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Sesavali 

teqnikis ganviTarebis Tanamedrove done manqanaTa nawilebis, xelsaw-

yoebis, sxvadasxva konstruqciis elementisa da mowyobilobis dasamzadeb-

lad gansxvavebuli Tvisebebis mqone masalebs moiTxovs: rbilsa dasals, 

magniturrbilsa da magnitursals, aramagniturs, mxurvelmedegsa da mxur-

valmtkices, karg eleqtrogamtarsa da maRali eleqtruli winaRobis mqone 

masalebs. Tavis mxriv, sakonstruqcio masalebis saeqspluatacio maxasia-

Teblebi mWidro kavSirSia liTonis bunebasa da mis Sinagan agebulebasTan. 

liTonisa da Senadnobis praqtikuli miznebisaTvis sworad SerCeva da-

fuZnebulia maTi Tvisebebisa da sasurveli mimarTulebiT am TvisebaTa Sec-

vlis xerxebis codnaze. nakeTobis saboloo saeqspluatacio maxasiaTeb-

lebs, garda misi Sedgenilobisa da struqturisa, meqanikuri, Termuli Tu 

damuSavebis sxva xerxebi ganapirobebs. aqedan gamomdinare, masalaTmcodneo-

bis, rogorc gamoyenebiTi mecnierebis, kidev erT-erTi umTavresi amocanaa 

liTonebisa da Senadnobebis damuSavebis sxvadasxva xerxiT zemoqmedebis Se-

degad,struqturis transformaciis gziT, TvisebaTa sasurveli kompleqsis 

miReba. amdenad, masalaTmcodneoba aris mecniereba, romelic Seiswavlis 

liTonis Sedgenilobas, agebulebas, Tvisebebs, TvisebaTa Secvlis meTodebs 

da maT Soris kavSirs. 

teqnikis nebismieri dargis Semdgomi progresis sawindari swored ma-

salaTmcodneebis winaSe dasmuli problemebis warmatebiT gadaWraa. 
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Tavi I 

 

liTonebis atomur-kristaluri agebuleba 

 

1.1. liTonebis klasifikacia 

samrewvelo masalebi or did jgufad SeiZleba daiyos: liTonebad da 

araliTonebad.  

adamianis mier liTonis gamoyenebas sakmaod didi istoria aqvs, rom-

lis dasabami Zv. w. VII_VI aTaswleulebiT TariRdeba. liTonebidan adamiani 

Tavdapirvelad spilenZs iyenebda, Semdeg spilenZis Senadnobs – brinjaos, 

ufro mogvianebiT – rkinas da mis Senadnobebs – folads da Tujs. liTo-

nebis gamoyenebis sferos gafarToebasTan erTad, gasuli saukunis 50-iani 

wlebidan, teqnikaSi farTod SemoiWra sxvadasxva saxis araliTonuri masa-

la. zogierTi maTgani liTonebis sakmaod xelsayreli Semcvleli aRmoCnda, 

zogma ki Tavisi unikaluri Tvisebebis wyalobiT mrewvelobis iseT sfero-

ebSi daikava adgili, sadac liToni sruliad gamousadegari aRmoCnda. 

`liToni aris Ria feris sxeuli, romlis Wedva SeiZleba~, werda lo-

monosovi daaxloebiT 200 wlis win. im droisaTvis savsebiT misaRebi es gan-

marteba dRes aRar gvakmayofilebs, radgan lomonosovis dros CamonaTval-

Si liTonebis mcire raodenoba Sedioda (oqro, vercxli, spilenZi, kala, 

TuTia da rkina) da maTi mravali Tviseba cnobili ar iyo. 

liTonis ZiriTadi garegnuli niSani misi bzinvarebaa, rac ganpirobe-

bulia didi arekvlis unariT. liTonisaTvis damaxasiaTebelia kargi simtki-

ce, plastikuroba, agreTve maRali eleqtro da Tbogamtaroba, romlebic 

temperaturis Semcirebisas izrdeba. 

liTonebs elementebis garkveuli jgufi miekuTvneba, romlebic mende-

leevis perioduli sistemis marcxena nawilSiaAganlagebuli. გare eleqtro-

nul garsze maT 1_2 eleqtroni aqvs, araliTonebs ki 5_6. qimiur reaqciebSi 

liTonebi gascems savalento eleqtronebs da dadebiT ionebad gadaiqceva. 

liTonuri TvisebebiT xasiaTdeba sufTa liTonebi, magaliTad, alumi-

ni, spilenZi, rkina da a.S., aseve ufro rTuli nivTierebebic, romelTa Sed- 
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genilobaSi SeiZleba Sediodes ara marto ramdenime sufTa liToni, aramed 

araliTonuri elementebis mniSvnelovani raodenobac. aseT nivTierebebs 

liTonur Senadnobebs uwodeben. 

d. mendeleevis perioduli sistema 80-mde liTonuri bunebis elements 

iTvlis, magram mrewvelobisaTvis gadamwyvet rols yvela ar asrulebs. ami-

tom liTonebis klasifikacias, upirveles yovlisa, teqnikisaTvis mniSvne-

lovani Tvisebebidan gamomdinare awarmoeben. 

liTonebi or did jgufad iyofa: Sav da ferad liTonebad. 

Savi liTonebisaTvis damaxasiaTebelia nacrisferi Seferiloba, maRa-

li simkvrive (garda tutemiwaBliTonebisa), dnobis maRali temperatura da 

SedarebiT maRali sisale. am jgufis tipuri warmomadgenelia rkina. 

feradi liTonebi damaxasiaTebeli SeferilobiT gamoirCeva (mowiTa-

lo, yviTeli, TeTri) da xasiaTdeba maRali plastikurobiT, SedarebiT da-

bali dnobis temperaturiT da sisaliT. am jgufis tipuri liTonia spilen-

Zi.  

teqnikaSi gamoyenebul Sav liTonebs, Tavis mxriv, yofen: 

rkinis jgufis liTonebad, sadac rkinasTan erTad gaerTianebulia 

kobalti, nikeli da TvisebebiT maTTan axlos mdgomi manganumi; 

Zneldnobad liTonebad, romelTa dnobis temperatura aRemateba  rki-

nis dnobis temperaturas (15390C). maT ricxvs miekuTvneba volframi, reniumi, 

tantali, molibdeni, niobiumi, hafniumi, vanadiumi, qromi da cirkoniumi; 

uranis jgufis liTonebad – aqtinoidebad, romlebic upiratesad  

atomur energetikaSigamoiyeneba; 

iSviaTmiwa liTonebad – lanTani, ceriumi, neodiumi, prazeodiumi da 

sxva, romlebic gaerTianebulia lanTanoidebis saxelwodebiT. am jgufs mia-

kuTvneben agreTve TvisebebiT maTTan axlos mdgom itriumsada skandiums. 

iSviaTi miwa liTonebi danamatebad gamoiyeneba SenadnobebSi; 

tutemiwa liTonebad, romlebic Tavisufali saxiT ar gamoiyeneba, 

sagangebo SemTxvevebis garda. 

ferad liTonebSi asxvaveben:  
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 msubuq liTonebs (magniumi, γ=1,7 g/sm3, beriliumi γ=1,8 g/sm3, alumini 

γ=2,7 g/sm3); 

 keTilSobil liTonebs, rogoricaa oqro, vercxli da platinis 

jgufis elementebi. maT ricxvs miakuTvneben agreTve `naxevrad keTilSo-

bil~ liTons – spilenZs. keTilSobili liTonebi koroziisadmi maRali 

mdgradobiT xasiaTdeba; 

 advildnobad liTonebs – TuTias, kalas, tyvias, dariSxans, bismuts, 

Taliums, vercxliswyals da Semcirebuli liTonuri Tvisebebis mqone ele-

mentebs – galiumsa da germaniums; 

sisufTavis mixedviT liTonebs pirobiTad yofen teqnikurad sufTa, 

qimiurad sufTa da gansakuTrebuli sisufTavis liTonebad. Tu elementi Zi-

riTad liTons 99,9%-ze naklebi raodenobiT Seicavs (danarCeni minarevebia), 

igi teqnikurad sufTaa; 99,9-dan 99,99%-mde – qimiurad sufTa, xolo 99,99%-ze 

zeviT – gansakuTrebuli sisufTavis. 

 

1.2. liTonisatomis agebuleba 
 

liTonebisaTvis damaxasiaTebeli fizikuri da qimiuri Tvisebebi, ri-

Tac isini sxva elementebisgan gansxvavdeba, atomebis eleqtronuli struq-

turiT ganisazRvreba. 

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 erTeulebSia gamosaxuli (e=4,802910-10el. stat. erTeu-

li), +Z-is tolia. am muxtis matarebelia Z raodenobis protoni. bunebrivia, 

TiToeuls aqvs +e muxti da iseTive masa, rogoric wyalbadis atomis birTvs 

(igi 1836-jer aRemateba eleqtronis masas).atomis birTvi iseT nawilakebsac 

Seicavs, romlebic muxts ar atarebs. maT neitronebs uwodeben. neitronis  
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masa TiTqmis protonis masis Tanazomieria. radgan neitronebs muxti ar 

gaaCnia, isini atomgulis muxts ar cvlis, samagierod, didi wvlili Seaqvs 

elementebis atomur wonaSi. 

elementebis didi nawili 

iseTi atomebisgan Sedgeba, rom-

lebsac erTnairi atomuri nom-

rebi aqvs, magram gansxvavdeba 

atomuri woniT. aseTi atomebi 

protonebis Tanabar raodenobas 

Seicavs (romelic atomuri Z  

nomris tolia), Tumca neitro-

nebis ricxvi gansxvavebulia, rac 

e.w. izotopebis warmoqmnas gana-

pirobebs. amgvarad, izotopebi 

ewodeba erTi da igive qimiuri 

elementis atomebs, romlebsac sxvadasxva atomuri wona, magram erTnairi 

qimiuri buneba aqvs. izotopebi fizikuri TvisebebiT umniSvnelod gansxvav-

deba erTmaneTisgan. maT erTi da igive adgili ukavia periodul sistemaSi. 

atomguli kidev erTi bunebis mqone nawilakebs Seicavs, romlebsac me-

zonebi ewodeba. isini SeiZleba iyos neitraluri an rogorc dadebiTi, ise 

uaryofiTi muxtis matareblebi. mezonebi neitronebsa da protonebs Soris 

kavSirs axdens. aRsaniSnavia, rom atomgulSi Tavmoyrili nawilakebis (pro-

tonebis garda) gavlena elementebis qimiur Tvisebebze jer kidev bolomde 

ar aris Seswavlili. 

eleqtronulad neitralur atomSi atomgulis Z raodenobis proto-

nebs igive raodenobis orbitaluri eleqtronebi Seesabameba. boris Teoriis 

Tanaxmad, eleqtronebi atomgulidan SeiZleba sakmaod Sor manZilze moZra-

obdes, magram drois did monakveTSi garsis mkacrad fiqsirebul 

zRvrebSiunda imyofebodes, romelsac n mTavari kvanturi ricxvi gansazRv-

ravs. nRe-bulobs mniSvnelobebs:1; 2; 3; 4; 5; 6; 7 da, Sesabamisad, aRiniSneba 

simbo-loebiT:K; L; M; N; O; P; Q. eleqtronul garsSieleqtronebis raodenoba 
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2n2-is tolia.mTavari kvanturi ricxvi dakavSirebulia eleqtronebis energi-

asTan. 

eleqtronul garsSi eleqtronebi qvegarsebadaa (qvedoneebad) ganlage- 

buli. qvegarsebSi eleqtronebis mdgomareoba orbitalur   ℓ kvantur ricxvs 

Seesabameba, Rebulobs nulidan (n-1)-mde mniSvnelobebs. qvegarsebSi eleq-

tronebis maqsimaluri ricxvi 2(2ℓ + 1)-is tolia.amgvarad, ℓ=0; 1; 2; 3 mniSvne-

lobebi dakavSirebulia qvegarsebTan, romlebic s; p; d; fsimboloebiT aRi-

niSneba. orbitaluri kvanturi ricxvi im orbitis formas gansazRvravs, ro-

melzec eleqtronebi moZraobs. rodesac ℓ = 0,orbita wriulia (sur. 1.2, a). 

Tu ℓ = 1, orbitis forma elifsSi gadadis (b). ℓ sididis mniSvnelobis Sem-

dgomi zrda elifsis sul ufro da ufro met wagrZelebas iwvevs (g). 

zemoTqmulidan gamomdinare, K 

garsi SeiZleba Seicavdes mxolod 

s tipis orbitals, L garsi –s 

daptipis orbitalebs, M garsi – s, 

p da d tipis orbitalebs da a.S. anu 

mTavari kvanturi ricxvis yoveli 

erTeuliT gazrdas axali qvegarsebis gaCena axlavs. 

amgvarad, mendeleevis perioduli sistemis Sesabamisad, dabali rigi-

Ti nomris elementidan momdevnoze gadasvlisas energetikuli qvedoneebis 

eleqtronebiT TandaTanobiTi Sevseba mimdinareobs. jer ivseba umciresi 

energiis mqone doneebi, Semdeg SedarebiT ufro maRali energiis.  

elementebis eleqtronuli konfiguraciis anu kvanturi mdgomareobis 

aRwerisaTvis specialuri aRniSvnebiaSemoRebuli: Tavdapirvelad iwereba 

nmTavari kvanturi ricxvis aRmniSvneli cifri, Semdeg – Sesabamisi qvedone-

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

miTiTebuli aqvs am qvedoneze eleqtronebis raodenoba. magaliTad, spilen-

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

degnairad Caiwereba: 

1s22s22p63s23p63d104s1. 
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1.3, a suraTzewarmodgeniliaspilenZisatomiseleqtronuliagebulebismo-

deli. 

mraval liTonSi eleqtronuli garsis normalurad Sevseba SeiniSneba 

3p donemde, Semdeg eleqtronebiT qvedoneebis Sevsebis zemoT aRwerili Tan-

mimdevroba irRveva.amis mizezi, rogorces 1.4 

suraTze warmodgenilsqemaze Cans,imaSi mdgo-

mareobs, rom 4s energetikuli done uf-ro na-

klebia 3d donesTan SedarebiT. axali, 4s qve-

garsis Sevseba manamiwyeba, sanam bo-lomde 

Seivseba winamdebare. amitom, liTo-nebis did 

jgufs, romelSic Sedis Sc, Ti, V, Cr, Mn, Fe, Co 

da Ni, Seuvsebeli aqvs 3d Sre, maSinrodesac 

4sSreze erTi an ori eleqtroni gaaCnia. 

magaliTad rkina, romlis rigiTi nomeria 26, 

3d Sreze 10-is nacvlad 6 eleqtrons Seicavs (sur. 1.3, b): 

1s22s22p63s23p63d64s2 

Seuvsebeli qvedoneebis eleqtronebiTSevseba mxolod mas Semdeg mimdi-

nareobs, rodesac ufro maRali energiis _4s, 5s da 6s qvedoneebi Sesabamisad 

Seivseba eleqtronebiT. 

         n maqsimaluri ricxvis mqone s da p qvedoneebis eleqtronebi savalento 
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eleqtronebs warmoadgens. Tu s qvedone an s da p qvedoneebi srulad aris 

Sevsebuli eleqtronebiT, atomi qimiurad neitraluria.  

gare eleqtronuli orbitebis (qvedoneebis) Sevsebis xarisxis mixedviT 

elementebs or jgufad yofen. liTonebs, romlebsac ar gaaCniad qvedone  

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

ne srulad aqvs Sevsebuli eleqtronebiT (Cu, Zn, Cd, Ag da a.S), ubralo li-

Tonebs uwodeben, xolo liTonebs, romlebsac nawilobriv aqvs Sevsebuli d 

qvedone, maSin, rodesac Camoyalibebulia gare s eleqtronuli qvedone _ 

gardamaval liTonebs.  

3dSeuvsebeli  Sre liTonebis mraval specifikur Tvisebas ganapiro-

bebs: cvlad valentobas, polimorfizms, paramagnetizms, zogierTi liTonis 

(Fe, Ni, Co, Gd, Er, Tu, Ho) feromagnetizms, kristalebSi SeWidulobis did Za-

lebs, sublimaciisa da dnobis maRal temperaturas, dabal eleqtrogamtarobas, 

midrekilebas karbidebis warmoqmnisadmi (am SemTxvevaSi naxSirbadis atomis 

mier gacemuli savalento eleqtroni 3d Sres avsebs) da a.S. karbidebis war-

moqmnisadmi midrekileba, karbidebis mdgradoba, maTi sisale da warmoqmnis tem-

peratura miT ufro maRalia, rac ufro metia eleqtronuli orbitis Seuvseb-

lobis xarisxi. 

atomis eleqtronuli mdgomareoba kidev ori – orbitaluri magnituri mℓ  

damsspinuri kvanturi ricxvebiT ganisazRvreba.  

orbitaluri magnituri kvanturi ricxvi axasiaTebs elifsuri orbitis 

orientacias da SeiZleba miiRos nebismieri mniSvneloba +ℓ-dan –ℓ-mde nulis Ca-

TvliT. amdenad, igi orbitebis ricxvs zRudavss,  p,  d da f  qvegarsebSi. 

atomgulis garSemo eleqtronis brunva wriul dens da masTan dakavSire-

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

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

ubralod, spins uwodeben.  

meoTxe spinuri kvanturi ricxvi swored eleqtronis spinis mimarTule-

basTan aris dakavSirebuli. amdenad, spinuri kvanturi ricxvi magnituri momen-

tis komponentia, romelic eleqtronis mbrunavi magnituri momentiT – spiniT 

aRiZvreba. igi mxolod or mniSvnelobas Rebulobs _ms=±1/2. maSasadame,yoveli 
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orbita, romelic ℓ, mℓ  damskvanturi ricxvebiT ganisazRvreba, SeiZleba Seicav-

des or eleqtrons urTierTsapirispiro spinebiT _ms=+1/2  dams= -1/2. 

yoveli eleqtronuli mdgomareoba garkveul energiasTan aris dakavSire-

buli, amitom atomis sruli energia Zorbitaluri eleqtronebis energiebis 

SejamebiT unda ganisazRvrebodes. paulis akrZalvis principis Tanaxmad, moce-

mul energetikul mdgomareobaSi, romelic n, ℓ, mℓ  damsoTxi kvanturi ricxviT 

ganisazRvreba, ar SeiZleba arsebobdes erTze meti eleqtroni. amitom, nebis-

mieri elementis atomSi Z eleqtronebi iseTnairad gadanawildeba nebadar-

Tul mdgomareobaSi, rom atomis saerTo energia minimaluri aRmoCndes.  

 

1.3. liTonis kristaluri agebuleba 

 

1.3.1. კრისტალური გისოსის ტიპები კრისტალებში 

dadgenilia, rom yvela liToni kristaluri agebulebiT xasiaTdeba. 

kristalur nivTierebebSi, amorfulisagan gansxvavebiT, atomebi sivrceSi 

ganlagebulia ara nebismierad, aramed mowesrigebulad, garkveuli kanonzo-

mierebiT. aseTi mowesrigebuli, kanonzomieri ganla-

gebis Sedegad atomebi warmoqmniswarmosaxviT sivr-

ciT kristalur gisoss, romlis kvanZebSi 

TviTonaaganlagebuli. 1.5. suraTze warmodgenilia 

sivrciTi gisosis erT-erTi kristalografiuli 

sibrtye.  

      kristaluri gisosi raime swori geometriuli 

nakvTis mravaljeradi ganmeorebaa sivrceSi. gisosis elementarul nawi-

laks, romelic mravaljer meordeba sivrceSi, kristaluri gisosis elemen-

taruli ujredi ewodeba. 

liTonebSi yvelaze metad sami saxis kristaluri gisosia gavrcelebu-

li: sivrciT dacentrebuli kubi (sur. 1.6, a), waxnagdacentrebuli kubi (b) da 

heqsagonuri prizma (g).  

kristaluri gisosi, garda geometriuli formisa, xasiaTdeba paramet-

rebiT anu periodebiT. parametri ewodeba atomTa Soris manZils sami sxva-
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dasxva mimarTulebiT. igi 

aRiniSneba ,a b  da c asoebiT da 

izomeba angstremebiT (1 Å=10-8 sm) 

an nanometrebiT (1nm=10-7 sm). 

heqsagonur prizmaSi Tu Sigasami 

atomi zeda da qveda waxnagebis 

atomebsexeba, parametrebis 

Sefardebac/ � =1,633. aseT gisoss 

mWidro gisosi ewodeba. 

kristaluri gisosis sim-

Widroves axasiaTebs mocemuli 

atomidan tol da umokles man-

Zilze daSorebuli atomebis ricxvi, romelsac sakoordinacio ricxvi 

ewodeba. ubralo kuburi gisosisaTvis igi tolia 6-is, sivrciT dacent-

rebuli kubisaTvis – 8, xolo waxnagdacentrebuli kubisa da mWidro 

heqsagonuri prizmisaTvis – 12. kristaluri gisosis SemoklebuliaRniSvni-

saTvis misi sakoordinacio ricxviTsargebloben: 

ubralo kuburi         k             k 6  

                        kuburi sivrciT- 
                        dacentrebuli         sdk            k 8 
 
                        kuburi waxnag- 
                        dacentrebuli         wdk            k 12 

 

                        mWidro heqsagonuri     mh             h 12 

 
 

1.3.2. კრისტალური აღნაგობის დეფექტები 

Cven mier zemoT ganxiluli kristalebi garkveulad idealizebulia. 

kristaluri gisosi warmodgenili iyo, rogorc elementaruli ujredis mra-

valjeradi ganmeoreba,sadac yvela geometriuli kvanZi saTanado liTonis 

atomebiT iyo dakavebuli. realuri kristalebi moklebulia aseT absolu-

tur siswores da yovelTvis damaxinjebulia. realur kristalebSi gvxvdeba 

wertilovani, xazovani da struqturuli defeqtebi. 
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wertilovan defeqtebs miekuTvneba vakansia, kvanZebsSorisi (disloci-

rebuli) atomi da ucxo atomi.  

vakansia Tavisufali adgilia kristalur gisosSi (sur.1.7, a).igi war-

moiqmneba gisosis kvanZebidan atomis mowyvetiT da gadasvliT kristalis 

zedapirze an sruli aorTqlebiT. Tu regularuli mdgomareobidan amovar-

dnili atomi daikavebs adgils gisosis kvanZebs Soris, mas kvanZebsSorisi 

atomi ewodeba (b). 

oTaxis temperaturaze vakansiebis ricxvi metad mcirea atomebis saer-

To ricxvTan SedarebiT – 1 vakansia modis 1018 atomze. temperaturis gazr-

da, radioaqtiuri nawilakebiT dasxiveba, zedapiruli xaxuni da a.S. iwvevs 

vakansiebis raodenobis zrdas anu liTonis gafaSrebas. eqstremalur Sem-

TxvevaSi 100 atomze SeiZleba 1_3 vakansiamodiodes. 

ucxo anu minarevis 

atomi, romelic liTonSi 

sxvadasxva mizeziT SeiZ-

leba moxvdes, adgils ika-

vebs kristaluri gisosis 

kvanZebSi, sadac cvlis Zi-

riTadi liTonis atomebs 

an kvanZebs Soris Cainerge-

ba (sur.1.7, g). ucxo atomi minarevis saxiT yovelTvis arsebobs rogorc teq-

nikurad sufTa, ise sakmaod maRali sisufTavis liTonebSi. 

aRniSnuli defeqtebi amaxinjebs kristaluri gisosis swor geometri-

ul formas, rac iwvevs liTonis fizikuri da meqanikuri Tvisebebis Secv-

las. kerZod, eleqtrowinaRobisa da simtkicis maxasiaTeblebiizrdeba, plas-

tikuroba ki mcirdeba. 

bevr naxevargamtarSi minarevebis raodenoba ar unda aRematebodes erT 

memiliarded procents, xolo maTi kristaluri agebuleba idealurs unda 

uaxlovdebodes. 

xazovan defeqtebs dislokacia miekuTvneba. igi aris gisosis lokalu-

ri damaxinjeba, rac gamowveulia kristalSi `zedmeti~ atomuri naxevarsibr- 

tyise.w. eqstrasibrtyis gaCeniT (sur. 1.8, a).eqstrasibrtyis 1-1kide e.w. ki- 
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dura dislokaciaswarmoqmnis. dislokacia sigrZeSi SeiZleba gisosis ram- 

denime aTas parametrzegavrceldes, SeiZleba iyos swori an gaiRunos da 

bolos, daexves da miiRos spiralis forma.am ukanasknels xraxnuli dis-

lokacia ewodeba (b).kristalSi SeiZleba warmoiqmnas 1.8, a suraTze war-

modgenili dislokaciisagan gansxvavebuli Sebrunebuli dislokacia, rode-

sac zedmeti atomuri naxevarsibrtye ,,Casolili~ aRmoCndeba ara zemodan, 

aramed qvemodan. pirvels dadebiT, xolo meores _ uaryofiT dislokacias 

uwodeben. dadebiTi dislokacia aRiniSneba simboloTi, xolo uaryofiTi – 

Т. erTi da igive niSnis dislokaciebi erTmaneTisgan ganizideba, xolo sawi-

naaRmdego niSnisa _ miizideba. 

  

 

 

 

 

 

erT-erT struqturul defeqts mozaikuri struqtura miekuTvneba. 

marcvali ar arisiseTi monoliTuri kristali, romelic Sedgenili iqneba 

mkacrad paraleluri kristalografiuli sibrtyeebisagan. sinamdvileSi, ele-

mentaruli ujredebis yvela jgufi erTmaneTis mimarT Semobrunebulia mci-

re kuTxiT (=0,3_40). aseTi damaxinjebiT miRebul struqturasmozaikurs 

uwodeben (sur. 1.9), xolo mis Semadgenel blokebs – mozaikisblokebs.blo-

kebis urTierTSeuRleba dislokaciebiT xorcieldeba (sur. 1.10). 

xSirad blokebi ufro msxvil agregatebad – fragmentebaderTiandeba, 

romlebic erTmaneTis mimarT ramdenime gradusiTaa (=5-100)Semobrunebuli. 

dasasrul, fragmentebi erTiandeba marcvalSi. marcvlebi erTmaneTis mimarT 

ramdenime aTeuli gradusiTaadezorientirebuli. 
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1.4. atomTa Soris kavSiris tipebi kristalebSi 

 

1.4.1. ზოგადი მიმოხილვა 

kristalSi elementarul nawilakebs Soris kavSiris tips urTierTqme-

debaSi myofi atomebis eleqtronuli agebuleba gansazRvravs. elementaruli 

nawilakebi erTmaneTs garkveulmanZilze uaxlovdeba, rac kristals gazr-

dil Termodinamikur stabilurobas aniWebs. nawilakebs Soris manZils im 

moqmedi Zalebis buneba da sidide gansazRvravs, romlebic ionebs, atomebsa 

Tu molekulebs kristaluri gisosis kvanZebSi akavebs. mizidvis Zalebi 

eleqtronebisa da dadebiTad damuxtuli atomis birTvebTan urTierTqmede-

bis Sedegad aRiZvreba, xolo ganzidvisa – dadebiTad damuxtuli mezobeli 

atomgulebis urTierTqmedebiT garkveul manZilze maTi miaxloebisas. ato-

mebis miaxloebasTan erTad ganzidvis Zalebi ufro da ufro meti intensiu-

robiT izrdeba mizidvis ZalebTan SedarebiT (sur. 1.11). Zalebis gawonaswo-

reba elementaruli nawilakebis raRac d0manZilze miaxloebisas xdeba, ro-

melsac energiis minimumi Seesabameba da kristali Termodinamikurad stabi-

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

energia gansazRvravs iseT fizikur Tvisebebs, rogoricaa dnobisa da aor-

Tqlebis temperatura, drekadobis moduli, wrfivi gafarToebis koeficienti 

da a.S. 

liTonebSi atomebi imdenad axlo manZilzea ganlagebuli, romerTmane-Tis 

eleqtromagnituri velis Zlier zemoqmedebas ganicdian, rac maTi energeti- 

kuli mdgomareobis Secvlas iwvevs – qvedoneebi ixliCeba da energetikul zo- 



16 

 

 

 

 

 

 

 

 

 

 

nebad gardaiqmneba (sur. 1.12). energetikuli zonebis gadafarva savalento ele-

qtronebis mimocvlisa da gaerTianebis SesaZleblobas iZleva. savalento zonebis 

eleqtronebiT Sevsebis xarisxs eleqtruli 

da Tburi Tvisebebi gansazRvravs. 

myar sxeulebSi nawilakebs Soris kavSiri 

eleqtruli xasiaTisaa, magram igi sxva-

dasxva kristalSi sxvadasxvagvarad mJRavn-

deba. bmis upiratesi xasiaTis mixedviT kris-

talebi iyofa molekulur, kovalentur, io-

nur da liTonur kristalebad. Tumca aseTi 

dayofa pirobiTia, radgan zogierT SemTxve-

vaSi kristalebSi SeiZleba ara erTi, aramed ramdenime tipis bmis Zalebi moq-

medebdes. 

 

1.4.2. მოლეკულური კავშირი 

molekulur kristalebSi atomebs Soris kavSiri upiratesad van-der- 

vaalsis ZalebiTaa ganpirobebuli. aseTi kavSiri aRiZvreba nebismier elemen-

tarul nawilakebs (ionebs, atomebs, molekulebs) Soris, Tumca kristalebis 

umravlesobisaTvis igi mcire sididisaa sxva, ufro mniSvnelovan ZalebTan 

SedarebiT. miuxedavad amisa, van-der-vaalsis Zalebi mniSvnelovan rols as-

rulebsmyar mdgomareobaSi inertulida oratomiani airebis struqturis 

CamoyalibebaSi, agreTve zogierT anizotropiul kristalebSi, magaliTad, se- 
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lenSi, sadac van-der-vaalsis kavSirebi garkveul kristalografiul mimar-

TulebebSi warmoebs. 

inertuli airis kristalebSi van-

der-vaalsis kavSiri erTaderTia da, am-

denad, swored igi gansazRvravs krista-

lebis struqturasa da Tvisebebs.  

inertuli airis atomebs eleqtro-

nuli doneebi Sevsebuli aqvs, amitom 

atomebis miaxloebisas eleqtronebis mi-

mocvla SeuZlebelia. aseT SemTxveva 

i atomTa Soris mizidvis Zalebis 

aR-Zvras atomebis myis polarizacias ukavSireben (sur. 1.13). 

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

luri kristalebi dabali dnobisa da aorTqlebis temperaturiTxasiaTdeba 

da mravali maTgani normalur pirobebSi airad mdgomareobaSi imyofeba. ase-

Ti kristalebi dieleqtrikebia. amasTan, maTi eleqtruli Tvisebebi calkeu-

li atomebis an molekulebis TvisebebiT ganisazRvreba da umniSvnelod icv-

leba myari mdgomareobidan Txevad an airad mdgomareobaSi gadasvlis dros. 

1.4.3. კოვალენტური კავშირი 

kovalenturi kavSiri xorcieldeba erTi da igive an ramdenime qimiur 

elements Soris, romlis gare garsis eleqtronebiT Sevsebis xarisxi naxeva-

ri an naxevarze ramdenadme metia.  

kovalenturi kavSiri ganixileba, ro-

gorc ori atomis eleqtronebis mimocv-

liTi urTierTqmedeba, romlis Sedegad re-

zonansuli efeqti aRiZvreba anu eleqtro-

nebi nawilobriv orive atomis kuTvnileba 

xdeba, magram arc erTzemibmuli ar aris. 

amgvarad, kovalenturi kavSiris ganxorcie-

lebisas mezobeli atomebis gare Sris eleqtronebi erTiandeba da warmoqmnis 

eleqtronebis wyvils urTierTsapirispiro mimarTulebis magnituri momentebiT. 
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magaliTad, wyalbadis molekulis SemTxvevaSi kovalenturi bma ori urTierT-

sapirispiro spinis mqone eleqtroniT xorcieldeba (sur.1.14, a). molekulis 

orive eleqtroni wyalbadis orive atoms ekuTvnis da mudmivad `qanaobs~ erTi 

atomidan meoreze, ra drosac mimocvliTi kovalenturi Zalebiwarmoiqmneba. ma-

Sasadame, Cndeba imis tendencia, rom orive urTierTmoqmedi atomis garsi gajer-

des eleqtronebiT. 

      SedarebiT ufro rTuliakovalenturi kavSiri mravaleleqtronian ato-

mebSi, Tumca xarisxobrivad suraTi iseTivea, rogoric zemoT ganvixileT. maga-

liTad, almasSi, romelic 1s22s22p2eleqtronuli konfiguraciis mqonenaxSirba-

dis atomebisgan Sedgeba, mezobel atomebs Soriskovalenturi kavSiri im sava-

lento eleqtronebis wyvilebiT xdeba, romlebic maT saerTo SemakavSirebel 

orbitazea ganTavsebuli. amdenad, oTx mezobel atoms Sorisbma oTxi mimarTu-

lebiT oTxi savalento eleqtroniT warmoebs (sur. 1.14, b). 

     grafitis rTuli heqsagonuri gisosis (sur. 1.15) 

fuZis sibrtyeebSi sam atoms Soris moqmedebs bmis ko-

valenturi Zalebi, xolo fuZeebs Soris kavSiri van-

der-vaalsis susti ZalebiTxdeba.amitom, grafitis 

deformaciis dros, upirveles yovlisa, fuZeebs So-

ris susti kavSiri wydeba, riTac SeiZleba aixsnas 

grafitis dabali sisale. wrfivi gafarToebis koefi-

cienti mniSvnelovnad maRalia van-der-vaalsis Zale-

bis moqmedebis mimarTulebiT. 

kovalenturi kavSiri upiratesad myardeba sxvadasxva bunebis atoms Soris 

iseT qimiur naerTebSi, rogoricaa karbidebi (Fe3C, SiC) da nitridebi (AlN). ko-

valenturi bmis maRali energia ganapirobebs dnobisa da aorTqlebis aseve ma-

Ral temperaturebs (almasisaTvis dnobis temperatura 50000C Seadgens). 

 

 

 

 

 



19 

 

1.4.4. იონური კავშირი 

ionurikavSiri sxvadasxva valentobis elements Sorisxorcieldeba. atomebis 

miaxloebisa da savalento zonebis gadafarvis Sedegad mimdinareobs 

eleqtronebis gadanawileba: eleqtrodadebiTi elementi kargavs savalento 

eleqtrons da dadebiT ionad gadaiqceva, xolo eleqtrouaryofiTi _ ierTebs 

am eleqtrons da savalento zonas mdgrad konfiguraciamde (rogoric inertul 

airebs aqvs) avsebs. amgvarad, ionuri kavSiri dadebiTad da uaryofiTad damux-

tul ionebs Soris warmoebs eleqtrostatikuri 

mizidvis ZalebiT. ionuri kavSiri mraval araor-

ganul dieleqtriks axasiaTebs, rogoricaa, maga-

liTad, Al2O3. am jgufis tipuri warmomadgene-

liaNaCl,romlis ionebs Soris kavSiris modeli 

1.16 suraTzea warmodgenili. qloris uaryofiTad 

damuxtuli ioni Tavis garSemo ara marto `saku-

Tar~,mxolod erTNa+-isionsizidavs, aramed sxva 

ionebsac. amdenad, nebismieri ionis maxlob-

lobaSi aRmoCndeba ara marto sawinaaRmdego niSnis mqone erTi ioni, 

aramedramdenime. faqtobrivad qloris yoveli ioni garSemortymuli aRmoCndeba 

natriumis eqvsi ioniT, xolo natriumis yoveli ioni _ qloris aseve eqvsi io-

niT. aseTi mowesrigebuli ganlagebis kristals ionur kristals uwodeben. 

araliTo-nuri ionis radiusi liTonuri ionis radiusze metia, amitom liTonis 

ionebi avsebs forebs araliTonuri ionebis mier Camoyalibebul kristalur gi-

sosSi. 

ionuri kavSiris simtkice anu bmis energiamuxtis sidideze, ionebis zo-

mebsa da sivrceSi maT urTierTganlagebazea damokidebuli. rac ufro mcirea io-

nebis zomebi da rac ufro mWidrodaaerTmaneTis mimarT sivrceSi ganlagebuli, 

miT ufro metia bmis energia.   

      ionuri kristalebi TiTqmis yovelTvis gazrdili simyifiT gamoirCeva da  

advilad ipoba garkveul kristalografiul sibrtyeebze. savalento eleqtro-

nebi mtkicedaadakavSirebuli atomis birTvTan. ionebis erTi Sris daZvra meo-

ris mimarT ganapirobebs erTnairi muxtis mqone ionebis miaxloebas (sur. 1.17), 
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rac iwvevs maT Zlier urTierTukugdebas da kristalis ngrevas.radgan ionuri 

kristalebis savalento zonebi srulad aris Sevsebuli eleqtronebiT,myar 

mdgomareobaSi isini naxevargamtaruli an dieleqtrikuli TvisebebiT xasiaTde-

ba. Txevad mdgomareobaSi kristalebi ionuri gamtarebia. 

 

1.4.5.ლითონური კავშირი 

 erTi da igive an ramdenime elementis atomebs Soris kavSiri xorci-

eldeba liTonebSi, romelTa gare eleqtronuli Sre naxevramde ar aris Sev-

sebuli. myar mdgomareobaSi liTonis atomebi imdenad axlosaaerTmaneTTan 

ganlagebuli, rom xdeba gare eleqtronuli orbitebis urTierTgadafarva, 

ra drosac saerTo zonawarmoiqmneba Tavisufali qvedoneebiT (sur. 1.18). Se-

degad, airis atomebis msgavsad, savalento eleqtronebi advilad scildeba 

sakuTaratoms, Tavisuflad moZraobs atomidan atomze aRniSnuli saerTo  

 

 

 

 

 

 

 

 

zonis farglebSi da TiToeuli maTganisTvis saerTo, koleqtiuri xdeba, anu 

mimdinareobs savalento eleqtronebis gaerTianeba kristalis mTel mocu-

lobaSi (aqedan warmoiSva terminebi `eleqtronuli Rrubeli~, `eleqtronu-

li airi~). 
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Tu ar arsebobs gare zemoqmedeba, eleqtrostatikuri Zalebis zegavle-niT 

uaryofiTi muxtis matarebeli nawilakebi erTmaneTs ukuagdebs, ris Se- 

degadac Tavisufali eleqtronebis ganawileba kristalis mTel moculobaSi 

statistikurad erTgvarovani xdeba.eleqtronebi `amWidroebs~ dadebiT io-

nebs,romlebic, Tavis mxriv, erTmaneTisgan ganizidebagarkveul manZilze 

miaxloebisas. ionebi kanonzomierad lagdeba sivrceSierTmaneTis mimarT ise, 

rom mizidvisada ganzidvis Zalebi gawonasworebulia (sur.1.19). atomTa Soris 

aseT kavSirs liTonurs uwodeben. 

amgvarad, liTonuri kavSiri warmoiqmneba 

dadebiTad damuxtuli ionebisgan formire-

bul kristalur gisossa da maT irgvliv gar-

Semortymul `Tavisufal~ eleqtronebs Soris 

aRZrul mizidvis ZalebiT. kristalSi elemen-

taruli nawilakebis aseTi urTierTganlagebis 

xasiaTi maqsimalur Termodinamikur stabilurobas uzrunvelyofs. 

sxva tipis kavSirebisgan gansxvavebiT, liTonuri kavSiri ar aris mi-

marTulebiTi, amitom mezobeli atomebi erTmaneTis mimarT rac SeiZleba ax-

los ganlagdeba. amis pirdapiri Sedegia liTonebis kristaluri struqture-

bis maRali sakoordinacio ricxvi da kompaqturoba. liTonebis umravleso- 

baSi aseTi tipis kavSiris CamoyalibebaSi monawileobs yoveli atomis TiTo 

eleqtroni. maRali sakoordinacio ricxviT xasiaTdeba waxnagdacentrebuli 

kuburi da mWidro heqsagonuri gisosebi.  

zogierTi elementi xasiaTdeba kavSirebis Sereuli tipiT. magaliTad, bis-

mutis, selenisa da dariSxanis atomebi rigSi erTiandeba kovalenturi kavSiriT, 

xolo rigebs Soris ganxorcielebulia liTonuri tipis kavSiri amitom aseT 

elementebs naklebad gamoxatuli liTonuri Tvisebebi aqvs. 
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1.5. liTonuri kavSiriT ganpirobebuli zogierTi 

fizikuri Tviseba 
 
liTonuri kavSiris ganxilvidan gamomdinare, liTonis mdgradoba, ro-

melic ionur-eleqtronul sistemasgulisxmobs, dadebiTad damuxtul io-

nebsa da koleqtivizebul eleqtronebs Soris urTierTqmedebiTganisazRv-

reba.amdenad, cneba `liToni~ atomebis iseT agregats gansazRvravs, sadac 

eleqtronebi Tavisuflad gadaadgildeba Tundac metad mcire eleqtruli 

velis modebis SemTxvevaSic ki. liTonuri kavSiri liTonebisSemdeg damaxa-

siaTebel Tvisebebs ganapirobebs:  

a) maRali siTbo da eleqtrogamtaroba 

liTonebis maRali siTbogamtaroba, upirveles yovlisa, ganpirobebu-

lia Tavisufali eleqtronebis didi ZvradobiTda naklebi xarisxiT – io-

nebis rxeviTi moZraobiT, ris gamoc liTonis mTel masaSi swrafad mimdina-

reobs 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 potencialuri velis swori periodulo-

ba, rac eleqtronebis gadaadgilebis unars aZnelebs. Sedegad liTonis ele-

qtrogamtarobamcirdeba.  

piriqiT, dabal temperaturebze mkveTrad mcirdeba ionebis (atomebis) 

rxeviTi moZraoba, rac eleqtrogamtarobis zrdas ganapirobebs. ufro metic, 

zogierT liTonSi, eleqtronebis airis warmoqmnisa da maTi mowesrigebuli 

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

usasrulod izrdeba, rasac zegamtarobis movlenas uwodeben.   

b) eleqtrowinaRobis temperaturuli koeficientis dadebiTi mniSvne-

loba 

temperaturis gazrdiT sufTa liTonebis eleqtrowinaRoba izrdeba. 

liTonuri mdgomareobis mTavar fizikur kriteriumadmyari tanis Teoria 

swored(T)eleqtrowinaRobis temperaturul cvlilebasmiiCnevs: liTonebi-
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saTvis, roca T0, 0, araliTonebisaTvis, e.i.naxevargamtarebisa da dieleq-

trikebisaTvis (izolatorebisaTvis) roca T0,. 

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

TonebSi absoluturi nulis maxloblobaSi eleqtrowinaRoba naxtomiseb-

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-

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 sCans, rom liTonebSi gare eleqtronebi bevrad ufro sustad arian 

dakavSirebuli atomTan da ufro advilad warmoqmnis eleqtronul airs.  

d) kargi arekvlis unari 

liTonebi gaumWviri masalebia da liTonuri bzinvareba axasiaTebs, 

 rac kargi arekvlis unariTaa ganpirobebuli. 

e) plastikuri deformaciisadmi gazrdili midrekileba 

maRali plastikuroba aixsneba liTonis atomuri struqturis perio-

dulobiT da liTonuri kavSiris aramimarTulebiTi xasiaTiT. eleqtronuli 

airi, romliTac atomebia garSemortymuli, ar aris xisti da SeiZleba Sei-

cvalos rogorc zomebi, ise forma. amitom, plastikuri deformaciis pro-

cesSi (Wedva, glinva, da a.S.), e.i. liTonis erTi moculobis meoris mimarT 

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

buli liToni mTlianobas inarCunebs.  
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Tavi II 

 

sufTa liTonebis kristalizacia 
 

2.1. kristalizaciis procesis zogadi mimoxilva 

 
pirveladi kristalizaciis Sedegad Camoyalibebuli struqtura nake-

Tobis mraval Tvisebas gansazRvravs. liTonis gacivebis dros kristaliza-

ciis procesi TviTneburad mimdinareobs, rac gamomdinareobs Termodinamikis 

zogadi kanonebidan, romlis Tanaxmadac, sistema yovelTvis cdilobs dai-

kavos iseTi mdgomareoba, sadac mas minimaluri Tavisufali energia eqneba.  

      temperaturis SecvliT Txevadi 

da myari mdgomareobebis Tavisufali 

energiebi sxvadasxva kanonzomierebiT 

icvleba da mrudebi garkveul T0wer-

tilSi ikveTeba (sur. 2.1).T0tempera-

tura dnobis (gamyarebis) Teoriul 

temperaturaa, Tumca am wertilSi 

kristalizacia ar SeiZleba mimdina-

reobdes, radgan Txevadi da myari fa-

zebis Tavisufali energiebi tolia: Fs=Fk. T0 wertilis  marjvniv, e. i. ma-

Ral temperaturaze, sistemisaTvis ufro xelsayrelia Txevadi mdgomareoba, 

radgan es ukanaskneli naklebi Tavisufali energiiT xasiaTdeba, marcxniv ki 

–kristaluri mdgomareoba. amitom, Tu gamdnar liTons T0wertilis qvemoT 

raRac T1 temperaturamde gadavacivebT, daiwyeba kristalizaciis procesi, 

romlis mamoZravebel Zalas arsebiTad Txevad damyar mdgomareobebs Soris 

Tavisufali energiebis sxvaoba(F=F1-F2) warmoadgens (sur. 2.1). temperaturas, 

romelzec realuradiwyebakristalizaciis procesi, kristalizaciis faqtiu-ri 

temperatura ewodeba, xolo Teoriul da faqtiur kristalizaciis tempe-

raturebs Soris sxvaobas (T0Tf)_ gadacivebis xarisxi. 

sufTa liTonis gacivebis procesi SeiZleba gamoisaxos mrudiT koor-

dinatebSi: temperatura _ dro (sur. 2.2). Txevadi fazis gacivebisas sistemis 
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temperatura jer mdovred mcirdeba (1_2 ubani b mrudze), radgan am dros 

siTxeSi araviTari xarisxobrivi cvlileba ar xdeba. amorful nivTierebeb-

Si, sadac gamyareba kristalebis warmoqmnis anu kristalizaciisgareSe mim-

dinareobs, temperaturis cvlilebis aseTi mdovre xasiaTi SenarCunebulia 

gacivebis mTel intervalSi (sur. 2.2, a). liTonebSi ki, rodesac sistemis 

temperatura kristalizaciis 

faqtobriv temperaturas miaR-

wevs, mrudze horizontaluri 

baqani (2_2) warmoiqmneba. es 

imis maCvenebelia, rom krista-

lizaciis procesi sufTa li-

TonebSi mudmiv temperatura-

zeizoTermulad mimdinareobs, 

radgan atmosferoSi gacemuli 

siTbo kompensirdeba krista-

lizaciis faruli siTbos gamoyofiT (vertikaluri isrebi diagramaze, b 

mrudi). Zlieri gadacivebis SemTxvevaSi intensiurad gamoyofili faruli 

siTbos xarjze temperaturam SeiZleba intensiurad aiwios (g) da dnobis 

wertilsac ki miuaxlovdes. Tu ar moxda siTbos atmosferoSi gacema, gam-

yarebis procesi SeiZleba Sewydes kidec. siTxis ukanaskneli wveTis gamok-

ristalebis Semdeg sistemis temperatura kvlav mdovred vardnas iwyebs. 

 

2.2.kristalizaciis procesis meqanizmi 

kristalizacia ganixileba, rogorc atomebis gadasvla Txevadi mdgoma-

reobisaTvis damaxasiaTebeli mouwesrigebeli mdgomareobidan mowesrige-

bulSi. procesi ori Tanamimdevruli elementaruli aqtiT mimdinareobs. 

pirveli kristalis uwvrilesi nawilakebis e.w. kristalizaciis centrebis 

CasaxvaSi mdgomareobs, xolo meore – am warmonaqmnebidan kristalebis 

zrdaSi. am ori elementaruli safexuris gaTvaliswinebiT, kristalizaciis 

procesi SeiZleba Semdegi sqemiT warmovidginoT: davuSvaT, 2.3 suraTze ga-

mosaxul farTobSi yovel wamSi xuTi kristalizaciis centri Caisaxeba. 
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Casaxuli centrebidan momdevno wamSi kristalebi garkveul zomamde gaizr-

deba. erTdroulad kvlav xuTi kristalizaciis centri Caisaxeba da a.S. 

 

 

 

 

 

 

 

 

 

 

 

centrebis amgvari CasaxviTa da maTi zrdiT mimdinareobs kristalizacia, 

romelic mocemuli sqemis mixedviT meSvide wamSi mTavrdeba.  

Tu Txevadi liToni absoluturad sufTaa da arc WurWlis kedlebi, 

romelSic liToni myardeba da arc raime gareSe minarevebi gavlenas ar ax-

dens Canasaxis warmoqmnaze, mas homogenuri Canasaxi (homogenuri kristali-

zacia) ewodeba. aseT SemTxvevaSi rogorc kristalizaciis centrTa ricxvi, 

ise kristalebis zrdis siCqare sistemis gadacivebis xarisxzea damokidebu-

li. rac ufro metia gadacivebis xarisxi, miT ufro meti kristalizaciis 

centria mdgradi da miT ufro wvrilmarcvlovani struqtura Camoyalib-

deba. 

teqnikur liTonebSi yovelTvis arsebobs araliTonuri CanarTebi, ro-

mlebic mza kristalizaciis centrebis rols asrulebs. maT zedapirzein-

tensiurad mimdinareobs Txevadi fazidan liTonis atomebis daSeneba umniS-

vnelo gadacivebis pirobebSic ki. magaliTad, spilenZis garkveuli moculo-

bis siTxe kristaldeba 50C-mde gadacivebis SemTxvevaSi, xolo misi umciresi  

moculobis wveTi, romelic praqtikulad ar Seicavs minarevebs – 2000C-ze 

meti gadacivebis pirobebSi. Canasaxis warmoqmnas xels uwyobs agreTve im 

WurWlis kedlebi, romelSic siTxe myardeba. Canasaxis warmoqmnas Txevad 
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fazaSi arsebul gamyof zedapirze – WurWlis kedlebze an uxsnadi minare-

vebis nawilakebze heterogenuri ewodeba.  

liToni misTvis damaxasiaTebel aRnagobas pirveladi kristalizaciispro-

cesSi Rebulobs. am dros Camoyalibebuli struqtura nakeTobis mraval 

Tvisebas gansazRvras. gamyarebis procesSi formirebuli defeqtebi liTo-

nis damuSavebis sxvadasxva stadiis gavlis Semdeg SeiZleba mza produqtSi 

aRmoCndes, rac sasurveli Tvisebebis mqone liTonis miRebas aZnelebs. 

 
2.3.kristaluri warmonaqmnis formebi. 

foladis zodis agebuleba 

homogenuri an heterogenuli kristalizaciis procesi SeiZleba sxva-

dasxvanairad warimarTos da amis mixedviT Sedegic sxvadasxva miiReba.Tu 

kristalis zrda erTi centridan xdeba, gamyarebis Semdeg miiRebaSinaganad 

srulyofili kristaluri agebulebisa da swori gare geometriuli formis 

warmonaqmni, romelsac monokristali ewodeba (sur. 2.4, a). didi zomis mono-

kristalebs, romelTa masa SeiZleba ramdenime aseul grams Seadgendes, sa-

mecniero an teqnikis gansakuTrebuli miznebisaTvisamzadeben. 

rodesac kristalizacia erTdroulad ramdenime centridan mimdinare-

obs, sanam kristali garSemortymulia siTxiT, igi Rebulobs swor geomet-

riul formas, magram mzardi kristalebisurTierTSexvedrisas xdeba maTi 
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Tavisufali zrdis SezRudva, Cndeba maT SorissazRvari da swori for-

mamaxinjdeba. amgvarad miiReba damaxinjebulizedapiris mqone 

warmonaqmnebi,romelTac marcvlebi ewodeba (sur. 2.4, b). 

umetes SemTxvevaSi, kristali sxvadasxva mimarTulebiT sxvadasxva siC-

qariT izrdeba. aseT SemTxvevaSi Tavdapirvelad warmoiqmneba wagrZelebuli, 

nemsisebri gamonazardi e.w. kristalizaciis pirveli rigis RerZi. analogi-

urad, pirvelad RerZebze miiReba ganStoebebi, romlebic, Tavis mxriv, sxva 

ganStoebebis safuZvelia.Sedegad Camoyalibdebadatotvili, xismagvari 

formis kristali, romelsac dendriti ewodeba (sur.2.4, g). Semdeg xdeba 

dendritebs Soris sivrcis marcvlamde (d)Sevseba. 

mrewvelobaSi warmoebuli foladis didi raodenoba ZiriTadad zodis 

saxiT Camoisxmeba. zodis Camosxma Tujis specialur formebSi (boyvebSi) 

xdeba, sadac siTxis kristalizacia liTonis sxvadasxva moculobaSi gan-

sxvavebulad mimdinareobs. 

2.5 suraTze warmodgenilia foladis zodis agebulebis sqema. liToni maq-

simaluri siCqariT boyvis kedelTancivdeba, amitom am zonaSi gamyareba 

didi gadacivebiT mimdinareobs da formirdeba metad wvrilmarcvlovani 

Sre e.w. zodis qerqi (sur. 2.5, 1 zona). qerqis warmoqmnis momentidan liTo-

nis gacivebis siCqare mcirdeba, qerqis marcvlebze iwyeba axali kristale-

bis daSeneba. isini siTbos gacemis sapirispiro mimarTulebiT, qerqidanzo- 

dis gulisaken, erTmaneTis paralelurad izrdeba da svetismsgavs, wagrZe-

lebul formas Rebulobs (me-2 zona). mas svetovani kristaluri agebulebis 

zona ewodeba. 

liTonis centralur zonaSi ar arsebobs siTbos mimarTulebiTi gacemis 

pirobebi. siTxis mTel moculobaSi erTdroulad iwyeba damoukidebeli 

kristalizaciis centrebis Casaxva da SedarebiT msxvili, tolRerZa, nebis-

mieradorientirebuli marcvlebis zrda, romlebic zodis guls warmoqmnis 
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(me-3 zona). am zonaSi Canasaxis rols, Cveulebriv, sxvadasxva uwvrilesi Ca-

narTi asrulebs, romlebic zodis kristalizaciis procesSi grovdeba. 

     SedarebiT didi siCqariT gacivebis 

SemTxvevaSi mzardi svetovani kristale-

bierTmaneTsxvdeba da kristalizaciis 

procesi urTierTSezrdiT mTavrdeba 

(sur. 2.6).am process transkristalizacia 

ewodeba. Sexvedris adgilebSi kristale-

bis erTmaneTTan mWidro dakavSireba ar 

xdeba da zodSi susti adgilebi miiReba. 

     gamdnari foladis kristalizaciis 

dros liTonis moculoba mcirdeba da 

iq, sadac liToni bolos gamyardeba, warmoiqmneba sicariele – Cajdomis ni-

Jara (4, sur. 2.5). Cajdomis niJaris maxloblad Tavs iyris sxvadasxva war-

moSobis mcire niJarebi da araliTonuri CanarTebi, romlebic e.w. Cajdomis 

sifxvieres warmoqmnis. 

meqanikuri Tvisebebis, kerZod simtkicis maRali maxasiaTeblebis mi-

saRwevad sasurvelia wvrilmarcvlovani struqturis miReba. amis ganmsaz- 
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Rvreli pirobaa is, rom siTxeSi rac SeiZleba meti kristalizaciis centri 

Caisaxos, xolo gacivebis siCqare ise unda SeirCes, rom kristals zrdis 

SesaZlebloba mieces. 

gacivebis siCqare arsebiT rols asrulebs Canasaxis warmoqmnis pro-

cesSi. pirvelad aRmocenebuli kristalebi gaizrdeba im momentamde, vidre 

ar Sexvdeba sxva mzard kristalebs. sxmuli liTonis struqturis Camoyali-

bebaze zemoqmedebis yvelaze gavrcelebuli meTodia swored optimaluri ga-

civebis siCqaris SerCeva. sxmulis kristalizaciis procesSifarTo gamoye-

nebas poulobs agreTve yalibis vibracia. vibraciis Sedegad imsxvreva mzar-

di kristalebi, rac uzrunvelyofs wvrilmarcvlovani struqturis Camoyali-

bebas. 

praqtikaSi struqturis dawvrilmane-

bisaTvis farTod sargebloben Txevadli-

TonSi mcire raodenobiT minarevebis dama-

tebiT. siTxis damuSavebis am xerxs modi-

ficireba ewodeba. magaliTad, foladSi 

modifikatorebad iyeneben bors da ti-

tans, aluminsa da mis SenadnobebSi – nat-

riums, titans da cirkoniums. 2.7suraTze 

warmodgenilia maRali sisufTavis alumi-

nis sxmulis makrostruqtura (a), romelic metad msxvilmarcvlovani agebu-

lebiT xasiaTdeba. 0,5% spilenZisa da 1,1% titanis damateba uzrunvelyofs 

struqturis mniSvnelovan dawvrilmanebas (b). 

2.4. meoreuli gardaqmnebi sufTa liTonebSi 

2.4.1. ალოტროპიული გარდაქმნები 

mocemuli elementis atomebma SeiZleba nebismieri formis kristaluri 

gisosiwarmoqmnas magram mdgradi aRmoCneba is, romelsac minimaluri ener-

gia aqvs. mraval nivTierebaSi, gansakuTrebiT gardamaval liTonebSi, erT 

pirobebSi Camoyalibebuli kristaluri gisosi gare faqtorebis (temperatu-

ra, wneva) zemoqmedebiT SeiZleba arastabiluri aRmoCndes da forma Seicva- 
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los. magaliTad, garkveul pirobebSi rkina SeiZleba arsebobdes sivrciT 

dacentrebul da waxnagdacentrebul kristalur gisosSi; aRmoCenilia ko-

balti waxnagdacentrebuli da heqsagonuri gisosebiT. sxvadasxva kristalur 

formaSi SeiZleba arsebobdes agreTve kala, manganumi, titani, urani da 

cirkoniumi.  

erTi da igive liTonis sxvadasxva kristalur formaSi arsebobas po-

limorfizmi anu alotropizmi ewodeba, xolo liTonis kristalografiul 

saxesxvaobebs – polimorfuli anu alotropiuli modifikaciebi. erTi da 

igive nivTierebis saxesxvaoba aRiniSneba , , ,  asoebiT, romlebic indeq-

sis saxiT elementebis aRmniSvnel qimiur simboloebs emateba. magaliTad, 

Fe,  Tida a.S. 

radgan alotropiuli gardaqmna myar mdgomareobaSi mimdinareobs, 

pirveladi gardaqmnis kristalizaciisagan gansxvavebiT, mas meoreuls uwo-

deben. 

alotropiuli gardaqmna sufTa liTonebSi erT garkveul, mudmivtempe-

raturaze Tburi efeqtiT warimarTeba – gaxurebisas xdeba energiis STan- 

Tqma, gacivebisas – energiis gamoyofa. amitom, sufTa liTonis gacivebis 

mrudze pirveli horizontaluri baqnis qvemoT, romelic Txevadi liTonis 

kristalizacias Seesabameba, imdeni baqani warmoiqmneba, ramdeni alotro-

piuli saxesxvaobac aqvs. temperaturas, romelzec alotropiuli gardaqmna 

mimdinareobs, alotropiuli gardaqmnis temperaturas uwodeben.alotro-

piuli gardaqmna Seqcevadia.  

A    alotropiuli gardaqmna mimdinareobs axali fazis kristalizaciis cen-

trebis CasaxviTa da maTi zrdiT. procesi emorCileba igive kanonzomierebebs, 

romlebic pirveladi kristalizaciis Seswavlis dros ganvixileT. vinaidan 

gardaqmna myar mdgomareobaSi mimdinareobs, difuziis siCqare ramdenime xa-

risxiT naklebia siTxesTan SedarebiT. amitom gardaqmnis dawyebisaTvis 

aucilebelia sistemis mniSvnelovani gadaciveba, raTa arsebuli da axali 

alotropiuli saxesxvaobebis Tavisufal energiebs Soris sxvaobam sakmaris 

sidides miaRwios. 
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2.4.2. რკინის ალოტროპიზმი 

normaluri wnevis pirobebSi rkinaorialotropiuli saxesxvaobiTarse-

bobs. 9110C-is qvemoT da 13920C-is zemoT dnobis temperaturamde stabilu-ria 

rkinis  modifikacia (Fe), romelsac sivrciT dacentrebuli kuburi 

kristaluri gisosiaqvs. 911_13920Ctemperaturul intervalSi kimdgradia 

rkinis  modifikacia waxnagdacentrebuli kuburi kristaluri gisosiT (Feγ, 

sur. 2.8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

maRaltemperaturul rkinas xSirad Fe-Ti aRniSnaven.horizontaluri ba-

qani, romelic 7680C-ze miiReba, ar aris dakavSirebuli kristaluri gisosis 

gadajgufebasTan. igi kiuris wertilia. am wertilis zemoT rkina aramagni-

turia,xolo qvemoT – feromagnituri. feromagnituri rkinisagan gansxvave-

biT, aramagnitur rkinas xSirad Fe-Ti aRniSnaven. 

 gaxurebisas alotropiuli gardaqmnis kritikuli wertilebiAC-

TiaRiniSneba (Ac2–7680C, Ac3 - 9110C, Ac4 - 13920C), xolo gacivebisas –Ar-iT (Ar2, 

Ar3, Ar4). 
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2.5. magnituri gardaqmna 

temperaturis gazrdiT liTonis feromagnituri Tvisebebi TandaTan 

mcirdeba da bolos qreba garkveul temperaturaze, romelsac kiuris wer-

tili uwodes (sur. 2.9). igi rkinisaTvis7680CSeadgens, nikelisaTvis –3600C, 

kobaltisaTvis – 11500C, xolo gadoliniumisaTvis – 160C. 

Kkiuris wertili sinamdvileSi mcire temperaturuli intervalia, sa-

dac magnituri Tvisebebis qreba. magnituri gardaqmna bevri 

TaviseburebiTxasiaTdeba alotropiul gardaqmnasTan SedarebiT, rac 

ZiriTadad SemdegSi gamoixateba:   

1. magnituri Tvisebebi TandaTan sustdeba kiuris wertilTan miaxloe- 

bisas da igi ar pasuxobs TvisebaTa naxtomisebr Secvlas; 

2. gardaqmna ar xasiaTdeba temperaturuli histerezisiT _ gacivebis 

siCqaris zrda ar gadaaadgilebs gardaqmnis temperaturas; 

3. gardaqmnis Sedegad icvleba mravali eleqtruli, magnituri da Tbu-

ri Tviseba, magram ucvleli rCeba meqanikuri da zogierTi fizikuri Tviseba; 

4. gardaqmna ar mimdinareobs gadakristalebiT – axali marcvlebis 

warmoqmniTa da kristaluri gisosis SecvliT. 
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Tavi III 

liTonis meqanikuri Tvisebebi 

 

3.1. zogadi mimoxilva 

 
gare Zalebis zemoqmedebiT liToni icvlis formas da zomebs anu de-

formirdeba. mcire datvirTva iwvevs mxolod drekad deformacias. am SemTx-

vevaSi mniSvnelovani struqturuli cvlilebebi ar mimdinareobs. ZiriTadad 

xdeba atomebis gadaadgileba mcire, atomTSorisze naklebi manZiliT, rac 

iwvevs kristaluri gisosis damaxinjebas. es cvlilebebi kristalSi Senar-

Cunebulia manam, sanam moqmedebs gare Zalebi. Zalis moxsnis Semdeg atomebi 

ubrundebა pirvandel wonasworul mdgomareobas, gisosis damaxinjeba ixsne-

ba da liTonSi sawyisi forma da zomebi aRdgeba. liTonis unars, winaაღ-

mdegoba gauwios drekad deformacias, sixiste ewodeba. 

Tu liTonSi aRZruli Zabva gadaaWarbebs drekadobis zRvars, gacile-

biT ufro rTuli procesi, plastikuri deformaciaiwyeba. plastikuri de-

formaciis dros kristalis erTi nawili mTlianad gadaadgildeba (daiZvre-

ba) meoris mimarT. Zalis moqmedebis Sewyvetis Semdeg liToni aRar ubrun-

deba pirvandel mdgomareobas anu rCeba deformirebul mdgomareobaSi. 

sakonstruqcio masalas moeTxoveba ara marto deformaciisadmi, ara-

med rRvevisadmi (ngrevisadmi) gazrdili winaaRmdegobac. winaaRmdegobas de-

formaciisadmi, Cveulebriv, aerTianeben zogad cnebaSi `simtkice~, xolo wi-

naaRmdegobas rRvevisadmi – cnebaSi `saimedooba~. Tu nakeTobis mTlianobis 

rRvevaxdebaara erTi, aramed mravalgzis datvirTvis Semdeg, saqme gvaqvs 

masalis xangamZleobasTan. bunebrivia, maRalxarisxovani sakonstruqcio ma-

sala erTdroulad unda xasiaTdebodes rogorc simtkiciT, ise saimedoo-

biT da xangamZleobiT.  

liTonze moqmedi gare Zalebi garkveuli sididis Semdeg mis rRvevas 

iwvevs. rRvevis procesSi arCeven or etaps: bzaris Casaxvasa da mis gavrce-

lebas srul rRvevamde.  

liTonis rRveva SeiZleba iyos myife da blanti. myife rRvevisaTvis da-

maxasiaTebelia maxvili, datotvili bzari, romelic didi siCqariT  vrcel- 
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deba, praqtikulad, plastikuri deformaciis mimdinareobis gareSe. 

blanti texis SemTxvevaSi bzari blagvia. igi vrceldeba dabali siCqa-

riT, magram mniSvnelovani plastikuri deformaciiT. rRvevis xasiaTidan ga-

momdinare, myife texili kristaluri agebulebiT xasiaTdeba, radgan am 

dros ar maxinjdeba marcvlis forma da zomebi, xolo blanti _ boWkovani 

agebulebiT. praqtikulad liTonis rRveva iSviaTad warimarTeba mxolod 

myife an blanti meqanizmiT. ufro xSirad nakeTobis rRveva Sereuli xasia-

Tisaa. 

 
3.2. liTonis meqanikuri Tvisebebis maxasiaTeblebi 

 
3.2.1. სიმტკიცისა და პლასტიკურობის მახასიათებლები 

liTonis meqanikuri Tvisebebis Seswav-la 

specialurad momzadebuli nimuSis ga-

Wimvaze gamocdiTxorcieldeba(sur. 3.1, a). 

gamocdis win ganisazRvreba nimuSis saanga-

riSo sigrZe
0l
da sawyisi ganivkveTis far-Ti

0F .gamocdis dros nimuSis datvirTva Tanda-

TanobiT xdeba. gamocdis Sedegebi ga-

moisaxeba mrudiT, romlis xasiaTi plasti-

kuri liTonisaTvis 3.1,bsuraTzea warmodge-

nili.gaWimvaze gamocdisas Semdegi ZiriTadi 

maxasiaTeblebi ganisazRvreba: 

1.proporciulobis zRvari pr. es aris 

maqsimaluri Zabva diagramis drekadi defor-

maciis OA ubanze, sadac Zabva fardobiTi wagrZelebis pirdapirpropor-

ciulad icvleba: 

pr=Ppr/F0, mgpa. 

2. denadobis zRvari den. gaWimvis diagramaze  mas  Seesabameba horizon-

taluri ubani BC. igi aris maqsimaluri Zabva, romlis drosac nimuSi defor-

macias ganicdis datvirTvis gauzrdelad: 
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den=Pden/F0, mgpa 

liTonTa umravlesobisaTvis gaWimvis mrudze denadobis zRvari  mkafiod 

ar aris gamoxatuli. aseT SemTxvevaSi mimarTaven denadobis pirobiTi 

zRvris gamoTvlas. es aris Zabva, romlis drosac warmoqmnili wagrZeleba 

nimuSis sawyisi sigrZis 0,2%-s Seadgens. igi aRiniSneba 0,2simboloTi. 

      3. simtkicis zRvari gaWimvisas maqs. igi aris maqsimaluri Zabva, rome-

lsac liToni uZlebs rRvevamde: 

maqs=Pmaqs/ F0,mgpa. 

4. fardobiTi wagrZeleba . igi aris nimuSis sigrZis namatis Sefar-

deba sawyis sigrZesTan da gamoisaxeba procentebiT: 

=(
k

l - 0l )/ 0l = (Δl/ 0l )x100, %, 

sadac 0l  aris nimuSis sawyisi sigrZe, 
k

l _ saboloo sigrZe, Δ 0l _ nimuSis 

sigrZis namati gaWimvaze gamocdis Semdeg. 

5. fardobiTi Seviwroeba ψ. igi aris ganivkveTis farTobis maqsimalu-

ri Semcirebis fardoba sawyisi ganivkveTis farTobTan: 

ψ=
0

0

F

FF
k


100%, 

sadac F0aris nimuSis sawyisi ganivkveTis farTობi,Fk _ saboloo farTobi 

nimuSis maqsimalurad Seviwroebis ubanSi. 

pr, denda maqssimtkicis maxasiaTeblebia, xolo  da ψ – plastiku- 

robis maCveneblebi. 

 

3.2.2. დარტყმთი სიბლანტე 
 

liTonis meqanikuri Tvisebebis erT-

erTi umniSvnelovanesi maxasiaTebelia 

dartymiTi siblante a n (n _ naseri). igi 

ganisazRvrebaspecialuradmomzadebuli 

nimuSis (sur. 3.2) gadatexaze daxarjuli 

muSaobis (A)SefardebiT CanaWerTan ni- 
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muSis ganivkveTis farTobTan(F): 

a n =A/F,mgj/m2. 

sapasuxismgeblo detalebis dartymiTi siblante maRali unda iyos. magali- 

Tad, saaviacio Zravas lilvisaTvis a n =1_1,1 mgj/m2; iaraRis lulisaTvis a

n=0,6_0,7mgj/m2; detalebisaTvis, romlebic muSaobs dinamikuri datvirTvis  

pirobebSi, dauSvebelia dartymiTi siblantis dabali mniSvneloba ( a n0,15 

mgj/m2).  

3.2.3. სისალე 

simtkicis maxasiaTeblebis Sesafaseblad sargebloben agreTve sisalis 

gansazRvris meTodiT, romelic ar moiTxovs nakeTobis mTlianobis darRve-

vas. sisales aRniSnaven H  simboloTi. 

sisale aris liTonis unari, winaaRmdegoba gauwios drekad an plasti-

kur deformacias masSi gareSe, ufro sali sxeulis SeWris SemTxvevaSi. si-

salis gansazRvris araerTimeTodi arsebobs, romelTagan yvelaze gavrce-

lebulia: 

 ა) ბრინელის მეთოდი. am xerxiT sisalis gansazRvrisas gamosacdel ni-

muSSi winaswar SerCeuli P ZaliT iwnexeba D diametris foladis nawrTobi 

burTula (sur. 3.3, a). burTulas diametri (D=10; 5; 2,5 mm) dadatvirTvis si-

dide SeirCeva gamosacdeli masalis sisqis mixedviT. sisale aRiniSneba HB 

simboloebiT (Bgamocdis meTodis aRmniSvneli simboloa) da gamoiTvleba 

datvirTvis SefardebiT nimuSze miRebuli sferuli anabeWdis zedapiris 

farTobTan: 

HB=
F

P
=

 22

2

dDDD

P


x10mgpa, 

sadac P aris datvirTvis sidide, kg;F – anabeWdis zedapiris farTobi, mm2; 

D _ burTulas diametri, mm;d _anabeWdis diametri, mm. 

sisalis mniSvnelobis aReba SesaZlebelia uSualod saTanado stan-

dartuli cxrilebidanac. Tu magaliTad, gazomvis Sedegad miRebulia ricx-

vi 350, sisalis mniSvneloba Semdegnairad Caiwereba: HB 350. 
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ბ) როკველის მეთოდი. rokvelis xerxiT sisalis gamocdisas identorad  

gamoiyeneba almasis konusi an foladis nawrTobi burTula (sur. 3.3, b). 

sisalis mniSvnelobad miRebulia Cawnexis siRrmis (h0)Sebrunebuli sidide. 

anaTvali uSualod xelsawyos skalidan aiReba. xelsawyos aqvs ori skala 

– C daB.almasis konusiT gamoicdeba nawrTobi da sali nimuSebi. ga-moc-

disasdatvirTvis sidide 150 kg Seadgens, anaTvali C skalidan aiReba da 

aRiniSnebaHRCsimboloebiT. maga-

liTad,50 HRC. analogiurad, rode-

sac datvirTvis sidide Seadgens 60 

kg, sisale igive C skalidan aiRe-

ba, magramaRiniSneba HRA simbo-

loebiT. am meTodiT ZiriTadad ga-

moicdeba Txeli firebi, danafare-

bi da metad sali nimuSebi. 

    nawrTobi burTuliT awarmoe-ben SedarebiT rbili masalebis gamocdas. 

datvirTvis sididea 100 kg, sisale  CaiwerebasimboloebiT HRB.magaliTad,  

30 HRB. 

 

გ)ვიკერსის მეთოდი. am xerxiT sisalis gansazRvrisas gamosacdel nimuS- 

Si almasis piramidaiwnexeba da izomeba anabeWdis diagonalis sigrZe d (sur. 

3.3, g). sisale HV gamoiTvleba formuliT: 

HV=1,854
2

d

P
, 

sadac Paris datvirTvis sidide, kg;d _ anabeWdis diagonalis sigrZe, mm. 

datvirTvis sidide, umetes SemTxvevaSi, SeirCeva eqsperimentulad. si-

salis mniSvneloba aiReba saTanado cxrilebidanac. 

arsebobs Sesabamisi cxrilebi, romelTa saSualebiT SesaZlebelia er-

Ti meTodiT gazomili sisalis mniSvnelobis gadayvanaYmeoreSi, maT Soris 

brinelis erTeulebSi. 

sisale, rogorc TvisebaTa ZiriTadi maxasiaTebeli, farTod aris ga-

moyenebuli minerologiaSic. aq SemoRebulia e.w. moosis skala, romelSic 
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mineralebi ganlagebulia mwkrivSi imis mixedviT, Tu romeli romelze 

stovebs kvals (nakawrs). moosis skalaSi sul aTi erTeulia. pirvel adgil-

ze aq dgas Talki, sisaliT 1. igi cnobili mineralebidan yvelaze rbilia. 

Semdeg skalaSi ganlagebulia qvamarili, kirqva, Spati, mdnobi Spati da a. S. 

mecxre adgilzea korundi, xolo meaTeze _ almasi, romlis sisale gani-

sazRvreba 10 erTeuliT. bunebrivi mineralebidan almasi yvelaze ufro 

salia, amitomac almasi Znelad  muSavdeba da gamoiyeneba misi fxvnili.  

liTonis sisalis moosis skaliT daxasiaTeba liTonmcodneobaSi ar 

gamoiyeneba, radgan igi ar iZleva zust da saimedo raodenobriv informa-

cias. 

 

3.3. civWedva da rekristalizacia 

rogorc zemoT iyo aRniSnuli, liTonis plastikuri deformacia xde-

ba gareSe Zalis zemoqmedebis pirobebSi. 3.1 suraTze warmodgenili plasti-

kuri liTonis gaWimvis mrudis analizidan gamomdinare, Zabvis raRac mniS-

vnelobis zemoqmedebiT liToni garkveul deformacias ganicdis, ris Sem-

degac is Cerdeba. ukve deformirebuli liTonis Semdgomi deformaciisaTvis 

saWiroa moqmedi Zalis gazrda. amasTan, rac ufro metad aris liToni de-

formirebuli, miT ufro meti Zalis modebaa saWiro, rac imis maCvenebelia, 

rom civad plastikuri deformaciis procesSi liToni ganmtkicebas ganic-

dis. am movlenas civWedva ewodeba.  

civWedvis efeqti ganpirobebulia im struqturuli cvlilebiT, ro-

melic liTonSi deformaciis dros mimdinareobs. Tavdapirvelad, nebismie-

rad orientirebuli marcvlebi Semobrunebas iwyebs da maqsimaluri simtki-

cis RerZebiT liTonis dinebis mimarTulebiT ganlagdeba. SemdgomSi, tol-

RerZa marcvlebi wagrZelebas iwyebs deformaciis mimarTulebiT da struq-

tura boWkovan agebulebaSi gadadis (nax.3.4). marcvlebis kanonzomier orien-

tacias garedan miyenebuli deformirebadi Zalis moqmedebiT deformaciis 

teqsturas uwodeben.marcvalSi erTdroulad mimdinareobs blokebis 

msxvreva da kristaluri gisosis damaxinjeba. izrdeba dislokaciis sim-

kvrive. 
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amgvarad, civnaWedi  liTonis struqtura  daZabulia  da  

aramdgradi,saTanadod Secvlilia Tvisebebic: sisale da simtkice 

gazrdilia, xolo plastikuroba – Semcirebuli (sur. 3.5). aqedan 

gamomdinare, plastikur de-formacias liToni struqturulad arawona-

sworul mdgomareobaSi gadahyavs. 

oTaxis temperaturaze aseTi mdgomareoba xangrZlivi drois ganmavlobaSi 

SenarCundeba.temperaturis gazrda aCqarebs wonasworul mdgomareobaSi mi-

si dabrunebis procesis mimdinareobas. SedarebiT dabal temperaturaze gar-

daqmnebi mxolodmarcvlebisa da kristaluri gisosis SigniTmimdinareobs, 

ris Sedegadac aRdgeba kristaluri gisosis geometriuliforma (sur. 3.6). am 

movlenas gamobruneba ewodeba. gamobrunebis Sedegad liTonis sisaleda 

simtkice 20_30%-iT mcirdeba, xolo plastikuroba – matulobs.  

temperaturis Semdgomi aweviT izrdeba atomebis Zvradobis unari, rac 

ganapirobebs cvlilebis mimdinareobas mikrostruqturaSi. damaxinjebuli,  
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arawonasworuli blokebisa da marcvlebis sazRvrebSi Caisaxeba da izrdeba 

axali, wonasworuli marcvlebi Zvelis mospobis xarjze. am process pirve-

ladi rekristalizacia (rekristalizaciis I stadia) ewodeba. 

     pirveladi rekristalizaciis Sedegad civWedvis movlena mTlianad 

ixsneba. Sesabamisad icvleba liTonis Tvisebebic: sisale da simtkice mcir-

deba, xolo plastikuroba da siblante matulobs im mniSvnelobamde, rome-

lic liTons civWedvamde hqonda (sur. 3.7). 

     pirveladi rekristali-

zaciis damTavrebis Semdeg 

temperaturis Semdgomi amaR-

lebaiwvevs rekristalizebu-

li struqturis marcvlebis 

zrdas (sur. 3.6,rekristali-

zaciis II stadia). process 

meoreul rekristalizacia-

sac uwodeben. meoreuli rek-

ristalizaciis dros marcv-

lis zrda damokidebulia ro-

gorc rekristalizaciis temperaturaze, ise winaswari deformaciis xaris-

xze. bunebrivia, temperaturis zrdasTan erTad marcvlis sidide ganuxre-

lad izrdeba.  

rac Seexeba winaswari deformaciis xarisxs, aq mdgomareoba gansa-

kuTrebulia. Tu winaswari deformaciis xarisxi mcirea (3_5%) an aRemateba 

10%, marcvlis zrdis saSiSroeba rekristalizaciis optimalur temperatu-

raze ar arsebobs – procesis damTavrebis Semdeg yalibdeba sakmaod wvril-

marcvlovani struqtura (sur. 3.8), rac TvisebaTa karg kompleqss uzrunvel-

yofs.Tu winaswarideformaciis xarisxi 5_10%-is zRvrebSi meryeobs,rek-ris-

talizaciisII stadiaSi mosalodnelia marcvlis zomisintensiuri zrda, rac 

principulad arasasurveli movlenaa.zogSemTxvevaSi, rodesac 
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detalis, magaliTad, turbinis diskos, airturbinisa an kompresoris TaTis 

ganivkveTSi Wedvis an tvifrvis procesSi detalis deformaciis xarisxi 

sxvadasxvaa,rekristalizaciis temperaturamde gaxurebamSeiZlebagamoiwvi-os 

sxvadasxva marcvlovnobis mqone struqturis Camoyalibeba nakeTobis mo-

culobaSi. aseTi detalebi gamousadegaria, radgan eqspluataciaSi kargavs 

simtkices da naadrevad gamodis mwyobridan.mocemul SemTxvevaSi rekris-

talizacia uaryofiT zemoqmedebas axdens detalis saeqspluatacio Tvise-

bebze. 

rekristalizaciis movlenas didi praqtikuli mniSvneloba aqvs. upir-

veles yovlisa, igi saSualebaa civnaWed liTonSi wonasworuli struqtu-

risa da, aqedan gamomdinare, plastikurobis aRsadgenad.  

deformaciisxarisxs, romelic rekristalizaciis procesSi marcvle-

bis intensiuri siCqariT zrdas ganapirobebs, kritikuli deformaciis xaris-

xi ewodeba. 
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Tavi IV 

SenadnobTa agebuleba 

ori an meti elementis SednobiT miRebul nivTierebasSenadnobi ewo-

deba. tradiciulad, Senadnobebs Rebuloben Txevad mdgomareobaSi fuZeli-

TonTan sxvadasxva nivTierebis SednobiT. arsebobs Senadnobis miRebis sxva 

xerxebic, rogoricaa, magaliTad: komponentebis Secxoba, difuziuri gajere-

ba, eleqtrolizi, plazmuri dafrqveva, vakuumSi orTqlis fazidan kompo-

nentebis kondensacia. am xerxebiT miRebul Senadnobs fsevdoSenadnobi ewo-

deba.Tu Senadnobi upiratesad liTonuri elementebisgan aris damzadebuli 

da liTonuri Tvisebebi axasiaTebs, mas liTonur Senadnobs uwodeben.  

liTonuri Senadnobis agebuleba ufro rTulia sufTa liTonebTan Se-

darebiT. Txevad mdgomareobaSi elementis umravlesoba erTmaneTSi ganusaz-

Rvrelad ixsneba (gamonaklisia, magaliTad, rkina da tyvia, rkina da bismu-

ti), myar mdgomareobaSi kiSeiZleba mikromeqanikuri narevi, qimiuri naerTi 

an myari xsnariwarmoiqmnas. Senadnobis miRebis erT-erTi ZiriTadi piroba 

imaSi mdgomareobs, rom komponentebi Txevad mdgomareobaSi erTmaneTSi ga-

nusazRvrelad unda ixsnebodes. 

 

4.1.mikromeqanikuri narevi 

mikromeqanikuri narevi im SemTxvevaSimiiReba, rodesac AdaBsawyisi 

komponentebimyar mdgomareobaSi erTmaneTSi uxsnadia da arcqimiurnaerTs 

warmoqmnis. gamyarebisascalke Caisaxeba da izrdeba A komponentis 

marcvlebi, calke - B komponentisa.Sedegad Camoyalibdeba AdaB marcvlebis 

mikromeqanikuri narevi (sur. 4.1). Senadnobis Semadgeneli yoveli marcv- 

lis kristaluri gisosi daTvisebebi savsebiT eTanadeba Sesabamisi sufTa 

elementis agebulebasa da Tvisebebs. amdenad, mikromeqanikuri narevi orfa-

za Senadnobs miekuTvneba. misi Tvisebebi saSualoa Semadgeneli elemente-

bis Tvisebebs Soris da damokidebulia SenadnobSi am elementebis koncen-

traciaze. 
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4.2. qimiuri naerTi 

 
rodesac Senadnobis Semadgeneli komponentebi raRac koncentraciaze 

qimiur naerTs warmoqmnis, maSin kristalizaciis procesSi Camoyalibdeba 

rogorc A, ise B komponentisgan gansxvavebuli, specifikuri kristaluri 

gisosi, romelic erTdroulad orive elementis atomebs Seicavs. atomebis 

ganlageba kristalur gisosSi mowesrigebulia (sur. 4.2) da daculia maTi 

steqiometriuli Tanafardoba, rac martivi qimiuri formuliT 

gamoixateba:AnBm.  
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qimiuri naerTi xasiaTdeba dnobis an disociaciis garkveuli, mudmivi 

temperaturiT da Semadgeneli elementebisgan mkveTrad gansxvavebuli e.w. 

singularuli TvisebebiT. Sedgenilobidan mcireodeni gadaxra iwvevs Tvise-

bebis naxtomisebr cvlilebas.  

amgvarad, qimiuri naerTi erTfaza Senadnobia. misi struqtura Sedgeni-

lia erTgvarovani qimiuri naerTis kristalebisagan (sur. 4.3). 

 

4.3. myari xsnari 

liTonuri Senadnobebis umravlesobis, romlebic teqnikaSi gamoiyene-

ba, myar mdgomareobaSi gadasvlisas komponentebis urTierTxsnadoba Senar-

Cunebulia. aseT Senadnobs myar xsnarebs uwodeben.  

myari xsnaris kristalizaciisas Camoyalibdeba erT-erTi Semadgeneli 

komponentis kristaluri gisosi, romelSic adgils ikavebs meore kompo-

nentis atomebic. atomebis ganlageba kristalur gisosSi mouwesrigebeli, 

statististikuria. im elements, romlis kristaluri gisosic SenarCunebu-

lia, gamxsneli ewodeba, xolo meores – gaxsnili. amgvarad, myari xsnari 

aris erTfaza Senadnobi, romlis komponentebi saerTo kristalur gisoss 

warmoqmnis. misi struqtura 

erTgvarovani myari xsnaris 

kristalebisgan aris Sedge-

nili (sur. 4.4). 

    imis mixedviT, Tu rogor 

aris ganlagebuli gaxsnili 

elementis atomebi gamxsne-

lis kristalur gisosSi, 

myari xsnari ZiriTadad orgvaria: Canacvlebis da Canergvis. Canacvlebis mya-

ri xsnari warmoiqmneba im SemTxvevaSi, rodesac gamxsnelis gisosSi zogierTi 

atomi (Senadnobis koncentraciis Sesabamisad) Secvlilia gaxsnili elemen-

tis atomebiT (sur.4.5). Ca-nacvlebis myari xsnari, Tavis mxriv, SeiZleba iyos 

ganusazRvreli da gansazRvruli xsnadobis. ganusazRvreli xsnadobis Sem-

TxvevaSi gamxsnelis atomebis nebismieri raodenoba SeiZleba Seicvalos ga-



46 

 

xsnili elementis atomebiT. ganusazRvreli myari xsnarebis warmoqmnis erT-

erTi umTavresi pirobaa komponentebis kristaluri gisosebis msgavseba da 

atomis zomebs Soris minimaluri gansxvaveba. dadgenilia, rom rkinaSi ganu-

sazRvreli rigis myari xsnarebi warmoiqmneba im SemTxvevaSi, rodesac ato-

mis zomebs Soris sxvaoba8%ar aRemateba spilenZSi – 10_11%, xolo advil- 

 

 

 

 

 

 

 

 

dnobadi elementebi ganusazRvrelad ixsneba erTmaneTSi zomebs Soris 17% 

sxvaobis SemTxvevaSic ki.umravles SemTxvevaSi temperaturis SemcirebiT 

myar xsnarebSi xsnadobis zRvari mcirdeba. 

Canergvis myari xsnaris warmoqmnis Se-

mTxvevaSi gaxsnili elementis atomebi Cai-

nergeba gamxsnelis kristaluri gisosis Ta-

visufal adgilebSi (sur. 4.6). gaxsnili ato-

mis zoma, umravlesSemTxvevaSi aRemateba im 

sicarielis sidides, sadac igi Ca-

inerga.aqedan gamomdinare, gamxsnelis 

kristaluri gisosi yovelTvis maxinjdeba 

da amdenad Ca-nergvis myari xsnari yovel-

Tvis gansazRvrulia. 
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Tavi V 

rkina-naxSirbadis Senadnobebi 

 

teqnikaSi yvelaze metad rkina-naxSirbadis Senadnobebi – foladi da 

Tuji gamoiyeneba. foladi da Tuji, garda rkinisa da naxSirbadisa, Seicavs 

mudmiv minarevebs - Si, Mn, P da S. es minarevebi garkveul gavlenas axdens 

foladisa da Tujis Tvisebebze. miuxedavad amisa, Teoriulad foladi da 

Tuji miCneulia orkomponentian rkina-naxSirbadis Senadnobebad, xolo da-

matebiTi elementebis gavlenas calke ganixilaven. amdenad, rkina-naxSirba-

dis SenadnobebSi mimdinare wonasworul gardaqmnebs da maT saboloo 

struqturas rkina-naxSirbadis mdgomareobis diagramis mixedviT aRweren. 

5.1. rkina-naxSirbadis SenadnobTa sistemis 

mdgomareobis diagrama 

                           5.1.1. ძირითადი კომპონენტების დახასიათება 

rkina-naxSirbadis sawarmoo Senadnobebis ZiriTadi komponentebi, rom-

lebic Senadnobebis struqturasa da Tvisebebs gansazRvravs, aris rkina da 

naxSirbadi. rkinis dnobis temperaturaa 15390C, simkvrive _ 7,684 g/sm3. xasi-

aTdeba dabali sisaliTa da simtkiciT (HB 80; maqs.=250-300 mgpa), maRali 

plastikurobiTa da siblantiT (=50%; =85%; �nas=3 mgj/m2). 

rkina mraval elementTan myar xsnarebs warmoqmnis. gansakuTrebiT sayu-

radReboa rkinaSi naxSirbadis myari xsnarebis warmoqmna. naxSirbadis xsna-

dobis zRvari arsebiTad aris damokidebuli rkinis kristalur modifikaci-

aze.  rkinaSi naxSirbadi umniSvnelod ixsneba (0,02%-mde), xolo  modifi-

kaciaSi xsnadobis zRvari asjer metia (2,14%-mde).  
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naxSirbadisa da sxva elementebis myar xsnarebs  rkinaSi austenits 

uwodeben, xolo  rkinaSi _ ferits. 

naxSirbadi metaloidia, romlis ori modifikaciaa cnobili – grafiti 

da almasi. rkina naxSirbadTan iZleva qimiur naerTs – cementits (Fe3C), rome-

lic 6,67% naxSirbads Seicavs. rkina-naxSirbadis SenadnobebSi naxSirbadi Se-

iZleba arsebobdes rogorc cementitis, ise Tavisufali, grafitis saxiT. 

grafiti rkina-naxSirbadis SenadnobebSi yvelaze dabalmtkice fazas warmo-

adgens. 

 

5.1.2. რკინა-ნახშირბადის შენადნობთა სისტემის მდგომარეობის დიაგრამის 

ანალიზი 

mdgomareobis diagrama mocemul sistemaSi gaxureba-gacivebisas Senad-

nobebSi mimdinare gardaqmnebis grafikuli gamosaxulebaa. 5.1 suraTze war-

modgenilia rkina-naxSirbadis SenadnobTa sistemis mdgomareobis 

diagrama.igi moicavs ara mTeli Fe-C sistemis Senadnobebs, aramed Sewy-

vetilia iq, sa-dac rkina naxSirbadTan cementits iZleva. rkina-naxSirbadis 

Senadnobebis struqturisa da Tvisebebis Taviseburebas is garemoeba 

gansazRvravs, rom naxSirbadi warmoqmnis Canergvis myari xsnarebis farTo 

ares γ rkinasTan,  rkinasTan ki xsnadoba metad SezRudulia. 

diagramis mixedviT, Senadnobebis kristalizacia iwyeba ABCD xazze, 

romelsac likvidusis xazi ewodeba. Sesabamisad, likvidusis xazis zemoT 

sistemis nebismieri Senadnobi Txevad mdgomareobaSia. kristalizaciis pro-

cesi mTavrdeba AHIECFxazze. mas solidusis xazs uwodeben. am xazis qvemoT 

sistemis nebismieri Senadnobi myar mdgomareobaSia. kristalizaciis procesi 

likvidusisa da solidusis xazebs Soris mimdinareobs. 

likvidusis ABCStoze pirveladi kristalizaciisa da maRaltempera-

turuli fazuri gardaqmnebis Semdeg yalibdeba naxSirbadis myari xsnari 

rkinis γ modifikaciaSi, romelsac austeniti ewodeba. likvidusis CDStoze 

ki siTxidan gamokristalebas iwyebs rkinisa da naxSirbadis qimiuri naerTi, 

cementiti, Fe3C.   
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Senadnobi, romelic 4,3% naxSirbads Seicavs, ramdenime TaviseburebiT 

xasiaTdeba: 

1. sufTa liTonebis msgavsad, misi kristalizacia mudmiv temperatura-

ze mimdinareobs (C wertilSi likvidusisa da solidusis xazebi Tanxvdeni-

lia); 

2. kristalizaciis (dnobis) temperatura minimaluria (likvidusis 

CBdaCDStoebi aRmavalia) da 11470C Seadgens; 

 

3. kristalizaciis procesSi erTdroulad xdeba rogorc austenitis, 

ise cementitis kristalebis gamoyofa da miiReba maTi mikromeqanikuri nare-

vi, romelsac ledeburiti ewodeba. aseTi Senadnobi rkina-naxSirbadis sis-

temaSi erTaderTia da mas evteqtikur (advildnobad) Senadnobs uwodeben.  

evteqtikis wertilis mixedviT Senadnobebi sam jgufad iyofa: qveevteq-

tikuri, romelic 2,14%-dan 4,3%-mde naxSirbads Seicavs; evteqtikuri, rome-
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lic 4,3% naxSirbads Seicavs da zeevteqtikuri _ naxSirbadis 4,3%-dan 

6,67%-mde SemcvelobiT. 

qveevteqtikur SenadnobebSi pirveladi kristalizacia iwyeba likvidu-

sis BC Stoze austenitis gamokristalebiT, xolo zeevteqtikur TujebSi – 

likvidusis CD Stoze cementitis gamokristalebiT. pirvel SemTxvevaSi 

siTxe mdidrdeba naxSirbadiT, xolo meore SemTxvevaSi – Raribdeba da 

11470C temperaturaze maTi koncentracia evteqtikuris (4,3%) Sesabamisi  xde- 

ba.  am  momentidan iwyeba siTxis evteqtikuri daSla, ris Sedegadac krista- 

lizaciis damTavrebis momentSi qveevteqtikur SenadnobebSi yalibdeba 

struqtura _ austeniti+ledeburiti, xolo zeevteqtikurSi – ledeburi-

ti+cementiti.  

amgvarad, SenadnobebSi, romlebic 2,14%-ze met naxSirbads Seicavs (E 

wertilis marjvniv Fe-C diagramaze), kristalizaciis procesi evteqtikis 

(ledeburitis) warmoqmniT mTavrdeba, razedac ECFhorizontali miuTiTebs. 

maT Tujebi ewodeba. xolo Senadnobebs, romlebic 2,14%-mde naxSirbads 

Seicavs (E wertilis marcxniv Fe-C diagramaze) da pirveladi kristaliza-

cia austenitis warmoqmniT mTavrdeba – foladebs.  

pirveladi kristalizaciis damTavrebis Semdeg, gacivebis procesSi, 

SenadnobebSi mimdinareobs meoreuli gardaqmnebi, rac rkinis alotropiz-

miT da austenitSi naxSirbadis cvalebadi xsnadobiT aris ganpirobebuli. 

kerZod, austeniti oTaxis temperaturamde mdgradobas ar inarCunebs da daS-

las ganicdis. austenitis daSla foladebSi GSE xazze iwyeba da GPSK 

xazze mTavrdeba.  

Senadnobi, romelic 0,8% naxSirbads Seicavs (S wertili Fe-C diagra-

maze), evteqtikuri Senadnobis analogiurad, sami TaviseburebiT xasiaTdeba: 

austenitis daSlis temperatura minimaluria; gardaqmna mimdinareobs mudmiv 

temperaturaze (7270C); austenitis daSlis Sedegad miiReba ori axali fazis 

– feritisa da cementitis mikromeqanikuri narevi, romelsac perliti ewo-

deba (sur. 5.2). procesi evteqtoiduri gardaqmnis saxelwodebiTaa cnobili.  
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     evteqtoiduri wertilis (S) mixedviT fo-

ladebi sam jgufad iyofa: qveevteqtoiduri, 

romelic 0,02%-dan 0,8%-mde naxSirbads Sei-

cavs, evteqtoiduri _ 0,8% naxSirbadis Semcve-

lobiT da zeevteqtoiduri, romelic 0,8%-dan 

2,14%-mde naxSirbads Seicavs. Senadnobebi 0,02%-

mde naxSirbadis SemcvelobiT teqnikuri rkinis 

saxelwodebiTaa cnobili. 

teqnikurad sufTa rkinaSi, romelSic naxSirbadis raodenoba 0,01% ar  

aRemateba (sur. 5.1), meoreuli (austenitis uSualod feritad) gardaqmna GS 

xazze iwyeba. procesi GP 

xazze mTavrdeba da oTaxis 

temperaturaze Camoyalibde-

ba  myari xsnaris krista-

lebi _ feriti (sur. 5.3, a).  

myar xsnarSi naxSirbadis 

xsnadobis zRvari cvaleba-

dia, razedac PQ xazis dax-

rili xasiaTi miuTiTebs – 

7270C-ze feritSi ixsneba 0,02% naxSirbadi (P wertili), xolo oTaxis tem-

peraturaze – 0,01% (Q wertili). amitom, Tu teqnikur rkinaSi naxSirbadis 

Semcveloba 0,01_0,2%-is zRvrebSia, temperaturis Semcirebisas feritis mar-

cvlis sazRvrebze moxdeba Warbi naxSirbadis gamoyofa cementitis saxiT 

(sur. 5.3, b). mas mesameul cementits uwodeben da aRiniSneba Fe3CIIIsimboloTi. 

sufTa rkina  gardaqmnas 9110C-ze ganicdis. austenitSi  gardaqmna 

sufTa rkinis analogiurad mimdinareobs, magram austenitSi gaxsnili nax-

Sirbadi gardaqmnis temperaturas dabla swevs miT ufro metad, rac ufro 

meti naxSirbadia austenitSi gaxsnili (GS xazi diagramaze).S wertilSi gar-

daqmnis temperatura minimaluria da 7270C Seadgens.amasTan gasaTvalis-

winebelia, rom austenitSi naxSirbadis xsnadobis zRvari cvalebadia, raze-

dac ES xazis daxrili xasiaTi miuTiTebs: 11470C-ze austenitSi ixsneba 
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2,14%. temperaturis SemcirebasTan erTad xsnadobis zRvari mcirdeba da 

7270C-ze 0,8% Seadgens.aqedan gamomdinare, foladebSi austenitis daSla GSE 

xazze iwyeba da  GPSK xazze mTavrdeba (sur. 5.1).   

qveevteqtoidur foladeb-

Siaustenitidan feritis gamo-

kristaleba GS xazze iwyeba.tem-

peraturis SemcirebasTan erTad 

austeniti TandaTan mdidr- 

deba naxSirbadiT, misi Sedgeni-

loba icvleba GS xazis Sesaba-

misad da 7270C-ze 0,8%-s aRwevs. 

procesi perlituri gardaqmniT 

mTavrdeba da oTaxis temperatu-

raze yalibdeba ferit-perlitu-

ri struqtura. rac metia folad-

Si naxSirbadi, miT metia struq-

turaSi perlituri Semdgeni (sur. 

5.4). 

austenitis daSla  SE xazze 

austenitis marcvlis sazRvrebSi cementitis gamoyofiT iwyeba. pirveladi 

cementitisagan gansxvavebiT, mas meoreul cementits uwodeben da aRniSnaven 

Fe3CII simboloTi. cementitis gamoyofis gamo, austeniti Raribdeba 

naxSirbadiT da 7270C-ze misi koncentracia 0,8%-mde ecema. procesi 

evteqtoiduri gardaqmniT mTavrdeba da oTaxis temperaturaze yalibdeba 

feritisa da cementitis mikromeqanikuri narevi _ perliti, romlis marcv-

lebi cementitis badiT aris garSemortymuli (sur. 5.5). rogorc zemoT iyo 

aRniSnuli, evteqtikuri Tujis (4,3%C) pirveladi kristalizaciis Sedegad 

yalibdeba ledeburituli struqtura – auste-

nitisa da cementitis mikromeqanikuri narevi. 

qveevteqtikur TujSi ledeburitis gamoyofas 

win uswrebs austenitis gamokristaleba. 11470C-
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dan oTaxis temperaturamde ga-

civebisas Tujebis struqturis 

SedgenilobaSi Se-maval auste-

nitSi igive gardaqmnebi mimdina-

reobs, rac foladebSi ganvixileT. 

kerZod, 7270C-mde xdeba meoreuli 

cementitis gamoyofa, xolo 7270C-

ze – austenitis perlituri gar-

daqmna. amdenad, 7270C-is qvemoT 

ledeburiti Sedgenili iqneba 

perlitisa da cementitis mikro-

meqanikuri narevisagan. oTaxis 

temperatu-ramde gacivebis Semdeg 

qveevteqti-kuri Tujis 

struqturaiqneba per-liti da 

ledeburiti (sur. 5.6, a), 

evteqtikuri Tujisa – ledeburiti 

(b), xolo zeevteqtikuri Tujisa – 

ledeburiti da cementiti (g). ase-

Ti struqturis Senadnobebs TeTr 

Tujebs uwodeben. 

 

          5.1.3. ფაზები და სტრუქტურული 

შემდგენები რკინა-ნახშირბადის შენად- 

                           ნობებში  

    amgvarad, rkina-naxSirbadis Se- nadnobebSi gvxvdeba Semdegi faze-bi da 

struqturuli Semdgenebi: 

1. Txevadi xsnari (L) – erTgvarovani Txevadi xsnari, sadac Senadnobis 

Semcveli yvela elementi erTmaneTSia gaxsnili.  

2. feriti – naxSirbadis mya-ri xsnari  rkinaSi. feritis Tvi-sebebi 

mniSvnelovnadaa damokide-buli foladis qimiur Sedgenilo-baze. 
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elementebi, romlebic ferit-Si ixsneba, zrdis mis sisales da amcirebs 

plastikurobasa da siblantes.  

oTaxis temperaturaze feriti feromagnituria.gaxurebisasferomagne-

tizmi umniSvnelod klebulobs, xolo 7680C-ze mkveTrad ikargeba. 

3. austeniti – naxSirbadis myari xsnari  rkinaSi. austeniti aramagnituri, 

maRalplastikuri fazaa. misi sisale dabalia. austeniti Cveulebriv 

naxSirbadian foladebSi mdgradia 7270C-ze maRal temperaturebze. 7270C-ze 

igi iSleba perlitis warmoqmniT. 

4. cementiti, Fe3C – rkinisa da naxSirbadis qimiuri naerTi. igi Seicavs 

6,67% naxSirbads. yvelaze sali da myife fazaa rkina-naxSirbadis sistemaSi. 

sisalis mniSvnelobaa HB=700_800. 

cementiti garkveul pirobebSi iSleba Tavisufali naxSirbadis – gra-

fitis warmoqmniT.  

5. perliti – feritisa da cementitis evteqtoiduri mikromeqanikuri 

narevi, romelic 0,8% naxSirbads Seicavs. perlitis sisalea 180_200 HB, maqs 

_ 700_800 mgpa,  _ 10%.  

      6. ledeburiti – austenitis (perlitis) da cementitis mikromeqanikuri 

evteqtikuri narevi, 4,3% naxSirbads Seicavs. ledeburiti perlitTan Seda-

rebiT ufro uxeS konglomerats warmoadgens, radgan igi pirveladi krista-

lizaciis produqtia. cementitis didi raodenobiT Semcvelobis gamo (65%) 

ledeburiti sakmaod maRali sisaliT xasiaTdeba (450 HB).  

feriti, austeniti da cementiti fazebia, xolo perliti da ledebu-

riti – ori fazisgan Sedgenili struqturuli Semdgenebi. 

 
5.2. naxSirbadiani foladi 

                           5.2.1. ფოლადის  სტრუქტურა  და  თვისებები  

foladis struqturasa da Tvisebebs, sxva Tanabar pirobebSi, nax-

Sirbadis Semcveloba gansazRvravs. radganN foladis struqtura feritisa 

da cementitis mikromeqanikuri narevia, rac ufro metia foladSi naxSir-

badi (cementiti), miT ufro metad vSordebiT feritis Tvisebebs da vuax-

lovdebiT cementitisas. amitom, foladSi naxSirbadis raodenobis gadide-
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basTan erTad sisale da simtkice izrdeba, xolo plastikuroba da siblante 

klebulobs. 

5.7suraTze warmodgenilia foladis ZiriTadi meqanikuri maxasiaTeb-

lebis cvlilebis xasiaTi naxSirbadis 

Semcvelobaze damokidebulebiT. ro-

gorc warmodgenil diagramaze Cans, 

1_1,1%-is zemoT naxSirbadis Semcvelo-

bisas foladi sakmaod myifdeba, rac 

gamowveuliacementitis raodenobis mni-

Svnelovani gazrdiT  damarcvlis sa-

zRvrebSi misi araxelsayreli ganlage- 

 

biT. nimuSebis gaWimvaze gamocdisas igi 

iwvevs naadrev rRvevas. swored amitom 

sisalis maxasiaTebeli (HB) ganagrZobs 

matebas, simtkicis mrudi (maqs) ki maqsi-

mumis gavlis Semdeg dabla eSveba. nax-

Sirbadis raodenobis gazrdiT icvleba 

agreTve foladis fizikuri Tvisebebic: eleqtrogamtaroba, Tbogamtaroba da ma-

gnituri SeRwevadoba mcirdeba, koerci-tiuli Zala ki izrdeba. 

 

 

 

5.2.2. მუდმივი  მინარევები  ფოლადში 

Cveulebrivi naxSirbadiani foladi, rkinisa da naxSirbadis garda, Seicavs 

siliciums, manganums, fosforsa da gogirds. siliciumi aris foladis 

ZiriTadi ganmJangveli elementi. misi raodenoba foladSi 0,15_0,35%-is zRvrebSia. 

siliciumi ixsneba feritSi da sagrZnoblad zrdis mis sisales, denadobisa da 

simtkicis zRvars, magram amave dros amcirebs plastikurobas. 

manganumi aseve foladis ZiriTadi ganmJangvelia. manganumi, siliciumis 

analogiurad, ixsneba feritSi da zrdis mis sisalesa da simtkices. manganu-
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mis raodenoba 0,5_0,8% zRvrebSi icvleba. manganumis gansakuTrebiT dadebiTi 

gavlena imaSi gamoixateba, rom igi mniSvnelovnad asustebs gogirdis uaryo-

fiT gavlenas foladis Tvisebebze. 

fosfori da gogirdi foladSi mavne minarevebs miekuTvneba. fosfori 

rkinasTan iZleva fosfids Fe3P. fosforis gavleniT izrdeba foladis sisale, 

magram mkveTrad mcirdeba misi dartymiTiMsiblante da maRla iwevs gamyifebis 

temperatura. fosforis gavleniT ganviTarebul simyifes civmetexoba ewodeba. 

fosforis Semcveloba foladSi 0,05% ar unda aRematebodes.  

gogirdi rkinaSi ar ixsneba da foladSi rkinis sulfidis _ FeS-is sa-

xiT gvxvdeba. FeS dnobis dabali temperaturiT xasiaTdeba. garda amisa, igi 

rkinasTan iZleva evteqtikas, romlis dnobis temperaturaa 9850C. foladis gam-

yarebis procesSi evteqtika (Fe+FeS) marcvlis sazRvrebSi gamokristaldeba. 

aseTi foladis wneviT damuSavebis temperaturamde (800_12000C) gaxurebisas ev-

teqtika iwyebs Semodnobas, asustebs marcvlebs Soris kavSirs da foladi 

myifdeba – warmoiqmneba cxeli bzarebi da napralebi. am movlenas wiTelme-

texoba ewodeba. gogirdis Semcveloba foladSi 0,04% ar unda aRematebodes.  

 

               5.2.3. ნახშირბადიანი ფოლადის  კლასიფიკაცია 

foladis klasifikacias  qimiuri Sedgenilobis, struqturisa da daniS-

nulebis mixedviT awarmoeben. 

qimiuri Sedgenilobis mixedviT foladebi or did jgufad iyofa: naxSir-

badian da legirebul foladebad. naxSirbadiani foladi Seicavs rkinas,  

naxSirbads da mudmiv minarevebs (Si, Mn, P da S)  dasaSveb zRvrebSi. 

legireba gulisxmobs masalis Sedgenilobis mizandasaxulad Secvlas 

sasurveli struqturisa da Tvisebebis misaRebad, masSi sxvadasxva elemen-

tis damatebis gziT. aqedan gamomdinare, legirebuli foladi, garda zemoaR-

niSnuli elementebisa, damatebiT Seicavs erT an ramdenime elements, romlebic 

folads TvisebaTa did mravalferovnebas aniWebs (uJangaobas, mxurvalmedego-

bas, mxurvalmtkicobas da a.S). aseT folads legirebuls uwodeben, xolo spe-

cialurad Seyvanil elementebs – malegirebel elementebs. 

foladis klasifikacia struqturis mixedviT zemoT iyo ganxiluli.  
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daniSnulebis mixedviT asxvaveben sakonstruqcio, saiaraRo da gansakuT-

rebuli Tvisebebis mqone foladebs. 

 

                    5.2.4. საკონსტრუქციო ფოლადი  

xarisxis mixedviT sakonstruqcio naxSirba-diani foladi orgvaria: Cve-

ulebrivi xarisxis anu saerTo daniSnulebisa da xarisxovani.  

Cveulebrivi xarisxis sakonstruqcio foladi Seicavs 0,6%-mde naxSir-

bads. dReisaTvis moqmedi standartebis mixedviT Cveulebrivi xarisxis fo-

ladebi sam jgufad iyofa A,  Б  da В. 

A jgufSi gaerTianebulia foladebi, romelTa miwodeba metalurgiuli 

qarxnidan xdeba garantirebuli meqanikuri TvisebebiT. foladis marka aRiniS-

neba  Ст  asoebiT, romlis Semdeg iwereba cifrebi  0; 1; 2; 3 da a.S. 6-mde. magali- 

Tad, Ст0; Ст1; Ст2; Ст3. rac metia cifri, miT maRalia simtkicis maxasiaTeblebi, 

magram plastikuroba mcirdeba. 

Б jgufSi Sedis foladebi, romelTa miwodeba metalurgiuli qarxnidan 

xdeba garantirebuli qimiuri SedgenilobiT. misi marka igive sistemiT aRiniS-

neba, mxolod win ewereba jgufis kuTvnilebis aRmniSvneli aso _ Б. magaliTad, 

БСт3. 

B jgufis foladebs qarxana uSvebs rogorc garantirebuli qimiuri Sed-

genilobiT, ise meqanikuri TvisebebiT. markaSi pirvel adgilze iwereba aso В, 

Semdeg Ст da Sesabamisi cifri. magaliTad, ВСт2, ВСт3, ВСТ4, BСт5. am jgufis 

yoveli markis foladSi meqanikuri Tvisebebi eTanadeba A jgufis Sesabamisi 

markis folads, xolo qimiuri Sedgeniloba – Б jgufis Sesabamisi markis fo-

lads. 

Cveulebrivi xarisxis naxSirbadiani foladebisagan mzaddeba SeduRebu-

li samSeneblo konstruqciebi, xidebi, saxuravi Tunuqi, mcired da saSualod 

datvirTuli manqanaTa nawilebi (kbilana, lilvi, RerZi). 

xarisxovani sakonstruqcio foladi 0,85%-mde naxSirbads Seicavs. igi ga-

moirCeva mavne minarevebis (P, S) naklebi SemcvelobiT, amitom ufro maRali Tvi-

sebebiT xasiaTdeba da ufro sapasuxismgeblo SemTxvevebSic gamoiyeneba. 
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xarisxovani foladis niSandeba xdeba qimiuri Sedgenilobis mixedviT. 

markaSi iwereba orniSna ricxvi, romelic miuTiTebs naxSirbadis saSualo Sem-

cvelobas procentis measedebiT. magaliTad, foladi 05; 08; 10; 15; 20 da a.S. 

xarisxovani foladi arsebiTad aris samanqano foladi. igi mravali da-

niSnulebisaa. naxSirbadmcire foladi 05-dan folad 20-mde farTod gamoiyeneba 

civi StampvisaTvis. maTgan mzaddeba saxuravi Tunuqi, saqvabe furclebi, mcired 

datvirTuli samagri detalebi, SenaduRi da sacementacio nawilebi. 

saSualonaxSirbadiani foladebi (30_50) gamoiyeneba manqanaTa nawilebis, 

kerZod mcired da saSualod datvirTuli RerZebis, lilvebis, muxla lilve-

bis, kbilanebis da a.S. dasamzadeblad. 

naxSirbaduxvi foladi 60_65 xasiaTdeba gazrdili simtkiciT da dreka-

dobiT. gamoiyeneba ufro mZimed datvirTuli nawilebisa da sxvadasxva saxis 

zambarebisa da resorebis dasamzadeblad.  

xarisxovani sakonstruqcio foladebi gamoiyeneba mxolod Termulad da-

muSavebul mdgomareobaSi. 

samanqano foladebs miekuTvneba agreTve samsxmelo foladi, romlis ni-

Sandeba igive principiT xdeba, magram markis boloSi iwereba aso Л. magaliTad, 

foladi 20Л;  25Л da a.S. 

ganJangvis xarisxis mixedviT arCeven mSvid, mduRare da naxevrad mSvid 

foladebs. Tu foladi mSvidia, markis bolos emateba aRniSvna сп (спокойная), na-

xevrad mSvids – пс, xolo mduRares – кп  (кипящая).MmagaliTad, БСт2кп,  08кп. 

 

5.2.5. საიარაღო  ფოლადი 

saiaraRo folads miekuTvneba naxSirbaduxvi foladi 0,7_1,3% naxSirba-

dis SemcvelobiT. misi marka aRiniSneba У asoTi. Semdeg dgas ricxvi, romelic 

miuTiTebs naxSirbadis raodenobas procentis meaTedebiT. magaliTad, foladi 

У7 saSualod Seicavs 0,7% naxSirbads, У8 – 0,8% da a.S. Tu markis bolos weria 

aso A, es foladis maRalxarisxovnebis maCvenebelia (0,02%S da 0,03%P). 

naxSirbadianisaiaraRo foladi zogadad Semdegi daniSnulebiT gamoiye-

neba: У7 – iseTi iaraRebis dasamzadeblad, romlebsac maRal sisalesTan erTad 

mniSvnelovani siblantec moeTxoveba. aseTi iaraRi dartymiTi datvirTvebis 
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pirobebSi muSaobs. maT miekuTvneba Rojebi, samWedlo tvifrebi, sazeinklo Ca-

quCebi da a.S. 

У8-У9 – daaxloebiT imave daniSnulebiT gamoiyeneba, mxolod meti sisalis 

moTxovnis SemTxvevaSi (samWedlo saxvretelebi, xerxebi, saWrisebi); 

У10-У11 – gamoiyeneba iseTi iaraRis dasamzadeblad, romlebic mkveTr dar-

tymas ar ganicdis (saWrisebi, burRebi, garesaxraxnebi, frezebi da a.S); 

У12-У13 – imave mWreli iaraRebisaTvis, magram dartymiTi datvirTvebi ga-

moricxulia. 

saiaraRo foladebi ganmamtkicebeli Termuli damuSavebis gareSe ar ga-

moiyeneba. 

5.2.6. საავტომატე  ფოლადი 

foladebis garkveuli jgufi gankuTvnilia detalebis dasamzadeblad 

Carx-avtomatebze. isini meti raodenobiT Seicavs gogirdsa (0,08_0,20%) da fos-

fors (0,06_0,15%), rac aadvilebs masalis WriT damuSavebas da zrdis nakeTobis 

zedapiris xarisxs. aseTma foladebma saavtomate foladis saxelwodeba 

miiRo. 

saavtomate foladis marka A asoTi aRiniSneba, Semdeg iwereba cifri, ro- 

melic miuTiTebs naxSirbadis Semcvelobas meased procentebSi. magaliTad, А11; 

А12; А20; А30; А35; А40Г. am daniSnulebiT gamoiyeneba agreTve tyviaSemcveli nax-

Sirbadiani da legirebuli foladebi.  

 
5.3. Tuji 

Tuji foladTan SedarebiT meti raodenobiT Seicavs naxSirbads da 

mudmiv minarevebs. arCeven TeTr, rux, maRali simtkicisa da Wedad Tujebs. 

 
5.3.1. თეთრი თუჯი 

TeTr TujSi naxSirbadi mTlianad dakavebulia cementitSi, amitom mi-

si dnobisa da gamyarebis procesi da struqtura aRiwereba rkina-cementitis 

mdgomareobis diagramiT (sur. 5.1).  

TeTri Tuji struqturis mixedviT sam jgufad iyofa: 
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      1. qveevteqtikuri. naxSirbadis raodenoba 2,14_4,3%; struqtura – per-

liti+ledeburiti (ix.sur. 5.6, a); 

2. evteqtikuri. naxSirbadis raodenoba 4,3%; struqtura – ledeburiti (b);  

3. zeevteqtikuri. naxSirbadis raodenoba 4,3_6,67%; struqtura – lede-

buriti+cementiti (g). 

radgan TeTri Tuji didi raodenobiT Seicavs cementits, igi xasiaT-

deba Zalian maRali sisaliT. sisale mTlianad damokidebulia naxSirbadis 

raodenobaze. aqedan gamomdinare, TeTri Tuji metad myifea da WriT Znelad 

muSavdeba. 

maRali sisalisa da simyifis gamo, manqanaTmSeneblobaSi TeTri Tuji 

iSviaTad gamoiyeneba. TeTri Tujisgan mzaddeba sxmuli savagono borblebi, 

gzis satkepni manqanebis sagoravebi da sxva.   

 

                        5.3.2. რუხი  თუჯი 

rux TujSi naxSirbadi mTlianad an nawilobriv Tavisufali, grafitis 

saxiT aris gamoyofili. ruxi Tujis struqtura ganixileba rogorc liTo-

nuri fuZe, romelSic ganlagebulia grafitis CanarTebi. Cveulebriv rux 

TujSi grafitis CanarTebi yovelTvis firfitovania.   

liTonuri fuZis struqturismixedviT Tujebi sam jgufad iyofa: fe- 

rituli, ferit-perlituri da perlituri.  

ruxi ferituli Tujis liTonuri fuZis mikrostruqturas feriti 

warmoadgens. aseTi struqturis mqone TujSi mTeli naxSirbadi, romelsac 

Senadnobi Seicavs, grafitis saxiT aris gamoyofili. Tujs ferituli kla-

sis ruxi Tuji ewodeba. misi struqturaa feriti+grafiti (sur. 5.8, a), sa-

dac feritis mravalwaxnaga marcvlebis fonze ganlagebulia muqi Seferi-

lobis grafitis firfitebi. 

      rux ferit-perlitur TujSi cementitSi dakavebuli naxSirbadis ra-

odenoba 0,8%-ze naklebia. misi struqtura Sedgeba feritis, perlitisa da 

grafitis CanarTebisagan (b). aseT rux Tujs ferit-perlituri klasis ruxi 

Tuji ewodeba.  
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perlituri ruxi Tujis liTonuri fuZis struqtura Sedgeba perli-tisagan. 

aseT Tujs perlituri klasis ruxi Tuji ewodeba da misi struqturaa 

perilti+grafiti (sur. 5.8, g). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3.3. მაღალი სიმტკიცის და ჭედადი თუჯები 

grafitis firfitovani CanarTebiT Tuji SedarebiT dabali meqanikuri 

TvisebebiT da gazrdili simyifiT xasiaTdeba.  

sxvadasxva teqnologiuri saSualebiT SesaZlebelia ufro xelsayreli 

formis grafitis CanarTebis miReba. magaliTad. modificirebiT – daklakni- 

li; TeTri Tujis garkveuli reJimiT mowvis Sedegad – fifqisebri (budob-

rivi); xolo magniumiT modificirebiT _ momrgvalebuli anu sferoiduli. 

Tujs grafitis sferoiduli formis CanarTebiT maRali simtkicis Tujs 

uwodeben, xolo budobrivi CanarTebiT – Wedad Tujs (sur. 5.9). rogorc rux 

TujSi, aqac liTonuri fuZis struqtura SeiZleba iyos ferituli, ferit-

perlituri da perlituri (sur. 5.10, 5.11). 

 amgvarad, ruxi, maRali simtkicisa da Wedadi Tujebi erTmaneTisgan 

grafitis  CanarTebis formiT gansxvavdeba. 
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5.3.4. თუჯების ნიშანდება 

Tujebis niSandeba xdeba meqanikuri Tvisebebis mixedviT. ruxi Tujis 

marka aRiniSneba asoebiT СЧ (серый чугун), Semdeg iwereba ricxvi, romelic 

miuTiTebs simtkicis zRvars gaWimvaze. magaliTad,СЧ10, СЧ20,  СЧ25. 
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maRali simtkicis Tujis markas aRniSnaven asoebiT ВЧ (высокопрочный 

чугун), Semdeg iwereba ori ricxvi, romelTagan pirveli miuTiTebs simtkicis 

zRvars gaWimvaze, xolo meore – fardobiT wagrZelebas. magaliTad, ВЧ 38-

17; ВЧ 45-5;  ВЧ 120-2. 

Wedadi Tujis niSandebaigive principiTxdeba, rogorc maRali simt-

kicis Tujisa, mxolod markis win iwereba asoebi КЧ (ковкий чугун). magaliTad, 

КЧ30-6;  КЧ 35-10. 

 

5.3.5. თუჯის სტრუქტურასა და თვისებებს შორის კავშირი 

Tujis struqtura Sedgeba liTonuri fuZisa da grafituli CanarTe-

bisagan. aqedan gamomdinare, misi Tvisebebi damokidebuli iqneba rogorc 

liTonuri fuZis struqturaze, ise grafituli CanarTebis raodenobasa da xa-

siaTze. grafiti foladTan SedarebiT umniSvnelo sisaliTa da simtkiciT 

xasiaTdeba. garda amisa, maT liTonur fuZesTan arsebiTad kavSiri ara aqvs, 
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amitom grafituli CanarTebi pirveli miaxloebiT SeiZleba ganvixiloT ro-

gorc sicariele, bzari, romelic asustebs liTonur fuZes. bunebrivia, rac 

ufro meti moculoba ukavia sicarieles, miT ufro dabali iqneba Tujis me-

qanikuri Tvisebebi. erTi da igive liTonuri fuZis struqturisa da grafi-

tis Tanabari Semcvelobis SemTxvevaSi Tujis Tvisebebs grafitis forma da 

ganlageba gansazRvravs.  

 firfitovan  CanarTebs bzaris saxe aqvs, romlis boloebi ZabvaTakon- 

centracias iwvevs. amitom ruxi Tuji xasiaTdeba dabali winaRobiT gamWi-

mavi da, gansakuTrebiT, dartymiTi datvirTvebis mimarT. amdenad, Tuji 

metad myife masalaa, radgan bzari bunebrivadaa Casaxuli grafitis Canar-

Tebis warmoqmnis dros. rac Seexeba mkumSav datvirTvebs, aq grafitis Ca-

narTebis uaryofiTi gavlena umniSvnelo xdeba, Tujis Tvisebebi sakmaod ma-

Ralia da praqtikulad Zalian axlos dgas im foladis TvisebebTan, rom-

lis Sedgeniloba da liTonuri fuZis struqtura mocemuli Tujis analo-

giuria. daklaknili, wvrili CanarTebi, romlebic miiReba Tujis sxvadasxva 

xerxiT damuSavebis gziT, maRali xarisxis maCvenebelia, radgan bzarebis gan-

viTarebis SesaZlebloba am SemTxvevaSi naklebia. 

grafitis momrgvalebuli CanarTebi ar warmoqmnis Zabvebis mkveTr 

koncentracias, amitom Tuji grafitis momrgvalebuli CanarTebiT (maRali 

simtkicis Tuji) xasiaTdeba mniSvnelovnad maRali TvisebebiT gaWimvasa da 

Runvaze. Wedad Tujs fifqisebri grafitis CanarTebiT Sualeduri mdgomare-

oba ukavia Cveulebriv rux da maRali simtkicis Tujebs Soris. 

marTalia, grafitis CanarTebi uaryofiT gavlenas axdens Tujis meqa-

nikur Tvisebebze, magram garkveul SemTxvevaSi igi Tujs RirsSesaniSnav 

teqnologiur Tvisebebs aniWebs foladTan SedarebiT. kerZod, ruxi Tuji 

xasiaTdeba dabali dnobis temperaturiTa da maRali TxevaddenadobiT. amas-

Tan, kristalizacia mudmiv temperaturaze mTavrdeba evteqtikis warmoqmniT. 

grafitis gamoyofis gamo, kristalizaciis procesSi ruxi Tuji farTovde-

ba. yovelive es uzrunvelyofs samsxmelo yalibis karg Sevsebas da rTuli 

formis nakeTobis CamosxmiT damzadebis SesaZleblobas. TujSi grafitis 
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arseboba aadvilebs Tujis WriT damuSavebas. igi xels uwyobs agreTve vib-

raciis swrafad Caqrobas. 

Tuji kargi antifriqciuli masalaa, radgan grafiti xasiaTdeba pox-

vis unariT da kargad akavebs sapox nivTierebas. 

yovelive amis gamo, Tuji farTod gamoiyeneba mrewvelobaSi manqanaTa 

iseTi nawilebis dasamzadeblad, romlebic eqspluataciis dros gamWimav da 

dartymiT datvirTvebs ar ganicdis. 

 
5.3.6. თუჯების გამოყენება 

ruxi Tuji dRemde yvelaze farTogamoyenebas poulobs mrewvelobaSi. 

ruxi Tujisgan asxamen dizelis dgarebs, cilindrebs da maT saxuravebs, 

mqnevarebs da sxva rTuli moyvanilobis detalebs. avtomanqanebSi ruxi Tu-

jisganaa Camosxmuli cilindrebis bloki, zogierTi dguSi, siCqareTa ko-

lofi, samuxruWo mowyobilobis detalebi. ruxi Tujisgan mzaddeba sakana-

lizacio milebisa da wyalgayvanilobis armaturis mniSvnelovani nawili.  

Wedadi da maRali simtkicis Tujebis SemuSavebam gaafarTova Tujis 

gamoyenebis sfero. magaliTad, Wedadi Tujisgan mzaddeba dartymiTi datvirT-

vebisa da  vibraciis pirobebSi momuSave, avtomobilisa da sasoflo-sameurneo  

maqanebis nawilebi. maRali simtkicis Tujisgan amzadeben muxla da ganmana-

wilebel lilvebs, dguSebs, dguSis rgolebs, masrebs, friqciul diskebs, 

guTnis detalebs, traqtoris muxluxebs. 

Tuji warmatebiT gamoiyeneba agreTve saaviacio mrewvelobaSi. anti-

friqciuli Wedadi Tuji ЧМ 1,3 (1,25%Cu) gamoiyeneba TviTmfrinavis sxvada-

sxva agregatisa da xelsawyos sayrdeni nawilebis, milisis, dguSisa da Se-

mamWidroebeli rgolebis, Sasis dguSis dempferebis da a.S. dasamzadeblad, 

romlebic SezeTvis pirobebSi statikuri da dinamikuri datvirTvebisas 

muSaobs. 

Tbomedegi (ЧНМХ) Tuji gamoiyeneba reaqtiuli Zravas turbinis airsa-

grovi korpusis, friqciuli diskebisa da saaviacio borblebis bimetaluri 

samuxruWo dolis dasamzadeblad. 

magniumnikeliani ligaturiT legirebuli maRali simtkicis Tuji  

(МН) gamoiyeneba friqciuli diskoebis, antifriqciuli da sarqvelis mimmar-
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Tveli milisebis, dguSis, SemamWidroebeli rgolebisa da sxvaTa dasamzadeb-

lad. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tavi VI 

liTonis Termuli damuSaveba 

Termuli damuSaveba aris liTonეbis TvisebaTa sasurveli mimarTule-

biT Secvlis umniSvnelovanesi saSualeba. Termuli damuSavebis dros icv-

leba liTonis struqtura da, Sesabamisad, Tvisebebi misi qimiuri Sedgeni-

lobis Seucvlelad. 
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     Termul damuSavebaze ori ZiriTadi faq-

tori moqmedebs: temperatura da dro. aqedan 

gamomdinare, nebismieri Termuli damuSavebis 

reJimi SeiZleba gamoisaxos koordinatTa sis-

temaSi _ temperatura (t) – dro (). 6.1 suraT-

ze warmodgenilia Termuli damuSavebis zoga-

di grafiki.  

Termuli damuSavebis reJims Semdegi Zi-

riTadi parametrebi axasiaTebs: gaxurebis tem-

peratura tmaqs. es aris zeda zRvruli tempera-

tura, sadamdec xurdebanakeToba Termuli damuSavebis dros; gaxurebis 

temperaturaze nakeTobis dayovnebis dro day.; gaxurebis siCqare vgax. da 

gacivebis siCqare vgac. Termuli damuSavebis grafikiT SeiZleba nebismieri 

saxis Termuli damuSavebis reJimi gamoisaxos. 

Termuli damuSavebis ZiriTadi saxeebia: mowva, wrToba da moSveba.  

6.1. mowva 

 
mowvis procesi orgvaria: pirveli gvaris da meore gvaris. 
 

6.1.1. პირველი გვარის მოწვა 

pirveli gvaris mowvis procesi ar aris dakavSirebuli fazur gada-

kristalebasTan, amitom aseT mowvas nebismieri Senadnobi eqvemdebareba. pir-

veli gvaris mowvaSi Sedis sarekristalizacio, sahomogenizacio da Zabvebis 

mosaxsneli mowva.  

rogorc cnobilia, civWedvas liToni struqturulad arawonasworul  

mdgomareobaSi gadahyavs, rac sisalisa da simtkicis maxasiaTeblebis zrda-

sa da plastikurobis Semcirebas iwvevs. civWedvis mosaxsnelad mimarTaven 

sarekristalizacio mowvas. liTonis rekristalizaciisa da dnobis tempera-

turas Soris martivi damokidebuleba arsebobs: 

 Trek.�Tdn, 

sadac Trek aris rekristalizaciis absoluturi temperatura; Tdn – liTonis 

dnobis absoluturi temperatura; � – koeficienti, romlis sidide liTonis 
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sisufTavezea damokidebuli. sufTa liTonebisaTvis igi 0,1_0,2 tolia, Cveu-

lebrivi teqnikuri liTonebisaTvis – 0,3_0,4; SenadnobebisaTvis misi mniSvne-

loba 0,8 aRwevs. 

       naxSirbadiani foladis sarekristalizacio mowvis temperatura 

600_7000C-is zRvrebSia, dayovnebis dro – 1_2 saaTi. am dros civnaWedi li-

Tonis damaxinjebuli marcvlebis sazRvrebze Caisaxeba da izrdeba axali 

wonasworuli marcvlebi. 

       Senadnobebis kristalizaciis dros xSirad adgili aqvs qimiur ara-

erTgvarovnebas anu dendritul likvacias (sur. 6.2, a), romelic foladis 

Tvisebebis anizotropias iwvevs. likvaciis mospoba unda moxdes qimiuri 

elementebis difuziis xarjze, amitom procesi maRaltemperaturuli mowvis 

gziT xorcieldeba, romelsac homogenizacias uwodeben. homogenizaciis Sem-

deg yalibdeba wonasworuli, poliedruli struqtura (b).  

    homogenizaciis temperatu-

ra foladebisaTvis 1100_12000C 

Seadgens xolo dayovnebis 

dro _ 10_20 saaTs. gaciveba 

xdeba Zalian nela, ise rom 

mTeli procesi xSirad 80_100 

saaTs grZeldeba. 

     homogenizaciis Sedegad 

liTonis marcvlebi intensiurad izrdeba, amitom xSirad aucilebeli xdeba 

misi struqturis gamosworeba.  

     nakeTobaTa damzadebis teqnologiuri procesi SeiZleba iseTi iyos, 

rom msxvil sxmulebSi, naWedebsa da SenaduR ubnebSi narCeni Siga Termuli 

Zabvebi warmoiqmnas. daZabuloba SeiZleba moixsnas liTonis plastikuri de-

formaciis xarjze, rac nakeTobis dabrecas an dabzarvas gamoiwvevs. am uar-

yofiTi movlenis asacileblad nakeTobas utareben mowvas Zabvebis mosaxs-

nelad: nakeTobas axureben 550_6800C-mde da ayovneben daaxloebiT 2,5 wuTs 

nakeTobis ganivkveTis yovel 1 milimetrze. gaciveba nela xdeba. 

 

6.1.2. მეორე გვარის მოწვა 
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mowvis es saxe dakavSirebulia fazur gadakristalebasTan, amitom igi 

SeiZleba ganxorcieldes iseT SenadnobebSi, romlebic gaxureba-gacivebis 

dros meoreul gardaqmnas ganicdis.  

meore gvaris mowvis saxeebia: sruli mowva, arasruli mowva da norma-

lizacia. 

foladi wonasworul mdgomareobaSi ferit-perlituri struqturiT 

xasiaTdeba, romelsac SedarebiT dabali sisale da simtkice aqvs, magram xa-

siaTdeba gazrdili plastikurobiT. foladis nakeTobaTa damzadebis teq-

nologiuri procesebi ar gamoricxavs SedarebiT aCqarebul gacivebas, ris 

Sedegadac SeiZleba Camoyalibdes gardamavali struqturebi gazrdili si-

saliT, rac mniSvnelovnad aZnelebs liTonis Semdgom meqanikur damuSavebs. 

arasasurveli struqturis Sesacvlelad aucilebelia liTonis sru-

li gadakristaleba da erTgvarovani austenitis miReba. am mizniT qveevteq-

toidur folads axureben Ac3 kritikuli wertilis (GS xazi Fe-C  diagramaze) 

zemoT (30_50)0C-iT, ayovneben nakeTobis ganivkveTSi temperaturis gaTanabre-

bamde da Semdeg neli siCqariT aciveben. mowvis Semdeg arasasurveli struq-

tura wvrilmarcvlovani ferit-perlituri struqturiT icvleba misTvis 

damaxasiaTebeli TvisebebiT. aseTi reJimiT mowvas sruli mowva ewodeba. 

zeevteqtoidur folads ZiriTadad arasruli mowva utardeba. am Sem-

TxvevaSi na-keTobas axureben Ac1 (PSK horizontali Fe-C diagramaze) tempera-

turis zemoT (740_770C0-mde) da dayovnebis Semdeg nela aciveben. 
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   mowvis Semdeg cementiti 

firfitovanis nacvlad mom-

rgvalebul formas Rebu-

lobs. aseT struqturas mar-

cvlovan perlits uwodeben 

(sur. 6.3), xolo process – 

sferoidizacias. marcvlova-

ni perilti firfitovanTan 

SedarebiT naklebi sisali-

Ta da simtkiciT, magram ga-

zrdili plastikurobiTa da 

siblantiT xasiaTdeba. sfe-

roidizacias gansakuTrebiT 

xSirad saiaraRo naxSirba-

dian foladebs utareben. 

     normalizacia arsebi-

Tad sruli mowvis saxesxva-

obaa da imaSi mdgomareobs, 

rom Ac3 (Acсm, SE xazi Fe-C 

diagramaze) +(30_50)0C temperaturamde gaxurebisa da dayovnebis Semdeg na-

keTobas mSvid haerze aciveben. normalizaciis mizania sxmuli, naWedi an na-

tvifri nakeTobis msxvilmarcvlovani struqturis Secvla wvrilmarcvlo-

vaniT. am operaciisaTvis gacivebis siCqares gadamwyveti mniSvneloba ar eni-

Weba, amitom  haerze gacivebas mimarTaven, rac RumelSi gacivebasTan Seda-

rebiT ufro ekonomiuria. 6.4 suraTze warmodgenilia mowvis temperaturuli 

areebi. 

 
 

6.2. foladis wrToba 
 

wrTobis mizania nakeTobis sisalis, simtkicisa da cveTamedegobis ga-

zrda. am mizniT nakeTobas axureben fazuri gardaqmnebis temperaturis ze-

moT, ayovneben da gadidebuli siCqariT aciveben, ra drosac yalibdeba ara-
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wonasworuli struqtura misTvis damaxasiaTebeli gazrdili sisalisa da 

simtkicis maxasiaTeblebiT.  

 

6.2.1. აუსტენიტის დაშლა 

rogorc CvenTvis ukve cnobilia, austeniti oTaxis temperaturamde 

mdgradobas ar inarCunebs da gacivebis procesSi perlitur gardaqmnas ga-

nicdis. gardaqmnis Sedegad foladSi Camoyalibebuli struqturebis xasiaT-

sa da Tvisebebs gardaqmnis temperatura (mudmiv temperaturaze anu izoTer-

mul pirobebSi gardaqnis SemTxvevaSi) da gacivebis siCqare (ganuwyveteli 

gacivebis pirobebSi) gansazRvravs. radgan austenitis daSla droSi mimdi-

nareobs, process austenitis izoTermuli gardaqmnis diagramasTan kavSirSi 

ganixilaven, romlis sqema 6.5 suraTzea warmodgenili. 

�  mrudi aris austenitis gardaqmnis dawyebis, xolo b mrudi – gardaqmnis 

damTavrebis mrudi. aqedan gamomdinare, �  mrudis marcxniv SenarCunebulia 

gadacivebuli austeniti, xolo b mrudis marjvniv gvaqvs gardaqmnis 

produqtebi. austenitis daSla am or mruds Soris mimdinareobs. 

radgan, umravles SemTxvevaSi, foladis struqturis formireba ganu-

wyveteli gacivebis pirobebSi xdeba, mimdinare gardaqmnebis asaxsnelad aus-

tenitis izoTermuli gardaqmnis diagramaze gacivebis siCqaris mrudebs ata-

reben (sur. 6.6). naxazze gacivebis mrudebi _ V1<V2<V3<V4<V5. 

neli siCqariT gacivebis SemTxvevaSi (V1mrudi, sur. 6.6) �1  da b1 wertilebis 

Sesabamis temperaturebze (700_6500C) daiwyeba da damTavrdeba austenitis 
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gardaqmna, ris Sedegadac warmoiqmneba feritisa da cementitis uxeSi 

agebulebis mikromeqanikuri narevi, romelsac perliti ewodeba. igi dabali 

sisaliT xasiaTdeba, austenitis daSlis sxva produqtebTan SedarebiT. ko-

loniebis orfaza agebuleba kargad Cans 6.7,a suraTze warmodgenili mikro-

struqturidan.  

ufro maRali siCqariT gacivebisas (V2, V3) mrudebi austenitis daSlis 

diagramis xazebs ufro dabal temperaturebze gadakveTs (� 2, b2, 650-6000C;  

�3, b3, 600-5000C). Sesabamisad, warmoiqmneba sul ufro da ufro wvrilfirfi-

tovani daSlis produqtebi – sorbiti da trostiti (sur. 6.7, b, g), romle-

bic perlitTan SedarebiT ufro gazrdili sisaliT xasiaTdeba. perlits, 

sorbitsa da trostits perlituri ojaxis struqturebs uwodeben. 

Tu foladis gaciveba didi siCqariT mimdinareobs (V5, sur. 6.6), misi 

mrudi izoTermuli diagramis xazebs ar gadakveTs. es imas niSnavs, rom ase-

Ti siCqariT gacivebisas austenitis gardaqmna difuziuri meqanizmiT (perli-

turi ojaxis struqturebis warmoqmniT) ar xdeba. gadacivebuli austeniti 

mTlianad aRmoCndeba SenarCunebuli MH temperaturamde, romlis qvemoTac 

austeniti aradifuziuri e.w. martensituli meqnizmiT ganicdis gardaqmnas.  

martensituli meqanizmiT gardaqmnis arsi imaSi mdgomareobs, rom aus-

tenitur mdgomareobamde gaxurebuli foladis didi siCqariT gacivebis Sem-

TxvevaSi (magaliTad, wyalSi), alotropiuli gardaqmna γ mimdinareobs, 

magram radgan difuziuri procesi damuxruWebulia, naxSirbadi ver gamodis 

 rkinis kristaluri gisosidan da iZulebiT rCeba masSi Canergili im rao-

denobiT, ramdensac foladi Seicavs. amgvarad yalibdeba naxSirbadis gada-

jerebuli myari xsnari rkinis  modifikaciaSi, romelsac martensiti ewo-
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deba. martensiti xasiaTdeba maqsimaluri sisaliT, gardaqmnis sxva produq-

tebTan SedarebiT.  

gacivebis minimalur siCqares, romlis drosac ar xdeba austenitis 

daSla perlituri ojaxis struqturebis warmoqmniT da austenitidan marten-

siti miiReba, wrTobis kritikuli siCqare ewodeba. igi mxebia austenitis 

izoTermuli daSlis diagramis � mrudTan (Vk, sur. 6.6). 

martensituli struqtura foladebSi ZiriTadad firfitovania. mikro-

xexis zedapirze martensitis firfitebi ganivi kveTiT gamodis da nemsis 

forma aqvs (sur. 6.8).  amitom,masalaTmcodneobaSi martensituli struqtu-  

ris dasaxasiaTeblad miRebulia terminebi: `msxvilnemsa martensiti~, `wvril-

nemsa martensiti~. rac ufro wvrilmarcvlovania sawyisi austeniti, miT uf-

ro wvrilnemsaa misgan Camoyalibebuli martensiti. 

 

Tu gacivebis siCqare ramdenadme naklebia kritikulTan SedarebiT (ma-

galiTad, V4, sur. 6.6), maSin zeda temperaturul intervalSi �  mrudis ga-

dakveTis Semdeg daiwyeba austenitis nawilobrivi daSla trostitis war-

moqmniT. radgan V4 gacivebis siCqaris mrudib mruds ar kveTs, procesi bo-

lomde ar mimdinareobs, darCenili austeniti gadacivdeba MH temperaturam-

de da gardaqmna martensituli struqturis warmoqmniT damTavrdeba. Sede-

gad Camoyalibdeba martensitul-trostituli struqtura (sur. 6.9).  
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       dasasrul, Tu austenitis daSla izoTermul pirobebSi (mudmiv tempe-

raturaze) moxda diagramis muxls qvemoT, magram martensituli gardaqmnis 

intervalis zemoT (V6 reJimi, sur. 6.6), Camoyalibdeba trostitTan SedarebiT 

kidev ufro wvrildispersiuli feritisa da cementitis mikromeqanikuri narevi, 

romelsac beiniti ewodeba. misi sisale sagrZnoblad aRemateba perlituri 

ojaxis struqturebis sisales.  

6.2.2. წრთობის რეჟიმის შერჩევა 

foladis wrTobisaTvisgaxurebis temperatura rkina-naxSirbadis diag-

ramis mixedviT SeirCeva (nax. 6.10) Semdegi mosazrebidan gamomdinare: wrTo-

bis win gaxurebis mizania arsebuli, ferit-perlituri (qveevteqtoiduri fo-

ladebisaTvis) struqturis gadayvana austenitSi. amisaTvis qveevteqtoidur 

folads axureben Ac3+(30_50)0C temperaturamde, ayovneben winaswar SerCeuli 

drois ganmavlobaSi da wyalSi aciveben, rac martensituli struqturis Camo-

yalibebas uzrunvelyofs. erTfaza austenituri mdgomareobidan nakeTobis 

wrTobas sruli wrToba ewodeba.  

Tu zeevteqtoidur folads wrTobis win 

gavaxurebT mxolod Ac1 temperaturis zemoT 

(30_50)0C-iT, struqturaSi austenit-Tan er-

Tad Semonaxuli aRmoCndeba meoreu-li ce-

mentitic. wyalSi wrTobis Semdeg auste-

niti martensits mogvcems. amdenad, oTaxis 

temperaturaze fiqsirebuli struqtura 

Sedgenili iqneba martensitisa da cementi-

tisagan. aseTi reJimiT wrTobas arasruls 

uwodeben. radgan cementitis Tanxleba 

(misi sisalea 800 HB) ara marto auaresebs 

foladis Tvisebebs, aramed zrdis kidec mis sisalesa da cveTamedegobas, 

zeevteqtoidur foladebs yovelTvis arasrul wrTobas utareben. 
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6.3. moSveba 

moSveba Termuli damuSavebis saboloo saxea da yovelTvis wrTobis Semdeg 

tardeba. nawrTobi nakeTobis saboloo Tvisebebs moSvebis tempera-tura 

ayalibebs. 

moSvebis dros xdeba nakeTobis gaxureba A1  temperaturis qvemoT (sur.  

6.10), dayovneba garkveuli drois ganmavlobaSi da gaciveba.  

praqtikulad moSvebis sam saxeobas iyeneben: 

a. dabal moSvebas – gaxureba 150–2000C-mde;  

b. saSualo moSvebas – gaxureba 300–5000C-mde; 

g. maRal moSvebas – gaxureba 500 –7000C-mde. 

dabali moSvebis mizania mxolod narCeni Zabvebis moxsna  raime  mniSv- 

nelovani struqturuli gardaqmnebis gareSe. sisale TiTqmis ucvleli rCeba, 

Zabvebi ki moixsneba. dabal moSvebas ZiriTadad utareben mWrel da sazom 

iaraRebs, agreTve iseT nakeTobas, sadac aucilebelia maRali sisale, simtki-

ce da cveTamedegoba. 

saSualo moSveba ZiriTadad zambarebsa da resorebs utardeba. fola-

di Rebulobs maRal drekad Tvisebebs. moSvebis Semdeg gaciveba SeiZleba 

wyalSi ganxorcieldes. aseT SemTxvevaSi zedapirul SreebSi mkumSavi narCe-

ni Zabvebi warmoiqmneba, rac zrdis zambaris daRlilobisadmi gamZleobas. 

maRali moSvebis mizania wrTobiT miRebuli struqturis iseTnairi Se-

cvla, rom sisale da simtkice ramdenadme Semcirdes, magram siblante da 

plastikuroba _ gaizardos. moSvebis temperaturis gazrdasTan erTad sisa- 
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lisa da simtkicis maxasiaTeblebi mcirdeba, xolo plastikuroba da sib-

lante – matulobs. martensitze wrTobas da maRal moSvebas gaumjobeseba 

ewodeba.  

     moSvebis produqtebi – moSvebis trostiti da moSvebis sorbiti   

(sur. 6.11) erTmaneTisgan gansxvavdeba cementitis dispersiulobiTa da feri-

tis rekristalizaciis xarisxiT, rac ZiriTadad foladis meqanikur maxasia- 

Teblebze axdens gavlenas. uSualod austenitis daSlis Sedegad miRebuli 

firfitovani struqturebisagan gansxvavebiT, moSvebis struqturebi xasiaT-

deba marcvlovani agebulebiT (sur. 6.11, b), rac maT did upiratesobas ani-

Webs Tvisebebis kompleqsis TvalsazrisiT – kargad aris Sexamebuli sisa-

le, simtkice da dartymiTi siblantis maCveneblebi. 
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Tavi VII 

legirebuli foladi 

Cveulebrivi naxSirbadiani foladi Tavisi TvisebebiT srulad ver ak-

mayofilebs Tanamedrove teqnikis sul ufro da ufro mzard moTxovnebs. es 

gansakuTrebiT exeba teqnikis iseT dargebs, rogoricaa: reaqtiuli aviacia, 

saraketo teqnika, atomuri energetika da a.S. amitom, mimarTaven naxSirbadia-

ni foladis TvisebaTa Secvlas legirebis gziT. 

legireba ewodeba iseT process, rodesac ZiriTad liTonSi, mocemul 

SemTxvevaSi foladSi, sagangebod SehyavT erTi an ramdenime elementi struq-

turisa da Tvisebebis sasurveli mimarTulebiT Secvlis mizniT. aseT fo-

lads legirebuli ewodeba, Setanil elementebs – malegirebeli elementebi. 

 

7.1. malegirebeli elementebis gavlena foladis Tvisebebze 

Tu legirebuli foladebis yvela Rirsebas movuyriT Tavs, Semdeg zo-

gad suraTs miviRebT: 

1. malegirebeli elementebi iwvevs feritis ganmtkicebas, rac iZleva 

foladis TvisebaTa gaumjobesebis SesaZleblobas im SemTxvevaSi, rodesac 

struqturaSi feriti didi raodenobiT aris warmodgenili; 

2. malegirebeli elementebis gavleniT ufro maRali simtkicis fola-

dis miRebaa SesaZlebeli, rac manqanaTa nawilebis wonis Semcirebisa da li-

Tonis ekonomiis SesaZleblobas iZleva; 

3. malegirebeli elementebi zrdis austenitis mdgradobas anu aZne-

lebs mis daSlas gacivebis procesSi. es SesaZlebels xdis wrToba vawarmo-

oT zeTSi wylis nacvlad, rac mniSvnelovnad amcirebs wrTobis iseT defeq-

tebs, rogoricaa dabreca an dabzarva; 

4. malegirebeli elementebi aferxebs moSvebis dros mimdinare gar-

daqmnebs (magaliTad, martensitidan naxSirbaduxvi fazebis gamoyofas) anu 

foladi mdgradi xdeba moSvebis mimarT. es saSualebas iZleva legirebuli 

foladi gamoviyenoT ufro maRali temperaturis pirobebSi; 

5. umravles SemTxvevaSi, malegirebeli elementebi uzrunvelyofs gan-

sakuTrebiT wvrilmarcvlovani struqturis miRebas. es, sxva Tanabar  piro- 
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bebSi, zrdis dartymiTi siblantis maxasiaTeblebs da dabla swevs fola-

dis myife mdgomareobaSi gadasvlis temperaturas; 

6. karbidSemqmneli malegirebeli elementebis TanxlebiT foladi 

iZens maRal sisales, cveTamedegobas da Tbomedegobas, rac legirebul fo-

ladebs upiratesobas aniWebs mWreli iaraRis dasamzadeblad; 

7. malegirebeli elementebi, romlebic foladis gacivebis procesSi 

gamoiyofa myari xsnaridan meoreuli, wvrildispersiuli CanarTebis saxiT, 

mniSvnelovnad aumjobeseben foladis simtkices da mxurvalsimtkicis maxa-

siaTeblebs; 

8. malegirebeli elementebis gavleniT foladi iZens kidev bevr Rirs-

SesaniSnav Tvisebas – eleqtrowinaRobas, magnitur, Tbur, drekad da sxva 

Tvisebebs, rac mas Seucvlels xdis specialuri daniSnulebiT gamoyenebi-

saTvis. 

 
7.2. legirebuli foladis klasifikacia da 

niSandeba 

legirebuli foladis klasifikacias awarmoeben struqturis, qimiuri 

Sedgenilobisa da daniSnulebis mixedviT. 

malegirebeli elementebis Semcvelobis mixedviT arCeven mcired le-

girebul folads, sadac malegirebeli elementebis jamuri Semcveloba 2,5% 

ar aRemateba saSualod legirebul folads malegirebeli elementebis Sem-

cvelobiT 2,5_10%-is zRvrebSi da uxvad legirebuls, sadac elementebis ja-

muri raodenoba 10% aRemateba. 

momwvar mdgomareobaSi Camoyalibebuli struqturis mixedviT arCeven 

oTxi klasis folads: 

1. qveevteqtoidurs struqturiT _ feriti+perliti; 

2. evteqtoidurs _ sufTa perlituri struqturiT; 

3. zeevteqtoidurs, romlis struqturaa perliti+karbidi;  

4. ledeburituls, romlis struqturaa perliti+ledeburiti.  

normalizebul mdgomareobaSi Camoyalibebuli struqturis mixedviT 

legirebuli foladi sam klasad iyofa: 
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1. perlituri klasis foladebad. am klass miekuTvneba mcired legire- 

buli foladebi, romlebSic malegirebeli elementebis gavlena metad sustia;  

2. martensituli klasis foladebad. am klasis foladebi saSualod 

legirebulia;  

3. austenituri klasis foladebad. mas miekuTvneba uxvad legirebuli 

foladebi.  

foladis legirebisaTvis amJamad gamoiyeneba mendeleevis perioduli 

sistemis mravali elementi, rogoricaa: manganumi, qromi, siliciumi, volf-

rami, vanadiumi, titani, molibdeni, nikeli, kobalti, bori da a.S. siliciumi 

da manganumi malegirebel elementebs miekuTvneba im SemTxvevaSi, Tu maTi 

raodenoba aRemateba Cveulebriv naxSirbadian foladSi dasaSveb zRvars. 

foladis legireba SesaZlebelia erTi an erTdroulad ramdenime elemen-

tiT. 

 qimiuri Sedgenilobis mixedviT klasifikacia xdeba gamoyenebuli ma-

legirebeli elementebis Sesabamisad. am TvalsazrisiT arCeven: qromian, 

qromnikelian, qrommanganumian, qrommanganumsiliciumian da a.S. foladebs.  

 daniSnulebis mixedviT legirebuli foladebi sam jgufad iyofa: 

1. sakonstruqcio (samanqano) foladebad, romlebic gankuTvnilia man-

qanaTa nawilebis da agreTve samSeneblo konstruqciebis dasamzadeblad; 

2. saiaraRo foladebad – mWreli, sazomi da dartymiT-satvifravi 

iaraRebisaTvis; 

3. specialuri daniSnulebis foladebad, romlebsac raime gansakuTre-

buli Tviseba axasiaTebs. 

legirebuli foladis niSandeba xdeba naxSirbadis raodenobisa da ma-

legirebeli elementebis mixedviT.  

moqmedi standartebis Sesabamisad, malegirebeli elementebis aRniSvni-

saTvis Semdegi rusuli asoebia SemoRebuli: qromi–Х, siliciumi_С, kobal-

ti – К, titani– Т, nikeli–Н, molibdeni –М, volframi – В, niobiumi – Б, 

manganumi – Г, spilenZi – Д, vanadiumi – Ф, alumini – Ю, fosfori – П, 

azoti – А (iwereba markis SigniT, radgan markis win A simbolo aRniSnavs 

saavtomato folads, xolo markis boloSi _ foladis maRal xarisxs). 
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legirebuli foladis markaSi pirvel adgilze iwereba ricxvi, rome-

lic miuTiTebs naxSirbadis raodenobas procentis measedebiT an meaTede-

biT. magaliTad, foladi 40Х saSualod Seicavs 0,4%С, amdenive naxSirbads 

Seicavs agreTve foladi 4ХС. Tu ricxvi markis win ar weria, es ar miuTi-

Tebs naxSirbadis ararsebobaze, ubralod, naxSirbadis raodenoba unda 

standartSi inaxos. 

naxSirbadis Semcvelobis aRmniSvneli ricxvis Semdeg iwereba malegi-

rebeli elementis simbolo, Semdeg – ricxvi, romelic miuTiTebs mis Sem-

cvelobas procentobiT. Tu ricxvi ar weria, es niSnavs, rom malegirebeli 

elementis raodenoba 1–1,5%-is zRvrebSia. magaliTad, foladi 40Х Seicavs 

0,8–1,1% qroms, xolo foladi Х13 – saSualod 13% qroms. 30ХГС foladSi 

Sedis: 0,32%C,  0,91%Cr,  0,95%Mn da 0,87%Si. 

legirebuli foladebis niSandebis principi iseTi zusti kanonzomie-

rebiT ar xasiaTdeba, rogorc Cveulebrivi naxSirbadiani foladebisa da 

gvxvdeba gadaxrebi zemoaRwerili sistemidan. magaliTad, foladi burTula 

sakisrebisaTvis aRiniSneba asoTi Ш (Шарикоподшипниковая) – ШХ6, ШХ9, ШХ15. 

amasTan, foladebi Seicavs ara 6, 9 da 15% qroms, aramed saSualod 0,6, 0,9 

da 1,5%; Е asoTi aRiniSneba gansakuTrebuli magnituri Tvisebebis mqone 

foladi, P-iT – swrafmWreli foladi. 

 
7.3. legirebuli foladebis gamoyenebis 

zogierTi sfero 

 
rogorc aRvniSneT, legirebuli foladi xasiaTdeba ukeTesi fizikur-

meqanikuri TvisebebiT naxSirbadian foladebTan SedarebiT. gansakuTrebiT 

Zlier aris gazrdili mxurvalsimtkice, koroziisadmi winaRoba, dartymiTi 

siblante, denadobis zRvari, fardobiTi Seviwroeba, eleqtruli winaRoba 

da a.S. amitom, misi gamoyenebis sfero mniSvnelovnad aris gazrdili. Tumca 

am unikalur Tvisebebs igi Termuli damuSavebis (wrToba da moSveba) Semdeg 

iZens.  

mcired legirebuli foladebi gamoiyeneba Senobebis ConCxedis, xide-

bis, anZebis, sxvadasxva SenaduRi konstruqciebis, magistraluri gazsadenebis 
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da navTobsadenebis, daarmaturebuli rkina betonis da, iSviaTad, manqanaTa 

nawilebis dasamzadeblad. rogorc wesi, aRniSnul foladebs Termul damu-

Savebas ar utareben. zemoaRniSnuli konstruqciebis damzadeba ZiriTadad 

SeduRebiT xdeba, rac foladSi naxSirbadis raodenobas 0,2_0,25%-mde zRu-

davs. naxSirbadis SemcirebiT gamowveuli simtkicis maxasiaTeblebis dadab-

lebis kompensacia malegirebeli elementebis damatebiT xdeba. am jgufis 

foladebs miekuTvneba: 09Г2, 09Г2Д, 09Г2С, 15Г2СФДda sxva.  

gasaumjobesebeli foladebi Seicavs 0,3_0,5% naxSirbads da 5%-mde ma-

legirebel elementebs (30ХГСА, 38ХН3МФА, 38ХН3МА, 18Х2Н4МА). gaumjobese-

bis Semdeg maTi struqtura sorbitia. isini gamoiyeneba lilvebis, barbace-

bis, Wokebis da sxva iseTi detalebis dasamzadeblad, romlebic ciklur an 

dartymiT datvirTvebs ganicdis. 

foladebi, romlebic gamoirCeva mdgradobiT koroziis mimarT, koro-

ziamedegi (uJangavi) foladebis saxelwodebiTaa cnobili. koroziamedegobis 

uzrunvelsayofad ZiriTad malegirebel elementad qromi gamoiyeneba. nor-

malizaciis Sedegad miRebuli struqturis mixedviT qromiani foladebis 

SemdegZiriTad klasebs asxvaveben:ferituls (0Х13,15Х25Т, 12Х17, 15Х28); mar-

tensitul-ferituls (12Х13)da martensituls (20Х13, 30Х13, 40Х13). 30Х13 fo-

ladisagan ZiriTadad manqanaTa nawilebs amzadeben, xolo 40Х13 foladisa-

gan – mWrel, sazom da qirurgiul iaraRebs. 

qromnikeliani uJangavi foladebi struqturis mixedviT iyofa auste-

nitur, austenitur-martensitul da austenitur-feritul klasebad. stru-

qturas gansazRvravs naxSirbadis, qromisa da nikelis Semcveloba.  

austenituri klasis foladebi (12Х18Н9, 17Х18Н9)austenitur struq-

turas Rebulobs wrTobis Semdeg da xasiaTdeba maRali plastikurobiT, 

zomieri simtkiciT, kargi koroziamedegobiT damJangav garemoSi. am jgufis 

foladebi teqnologiuria – kargad duRdeba, itvifreba, eqvemdebareba civad 

glinvas. 

austenitur-martensituli klasis foladebma (09Х15Н8Ю, 09Х17Н7Ю)ga-

moyeneba pova, rogorc maRalmtkice Senadnobebma. isini kargad  duRdeba da  
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xasiaTdeba mdgradobiT atmosferuli koroziis mimarT. foladebi ganmtki-

cebas Semdegi Termuli damuSavebiT ganicdis _ wrToba austenituri struq-

turis misaRebad, 9750C-dan+siciviT damuSaveba (-1750C)-ze+moSveba 450_5000C-

ze. foladebi gamoiyeneba safreni aparatebis Semonakeris, saqSenis konst-

ruqciebis da Zalovani elementebis dasamzadeblad. 

specialuri daniSnulebis legirebuli foladebi qvemoT iqneba ganxi-

luli. 
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Tavi VIII 

 

feradi liTonebi da Senadnobebi 

 
8.1. alumini da misi Senadnobebi 

 

8.1.1. ალუმინი. ალუმინის შენადნობების კლასიფიკაცია და ნიშანდება 

msubuqi liTonebidan alumins yvelaze meti samrewvelo mniSvneloba 

aqvs. misi warmoebis moculobas meore adgili ukavia rkinis Semdeg. alumi-

nis damaxasiaTebel Tvisebas mcire simkvrive (=2,7g/sm3) da dabali dnobis 

temperatura (6600C) miekuTvneba. alumini xasiaTdeba dabali simtkiciT 

(maqs.=60 mgpa, HB 25) da gazrdili plastikurobiT (=40%, =85%). ar gaaCnia 

alotropiuli modifikaciebi, kargi Tbo da eleqtrogamtari masalaa. 

 alumini da misi Senadnobebi gamoirCeva maRali teqnologiurobiT, 

kargad deformirdeba, maTgan advilad SeiZleba sakmaod rTuli formis na-

keTobebis miReba. 

alumini qimiurad aqtiuri liTonia. miuxedavad amisa, igi haerze da 

zogierT agresiul garemoSi metad sustad ganicdis korozias. amis mizezia 

aluminis zedapirze warmoqmnili oqsidis (Al2O3) mkvrivi furCi, romelic 

liTons Semdgomi Jangvisagan icavs. 

pirveladi (teqnikuri) aluminis marka aRiniSneba A asoTi, romlis Sem-

deg iwereba ricxvi. igi miuTiTebs aluminis sisufTaves mZimis Semdeg. maga-

liTad, A995 Seicavs 99,995% alumins. gansakuTrebuli sisufTavis aluminia 

A999; maRali sisufTavisa _ A995; A99; A97; A95, xolo teqnikuri sisufTavis 

– A85; A8; A7; . . . A0. teqnikuri aluminisgan amzadeben furclebs, Zelakebs, 

mavTuls. 

sasurveli Tvisebebis misaRebad awarmoeben aluminis legirebas sxva-

dasxva elementiT. malegirebel danamatebad yvelaze farTod gamoiyeneba 

spilenZi, magniumi, TuTia da siliciumi.  

naxevarfabrikatebis miRebis xerxis mixedviT asxvaveben aluminis sam-

sxmelo da deformirebad Senadnobebs. TiToeuli maTgani, Tavis mxriv, or 

jgufad iyofa: pirveli jgufis Senadnobebi ar eqvemdebareba Termul gan- 
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mtkicebas, xolo meore jgufis Senadnobebis TvisebaTa Secvla SesaZlebe-

lia wrTobiTa da Semdgomi bunebrivi an xelovnuri daZvelebiT. 

aluminis Senadnobebis marka aRiniSneba asoebiT, romlebic zogadad 

miuTiTebs Senadnobis tips, Tvisebas, daniSnulebas an mdgomareobas. magali-

Tad, aso Д (deformirebadi) aRniSnavs duraluminis tipis Senadnobebs, B – ma-

Ralmtkice Senadnobebs, AK _ Wedad Senadnobebs, АЛ – samsxmelo Senadno-

bebs. asoebis Semdeg iwereba Senadnobis pirobiTi nomeri, romelsac aravi-

Tari kavSiri ara aqvs masalis SedgenilobasTan an TvisebebTan. pirobiT no-

mers SeiZleba mosdevdes simbolo, romelic miuTiTebs Senadnobis mdgoma-

reobas. magaliTad,MM _ rbili, Т _ Termulad damuSavebuli,H – mopirsale-

buli, П – naxevradmopirsalebuli. 

yvela samrewvelo aluminis Senadnobi SeiZleba daiyos agreTve alu-

minisa da im ZiriTadi malegirebeli elementebis sistemebis mixedviT, rom-

lebic Senadnobis Tvisebebs gansazRvravs. magaliTad, Al-Mg,  Al-Cu,  Al-Cu-Mn,  

Al-Mg-Si-Cu da a.S. aseT SemTxvevaSi Senadnobis markas xSirad A asoTi aRni-

Snaven, romelsac mosdevs ZiriTadi malegirebeli elementis aRmniSvneli 

simbolo. magaliTad, Al-Mn sistemis Senadnobi aRiniSneba simboloebiT 

АMц, Al-Mgsistemisa – АMгda a.S. Semdeg iwereba Senadnobis rigiTi nomeri 

da, aucileblobis SemTxvevaSi, Senadnobis mdgomareobis aRmniSvneli aso. 

 
 8.1.2.ალუმინის სამსხმელო შენადნობები 

aluminis samsxmelo Senadnobebidan yvelaze gavrcelebulia silumini. igi 

miekuTvneba Al-Si  sistemisSenadnobebis ricxvs. silumini Seicavs 12_13% silici-

ums da struqturis mixedviT zeev-

teqtikurSenadnobs miekuTvneba. aseTi 

Senadnobis struqtura Sedgeba nemsi-

sebri agebulebis uxeSi evteqtikisgan 

da pirveladi siliciumis CanarTebi-

sagan (sur. 8.1, a).erTaderTi xerxi, 

romelic siluminissimtkicisa da 

plastikurobis gazrdis saSualebas 
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iZleva, aris evteqtikaSi Semavali siliciumis kristalebis dawvrilmaneba 

modificirebis gziT. uSualod Casxmis win SenadnobSi 0,01%-is raodenobiT 

natriumis an sxva modifikatorebis (magaliTad, 2/3NaF+1/3NaCl-is narevis) dama-

tebiT mkveTrad mcirdeba evteqtikuri siliciumis kristalebis zomebi. 

garda amisa, evteqtikuri wertili siliciumis ufro meti koncentraciisub-

nebisakengadaadgildeba. amasTan, modifikatoris SetanaaZnelebs siliciumis 

kristalizacias, ris gamoc 

siliciumis gamoyofisa da 

evteqtikis kristalizaciis tempe-

raturadabla iwevs (sur. 8.2). Sede-

gad Camoyalibdeba SedarebiT 

wvrildispersiuli agebulebis 

produqtebi, xolo zeevteqtikuri 

Sedgenilobis Senadnobi qveevteq-

tikuri xdeba da misi struqtura 

Sedgenili iqneba Ria feris pir-

veladi aluminis kristalebisa da 

wvrildispersiuli evteqtikisagan 

(sur. 8.1,b). aramodificirebuli 

siluminisaTvis σmaqs=140 mgpa, δ=3%, modificirebis Semdeg ki σmaqs=180 mgpa, 

δ=8%. 

silumini gamoirCeva sakmaod maRali samsxmelo TvisebebiT, magram 

sxmuli forovania. amitom igi gamoiyeneba mxolod rTuli moyvanilobis 

iseTi detalebis dasamzadeblad, romlebsac maRali meqanikuri Tvisebebi ar 

moeTxoveba. 

gazrdili meqanikuri maxasiaTeblebiT, Tumca gauaresebuli samsxmelo 

TvisebebiT, xasiaTdeba Al-Mg (АЛ13, АЛ8, АЛ23, АЛ27, АЛ28) da ufro rTuli 

sistemis (Al-Cu-Mg  da  Al-Zn-Mg) Senadnobebi, rogoricaa АЛ1,АЛ21, АЛ19, АЛ23 

mxurvalmtkice daАЛ24 Senadnobebi, romelTa ZiriTadi Tavisebureba maT 

TviTwrTobaSi mdgomareobs. 
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8.1.3.  დეფორმირებადი  შენადნობები 

deformirebad Senadnobebs, romlebic Termul ganmtkicebas ar eqvem-

debareba, miekuTvneba Al-Mn (АМц) da Al- Mg (АМг) sistemis Senadnobebi. 

АМц Senadnobebi 1-dan 6%-mde magniumsSeicavs. isini praqtikulad mra-

valkomponentian Senadnobebs miekuTvneba, radgan yovelTvis Seicavs rkinas 

da siliciums mudmivi minarevebis saxiT. mrewveloba naxevarfab-

rikatebsrbil (АМцM) da naxevradmopirsalebul (АМцП) mdgomareobaSi 

uSvebs.  

naxevradmopirsalebul furcels ori xerxiT Rebuloben: a _ momwvari 

furclis arasruli civWedviT da b _ civnaWedi furclis arasruli mow-

viT. pirveli xerxi mizanSewonilia saSualo sisqis (1,0_4,5 mm), xolo meore 

– Txeli (0,6_0,8 mm) furclebis warmoebaSi. 

Al-Mg sistemis Senadnobebs miekuTvneba: АMг1, АMг2, АMг3, АMг5 

daАMг6.magniumis Semcveloba 11_12%-mde umniSvnelod zrdis aluminis sim-

tkices, xolo fardobiTi wagrZeleba sakmaod maRal donezea SenarCu-

nebuli. Senad-nobebs farTod iyeneben SenaduRi konstruqciebis dasamza-

deblad. TvisebaTa gasaumjobeseblad damatebiT utareben legirebas manga-

numiT, qromiT, titaniT da vanadiumiT.  

Al-Mg sistemis Senadnobebis dadebiT mxares miekuTvneba damakmayofi-

lebeli simtkicis, maRali plastikurobis, koroziamedegobisa da SeduReba-

dobis kargi urTierTSexameba. 

deformirebad Senadnobebs, romlebic Termul ganmtkicebas eqvemde-

bareba, miekuTvneba Al-Cu-Mg (duraluminebi), Al-Mg-Si, Al-Zn-Mg, Al-Cu--Mn da 

ufro rTuli sistemis Senadnobebi.yvela duralumini, romelic mrewvelo-

baSi gamoiyeneba, SeiZleba oTx jgufad daiyos:  

1 _ klasikuri duralumini (Д1); 

2 _ duralumini gazrdili simtkiciT (Д16), romelic, Д1 Senadnobisgan 

gansxvavebiT, ufro met magniums Seicavs; 

3 _ duraluminebi gazrdili mxurvalmedegobiT (Д19, ВАД1 daВД17); 

4 _ duraluminebi gazrdili plastikurobiT (Д18, В65). 
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duraluminisagan damzadebul nakeTobas utareben wrTobas da buneb-

riv daZvelebas. Termuli damuSavebis ZiriTadi moTxovnaa wrTobis dros 

gaxurebis temperaturis pirobebis mkacrad dacva: Д1, Д19da ВАД1 Senadno-

bebisaTvis _ 505±50C, xolo Д16, ВД17da Д18SenadnobebisaTvis _ 500±50C.wrTo-

bas awarmoeben civ wyalSi Rumlidan macivebelSi gadatanis minimaluri 

drois uzrunvelyofiT. yvela duralumini, garda mciredlegirebuli Д18-

isa, intensiurad ganicdis ganmtkicebas wrTobis Semdeg bunebrivi daZve-

lebis gziT. 

xelovnur daZvelebas Senadnobi ufro stabilur mdgomareobaSi gadah-

yavs. xelovnur daZvelebas utareben Д16, Д19 da ВАД1 Senadnobebisagan dam-

zadebul iseT nakeTobas, romelic gankuTvnilia gazrdil temperaturaze 

(125_2000C) saeqspluataciod. daZvelebis temperaturaSeadgens 1900C, dayovne-

bis dro – 8_12 saaTs. 

yvela duralumini xasiaTdeba koroziisadmi gazrdili midrekilebiT  

da saWiroebs misgan specialur dacvas. mrewvelobaSi yvelaze gavrcelebu-

lia dacvis ori xerxi: mitkeca teqnikuri aluminiT da eleqtroqimiuri oqsi-

direba. 

Al-Mg-Si sistemis fuZeze damzadebuli Senadnobebi cnobilia saxelwo-

debiT `avia~. gamoirCeva naklebi simtkiciT, magram maRali plastikurobiTa 

da koroziamedegobiT, duraluminTan SedarebiT. am jgufis Senadnobebia:АВ, 

АД31, АД33da АД35. pirveli sami Senadnobi bunebrivad daZvelebul 

mdgomareobaSi gamoiyeneba. 

Al-Mg-Si-Cu mravalkomponentiani samrewvelo Senadnobebidan gamoiyene-

baАК6 da АК8. АК6xasiaTdeba maRali simtkiciT da plastikurobis kargi 

SexamebiT civ da cxel mdgomareobaSi, АК8 ki miekuTvneba yvelaze mtkice 

Senadnobs da misgan sapasuxismgeblo nakeTobas amzadeben. uaryofiTi mxarea 

dabali teqnologiuroba. 

Al-Cu-Mn deformirebadi Senadnobebi (Д20 da 1201) titanis, cirkoni-

umisa da vanadiumis danamatebiT xasiaTdeba maRali meqanikuri TvisebebiT oTa-

xis, gazrdil (2500C) da kriogenul (-2500C-mde) temperaturebze. gamoirCeva 

kargi teqnologiurobiT da SeduRebadobiT. orive Senadnobs utardeba 
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wrToba 535±50C-dan da Semdgomi daZveleba 170_1900C–ze 12_18 saaTis ganmav-

lobaSi.  

SedarebiT axali Senadnobi 01205, romelic, 1201 Senadnobisagan gan-

sxvavebiT, damatebiT Seicavs kadmiums, xasiaTdeba 30_50 mgpa-iT meti simtki-

cis zRvriT, magram gauaresebuli teqnologiurobiT. 

rTuli formis naWedebis dasamzadeblad gamoiyeneba Senadnobi АК4, 

romelic Seicavs Cu, Mg, Mn, Si da Ni. amave sistemas miekuTvneba АК4-1 da АК8 

Senadnobebi. 

 

8.1.4. გამოყენების სფერო 

aluminis Senadnobebi dRemde dominirebuli konstruqciuli masalaa 

aviaciaSi. misgan mzaddeba TviTmfrinavis mzidi konstruqciebis umravleso-

ba da iseTi Zalovani elementebi, rogoricaa garsacmi, grZivZeli 

(lonJeroni), Spanhouti, nerviura, saTbobisa da zeTis avzebi. amJamad alu-

minis Senadnobebze modis TviTmfrinavis mSrali wonis (sawvavis gareSe) 2/3-

dan 3/4-mde. farTod gamoiyeneba agreTve raketebis korpusebisa da dedamiwis 

xelovnuri Tanamgzavrebis konstruqciebis dasamzadeblad, gemTmSeneblo-

baSi, sakabelo da saavtomobilo mrewvelobaSi. aluminisa da misi Senadno-

bebis gamoyenebis erT-erTi specifikuri sferoa atomuri energetika. 

foladis Secvla aluminis SenadnobebiT satransporto saSualebebis 

wonas TiTqmis samjer amcirebs, rac gadasazidi tvirTis raodenobas 2_2,5-

jer zrdis, xolo 100 kg alumini, romliTac Secvlilia mZime liTonebisgan 

damzadebuli igive raodenobis saavtomobilo detalebi, sawvavis ekonomias 

15%-iT iZleva 

aluminis Senadnobebis koroziamedegoba aTjer aRemateba foladis ko-

roziamedegobas zRvis wyalSi, amitom warmatebiT gamoiyeneba gemTmSeneblo-

basa da did siRrmeSi momuSave aparaturis dasamzadeblad.  
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8.2. spilenZi da misi Senadnobebi 

 

8.2.1.სპილენძი.  

spilenZi Tavisi TvisebebiT axlos dgas vercxlTan da oqrosTan. haerze 

sustad iJangeba,gamoirCeva maRali plastikurobiT, eleqtro daTbogamtaro-

biT.kristaldeba waxnagdacentrebul kuburkristalur gisosSi. ar axasiaTebs 

alotropiuli saxesxvaobebi. spilenZis dnobis temperaturaa 10830C, simkvri-

ve – 8,94 g/sm3. 

minarevebi, romlebsac spilenZiSeicavs, amcirebs mis eleqtrogamta-

robas. am mimarTulebiT gansakuTrebiT Zlierad moqmedebs fosfori, dariS-

xani, siliciumi, rkina, stibiumi da kobalti. 

sisufTavis mixedviT arCeven ramdenime xarisxis spilenZs. spilenZis 

marka MasoTi aRiniSneba,romlis Semdeg, saWiroebis SemTxvevaSi iwereba 

misi gadadnobis xerxis aRmniSvneli aso (МВ _vakuumSi gadadnobili, МЭ _ 

eleqtronuli sxiviT gadadnobili) da ricxvi. ricxvi markaSi miuTiTebs 

spilenZis sisufTaves. magaliTad, M00 markaSeicavs aranakleb 99,99% spi-

lenZs; M0 _ 99,95%; M1 _99,90; M2 _ 99,7%; M3 _ 99,5%; M4 _99%. yvelaze maRa-

li sisufTaviT gamoirCeva spilenZi МВ da МЭ, romlebSic minarevebis jamu-

ri Semcveloba naklebia Sesabamisad 0,01% da 0,005%. zesufTa spilenZi xa-

siaTdeba dabali simtkiciT da maRali plastikurobiT. misi droebiTi wi-

naRoba gaglejaze maqs=200 mgpa, denadobis zRvari den=40_80 mgpa, fardo-

biTi wagrZeleba =35%, fardobiTi Seviwroeba =80_95%.  

spilenZis markis aRmniSvnel simboloebs SeiZleba damatebuli hqon-

des rusuli asoebi б an р,rac, Sesabamisad, miuTiTebs, rom spilenZi aris 

uJangbado an ganJanguli. 

deformirebuli spilenZisaTvis damaxasiaTebelia deformaciis teqs-

tura, rac iwvevs meqanikuri Tvisebebis anizotropias. Zlierad deformire-

bul spilenZSi rekristalizacia 200_2500C iwyeba. rekristalizaciis Sede-

gad yalibdeba poliedruli struqtura mowvis oreulebis didi raodenobiT 

(sur. 8.3). simtkicis maxasiaTeblebis Semcireba 1500C-is zemoTiwyeba. sarek-

ristalizacio mowvis optimaluri temperatura 500_6000C Seadgens. 
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sufTa spilenZi da misimcired legirebuli Senadnobebigamoiყეneba 

eleqtroteqnikaSi da eleqtrotransportze. maRali Tbogamtarobis gamo, 

spilenZi gamoiyeneba agreTve sxvadasxva 

Tbogadamcemebsa da kristalizatorSi, ro-

desac aucilebelia siTbos intensiuri ga-

tana dnobis zonidan. 

 

8.2.2. სპილენძის შენადნობების კლასიფიკაცია და 

ნიშანდება. 

spilenZis Senadnobebis warmoebisaTvis 

yvelaze gavrcelebul malegirebel elemen-

tebs TuTia, alumini, kala, siliciumi, man-

ganumi, beriliumi da nikeli miekuTvneba. Ti-

ToeulimaTgani zrdis spilenZis simtkicis 

maxasiaTeblebs. 

spilenZis Senadnobebs sam ZiriTad jgufad yofen: TiTberad, brinjaod da 

spilenZnikelis Senadnobebad. 

TiTberSi ZiriTad malegirebel elements TuTia warmoadgens. TiTbe-

ris marka aRiniSneba asoTi Л da cifriT, romelic miuTiTebs SenadnobSi 

spilenZis Semcvelobas. magaliTad, TiTberi Л80 Seicavs 80% spilenZs da 

20% TuTias. aseT Senadnobebs ubralo TiTbers uwodeben. 

Tu Senadnobi legirebulia sxva elementebiTac, mas specialur TiT-

bers miakuTvneben. specialuri TiTberis markis aRniSvnaSi miTiTebulia ga-

moyenebuli malegirebeli elementebis aRmniSvneli simboloebi: С_tyvia, О 

_kala, Ж _ rkina, А _ alumini, К _ siliciumi, Мц _ manganumi, Н _ nikeli. 

markis boloSi iwereba ricxvebi, romlebic miuTiTebs spilenZisa da male-

gi-rebeli elementebis saSualo Semcvelobas (TuTiis gamoklebiT). magali-

Tad, ЛАЖМц66-6-3-2 TiTberi 66%Cu, 6%Al, 3%Fe, 2%MnSeicavs danarCeni,23%_ 

Zn.Tu TiTberi gamoiyeneba fasonuri sxmulis warmoebisaTvis, markis boloSi 

umateben Л asos. magaliTad, ЛАЖ60-1-1Л. 
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klasikur brinjaos miekuTvneba spilenZis Senadnobi kalasTan. mog-

vianebiT SemuSavebulia spilenZis Senadnobi aluminTan, siliciumTan, be-

riliumTan da sxva elementebTan, romlebsac aseve brinjaos uwodeben. 

ZiriTadi malegirebeli elementebis mixedviT brinjaos yofen kalian, 

aluminian, beriliumian da a.S. brinjaoebad. brinjaoSi malegirebeli ele-

mentebis aRniSvnisaTvis damatebiT Semdegi simboloebia SemoRebuli:Ф_fos-  

fori, Б _ beriliumi, Х _ qromi. 

brinjaos markireba xdeba Бр asoebiT; Semdeg iwereba malegirebeli 

elementebis aRmniSvneli simboloebi da ricxvebi, romlebic maT saSualo 

procentul Semcvelobas miuTiTebs. magaliTad, БрАЖМц10-3-1,5brinjao 

10%Al, 3%Fe, 1,5%Mn, Seicavs danarCeni spilenZia. 

 

                                                            8.2.3. თითბერი 

teqnikaSi gamoyenebuli TiTberistruqturis mixedviT or jgufad iyo-

fa: erTfaza e. w. Senadnobebad da orfaza, α+ Senadnobebad. TiTbris 

struqtura da meqanikuri Tvisebebi TuTiis Semcveloba-

zeadamokidebuli(sur.8.4). praqtikuli 

gamoyeneba povaSenadnobebma TuTiis 45%-

mde SemcvelobiT.  

TiTberi sakmaod plastikuri masalaa, 

gamoirCeva maRali teqnologiurobiT da 

advilad eqvemdebareba civad da cxlad 

wneviT damuSavebas. 300_7000Ctempe-

raturul intervalSi, rogorc spilen-

ZSi, SeiniSneba plastikurobis Cavardna. 

amitom, wneviT damuSavebis dros am tem-

peraturul intervals unda moveridoT.  

TiTbris mikrostruqtura deformaciisa 

da mowvis Semdeg poliedrulia da Seicavs gaorebuli ubnebis did raodeno-

bas (sur. 8.5, a).  
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Л96, Л90,Л85, Л80erTfaza TiTbers miekuTvneba. maT tompakebi ewodeba. or-faza 

α+ samrewvelo TiTberi specialur Senadnobebs miekuTvneba, xasiaTdeba 

maRali simtkiciT, magram ufro myifea da maTgan nakeTobaTa damzadeba 

CamosxmiT xdeba. orfaza TiTbris mikrostruqtura warmodgenilia  fazis 

Ria da  fazis muqi kristalebiT, romlebic upiratesad  fazis sazRvreb-

Sia ganlagebuli (nax. 8.5, b). orfaza TiTbers miekuTvneba:ЛА77-2;  ЛО70-1;   

ЛС59-1;  ЛМц-58-2;  ЛАЖ60-1-1. 

 
 

 

 

 

 

 

 

 

 

 

 

8.2.4. ბრინჯაო 

klasikur brinjaos kaliani brinjao miekuTvneba. kalis maqsimaluri 

xsnadobis zRvari spilenZSi 16%Seadgens. temperaturis SemcirebasTan er-

Tad xsnadobis zRvaric mcirdeba. 

sxmul mdgomareobaSi erTfaza (Sn6%) brinjaos struqtura Sedgeba 

araerTgvarovani α myari xsnarisagan,romelic dendrituli agebulebiT xa-

siaTdeba (sur. 8.6, a).  

kalian brinjaoSi gansakuTrebiT viTardeba likvaciuri procesebi, 

amitom kalis SedarebiT mcire raodenobiT Semcvelobis SemTxvevaSi warmo-

iqmneba mikromeqanikuri narevi. 6%-ze meti raodenobiT kalis Semcvelobisas  
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araerTgvarovanmyar xsnarTan erTad gvxvdeba evteqtoidi (+δ)  (sur. 8.6, b). 

struqturaSi myife δfazis arseboba gamoricxavs am Sedgenilobis Senadno-

bis wneviT damuSavebas, amasTan sali evteqtoidis CanarTebi uzrunvelyofs 

brinjaos maRal cveTamedegobas.     

deformaciisa da sarekristalizacio mowvis Semdeg struqtura poli-

edrul agebulebaSi gadadis  myari xsnarisaTvis damaxasiaTebeli gaorebu-

li ubnebiT (sur. 8.6, g).  

sasurveli  Tvisebebis  misaRebad kalian brinjaoSi damatebiT SehyavT 

sxvadasxva elementi, rogoricaa: nikeli, alumini, TuTia da fosfori. 

arCeven samsxmelo da deformirebad brinjaoebs.  

daniSnulebis mixedviT samsxmelo kaliani brinjao ramdenime jgufad 

iyofa. pirvelSi gaerTianebulia iseTi standartuli samsxmelo Senadnobebi, 

rogoricaa:БрОЦСН3-7-5-1, БрОЦС3-12-5, БрОЦС5-5-5.maTgan amzadeben manqanaTa 

nawilebs. 

meore jgufs miekuTvneba sapasuxismgeblo daniSnulebis samsxmeloara-

standartulibrinjao: БрО19, БрОФ 10-1, БрОС16-5 da a.S. isini xasiaTdeba maRali 

antifriqciuli TvisebebiT da kargi cveTamedegobiT. maTgan mzaddeba 

srialis sakisrebi da xaxunis pirobebSi momuSave sxva detalebi. 

mesame jgufis Senadnobebi (БХ1, БХ2, БХ3) gamoirCeva kargi Txelde-

nadobiT, umniSvnelo CajdomiT da kargad avsebs yalibis yvelaze rTul ub-

nebs. isinimxatvruli sxmulebis warmoebaSi gamoiyeneba. 
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deformirebad Senadnobebs miekuTvneba:БрОЦ4-3; БрОЦС 4-4-2,5; БрОФ 6,5-0,4 

da sxva. 

 brinjaos Termuli damuSavebis ZiriTadi saxea homogenizacia da Sua-

leduri mowva. homogenizacias awarmoeben 700_7500C-ze Semdgomi swrafi ga-

civebiT. narCeni Zabvebis mosaxsnelad sakmarisia sxmulis gaxureba 5500C-ze 

1 saaTis ganmavlobaSi, xolo Sualeduri mowva civad wneviT damuSavebis 

dros 550_7000C-ze tardeba. 

aluminian brinjaos,gamoyenebis TvalsazrisiT, mrewvelobaSi didi ad-

gili ukavia. igi Seicavs 11%-mde alumins.  

erTfaza,  struqturis mqone Senadnobebi  wneviT kargad  muSavdeba 

rogorc dabal, ise maRal temperaturaze, magram maTi simtkice ar aris sakma-

risi. sufTa aluminiani brinjao praqtikulad5_7% aluminsSeicavs(БрА5, 

БрА7). igi warmatebiT cvlis kalian brinjaos. rkiniTa da manganumiT dama-

tebiTi legirebis SemTxvevaSi izrdeba aluminiani brinjaos antifriqciuli 

Tvisebebi, xolo nikeli aumjobesebs simtkicis maxasiaTeblebs da korozi-

ul medegobas. 

БрАМц10-2; БрАЖН11-6-6; БрАЖС7-1,5-1,5 da kidev zogierTi sxva brinjao 

gamoiyeneba mxolod sxmulis warmoebaSi, xolo БрA5 da БрA7, rogorc de-

formirebadi Senadnobebi. brinjaos didi jgufi ki (БрАМц9-2; БрАЖ9-4; 

БрАЖМц10-3-1,5; БрАЖН10-4-4) gamoiyeneba rogorc erTi, ise meore daniSnule-

biT. 

БрАЖН 10-4-4 brinjao ganicdis dispersiul ganmtkicebas. wrTobisa da 

daZvelebis Semdeg misi sisale 400HB (150 HB-s nacvlad) Seadgens da maRal 

meqanikur maxasiaTeblebs inarCunebs 400_5000C-ze. 

aluminianma brinjaom yvelaze farTo gamoyeneba gemTmSeneblobaSi, av-

to da aviamSeneblobaSi pova. 

mrewvelobisaTvis gansakuTrebiT sayuradReboa beriliumiani brinjao, 

romelic 2%-mde beriliums Seicavs. igi xasiaTdeba maRali simtkicisa da 

drekadobis, eleqtro da Tbogamtarobis, daRlilobisadmi winaRobisa da 

koroziuli medegobis saukeTeso SexamebiT. gamoirCeva kargi SeduRebadobiT 

da WriT damuSavebadobiT. aqedan gamomdinare, beriliumiani brinjao metad 
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Zvirfasi masalaa sapasuxismgeblo zambarebis, membranebisa da zusti xelsaw-

yoTmSeneblobis mzambaravi eleqtrokontaqtebisa da sxva elementebis dasam-

zadeblad.  

beriliumi spilenZSi gansazRvruli rigis myar snarebswarmoqmnis. tem-

peraturis Semcirebisas xsnadobis zRvari 2,7-dan 0,16%-mde (sur. 8.7)mcir-

deba. amdenad, Senadnobi eqvemdebareba Termul ganmtkicebas. 

nawrTob mdgomareobaSi beriliumia-ni 

brinjao gamoirCeva maRali plastikurobiTa 

da teqnologiurobiT, rac civad wne-viT 

damuSavebis SesaZleblobas iZleva. gan-mtki-

cebis saukeTeso efeqti miiRweva 7800C-dan 

wrTobisa da 320_3400C-ze 2_5 saaTis gan-mav-

lobaSi daZvelebis gziT. axlad nawrTob 

mdgomareobaSi σmaqs=540 mgpa, δ=25%, HB120. 

daZvelebis Semdeg ki igive maxasiaTeblebi 

Rebulobs mniSvnelobebs: σmaqs=1000-1200 mgpa, 

δ=2-3%, HB400. 

praqtikulad gamoiyeneba Senadnobi si-

liciumis 2_5% SemcvelobiT,romelic damatebiT legirebulia nikeliTa da 

manganumiT. es danamatebi aumjobesebs siliciumiani brinjaos meqanikur Tvi-

sebebsa da koroziamedegobas. samrewvelo brinjaoebs miekuTvneba:БрКН3-1, 

БрКН1-3 da БрКН0,5-2.ukanaskneli ori eqvemdebareba Termul ganmtkicebas. 

siliciumiani brinjao gamoirCeva mzambaravi da antifriqciuli Tvi-

sebebiT, agreTve kargi koroziamedegobiT. advilad muSavdeba wneviT cxel 

da civ mdgomareobaSi, duRdeba brinjaosa da foladTan, advilad irCileba 

sali sarCiliT, gamoirCeva kargi TxeldenadobiT. 

tyviiani brinjao kargi antifriqciuli masalaa. man farTo gamoyeneba  

pova iseTi mZimeddatvirTuli, sapasuxismgeblo sriala sakisrebis damza-

debaSi, romlebic sakmaod maRali xvedriTi wnevisa (2500-3000 mgpa) da gazr-

dili wriuli siCqareebis (8-10 m/wm) pirobebSi muSaobs. aseTebia: sayrdeni 

da barbaca sakisrebi mZlavr turbinebSi, saaviacio ZravebSi, dizelSi da 
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sxva swrafmaval manqanebSi. tyviiani brinjao kargi Tbogamtari masalaa, 

rac eqspluataciis procesSi sakisris temperaturis 300_3200C-mde gazrdis 

SesaZleblobas iZleva. 

sasakisre Senadnobebs miekuTvneba: БрС30 (sasakisre), БрОС5-25 (saki-

sari, milisi, zeTsamWidroebeli rgolebi), БрОС8-12 (maRali xvedriTi wne-

vis sakisari), БрСН60-2,5 (sakisari, fasonuri sxmuli). 
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Tavi IX 
 

gansakuTrebuli fizikuriTvisebebis 

masalebi 

 

9.1. gansakuTrebuli eleqtruli Tvisebebis 

 masalebi 

teqnikaSi gamoyenebuli masalebi eleqtruli Tvisebebis mixedviT sam 

jgufad iyofa: eleqtrogamtar, naxevargamtar da dieleqtrikul masalebad. 

isini erTmaneTisgan gansxvavdeba eleqtrowinaRobiT, temperaturaze damoki-

debulebiT, misi cvlilebis xasiaTiT da gamtarobis tipiT. 

gamtarebis xvedriTi eleqtrowinaRoba icvleba 10-8_10-5 omim zRvrebSi. 

temperaturis gazrdiT maTi eleqtrowinaRoba izrdeba. gamoyenebis sferoia 

mudmivi da cvladi denis gamtarebis, rezistorebis, maxurebeli elemente-

bis, kontaqtebisa da sxva analogiuri elementebis warmoeba. 

naxevargamtarebis xvedriTi eleqtrowinaRoba 10-5_108 omim. zRvrebSi 

icvleba temperaturis gazrdiT eleqtruli winaRoba mcirdeba. gamoiyeneba 

eleqtruli signalebis gammarTvelad da gamaZliereblad, sxvadasxva saxis 

energiis eleqtroenergiad gardamqmnelebSi da a.S. 

dieleqtrikuli masalis xvedriTi eleqtruli winaRoba 108-dan 1016 omim 

diapazonSi icvleba. dieleqtriki eleqtroizolatorad gamoiyeneba. 

 
                          9.1.1 მაღალი ელექტროგამტარობის მასალები  

liTonur eleqtrogamtarebs damatebiT moeTxovebakargi plastikuro-

ba, koroziamedegoba da, zog SemTxvevaSi, cveTamedegoba. gardaamisa,xasiaT-

deba rCilvisa da SeduRebiskargi unariT, raTa SeerTebis zonam karg saime-

doobasTan erTad maRali eleqtrogamtarobac uzrunvelyos.  

aRniSnul Tvisebebs yvelaze metad akmayofilebs waxnagdacentrebuli 

kuburi gisosis mqone liTonebi momwvar mdgomareobaSi. deformacia da nar-

Ceni Zabvebi, romlebic teqnologiuri damuSavebis dros warmoiqmneba, iwvevs 

kristaluri  gisosis  damaxinjebas  da yvelanairi defeqtis koncentraciis 

gazrdas, rac eleqtrogamtarobis Semcirebas ganapirobebs. 
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eleqtrogamtarebad gamoiyeneba qimiurad sufTa spilenZi, alumini da 

rkina. 

aRniSnuli liTonebidan yvelaze kargi eleqtrogamtarobiT uJang-

badoMOOбspilenZi xasiaTdeba. gamoiyeneba agreTve MO და M1 markis 

spilenZi.maTgan mzaddeba sxvadasxva diametris mavTuli, salte, zoli da 

Zelaki. M1 markis naglini momxmarebels miewodeba rogorc momwvar, ise 

mopirsalebul mdgomareobaSi. momwvari spilenZi maRali eleqtrogamta-

robiT xasiaTdeba, xolo mopirsalebuli – maRali simtkiciT. momwvar spi-

lenZs iyeneben sag-ragnile mavTulis da sakabelo nakeTobis, xolo mo-

pirsalebuls –kiduli dengamtarebis da koleqtoris firfitebis dasamza-

deblad.  

iseTi dengamtari konstruqciebisaTvis, romelsac  400 mgpa-ze meti si-

mtkice moeTxoveba, TiTberi da kadmiumiani an beriliumiani brinjao gamoi-

yeneba. am masalebis eleqtrogamtaroba mcirea spilenZTan SedarebiT. kadmi-

umiani brinjaosagan amzadeben koleqtoris firfitebs, xolo beriliumiani 

brinjaosagan _ dengamtar zambarebs, sriala kontaqtebs, fexiT CamrTve-

lebs. TiTberi iseTi dengamtari detalebis dasamzadeblad gamoiyeneba, ro-

melTa warmoeba masalisagan maRal plastikur maxasiaTeblebs moiTxovs. 

vercxli da oqro keTilSobili liTonebia. haerze isini ar iJangeba, 

amitom, miuxedavad siZvirisa, Seucvlel masalas warmoadgens uJangavi kon-

taqtebisaTvis. gamoiyeneba xelsawyoebSi wvrili gamtarebisa da mikroeleqt-

ronuli sqemebis dasamzadeblad. 

aluminis eleqtrogamtaroba spilenZis eleqtrogamtarobis 2/3-s Sead-

gens, xolo simtkice samjer ufro dabalia. Tanabari gamtarobis SemTxveva-

Si, spilenZTan SedarebiT, aluminis mavTulis diametri 22%-iT metia, magram 

mcire kuTri wonis gamo _ 2-jer ufro msubuqi.  

aluminis mavTulma TiTqmis mTlianad gamodevna spilenZi eleqtrokav-

Siris sahaero xazebidan da Zalovani kabelebidan. 

eleqtroteqnikuri miznebisaTvis gamoiyeneba rogorc maRali sisufTa-

vis alumini (АД0ч), romelSic minarevebis saerTo raodenoba0,02% Seadgens, 

ise teqnikuri sisufTavis alumini AД000, AД00  AД0, sadac minarevebis saer-
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To raodenoba, Sesabamisad, 0,2%, 0,3% da 0,5% Seadgens. maRali sisufTavis 

alumini xasiaTdeba kargi plastikurobiT, amitom misgan amzadeben 6_7 mik-

ronis sisqis kilitas kondensatorebisaTvis. teqnikurad sufTa alumini ga-

moiyeneba mavTulis saxiT kabelebsa da dengadamtan mavTulebSi.  

sahaero eleqtrogadamcem xazebSi, sadac sayrdenebs Soris manZili 

didia, dengadamtanebad iyeneben magniumisa da siliciumis Semcvel aluminis 

Senadnobs, romelic ufro gazrdili simtkiciT xasiaTdeba sufTa alumin-

Tan SedarebiT. aRniSnuli elementebiT mcired legirebis SemTxvevaSi (1%-

ze naklebi TiToeuli) ramdenadme uaresdeba eleqtrogamtaroba, magram izr-

deba simtkice da praqtikulad ar uaresdeba koroziamedegoba da plastiku-

roba.   

rkina mniSvnelovnad Camouvardeba spilenZsa da alumins eleqtrogam-

tarobis TvalsazrisiT, magram maRali simtkice, zogierT SemTxvevaSi, amar-

Tlebs mis gamoyenebas aRniSnuli daniSnulebiT. aseT SemTxvevaSi naxSir-

badmcire xarisxovani (08, 10) da Cveulebrivi xarisxis (Cm3, Cm4, Cm5) fola-

debi gamoiyeneba. misgan amzadeben: saltes, tramvais, metros da rkinigzis 

relsebs, mcire simZlavris sahaero dengadamtanebs. mavTulis diametri ga-

nisazRvreba ara eleqtrogamtarobis, aramed masalis simtkicis maxasiaTeb-

lebis mixedviT. 

bimetalur gamtarebs (foladis mavTuli, romlis zedapiri dafarulia 

spilenZiT) iyeneben maRali sixSiris denis gadasacemad. aseTi konstruqcia 

amcirebs rogorc eleqtrodanakargebs, rac rkinis feromagnetizmTan aris 

dakavSirebuli, ise deficituri spilenZis xarjs. eleqtrogamtarobas spi-

lenZis danafari ganapirobebs, xolo foladis guli meqanikur datvirTvas 

Rebulobs. 

9.1.2. სარჩილი 

sarCili, romelic gamoiyeneba maRali gamtarobis masalebis rCilviT 

SeerTebisaTvis, unda xasiaTdebodes: umniSvnelo gardamavali (kontaqtis) 

winaRobiT, dabali dnobis temperaturiT, SesaerTebel liTonebTan Sedare-

biT, kargi dasvelebis unariT, maRali simtkiciTa da plastikurobiT. 

sarCilis Tburi gafarToebis koeficienti axlos unda iyos ZiriTadi li-
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Tonebis Tburi gafarToebis koeficientTan. SesaerTebel masalebTan ar 

unda warmoqmnas koroziuli wyvili. am mizniT gamoiyeneba Sn, Pb, Zn da Ag 

fuZeze damzadebuli Senadnobebi. 

arCeven dabaltemperaturul anu rbil da maRaltemperaturul anu 

mtkice sarCil masalebs.  

xelsawyoTmSeneblobaSi dabaltemperaturul sarCilad gamoiyeneba ka-

la-tyviisa da kala-TuTiis sistemis Senadnobebi. Sn-Pb sistemis evteqtikuri 

anu advildnobadi Senadnobi Seicavs 61% Sn da 39%PPb (ПOC-61). misi dnobis 

temperaturaa 1830C. sarCili xasiaTdeba kargi TxeldenadobiT, rac xels uw-

yobs xarisxovani da maRali meqanikuri Tvisebebis mqone nakeris Camoyali-

bebas. amave mizniT gamoiyeneba agreTve rogorc qveevteqtikuri (ПOC-18, ПOC-

30, ПOC-40, ПOC-50), ise zeevteqtikuri (ПOC-90) Senadnobebi. cifri markaSi 

miuTiTebs kalis Semcvelobas. aseTi tipis sarCilis gardamavali eleqtru-

li winaRoba 0,14_0,21 mkomim Seadgens da gamoiyeneba spilenZisa da misi Se-

nadnobebis metad wvrili mavTulebis misarCilad da iseT SemTxvevaSi, ro-

desac dauSvebelia rCilvis zonis maRal temperaturamde gaxureba. 

aluminisa da misi Senadnobebis rCilvisaTvis sargebloben kala-Tu-

Tiis sistemis SenadnobebiT. am mxriv saukeTesoa evteqtikuri Sedgenilobis 

Senadnobi ПOЦ-90, romlis dnobis temperatura 1990C Seadgens. gamoyenebas 

poulobs agreTve Senadnobebi: ПOЦ-70,  ПOЦ-60,  ПOЦ-40. 

im SemTxvevaSi, Tu misarCili boloebis gaxureba dauSvebelia maRal 

temperaturamde (<1000C), sargebloben bismutis SenadnobiT tyviasTan, kalas-

Tan, kadmiumTan da vercxlTan. Tumca aseTi sarCili ver uzrunvelyofs mtki-

ce SeerTebas.  Senadnobebi bismutTan gazrdili simyifiT xasiaTdeba. 

maRaltemperaturuli sarCiliT sargeblobisas mimdinareobs difuzia 

ZiriTadi liTonisa da sarCilis elementebs Soris, rac uzrunvelyofs uf-

ro mtkice da saimedo SeerTebas. am daniSnulebiT gamoiyeneba spileZi, spi-

lenZTuTiani, spilenZfosforiani da vercxlis Semcveli sarCilebi. 

spilenZTuTiani sarCili ПМЦ-36, ПМЦ-48 da ПМЦ-54 (cifri miuTiTebs 

spilenZis Semcvelobas) xasiaTdeba 0,03_0,04 mkomim gardamavali winaRobiT. 

dnobis temperatura spilenZis Semcvelobis gazrdasTan erTad izrdeba 825-
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dan 8800C-mde. ПMФ-7 spilenZfosforiani sarCiliT (cifri aRniSnavs fosfo-

ris Semcvelobas) SesaZlebelia  rCilva  widis gareSe ganxorcieldes, rac 

teqnologiur process amartivebs. 

vercxlis Semcveli sarCili metad teqnologiuria, radgan kargad as-

velebs misarCil zedapirebs da kargi xsnadobis unariT xasiaTdeba. igi ga-

mosadegia nebismieri liTonisa da Senadnobis rCilvisaTvis; uzrunvelyofs 

maRali meqanikuri Tvisebebis mqone narCili zonis formirebas da dabal 

gardamaval winaRobas. magaliTad, ПСр-72, ПСр-61, ПСр45 daПСр-10  sar-CilebSi 

gardamavali winaRoba, Sesabamisad, izrdeba 0,022-dan 0,065 mkomi·m zRvrebSi. 

dnobis temperatura 779-dan 9200C-mde icvleba. 

9.1.3. ზეგამტარები 

maRali eleqtrogamtarobis masalebis gansakuTrebul jgufs zegamta-

rebi miekuTvneba.temperaturis SemcirebiT yvela liTonis eleqtruli wina-

Roba mdovred ecema (sur. 9.1). zogierT liTonsa da SenadnobebSi ki raRac 

Tkrtemperaturis miRwevisas mkveTrad ecema nulamde _ masala iZens zegamta-

robis Tvisebas. zegamtaroba aRmoCenilia 30-mde elementsa da 1000-mde Senad-

nobSi. maT Soris tantalSi (zegamtarobaSi gadasvlis kritikuli tempera-

tura Tkr=4,13K), indiumSi (Tkr=3,37K), TeTr kalaSi (Tkr=3,69K), aluminSi 

(Tkr=1,14K), niobiumSi (Tkr=9,17K).  

     rogorc warmodgenili monacemebidan gamomdinareobs, zesufTa (0,0001%) 

niobiumi yvelaze kargi zegamtari masalaa. praqtikuli gamoyeneba pova 

65БТ(22,0-26,0%Ti, 63,0-68%Nb da 8,5-11.5%Zr) da 35БТ(60-64Ti, 33,5-36,5%Nb, 1,7-4,3%Zr) 

zegamtarma Senadnobebma  niobiumis gazrdili SemcvelobiT. Senadnobebi ga- 
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moiyeneba mZlavri generatorebis, didi simZlavris magnitebis (magaliTad, 

magnitur baliSebze moZravi matareblis) da xvreluri diodis gragnilebis 

dasamzadeblad.  

zegamtaruli mdgomareoba ingreva ara marto gaxurebis Sedegad, ara-

med Zlieri magnituri velis zemoqmedebiT da didi Zalis denis gatarebi-

Tac (velisa da denis kritikuli mniSvnelobebi).   

 

9.1.4.  საკონტაქტო  მასალები 

muSaobis pirobebidan gamomdinare, eleqtruli kontaqtebi iyofa gam-

TiSav, sriala da uZrav kontaqtebad. yvela saxissakontaqto masalis Ziri-

Tadi moTxovnaa dabali gardamavali eleqtruli winaRoba.  

gamTiSi kontaqtebi gamoiyeneba eleqtruli wredis perioduli CarTva-

gamorTvisaTvis da muSaobs SedarebiT mZime pirobebSi. eqspluataciis 

drosmaTSi naperwkali an eleqtruli rkali warmoiqmneba, rac korozias an 

eleqtrul erozias iwvevs. Sedegad kontaqtebi iJangeba, izrdeba 

gardamavali eleqtruli winaRoba, xurdeba da xdeba maTi miduReba an Sewe-

beba. 

eleqtroeroziuli cveTa erT-erT sakontaqto zedapirze krateris, 

xolo meoreze – Sverilis gaCenas iwvevs. es imiT aixsneba, rom sakontaqto 

masala dneba, orTqldeba, gaifrqveva muSa zedapirze da erTi kontaqtidan 

meoreze gadadis. eleqtroeroziisadmi winaaRmdegoba izrdeba masalis dno-

bis temperaturis, sisalisa da simtkicis maxasiaTeblebis gazrdasTan erTad. 

eleqtrul simZlavreze damokidebulebiT arCeven sustad datvirTul 

da Zlierad datvirTul gamTiS kontaqtebs. 

      sustad datvirTul kontaqts amzadeben keTilSobili liTonebisagan _ 

oqrosgan, vercxlisgan, platinisgan, paladiumisa da misi Senadnobebisagan.  

axasiaTebs dabali medegoba eroziis mimarT, dabali gardamavali winaRoba 

da maRali koroziamedegoba. 

      farTod gamoiyeneba agreTve spilenZis Senadnobi vercxlTan. aseTi Se-

nadnobi inarCunebs maRal eleqtrogamtarobas da xasiaTdeba ufro maRali 

sisaliT da winaRobiT eleqtruli cveTisadmi, Tumca spilenZis danamatebi 

amcirebs Jangvisadmi mdgradobas. 
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mZimed datvirTul kontaqts amzadeben volframis, molibdenisa da maTi 

Senadnobebisagan. volframi,  maRali dnobis temperaturis  gamo, xasiaTdeba 

kargi winaRobiT eleqtroeroziuli cveTisadmi. Jangvisadmi midrekilebis 

miuxedavad, volframi xasiaTdeba mcire da mdgradi gardamavali winaRobiT, 

xolo daJangvis Sedegad warmoqmnili furCi kontaqtis muSaobis procesSi 

irRveva. amitom SeiZleba misi gamoyeneba didi sixSiriT CarTva-gamorTvisa 

da maRali sakontaqto wnevebis elementebSi. 

    amave mizniT iyeneben volfram-molibdenis Senadnobebs. 40_50% molibde-

nis Semcveli Senadnobi mdgradia koroziisadmi, magram misi eleqtruli wi-

naRoba didia da advilad iJangeba haerze. amitom am Senadnobebs iyeneben 

mZlavr kontaqtebSi inertul airSi an vakuumSi muSaobisas.  

     ufro mZlavr kontaqtebSi gamoiyeneba volframisa da vercxlis an spi-

lenZis Secxobili kombinacia, an Secxobili volframi, romelic vakuumSi 

Txevadi spilenZiT an vercxliT aris gaJRenTili. 

perspeqtiulia Sinagani daJangvis meTodiT miRebuli vercxlisa da 

spilenZis kompoziciuri kontaqtebi. COM-10 Senadnobs (10% Cu) daaxloebiT 

50 saaTis ganmavlobaSi haerze Jangaven 7000C temperaturaze. vercxlSi Jang-

badis maRali xsnadobisa da difuziis didi siCqaris gamo, liTonSi SeRweu-

li Jangbadi Jangavs naklebad keTilSobil spilenZs, ris Sedegadac miiReba 

kompoziciuri masala _ vercxlis fuZeSi Tanabrad ganawilebuli spilenZis 

Jangi. es zrdis SeduRebadobisadmi winaaRmdegobas da amcirebs erozias. 

aseT Senadnobebs iyeneben Zlierad datvirTul kontaqtebSi. SeiZleba maTi 

gamoyeneba agreTve sriala kontaqtebis dasamzadeblad.  

srialakontaqtebs igive Tvisebebi waeyeneba, rac gamTiSs, magram Ziri-Tadi 

moTxovnaa winaRoba SeduRebisadmi. garda daJanguli vercxlispilen-Zis 

Senadnobisa, sriala kontaqtebis dasamzadeblad gamoiyeneba spilenZis an 

vercxlis fxvnilze damzadebuli MГ3, MГ5, CГ3 da CГ5 kompozicia gra-fitis 

mcire danamatebiT, romelic aferxebs kontaqtebis erTmaneTTan midu-Rebas. 

cifri markaSi miuTiTebs grafitis Semcvelobas procentebSi. 

amJamad koleqtoris segmentebSi umTavresad gamoiyeneba civnaglini 

eleqtrolituri spilenZi an kadmiumiuni brinjao, xolo zusti manqanebis 
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mcire koleqtorebSi _ vercxli. sriala kontaqtebisaTvis karg masalas 

grafiti warmoadgens, radgan igi praqtikulad ar iJangeba da eleqtro-

rkalsac ufro maRal Zabvebze warmoqmnis nebismier liTonTan SedarebiT. 

cveTamedegobiT gamoirCeva grafitliToniani kontaqtebic. 

samsxmelo warmoeba eleqtruli manqanebis sriala kontaqtebis 

(salteebis) oTx jgufs awarmoebs: 

naxSirgrafitians             T,   УT; 

grafitisas                     Г; 

eleqtrografitizebuls      ЭГ; 

liTongrafitians            M, MГ (spilenZgrafitiani), БГ (brinjaoi-

ani), MГC (spilenZgrafitTuTiani). 

yvela jgufis salte SeiZleba gansxvavdebodes SedgenilobiT, struq- 

turiT, xarisxiTa da zomebiT. 

uZravisakontaqto masala unda xasiaTdebodes dabali gardamavali wi- 

naRobiTa da stabilurobiT mcire sakontaqti Zalis pirobebSi. amitom, mom-

Weri kontaqtebisaTvis gamoiyeneba iseTi koroziamedegi masalebi, romlebic 

kontaqtis zedapirze ar warmoqmnis maRali eleqtrowinaRobis oqsidur 

firs. aseT pirobebs akmayofilebs spilenZi, TiTberi da TuTia. TuTiiT fa-

raven rkinis fuZeze damzadebuli Senadnobis sakontaqto momWerebs.  

 
9.2. maRali eleqtrowinaRobis Senadnobebi 

 
maRali eleqtrowinaRobis Senadnobebi gamoiyeneba winaRobis preci-

ziuli elementebis (potenciometris xviebis, Suntis, winaRobis koWebis, re-

zistorebis, Termowyvilebis, tenzometruli mimwodebis), eleqtruli xelsa-

wyoebis maxurebeli elementebisa da Rumelebis dasamzadeblad. ZiriTadi 

moTxovna, rasac es masalebi unda akmayofilebdes, maRal xvedriT eleqt-

rul winaRobasTan erTad, aris winaRobis cvlilebis mcire temperaturuli 

koeficienti da mxurvalmedegoba, rac gansakuTrebiT mniSvnelovania maxure-

beli elementebisaTvis. 
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maRali eleqtruli winaRobiT xasiaTdeba liTonuri Senadnobebi mya-

ri xsnaris struqturiT. saeqspluatacio temperaturis mixedviT Senadnobe-

bi sam jgufad iyofa:  

      1.Senadnobebi, romelTa muSa temperatura 5000C ar aRemateba.maT mie-

kuTvneba nikeliTa da manganumiT legirebuli spilenZis Senadnobebi. spilen-

Zi da nikeli ganusazRvreli rigis myar xsnarebs warmoqmnis. am sistemis 

Senadnobi 40_50%nikelsSeicavs da xasiaTdeba maqsimaluri eleqtrowinaRo-

biT, xolo eleqtrowinaRobis temperaturuli koeficienti TiTqmis nulis 

tolia. 

am tipis Senadnobebs miekuTvneba MHMц 3-12 (manganini), romelic 

2,5_3,5%Ni da 11,5_13,5%Mn Seicavs; MHMц 40-1,5 (konstantani), MHMц 43-0,5 (kope-

li). SenadnobebSi danarCeni spilenZia. maTgan kostantans ZiriTadad Termo-

wyvilebis dasamzadeblad iyeneben.   

eleqtruli winaRobis koeficientis stabiluri mniSvnelobebis uzrun-

velsayofad manganinis mavTuls utareben sarekristalizacio mowvas vakuum-

Si 4000C-ze, xolo winaRobis elementebs damzadebis Semdeg ganmeorebiT axu-

reben 2500C-mde narCeni Zabvebis mosaxsnelad. 

2. Senadnobebi, romelTa muSa temperatura 12000C-ze naklebia. isini 

aseve gamoiyeneba winaRobisa da maxurebeli elementebis dasamzadeblad. Se-

nadnobebi rkinisa da nikelis fuZeze mzaddeba. qromiT da aluminiT damate-

biTi legireba uzrunvelyofs maT maRal eleqtrowinaRobas da mxurval-

medegobas.am jgufis Senadnobebs miekuTvneba: feqrali X13Ю4, niqromi 

X20H80 da X15H60, Senadnobi 1 _ 1X17Ю5 da Senadnobi 2 _ 1X25Ю5. maTi muSa 

temperaturuli Weri1000_11500C aRwevs. gamoiyeneba reostatebis, mZlavri 

eleqtromaxurebeli danadgarebis da samrewvelo Rumlebis dasamzadeblad. 

3. 12000C-ze maRal temperaturul pirobebSi (vakuumSi) eqspluataci-

isaTvis Senadnobebs Zneldnobadi liTonebis _ W, Mo da Ta-is fuZeze amza-

deben. 15000C-mde momuSave RumlebSi gamoiyeneba keramikuli masalebic, maga-

liTad, silitis Reroebi, romelsac siliciumis karbidis SecxobiT Rebu-

loben. muSaobis temperaturuli Weri 15000C-s Seadgens. siliti naxevargam-



106 

 

taria da maRali kuTri eleqtruli winaRobiT (0,1_10 omim) xasiaTdeba. gavr-

celebulia agreTve molibdenis dioqsidis (MoSi2) maxurebeli. 

 

9.3. naxevargamtarebi 

 
naxevargamtarebs eleqtruli Tvisebebis mixedviT gardamavali mdgo-

mareoba ukavia liTonebsa da izolatorebs Soris. maTi eleqtruli winaRo-

ba 10-5_108 omi·m zRvrebSi icvleba. naxevargamtarebs 12 elementi miekuTvneba 

(bori, naxSirbadi (almasi), siliciumi, germaniumi, kala, fosfori, dariSxa-

ni, stibiumi, gogirdi, seleni, teluri da iodi, romlebsac ubralo naxevar-

gamtarebs uwodeben) da mendeleevis perioduli sistemis sxvadasxva jgufis 

mravali elementis qimiuri naerTi. 

naxevargamtarebi gamoiyeneba gammarTvel elementebad, maRali T.e.m. Za-

lis generatorebisTvis, denis gamaZliereblad. igi amcirebs xelsawyos ga-

baritebs, wonas da eleqtroenergiis xarjs. mniSvnelovania, rom SesaZlebe-

lia am Tvisebebis marTva. yovelive aman gaafarTova naxevargamtarebis sfe-

ro xelsawyoTmSeneblobaSi. 

naxevargamtarze damzadebuli xelsawyoebis ZiriTadi naklia: 

1. TvisebaTa SedarebiT mkveTri cvlileba temperaturaze damokidebulebiT; 

 2. samuSao temperaturis SezRudvia (germaniumis xelsawyoebisaTvis    

-60-dan +700C, siliciumis xelsawyoebisaTvis -60-dan +1500C); 

 3. parametrebis gabneva da arastabiluroba. 

ubralo naxevargamtarebidan praqtikuli gamoyeneba germaniumma da 

siliciumma pova. isini miekuTvneba IV jgufis elementebs, aqvs almasis ti-

pis kristaluri gisosi kovalenturi bmiT. 

dengamtar masalebSi (liTonebSi) savalento zonas uSualod emijneba 

eleqtrogamtarobis anu agznebuli donis zona (sur. 9.2, a). aRniSnulma zonebma 

SeiZleba gadafaros kidec erTmaneTi. izolatoris  eleqtronebis speqtri xasi- 

aTdeba mniSvnelovani  energetikuli wyvetiT (1=1,5_10 ev) nebadarul mdgomare- 
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obasa da agznebul zonebs Soris (b). naxevargamtarisaTvis es maxasiaTebeli Sem-

cirebulia (g, 2) da 0,1_1,5 ev Seadgens. aqedan gamomdinare, naxevargamtarebSi 

eleqtruli deni aRiZvreba mxolod maSin, rodesac eleqtronebis nawili da-

tovebs Sevsebul savalento zonas, gadalaxavs 2 energetikul bariers da 

gadava gamtarobis zonaSi, sadac eleqtruli denis gadamtanebad gadaiqceva. 

energetikuli zonis gadasalaxad aucilebelia garkveuli energia, rac na-

xevargamtarma SeiZleba sinaTlis an siT-

bos saxiT SeiZinos.  

Tu absoluturi nulis maxloblo-baSi 

savalento zonis yvela qvedone srulad 

aris Sevsebuli eleqtronebiT, xolo 

gamtarobis zona ki carielia, na-

xevargamtars dieleqtrikis Tvisebebi eq-

neba (sur. 9.3, a). temperaturis gazrdiT 

eleqtronebma SeiZleba imdeni damatebiTi 

energia SeiZinos, rac sakmarisi aRmoCndeba imisaTvis, rom zogierTma gada-

laxos akrZaluli zona da muxtis matareblad gadaiqces (sur. 9.3, b). tempe-

raturis Semdgomi matebiT izrdeba muxtis matareblebis koncentracia da 

naxevargamtaris eleqtruli winaRoba mcirdeba.  

      eleqtruli velis gavleniT gamtarobis zonaSi eleqtronebis moZ-

raoba ganapirobebs eleqtrul anun-gamtarobas (negative). rac ufro metia 

akrZaluli zonis sigane, miT ufro maRali temperaturaa saWiro kovalentu-
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ri bmis darRvevisaTvis. siliciumisaTvis es sidide 1,12 ev Seadgens, germa-

niumisaTvis – 0,72 ev, amitom siliciumi maRal temperaturaze stabilur 

eleqtrowinaRobas inarCunebs, rac saSualebas iZleva siliciumis naxevar- 

gamtarisagan damzadebuli elementebi maRal temperaturul pirobebSi mu-

SaobisaTvis gamoviyenoT.  

savalento  zonaSi  eleqtronebis  mier datovebul adgilas vakansia 

anu `xvreli~ warmoiqmneba, romelic dadebiT muxts atarebs. igi SeiZleba 

STanTqas im eleqtronma, romelic mezobel atomTan bmas axorcielebs. mii-

Reba axali `xvreli~, romelsac, Tavis mxriv, sxva eleqtroni STanTqavs da 

a.S. amdenad, savalento zonaSi `xvreli~ difuzias ganicdis. eleqtrogamta-

roba, romelic aRiZvreba `xvrelebis~ difuziiT savalento zonaSi atomidan 

atomze eleqtronebis gadaadgilebis Sedegad, rac iwvevs kovalenturi kav-

Siris rRvevas da aRdgenas, xvrelur anu P(positive) gamtarobas uwodeben.  

 gamtaroba, romelic ganpirobebulia qimiurad sufTa naxevargamtareb-

Si kovalenturi bmis darRveviT, sakuTari gamtaroba ewodeba. naxevargamta-

rebis umravlesobisaTvis sakuTari gamtaroba sagrZnobi xdeba mxolod 

5000C temperaturis zemoT.  

minarevebi mkveTrad cvlis naxevargamtaris sakuTar gamtarobas, rad-

gan maTi akrZaluli zonis sigane sagrZnoblad naklebia.radgan qimiurad 

sufTa elementebis miReba metad Znelia, naxevargamtarebi yovelTvis Seicavs 

minarevebis garkveul raodenobas, romlebic cvlis gamtarobis xasiaTsa da 

sidides. eleqtruli gamtaroba, romelic naxevargamtarebSi minarevebis arse-

bobiT aris ganpirobebuli, minarevian gamtarobas uwodeben. 

perioduli sistemis V jgufis elementis minarevi atomebi germaniumsa 

da siliciumSi gamtarobis eleqtronul tips ganapirobebs, radgan naxevar- 

gamtaris kristalis savalento zonas oTx eleqtrons gadascems, xolo mexu-

Te eleqtruli denis matarebeli xdeba. aseT minarevs donors uwodeben. ger- 

maniumisTvis donors dariSxani da stibiumi warmoadgens, xolo siliciumi-

sTvis – fosfori da stibiumi. naxevargamtars, romelSic donoruli minarevi 

Warbobs, eleqtronuls anu n tipis naxevargamtars uwodeben. 

 III jgufis  minarevi elementebi xvreluri tipis gamtarobas ganapiro- 
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bebs, radgan naxevargamtaris kristalis savalento zonaSi mxolod sam eleq-

gmneba, rac mezobeli eleqtronebis Tanamimdevrul gadaadgilebas iwvevs. Se-

degad xvreli  dadebiTi muxtis analogiurad  gadaadgildeba.  aseT  minare- 

vebs aqceptoruls uwodeben. germaniumSi maT galiumi da indiumi miekuTvneba,  

xolo siliciumSi – bori da alumini. naxevargamtars, romelSic aqceptoru-

li minarevi Warbobs xvrelur, anu p tipis naxevargamtars uwodeben. 

 naxevargamtarebSi minarevi atomebis Semcveloba 10-4_10-9%ar unda aRe-

matebodes gansakuTrebiT arasasurvelia Al, B, W, V, Fe, Co da Mn-is 

minarevebi.germaniumSi akontroleben 40 elements, xolo siliciumSi _ 27. 

 naxevargamtarebis teqnikaSi, garda sufTa elementebisa, rTuli naxe-

vargamtaruli naerTebi gamoiyeneba. esenia perioduli sistemis sxvadasxva 

jgufis elementebis Sualeduri fazebi: meoTxe jgufis elementebis_ AIVBIV,  

mesame da mexuTe jgufis elementebis _ AIIIBV da meore da meeqvse jgufis 

elementebis _ AIIBVInaerTebi (ix. cxrili 9.1). siliciumis karbidi warmo- 

adgens fazas, sadac mkacrad aris daculi steqiometriuli proporcia. ami-

tom mis gamtarobas struqturis wertilovani defeqtebi, kristalur gisos- 

Si atomebis nawilobrivi mouwesrigeblobis xarisxi an minarevebi gansazRv-

ravs. II da III jgufis minarevebi misTvis aqceptorebs warmoadgens, xolo V 

da VI jgufisa – donorebs. AIIIBVtipis naerTebSi atomebs Soris kovalentur 

kavSirTan erTad  ionuri kavSiric aRiZvreba. naerTebi garkveuli qimiuri 

SedgenilobiT xasiaTdeba, amitom eleqtruli denis  araumTavresi 

matareblebi aRiZvreba minarevebis, wertilovani defeqtebis da kristalur 

gisosSi atomebis  ganlagebis mouwesrigeblobis Sedegad. II jgufis 

minarevebi aris aqceptorebi, xo- lo VI  jgufisa – donorebi.im SemTxvevaSi,  

Tu  IV jgufis elementebi kristalur gisosSi cvlis A atomebs, warmoad-

gens donorebs, xolo Tu cvlis B atomebs – aqceptorebs. 

AIIBVItipis naxevargamtarebSi upiratesia atomebs Soris ionuri tipis 

kavSiri da axasiaTebs cvalebadi Sedgeniloba. liTonis ionebis siWarbe ga-

napirobebs eleqtrul gamtarobas, xolo araliTonuri ionebisa – xvrelur 

gamtarobas. 
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cxrili 9.1 

naxevargamtari fazebis struqtura da akrZaluli zonis sigane 

naerTi kristaluri 
gisosi 

kavSiris 
tipi 

  akrZalili 
zonis sigane,  
 10-19 jouli 

dasaxeleba formula tipi 

siliciumis 
karbidi 

 
SiC 

 
AIVBIV 

 
heqsagonuri 

 
kovalenturi 

 
4,5 

anTimonidebi
arsenidebi 

ZnSb 
GaAs 

AIIIBV kuburi ionur-
kovalenturi 

0,43 
2,4 

sulfidebi ZnS 
CdS 

 
AIIBVI 

 
heqsagonuri 

 
ionuri 

5,9 
3,8 

oqsidebi ZnO 
FeO 

kuburi 5,1 
2,4 

 

miuxedavad GaAs naxevargamtaris warmoebis didi teqnologiuri sir-

Tuleebisa, igi yvelaze perspeqtiul naxevargamtars warmoadgens. sili-

ciumTan SedarebiT masSi eleqtronebis moZraobis siCqare mniSvnelovnad ma-

Ralia, amitom metad efeqturia misi gamoyeneba srafmoqmed sistemebSi.   

naxevargamtarebis marka aRiniSneba asoebiTa da cifrebiT. Tavdapirve-

lad iwereba aso, romelic miuTiTebs gamosaval masalas (K _siliciumi, БK 

_ utigelo siliciumi, Г_germaniumi, AГ _ galiumis arsenidi da a.S.). Sem-

degi aso miuTiTebs gamtarobis tips (Э _ eleqtronuli, D _ xvreluri). Sem-

degi miuTiTebs malegirebel elementebs (A _ alumini, Б _ bori, Г _ galiu-

mi, Ф _ fosfori da a.S.). cifrebi iwereba asoebis Semdeg wiladis saxiT, 

romlis mricxveli gviCvenebs xvedriT eleqtrowinaRobas omism, mniSvneli 

_ arawonasworuli matareblebis garbenis difuzur sigrZes mm-Si. naxevar- 

gamtaris markebia: ГЭC27/1,5; ГDГ5/1,0;  ГЭ 40/3;  ГDБ 7,5/0,5;  БKЭФ 7/0,5.   

 

 

9.4. Mmagnituri masalebi 
 

M    magnituri Tvisebebisa da gamoyenebis TvalsazrisiT, masalebi pirobi-

Tad SeiZleba feromagnitur da aramagnitur masalebad daiyos. teqnikaSi ga-

moyenebuli  liTonebidan  mxolod rkina, kobalti, nikeli da gadoliniumi  

xasiaTdeba feromagnituri TvisebebiT. 

magnituri Tvisebebis Sesaxeb ZiriTad informacias  damagnitebis  mru-

di anu histerezisis maryuJi iZleva (sur. 9.4, a). mrudi 1 aris damagnitebis 

sawyisi mrudi, xolo mrudi 2 magnituri induqciis cvlilebis xasiaTs gviC-
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venebs velis daZabulobaze damokidebulebiT, Semdgomi damagniteba-ganmag-

nitebis dros. am mrudiT SemosazRvruli farTobi e.w. histerezisis maryuJi  

 

 

 

 

 

 

gviCvenebs energias, romelic damagnitebaze ixarjeba. 

    rogorc damagnitebissawyisi mrudis xasiaTidan Cans, magnituri induqcia 

B magnituri velis H sididis zrdasTan erTad icvleba da velis garkveuli 

mniSvnelobis miRwevis Semdeg maqsimalur BS mniSvnelobas aRwevs, romelsac 

gajerebis induqcia ewodeba (sur. 9.4 a, mrudi 1). magnituri velis Semcire-

basTan erTad iwyeba ganmagnitebis procesi _ induqcia mcirdeba, magram 

ganmagnitebis mrudi 2 damagnitebis mruds ar mihyveba. rodesac magnitu-ri 

velis sidide nuls gautoldeba, masalaSi Br sididis induqcia rCeba. 

narCeni induqciis mosaxsnelad saWiroa uaryofiTi magnituri velis modeba. 

uaryofiTi magnituri velis HC sidides, romelic narCeni induqciis mosaxs-

nelad aris saWiro, koercitiuli Zala ewodeba.  

induqciis matebis intensiurobas damamagnitebeli velis daZabulobis 

zrdisas axasiaTebs magnituri SeRwevadoba µ da ganisazRvreba pirveladi 

damagnitebis mrudis daxris kuTxis tangensiT B=f(H)  (sur. 9.4, a).  

amgvarad, damagnitebis mrudiT Semdegi umTavresi magnituri maxasia-

Teblebi ganisazRvreba: 

 narCeni induqcia Br _ magnituri induqcia, romelic nimuSSi rCebami- 

si damagnitebisa da magnituri velis moxsnis Semdeg. misi ganzomilabaa tes-

la (tl an hausi. 1 ha=10-4 tl). 
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 koercitiuli Zala Hc – magniturivelis daZabuloba, romelic uz-

runvelyofs winaswardamagnitebuli nimuSis ganmagnitebas. misi ganzomilebaa 

amperi/metri (a/m an erstedi. 1 erstedi=79,5 a/m). 

histerezisis maryuJis forma sxvadasxvanairi SeiZleba iyos, rac fero- 

magnituri masalebis or jgufad dayofas ganapirobebs: magniturrbil da mag- 

nitursal masalebad. 

 

9.4.1. მაგნიტურრბილი  მასალები 

magniturrbili masalebi unda xasiaTdebodes maRali magnituri SeR-

wevadobiT (µ) sust, saSualo da Zlier velebSi, gajerebis induqciiT (Bs), 

mcire narCeni induqciiT (Br) da mcire koercitiuli ZaliT (Hc) (sur. 9.4, b). 

rbilmagnituri masalisagan amzadeben iseT elementebs, romlebic damagnite-

ba-ganmagnitebis reJimSi muSaobs. magaliTad, transformatoris, eleqtromag-

nitis da dinamos gularebs. 

magniturrbil Tvisebebs ganapirobebs liTonis maqsimaluri wonaswo-

ruli mdgomareoba, gisosis swori geometriuli forma defeqtebis gareSe 

da msxvilmarcvlovani agebuleba.  

daniSnulebis mixedviT magniturrbili masala or jgufad iyofa, rom-

lebic erTmaneTisgan mkveTrad gansxvavdeba eleqtruli parametrebiT. pir-

vels miekuTvneba dabali sixSiris, meores _ maRali sixSiris masalebi. uka-

naskneli xasiaTdeba SedarebiT ufro maRali xvedriTi eleqtruli winaRo-

biT da xSirad naxevargamtaris Tvisebebs amJRavnebs. 

dabali sixSiris magniturrbili masalebi, Tavis mxriv sam jgufad 

iyofa: 

      a) masalebi, romlebsac aqvs maRali induqciuri gajereba da gamoiye-

neba Zlier magnitur velSi muSaobisaTvis; 

b) masalebi maRali magnituri SeRwevadobiT, romlebic aseve gamoiyene-

ba Zlier magnitur velSi muSaobisaTvis; 

g) gansakuTrebuli magnituri Tvisebebis masalebi. 

      pirveli  jgufis  saukeTeso magniturrbil masalas sufTa feromagni- 
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turi liTonebi warmoadgens. yvelaze kargi magniturrbili TvisebebiT suf-

Ta, karboniluri an eleqtrolituri rkina xasiaTdeba, sadac minarevebis 

raodenoba 0,04_0,06%-s ar aRemateba.  

garda sisufTavisa, rkinis magnitur Tvisebebs misi struqtura gansaz-

Rvravs. saukeTeso TvisebebiT gamoirCeva yovelgvari daZabulobisagan Tavi-

sufali, msxvilmarcvlovani agebulebis rkina. aseTi struqturis misaRebad,  

rogorc wesi, mimarTaven maRaltemperaturul mowvas. aqve aRsaniSnavia, rom  

rkinis civad deformacia (civWedva) mniSvnelovnad zrdis koercitiuli Za-

lis mniSvnelobas. Cveulebrivi marcvlovnebisa da sisufTavis rkinis koer-

citiuli Zala 1 ersteds, Seadgens maSin, rodesac minimaluri koercitiuli 

Zala 0,01 erstedi, dafiqsirebulia metad msxvilmarcvlovan sufTa rkinaSi.  

 teqnikuri rkina xasiaTdeba mcire eleqtruli winaRobiT, rac gana-

pirobebs gazrdil eleqtrul danakargebs gadamagnitebis dros.  amitom misi 

gamoyeneba rekomendebulia mudmivi an sustad pulsirebuli denis mow-

yobilobaSi, rogoricaa, magaliTad, gularebi, rele da mudmivi denis eleq-

tromagnitebi, magnituri ekranebi, eleqtruli manqanebis polusebi da sxva. 

 eleqtrogamtarobis Sesamcireblad rkinas siliciums umateben. silici-

umi ixsneba feritSi, rac mkveTrad zrdis eleqtrowinaRobas, xels uwyobs 

rkinis marcvlis gamsxvilebas da asustebs sxva minarevebis mavne gavlenas. 

2%-ze meti siliciumis Semcvelobis SemTxveveaSi, mowvis dros, Senadnobi 

ar ganicdis ϒ gardaqmnas, rac uzrunvelyofs msxvilmarcvlovani struq-

turis Camoyalibebas. umjobesdeba magnituri Tvisebebic: izrdeba magnituri 

SeRwevadoba da mcirdeba koercitiuli Zala. rkinis Senadnobs siliciumTan 

eleqtroteqnikuri foladi ewodeba.  

eleqtroteqnikur foladSi eleqtruli danakargebi denis sixSirisa 

da furclis sisqis kvadratis proporciulad izrdeba. amitom yvela sili-

ciumiani foladi transformatorebisa da dinamomanqanebis warmoebaSi 1 mm-

mde sisqis Txeli furclebisa da lentis saxiT gamoiyeneba. furclebs So-

ris daaqvT saizolacio SuaSre (polimeri an oqsidi). 

eleqtroteqnikuri foladis markaSi pirveli cifri damzadebis xerxs 

miuTiTebs: 1 – cxlad glinuli;  2 – civad glinuli  izotropiuli; 3 – ci-

vad glinuli, anizotropiuli; meore cifri miuTiTebs siliciumis raodeno-
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bas: 0 _ Si≤0,03%; 1 – siliciumi 0,4_0,8%; 2 – siliciumi 0,8_1,8%; 3 – siliciumi 

1,8_2,8%; 4 – siliciumi 2,8_3,8%; 5 – siliciumi 3,8_4,8%. mesame cifri gansaz-

Rvravs qarxnis mier garantirebul ZiriTad Tvisebas, xolo momdevno ori 

cifri – am Tvisebis raodenobriv mniSvnelobas. magaliTad, marka 20895 Sem-

degnairad gaiSifreba: 2 _ Senadnobi civad glinuli, izotropiulia; 0 _ si-

liciumis Semcveloba ≤0,03%;  8 – miuTiTebs, rom qarxana garantias iZleva 

koercitiulZalaze da misi mniSvnelobaa 95 a/m. 

legirebuli eleqtroteqnikuri foladis markirebis principi ramde-

nadme gansxvavebulia: pirveli cifri markaSi gansazRvravs glinvis saxeobas 

da struqturas: 1 – cxlad glinuli, izotropiuli; 2 – civad glinuli,  

izotropiuli; 3 – civad glinuli, anizotropiuli teqsturirebuli kris-

talografiuli mimarTulebiT [100]. meore cifri markaSi miuTiTebs sili-

ciumis Semcvelobas %-Si: 0 _ Si≤0,4%;  1 – (0,4_0,8%);  2 – (0,8_1,8%);  3 – (1,8_2,8%);  

4 – (2,8_3,8%);  5 – (3,8_4,8%). mesame cifri gansazRvravs danakargebs histere-

zisze da narCeni induqciisa Tbur danakargebs (B, tl) da denis sixSiris (f, 

hc) garkveuli mniSvnelobisas. magaliTad, 1 – kuTri danakargebi B=1,5 tl 

da f≤50 hc-is SemTxvevaSi (P1,5/50). meoTxe cifri aris normirebuli parametris 

kodis ricxviTi mniSvneloba. rac metia cifri, miT naklebia kuTri danakar-

gebi P1,5/50. magaliTad,marka 2311 Semdegnairad gaiSifreba: 2 – Senadnobi aris 

civad glinuli, izotropiuli; 3 – siliciumis Semcveloba 1,8_2,8%; 1 – kuT-

ri danakargebi B=1,5 tl da f≤50 hc-is SemTxvevaSi, romlis ricxviTi mni-

Svneloba P1,5/50=5,8 vt/kg. 

Zalovan transformatorebSi teqsturirebuli anizotropiuli struq-

turis mqone foladis gamoyenebisas, Tu glinvis mimarTuleba transforma-

toris gularas RerZis xazs emTxveva, danakargebi minimaluria, Zalovani 

transformatoris wona da gabarituli zomebi 20_25%-iT, xolo radiotrans-

formatorebisa _ 40%-iT mcirdeba. 

maRali magnituri SeRwevadobisa da induqciis (Bs) SenadnobTa jgufSi 

gaerTianebulia nikeliT legirebuli Senadnobebi 45H da 50H (ricxvi pirvel  

adgilze miuTiTebs nikelis Semcvelobas procentebSi), romlebic permalois 

saxelwodebiTaa cnobili. farTod mimarTaven agreTve maT legirebas qro-
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miT, siliciumiT, molibdeniT da kobaltiT. am tipis Senadnobebia: 50НХС, 

50НП, 79НМП. permalois tipis Senadnobebs axasiaTebs gansakuTrebiT maRali 

magnituri SeRwevadoba sust velSi (aTjer da asjer ufro meti, vidre suf-

Ta rkinas da eleqtroteqnikur folads), amitom farTod gamoiyeneba  susti  

deniT momuSave mowyobilobaSi, rogoricaa, magaliTad, telefoni, telegra- 

fi, radio da a.S. 

sust magnitur velSi maRali induqciis misaRebad gamoiyeneba ag-

reTveAl-Si-Fe sistemis Senadnobebi, romelsac alsiferi ewodeba. igi Seicavs 

5,4%Al, 9,6%Si da 85% Fe da xasiaTdeba maRali magnituri SeRwevadobiT. misi 

gamoyeneba igive daniSnulebiT SeiZleba, rogorc Zvirad Rirebuli nikelis 

Semcveli Senadnobisa _ permaloi. Tumcaalsiferis praqtikul gamoyenebas 

zRudavs misi maRali sisale da simyife, magram xasiaTdeba kargi samsxmelo 

TvisebebiT, amitom misgan Txelkedlian fasonur sxmulebs amzadeben. 

magniturrbils miekuTvneba agreTve Fe2O3-is da zogierTi sxva Jangeu-

lis (NiO, MnO, ZnO, MgO da sxva) fxvnilTa SecxobiT miRebuli Senadnobebi. 

maT feritebs uwodeben. feritebi xasiaTdeba didi magnituri SeRwevadobiT, 

mcire koercitiuli ZaliT da maRali eleqtruli winaRobiT. isini farTod 

gamoiyeneba gamomTvlel teqnikaSi da sxva uaxles mowyobilobaSi. ferite-

bis uaryofiT mxared miCneulia maTi didi mgrZnobiaroba narCeni Zabvebisa-

dmi. axasiaTebs keramikis yvela Tviseba: sisale, simyife, didi Cajdoma Sec-

xobis dros. maTi damuSaveba SesaZlebelia mxolod almasis instrumentiT. 

feritis Tvisebebi sxvadasxva teqnologiur faqtorzea damokidebuli (oqsi-

debis fxvnilTa marcvlis zomebsa da maTi erTgvarovnebis xarisxze, dawne-

xis kuTri Zalis sidideze, Secxobis temperaturaze, gacivebis reJimze da 

a.S). yovelive es aZnelebs feritebis miRebis process mocemuli da ganmeo-

rebadi TvisebebiT. 
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9.4.2. მაგნიტურსალი მასალები 

magnitursali foladebi da Senadnobebi unda xasiaTdebodes didi mag-

nituri SeRwevadobiT, narCebi induqciiT da koercitiuli ZaliT (sur. 9.4, 

g). maT mudmivi magnitebis dasamzadeblad iyeneben. Senadnobebs Zlier velSi 

amagniteben (H>1000 ka/m). magnitursali Senadnobebi xasiaTdeba didi dana-

kargebiT gadamagnitebaze; narCeni induqcia Br=0,5_1tl, xolo koercitiuli 

Zala Hc≤560 ka/m.   

aseTi Tvisebebis formirebas uzrunvelyofs liTonis damuSavebis ise-

Ti xerxebis gamoyeneba, romelic misi wonasworuli mdgomareobidan maqsima-

lur gadaxras ganapirobebs – wrToba, gisosis daZabuloba (civWedva), dawv-

rilmarcvlovneba da a.S. aqedan gamomdinare, cvlilebebi Sinagan agebuleba-

Si, romelic masalis meqanikuri sisalis gazrdas iwvevs, zrdis magnitur 

sisalesac. 

magnitursali Senadnobebisadmi wayenebul moTxovnebs, upirveles yov-

lisa, martensitze nawrTobi У10-У12 naxSirbaduxvi foladebi akmayofilebs. 

maTi narCeni induqcia Br=800 hauss, xolo koercitiuli Zala Hc=60 ersteds. 

Tumca am foladebs udidesi nakli axasiaTebs – mcire SewrTobadoba, rac 

zRudavs nakeTobis ganivkveTs gamWoli martensituli struqturiT. SewrTo-

badobis gasazrdelad awarmoeben foladis legirebas ZiriTadad qromiT, 

volframiT da kobaltiT.legirebis Sedegad SewrTobadobasTan erTad um-

jobesdeba foladis magnitursali Tvisebebic. kerZod, narCeni induqcia 

izrdeba 8000_10000 hausamde, xolo koercitiuli Zala 170 ersteds aRwevs.  

legirebuli magnitursali foladebi gamoiyeneba Termulad damuSave-

bul mdgomareobaSi, romelic sakmaod rTuli reJimiT tardeba. misi sabo-

loo operaciebia wrToba martensitze 800_10000C-dan zeTSi da dabali moS-

veba. Tvisebebis stabilizaciisaTvis xSirad mimarTaven xangrZliv, Sedare-

biT dabaltemperaturul damuSavebas (duRebas).  

am jgufis magnitursali foladebis marka Е asoTi aRiniSneba, rac 

imaze miuTiTebs, rom foladi magnitursalia.danarCeni asoebi da ricxvebi 

aRniSnavs malegirebel elementebs da maT Semcvelobas procentebSi. maga-

liTad, ЕХ3,  ЕХ5К5,  ЕХ9К15М2.kobaltian foladebs yvelaze maRali magnitu-
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ri maxasiaTeblebi gaaCnia (Hc=100_170 erstedi, Br=8000_8500hausi), magram ko-

baltis deficituroba zRudavs maTi gamoyenebis sferos.  

asxvaveben samsxmelo, deformirebad da fxvnilisebr magnitursal Se-

nadnobebs. 

samsxmelo magnitursal Senadnobebs miekuTvneba rkinis fuZeze dam-

zadebuliFe-Ni-Al  sistemis Senadnobebi. igi Seicavs 12_35%Ni da 6,5_16% Al, 

danarCeni rkinaa. damatebiT Co, Cu, Ti  da Nb-isSeyvana aumjobesebs Senadnobis 

magnitur Tvisebebs. magnitebis 80% am sistemis Senadnobebisgan mzaddeba. 

maT aerTianeben saxelwodebiT alni. markireba xdeba  igive  principiT,  ro- 

gorc foladebisa. am jgufs miekuTvneba ЮНД4, ЮНДК18,  ЮНДК35Т5Б 

daЮНДК35Т5БА. 1% siliciumis damatebiT miiReba Senadnobi alnisi (ЮНС). 

maRali sisalisa da dabali plastikurobis gamo aRniSnuli Senadno-

bebi ar eqvemdebareba plastikur deformacias, amitom maT CamosxmiTa da 

Semdgom xexviT amuSaveben. gansakuTrebiT maRali magnituri Tvisebebi miiR-

weva 35%-mde kobaltis Semcvel SenadnobebSi Termomagnituri damuSavebis 

Semdeg. am dros magnits 13000C-mde axureben da kritikuli siCqariT aciveben 

Zlier magnitur velSi (1000 erstedi). gacivebis procesSi mimdinareobs dis-

persiuli feromagnituri fazis orientirebuli gamoyofa. Termomagnituri 

damuSaveba zrdis rogorc koercitiul Zalas, ise narCen induqcias da, Se-

sabamisad, magnitis simZlavres. 

deformirebad magnitursal Senadnobebs plastikuri liTonebis (Fe, Co  

da  Cu) bazaze amzadeben. maTi markebia: 30ХК25, 52К13Ф, ПлК78, agreTve Se-

nadnobebi kuniko (50%Cu, 21%Ni, 29%Co) da kunife (60%Cu, 20%Ni, 20%Fe). Sauke-

Teso magnituri Tvisebebi miiReba wrTobisa da daZvelebis Semdeg, ra dro-

sac yalibdeba wvrildispersiuli feromagnituri fazebi aramagnitur Ziri-

Tad matricaSi. 

yvela zemoT CamoTvlil SenadnobebSi maRali magnituri Tvisebebi 

rTuli Termuli  damuSavebis Sedegad miiRweva, romelic mdgomareobs nor- 

malizaciaSi(Warbi karbidebis gasaxsnelad austenitSi), optimaluri tempe-

raturidan wyalSi an zeTSi wrTobasa da dabal moSvebaSi. sasurvelia moS-
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vebis win -700C-ze siciviT damuSaveba. siciviT damuSaveba amcirebs narCeni 

paramagnituri  fazis _ austenitis  raodenobas.marTalia,  moSvebis  dros  

ramdenadme mcirdeba koercitiuli Zala, magram stabilurs xdis mis mniSvne-

lobas droSi. SesaZlebelia Termuli damuSaveba sxva reJimiTac Catardes, 

rasac masalis Sedgeniloba gansazRvravs. 

Fe-Ni-Al magnitursal Senadnobebs Rebuloben agreTve Semadgeneli ma-

salebis fxvnilTa narevis SecxobiT. winaswar momzadebul kazms wnexaven 

sasurveli formis wnexyalibebSi da acxoben 13000C-ze wyalbadis an sxva 

damcav atmosferoSi. miRebuli nakeToba xasiaTdeba maRali simtkiciT,  zus- 

ti zomebiTa da zedapiris maRali sisufTaviT. magnitursali Tvisebebis mi-

saniWeblad  nakeTobas  iseTive Termul an Termomagnitur damuSavebas uta-

reben, romelic sxmuli SenadnobebisTvis aris miRebuli.  

     Secxobili magnitursali Senadnobis marka aRiniSneba ММКasoebiT, 

rac imaze miuTiTebs, rom magniti liTonkeramikulia. Semdeg iwereba rigi- 

Ti nomris aRmniSvneli ricxvi. teqnikaSi Semdegi Secxobili magnitursali 

masalebi gamoiyeneba: MMK1 (Hc – 24 ka/m, Br – 0,6 tl);  MMK6  (Hc – 44 ka/m, Br – 

0,65 tl); MMK7 (Hc – 44 ka/m, Br – 0,95 tl); MMK11 (Hc – 118 ka/m, Br – 0,7 tl). 

salmagnituri feritis magnitebs Fe, Ba  da Co-isoqsidebis fxvnilTa Se-

cxobiT Rebuloben.maTi magnituri Tvisebebi ufro dabalia sxmul Fe-Ni-Al 

SenadnobebTan SedarebiT, Tumca, rogorc dieleqtrikebi, SesaZlebelia maTi 

gamoyeneba mudmiv magnitebad maRali sixSiris magnitur velebSi Tburi da-

nakargebis gareSe. maTi markebia: 6БИ240,  28БА190 (BaO·6Fe2O3);  10КА165, 14КА135 

(CoO·6Fe2O3). markaSi pirveli cifri miuTiTebs magnitis maqsimalur simZlav-

res, aso – liTons oqsidSi, xolo ИdaАasoebi – Sesabamisad,magnitis izo-

tropiulobasa da anizotropiulobas. 

ukanasknel xanebSi yuradRebas imsaxurebs axali magnituri masalebi, 

romlebic iSviaTi miwaliTonebis naerTebia Co, Fe an Cu-Tan.  

 
9.4.3. მაგნიტოპლასტიკი და მაგნიტოელასტიკი 

magnitoplastiki mzaddeba magnituri masalis nawilakebisagan, rom-

lebic erTmaneTTan sinTetikuri fisiT არის dakavSirebuli. damzadebisas 
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magnitursal fxvnils wnexen, gaJRenTen sinTetikuri fisiT da es ukanaskne-

li myar mdgomareobaSi  polimerizaciiT gadahyavT. nakeToba sxva damate-

biT meqanikur damuSavebas ar moiTxovs. umeteswilad gamoyenebas poulobs 

alnis sistemis fxvnilebi. magnitoplastiki gamoiyeneba eleqtromricxvel-

Si, spidometrsa da sxva analogiur xelsawyoebSi. 

magnitoelastiki Sedgeba magnitursali masalisa da elastikuri Sema-

kavSirebeli masisagan _ kauCukis an Termoplastikuri fisisagan. salmag-

nitur masalad praqtikuli gamoyeneba pova bariumis feritma, romlis ko-

ercitiuli Zala 1500_2500 ersteds aRwevs. bariumis feritis mniSvnelovani 

Tvisebaa is, rom SesaZlebelia misi nawilakebis orientacia magnitur velSi, 

rac anizotropiuli magnitoelastikis miRebis SesaZleblobas iZleva. meqa-

nikuri Tvisebebis mixedviT magnitoelastiki rezins uaxlovdeba, xolo mag-

nituri TvisebebiT _ ferits. 

 

 

9.4.4. განსაკუთრებული თვისებების მაგნიტური მასალები 

magnituri masalebis jgufis Senadnobebs miekuTvneba: 

a) penminvari. penminvari xasiaTdeba mudmivi magnituri SeRwevadobiT 0-

dan 80-160 a/m velis diapazonSi. am sistemis Senadnobebia: 45HK (45%Ni, 25%Co, 

danarCeni rkina), 45 HKM (45%Ni, 25%Co, 7,5% Mo, danarCeni rkina),  70HK (70%Ni, 

7%Co, danarCeni rkina). aRniSnuli Senadnobebis maqsimaluri magnituri SeR-

wevadoba Sesabamisad 1800, 4000 da 3800 hs/e Seadgens. 

b) permendiuri, 50K romelic Seicavs 50%Co da 1,8%V, danarCeni rkinaa. 

xasiaTdeba maRali induqciuri gajerebiT. gamoiyeneba iseTi xelsawyoebis 

dasamzadeblad, sadac aucilebelia mcire garemoSi Zalovani xazebis mZlav-

ri nakadis koncentrireba. 

g) permaloi, H33Ю1_ romlis induqcia -60-dan +500C temperaturul in-

tervalSi mkveTrad icvleba, gamoiyeneba magnitoeleqtruli xelsawyoebis 

cdomilebaTa avtomaturi korelaciisaTvis. praqtikuli gamoyeneba pova Se-

nadnobma 30%Ni, danarCeni rkina.  
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radgan induqciuri gajereba da kiuris wertili struqturulad ara-

mgrZnobiare Tvisebebia, permendiurisa da permalois umTavres samuSao maxa- 

siaTeblebs gansazRvravs Senadnobis Sedgeniloba da ara damuSavebis xasiaTi. 

 

9.4.5. არამაგნიტური მასალები 

eleqtromanqanaTmSeneblobaSi masalas xSirad aramagnituri (µ<1,05) da 

meqanikuri simtkice moeTxoveba. am mizniT feradi liTonebis nacvlad ufro 

iaf aramagnitur austenitur folads iyeneben. austenituri uJangavi da cve-

Tamedegi foladebi gamosadegia rogorc aramagnituri masalebi im SemTxve-

vaSi, Tu isini simtkicis maxasiaTebliT akmayofilebs teqnikur moTxovnebs. 

Tumca xSirad foladi Г13 aradamakmayofilebelia simtkicisa da teqnolo-

giurobis TvalsazrisiT, austenituri uJangavi foladebi ki sakmaod Zvirad 

Rirebulia gansakuTrebiT didi masis detalebis dasamzadeblad (magaliTad, 

generatorebis aramagnituri artaxis rgolebisaTvis). aseT SemTxvevaSi iye-

neben manganumiT, qromiT da aluminiT legirebul folads naxSirbadis ga-

zrdili (0,4%) da nikelis SezRuduli SemcvelobiT.  

austenituri struqtura wrTobis Sedegad miiReba, xolo ganmtkicebis 

efeqti – civWedviT, Tu nawrTob mdgomareobaSi simtkicis maxasiaTebeli 

arasakmarisia. foladi unda xasiaTdebodes mdgradi austenituri struqtu-

riT, raTa oTaxis temperaturaze deformaciam ar gamoiwvios martensitis 

warmoqmna. 

aramagnitur samrewvelo Senadnobebs miekuTvneba: ЭИ269  (0,50-60Ni,  4,0-

5,5%Mn, 0,25%Cr, 18,5-21,5Ni);  55Г9Н9Х3;  45Г17Ю3. 

 

9.5. Tburi da drekadi Tvisebebis 

Senadnobebi 

 
eleqtroteqnika da xelsawyoTmSenebloba sruliad gansxvavebuli Tvi-

sebebis mqone Senadnobebs moiTxovs. erT SemTxvevaSi es SeiZleba iyos minas-

Tan  miaxloebuli  wrfivi gafarToebis koeficienti, sxva SemTxvevaSi piri- 

qiT – rac SeiZleba did mniSvnelobas unda aRwevdes. am moTxovnebis dasak-

mayofileblad, yvela konkretul SemTxvevaSi, aucilebelia mkacrad gansaz-
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Rvruli, zusti Sedgenilobis Senadnobis damzadeba. aseT Senadnobebs pre-

ciziuls uwodeben.  

 

       9.5.1. შენადნობები  მოცემული თბური გაფართოების კოეფიციენტით 

liTonis gafarToebis xarisxi temperaturaze damokidebulebiT mrud-

xazovani kanoniT ganisazRvreba (sur. 9.5) _ wrfivi gafarToebis koeficienti 

 izrdeba temperaturis matebasTan erTad: t2>t1, rodesac t2> t1. 

sufTa liTonSi meore komponentis SeyvaniT wrfivi gafarToebis koe-

ficientis xasiaTi icvleba. amasTan, Tu komponentebi mikromeqanikur narevs  

warmoqmnis,  wrfivi  gafarToebis  koeficienti  aditiurad icvleba.  myari  

xsnaris warmoqmnis SemTxvevaSi damokidebuleba mrudxazovania, magram Se-

nadnobis Semadgeneli komponentebis wrfivi gafarToebis koeficientis 

zRvrebi icvleba.  

       Tumca arsebobs ori anomaliuri sistema _ Fe-Ni da Fe-Pt, romlebSic 

wrfivi gafarToebis koeficientis cvlilebis xasiaTi zogad kanonebs ar 

emorCileba. rkina-nikelis SenadnobebSi temperaturasa da wrfivi gafarToe-

bis koeficients Soris rTuli damokidebulebaa (sur. 9.6), rac mcire Tburi 

gafarTebis koeficientis mqone e. w. invaruli Senadnobebis Seqmnis SesaZ-

leblobas iZleva. Warmodgenili diagramidan gamomdinare, rkinisaTvis 

=11,6·10-6. SenadnobSi, romelic 25% nikels Seicavs, wrfivi gafarToebis 

koeficienti TiTqmis ormagdeba (=20·10-6), xolo Senadnobi 36% nikelis Sem-
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cvelobiT rvajer ufro naklebi wrfivi gafarToebis koeficientiT xasiaT-

deba (=1,5·10-6).  

Senadnobs, romelic 36% nikels Seicavs, invars (ucvleli) uwodeben. 

misi markaa 36H. invari praqtikulad ar ganicdis gafarToebas _600C-dan 

+1000Ctemperaturul intervalSi. aRniSnul zRvrebs gareT misi gafarToe-

bis koeficienti mkveTrad izrdeba. umniSvnelo gafarToebis koeficientTan 

erTad Senadnobis kargi meqanikuri, teqnologiuri da antikoroziuli Tvi-

sebebi saSualebas iZleva igi gamoviyenoT, rogorc sakonstruqcio masala 

xelsawyos iseTi nawilebis dasamzadeblad, romelsac stabiluri zomebi 

moeTxoveba temperaturis cvlilebis pirobebSi. 

 koeficientis mniSvneloba damokidebulia SenadnobSi minarevebis, da 

gansakuTrebiT, naxSirbadis raodenobaze. amitom, misi Semcveloba Senadnob-

Si SezRudulia 0,05%-mde.  koeficientis minimaluri mniSvneloba miiRweva 

Termuli damuSavebis Sedegad, romlis reJimi aseTia: wrToba 8300C-dan. am 

dros yvela minarevi, romelsac Senadnobi Seicavs, myar xsnarSi gadadis; 

moSveba 3150C temperaturaze 1 saaTis ganmavlobaSi, rac uzrunvelyofs 

wvrildispersiuli Warbi fazis gamoyofas; daZveleba 950C temperaturaze 48 

saaTis ganmavlobaSi, romlis mizania teqnologiuri procesebis dros war-

moqmnili narCeni Zabvebis moxsna da  koeficientis stabilizacia. damuSa-

vebis Semdeg =1,5×10-6 1/0C. 

 Tvisebebisgasaumjobeseblad invars spilenZsa da kobalts umateben. 

es ukanaskneli nikels nawilobriv cvlis. Senadnobs superinvari (32HKД) 

ewodeba da kidev ufro mcire koeficientis mniSvnelobiT gamoirCeva 

(=1×10-6 1/0C). 

 mudmivi wrfivi gafarTebis koeficientiT xasiaTdeba Senadnobi 42%Ni -

is SemcvelobiT (7,5×10-6 1/0C)  20-dan 2000C temperaturul intervalSi. 

 gansakuTrebul jgufSia gaerTianebuli Senadnobebi, romlebic gamoi-

yeneba molibdenian minaze rCilvisa da SeduRebisaTvis. am jgufs miekuTvne-

ba kovari H29K18, romelic 29%Ni da 18% Co Seicavs. misi wrfivi gafarToe-

bis koeficienti =5×10-6 1/0C. -s aseTi mniSvneloba aqvs mxurvalmtkice minas, 
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W-sa da Mo-s. Senadnobi plastikuria, WriT kargad muSavdeba. man warmatebiT 

Secvala naklebad plastikuri volframi da aramxurvalmtkice molibdeni 

eleqtrovakuumur warmoebaSi. 

 47HДSenadnobi platinitis saxelwodebiTaa cnobili. mas iseTive 

wrfivi gafarToebis koeficienti aqvs, rogoric minasa da platinas (9×10-6 

1/0C), amitom upiratesad minasTan liTonis rCilvisTvis gamoiyeneba. 

 xelsawyoTmSeneblobaSi farTod gamoiyeneba bimetalebi, romlebic 

sxvadasxva wrfivi gafarToebis koeficientis mqone ori firfitisgan mzad-

deba, magaliTad, invarisa da 25H Senadnobisagan damzadebuli bimetali. in-

varis wrfivi gafarToebis koeficienti mcirea, 25H Senadnobisa _ maqsima-

luri da 20·10-6 1/0C-s Seadgens. amitom, gaxurebisas bimetalis firfita iRu-

neba da CarTavs an gamorTavs eleqtrul wreds. bimetalis Senadnobebi rki-

nis fuZeze mzaddeba. 

  

 

9.5.2. შენადნობები მუდმივი დრეკადობის მოდულით 

Fe-Ni  sistemis Senadnobebi, nikelis garkveuli raodenobiT Semcvelo-

bis SemTxvevaSi, kidev erTi mniSvnelovani TvisebiT – drekadobis modulis 

mcire temperaturuli koeficientiT xasiaTdeba.  

 Yvela myar sxeulSi, maT Soris liTonSic, gaxurebisas drekadobis 

moduli mcirdeba atomTSorisi kavSirebis energiis Semcirebis gamo. Fe_Ni  

sistemis zogierT SenadnobSi, romlebsac elinvars uwodeben (mudmivi dre-

kadoba), gaxurebisas drekadobis modulis cvlilebaSi anomalia SeimCneva _ 

drekadobis moduli izrdeba an umniSvnelod mcirdeba. am tipis Senadnobe-

bis drekadobis moduli icvleba (18_23)·10-6/0C zRvrebSirac daaxloebiT aT-

jer naklebia naxSirbadian foladTan SedarebiT da 20-jer naklebia auste-

nitur foladTan SedarebiT. 

 elinvarul Senadnobebs farTod iyeneben zusti xelsawyoebisa da me-

qanizmebis zambarebisa da drekadi elementebis dasamzadeblad (maT Soris 

kamertonis, eleqtromeqanikuri filtris da a.S). drekadobis modulis ucv-
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leloba xelsawyos mcire temperaturul cdomilebas uzrunvelyofs eqs-

pluataciis pirobebSi. 

 Fe_Ni  sistemis SenadnobebSi ϒ Termodrekadobis koeficientis mniSvne-

lobas nikelis Semcveloba gansazRvravs. Senadnobebi 29% da 45% nikelis 

SemcvelobiT xasiaTdeba ϒ koeficientis nulovani mniSvnelobiT. am kon-

centraciidan mcireodeni gadaxrac ki (rac gardauvalia metalurgiul pro-

cesebSi) mkveTrad scvlis ϒ-s mniSvnelobas. amitom, Fe_Ni sistemis Senadno-

bebs damatebiT utareben qromiT legirebas, rac aRniSnul damokidebulebas 

mdovre xasiaTs aniWebs. aseTi tipis pirveli Senadnobia 36HX (36% Ni, 12%Cr), 

romelsac elinvari ewodeba. misi praqtikuli gamoyeneba SezRudulia daba-

li meqanikuri Tvisebebis gamo, romlis gaumjobeseba SeuZlebelia Termuli 

damuSavebiT, radgan igi erTfaza, mdgradi austenituri struqturiT xasiaT-

deba. amasTan, Senadnobs aqvs kiuris wertilis dabali mniSvneloba (~1000C), 

rac amcirebs mis muSa temperaturul intervals. 

aRniSnuli uaryofiTi mxareebi gamosworebulia nikelis Semcvelobis 

42_44%-mde gazrdiT da Al da Ti-is damatebiTi legirebiT, rac Termul ganm-

tkicebas da kiuris wertilis dabla dawevas uzrunvelyofs.H 

42HXTЮ  da 44HXTЮ Senadnobebis Termuli damuSavebis reJimi Semde-

gia: wrToba 9500C-dan da daZveleba 7000C temperaturaze 4 saaTis ganmavlo-

baSi. sworad Catarebuli Termuli damuSavebis Sedegad 20_1000C temperatu-

rul intervalSi drekadobismoduliRebulobs ±1,5×10-5 1/0C mniSvnelobas. 

elinvars miekuTvneba agreTve Senadnobi 35HXMB, romlis drekadobis 

modulis temperaturuli koeficienti imdenad mcirea, rom uzrunvelyofs 

saaTis svlis temperaturul cdomilebas _ 0,5 wams dRe-RameSi temperaturis 

10C-iTcvlilebis SemTxvevaSi. 

 

9.6.Senadnobebi gansakuTrebuli eleqtruli winaRobiT 

 
maRali eleqtruli winaRobis Senadnobebi gamoiyeneba reostatebisa 

da eleqtruli Rumelebis saxurebeli elementebis dasamzadeblad. aqedan 

gamomdinare, am mizniT iseTi komponentebis Senadnobebs iyeneben, romlebic 
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myar xsnarebs warmoqmnis. rogorc wesi, aseTi Senadnobebi maRali koncent-

raciis myar xsnarebs miekuTvneba. 

maRali eleqtruli winaRobis Senadnobebs Semdegi moTxovnebi aqvs wa-

yenebuli: 

     1. maRali eleqtrowinaRoba; 

     2. SesaZleblobis farglebSi dabali eleqtrowinaRobis koeficienti; 

3. maRali xenjmedegoba.  

sareostato SenadnobisTvis, romlebic 300_5000C-is zemoT gaxurebas ar 

ganicdis, ukanaskneli moTxovna gadamwyvet mniSvnelobas ar  Rebulobs.  

Rumelebisa da xelsawyoebis maxurebeli elementebisaTvis, romelTa saeqsp- 

luatacio temperatura mniSvnelovnad ufro maRalia, swored xenjmedegoba 

gansazRvravs maxurebeli elementis muSaobis xangrZlivobas.  

sareostato SenadnobebisTvis gamoiyeneba spilenZis Senadnobebi – ni-

kelini, konstantani da manganini, romlebic warmoadgens spilenZis Senad-

nobs nikelTan, TuTiasa da manga-

numTan. 

spilenZi da nikeliganusazRv-

relad ixsneba erTmaneTSi myar 

mdgomareobaSi. Senadnobi40_50% ni-

kelis SemcvelobiT xasiaTdeba mo-

cemuli sistemisaTvis maqsimaluri 

eleqtrowinaRobiT, TiTqmis nulo-

vani temperaturuli koeficientis 

uzrunvelyofiT (sur. 9.7). amsis-

temis Senadnobebia:МНМц40-1,5 (kon-

stantani), МНМц43-0,5 (kopeli) da МНМц3-12 (manganini). sareostato Senadno-

bebis samuSao temperaturaa 200_5000C.  

    maRali eleqtrowinaRobis Senadnobebad ZiriTadad gamoiyeneba niqromis 

saxelwodebiT cnobili Senadnobebi (Х20Н80, Х15Н60). qromiTa da aluminiT 

legirebuli mxurvalmedegi Senadnobebi _ feqrali Х13Ю4, agreTve _ 
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Х23Ю5T gamoiyeneba, rogorc maRali eleqtrowinaRobis masalebi 1000_14000C 

temperaturul intervalSi. 

 
9.7. mxurvalmedegi da mxurvalmtkice Senadnobebi 

 
teqnikis ganviTarebis Tanamedrove etapze mniSvnelovnad aris gazrdi-

li konstruqciebis saeqspluatacio pirobebi. maT unda gauZlon maRal tem-

peraturas, wnevas da daZabulobas. ase, magaliTad, gasuli saukunis 20-ian 

wlebSi saqvabe mowyobilobaSi 3500C temperaturisa da 17,5 atmosferuli 

wnevis  pirobebSi  saaTSi 1 kvt eleqtroenergiis gamomuSavebisaTvis saWiro  

iyo 0,7 kg  naxSiris  dawva.  40-ian wlebSi saqvabe mowyobilobaSi orTqlis  

temperatura 4000C-mde gaizarda, xolo wneva – 80_100 atmosferomde da igive 

raodenobis eleqtroenergiis gamosamuSaveblad saWiro iyo 0,5 kg naxSiris 

dawva. Tanamedrove qvabebSi orTqlis temperatura 5800C aRemateba, wneva 300 

atmosferos Seadgens, xolo naxSiris xarji 0,3 kg-mdea Semcirebuli. dadge-

nilia, rom maRal temperaturebze liTonis qceva gansxvavebulia ara marto 

normalur, aramed 300_3500C pirobebTan SedarebiT. am moiTxovnebis dakmayo-

fileba mxurvalmedegi, mxurvalmtkice foladebisa da specialuri Senadno-

bebis gamoyenebas moiTxovs.  

მხურვალმედეგობა (xenjmedegoba) ewodeba liTonis unars, winaaRmdegoba 

gauwios Jangvas maRal temperaturaze. liTonebi Jangbadis mimarT garkve-

uli naTesaobiT xasiaTdebian, rac maTi zedapiris Jangvas iwvevs. Tu zeda-

pirze warmoqmnili pirveli Jangeulis fena mkvrivi da mdgradia, Jangbadis 

Semdgomi SeWra liTonis siRrmeSi Zneldeba. maRal temperaturaze difuziu-

ri procesebi gacilebiT ufro gaadvilebulia. garda amisa, SesaZlebelia 

Jangeulis furCi daskdes da intensiuri Jangva Siga fenebSic ganviTardes. 

aqedan gamomdinare, mxurvalmedegobis gasazrdelad cdiloben liTonis ze-

dapirze iseTi mtkice Jangeulis furCis Seqmnas, romelic maRal tempera-

turaze mTlianobas da ZiriTad liTonTan mtkice kavSirs SeinarCunebs. ase-

Tebia: Cr2O3,  Al2O3,  SiO2. amdenad, mxurvalmedegi foladebis misaRebad ZiriTad 

malegirebel elementebs qromi, alumini da siliciumi warmoadgens. maTgan 

upiratesi mniSvneloba qroms eniWeba, radgan alumini da siliciumi auarese-
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ben foladis teqnologiur Tvisebebs. 5%Cr ukve uzrunvelyofs mxurvalme-

degobas  7000C  temperaturaze, 7% _ 8000C-ze, 15% _ 9000C-ze,  20% _ 10000C-ze,  

xolo 25% _ 11000C-ze. siliciumisa (1,5-2,5%) da aluminis (2,5%-mde) damate-

biT mxurvalmedegoba 12000C-mde izrdeba, xolo nikelis damatebiT 14000C aR-

wevs. 9.2 cxrilSi warmodgenilia zogierTi mxurvalmedegi foladis Sedge-

niloba da muSa temperaturebi. 

mxurvalmedegi foladebi maRali simtkiciT ar xasiaTdeba, amitom ma-

Ti gamoyeneba dasaSvebia mxolod iq, sadac nakeTobaTa saeqspluatacio dat-

virTvebi  SedarebiT mcirea, magaliTad, saqvabe danadgarebSi, milebSi, tum- 

 
cxrili 9.2   

zogierTi mxurvalmedegi foladis Sedgeniloba da muSa temperaturebi 
 

 

foladis marka 

Qqimiuri Sedgeniloba, %  
samuSao 

temperatura, 
0C 

 

C 

 

Si 

 

Mn 

 

Cr 

 

Ni 

sxva 
elementebi 

 
        12X17 

12X18H9 
10X23H18 

30X24H12CЛ 
15X25H19C2Л 

XH45Ю 

 
0,12 
0,10 
0,10 
0,40 
0,15 
0,10 

 
0,8 
0,8 
1,0 

0,5–1,5 
2,0–3,0 

1,0 

 
0,8 
2,0 
2,0 

0,3–0,8 
0,5–1,5 

1,0 

 
16–18 
17–19 
22–25 
22–26 
23–27 
15–17 

 
– 

9–10 
17–20 
11–13 
18–20 
44–46 

 
– 
– 
– 
– 
– 

2,9–3,9Al 
 

 
900 
850 

1050 
1050 
1150 
1400 

 
boebSi, urdulebSi da a.S. 

maRali mxurvalmedegobiT xasiaTdeba Senadnobebi nikelis fuZeze, ro-

mlebic legirebulia qromiT, titaniT da aluminiT. mxurvalmedeg Senadno-

bebs miekuTvneba agreTve: 12Х17, ХН78Т, 12Х18Н9, 10Х23Н18, 10Х45Ю. maTgan 

mzaddeba, magaliTad, milebi, tumboebi da urdulebi. 

saqvabe milgayvanilobaSi gadamxureblebisa da sxva detalebis dasam-

zadeblad gamoiyeneba agreTve xarisxovani naxSirbadiani foladebi: 15кп, 

15пс, 15, 20кп, 20пс, 20, da 25. wneviT maTi muSaobis temperaturuli diapa-

zoni_400C-dan 4250C-mde Semoifargleba. aRniSnuli Senadnobebidan foladi 
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15 da 20 gamoiyeneba normalizebul mdgomareobaSi, xolo foladi 25 – qarx-

nidan miwodebul mdgomareobaSi.  

მხურვალმტკიცობა aris liTonis unari, winaaRmdegoba gauwios meqani-kur 

datvirTvebs maRal temperaturebze.  

cnobilia, rom maRal temperaturaze sagrZnoblad ecema foladis yve-

la meqanikuri maxasiaTebeli. Zabva, romelic iwvevs liTonis ngrevas gaz-

rdil temperaturaze, damokidebulia datvirTvis modebis xangrZlivobaze. 

amasTan, rac ufro maRalia temperatura, miT ufro mcirea damangreveli Zab-

vis sidide misi zemoqmedebis mocemuli xangrZlivobis periodSi. aqedan ga-

momdinare, temperaturis matebisas liTonis simtkice ori faqtoriT gani-

sazRvreba – temperaturiT da droiT.amitom, mocemul SemTxvevaSi, liTonis 

simtkice ganixileba, rogorc simtkicis zRvari (droebiTi winaaRmdegoba) 

gamocdis mocemuli xangrZlivobis periodSi. sxva sityvebiT, igi aris Zabva, 

romelic ganapirobebs liTonis ngrevas drois mocemuli periodSi datvir-

Tvis zemoqmedebisas. mas xangrZlivi simtkicis zRvars uwodeben. 

xangrZlivi simtkice  simboloTi aRiniSneba romelsac ewereba tempe-

ratura da Zabvis moqmedebis xangrZlivobis aRmniSvneli indeqsi saaTebSi. 

magaliTad, 600
10000=130mgpa niSnavs,rom 6000C temperaturaze masala uZlebs 130 

mgpa Zabvis zemoqmedebas 10000 saaTis ganmavlobaSi.  

rodesac liToni xangrZlivi drois ganmavlobaSi ganicdis eqspluata-

cias maRali temperaturisa da datvirTvis pirobebSi, masalis qceva di-

fuziuri procesebiT ganisazRvreba. aseTi pirobebisaTvis damaxasiaTebelia 

cocvadobisa da Zabvebis relaqsaciis procesebi. cocvadoba gulisxmobs 

plastikuri deformaciis neli siCqariT matebas denadobis zRvarze ufro 

naklebi sididiT ucvleli Zabvis zemoqmedebis pirobebSi. saboloo jamSi 

cocvadoba liTonis rRvevas ganapirobebs, romelic umetesad marcvlis sa-

zRvrebze viTardeba.  

maRal temperaturaze momuSave nakeTobaTa eqspluataciis xangrZlivo-

ba sruliad gansazRvrulia. amasTan, rac ufro maRalia temperatura da Zab-

va, miT ufro metia deformacia droSi da ufro naklebia nakeTobis saeqs-

pluatacio periodi. 
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cocvadobis zRvari aris Zabva, romlis zemoqmedebiTac  masala  moce- 

mul temperaturaze garkveuli xarisxiT deformirdeba aseve garkveuli 

drois ganmavlobaSi. cocvadobis zRvaris aRniSvnaSi miTiTebulia tempe-

ratura, deformaciis sidide da dro, romlis ganmavlobaSic igi viTardeba. 

magaliTad, 5501/100000=100 mgpa niSnavs, rom 100 mgpa Zabvis zemoqmedebiT 5500C 

temperaturaze masalaSi ganviTardeba 1% plastikuri deformacia. 

cocvadobas ama Tu im xarisxiT yvela myari sxeuli ganicdis, rogorc 

kristaluri, ise amorfuli. 

liTonis cocvadobis dasaxasiaTeblad swavloben deformacias droSi, 

garkveuli Zabvisa da temperaturis pirobebSi, ris Sedegadac cocvadobis 

mruds ageben (sur. 9.8). mrudze Semdegi ubnebia miTiTebuli: 

            AB _cvalebadi cocvadobis ubani (I stadia); 

BC _ damyarebuli cocvadobis anu deformaciis ubani, romelic mud-

mivi siCqariT xasiaTdeba (II stadia); 

           CD _ aCqarebuli cocvadobis ubani (III stadia); 

Eo _ deformacia datvirTvis modebis momentSi; 

D  wertili _ ngrevis momenti. 

A wertili Seesabameba im deformacias, 

romelsac metad mcire drois ganmavlobaSi 

miiRebs liToni masze moqmedi Zabvis modebi-

sas. am momentidan iwyeba drois gavlena de-

formaciis sidideze da iwyeba cocvadobis 

procesi.  

AB ubani gamoirCeva deformaciis siCqa-

ris TandaTanobiTi SenelebiT garkveul mud-

miv mniSvnelobamde. BC ubani sworxazovania 

da deformaciis mudmivi siCqariT xasiaTdeba 

(liTonis deformacia drois proporciulad 

matulobs). mesame stadiaSi (CD ubani) deformaciis siCqare ganuxrelad ma-

tulobs liTonis rRvevis momentamde. cocvadobis mesame stadia, rogorc we-
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si, xanmoklea da dauSvebelia detalebSi misi ganviTareba, radgan aseT Sem-

TxvevaSi SeuZlebelia swrafi rRvevis arideba.  

      cocvadobis buneba bolomde Seswavlili ar aris. Tumca miRebulia 

varaudi, rom igi im SemTxvevaSi viTardeba, rodesac moqmedi Zabvis zegavle-

niT liTonSi plastikuri deformacia mimdinareobs, magram maRali tempera-

turis gamo (rodesac es ukanaskneli aRemateba rekristalizaciis zRurbls), 

liTonis ganmtkicebas (civWedvas) adgili ara aqvs. 

mxurvalmtkicobis uzrunvelsayofad saWiroa dislokaciebis Zvrado-

bis SezRudva da difuziis siCqaris Semcireba. amis miRweva SesaZlebelia 

atomTa Soris kavSiris Zalebis gazrdiT, dislokaciebis gadaadgilebis sa-

winaaRmdego winaRobebis SeqmniT da msxvilmarcvlovani struqturis Camoya-

libebiT wvrildispersiuli ganmamtkicebeli fazis Tanabrad ganawilebis 

uzrunvelyofiT marcvalSi da maT sazRvrebSi.  

mxurvalmtkice masalebad legirebuli foladebi gamoiyeneba. struq-

turis mixedviT isini sam jgufad iyofa: perlituri, martesituli da aus-

tenituri.  

mcired legirebuli perlituri klasis e.w. saqvabe foladebis muSa-

obis temperaturuli diapazonia 500_5800C. malegirebeli elementebi – qromi, 

molibdeni da vanadiumi,  zrdis feritis rekristalizaciis temperaturas da 

aZnelebs  difuziur procesebs, riTac maRldeba foladis mxurvalsimtkicis 

maxasiaTeblebi. am jgufidan farTod gamoiyeneba 12X1MФda 25Х2М1Фfola-de-

bi.naxSirbadis mcire Semcvelobis gamo, foladebi kargi SeduRebadobiT 

gamoiCeva. 

martensitul da martensit-ferituli klasis foladebs miekuTvneba ux-

vad legirebuli mxurvalmtkice foladebi. maTgan mzaddeba airturbinebisa da 

orTqlis manqanebis detalebi, romelTa muSa temperaturaa 600_6200C. es fola-

debia:15Х5М,  40Х10С2М,   15Х11МФ,  12Х2МФСР, 12Х2МФБ, 1Х12ВНМФ. 

 aRniSnuli foladebis SedgenilobaSia:W,  V, Mo,Nb, Ti, romlebic zrdis 

rekristalizaciis temperaturas. amasTan, warmoqmnis Me23C6, Me6C, Me2C MeC ti-

pis karbidebsa da Fe2Mo-is liTonTSoris naerTs, rac zrdis foladis mxur-

valsimtkicis maxasiaTeblebs. 
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 optimaluri mxurvalsimtkice miiReba maRalqromiani foladebis mar-

tensitze wrTobiT (gaciveba xdeba zeTSi). 

karbidebis didi raodenobiT arsebobis gamo wrTobis temperatura Seda-

rebiT maRalia (1000_10500C), raTa austenitSi karbidebi maqsimalurad gaixsnas. 

moSveba, Cveulebriv, xdeba sorbitze an trostitze. 

calke jgufs miekuTvneba qromiTa da siliciumiT uxvad legirebuli 

foladebi e.w. silqromebi (magaliTad, 40X9C2 da 40X10C2M), romlebic xa-

siaTdeba maRali mxurvalmedegobiTa da mxurvalmtkicobiT. maT ZiriTadad Si- 

gawvis Zravebis gamomSvebi sarqvlebis dasamzadeblad iyeneben, Tumca 

500_6000C-is zemoT gaxurebisas silqromebis simtkice mkveTrad ecema. 

austenituri klasis mxurvalmtkice foladebs miekuTvneba Mo, W,  V, Nb 

da B legirebuli foladebi, romlebic SedarebiT ufro maRali mxurval-

simtkiciT xasiaTdeba. es foladebi gamoiyeneba 500_7500C temperaturul pi-

robebSi momuSave detalebis dasamzadeblad, rogoricaa airturbinebis kor-

pusebi, orTqlis manqanebisa da orTqlis gadamaxurebeli mowyobilobebis 

detalebi. 

austenituri klasis mxurvalmtkice foladebi kargi plastikurobiTa 

da SeduRebadobiT xasiaTdeba. miuxedavad amisa, maTi WriT damuSaveba Seda-

rebiT gaZnelebulia da SenaduRi nakeri gazrdili simyifiT xasiaTdeba. 

austenituri klasis foladebs miekuTvneba: 12Х18Н10Т,  45Х14Н14И2М, 

10Х11Н20Т3Р. 

nikelis fuZeze warmoebuli mxurvalmtkice Senadnobebis tipuri war-

momadgenelia nimonikebi: Н77ТЮ, ХН70МВТЮ. nimoniks utareben wrTobas 

1050_11500C-dan haerze da daZvelebas 700_7500C-ze. samuSao temperaturaa 

950_10000C. 

kobaltis mxurvalmtkice Senadnobs miekuTvneba vitaliumis tipis sam-

sxmelo Senadnobi (0,2%C,  1,5-3,5%Ni,  25-30%Cr,  4,5-6,5%Mo,  2%Fe,  0,3%Mn,  0,6%Si. 

danarCeni kobaltia). 900_10000C misi muSa temperaturaa. 

naxSirbadiani foladi 10 farTod gamoiyeneba iseTi saqvabe milgayva-

nilobis dasamzadeblad, romelic gankuTvnilia 3500C temperaturamde xan-

grZlivi muSaobisaTvis. 
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Tavi X 

 

specialuri daniSnulebis masalebi 
 

10.1. cveTamedegi masalebi 

 

Tanamedrove manqana-danadgarebSi nakeTobis zedapirs yvelaze rTul 

pirobebSi uwevs muSaoba, radgan eqspluataciis adreul stadiaSi ganicdis 

Tavis Tavze samuSao garemosa Tu masTan kontaqtSi myofi detalebis zemoq-

medebas. zedapiris da, bunebrivia, mTlianad nakeTobis mwyobridan gamosv-

lis ZiriTadi mizezebi SeiZleba iyos:  

_ abraziuli cveTa, rac ganpirobebulia meqanikuri xaxuniT; 

_ koroziul-meqanikuri cveTa, rasac moxaxune zedapirisa da qimiurad 

agresiuli garemos zemoqmedeba iwvevs;  

_ gamdinare siTxesa da airTan kontaqtis adgilebSi masalis eroziu-

li (kavitaciuri) cveTa;           

_ vakuumSi momuSave detalis zedapiridan elementebis seleqciuri 

aorTqleba;  

_ cveTa da Jangva maRal temperaturul pirobebSi da a.S.  

amgvarad, nakeTobis muSaobis unarisa da xanmedegobis gasazrdelad 

aucilebeli xdeba ama Tu im faqtoris zemoqmedebisagan misi zedapiris dac-

va an saTanado Tvisebebis mqone sakonstruqcio masalis gamoyeneba.  

       abraziuli cveTis SemTxvevaSi xdeba lokaluri ubnebis plastikuri 

deformacia da nakeTobis zedapiridan mikronawilakebis amogleja. aqedan 

gamomdinare, rac ufro maRalia masalis sisale, miT ufro maRali iqneba 

misi cveTamedegobac. 

  cveTamedegi foladebidan yvelaze farTodaa cnobili grafitizebu-

li foladi da austenituri klasis e.w. hadfildis foladi Г13, romelic 

1,4%C da 11_14% Mn Seicavs.  

  foladi Г13 rogorc kontaqturi, ise abraziuli cveTis pirobebSi 

metad maRali maxasiaTeblebiT gamoirCeva wneviT muSaobis pirobebSi, ra 

drosac austeniti civWedvasTan erTad nawilobriv martensitul gardaqm-

nasac ganicdis, amitom misgan iseT detalebs amzadeben, romlebic maRali 
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wnevis da erTdrouli dartymiTi datvirTvebis pirobebSi muSaobs. aseTebia 

traqtoris muxluxebi, eqskavatoris cicxvi, tramvais jvaredi, qvasatexis 

detalebi, rkinigzis gadamyvani isrebi. Г13 foladisagan nakeTobas upira-

tesad CamosxmiT amzadeben. 

grafitizebul foladSi naxSirbadis garkveuli raodenoba grafitis 

saxiTaa gamoyofili. grafiti foladis struqturaSi miiReba perlitSi 

Semavali cementitis nawilobrivi daSliT nakeTobis xangrZlivi mowvis 

procesSi. amitom grafitizaciisaTvis gankuTvnili foladi naxSirbadisa da 

siliciumis gazrdil raodenobas (1,5_2,0%C,1_2%Si) unda Seicavdes, rac 

xels uwyobs grafitizaciis process. gamoyofili wvrili, budobrivi gra-

fitis CanarTebi sapoxi nivTierebis rols asrulebs da kargad akavebs Sem-

zeT masalas, rac cveTas mniSvnelovnad amcirebs. Tu aseT folads sagrafi-

tiza-cio mowvis Semdeg vawrTobT, zemoT aRniSnul Tvisebebs maRali sisa-

lec daemateba, rac sabolood metad maRal cveTamedegobas ganapirobebs. 

grafitizebuli foladi warmatebiT gamoiyeneba gazrdili wnevisa da 

cveTis pirobebSi momuSave detalebis, magaliTad, civi Stampebis, kalibre-

bis, muxluxis nawilebis, sxmuli muxla lilvebisa da kbilanebis dasamza-

deblad. 

     hidroteqnikaSi gamoyenebuli masalebi ZiriTadad kavitaciur rRvevas 

ganicdis. kavitaciur rRvevas ganapirobebs liTonis zedapirze siTxis Wav-

lis zemoqmedeba. siTxis WavlSi warmoiqmneba masSi gaxsnili da SemdgomSi 

gamoyofili airebiT savse buStukebi. didi siCqariT moZravi siTxis nakadis 

gzaze arsebuli winaRobis ubnebSi wneva SeiZleba iseT sididemde daeces, 

romelic mocemul temperaturaze orTqlwarmoqmnas Seuwyobs xels. warmoqm-

nili orTqli Seavsebs sicarieles siTxeSi. orTqlis Semcveli buStukebi 

siTxis nakadTan erTad gadaadgildeba da maRali wnevis zonebSi xvdeba. ka-

vitaciur rRvevas aadvilebs aseve nakadSi Setacebuli haeri. SemdgomSi or-

Tqli kondensirdeba, xdeba nakadis mTlianobis aRdgena da siTxe warmoqm-

nil sicarieleebSi udidesi siCqariT iwyebs dinebas. 

mravaljeradi hidravlikuri dartymebi mikroubnebSi iwvevs simtkicis 

kargvas, warmoiqmneba  mikrobzarebi da rRvevis kerebi. kavitaciur rRvevaze  

Zlier zemoqmedebas  axdens koroziuli procesebi, Tumca rRvevis ZiriTadi  
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mizezi mainc masalis arasakmarisi simtkicea. 

milgayvanilobebSi turbulenturi moZraobisas warmoiqmneba agreTve 

sxvadasxva sixSiris bgeriTi talRebi, romlebic damatebiT uwyobs xels ka-

vitaciur rRvevas, gansakuTrebiT im adgilebSi, sadac warmoqmnilia ngre-

vis kerebi.  

kavitaciuri rRvevis meqanizmidan gamomdinare, hidroteqnikaSi iseTi 

sakonstruqcio masalebi gamoiyeneba, romlebic xasiaTdeba TvisebaTa kargi 

SexamebiT: koroziamedegobiT, maRali simtkiciT da plastikurobiT. kavi-

taciuri cveTamedegi foladebidan upiratesad 30X10Г10  da 08X1810T fola-

debi gamoiyeneba. maTi struqtura aramdgradi austenitia. 

 
10.2. koroziamedegi foladebi 

 
liTonebis rRvevas saeqspluatacio aris qimiuri zegavleniT korozia 

ewodeba. koroziuli movlenebi da masTan brZola saerTaSoriso problemaa.  

qimiuri Sedgenilobis mixedviT koroziamedegi (uJangavi) foladebi or 

jgufad iyofa: qromiani da qromnikeliani.  

qromiani uJangavi foladi ZiriTadad legirebulia qromiT, romlis  

raodenoba 12%-s unda aRematebodes. aseTi foladi mdgradia atmosferoSi, 

zRvis wyalSi, mraval mJavasa da tuteSi.  

      rac metia qromian uJangav foladSi naxSirbadi, miT maRalia meqaniku-

ri simtkice, magram koroziuli medegoba mcirdeba. 

      12X13 da 20X13 foladebisgan mzaddeba hidravlikuri da orTqlis 

turbinebis TaTebi, hidravlikuri tumboebis sarqvelebi, navTobis gadasamu-

Savebeli aparaturis detalebi da a.S. 

nikeli metad maRali uJangaobiT xasiaTdeba. rkinasTan Sednobisas  

aumjobesebs mis koroziul medegobas, magram gansakuTrebiT dadebiT Tvise-

bebs iCens maRalqromian foladSi (Cr>12%). am jgufis tipuri warmomadgene-

lia 12Х18Н9T da 17Х18Н9T foladebi.  

 nikelis Semcveli uJangavi foladebi sakmaod Zvirad Rirebulia, nike- 

lis kargi da iafi Semcvlelia manganumi. qromnikeliani da qrommanganumiani 

foladebisgan ZiriTadad amzadeben hidro da orTqlis turbinebis niCbebs, 



135 

 

nakeTobebs teniani atmosferos, mdinaris wylisa da azotis mJavas xsnarebis 

garemoSi eqspluataciisaTvis.  

qromnikeliani molibdeniT legirebuli foladebi iseTi nakeTobebis 

dasamzadeblad gamoiyeneba, romelTa samuSao garemo zRvis wyalia. umolib-

deno qromnikeliani foladebi aseT garemoSi wertilovan korozias ganicdis. 

 
10.3. Senadnobebi atomuri energetikisaTvis 

 

liTonebi, romlisganac atomur reaqtorebs amzadeben, sxvadasxva ele-

mentaruli nawilakis zemoqmedebas ganicdis, romlebic reaqtoris muSaobis 

procesSi warmoiqmneba. es nawilakebi, gansakuTrebiT Cqari neitronebi, 

Rrmad aRwevs masalaSi, Cainergeba kristalur gisosSi da cvlis liTonis 

Tvisebebs. neitrons eleqtruli muxti ar gaaCnia da ar urTierTqmedebs arc 

eleqtronebTan, arc protonebTan, amitom Sejaxebisas agdebs ZiriTadi li-

Tonis atoms regularuli mdgomareobidan. am ukanasknelma, Tavis mxriv, Se-

iZleba amoagdos misi moZraobis gzaze ganTavsebuli sxva atomebic. gamoT-

vlebiT naCvenebia, rom aseTi meqanizmiT erTma neitronma SeiZleba wonas-

woruli mdgomareobidan gamoiyvanos 300-mde atomi aluminSi. 

defeqtebi warmoiqmneba agreTve masalaSi Termuli pikebis gaCeniTac. 

neitronebis energiis garkveuli nawili atomebis calkeuli jgufebis dre-

kadi rxevebis agznebaze ixarjeba. es ki mcire moculobaSi temperaturis 

mkveTr, lokalur matebas iwvevs. process Tan sdevs siTbos swrafi gabneva 

liTonis moculobaSi siTbogadacemis gziT, rac am ubnebis wrTobas gana-

pirobebs. amgvarad, neitronebis dasxivebiT kristaluri gisosi mniSvnelov-

nad maxinjdeba. 

defeqtebis warmoqmna aZnelebs dislokaciebis gadaadgilebas anu li-

Toni mtkicdeba. ase, magaliTad, atomguluri dasxiveba ubralo foladis 

simtkices 1,5_2-jer zrdis; daaxloebiT amdenjerve mcirdeba misi plastiku-

robisa da siblantis maxasiaTeblebi. iseT liTonebSi, romlebsac winaswar 

aqvs Catarebuli ganmtkicebis operaciebi  (civWedva, wrToba),  atomguluri  

ganmtkicebis efeqti sustad mJRavndeba. 

dasxivebis Sedegad SeiZleba warmoiqmnas axali elementis atomebi ne-

itronis dayofis an ZiriTadi liTonis mier misi watacebis gziT. aqedan ga-
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momdinare, xangrZlivi dasxivebis Sedegad sufTa liToni SeiZleba Senadnoba-

dac gadaiqces, rodesac misi atomebis nawili sxva elementis atomebad gar-

daiqmneba. 

dasasrul, neitronebiT dasxivebis Semdeg liToni xdeba radioaqtiuri 

da janmrTelobisaTvis saSiSi. 

 

10.3.1 საკონსტრუქციო მასალები 

atomur eleqtrosadgurebSi gamoyenebuli ZiriTadi liTonis–birTvu-li 

sawvavis garda, aranaklebi mniSvneloba eniWeba rogorc saekrano masa-lebs, 

romelTa daniSnulebaa momsaxure personalis dacva gamWoli radia-ciisgan, 

ise neitronebis Semneleblebs da amrekli da maregulirebeli Re-roebis 

masalebs. swored maTi daxmarebiT imarTeba jaWvuri reaqcia.  

momwamlavi nawilakebisa da gama-gamosxivebisagan adamians yvelaze sai-

medod tyviis furclisgan damzadebuli ekrani icavs, magram neitronebisaT-

vis igi dabrkolebas ar warmoadgens. neitronebis Zlier STanmTqmels kad-

miumis, hafniumisa da gadolinis atomebi miekuTvneba. am liTonebis Txeli 

firfita gzas uRobavs TiTqmis yvela neitrons. maTganve SeiZleba damzad-

des maregulirebeli Reroebic da atomur reaqtorSi avariuli dacvis mow-

yobilobac. 

jaWvuri reaqcia kontrolidan rom ar gamovides da reaqtori ar 

afeTqdes, maregulirebel Reroebs iyeneben. maT iseTi liTonebisgan amzade-

ben, romlebic Zlier STanTqavs neitronebs. rodesac es Reroebi srulad 

aris Seyvanili reaqtorSi, jaWvuri reaqcia ver ganviTardeba, radgan neit-

ronebis udidesi nawili STainTqmeba am Reroebis masalis atomebis mier. re-

aqciis dasawyebad Reroebs saWiro donemde gamosweven. Reroebis mdebare-

obas reaqtorSi specialuri avtomaturi mowyobiloba aregulirebs. 

beriliumi ar STanTqavs neitronebs. igi anelebs maT moZraobas, irek-

lavs da ukan abrunebs reaqtoris aqtiur zonaSi. es mniSvnelovnad amcirebs  

reaqtoris aqtiuri zonis zomebs, zrdis muSa temperaturas da atomuri saw- 

vavis gamoyenebis efeqturobas. aqve gansakuTrebiT aRsaniSnavia is faqti, 

rom beriliumi 17-jer ufro gamWvirvalea rentgenisa da kaToduri sxivebis 

mimarT aluminTan SedarebiT. amitom igi saukeTeso `fanjaraa~ rentgenis 
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aparatebSi. radgan beriliumi anelebs neitronebs, swrafi neitronebis reaq-

torebSi amreklad misi gamoyeneba ar SeiZleba. am SemTxvevaSi amreklis 

rols cirkoniumi asrulebs. 

cirkoniumis gasaocari `gulgriloba~ neitronebis mimarT Teoretiko-

sebis mier jer kidev 1947 wels iyo navaraudevi, Tumca atomuri sadgure-

bisaTvis mniSvnelovan masalad ucbad ar qceula. amis mizezi imaSi mdgoma-

reobs, rom cirkoniums aqvs qimiuri oreuli – hafniumi, romelic cirko-

niumisagan qimiuri TvisebebiT ar gansxvavdeba, magram neitronebis didi 

STanmTqmelia. hafniumi bunebaSi cirkoniums Tan sdevs  da misi calke ele-

mentad gamoyofa Znelia. am amocanis gadaWris Semdeg cirkoniumis warmoeba 

msoflioSi 1949 wlidan 1959 wlamde aTjer gaizarda. es arc aris gasakviri, 

radgan maRali dnobis temperaturasTan erTad (18500C) cirkoniumi koroziis 

mimarT kargi mdgradobiT gamoirCeva. TvisebaTa aseTi Sexameba cirkoniums 

Seudarebel masalad xdis atomuri Zravebis sxvadasxva konstruqciuli 

elementis dasamzadeblad. cirkoniumisgan amzadeben `samoss~ uranis fir-

fitebis an cilindrebis koroziisagan dasacavad atomur reaqtorebSi. 

amgvarad, atomurma teqnikam zogierTi detalis dasamzadeblad iseTi 

Tvisebebis mqone masalebi moiTxova, romlebsac ver vxvdebiT teqnikis sxva 

sferoebSi. am SemTxvevaSi saqme exeba iseT umTavres maxasiaTeblebs, rogo-

ricaa atomgulis unari STanTqas Tburi neitronebi da piriqiT. masalis es 

Tavisebureba farTo diapazonSi icvleba, rac kargad Cans 10.1 cxrilSi war-

modgenili monacemebidan. 

rogorc cxrilSi Cans, neitronuli gamosxivebisagan efeqturi dacva 

SeiZleba ganxorcieldes im ekranebiT, romlebic damzadebuli iqneba cxri-

lis marjvena mxares ganTavsebuli elementebisagan (Hf, B, Cd). danarCenebi 

SeiZleba  gamoviyenoT,  rogorc sakonstruqcio masalebi reaqtorebisaTvis, 

Tumca, dabali dnobis temperaturis gamo, am mizniT alumini da magniumi 

xSirad miuRebelia. 

      atomis iseTi Tviseba, rogoricaa watacebis ganivkveTis farTobi, ar 

aris damokidebuli masalis mdgomareobaze, amitom beriliumi atomur mrew-

velobaSi gamoiyeneba rogorc sufTa liTonis, ise JangbadTan, naxSirbadTan 
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                                                      cxrili 10.1 

Tburi neitronebis watacebis efeqturi ganivkveTi da zogierTi 

                 liTonis dnobis temperatura 

Tviseba Be Mg Zr Al Fe Ni Hf B Cd 
Tburi neitronebis wata-
cebis efeqturi ganiv-
kveTi, barni (10-24 sm2) 
 
dnobis temperatura, 0C 

 
0,01 
 

 
1280 

 
0,063 
 

 
651 

 
0,18 
 

 
1845 

 
0,23 
 

 
660 

 
2,4 

 
 

1539 

 
4,5 

 
 

1455 

 
115 

 
 

2130 

 
720 

 
 

2000 

 
2400 
 
 
 321 

 

da wyalbadTan (oqsidebi, karbidebi da hidridebi) naerTebis saxiT. maRali 

dnobis temperaturisa da koroziamedegobis wyalobiT beriliums iyeneben 

atomuri sawvavis Reroebis mitkecisTvisac. Tumca misi metismetad maRali 

Rirebuleba zRudavs gamoyenebis masStabebs. amJamad igive miznebisaTvis di-

di warmateba pova SedarebiT iafma masalam – cirkoniumma. 

watacebis mcire ganivkveTis farTobis, dnobis maRali temperaturis, 

plastikurobisa da kargi koroziuli medegobis gamo cirkoniums upirate-

sad Tbogamomyofi elementebis danafarebisa da milebis saxiT iyeneben. 

cirkoniums aqvs ori alotropiuli saxesxvaoba:  – mWidro heqsago-

nuri gisosiT da  _ sivrciT dacentrebuli kuburi gisosiT. alotropiuli 

gardaqmnis temperatura Seadgens 8620C, σmaqs=200_400 mgpa, σ0,2=50_200 mgpa, 

δ=20_40%; HB 30-60 sisufTavesa da struqturul mdgomareobaze damokidebu-

lebiT. rogorc Cans, cirkoniumi metad rbili da aramtkice masalaa. cirko-

niumis ganmtkicebis erT-erTi xerxia legireba (simtkice aRwevs 800-1000 mgpa-

mde, plastikuroba ki mcirdeba 3-5%-mde). cirkoniumis erT-erTi yvelaze 

mtkice Senadnobia cirkaloi, romelic Seicavs 0,5_1%Sn, 0,2%Fe da 

0,3%Ni.cirkoniumis koroziuli medegoba mniSvnelovnad aris damokidebuli 

mis si-sufTaveze. naxSirbadisa da azotis measedi procentebic ki amcirebs 

mis ko-roziamedegobas, Tumca zogierTi danamati aneitralebs maT 

uaryofiT gavlenas. magaliTad, niobiumi – naxSirbadis, xolo kala – 

azotis zegavlenas. 

 

10.3.2. თბოგადამტანები 
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atomur reaqtorebSi aqtiuri TbomimocvlisaTvis dabali dnobis tem-

peraturis mqone iseTi liTonებi gamoiyeneba, romlebic xasiaTdeba maRali 

siTbogamtarobiT wyalTan an airebTan SedarebiT. reaqtoris moqmedebis 

principidan gamomdinare, Tbogadamtanebad natriumis, bismutis da misi Se-

nadnobebis gamoyenebaa SesaZlebeli. 

zogierTi tipis reaqtoris TbogadamtanebSi gaxsnili unda iyos ato-

muri sawvavi – urani. am pirobis dasakmayofileblad irCeven dabali dnobis 

temperaturis mqone liTons, romelSic urani ixsneba. advildnobadi ele-

mentebidan am mizniT yvelaze misaRebia bismuti. misi dnobis temperaturaa 

2710C, uranis xsnadobis zRvari 9000C-ze 12,3 atm.% Seadgens, Tburi neitrone-

bis watacebis efeqturi ganivkveTis farTobi – 0,03 barns (1 barni=10-24). 

savsebiT SesaZlebelia sufTa bismutis nacvlad Pb-Bi sistemis evteq-

tikis (43,5%Pb, 56,5%Bi) gamoyenebac, romlis dnobis temperaturaa 1250C. tyvi-

is damatebiT mcirdeba Senadnobis Rirebuleba da izrdeba Txeldenadoba. 

marTalia, uranis xsnadobis zRvari da neitronebis watacebis unari ramde-

nadme Semcirebulia, magram Senadnobis maxasiaTeblebi dasaSveb zRvrebSi 

jdeba. 

Tbogadacemis mili aseve liTonisgan unda iyos damzadebuli. amitom 

didi mniSvneloba aqvs gamdnari bismutisa an Pb-Bi sistemis evteqtikuri 

Senadnobis urTierTqmedebis xarisxs milis kedlebTan. bunebrivia, sxva-

dasxva liTonis medegoba aRniSnul garemoSi erTmaneTisagan gansxvavdeba. 

magaliTad, platina, manganumi, nikeli, spilenZi da alumini aramdgradia, 

ubralo aralegirebuli rkina da naxSirbadiani foladebi uJangav fola-

debTan SedarebiT ufro maRal temperaturamde inarCunebs mdgradobas 

(7500C), xolo beriliumi da molibdeni – 10000C-mde. amgvarad, Cveulebrivi 

warmodgenebi liTonis koroziul medegobaze mocemul SemTxvevaSi savsebiT 

miuRebelia. 

zemoTqmulidan SeiZleba davaskvnaT, rom atomur reaqtorebSi atomis 

gaxleCiT gamoyofili siTbos  efeqturi  gamotana  mizanSewonilia  advil- 

dnobadi liTonebis gamoyenebiT, radgan Tavisi maxasiaTeblebiT isini 

mniSvnelovnad aRemateba tradiciulgamacivebel areebs: xasiaTdeba maRali 
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aorTqlebis temperaturiT (razedac,bunebrivia, meti siTbo daixarjeba) da 

orTqlis dabali drekadobiT (anu sistema muSaobs dabali wnevis pirobebSi 

da SesaZlebelia Txelkedliani milebis gamoyeneba); aqvs maRali Tbogada-

cemis koeficienti.  

msubuqi liTonebidan Tbogadamtanebad gamoiyeneba sufTa natriumi an 

misi Senadnobi kaliumTan (44%K). aseTi Sedgenilobis Senadnobi oTaxis tem-

peraturaze Txevad mdgomareobaSia, Tumca misi siTbos gadacemis koeficien-

ti ramdenadme dabalia sufTa natriumTan SedarebiT. 

sxvadasxva liTonis koroziamedegoba da mdgradoba eroziis mimarT 

Txevadi natriumis garemoSi sxvadasxvaa. natriumSi maRali medegobiT xasi-

aTdeba nikeli, qromi, molibdeni, rkina da cirkoniumi. naklebad mdgradia 

titani da uJangavi foladi, xolo naxSirbadiani foladi, alumini da pla-

tina saerTod gamousadegaria. teqnikis Tanamedrove moTxovnebs yvelaze 

srulyofilad austenituri uJangavi foladi da cirkoniumi akmayofilebs. 

 

10.3.3. ბირთვული საწვავი 

atomur energetikaSi birTvul sawvavad umTavresad urani (U), Toriumi 

(Th) da plutoniumi (Pu) gamoiyeneba. 

plutoniumi xelovnuri elementia. mas miwis qerqi ar Seicavs da neit-

ronebiT uranis bombardirebis gziT Rebuloben.  

urani movercxlisfro liTonia. misi simkvrivea 19,0 g/sm3 anu igi erT-

erTi mZime liTonTagania. oTaxis temperaturaze ar iJangeba, 1700C-mde 

gaxurebisas iwyebs wvas. uranis dnobis temperaturaa 11320C. 

urans aqvs sami alotropiuli modifikacia: U orTorombuli krista-

luri gisosiT, romelic mdgradia 6680C-is qvemoT; U tetragonuri krista-

luri gisosiT; misi mdgradobis temperaturuli intervalia 

668_7200C;Ukuburi sivrciT dacentrebuli gisosiT, romelic mdgradia7200C-

is zemoT. 

 amgvarad, uranSi mimdinare gardaqmnebis temperaturebi aseTia: 

6680C ( ); 7200C ( ); 1132 ( L). 
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U-Si praqtikulad ar ixsneba is elementebi, romlebic masSi sxvadasxva na-

erTis saxiT arsebobs. UdaU-Si ki isini mniSvnelovani xsnadobiT xasiaT-

deba. amitom, uranis Senadnobebis Termuli damuSaveba SesaZlebelia  an 

aremde gaxurebisa da swrafi gacivebis gziT ganxorcieldes, ra drosac 

fiqsirdeba U-s gadajerebuli myari xsnari martensituli reaqciiT. 

 urani xasiaTdeba SedarebiT dabali meqanikuri TvisebebiT: sisale 

HB 220;σmaqs360mgpa; yuradRebas imsaxurebs uranis metad dabali proporciu-

lobis zRvari – mxolod 20 mgpa. gansxvaveba marcvlebis orientaciaSi, zo-

mebsa da sisufTaveSi did rols asrulebs uranis meqanikur da sxva Tvise-

bebis doneze. 

uranis meqanikur Tvisebebze Zlier zemoqmedebas axdens dasxiveba. ma-

galiTad, uranis nimuSebi garkveuli doziT dasxivebis Semdeg kargavs simt-

kicis 1/4-s sawyis mniSvnelobasTan SedarebiT, xolo fardobiTi wagrZeleba 

mcirdeba 17-dan 0,36%-mde, sisale izrdeba 220-dan 300 HB-mde. 

urani im saxiT, rogoriTac bunebaSi arsebobs, ukidures SemTxvevaSi, 

ori izotopis - U238 (99,3%)daU235 (0,7%) narevs warmoadgens. U235 izotopis 

atomis birTvis daSla ganapirobebs uzarmazari energiis gamoTavisuflebas. 

U235izotopisgan gansxvavebiT, U238neitronebiT bombardirebis Sedegad ar 

iyofa. neitronebi waritaceba U238izotopis mier da gardaiqmneba U239izo-

topad. es ukanaskneli  nawilakebis dakargvis Sedegad gardaiqmneba neptu-

niumad (Np) atomuri nomriT 93, xolo kidev erTi  nawilakis dakargvis 

Semdeg warmoqmneba plutoniumi atomuri nomriT 94: 

92U
238+0n

1
92U

239
-1e

0+93Np239; 

                                                                                        93Np239
-1e

0+94Pu239 , 

sadac 0n
1gamosaxavs STanTqmul neitrons, xolo -1e

0gamoTavisuflebul 

eleqtrons. es reaqcia sainteresoa imiT, rom plutoniumi eqvemdebareba 

neitronebiT dayofas iseve, rogorc 92U
235da misi gamoyofa 92U

238-sagan ufro 

advilia, vidre 92U
235. 

plutoniumi, miuxedavad  dabali dnobis temperaturisa (6400C), xasiaT- 
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deba eqvsi alotropiuli modifikaciiT: 1190C-is qvemoT – ; 119_2180C_;   

218_3100C_ ;  310_4500C– δ; 450_4720C_; 472_6400C_. plutoniumi erTaderTi 

liTonia, romelsac ase mravali alotropiuli saxesxvaobebi aqvs. 

TiTqmis arcerTi elementi ar ixsneba plutoniumSi, maT Soris Mn, Fe, 

Ni, Be, Pb, V, Cr.amitom, aRniSnuli elementebis minarevebi gavlenas ar axdens 

misi polimorfuli gardaqmnis temperaturaze. 

rogorc cnobilia, yvela liToni gaxurebisas farTovdeba. plutoni-

umis δ da modifikaciebi, piriqiT, gaxurebisas ikumSeba. 

plutoniumi neitronebiT dasxivebis Sedegad iyofa energiis gamoyo-

fiT. amdenad, igi U235 izotopis Semcvlelia. 

 

10.3.4. რადიოაქტიური ნარჩენები 

reaqtoris sawvavis atomgulis dayofis Sedegad ramdenime elementi 

warmoiqmneba. es `Zvirfasi nacari~ metad maRali radioaqtiurobiT xasiaT-

deba. sakmarisia aRiniSnos, rom misi yoveli kilogrami gamosxivebis inten-

siurobiT ori tona radiumis tolfasia. 

radioaqtiuri narCenebi Tanamedrove mecnierebaSi gamoiyeneba, rogorc 

gamWoli gamosxivebis wyaro. maTi saSualebiT mkurnaloben simsivnes, aste-

rileben wamlebsa da samedicino preparatebs. qimikosebi da biologebi ga-

mosxivebis wyaros iyeneben, rogorc `niSandebul atomebs~, romelTa wyalo-

biTac SesaZlebeli xdeba, magaliTad, cocxal organizmebSi qimiuri nivTi-

erebis gadaadgilebis Tvalyuris devneba. radioaqtiuri nivTierebebi ga-

moiyeneba liTonis, betonisa da sxva gaumWviri masalebis masiuri detale-

bis gasaSuqeblad. qimiur mrewvelobaSi gamosxivebiT mravali organuli 

nivTierebis polimerizacias aCqareben. stroncium-90 warmatebiT gamoiyeneba 

atomuri eleqtruli batareis warmoebaSi, romelic kosmosuri raketebis, 

dedamiwis xelovnuri Tanamgzavrebis, avtomaturi meteorologiuri sadgu-

rebisa da sxva mowyobilobebis aparaturas kvebavs. qimiuri batarea Seufer-

xeblad muSaobs araumetes naxevar wels, xolo atomuri – aranakleb xuT 

wels. 
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Tavi XI 

                      kompoziciuri masalebi 

11.1. zogadi daxasiaTeba da klasifikacia 

 

kompoziciuri masalebi xvedriTi simtkiciT, sixistiT, mxurvalmtkico-

biT, daRlilobisadmi winaaRmdegobiT da sxva TvisebebiT mniSvnelovnad 

aRemateba yvela cnobil sakonstruqcio masalas. 

kompoziciurs uwodeben rTul masalebs, romelTa SedgenilobaSi Se-

dis TvisebebiT erTmaneTisgan mkveTrad gansxvavebuli, erTmaneTSi uxsnadi, 

sazRvrebiT gamoyofili komponentebi. 

kompoziciuri masalis Tvisebebi damokidebulia komponentebis fizi-

kur-meqanikur Tvisebebsa da maT Soris kavSirze. masalis TaviseburebaSi  

Cans komponentebis ara uaryofiTi, aramed dadebiTi Tvisebebi. 

kompoziciuri masalis fuZe anu matrica SeiZleba iyos sufTa liToni, 

Senadnobi an polimeri, naxSirbadovani an keramikuli masalebi. matrica 

akavSirebs kompozicias da formas aniWebs. danarCeni komponentebi anu Semav-

seblebi matricaSi Tanabrad unda iyos ganawilebuli. radgan masalis ganm-

tkicebaSi umTavres rols Semavsebeli asrulebs, xSirad maT ganmamtkiceb-

lebsac uwodeben.  

Semavseblis formis mixedviT SeiZleba gamovyoT kompoziciuri masa-

lebis sami tipi (sur. 11.1): nawilakebiT daarmaturebuli (a), boWkoebiT daar-

maturebuli (b) da fenovani (g). 

kompoziciuri masalebis klasifikacia SesaZlebelia sxvadasxva niSni-

Tac moxdes, magram praqtikuli miznebisaTvis mizanSewonilia ganvasxvaoT: 

1. dispersiulad ganmtkicebuli kompoziciuri masalebi; 

2. boWkovani kompoziciuri masalebi; 

3. kompoziciuri masalebi araliTonur fuZeze. 
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11.2. dispersiulad ganmtkicebuli kompoziciuri masalebi 

 

dispersiulad ganmtkicebul sakonstruqcio masalebSi ganmamtkicebe-

li fazis nawilakebis zoma l10-5 sm. Tu l10-4sm, masalas nawilakebiT ganmt-

kicebuls uwodeben. dispersiulad ganmtkicebul masalebSi ganmamtkiceblad 

gamoiyeneba Zneldnobadi oqsidebis, nitridebis, boridebisa da karbidebis 

dispersiuli nawilakebi (Al2O3, SiO2, BN, SiC da a.S.). dispersiulad ganmtkice-

bul kompoziciur masalebs ZiriTadad Rebuloben fxvnilTa metalurgiiT. 

fxvnilTa metalurgia aris metalurgiis sfero, romelic moicavs fxvnilTa 

warmoebas, maT gadamuSavebas da konsolidacias (SemWidroebas, gaerTianebas) 

mocemuli Tvisebebis mqone nakeTobad.  

 naxevarfabrikatebs amzadeben matricisa da ganmamtkiceblis uwvrile-

si fraqciebis narevis dawnexiT, SecxobiT, Semdgomi deformaciiTa da Ter-

muli damuSavebiT. nakeTobis eqspluataciis dros ZiriTad datvirTvas mat-

rica Rebulobs, xolo ganmamtkicebeli masalis dispersiuli nawilakebi 

amuxruWebs dislokaciebs anu xels uSlis plastikuri deformaciis gan-

viTarebas. rac ufro metia es winaaRmdegoba, miT ufro maRalia masalis si-

mtkice. nawilakebis minimaluri zoma, romelsac ver Wris moZravi disloka-

cia, 20_100Å Seadgens. 

dispersiulad ganmtkicebuli kompoziciuri masalebi struqturis maRa-

li temperaturuli stabilurobiT xasiaTdeba, rac simtkicis maxasiaTeble-
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bis SenarCunebis SesaZleblobas iZleva sakmaod farTo temperaturul dia-

pazonSi, matricis dnobis temperaturis (0,7_0,8) mniSvnelobamdec ki. 

dispersiulad ganmtkicebul kompoziciur masalebs, romlebic mrewve-

lobaSi gamoiyeneba, miekuTvneba aluminis fuZeze damzadebuli Secxobili 

aluminis pudra САП (САП-1, САП-2, САП-3) da nikelis fuZeze damzadebuli 

kompoziti. 

САП SenadnobebSi ganmamtkicebeli fazaa aluminis oqsidi (Al2O3).Se-

nadnobebi xasiaTdeba maRali simtkiciT (σmaqs=250-400 mgpa), mxurvalmtkicobiT, 

koroziamedegobiT da Termuli stabilurobiT. САП-is ZiriTadi upirateso-

ba mJRavndeba maRal temperaturaze (350_5000C), ra drosac sxva mxurvalmtki-

ce Senadnobebi swrafad kargavs simtkicis maxasiaTeblebs. САП-s ara aqvs 

midrekileba ZabviT koroziisadmi. misgan mzaddeba sxvadasxva saxis 3-dan 5 

m-mde sigrZis profili (milebi, furceli da a.S.). 

SemuSavebulia agreTve kompoziciuri masala Secxobili aluminis Se-

nadnobebis fuZeze (САС), Tumca isini mrewvelobaSi ar gamoiyeneba.  

nikelis fuZeze damzadebuli dispersiulad ganmtkicebuli kompozici-

uri masalebia: ВДУ-1 da ВДУ-2. ganmamtkicebeli fazaa Toriumis, hafniumisa 

da itriumis oqsidebis fxvnilebi (masiT 5%-mde). SemuSavebulia agreTve ni-

kelisa da qromis Senadnobebis fuZeze damzadebuli kompoziti ВДУ-3, ro-

melSic ganmamtkicebel fazad gamoiyeneba hafniumis dioqsidi. ВДУ masalebi 

ufro maRali mxurvalmedegobiT gamoirCeva da mizanSewonilia maTi gamoye-

neba 1100_12000C-ze. naxevarfabrikatebi Zelakebis an furclis saxiT mzaddeba. 

 

11.3. boWkovani kompoziciuri masalebi 

 

boWkovan kompoziciur masalebSi ganmamtkicebel fazad gamoiyeneba 

sufTa liTonebisa da Zneldnobadi naerTebis (B, C, Al2O3, SiC da sxva) boWko 

an ulvaSa  (Zafisebri) kristalebi, agreTve Mo, W, Be, maRalmtkice foladis  

uwvrilesi (ramdenime meaTedidan aseul mikronamde) mavTuli. matricas alu- 

mini, magniumi, nikeli da maT fuZeze warmoebuli Senadnobebi warmoadgens. 

boWkovan kompoziciur masalebSi ZiriTad datvirTvas boWko Rebulobs, xo-
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lo matricis roli ganisazRvreba miyenebuli datvirTvis boWkoebze Tanaba-

ri ganawilebiT. 

 alumini-bori sistemis kompoziciur masalaSi (ВКА-1) kargad aris Se- 

xamebuli simtkicisa da sixistis maRali maxasiaTeblebi karg teqnologi-

urobasa da konstruqciul saimedoobasTan. aluminis daarmatureba boris 

boWkoTi simtkicis maxasiaTeblebs 10_20-jer zrdis. 20_5000C temperaturul 

intervalSi simtkicisa da sixistis maxasiaTeblebiT igi aluminis yvela 

samrewvelo Senadnobs aRemateba. ВКА-1 masalis maRali madempfirebeli 

unari uzrunvelyofs konstruqciebis vibromedegobas. masala gamoiyeneba 

turboreaqtoruli Zravebis ventilatoris TaTebis, TviTmfrinavis frTebis 

Semonakeris, sixistis elementebisa da aviakosmosuri konstruqciebis grZiv-

Zelis dasamzadeblad. amerikul TviTmfrinav, `fantomas~ mravali detali 

boris boWkoTi daarmaturebuli aluminis Senadnobisganaa damzadebuli, 

romlis wona 60%-iT ufro naklebia gamoyenebuli masalis wonasTan Seda-

rebiT. 

 boWkovani kompoziciuri masalebisaTvis damaxasiaTebelia TvisebaTa 

anizotropiuloba (gansxvavebuli Tvisebebi sxvadasxva mimarTulebiT gamoc-

disas). magaliTad, teqnikuri aluminis fuZeze damzadebuli, boris boWkoTi 

daarmaturebuli АД-1 kompoziciuri masalis simtkicis zRvari boWkoebis 

mimarTulebiT 1000_1200mgpa tolia, xolo ganivi mimarTulebiT – 60_90 mgpa. 

am uaryofiTi Tvisebis Sesamcireblad saWiroa masalis moculobaSi boW-

koebis ganlagebis optimaluri variantis SerCeva. 

intensiurad mimdinareobs samuSaoebi magniumis, titanisa da nikelis 

fuZeze axali tipis kompoziciuri masalebis SesamuSaveblad. 

kompoziciur masalebs aseve miekuTvneba liTonuri Secxobili masale-

bi. isini gamoiyeneba xaxunis mZime pirobebSi muSaobisas (tzRv12000C, Pmaqs6 

mgpa). liTonur Secxobil masalebs awarmoeben rkinisa (ФМК-8 da ФМК-11) da 

spilenZis  (МК-5) fuZeze.  garda liTonuri  danamatebisa (Sn, Pb, Ni da sxva),  

romlebic uzrunvelyofes simtkices, karg siTbogamtarobas da cveTamedego-

bas, Seicavs agreTve araliTonur danamatebsac – azbests, grafits, sili-

ciumis Jangs, barits. 
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rkinis fuZeze damzadebuli friqciuli masalebi, maRali siTbogamta-

robis gamo, xaxunis kvanZebSi SezeTvis gareSe muSaobs, xolo spilenZis fu-

Zeze damzadebuli masalebi – SezeTvis pirobebSi. 

 

 

11.4. kompoziciuri masalebi araliTonur fuZeze 

 

am jgufis kompoziciuri masalebis upiratesobas kargi teqnologiu-

roba, dabali simkvrive da, umravles SemTxvevaSi, maRali xvedriTi simtkice 

da sixiste warmoadgens. garda amisa, araliTonur fuZeze damzadebul kom-

poziciur masalebs axasiaTebs maRali koroziuli medegoba, Tbodamcavi da 

saamortizacio maxasiaTeblebi, antifriqciuli da friqciuli Tvisebebi. 

uaryofiT mxares miekuTvneba: boWkosa da matricas Soris susti kavSi-

ri, simtkicis mkveTri dakargva 100_2000C-is zemoT da dabali eleqtrogamta-

roba. SeduRebas ar eqvemdebareba. 

am jgufis kompoziciuri masalebis dasaxeleba ganmamtkicebeli boW-

kos saxelwodebidan gamomdinareobs. magaliTad, naxSirbadboWkovani, bor-

boWkovani, minaboWkovani. 

araliTonurikompoziciuri masalebidan yvelaze farTo gavrceleba 

pova epoqsidis fuZeze damzadebulma polimerebma. ganmamtkiceblad gamoi-

yeneba maRalmtkice naxSirbadovani, boris, minis da organuli boWkoebis Za-

fi, CaliCi (Jguti) an lenti. epoqsidis matrica xasiaTdeba maRali meqani-

kuri TvisebebiT -60-dan 1800C temperaturul intervalSi, rac kompoziciur 

masalas aniWebs maRali simtkicis maxasiaTeblebs kumSvisa da Zvris pirobeb-

Si. aqvs mcire Cajdoma, myardeba dabal temperaturaze da ar moiTxovs nake-

Tobis damzadebisas did wnevas. es ki gansakuTrebiT sayuradReboa maRal-

mtkice, myife boWkoebiT daarmaturebisas. 

yvelaze maRali simtkicis maxasiaTeblebiT gamoirCeva boWkovani kom-

poziciuri masala КМВ-3к: σmaqs=1300 mgpa, δ=3%. mas ramdenadme Camouvardeba 

karbo boWkovani kompoziti КМУ-1у:  σmaqs=1020 mgpa, δ=0,6%.  

kompoziciuri masalebis Tvisebebi zogjer unikaluria. magaliTad ni-

kelis fuZeze damzadebuli, volframisa da molibdenis boWkoebiT daar-
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maturebuli masalebis xangrZlivi simtkice 1100_12000C-ze orjer metia yve-

laze mxurvalmtkice nikelis SenadnobebTan SedarebiT; naxSirbadis ZafebiT 

daarmaturebuli plastikuri masa iZleva kompozits, romelic orjer amci-

rebs TviTmfrinavis detalebis wonas. misgan amzadeben vertmfrenis xraxnis 

niCbian frTas, lanJerons, kudis frTasxmulobas, farTo moxmarebis sagnebi-

dan – Cogansa da ankesis joxebs. 

kompoziciur masalebs miekuTvneba agreTve qafmasalebi. qafmasalebi-

dan yvelaze farTod gamoiyeneba qafalumini. sakmao simkvrivis pirobebSi 

igi wyalze xuTjer msubuqia. moWimuli qafaluminis simtkice iseTivea, ro-

gorc sxmuli liTonisa, magram kuTri wona orjer naklebia (=1,4 g/sm3). 

aseTi masala ukve gamoiyeneba ara marto aviaciasa da saraketo teqnikaSi, 

aramed samoqalaqo mSeneblobaSic. qafalumini advilad iburReba, ixexeba, 

iRebeba, ewebeba, irCileba da duRdeba. lursmani masSi advilad esoba. 

  
11.5. Tbodamcavi kompoziciuri masalebi  

polimeruli matriciT 

 

mravali safreni aparatis zedapiri da Zrava xanmokle, magram metad 

intensiur Tbur zemoqmedebas ganicdis. zebgeriTi siCqariT zedapiris gar-

Semodenis SemTxvevaSi sasazRvro zonaSi temperatura 3000_50000C aRwevs, 

xolo eqstremalur pirobebSi – mniSvnelovnad ufro mets. aseT SemTxvevaSi 

mxurvalmtkice Senadnobebic ki swrafad xurdeba, Semodneba da iwvis. Semo-

nakeris zedapiruli temperaturis Semcirebis erT-erTi xerxia e.w. abla-

ciuri danafariT dacva. ablacias uwodeben masalis rRvevas da mis Tanda-

TanobiT watacebas maRaltemperaturuli airis Cqarosnuli nakadiT.  

ablaciuri Tbodamcavi danafarebi yvelaze xSirad kompoziciaa poli-

merebis fuZeze. daarmaturebulia minisebri da kvarciani boWkoebiT, xolo 

Semavseblad gamoyenebulia keramikisa da zogierTi specialri nivTierebis 

dispersiuli fxvnilebi. 

ablaciuri rRveva ramdenime meqanizmiT mimdinareobs. pirvels miekuT-

vneba meqanizmebi, romlebic endoTermul efeqts iZleva: 

      _ polimeruli SemakavSireblis pirolizs;  
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      _ naxSirbadis meoreul reaqcias Semavseblebsa da Semavseblis sili-

katebTan;  

_ Semavseblisa da SemakavSireblis pirolizebuli koqsis narCenebis 

dnobas, aorTqlebas da sublimacias.  

 aRniSnuli procesebis dros mimdinareobs Tburi energiis mniSvnelo-

vani nawilis STanTqma, gabneva da gamotana zedapirul fenebSi, agreTve Tbu-

ri nakadis Semcireba danafaris Siga fenebisa da mzidi konstruqciebisken. 

meore meqanizms miekuTvneba rRveva da nawilakebis wataceba – masalis 

erozia mimwydomi airis nakadis meqanikuri zemoqmedebis Sedegad. es movlena 

arasasurvelia, radgan izrdeba masalis xarji da mcirdeba siTbosgan dac-

vis efeqturoba. 

ablaciis stacionaruli reJimis SemTxvevaSi, Tbodamcavi masalis da-

bali siTbogadacemis gamo, mis ganivkveTSi didi temperaturuli gradienti 

aRiZvreba. danafaris gare fenebi iwyebs intensiur daSlas. aseT pirobebSi 

masalis ganivkveTSi SeiZleba sami zona gamoiyos, romlebic sxvadasxva xa-

risxiT ganicdis temperaturul zemoqmedebas da gansxvavebuli fizikur-qi-

miuri procesebis mimdinareobiT xasiaTdeba. 

zedapiruli zona, romelic uSualod exeba haeris nakads, ramdenime 

milimetris sisqisaa. Sedgeba SemakavSireblis foriani koqsis narCenebisa-

gan, romelic boWkovanaTi aris daarmaturebuli. aRniSnuli zonis zeda-

pirze warmoiqmneba mdnari silikaturi Semavseblis Txeli fena da wveTebi, 

romlebic haeris nakadiT waritaceba. nalRobis nawili orTqldeba, xolo  

naxSirbadi ganicdis gazifikacias. aRniSnul endoTermul reaqciaze ener-

giis didi raodenoba ixarjeba. nalRobSi SeiZleba mimdinareobdes agreTve 

silikatebis naxSirbadTan mierTeba endoTermuli reaqciiT. reaqciis Sede-

gad warmoqmnili karbidebi aZnelebs danafaris meqanikur watacebas. 

mosazRvre, qveda zonaSi haeris dabervis Sedegad zedapiridan moxved-

rili pirolizis airadi produqtebi qmnis damatebiT Tbosaizolacio Sua-

Sres. koqsi, romelsac aqvs umaRlesi xarisxis siSave, garemomcvel areSi 

Tbur energias asxivebs, amitom meore damcav zonaSi Tburi nakadis moxved-

ris SesaZlebloba mniSvnelovnad Semcirebulia. Tbodamcavi masalis zeda-

pirze temperatura 1600_22000C aRwevs. mis sidides gazifikaciis TviTdamya-
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rebuli procesi gansazRvravs da damokidebulia zedapirze Tburi nakadis 

parametrebze, mosazRvre fenaSi airis siCqaresa da wnevaze, koqsis narCeneb-

Si naxSirbadis raodenobasa da sxva faqtorebze. 

damcavi zonaxa siaTdeba garkveuli temperaturuli doneebiT (Cveu-

lebriv, 500_16000C). am pirobebSi Semavsebeli arsebiT cvlilebas ar ganic-

dis, SeiniSneba mxolod SemakavSireblis pirolizis endoTermuli procesi. 

pirolizis myari, koqsisebri produqti Semavseblis meoreuli SemakavSireb-

lis rols asrulebs, rac uzrunvelyofs masalis meqanikur simtkicesa da 

medegobas. amitom, damcavi zonis Tvisebebs bevrad gansazRvravs Tbodamcavi 

danafaris muSaobis unari da misi watacebis xarisxi.   

mesame, muSa zonaSi temperatura ar aRemateba gamoyenebuli sakonst-

ruqcio masalis xangrZliv Tbomedegobas (150_3000C), amitom misi fizikur-

meqanikuri Tvisebebi dasaSveb donemdea SenarCunebuli. 

 efeqturi Tbodamcavi masalebis SerCevisas Semdegi ZiriTadi pirobebi 

unda iyos gaTvaliswinebuli: dabali Tbogadacema (polimerebisaTvis 

λ=0,1_0,5 vt/mK); dabali simkvrive (Tbodamcavi danafarebisaTvis polimeris 

fuZeze =1000_2000 kg/m3); optimalur temperaturaze komponentebis gazifika-

ciis sruli siTbos maRali mniSvneloba (ix. cxrili 11.1); warmoqmnili koq-

sis raodenobasa da pirolizis airad produqtebs Soris dabalansebuli Ta-

nafardoba. 

Tbodamcavi danafarebis dasamzadeblad efeqtur masalebs miekuTvneba 

mina da azboplastiki fenolformaldehiduri da sxva Termostabiluri Se-

mavseblebiT; kompoziciuri masalebi polimeruli matriciT (mina, azbo- da 

naxSirbadplastikebi), romlebic sakonstruqcio masalad gamoiyeneba antenis 

garsSemomdenebSi, agreTve safreni aparatebis korpusisa da frTebis Semona-

keris dasamzadeblad.  
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                                                                cxrili 11.1 

Tbodamcavi danafarebisaTvis gamoyenebuli masalis komponentebis 

zogadi Tvisebebi 

 
 

masala 

 

, kg/m3 
 

tdn, 0C 
gazifikaciis sruli siTbo 

Q, kj/moli 

grafiti 

boris nitridi 

beriliumis oqsidi 

aluminis oqsidi 

siliciumis dioqsidi 

amoniumis qloridi 

fToroplastiki-4 

polieTileni 

poliamidi 

volframi 

beriliumi 

1720 

2290 

2880 

3800 

2240 

1530 

2250 

950 

1150 

19000 

1840 

_ 

2700 

2820-2550 

2050 

1700 

_ 

_ 

130 

250 

3410 

1285 

360 

790 

290 

3270 

865 

205 

175 

15 

60 

925 

355 

 

mniSvnelovania aRniSnuli masalebis Tbodamcavi Tvisebebi.  

rodesac Semonakeris gare Sreebi 800_20000C-mde xurdeba, Siga SreebSi 

temperatura ar icvleba da SenarCunebulia simtkicis sawyisi maCveneblebi 

(500_1000 mgpa minateqstolitebisaTvis da 1500_2500 mgpa orientirebuli mini-

sa da naxSirbadplastikebisaTvis). 
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