli gardaqmniTmimdinareobs. 

aRniSnuli gardaqmnebis gziTaustenitis ubnebis zrda ufro swrafad 

xdeba, vidre cementitis gaxsna. amitom feritis austenitad gardaqmnis Sem-

deg foladis struqturaSi cementitis garkveuli raodenobaaSemonaxuli. 

austenitSimis gasaxnelad saWiroa izoTermuli dayovnebis drois gazrda. 

perlitis austenitad gardaqmnis siCqareze mravali faqtori moqme-

debs: gardaqmnis temperatura, gaxurebis siCqare, sawyisi struqturis dis-

persiulobis xarisxi, cementitis forma (firfitovania Tu momrgvalebuli), 

foladis qimiuri Sedgeniloba. 

temperaturisa da gaxurebis siCqaris gavlena perlitis austenitad 

gardaqmnaze 6.2 suraTzea warmodgenili. temperaturis gazrdiT 

perlitiausteniti gardaqmnis siCqare izrdeba. es imiT aixsneba, rom 

gardaqmna difuziuri xasiaTisaa, temperaturis matebiT ki difuziuri 

procesebi Cqardeba. 

ganuwyveteli gaxurebisas (sxivebi V1-V3) gardaqmna temperaturul in-

tervalSi, a da b wertilebs Soris mimdinareobs. c wertilSi (sxivi V1) ce-

mentitis gaxsnamTavrdeba, xolo d wertilSi – austenitis homogenizacia. 

Tu gaxurebis siCqare metia (sxivebi V2, V3), pa gardaqmna iwyeba da 

mTavrdeba ufro maRal temperaturaze. amgvarad, rac ufro maRalia gaxu-

rebis siCqare, miT ufro maRal temperaturaze iwyeba da mTavrdeba perltis 

austenitad gardaqmnis procesi. amasTan, mcirdeba gardaqmnisaTvis saWiro 

dro. 

rogorc zemoT iyo aRniSnuli, austeniti feritisa da cementitis faza- 
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Ta gamyof sazRvarzewarmoiqmneba. amitom rac ufro wvrildispersiulia 

perlituri struqtura, miT ufro metia feritisa da cementitis sazRvrebis 

ganfeniloba (sigrZe) da miT ufro swrafad mTavrdeba gardaqmna. yvelaze 

swrafi gardaqmniT wvrilfirfitovani perlitixasiaTdeba; ufro neli siC-

qariT mimdinareobs procesi wvrilmarcvlovan perlitSi, xolo kidev ufro 

neli siCqariT – msxvilmarcvlovanSi. 

rac ufro metia foladSi naxSirbadi, miT ufro swrafad mimdinare-

obs austenizaciis procesi. es ganpirobebulia cementitis raodenobisa da, 

aqedan gamomdinare, feritisa da cementitis sazRvrebis jamuri zedapiris 

gazrdiT.  

foladSi qromis, molibdenis, volframis, vanadiumisa da sxva karbid-

Semqmneli elementebis damatebiT ferxdeba austenizaciis procesi legire-

buli cementitis an specialuri karbidebis warmoqmnis gamo, romlebic uf-

ro Znelad ixsneba austenitSi. aqedan gamomdinare, austenitis homogeniza-

cia ufro met dros moiTxovs.  

austenitis marcvali, romelic evteqtoiduri foladis Ac1 kritikuli 

temperaturis zemoT gaxurebisaswarmoiqmneba, sakmaod wvrili miiReba. mas 

austenitis sawyis marcvals uwodeben. temperaturis Semdgomi mateba an mo-

cemul temperaturaze dayovnebis xangrZlivobis gazrda austenitis marcv-

lis zrdasganapirobebs. marcvali, Cveulebriv, TviTneburad izrdeba – Ser-

wymiT da mcire zomis marcvlebis STanTqmiT ufro msxvili marcvlebis mi-

er. amis mizezia sistemis midrekileba Tavisufali energiis Semcirebisadmi, 

rac mis Termodinamikur mdgradobaszrdis. austenitis marcvlis zrdis ma-

moZravebel Zalas wvrilmarcvlovan (romlis zedapiruli energia metad ma-

Ralia) da msxvilmarcvlovan struqturebs Soris Tavisufali energiebis 

sxvaoba warmoadgens.  

midrekileba austenitis marcvlis zrdisadmi araerTgvarovania erTi 

da igive markis foladebSic ki. amis mizezi SeiZleba iyos maTi gamodnobis  

pirobebi. memkvidreobiTobis  TvalsazrisiT (memkvidreobiT marcvlovnebaSi 

igulisxmeba austenitis marcvlis midrekileba zrdisadmi temperaturis ama- 
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Rlebis SemTxvevaSi), asxvaveben memkvidreobiT wvrilmarcvlovan da memkvid- 

reobiT msxvilmarcvlovan foladebs. memkvidreobiT wvrilmarcvlovan fo-

ladSi maRal temperaturamde gaxurebisas (1000-10500C) marcvali umniSvnelod 

izrdeba, Tumca ufro maRal temperaturaze marcvlis mkveTri zrda SeiniS-

neba. memkvidreobiT msxvilmarcvlovan foladSi piriqiT, marcvali ganuxre-

lad iwyebs zrdas A1 temperaturis zemoT umniSvnelo gadaxurebis SemTxve-

vaSic ki (sur. 6.3). marcvlis sxvadasxva midrekilebas zrdisadmi ganJangvis 

pirobebi da foladis Sedgeniloba ganapirobebs. 

 

 

 

 

 

 

 

 

 

 aluminiT ganJanguli foladebi memkvidreobiT wvrilmarcvlovania. mi-

si bunebis Sesaxeb yvelaze damajerebel axsnas barierebis Teoria iZleva. 

alumini, romelic Txevad foladSia Seyvanili boyvSi Camosxmis win, liTon-

Si gaxsnil azotTan da JangbadTan nitridebisa (AlN) da Jangeulebis (Al2O3) 

nawilakebswarmoqmnis. aRniSnuli naerTebi Txevad foladSi ixsneba, xolo 

liTonis kristalizaciisa da misi Semdgomi gacivebisas uwvrilesi sub-

mikroskopuli nawilakebis (`araliTonuri mtvris~) saxiT upiratesad marcv-

lis sazRvrebSi gamoiyofa da barierebsqmnis, romelic austenitur mdgo-

mareobamde gaxurebisas marcvlis zrdasamuxruWebs.  

austenitis marcvlis zedapirul fenebSi Tavmoyrili aluminis nitri-

dis gaxsna sakmaod maRal temperaturaze mimdinareobs, ixsneba barierebi da 

marcvali iwyebs zrdas.  

orfaza areebSi, magaliTad, zeevteqtoidur foladebSi, Ac1-Acmtem-

peraturul intervalSi austenitis marcvlis zrda gauxsneli karbiduli Ca- 
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narTebis zegavleniT aris SeCerebuli. aseTive efeqts iZleva qveevteqtoi-

dur foladebSi feritis ubnebi Ac1-Ac3 temperaturul intervalSi. karbid-

Semqmneli malegirebeli elementebi aseve aneleben austenitis marcvlis 

zrdas. am mxriv metad efeqturad moqmedebs austenitSi Znelad xsnadi ti-

tanis, volframis, molibdenis, cirkoniumis, niobiumis da vanadiumis disper-

siuli karbiduli CanarTebi, romlebic marcvlis sazRvrebzea ganlagebuli. 

erTi da igive temperaturul pirobebSi austenitiperliti gardaqm-

nis gziT Camoyalibebuli perlitis marcvlebis zomas austenitis marcvlis 

sidide gansazRvravs. rogorc wesi, rac ufro msxvilmarcvlovania austeni-

ti, miT ufro didi zomis perlituri marcvali miiReba (sur. 6.4). austenitis 

marcvali ki mxolod gaxurebisas izrdeba. Semdgomi gacivebisas  igi  dawv- 

rilmanebas ar ganicdis, amitom foladis marcvlis saboloo zomas memkvid- 

reobiTi  marcvlovneba  da austenitur mdgomareobaSi  foladis gaxurebis  

 

 

 

 

 

 

 

 

 

 

 

 

maqsimaluri temperatura gansazRvravs.  

zemoT warmodgenili sqemebi (ix. sur. 6.3, 6.4) yvelaze tipurs miekuTv-

neba, Tumca SeiniSneba gadaxrebic. Tu foladis sawyisi struqtura marten-

siti an beinitia, austenitur gardaqmnas Tan ar sdevs marcvlis dawvrilma-

neba, aramed austenitis marcvali igive zomebs Rebulobs, romelic mas wrTo-

bamde hqonda.  
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saqme imaSia, rom difuziuri meqanizmiT mimdinare austenitis perli- 

turi gardaqmnis dros axali fazis kristalebis zrda ganapirobebs wyobis 

defeqtebis gandevnas marcvlis sazRvrebSi, anu defeqtebi (dislokaciebi, 

vakansiebi, minarevi atomebi), romlebic adre austenitis marcvlis sazRv-

rebSi iyo Tavmoyrili, feritis (perlitis) marcvlis sazRvrebSi gadaad-

gildeba. martensituli (beinituri) gardaqmnisas ki defeqtebis aseTi ga-

danawileba ar mimdinareobs da isini imave adgilebze, yofili austenitis 

marcvlis sazRvrebSi rCeba. Ac1 kritikuli wertilis gadalaxvisas aRmoce-

nebuli, sustad dezorientirebuli austenitis marcvlebi, romlebsac sa-

zRvrebSi damcavi defeqturi fenebiar gaaCnia, swrafad Seirwymeba erT 

marcvlad, romlis formas da zomebs marcvalTsazRvruli defeqtebi gana-

pirobebs, anu aRdgeba pirvelyofili austenitis marcvali. 

aseT pirobebSi Camoyalibebuli austenitis marcvlis mniSvnelovan Ta-

viseburebas misi arastabilurobawarmoadgens: ufro maRal temperaturamde 

gaxurebisas xdeba struqturis dawvrilmaneba (sur. 6.5). am efeqtis axsna Se-

saZlebelia im mosazrebidan gamomdinare, rom martensitis gardaqmna aus-

tenitad gansxvavebuli meqanizmiT mimdinareobs da mas Tan sdevs e.w. fazuri 

civWedva. Semdgomi gaxureba da axali marcvlebis warmoqmna austenitis rek-

ristalizaciis bunebrivi procesia. 

 

6.2. evteqtoiduri gardaqmna 

 

rogorc CvenTvis ukve cnobilia, evteqtoiduri gardaqmnis dros erTi 

myari faza or axal fazad iSleba. orive axlad Camoyalibebuli fazis Se-

dgeniloba da struqtura gansxvavebulia sawyisi fazis  Sedgenilobisa  da  

struqturisagan. aqedan gamomdinare, evteqtoiduri gardaqmnisaTvis aucile-

belia difuziis mimdinareoba. radgan myar sxeulSi difuzia neli siCqariT 

mimdinareobs, evteqtoiduri gardaqmna SeiZleba wonasworulisagan mniSvne-

lovnad gansxvavebulpirobebSida farTo temperaturul diapazonSi gan-                                                                         

xorcieldes. amdenad, Camoyalibebuli fazebis struqtura da Tvisebebi mni-

Svnelovnad gansxvavebuli aRmoCndeba.  

 



125 

 

marTalia, evteqtoiduri reaqcia mra-

val SenadnobSi mimdinareobs, magram erTad-

erT sistemas, romelic sakmaod guldasmiT 

aris gamokvleuli, rkina-naxSirbadis siste-

ma miekuTvneba. miuxedavad amisa, foladebSi 

mimdinare evteqtoiduri gardaqmnis ZiriTa-

di principebi samarTliania praqtikulad 

yvela evteqtoiduri sistemisTvisac. 

austenitis evteqtoiduri daSlis Se-

degad ori faza warmoiqmneba – feriti da 

cementiti (sur. 6.6). pirveli 0,02% naxSir-

bads Seicavs im SemTxvevaSi, Tu gardaqmna 

wonasworul temperaturaze mimdinareobs da 

ufro mcire raodenobiT SedarebiT dabal temperaturaze gardaqmnis SemTx-

vevaSi. cementitSi naxSirbadis Semcveloba Seadgens 6,67%_s. is faqti, rom 

erTi fazidan, romelic naxSirbads Seicavs 0,8%_s ori fazawarmoiqmneba, 

romelTagan erTi TiTqmis ar Seicavs naxSirbads, xolo meoreSi naxSir-
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badis praqtikulad mTeli raodenobaa dakavebuli 

imis maCvenebelia, rom gardaqmna naxSirbadis di-

fuziuri gadanawilebis gziT mimdinareobs. Sedegi  

orive fazis firfitebis erTdrouli zrdiTmiiR-

weva. 6.7. da 6.8 suraTebze austenitis perlituri 

gardaqmnisa da naxSirbadis gadanawilebis sqemebia 

warmodgenili. rogorc6.8 a sqemidan gamomdinare-

obs, naxSrbadi ganidevneba feritis mzardi firfi-

tebidan im ubnebSi, sadac igi aucilebelia cementitis warmosaqmnelad. nax-

Sirbadis difuzia gamyofi zedapiris maxloblobaSi, umTavresadmis parale-

luradmimdinareobs. zrdis procesSi perliti warmoqmnis `koloniebs~. yo-

vel koloniaSi feriti da cementiti erTnairadaa orientirebuli. aseTi 

kolonia erTi Canasaxidan viTardeba. 6.9 suraTzemocemulia perlitis tipuri 

mikrostruqtura.arsebobs imis damajerebeli dasabuTeba, rom koloniebis 

warmoqmnis pirvel stadiaSi xdeba cementitis kristalebisCasaxva. rodesac 

kristaliiwyebs zrdas, igi Tavis garemomomcvel austenitisubnebs 

aRaribebs naxSirbadiT.Sedegad, izrdebaferitis Canasaxis warmoqmni-

sadmimiswrafeba, radgan es advilad gansaxorcielebelia anomalurad mci- 

 

 

 

 

 

 

 

 

 

re naxSirbadis Semcvel areebSi. Cveulebriv, feriti cementitis  zedapirze  

Caisaxeba da masTan koherentulad aris dakavSirebuli. SemdgomSi orive fa-

za erTdroulad izrdeba. amasTan, Warbi naxSirbadi cementitis mimarTule-

biT im ubnebSi difundirebs, sadac maTi zedapirebi urTierTSexebaSi  imyo- 
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feba. aRniSnuli zedapiris sxva ubnebSi naxSirbadis an  siWarbe, an ukmari-

soba warmoiqmneba. amitom cementiti feritis zedapiris, xolo feriti – ce-

mentitis zedapiris gaswvriv izrdeba. zrdis aseTi meqanizmi cementitisa da 

feritis urTierTmonacvle Sreebis Camoyalibebas ganapirobebs, romelTagan 

TiToeuli sakuTari sawyisi Canasaxis gagrZelebas warmoadgens.  

perlituri koloniis sawyisi Canasaxi austenitis marcvlebis sazRv-

rebze an adre arsebuli cementitis nawilakebis maxloblobaSi warmoiqmne-

ba. Semdeg kolonia swrafad viTardeba marcvlebis sazRvrebis gaswvriv, uf-

ro Senelebulad – marTobi mimarTulebiT. 

SemCneulia, rom evteqtoiduri gardaqmna ar miekuTvneba  TviTdamamux- 

ruWebel process, rogorebicaa, magaliTad, qveevteqtoiduri feritis warmo-

qmna evteqtoiduri temperaturis zemoT an martensitis formireba. perlitu-

ri gardaqmna manammimdinareobs, sanam ar moxdeba austenitis sruli daSla 

(igulisxmaba, rom foladi Seicavs 0,8% C da gardaqmnis temperatura sakma-

risia procesis mimdinareobisaTvis). 

Termuli damuSavebis praqtikaSi yvelaze ufro xSirad perliti  ganu- 

wyveteli gacivebis pirobebSi warmoiqmneba, Tumca procesis detalizaciisa 

da ganzogadebisaTvis, upirveles yovlisa, aucilebelia im cvlilebebis Se-

swavla, romlebic izoTermul pirobebSi mimdinareobs.  
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perlitis Casaxva raRac 0 drois SualedSixorcieldeba damisi zrda 

Tanabari siCqariT mimdinareobs manam, sanam ar moxdeba mzardi koloniebis 

urTierTSejaxeba.   

Tu gaciveba sakmaod swrafad xdeba da perlituri gardaqmnis tempera-

tura pirveladi feritis gamoyofis dawyebamdemiiRweva, maSin perliti Se-

iZleba sakmaod mcire naxSirbadis Semcvelobis pirobebSic kiaRmocendes. 

aseTi SemTxvevis sailustraciod ganvixiloT 6.10 suraTze warmodgenil sqe-

maze miTiTebuli F Senadnobi. 

TA temperaturis zemoT mdgrad fazas 

austeniti warmoadgens. TAda TB temperatu-

rebs Soris wonasworobaSi imyofeba austeni-

ti da feriti. TB–dan TCtemperaturamde ce-

mentiti naklebad mdgradia austenitTan Se-

darebiT, amitom austenitSi ver aRmocendeba 

cementitis Canasaxi. feritis warmoqmna gagr-

Zeldeba manam, sanam Senadnobis ordinata ar 

gadakveTs SE xazs, romelic austenitisa da cementitis wonasworobis piro-

bebs gansazRvravs. Tu es temperatura TC wertilze dabalia, SesaZlebeli ga-

xdeba cementitis Casaxva da perlitis aRmoceneba. aseT pirobebSi Camoyalibe-

buli perliti (kvazievteqtoidi) ufro met ferits da nakleb cementitsSei-

cavs evteqtoidTan SedarebiT.  

Tu analogiur analizs CavatarebT zeevteqtoidur foladebSic, Semdeg 

daskvnamde mivalT: radgan temperaturis SemcirebasTan erTad gamoyofili 

Warbi cementitis (feritis) raodenoba mcirdeba, kvazievteqtoidSi (sorbitSi 

an trostitSi) qveevteqtoidur foladebSi naxSirbadis Semcveloba <0,8%, 

xolo zeevteqtoidur foladebSi _ >0,8%. 

Sualeduri, beinituri gardaqmna austenitis izoTermuli diagramis 

muxls qvemoT, sakmaod dabal temperaturul pirobebSi mimdinareobs.aseT 

SemTxvevaSi feritis Casaxva sakmaod swrafadxdeba, rac gadajerebuli feri-

tis kristalebisa da cementitis Camoyalibebasganapirobebs. varaudoben, rom  
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feriti koherentulad aRmocendeba austenitis matricaze da misi Semdgomi 

ganviTareba naxSirbadis gamoyofiT (mzardi feritidan naxSirbadis gandev-

niT) mimdinareobs. amdenad, procesi kontrolirdeba naxSirbadis difuziiT 

cementitis Canasaxis mimarTulebiT. bunebrivia, cementiti im ubnebSiwarmo-

iqmneba, sadac naxSirbadis sakmarisi koncentracia iqneba miRweuli. amitom 

beinitis warmoqmnis reaqcias feritisa da cementitis Casaxvis siCqareebigan-

sazRvravs da igi ufro Senelebuli siCqariT mimdinareobs perlitur garda-

qmnasTan SedarebiT.  

 

6.3. aradifuziuri (martensituli) gardaqmna 

 

aradifuziurs iseT gardaqmnas uwodeben, romlis drosac sawyisi fa-

zis atomebi erTdroulad da koleqtiurad gadaadgildeba axali, ufro 

mdgradi fazis kristaluri gisosis kvanZebSi. yoveli atomi Tavis axal mde-

bareobaSi deformaciis energiis zemoqmedebiT iZvris, romelic misi mezobe-

li atomebis msgavsi moZraobis Sedegad aRiZvreba. es Termulad araaqtivire-

buli procesi iseTi siCqariT mimdinareobs, romelic drekadi aRgznebis gavr-

celebis, anu bgeris siCqares Seesabameba. atomebis koleqtiuri gadaadgilebis 

erT-erTi Sedegia is, rom axlad Camoyalibebuli kristali formiTa da mo-

culobiT gansxvavebulia sawyisi fazisagan. kristalis nawilis formis ase-

Ti cvlileba iwvevs deformacias, romelic winaaRmdegobas uwevs Semdgomi 

gardaqmnis mimdinareobas. sawyisi pirobebis SenarCunebis SemTxvevaSi marten-

situli gardaqmna bolomde ver ganxorcieldeba. procesis gagrZelebisaTvis 

aucilebelia temperaturis Semcireba an gardaqmnis mamoZravebeli Zalis ga-

zrda. 

aradifuziuri gardaqmnisas sam damaxasiaTebeltemperaturas ganixila-

ven:  

1.MD, romlis zemoT axali (martensituli) faza ar SeiZleba warmoiqm-

nas, radgan aseT pirobebSi sistemis Tavisufali energia ar Semcirdeba; 

2. MH,romlis drosac, temperaturis Semcirebis SemTxvevaSi, iwyeba mar-

tensituli fazis warmoqmna. bunebrivia, MH naklebiaMD-ze, radgan axali fa-

zis Canasaxis warmoqmnisaTvis garkveuli gadacivebaaaucilebeli; 
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3. MK, romlis miRwevisas sawyisi fazis maqsimaluri raodenoba garda-

iqmneba axal, martensitul fazad.  

atomebis koleqtiuri gadaadgilebisaTvis aucilebelia sawyis da mar-

tensitul fazebs Soris koherentuli gamyofi sazRvris arseboba  (sur. 6.11, a). 

winaaRmdeg SemTxvevaSi, SeuZlebeli iqneboda fazur gardaqmnaSi monawile 

atomebis urTierTmsgavsi gadanacvleba. aRniSnuli atomebis ekvivalenturi, 

tolfasi gadaadgileba eqsperimentulad aris dadasturebuli, romlis Tana-

xmadac sworedsawyis fazaSi atomebis mowesrigebuli ganlagebaganapirobebs 

maT aseve mowesrigebul gadajgufebas axal, martensitul fazaSi.  

 

 

austenitisa da martensitis moculobebi erTmaneTisgan gansxvavebulia. 

amitom maT sazRvarze daZabulobawarmoiqmneba, romelic ganuxrelad izrdeba 

martensitis kristalis zrdasTan erTad da austenitis plastikur defor- 

maciasganapirobebs. plastikuri deformaciis Sedegad  irRveva  austenitisa 

da martensitis kristaluri gisosebis koherentuloba, igi swrafad qreba da 

yalibdeba arakoherentuli sazRvari,sadac atomebis ganlagebis xasiaTi mni- 

Svnelovnad aris damaxinjebuli (sur. 6.11, b). fazaTa gamyof zedapirs gark-

veuli kristalografiuli orientaciaaqvs. 6.1 cxrilSi warmodgenilia zo-

gierTi aradifuziuri gardaqmnis kristalografiuli monacemi. 

martensituli gardaqmnis dros atomebis orientirebuli gadanacvleba 

sivrceSi nimuSis gaprialebul zedapirze damaxasiTebel reliefswarmoqm-

nis (sur. 6.12), rac austenitis moculobiTi formis cvlilebas kidev erT-

xel adasturebs. 
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cxrili 6.1. 

zogierTi aradifuziuri gardaqmnis kristalografiuli monacemebi 
 

 
sistema 

 
Semadgenloba 

Ggardaqmna 
gacivebis dros 

 

kristalografi- 
uli sibrtyeebis 

Sesabamisoba 

kristalografiuli 
mimarTulebebis 
Sesabamisoba 

Fe-C 

Fe-Ni 

Li 

Au-Cd 

Co 

0,5-1,4%C 

27-34%Ni 

 

47,5(at)%Cd 

wdksdt 

wdksdk 

sdkmh 

sdkorToromb β 

wdkmh 

{111} {110} 

{111} {110} 

{110}  {0001} 

{001}β  {001}β 

{111}  {0001} 

<110><111> 

<211><110> 

<111>30<112<0>-dan 
[111] β  [110] β 

<110><112<0> 

 

martensituli meqanizmiT γ gardaqmnis baziss sawyisi fazis,austen-

itis waxnagdacentrebuli kuburi gisosis ori mezobeli elementaruli uj-

redi warmoadgens (sur. 6.13). ujredebis aRniSnulwyvilSi Camoyalibebuli  

axali, sivrciT dacentrebuli ku-

buri gisosis parametrebi ! =b na-

klebi aRmoCndeba!_ze. radgan ku-

bis centri dakavebulia rkinis 

atomiT, naxSirbadis atomi c wibo-

ze ganTavsdeba, rkinis atomebs 

Soris. SesaZlebelia man-rkinis 

gisosis zeda da qveda waxnagebis 

centrebicdaikaos.        
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amgvarad, yalibdeba martensitisaTvis damaxasiaTebeli sivrciT dacent-

rebuli tetragonuri gisosi, romlis parametrebi oTaxis temperaturaze Se- 

adgens: !=b=2,845Å; c=2,96Å. gisosis tetragonurobis xarisxi pirdapir damo-

kidebulebaSia foladSi naxSirbadis SemcvelobasTan. martensituli garda- 

qmnisaTvis damaxasiaTebelia agreTve blokebis dawvrilmaneba, martensitis 

kristalSi mikrogaorebuli ubnebis didi raodenobiT warmoqmna da dislo-

kaciis simkvrivis gazrda, rac yvela erTad aRebuli martensitis maRal si-

sales (HRC 60-65) ganapirobebs. 

      martensituli gardaqmna foladebSi bolomde ar mimdinareobs garda-

qmnis damTavrebis,MK temperaturazec ki. austenitis nawili gardaqmnis ga-

reSerCeba da mas narCen austenits uwodeben. amitom nawrTob foladebSi, 

romlebisTvisac MK wertili 200C-ze qvemoT mdebareobs, martensitTan er-

Tad, yovelTvis Tanaarsebobs narCeni austenitis garkveuli raodenoba. nar-

Ceni austeniti miT ufro metia, rac ufro dabla mdebareobs MH da MK wer-

tilebi. 

 

6.4. Sualeduri gardaqmna 

 

Sualeduri gardaqmna perlitur da martensitul gardaqmnebs Soris 

temperaturul intervalSi (C mrudebis muxls qvemoT MHwertilamde), izo-

Termuli dayovnebis pirobebSimimdinareobs. Sedegad Camoyalibdeba beinitu-

ri struqtura, romelic Sedgeba naxSirbadiT gadajerebuli  myari  

xsnarisagan, austenitidan gamoyofili damartensitis daSlis Sedegad Camo-

yalibebuli karbidebis nawilakebisagan, agreTve saSualo  SedgenilobasTan 

SedarebiT gansxvavebuli naxSirbadis koncentraciis mqone narCeni austeni-

tisagan. aRniSnuli narevi maRaldispersiulia da axasiaTebs Txelfirfito-

vani agebuleba, amitom Cveulebrivi gadidebis pirobebSi maTi gaCeva SeuZle-

belia. 

 asxvaveben zeda beinitur da qveda beinitur struqturebs. zeda beini-

ti, Cveulebriv, 500-3500C temperaturul intervalSi warmoiqmneba. masSi kar-

bidis nawilakebi gamoiyofa ara firfitebis saxiT, rogorc perlitSi,  ara- 



 

med izolirebuli, viwro nawilakebis saxiT (sur. 6.14). qveda beiniti war

moiqmneba 3500C-dan MH wartilamde intervalSi da xasiaT

(firfitovani) an martensitis msgav

wilakebi qveda beinitSi 

 

 

 

g 

 

 

 

 

 

 

 

 

 

 

gadacivebuli austenitis beinituri gar

rogorc perlituri, ise martensituli gardaqmnisaTvis damaxa

mentebs: naxSirbadis difuziur ga

(ZvriT)  gardaqmnasmar

beinituri gardaqmna iseT temperaturul diapazonSi mimdinareobs,  sa

dac rkinis TviTdifuzia da malegirebeli elementebis difuzi

lia, xolo naxSirbadis difuziis 

red es faqti ganapirobebs beinituri gardaqmnis Taviseburebas. beinituri 

gardaqmnis sawyis fazaSi mimdinareobs naxSirbadis difuziuri gadanawile

ba austenitSi, ris Sedegadac naxSirbadiT gamdid

moculobebiwarmoiqmneba. austenitis im ubnebSi, romlebic naxSirbadis mci

re  koncentraciiT  xasiaTdeba da romelTa 
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med izolirebuli, viwro nawilakebis saxiT (sur. 6.14). qveda beiniti war

wartilamde intervalSi da xasiaTdeba nemsi

(firfitovani) an martensitis msgavsi agebulebiT (sur. 6.15). karbiduli na

 fazis firfitebzeaganlagebuli.  

adacivebuli austenitis beinituri gardaqmnis meqanizmi aerTianebs 

ri, ise martensituli gardaqmnisaTvis damaxa

mentebs: naxSirbadis difuziur gadanawilebas austenitSi da kooperatiul 

gardaqmnasmartensituli meqanizmiT.  

beinituri gardaqmna iseT temperaturul diapazonSi mimdinareobs,  sa

fuzia da malegirebeli elementebis difuzi

lia, xolo naxSirbadis difuziis siCqare jer kidev sakmaod maRa

red es faqti ganapirobebs beinituri gardaqmnis Taviseburebas. beinituri 

gardaqmnis sawyis fazaSi mimdinareobs naxSirbadis difuziuri gadanawile

ba austenitSi, ris Sedegadac naxSirbadiT gamdidrebuli da gaRaribebuli 

culobebiwarmoiqmneba. austenitis im ubnebSi, romlebic naxSirbadis mci

re  koncentraciiT  xasiaTdeba da romelTa MH wertili Sualeduri garda

med izolirebuli, viwro nawilakebis saxiT (sur. 6.14). qveda beiniti war-

deba nemsisebri 

biT (sur. 6.15). karbiduli na-

meqanizmi aerTianebs 

ri, ise martensituli gardaqmnisaTvis damaxasiaTebel ele-

austenitSi da kooperatiul 

beinituri gardaqmna iseT temperaturul diapazonSi mimdinareobs,  sa- 

fuzia da malegirebeli elementebis difuzia SeuZlebe-

siCqare jer kidev sakmaod maRalia. swo-

red es faqti ganapirobebs beinituri gardaqmnis Taviseburebas. beinituri 

gardaqmnis sawyis fazaSi mimdinareobs naxSirbadis difuziuri gadanawile-

rebuli da gaRaribebuli 

culobebiwarmoiqmneba. austenitis im ubnebSi, romlebic naxSirbadis mci-

wertili Sualeduri garda- 
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qmnis temperaturul intervalSi Zevs, ganicdis  gardaqmnas martensitu-

li meqanizmiT. naxSirbadiT mdidari austenitis moculobebSi ki izoTermu-

li dayovnebis procesSi SeiZleba karbidis nawilakebis gamoyofadaiwyos.  

bunebrivia, es gamoiwvevs austenitis am ubnebis gaRaribebas naxSirbadiT da 

 gardaqmnas martensituli meqanizmiT. swored  fazis warmoqmna marten-

situli meqanizmiT ganapirobebs mis nemsisebur struqturas da mikroxexis 

zedapirze damaxasiaTebeli reliefis warmoqmnas, romelic ufro mkveTrad 

qveda beinitis formirebis Semdeg mJRavndeba. 

Sualeduri gardaqmnis dros  fazis kristalebis zrdis siCqare tor-

suli mimarTulebiT SedarebiT mcirea da 10-3-10-5 mm/wmSeadgens. es imiT aris 

ganpirobebuli, rom  fazis kristalebis zrdis siCqares gansazRvravs nax-

Sirbadis atomebis gandevnis siCqare  mzardi kristalis zedapiridan aus-

tenitSi. 

beinituri gardaqmnis dros Camoyalibebuli  faza (martensiti) nax-

SirbadiT aris gadajerebuli – feritis kristalebi 0,1-0,2%-mde naxSirbads 

Seicavs. gadajerebis xarisxi miT ufro metia, rac ufro dabalia gardaqmnis  

temperatura. amitom   gardaqmnis damTavrebisTanave, Tu mocemul tempe-

raturaze difuziuri Zvradoba sakmaod maRalia, gadajerebuli  myari xsna-

ridan karbidis nawilakebisgamoyofadaiwyeba.  

zeda da qveda beinitis Camoyalibebis meqanizmebi principulad identu-

ria. gansxvaveba SeiZleba imaSi mdgomareobdes, rom zeda beinitis warmoqm-

nis temperaturul areSi procesis sawyis etapzenaxSirbadis 

koncentraciisufro mniSvnelovani diferenciaciamimdinareobs, rac 

austenitis marcvleb- 

Si naxSirbadiT mniSvnelovnad gamdidrebuli ubnebis da, Sesabamisad, mar-

tensituli gardaqmnis gziT naxSirbadiT ufro gaRaribebuli  fazisCamo-

yalibebasganapirobebs. aqedan gamomdinare, beinitur struqturaSi karbide-

bis gamoyofa upiratesad austenitis marcvlebidan unda mimdinareobdes. qve-

da beinitis warmoqmnis SemTxvevaSi ki piriqiT, austenitSi naxSirbadiT gam-

didrebuli ubnebi SedarebiT mcire aRmoCndeba, xolo  fazis gadajerebis 

xarisxi – ufro mniSvnelovani. amitom karbidebis gamoyofa umTavresad  fa- 
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zis kristalebSi xdeba (sur. 6.15).  

martensituli gardaqmnis analogiurad, beinituri gardaqmnac, umetes 

SemTxvevaSi,  bolomde  ar  mimdinareobs. izoTermuli dayovnebis pirobebSi 

dauSlelad Semonaxuli austenitis garkveuli nawili Semdgomi gacivebisas 

SeiZleba an martensitad gardaiqmnas, an ucvlelad darCes Semonaxuli nar-

Ceni austenitis saxiT. 

 

6.5. dispersiuli gamonayofi 

 

gadajerebuli fazidan gamonayofis Camoyalibebis Termodinamikur 

pirobas is warmoadgens, rom temperaturis Secvlisas sistemaSi SeiZleba wa-

rimarTos gadasvla mdgomareobis diagramis erTfaza aridan orfaza areSi 

(binarul SenadnobebSi) an, zogad SemTxvevaSi, n faziani aridan (n+1)-fazian 

areSi. Cveni msjeloba Semofarguli iqneba mxolod ormagi sistemebiT. 

temperaturis metad neli cvlilebisa da `Casaxvis barieris~ ararse-

bobis SemTxvevaSi axali fazis gamoyofa wonasworul pirobebSixorciel-

deba. Tanaarsebuli fazebis raodenoba da Sedgeniloba nebismier momentSi 

SeiZleba uSualod mdgomareobis diagramidan ganisazRvros. rac Seexeba 

dros, romelic sistemiswonasworobis dasamyareblad an gamoyofis proce-

sis ganxorcielebisaTvis aris saWiro, difuziis gziT matricis erTgvaro-

vani Sedgenilobis SenarCunebis aucileblobiTganisazRvreba, radgan gamo-

nayofis zrda cvlis Sedgenilobas gamonayofis nawilakebisa da matricis 

gamyof  zedapirze. aseTi difuzia myar fazaSi ufro mcire siCqariTxorci-

edeba, vidre siTxeSi da igi iseve akontrolebs gamoyofis process, rogorc 

difuzia Txevadi mdgomareobidan Senadnobis gamyarebisas. amitom SeiZleba 

SemovifargloT iseTi SemTxveviT, rodesac procesi ar aris Seqcevadi da 

kontrolirdeba rogorc difuziis siCqariT, ise temperaturiT. axali fazis 

gamoyofis procesSiwonasworobis SenarCunebas xels uSlis agreTve is ga-

remoeba, rom unda moxdes axali fazis Casaxva, romelic garkveul gadaje-

rebas moiTxovs.  

gamoyofis procesi ori stadiisgan Sedgeba: axali fazis Casaxvisa  da 
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gamoyofili nawilakebis Semdgomi zrdisagan. gamonayofis Casaxva ufro rTu-

li procesia, vidre kristalebis Canasaxis warmoqmna siTxidan. amis mizezs 

sami sxvadasxva garemoeba warmoadgens: 

1. fazaTa  gamyofi zedapiris energiis damokidebulebagamonayofi fa- 

zisa da matricis geometriul Sesabamisobaze; 

2. gansxvavebuli kristaluri struqturis mqoneCanasaxis kuTri mocu-

lobisa an formisgansxvavebamatricasTan SedarebiT, romelSic igi yalib-

deba. es ganapirobebs moculobiT an ZvriT deformacias rogorc matricaSi, 

ise CanasaxSi. amitom Canasaxis kritikuli zomis gansazRvrisaTvis Sedgenil 

gantolebaSi aseT deformaciasTan dakavSirebuli energia fazaTaSorisi ze-

dapiris energiasTanunda Sejamdes. 

3. matricaSi arsebuliarasrulyofilebebi, romlebmac SeiZleba im 

upiratesi adgilebis roliiTamaSos, sadac axali fazis Casaxvamoxdeba, 

radgan am ubnebSi Canasaxis warmosaqmnelad aucilebeli gadajerebis xaris-

xi SeiZleba ufro naklebiaRmoCndes, vidre es saWiroa idealur, srulyo-

fil, homogenur garemoSi. aqedan gamomdinare, Tu aseTi arasrulyofilebe-

bis  energiis  Semcireba SesaZlebelia Canasaxis warmoqmnis gziT, axali fa- 

zis Canasaxis ganmsazRvrel gantolebaSi Sesabamisi wevri unda gamoiricxos. 

aRniSnuli aspeqtebidan pirvelis Camoyalibeba SemdegnairadSeiZleba: 

davuSvaT, sawyisi da gamoyofili kristalebis gamyofi zedapiri kohe-

rentulia. aseT SemTxvevaSi maTi struqtura gamyof zedapirze urTierTSe-

sabamisiaRmoCndeba.Tu kristaluri gisosebi ar  aris  srulad  identuri, 

SeiZleba maT ganicdon drekadi deformacia garkveuli xarisxiT, rac gisose-

bisurTierTmisadagebas Seuwyobs xels (sur. 6.16, a).sqemaze gamyofi zedapiri 

AB punqtiriT aris miTiTebuli. rodesac P da Q kristalebisgisosis pe-

riodebi erTmaneTisgan mcired, ramdenime procentiT gansxvavdeba, gamyofi 

sibrtyis maxloblobaSi meti atomTSorisi manZilis mqone kristali (moce-

mul SemTxvevaSi P) SeikumSeba, xolo meore, Q kristali – gaiWimeba. warmo-

qmnili damaxinjebis energia drekadia da igi kristalebis gancalkevebis 

SemTxvevaSi moispoba. aseT pirobebSi aRZruli drekadi energiis sidide 

atomTSorisi manZilebis Seusabamobis  xarisxze,  kristalebis  drekadobis  
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mudmivebsa da sistemis geometriazeadamokidebuli.  

procesis ganxilvisas yvelaze realuria vivaraudoT, rom axali, Q 

fazis CasaxvisaTvis, moculoba SezRudulia. aseT SemTxvevaSi deformaciis 

energia mcirea gansakuTrebiT im SemTxvevaSi, rodesac Q kristalis dreka-

dobis moduli ufro dabaliaP kristalTan SedarebiT. koherentuli gamyofi 

zedapiris drekadi deformaciis energia ufro mniSvnelovnad mcirdeba 

maSin, rodesac gamonayofs ara tolReZa, magaliTad, sferosTan miaxloebu-

li, aramed Txelfirfitovani agebuleba aqvs. koherentuli  gamyofi zeda-

piris mTeli energia deformaciis im energiad aris miCneuli, romelic aR-

niSnuli kavSiris miRwevas uzrunvelyofs.Tu kavSiri arakoherentulia, ma-

Sin fazaTaSorisi gamyofi sazRvris energiakristalTSorisi energiis ana-

logiuria. igi zedapiris farTobis proporciulia, rasac sferuli nawila-

kebis Casaxvamde mivyavarT.  

Sualedurs warmoadgens is SemTxveva, rodesac atomTSorisi manZile-

bis Seusabamoba iseTia, rom sruli koherentulobis misaRwevad sakmaod di-

di drekadi energiaa saWiro. aseT SemTxvevaSi SeiZleba warmoiqmnas koheren-

tulobis lokaluri ubnebi, romlebic erTmaneTisgan dislokaciebiT (e.w. Se-

usabamobis dislokaciebiT) iqnebia gamoyofili (sur. 6.17).  

sakiTxi, Tu ramdenad kanonzomieria arakoherentuli gamyofi zedapi-

ris ganxilva, rogorc dislokaciebis garkveulad ganlagebis zRvruli Sem-

Txvevisa, didi kuTxiT orientirebuli  kristalebis  sazRvrebis problemis  

aRweris analogiuria.   

drekadi energia gamoyofadi nawilakebisa da matricis gamyof sazR-

varzeZvriT deformaciis gamoaRiZvreba. aseTi drekadi energia im SemTxve-

vaSicaRiZvreba, rodesac gamoyofadi nawilakebis moculoba gansxvavebulia  
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im moculobasTan SedarebiT, romelic igive atomebs adre hqondaT dakavebu-

li. deformaciis energiis es mdgeneli aseve Semcirdeba, Tu gamonayofis na-

wilakebi firfitovani formisaa.  

nebismier SenadnobSi, romelSic gamoyofis procesi mimdinareobs, Sem- 

degi temperaturebiadamaxasiaTebeli: 

1. wonasworobis temperatura; 

2. energetikuli  TvalsazrisiT  yvelaze  xelsayrel adgilebSi,  anu  

kristalebis sazRvrebSi Canasaxis aRmocenebis temperatura; 

3. sxva xelsayrel ubnebSi(rogoricaa, magaliTad, dislokaciis xazebi) 

Canasaxis warmoqnis temperatura; 

4. Canasaxebis warmoqmis temperatura kristalis idealuri agebulebis 

ubnebSi. 

zemoT aRniSnuli damaxasiaTebeli temperaturebi CamonaTvalis Tanmim-

devrobiTklebulobs. aqedan gamomdinare, temperaturas, romelzedac gamo-

yofa mimdinareobs, misi Casaxvis adgili(yvelaze xelsayreli, naklebad 

xelsayreli an araxelsayreli)gansazRvravs. maRal temperaturaze Canasaxi 

umTavresad marcvlis sazRvrebSi da zedapirzewarmoiqmneba; SedarebiT 

dabal temperatraze Canasaxi SeiZleba kristalis moculobaSicwarmoiqmnas. 

gamonayofis zrdis pirobebSi garkvevisaTvis davuSvaT, rom axali fa-

zis gamoyofa izoTermul pirobebSi, temperaturis mkveTri cvlilebis (wrTo-

bis) Semdegxorcieldeba. gamoyofili fazis zrdis siCqare im siCqariTgani-

sazRvreba, rogoriTac mimdinareobs gamonayofis formirebisaTvis aucile-

beli Sedgenilobis cvlileba. Cveulebriv, amisaTvis saWiroa gamxsnelis  

atomebis  Canacvleba gaxsnili komponentis atomebiT da maTi gadanawileba  
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axal kristalur struqturaSi. siCqare, romliTac es procesi SeiZleba wa-

rimarTos, gaxsnili elementis atomebis Zvradobis (difuziis) unari gansa-

zRvravs. marTalia, difuziis siCqare temperaturazeadamokidebuli,  magram  

mas koncentraciuli gradienticganapirobebs, romelic matricis sawyis Se-

dgenilobasa da gamoyofadi fazisa da matricis gamyofi zedapiris Sedge-

nilobasSoris sxvaobiT ganisazRvreba. amitom koncentraciuli gradienti 

myari xsnaris gadajerebis xarisxis proporciulia da temperaturis Semci-

rebasTan erTad izrdeba.6.18 suraTze warmodgenilia temperaturis gavlena 

gamoyofili nawilakebis zrdis siCqareze. naxazze miTiTebulia agreTve di-

fuziis koeficientisa (D) da koncentraciis gradientis ( � �PC )cvlilebis 

xasiaTitemperaturaze damokidebulebiT. difuziis siCqare koncentraciis 

gradientisa da difuziis koeficientis namravlis proporciulia. 

Semajamebeli mrudi, romelic myar 

mdgomareobaSi mimdinare mravali reaqciis 

maxasiaTebels warmoadgens, temperaturis 

mixedviT difuziis koeficientisa da reaq-

ciis mamoZravebeli Zalis cvlilebis urTi-

erTsapirispirod moqmedebis Sedegia.gamo-

nayofis gaxsnisas, rodesac procesi tempe-

raturis matebiT mimdinareobs, zemoT aRni-

Snuli orive faqtori erTi da igive  mimar-

TulebiT moqmedebs da reaqciis siCqare ga-

nuxrelad izrdeba.  

gamoyofili fazis zrdis saerTo siCqare damokidebulia agreTve mzar-

di nawilakebis raodenobaze. nawilakebis ricxvi izrdeba wonasworuli tem-

peraturidan dacilebasTan erTad, amitom Semajamebeli mrudi A 6.19 suraT-

ze SesabamisobaSi unda iyos mzardi nawilakebis cvlilebis xasiaTTan (B), 

rac gamoyofis siCqaris mrudis (C) gansazRvris SesaZleblobas iZleva. 

gamoyofis siCqaris cvlilebas drois faqtoric ganpirobebs. bunebri-

via, procesi garkveuli periodis ganmavlobaSi grZeldeba da TandaTan ma- 
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tulobs mzardi nawilakebis raodenoba, 

ramac bunebrivad unda gazardos gardaqm-

nis siCqare.  

Catarebuli gamoTvlebi da eqsperi-

mentuli monacemebi safuZvels iZleva vi-

varaudoT, rom gadajerebuli myari xsna-

ridan axali fazis gamoyofis procesSi 

metad mniSvnelovani roli SeiZleba iTa-

maSos  difuziam  dislokaciebis gaswvriv.  

Tu gamoyofili nawilakebi arakoherentulia matricis mimarT, gamona-

yofi an sferoidul formas Rebulobs (rodesac misi zedapiruli energia  

ar aris damokidebuli zedapiris kristalografiul orientaciaze), an ise-

Ti formis warmonaqmnebad Camoyalibdeba, romlebic dabali Tavisufali  

energiis kristalografiulsibrtyeebTaniqnebadakavSirebuli.umetes SemTx-

vevaSi, analogiuri gamonayofebi matricis mWidrod wyobili sibrtyeebis 

gaswvrivyalibdeba, rac koherentul CasaxvasTan da dabali energiis mqone 

waxnagebis gaswvriv CanasaxisSemdgom zrdasTan aris dakavSirebuli. aseTi 

tipis struqtura 6.20 a suraTzea warmodgenili da cnobilia, rogorc vid-

manSteturi struqtura.   

    metad maRali gadajerebis pirobebSi axali fazis gamonayofma SeiZleba 

dendritis formac miiRos. amis magaliTad SeiZleba gamodges cementitis 

gamonayofi austenitidan (sur. 6.20, b). 

     cnobilia, rom sistemebis did umravlesobaSi ukanaskneli wonasworu-

li faza ara gamoyofis procesis sawyis stadiaSi, aramedSemdgomi rTuli, 

Tanmimdevruli, Sualeduri mdgomareobis gavlis Semdeg yalibdeba. am Tval-

TaxedviT sakmaod  detalurad aris Seswavlili metad mniSvnelovani siste-

ma _ alumin_spilenZi, romlis mdgomareobis diagramis spilenZis are 6.21 

suraTzea mocemuli. naCvenebia, rom 5000C-dan nawrTobi,ramdenime procenti 

spilenZis Semcvelialuminis Senadnobis 2000C-ze daZvelebisas mkveTrad 

ganirCeva axali fazis gamoyofis oTxi stadia. pirvel stadiaSi warmoiqmne- 
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ba zonebi, romlebic gine-prestonis 

(gp-1) saxelwodebiTaa cnobili. isini 

xasiaTdeba spilenZis gazrdilikon-

centraciiT aluminis matricis zogi-

erT {001} sibrtyeSi. am metad umcires 

zonebze (misi ganivi kveTi 50 ato-

muririgisaa) dakvirveba mxolod metad 

zusti rentgenostruqturuli teq-

nikisgamoyenebiTaris SesaZlebeli. 

     meore stadiaSi Camoyalibebu-

lizonebi (, an gp-2) pirveli-

sganimiTgansxvavdeba, rom maT struqturaSi mowesrigebaSeiniSneba.   

     mesame stadiaSi yalibdeba matricasTankoherentuli CuAl2 Sedgenilobis 

 faza. bolo stadiaSi warmoiqmneba matricis mimarT arakoherentuli, 

wonasworuli CuAl2 ()  fazis CanarTebi. 

unda vivaraudoT, rom ukanasknel sam stadiaSifazebis Tanmimdevruli 

Camoyalibebis procesi ar aris damokidebuli wina stadiaSi gamonayofis 

bunebaze. magaliTad,  aris pirveli gamonayofi faza, romelic  warmo- 
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iqmneba 2%spilenZis Semcveli aluminis Senadnobis 2200C-ze daZvelebis 

procesSi. zustad analogiurad, gp-2 aris pirveli faza, romelic yalibde-

ba Al+4% Cu Senadnobis daZvelebisas 1900C-ze, xolo Al+4,5%Cu SenadnobSi 

1100C-ze daZvelebisas warmoiqmneba gp-1 faza. gamoTqmulia varaudi, rom  

faza SeiZleba Caisaxos agreTve damoukideblad  fazis gardaqmnis gziT. 

aqedan SeiZleba gakeTdes daskvna, rom fazebis TanmimdevrobiT warmoqmna 

umetes wilad ganpirobebulia procesis kinetikiT da ara TiToeuli fazis 

warmoqmniT misi winamorbedisgan.  

zemoT ganxiluli gardaqmnebi sakmaod rTulia. Tumca varaudoben, 

rom yvelaze xSirad procesi or stadiad mimdinareobs. pirveli stadia 

mdgomareobs koherentuli gamonayofis warmoqmnaSi, xolo meore – aRniSnu-

li koherentulobis mospobaSi, rodesac nawilakebi kritikul zomas miaR-

wevs. 

gine-prestonis zonebi iseT SenadnobebSiwarmoiqmneba, romelTa Semad-

geneli komponentebis atomis radiusebs Soris gansxvaveba mcirea, ansawyisi 

fazisdidi gadajerebis pirobebSi, rodesac klasterebis Casaxva ar aris 

did siZneleebTandakavSirebuli. tipur magaliTs warmoadgens kobaltis 

gadajerebuli xsnari spilenZSi da vercxlSi, agreTve TuTiis gadajerebu-

li myari xsnari aluminSi, romlis Semadgeneli komponentebis atomis zo-

mebs Soris gansxvaveba umniSvneloa. aluminSi spilenZis gadajerebul myar 

xsnarebSi atomebis zomebs Soris gansxvaveba metia (daaxloebiT 12%), amitom 

am SenadnobebSi gine-prestonis zonebi mxolod mniSvnelovani gadajerebis 

SemTxvevaSiwarmoiqmneba. 
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