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       laboratoriuli samuSaoebis mizania students gaacnos metalografiuli 
kvlevis ZiriTadi meTodebi da daexmaros mas saswavlo informaciis 
damoukideblad damuSavebaSi sakiTxebis konkretizaciis gziT; gamoumuSaos 
praqtikuli amocanebis gadasaWrelad Teoriis gamoyenebis Cvevebi; 
mikrostruqturuli kvlevis monacemebze dayrdnobiT Seafasos liTonis 
Tvisebebi da maTi fazuri Sedgenilobis Taviseburebani Txevadi mdgomareobidan 
kristalizaciisa Tu sxvadasxva saxiT damuSavebis Semdeg; students gamoumuSaos 
metalografiuli kvlevis monacemebis raodenobrivi analizis unari.  
      saswavlo gegmiT gaTvaliswinebul laboratoriul samuSaoebs win uswrebs 
Sesabamisi metalografiuli kvlevis meTodebis ganxilva, rac students 
daexmareba maTi praqtikuli gamoyenebis unar-Cvevebis gamomuSavebaSi.  

saxelmZRvaneloSi davalebebi or punqtad aris Camoyalibebuli: I 
safexuri – bakalavriatisaTvis, xolo II safexuri – magistraturisTvis. radgan 
liTonmcodneobis specialobis studentebisaTvis kvlevis meTodebi saerToa 
rogorc metalografiaSi, ise mecnieruli kvlevis safuZvlebSi, mizanSewonilad 
CavTvaleT magistrantebisaTvis gagveTvaliswinebina agreTve davalebebi 
raodenobriv metalografiaSi, rac mecnieruli kvlevis safuZvlebis Seswavlis 
sagania.  

saxelmZRvanelo gankuTvnilia metalurgiis fakultetis studentebisaTvis. 
igi did daxmarebas gauwevs agreTve damxmare personals matalografiisa da 
masalaTmcodneobis mimarTulebiT kvalifikaciis amaRlebaSi. 
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yvela ufleba daculia. am wignis nebismieri nawilis (teqsti, foto, ilustracia Tu sxva) gamoyeneba arc 

erTi formiTa da saSualebiT (eleqtronuli Tu meqanikuri) ar SeiZleba gamomcemlis werilobiTi 

nebarTvis gareSe. 

 

saavtoro uflebis darRveva isjeba kanoniT. 
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I. liTonis agebulebis Seswavla makroskopuli da 

fraqtografiuli analizis meTodebiT 

 

 
liTonis agebulebis Seswavlas SeuiaraRebeli TvaliT an mcire gadide-

biT (x30) kvlevis makroskopuli meTodi ewodeba. am SemTxvevaSi xedvis areSi 

sakmaod didi farTobi xvdeba, rac karg warmodgenas iZleva liTonis saerTo 

aRnagobaze. 

makroskopuli kvlevis meTodi gamoiyeneba liTonSi dendrituli agebu-

lebis, Cajdomis sifxvieris, airovani niJarebis, widis CanarTebis, bzarebis, 

struqturuli araerTgvarovnebis, fosforisa da gogirdis likvaciisa da Se-

naduRi nakeris xarisxis gamosamJRavneblad. 

makroanalizi ver avlens liTonis aRnagobis mraval Taviseburebas, ami-

tom kvlevis es meTodi, Cveulebriv, nimuSis winaswari SeswavlisaTvis gamoiye-

neba. makrostruqturuli kvlevis monacemebiT SeiZleba SeirCes Sesaswavli ze-

dapiris is saintereso ubnebi, romelTa kvleva Semdgom ufro guldasmiT 

unda Catardes mikroanaliziT. liTonis aRnagobas, romelic SeuiaraRebeli 

TvaliT an mcire gadidebiT mJRavndeba, makrostruqtura ewodeba. 

kvleva SeiZleba Catardes nakeTobis rogorc bunebriv, ise specialurad 

momzadebul zedapirsa an texilze dakvirvebiT. zedapiris momzadeba xexviTa 

da saTanado reaqtiviT damuSavebis gziT xdeba. makroanalizisaTvis mom-

zadebul nimuSs makroxexi ewodeba. Tu makroxexi momzadebulia nakeTobis ga-

niv kveTSi, mas templets uwodeben. 

ngrevis zedapiris SeswavlisaTvis farTod sargebloben fraqtografiu-

li kvlevis meTodebiT. am mizniT SesaZlebelia optikuri mikroskopis gamo-

yeneba Tu texilze dakvirveba naturaluri zomebis SemcirebiT an mcire ga-

didebis pirobebSi (araumetesi x50, makrofraqtografia) xdeba. aRniSnuli ga-

madideblobis zemoT mikroskopis garCevisunarianobis zRvramde zedapiris 

Seswavlas mikrofraqtografia ewodeba. struqturis ufro mcire detalebis 

kvlevisaTvis gamoiyeneba eleqtronuli mikroskopi. texilis zedapiris kvle-

vas eleqtronuli mikroskopiT eleqtronuli fraqtografia ewodeba. 
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laboratoriuli samuSao 1 

 

texilis makroanalizi 

 
makrostruqturis kvleva nakeTobis mTlianobis daurRvevlad SedarebiT 

iSviaTad gamoiyeneba, radgan am SemTxvevaSi SesaZlebelia mxolod liTonis 

zedapirze arsebuli defeqtebis gamovlena. magaliTad, metalurgiuli war-

moebis wunisa da bzarebis, romlebic liTonis damuSavebis an  eqspluataciis 

procesSi ganviTarda. 

umravles SemTxvevaSi makrostruqturis Seswavla  ufro  moxerxebulia 

texilze dakvirvebiT. texili garkveuli miaxloebiT liTonis struqturas 

asaxavs  da amdenad, misi Tvisebebis Sesaxeb msjelobis saSualebas iZleva. te-

xilis guldasmiT Seswavlam SeiZleba mniSvnelovani informacia mogvces li-

Tonis Tvisebebze, radgan igi viTardeba nakeTobis yvelaze Sesustebul adgi-

las. 

Cveulebriv, texili zedapiris winaswari damuSavebis gareSe Seiswavleba. 

zog SemTxvevaSi makrostruqturis ufro mkafiod gamomJRavnebis mizniT, SeiZ-

leba misi reaqtiviT amoWma. 

texili SeiZleba iyos myife, blanti da daRlilobiT gamowveuli. 

myife texili kristaluri agebulebiT xasiaTdeba. texilSi kargad Cans 

liTonis marcvlebis forma da zomebi, radgan nakeTobis rRvevas  umniSvnelo 

plastikuri deformacia uswrebs da marcvlis forma TiTqmis ar maxinjdeba. 

texili SeiZleba ganviTardes rogorc marcvlis sazRvrebze, ise marcvalze. 

pirvel SemTxvevaSi texils interkristaluri (sur.1.1,b) anu kristalTSorisi 

ewodeba (sur. 1.1, a), meore SemTxvevaSi – transkristaluri anu Sigakristaluri 

(sur.1.1,b). 

 kristalTSorisi texili yvelaze xSirad maRal temperaturaze gaxure-

buli liTonis rRvevisas miiReba, rac marcvlebs  Soris  sazRvrebze  advil- 

dnobadi minarevebis TavmoyriT aixsneba. 

liTonis mTliani an nawilobrivi interkristaluri rRvevis Sedegad e.w. 

qvisebri texili miiReba (sur. 1.2). igi, Cveulebriv, cxeli meqanikuri damuSave- 
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bisas liTonis gadaxurebis Sedegia. aseTi liToni msxvilmarcvlovani agebu-

lebiT gamoirCeva. 

transkristaluri xasiaTis rRvevis Sedegad zogjer qerclovani agebu-

lebis texili miiReba, romelic garegnulad nafTalins mogvagonebs. amitom 

mas nafTalinisebri texili ewodeba. aseTi texili SerCeviTi bzinvarebiT ga-

moirCeva da isic liTonis gaxurebaze miuTiTebs.   

Tu sxmuli liTonis rRveva dendrituli kristalebis sazRvrebze 

ganviTarda, myife texils dendrituli ewodeba (sur  1.3). 
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blanti texili boWkovani agebulebisaa 

(sur. 1.4). liTonis marcvlebis forma da zo-

mebi Zlier damaxinjebulia, vinaidan rRveva 

mniSvnelovani  plastikuri deformaciis 

pirobebSi mimdinareobs. cxadia, boWkovani 

texiliT liTonis sawyisi agebulebis Se-

swavla SeuZlebelia. 

daRlilobiT texilSi mkafiod gairCeva 

sami zona: rRvevis kera (mikrobzaris war-

moqmnis ubani, romelic 1.5, a suraTze  

isriTaa miTiTebuli), daRlilobisa da rRve 

 

vis damTavrebis zonebi (sur. 1.5, 1.6). ngrevis kera esazRvreba zedapirs da 

xasiaTdeba gluvi, TiTqos milesili, gaprialebuli zedapiriT. igi TandaTanobiT 

warmoiqmneba daRlilobiTi napralis (bzaris) ganviTarebis Sedegad. 

meore, daRlilobiT zonaSi, rogorc wesi, moCans damaxasiaTebeli naRa-

rebi, romlebsac aqvs rgolebis konfiguracia (sur1.5). es daRlilobiTi bzaris 

naxtomisebr wawevaze miuTiTebs. 1.5,a fraqtogramaze daRlilobis zolebi imis 

maCvenebelia, rom nakeTobis rRvevamde bzari gavrcelda  ganivkveTis  TiTqmis 
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90%-ze. 1.5 b fraqtogramaze gamosaxulia texili,  romelic  miRebulia mRuna-

vi Zabvebis sami mimarTulebiT zemoqmedebis Sedegad. swored aseTma rTulma 

deformaciam ganapiroba araCveulebrivi naySis miReba daRlilobiTi zolebis 

ganviTarebis gziT.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

rodesac texili didi datvirTvisas, mgrexi Zabvis zemoqmedebiT uwyve-

tad viTardeba, daRlilobiTma zonam SeiZleba gansxvavebuli agebulebac 

miiRos, rogorc es 1. 6 suraTzea mocemuli  (II ubani).  

daRlilobiTi zona viTardeba manam, sanam sul ufro da ufro Semcire-

bul muSa kveTSi Zabvis sidide im mniSvnelobamde ar gaizrdeba, romelic 

gamoiwvevs nakeTobis srul rRvevas.     

rRvevis damTavrebis zona liTonis agebulebasa da Tvisebebze damokide-

bulebiT blanti (III, sur. 1. 6) an myife rRveviT xasiaTdeba.  

texilze sworad Catarebuli makroanalizi yvelaze srulyofilad axa-

siaTebs liTonis rRvevis suraTs. 
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d a v a l e b a  : 

I safexuri (bakalavriati) 

 
     1. gamoikvlieT liTonis nakeTobis zedapiruli agebuleba; 

     2. SeiswavleT sxvadasxva saxis texili da daadgineT maTi rRvevis xasiaTi; 

     3. sqematurad CaixazeT gamokvleuli makrostruqturebi da saTanadod 
axseniT. 
 
 
 

 

 

 



 9 

laboratoriuli samuSao 2 

 

Slifis makroanalizi 

 

2.1. defeqtebisa da  struqturis gamomJRavneba liTonSi 

zedapiruli da Rrmad amoWmis meTodebiT 

 

makroxexis momzadeba. makroxexis mosamzadeblad saWiroa gamosakvlevi 

nimuSis amoWra nakeTobis yvelaze saintereso adgilidan da winaswar 

damuSaveba. nimuSis momzadebis xerxebs gansazRvravs: 

1. sakvlevi obieqtis saxeoba (sxmuli, zodi, naglini da a.S); 

2. obieqtis zomebi;  

3. kvlevis xasiaTi (kvlevis mizani da savaraudo meTodi).  

makroxexis momzadebisas gamosakvlev obieqtSi unda SeirCes Wris iseTi 

mimarTuleba, romelic Sesaswavli struqturis yvelaze mkafio gamomJRavnebas 

uzrunvelyofs. 

metalurgiuli produqciis zogierTi saxeobisaTvis rekomendebulia ni-

muSis amoWris Semdegi sqemebi: 

1. sxmuli detalisaTvis – erTi grZivi da ori an sami ganivi Wrili, ro-

melTagan erT-erTi Cajdomis niJaris qveda zonidan amoiWreba; 

2. relsisaTvis – ori ganivi Wrili TiToeuli bolodan; 

3. vagonis an lokomotivis RerZisaTvis – sam-sami ganivi Wrili, amasTan 

erTi nimuSi amoiWreba RerZis Sua nawilidan, TiTo-TiTo ki – Tavsa da 

boloSi; 

4. furclovani rkinisaTvis – furclis TiToeuli bolodan 200 mm sigr-

Zis sam-sami ganivi nimuSi amoiWreba, furclis gverdebidan – TiTo-TiTo,   

Suagulidan – erTi. 

safrez an sarand Carxze damuSavebis Semdeg nimuSis sakvlevi zedapiri 

jer saxex Carxze, xolo Semdeg zumfaris qaRaldiT muSavdeba. xexva uxeSi ab-

raziuli marcvlovnebis zumfariT iwyeba da TandaTanobiT ufro wvrilmarcv-

lovanze gadasvliT mTavrdeba. saboloo xexvisaTvis, Cveulebriv, 125-75 mkm 

marcvlovnebis zumfaris qaRaldi gamoiyeneba. zumfaris erTi nomridan meore-
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ze gadasvlisas nimuSis zedapiri irecxeba da xexvis mimarTuleba 900-iT icv-

leba. makrokvlevisaTvis nimuSi gaprialebiT damuSavebas ar saWiroebs. 

 makrostruqturis gamomJRavnebis xerxebi. defeqts, romelic liTonis 

mTlianobas (uwyvetobas) arRvevs, miekuTvneba Cajdomis sifxviere, airovani 

niJara, sicariele da bzari. zodSi, sxmulSi, glinviT an WedviT damzadebul 

nakeTobaSi defeqtis gamosamJRavneblad ufro mizanSewonilia templetis 

damzadeba, xolo SenaduRi nakeris gamosakvlevad – grZivi Wrilisgan dam-

zadebuli makroxexis Seswavla. 

aRniSnuli defeqtebis gamosamJRavneblad iyeneben rogorc zedapiruli, 

ise Rrmad amoWmis reaqtivebs.  

Rrmad amoWmis reaqtivebi upiratesad gamoiyeneba sxmulebisa da nagli-

nis makroanalizisaTvis. reaqtivebis Sedgeniloba mocemulia 2.1 cxrilSi. 

Rrmad amoWmisaTvis makroxexis zedapirs winaswar wmenden spirtiT WuW-

yis mosacileblad, xolo Semdeg CatvirTaven abazanaSi, romelSic reaqtivia 

Casxmuli. zogierT SemTxvevaSi amoWma reaqtivSi dasvelebuli tamponiT xdeba  

gamwov karadaSi. amoWmis Semdeg makroxexs maSiT an rezinis xelTaTmanis 

meSveobiT iReben. 

naTeli zedapiris misaRebad, rac aadvilebs makrostruqturul kvlevas, 

amoWmis Semdeg nimuSs jer wyliT, Semdeg wyliT ganzavebuli 10-15%-iani 

azotmJavaTi recxaven da aSroben. uJangavi liTonis nimuSi jer wyliT irec-

xeba, xolo Semdeg - specialuri xsnariT, romelic aseTi Sedgenilobisaa: 100 

ml H2SO4, 50 g K2Cr2O7,  100 ml  wyali. 

Rrmad amoWmis reaqtivi Zlier urTierTqmedebs foladis zedapirTan. 

amasTan, koncentrirebuli mJavebisa da maTi narevebis agresiuli zemoqmedeba 

liTonis zedapirze araTanabaria: im ubanSi, sadac aris forebi, niJarebi, bza-

rebi an likvaciis gamo aris struqturuli da qimiuri araerTgvarovneba, 

reaqtivi ufro intensiurad moqmedebs, ris Sedegadac makroxexi SerCeviT 

amoiWmeba da amis gamo defeqtebi mkafiod Cans. 

zedapiruli amoWmis reaqtivebiT kargad mJRavndeba SedarebiT didi zo-

mis forebi, SenaduR konstruqciaSi ZiriTadi da daduRebuli liTonis sa-

zRvari da liTonis dinebis mimarTuleba. Tumca susti zemoqmedebis gamo isi-  
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                                                         cxrili 2.1. 

makroxexis amosaWmeli zogierTi reaqtivi da reJimebi 

foladis Rrma amoWmisaTvis 

Senadnobebi reaqtivis Sedgeniloba 
da amoWmis reJimebi 

SeniSvna 

 
yvela tipis foladi, gar-
da austenituri da feri-
tuli klasis koroziame-
degi da mxurvalmedegi 
foladisa. 
 
koroziamedegi, mxurvalme-
degi da sxva austenituri 
klasis foladi. 

 
marilmJava 100 ml, wyali 

100 ml; t=60-800C;=5-45 wT. 
 
 
 
1. marilmJava 100 ml; 
azotmJava 10 ml; wyali 

100 ml; t=60-700C; =5-10wT. 
2. marilmJava 100 ml;  
HNO3 100 ml; wyali 100 ml; 
K2Cr2O7 11- 11,5 g. t=200C;  

=5-10 wT. 
 

 
naTeli zedapiris misaRe-
bad amoWmis Semdeg zedapi-
ri unda gairecxos wyliT, 
Semdeg 10-15%-iani azotmJa-
vas xsnariT da gaSres. 
 
rekomendebulia amoWma  
reaqtivSi dasvelebuli 
bambis tamponiT. xexi 
irecxeba wyliT da 5- 10%-
iani K2Cr2O7  xsnariT. 

 
zedapiruli amoWmisaTvis 

 
yvela Sedgenilobis 

foladi 
 
 

 
 
 

spilenZis Senadnobebi 
 
 
 
 
 

 
 
 
 
 

aluminis Senadnobebi 

 
geinis reaqtivi: NH4Cl 53g; CuCl2 
85 g; wyali 1000 ml; t=200C;  

=0,5-1 wT. 
 
 
 
 
1. 10-20% (NH4)2S2O8; t=200C;   

=1-5 wT. 
2. FeCl3 10g; marilmJava 30 ml; 

wyali 120 ml;  t=200C;  =2-5wT. 
 
 
 
 
 
 
marilmJava 40 ml; HNO3 40 ml; 

t=200C;  =1-10 wT. 
 

 
xexis zedapiridan na-
leqs acileben bambiT 
wylis Wavlis qveS. 
defeqturi ubnebi 
ufro Zlier aris 
amoWmuli.  
 
aluminisa da spilen-
Zis Senadnobebi amoW-
mis Semdeg irecxeba 
wyliT, 1-2 wamiT it-
virTeba HNO3-is 50%-
ian xsnarSi, irecxeba 
cxeli wyliT 
. da NaOH-is 10-15%-ian 
wyalxsnarSi. 
 
duraluminis tipis 
SenadnobisaTvis 
amoWmis Semdeg auci-
lebelia garecxva da 
gaSroba 

 

ni ver cvlian Rrmad amoWmis reaqtivebs flokenebis, bzarebis, sifxvierisa da 

iseTi forebis gamosamJRavneblad, romlebic liTonis zedapirze ar gamodis.  
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zedapiruli amoWmis reaqtivebi gansakuTrebiT farTod gamoiyeneba mcire- da 

saSualonaxSirbadiani foladis makroanalizis Casatareblad. yvelaze  far-

To gamoyeneba pova spilenZis ionebis Semcvelma reaqtivebma. amoWmis win nimu-

Si spirtiani bambiT iwmindeba da reaqtivSi itvirTeba. wyalxsnaridan gamoZe-

vebuli spilenZi makroxexis zedapirze ileqeba. im ubnebSi, sadac raime de-

feqtia (fori, bzari, araliTonuri CanarTi), mimocvlis reaqcia srulad ar mi-

mdinareobs, ris Sedegadac defeqtis adgilebi naklebad ifareba spilenZiT da 

reaqtiviT ufro intensiurad amoiWmeba.  

2.1 suraTze gamosaxulia SenaduRi SeerTebis makroxexi amoWmamde (a) da 

geinis reaqtiviT (ix. cxr. 2.1) amoWmis Semdeg. makroanaliziT pirapir ubnebSi 

gamomJRavnebulia forebi. ZiriTad liTonSi moCans agreTve muqi zolebi, 

romlebic avlens naxSirbadiT, gogirdiT da fosforiT gamdidrebul ubnebs.  

TujSi sxmuli (dendrituli) struqturis gamosamJRavneblad gamoiyeneba 

boris mJavaTi gajerebuli marilmJava. moqmedebis dasaCqareblad reaqtivs  Se-  
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iZleba mcire raodenobiT wyali daematos. 

nimuSi ramdenime wuTiT itvirTeba reaqtivSi, Semdeg ki msubuqad prialde-

ba. cikli 6-10-jer meordeba. amoWmis pirveli ciklebis Semdeg mkveTrad 

mJRavndeba badisebri struqtura, romelic Semdeg qreba da sabolood pirve-

ladi kristalizaciisaTvis damaxasiaTebeli dendrituli agebuleba Cndeba.  

sxmuli foladis makrostruqturis gamosamJRavneblad amoniumis persul-

fatis 15%-iani wyalxsnari gamoiyeneba. makroxexi 5-10 wuTis ganmavlobaSi it-

virTeba 80-900C-mde gacxelebul reaqtivSi, ris Semdeg wyliT irecxeba da Sreba. 

maRali kontrastulobis misaRebad zemoT aRniSnuli reaqtiviT damuSa-

vebis Semdeg nimuSi 1-2 wuTis ganmavlobaSi 5%-ian azotmJavaSi itvirTeba, Sem-

deg iwmindeba da 2-3 wuTis ganmavlobaSi muSavdeba amjerad civi 15%-iani amo-

niumis persulfatis wyalxsnariT. 

wneviT damuSavebisas (glinva, Wedva, tvifrva) sxmuli foladis struqtu-

ra imsxvreva, marcvlebi da araliTonuri CanarTebi deformaciis mimarTule-

biT wagrZeldeba, ris Sedegadac damaxasiaTebeli boWkovani agebuleba miiReba.  

      foladSi boWkovani agebulebis gamosamJRavneblad Semdegi reaqtivebi 

gamoiyeneba: 

1. 85 g qloriani spilenZi, 53 g qloriani amoniumi da 1000 sm3 wyali.  

mikroxexi reaqtivSi 1-2 wuTiT  itvirTeba. vinaidan  liTonis boWkoebi 

araerTgvarovani SedgenilobiTa da struqturiT xasiaTdeba, makroxexis 

zedapiri araTanabrad amoiWmeba. amoWmis Semdeg nimuSi wyliT irecxeba da 

Sreba. 

2. 50%-iani marilmJava. amoWmis procesi gamwov karadaSi mimdinareobs. 

wylian WurWelSi Tavsdeba faifuris fiala, romelSic reaqtivia da 60-

700C-mde cxeldeba. nimuSi reaqtivSi itvirTeba 10-45 wuTiT. amoWmis Semdeg 

nimuSi jer wyliT, Semdeg wyalSi ganzavebuli 10-15%-iani azotmJavaTi 

irecxeba da Sreba. 

2.2 suraTze mocemulia sxmuli foladisa (a) da avtomanqanis gamoWedili 

naxevarRerZis (b) makrostruqturebi. rogorc am masalidan Cans, boWkoebis 

mimarTuleba Tanxvdenilia naWedis garegnul formasTan. 
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d a v a l e b a :  

I safexuri (bakalavriati) 

   
1. moamzadeT sami sxvadasxva xerxiT damzadebuli foladis nimuSebis 

makroxexi; 
 

      2. gamoamJRavneT momzadebuli nimuSebis makrostruqtura da miuTiTeT, 
romeli maTgania damzadebuli CamosxmiT, romeli _ glinviT da romeli _ 
SeduRebiT; 

 
      3. sqematurad gamosaxeT gamokvleuli nimuSebis makrostruqtura da 
dawereT Catarebuli samuSaos angariSi. 

 

II safexuri (magistratura) 

 
1. naxSirbadiani foladis naglini Zelakisagan amoWrilia ori nimuSi – 

erTi grZivi mimarTulebiT, xolo meore – ganiv kveTSi. makroskopuli ana-
liziT daadgineT, romeli maTgania amoWrili grZivi mimarTulebiT; 

 
2. sqematurad gamosaxeT gamokvleuli makrostruqturebi;  
 
3. axseniT, ratom iZleva makroskopuli analizi am amocanis gadawyvetis 

SesaZleblobas; 
 
4. dawereT Catarebuli samuSaos angariSi. 
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2.2. elementebis ganawilebis araerTgvarovnebis (likvaciis) 

gamomJRavneba foladSi 

 
qimiuri analizi liTonSi Semavali elementebis mxolod saSualo rao-

denobriv Tanafardobas gansazRvravs, rac nimuSis kveTSi maTi ganawilebis 

suraTze arafers ambobs. qimiur analizTan SedarebiT makroanalizs is upira-

tesoba aqvs, rom igi saSualebas iZleva gamovavlinoT minarevebiT met-nakle-

bad dabinZurebuli ubnebi da vimsjeloT maTi ganawilebis araerTgvarov-

nebaze (likvaciaze). likvacia mniSvnelovan gavlenas axdens liTonis agebu-

lebaze da, maSasadame, mis Tvisebebzec. amitom minarevebis raodenobasa da 

maTi ganawilebis suraTis dasadgenad qimiuri da makroskopuli analizi saWiroa 

paralelurad Catardes.  

foladsa da TujSi likvaciis gamomwvevi yvelaze metad naxSirbadi da 

mavne minarevebi – gogirdi da fosforia. amasTan, likvaciis xarisxi 

damokidebulia ara marto liTonSi minarevebis Semcvelobaze, aramed 

kristalizaciis pirobebsa (sxmulis zoma, gacivebis siCqare, Camosxmis xerxi 

da a.S.) da wneviT damuSavebis xasiaTze. 

foladSi yvelaze mavne minarevi gogirdia. gogirdovani naerTi 

(sulfidi) aramtkice da myife araliTonur CanarTs iZleva. cxadia, rac ufro 

metia liTonSi aseTi CanarTi, miT ufro dabalia misi xarisxi. amitom moqmedi 

standartebiT foladSi gogirdis Semcveloba zustad ganisazRvreba: 

Cveulebriv foladSi misi raodenoba 0,05%-s ar unda aRematebodes, xolo 

maRalxarisxianSi – 0,02-0,03%-s.  

foladis Tvisebebze gavlenas axdens ara marto CanarTebis raodenoba, 

aramed maTi forma da ganawilebis xasiaTic: marcvlis SuagulSi moqceuli Ca-

narTebi gacilebiT ufro naklebad mavnea, vidre marcvlis garSemo garsis sa-

xiT ganlagebuli. CanarTis forma bevradaa damokidebuli imaze, Tu ramdenad 

advildnobadia naerTi, e.i. misi gamyareba win uswrebs Tu CamorCeba foladis 

gamyarebas. Tu naerTi Zneldnobadia, misi warmoqmna jer kidev Txevad folad-

Si daiwyeba da xSirad igi, rogorc kristalizaciis centri, marcvlis Sua-

gulSi SeiZleba aRmoCndes. Tu naerTi advildnobadia, igi gamyarebuli li-
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Tonis marcvlebis irgvliv ganlagdeba. aRniSnulis TvalsaCino magaliTia 

foladSi sulfiduri CanarTebis ganawilebis suraTi.   

foladSi gogirdi rkinis sulfids (FeS) an manganumis sulfids (MnS) 

warmoqmnis. FeS SedarebiT advildnobadi naerTia (misi gamyarebis temperaturaa 

11930C). amasTan, igi feritTan kidev ufro advildnobad (9880C) evteqtikas (Fe-

FeS) iZleva. gogirdovani evteqtika ganicdis koalescencias anu evteqtikis fe-

riti erTiandeba liTonis ZiriTadi masis feritTan, xolo FeS ZiriTadi mar-

cvlebis garSemo garsis saxiT ganlagdeba. aseTi foladis wiTel varvare-

bamde gaxureba (rac saWiroa wneviT damuSavebis operaciebis Casatareblad) 

advildnobadi garsis Semodnobasa da marcvlebs Soris kavSiris Sesustebas 

gamoiwvevs. amitom wneviT damuSavebisas foladis zedapirze bzari, naprali 

da sxva saxis defeqti advilad miiReba. am movlenas cxladmetexoba ewodeba. 

rac Seexeba manganumis sulfids, igi piriqiT, sakmaod Zneldnobadia 

(16200C) da foladSi gancalkevebuli CanarTebis saxiT nawildeba. foladis xa-

risxs MnS gacilebiT ufro naklebad auaresebs, vidre FeS. amitom foladSi 

manganumi yovelTvis im raodenobiT unda iyos, rom man SeboWos mTeli 

gogirdi da ar dauSvas FeS-is warmoqmna. FeS mxolod im SemTxvevaSi miiReba, 

rodesac foladSi manganumi arasakmao raodenobiTaa. 

amrigad, FeS–is raodenobisa da misi ganawilebis xasiaTis gamovlena  

SesaZleblobas iZleva vimsjeloT foladis xarisxze.    

foladSi gogirdis likvaciis gamosavlenad gamoiyeneba meTodi, rome-

lic Semdegi TanamimdevrobiT sruldeba: 

winaswar momzadebuli makroxexi abraziuli masalis narCenebisa da li-

Tonis mtvrisagan spirtiani bambiT iwmindeba. brom-vercxliani fotoqaRaldi 

5-10 wuTis ganmavlobaSi sinaTleze sveldeba gogirdmJavas 5-ian wyalxsnarSi 

da Semdeg, Warbi xsnaris mocilebis mizniT, odnav aSroben filtris qaRal-

debs Soris. aseTnairad damuSavebul fotoqaRalds emulsiuri mxriT mWid-

rod akraven makroxexs, 2-3 wuTis Semdeg mas frTxilad xsnian, recxaven 

wyliT, afiqsireben hiposulfitis 25-ian wyalxsnarSi, kvlav recxaven 

gamdinare wyliT da aSroben. 

     makroxexis im ubnebSi, sadac Tavmoyrilia gogirdis naerTebi,  mimdinare- 
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obs reaqcia am naerTebsa da fotoqa-

RaldiT Sewovil gogirdmJavas Soris: 

      FeS + H2SO4  FeSO4 + H2S 

            MnS + H2SO4  MnSO4 + H2S 

     reaqciis Sedegad gamoyofili go-

girdwyalbadi urTierTqmedebs foto-

emulsiis SedgenilobaSi Semavali bro-

miani vercxlis kristalebTan da muq-

yavisfer gogirdovan vercxls warmoqm-

nis: 

2AgBr + H2S  Ag2S + 2HBr 

      cxadia, gogirdiT mdidar ubnebSi 

meti H2S gamoiyofa da, maSasadame, meti 

Ag2S miiReba. fotoqaRaldze warmoqmnili yavisferi ubnebi sulfidebis (go-

girdis) Tavmoyris adgilebs uCvenebs da makroxexis kveTSi maTi ganawilebis 

sakmaod naTel suraTs iZleva. 

Tu gamosakvlevi foladis calkeul ubnebSi fosfori didi 

raodenobiTaa, isic monawileobs reaqciaSi, ris Sedegadac muqad Seferili 

fosfidebi warmoiqmneba. 

2.3 suraTze Cans gogirdis SesamCnevi araTanabari ganawileba foladSi. 

naxSirbadisa da fosforis likvaciis gamosavlenad rekomendebulia Sem-

degi reaqtivis gamoyeneba: qloriani spilenZi (CuCl2) - 85 g; amoniumqloridi 

(NH4Cl) – 53 g; wyali – 1000 ml.  

winaswar momzadebul makroxexs spirtSi dasvelebuli bambiT wmenden da 

1-2 wuTis ganmavlobaSi tvirTaven reaqtivSi. dayovnebis periodSi rkina ixsne-

ba reaqtivSi da gamodevnis spilenZs, romelic nimuSis zedapirze ileqeba. aba-

zanidan amoRebis Semdeg nimuSis mTeli zedapiri dafaruli unda iyos spilen-

ZiT. wylis WavliT nimuSis zedapiridan Camorecxaven spilenZis fenas da mak-

roxexs asufTaveben sveli bambiT. nimuSs aSroben. 

naxSirbadiTa da fosforiT mdidar ubnebSi spilenZi naklebi intensiuro-

biT gamoiyofa xsnaridan, amitom liTonis es zedapiri naklebad iqneba dacu-
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li qloriani marilebis zemoqmedebisagan da ufro muqad SeiRebeba. Sesabami-

sad, Ria ubnebi makroxexis zedapirze fosforis mcire Semcvelobaze miuTi-

Tebs. 

saukeTeso Sedegi miiReba foladebSi, romlebic naxSirbads 0,6%-mde Sei-  

caven. Tu foladSi naxSirbadis raodenoba metia, spilenZis naleqi makroxexi- 

dan Znelad irecxeba.  

 
  d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. moamzadeT makroxexi da aRwereT misi momzadebis Tanamimdevroba; 
 
2. gamoamJRavneT gogirdis ganawilebis suraTi foladSi da axseniT 

saTanadod. 
 

      3. werilobiT aRwereT muSaobis msvleloba da dawereT Catarebuli sa-
muSaos angariSi. 

 

II safexuri (magistratura) 

 
1. CaatareT ori sxvadasxva dnobis temperaturis mqone foladisagan 

damzadebuli lilvakis nimuSebis makroanalizi da gansazRvreT, romeli 
maTgania damzadebuli ufro maRali xarisxis foladisagan gogirdisa da 
fosforis Semcvelobis mixedviT; 

 
2. sqematurad gamoxazeT gamomJRavnebuli makrostruqturebi; 
 
3. aRwereT muSaobis Tanamimdevroba da dawereT Catarebuli samuSaos 

angariSi. 
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laboratoriuli samuSao 3 

 

kristalizaciis procesis Seswavla. foladis zodis agebuleba 

        

kristalizaciis procesi mimdinareobs Txevad fazaSi kristalizaciis 

centrebis CasaxviTa da maTi zrdiT. kristalizaciis centrTa ricxvi da kris-

talebis zrdis siCqare damokidebulia gadacivebis xarisxze. 

realur pirobebSi mimdinare kristalizaciis procesi garTulebulia 

mravali faqtoris zegavleniT, romlebic ise Zlierad moqmedeben procesze, 

rom gadacivebis xarisxi SeiZleba raodenobrivad meorexarisxovani gaxdes. re-

alur pirobebSi kristalizaciis procesze moqmedi faqtorebidan pirvelxaris-

xovan rols asrulebs siTbos gacemis siCqare, mimarTuleba da liTonSi uxsna-

di nawilakebis arseboba, romlebic SeiZleba kristalizaciis mza centrebad 

mogvevlinos. 

siTbos gacemis sapirispiro mimarTulebiT kristali ufro swrafad 

izrdeba, vidre nebismieri sxva mimarTulebiT. Tu mzard kristalze warmoiqmna 

gamonazardi, maSin kristali unars Rebulobs gaizardos am mimarTulebiTac 

da miiReba ganStoebebi. amrigad, gamyarebis Semdeg formirdeba xismagvari age-

bulebis kristali, romelsac dendriti ewodeba. dendritebs Soris arsebuli 

sicariele SemdgomSi marcvlamde ivseba. 

rogorc aRvniSneT, realur pirobebSi mimdinare kristalizaciis proce-

si garTulebulia sxvadasxva faqtoris zemoqmedebiT. am gauTvaliswinebeli fa-

qtorebis Sexameba kristalizaciis saerTo kanonzomierebebTan gansazRvravs 

swored foladis zodis agebulebis Taviseburebas. 

zodis agebuleba advilad Seiswavleba makrostruqturuli kvleviT mis 

grZiv an ganiv kveTSi. 3.1 a suraTze mocemulia foladis zodis agebulebis 

sqema. zodis Camosxma da misi kristalizacia Tujis boyvSi xdeba. maqsimaluri 

siCqariT liToni boyvis kedlebTan civdeba, amitom aq gamyareba didi gadacive-

biT xdeba. es uzrunvelyofs kristalizaciis centrebis did raodenobas da,  

amrigad, boyvis kedlebTan warmoiqmneba liTonis Zalian wvrilmarcvlovani 

Sre, romelsac zodis qerqi ewodeba (sur. 3.1 a, zona 1). 

      qerqis warmoqmnis momentidan liTonis gacivebis siCqare mcirdeba, rad- 
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gan qerqi da agreTve boyvsa da qerqs Soris warmoqmnili haeris Txeli Sre 

erTgvar saizolacio fenis rols asruleben. icvleba siTbos gacemis pirobe-

bi, temperaturuli gradienti Txevadi liTonis mimdebare fenebSi mkveTrad 

mcirdeba. mcirdeba agreTve liTonis gadacivebis xarisxi. mcire raodenobis 

centrebidan iwyeba qerqis zedapirisadmi normalurad orientirebuli svetise-

bri kristalebis zrda. axali kristalebi qerqis marcvlebze iwyebs daSenebas 

da erTmaneTis paralelurad, siTbos gacemis sapirispiro mimarTulebiT (qer-

qidan SigniT) izrdeba. am zonas svetisebri kristalebis zona ewodeba (sur. 

3.1 a, zona 2).                       

      svetismagvari kristalebis zonis warmoqmnis Semdeg kidev ufro mcir-

deba gadacivebis xarisxi. zodis centralur zonaSi aRar aris siTbos gacemis 

upiratesi mimarTuleba. liTonis temperatura mis sxvadasxva ubanSi TiTqmis 

Tanabrdeba da Canasaxis centrebidan kristali yvela mimarTulebiT praqtiku-

lad erTnairi siCqariT izrdeba. amis gamo miiReba SedarebiT msxvili, daax-

loebiT tolRerZa da araorientirebuli kristalebi. am zonas zodis guli 
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ewodeba (sur. 3.1 a, zona 3). zodis gulis warmoqmnisas Canasaxis centrebis 

rols sxvadasxva wvrili CanarTi asrulebs, romlebsac Txevadi  liToni Sei- 

cavs an SemTxveviT aris masSi moxvedrili.  

      Tu zodi SedarebiT didi siCqariT civdeba, SesaZlebelia mzardi sve-

tisebri kristalebi erTmaneTs Sexvdnen. maTi Sexvedris adgilze kristalebis 

mWidro dakavSireba ar xdeba da zodSi susti adgilebi miiReba. aseT krista-

lizacias transkristalizacia ewodeba (sur. 3.1, b). 

liTonis kristalizaciis procesze uSualo, vizualuri dakvirveba ga-

Znelebulia. amitom xSirad kristalizaciis process sxvadasxva marilis 

wyalxsnarze dakvirvebiT Seiswavlian binokularuli mikroskopis gamoyenebiT. 

iseve, rogorc liTonis zodis gamyarebisas, marilis gadajerebuli wyal-

xsnaris wveTis kristalizaciis procesSic sami zona SeiniSneba (sur. 3.2). pir-

veli zona Sedgenilia swori geometriuli formis wvrili kristalebisagan; 

meore zona xasiaTdeba msxvili svetisebri kristaluri agebulebiT, xolo me-

same zonaSi garkveviT Cans mkveTrad 

gamoxatuli dendrituli struqtura. 

  

d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. binokularuli mikroskopis sa-

SualebiT daakvirdiT sxvadasxva mari-
lis gadajerebuli wyalxsnaris wveTis 
kristalizaciis process; 

 
2. sqematurad CaxazeT procesi-

saTvis damaxasiaTebeli ramdenime safe-
xuri, gamokristalebuli wveTis struq-
tura da daaxasiaTeT igi; 

 
3. CaixazeT foladis zodis ganivi texilis makrostruqtura. axseniT 

kristalizaciis ramdenime zonis warmoqmnis mizezi.  
 
4. aRwereT muSaobis Tanamimdevroba da SeadgineT Catarebuli samuSaos 

angariSi 
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II. mikroskopuli analizi 

 

adamianis Tvali bunebrivi optikuri xelsawyoa. Tvalis baduraze mkafio 

gamosaxulebis miReba damokidebulia rogorc dasakvirvebeli sagnis zomebze, 

ise Tvalidan mis daSorebaze. umciresi manZili, rodesac adamiani Sesaswavl 

sagans garkveviT xedavs, 250 mm-ia. Tu dasakvirvebeli sagnis zomebi 0,3 mm-ze 

naklebia, TvaliT misi formisa da calkeuli detalebis garCeva SeuZlebeli 

xdeba. am SemTxvevaSi aucilebelia adamianis Tvalis SeiaraReba optikuri 

xelsawyoTi, romelic gazrdis mkafio mxedvelobis kuTxes. aseTi umartivesi 

optikuri xelsawyo aris lupa. lupis gamadidebloba 2,5-dan 25-mde icvleba. 

nimuSis ufro meti gadidebiT SeswavlisaTvis metalografiuli mikroskopi 

gamoiyeneba. 

liTonis agebulebis kvlevas specialurad momzadebul nimuSze metalo-

grafiuli mikroskopis saSualebiT (50-2000-jer gadidebisas), kvlevis mikro-

skopuli meTodi ewodeba. ufro did gadidebaze (100 000-mde) kvlevis aucileb-

lobis SemTxvevaSi eleqtronuli mikroskopi gamoiyeneba. 

cnobilia, rom liTonis struqturasa da Tvisebebs Soris arsebobs xa-

risxobrivi da raodenobrivi kavSiri. mikroskopuli analizis ZiriTadi upira-

tesoba swored isaa, rom igi saSualebas iZleva mikroanalizis monacemebis 

safuZvelze vimsjeloT manqanaTa nawilebisa Tu konstruqciebis saimedoobaze. 

mikroanalizis (zogjer makroanalizis) monacemebiT SeiZleba davadginoT, 

rogor Seicvleba liTonis meqanikuri, fizikuri an qimiuri Tvisebebi 

struqturis ama Tu im mimarTulebiT cvlilebisas. ufro metic, SesaZlebelia 

mieTiTos struqturis gaumjobesebis iseTi efeqturi gzebi, romelic 

sasurveli mimarTulebiT Secvlis liTonis Tvisebebs anu prognozireba gau-

keTdes misgan damzadebuli nakeTobis saeqspluatacio saimedoobas. 

mikroskopuli analiziT (mikroanaliziT) SeiZleba gamovavlinoT: 

1. liTonis struqturuli Semdgenebis forma da zomebi; 

2. Termuli damuSavebisa da gare meqanikuri zemoqmedebis gavlena Senad-

nobis Sinagani agebulebis cvlilebaze; 

3. liTonSi arsebuli mikromankebi – mikrobzarebi, niJarebi da sxva; 
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4. araliTonuri CanarTebi – sulfidebi, Jangeulebi, grafitis CanarTebi 

da sxva. 

calkeul SemTxvevebSi mikroanalizi Senadnobis qimiuri Sedgenilobis 

miaxloebiTi gansazRvris SesaZleblobasac iZleva. 

liTonis agebulebas, romelic mikroanaliziT Seiswavleba, mikrostruq-

tura ewodeba. mikrostruqturis Sesaswavlad gamosakvlevi masalidan unda 

amoiWras nimuSi da Semdeg garkveuli TanamimdevrobiT damuSavdes (xexva, gap-

rialeba, amoWma). mikrokvlevisaTvis momzadebul nimuSs mikroxexi ewodeba. 

      amrigad, mikroskopuli analizi or ZiriTad etaps moicavs: 1. mikroxexis 

momzadebas; 2. metalografiuli mikroskopis saSualebiT mikroxexis kvlevas. 
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      laboratoriuli samuSao 4 

 

metalografiuli mikroskopis gacnoba da masze muSaobis 

praqtikuli gamocdilebis SeZena 

 
 
      metalografiul mikroskopSi (sur. 4.1) ori gamadidebeli optikuri sis-

temaa gamoyenebuli: obieqtivi (1, 2) da okulari (3, 4). obieqtivi adidebs dasak-

virvebel ubans, xolo okulari – mxolod im gamosaxulebas, romelic obieq-

tividan miiReba da ar avsebs mas araviTari axali elementiT, Tu isini obi-

eqtivis mier ar aris gamomJRavnebuli.  

     obieqtivi aris linzebis rTuli kompleqsi, romelic erT korpusSia 

akrefili. misi frontaluri brtyel-amozneqili linza gansazRvravs obi-

eqtivis gamadideblobas, xolo ramde-

nime sakoreqcio linza xsnis arasa-

survel optikur efeqts – qromatul-

sa da sferul aberaciebs, romlebic 

warmoiqmneba sinaTlis sxivis fron-

talur linzaSi gavlisas. obieqtivis 

korpusze miTiTebulia misi F foku-

suri manZili da A apertura. 

     okulari iZleva Sesaswavli ubnis 

saboloo suraTs, Tanac igi asworebs 

iseT optikur defeqtebs, romlebic 

rTuli konstruqciis obieqtivis ga-

moyenebis SemTxvevaSic ki ar ispoba. 

okularis gamadidebloba mis korpus-

zea miTiTebuli. 

     gamosakvlevi  AB nimuSi Tavsdeba 

obieqtivis win misi F fokusidan mci-

re manZilze. sagnis ganaTebisas si-

naTlis sxivi nimuSidan airekleba, 

gardatydeba obieqtivis 1 da 2 lin-
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zebSi,  gaivlis okularis 3 linzaSi da iZleva sagnis namdvil, Sebrunebul 

da gadidebul B1A1 gamosaxulebas. TvaliT dakvirvebisas linza, romelic am 

SemTxvevaSi lupis rols asrulebs, iZleva sagnis warmosaxviT, gadidebul da 

Sebrunebul B2A2 gamosaxulebas, romelic mikroskopSi Sesaswavli sagnis sabo-

loo saxea. Cveulebriv, gamosaxuleba okularidan 250 mm-ze proeqtirdeba. 

 
      mikroskopis garCevis unari. obieqtivis linzis Tvisebas, ganacalkeos 

mikrostruqturis axlomdebare detalebi, garCevis unari ewodeba. obieqtivis 

garCevis unari d Semdegi formuliT ganisazRvreba: 

A
d


 , 

sadac   aris sinaTlis sxivis talRis sigrZe angstremobiT (TeTri si-

naTlisaTvis  =6000 Å); 

A – obieqtivis ricxobrivi apertura. 

gamosakvlevi nimuSi obieqtivSi areklavs sinaTlis konusisebr nakads. 

konusis kuTxe iseTia, rom mikroskopis obieqtivSi yvela sxivi ver gaivlis. 

aqedan gamomdinareobs  obieqtivis ricxobrivi aperturis cneba. 

obieqtivis linzis ricxobrivi apertura ganisazRvreba formuliT: 

2
sin2


nA  ,  

sadac n  aris obieqtivsa da nimuSs Soris arsebuli garemos gardatexis 

koeficienti; 

  - obieqtivis naxvretis anu aperturuli kuTxe, romelsac qmnis sakvle-

vi nimuSidan arekvlili OA da OB zRvruli sxi-

vebi (sur. 4.2).  

rac ufro metia aperturuli kuTxe da gare-

mos gardatexis koeficienti, miT ufro meti iq-

neba obieqtivis apertura da, aqedan gamomdinare, 

mikroskopis garCevis unari. 

    Cveulebriv pirobebSi momuSave mikroskopSi 

obieqtivsa da gamosakvlev sagans Soris haeria. 
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aseT obieqtivs mSrali obieqtivi ewodeba. 

    radgan obieqtivis aperturuli kuTxe praqtikulad 1440-s Seadgens,  

2
sin


=0,951. 

    haeris gardatexis koeficienti  -1; am pirobebisaTvis ricxobrivi 

aperturis udidesi mniSvneloba toli iqneba: 

2
sin2


n = 2112  , 

xolo garCevis unari     

3000
2

6000


A
d


Å=0,3 mkm 

mikroskopis garCevis unaris gasazrdelad dasakvirvebel sagansa da obi-

eqtivs Soris xelovnurad qmnian iseT garemos, romelsac haerTan SedarebiT 

didi gardatexis koeficienti eqneba. am mizniT kedris zeTi gamoiyeneba 

(n=1,52). nivTierebas, romelic obieqtivsa da gamosakvlev sagans Soris sivrce-

Si Tavsdeba, imersia ewodeba, xolo aseT garemoSi momuSave obieqtivs – imer-

siuli obieqtivi. 

imersiuli obieqtiviT muSaobisas mikroskopis garCevis unari 

15,12

6000

2
sin2








n

d =2000Å=0,2 mkm. 

 
mikroskopis gamadidebloba. mikroskopis saerTo gamadidebloba obieqti-

visa da okularis gamadideblobebis namravlis tolia: 

Nm=NobNok 

obieqtivis gamadidebloba 

Nok=
obf


, 

sadac   aris tubusis optikuri sigrZe, e.i. mezobel F1 da F2 fokusebs So-

ris manZili (sur. 4.1); 

obf _ obieqtivis fokusuri manZili. 

okularis gamadidebloba      Nok=
okf

250
, 
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sadac 
okf  aris okularis fokusuri manZili. 

Tu CavsvamT Nob  da Nok  mniSvnelobebs mikroskopis saerTo gamadideblo-

bis gamosaTvlel formulaSi, miviRebT: 

Nm=
obf


x

okf

250
. 

mikroskopis maqsimaluri sasargeblo gamadidebloba, romlis saSualebi-

Tac mJRavndeba Sesaswavli nimuSis detalebi, ganisazRvreba tolobiT: 

                                     
2

1

d

d
M  , 

sadac 1d  aris adamianis Tvalis maqsimaluri garCevis unari, romelic 0,3 

mm-is tolia; 

2d _ optikuri sistemis maqsimaluri garCevis unari.  

mSrali obieqtiviT muSaobisas maqsimaluri sasargeblo gamadidebloba 

1000
3,0

300
M , 

xolo imersiuli obieqtiviT muSaobisas   

1500
2,0

300
M . 

 
simkveTris siRrme. simkveTris siRrme aris obieqtivis Tviseba, mkafiod 

asaxos gamosakvlevi obieqtis sxvadasxva sibrtyeSi ganTavsebuli detalebi. es 

sidide 
2

1

A
 gamosaxulebis proporciulia, rac imas niSnavs, rom uxeSi zedapi-

ris mqone nimuSis mikroskopze Seswavlisas mizanSewonilia mcire ricxobrivi 

aperturis mqone obieqtivis gamoyeneba. 

 

MИM_7  vertikaluri metalografiuli mikroskopi. MИM_7  tipis meta-

lografiul mikroskopze SesaZlebelia nimuSis gamokvleva Catardes rogorc 

naTel, ise Cabnelebul areSi, vertikaluri an iribi ganaTebiT, agreTve po-

larizebuli sinaTlis sxivis gamoyenebiT. mikroskopis gamadidebloba icvle-

ba 60-dan 1440-mde. 
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metalografiuli mikroskopi Sedgeba optikuri, gamanaTebeli da meqani-

kuri sistemebisagan. mikrogamosaxulebis fiqsirebisaTvis konstruqciaSi gaT-

valiswinebulia fotomowyobiloba. 

 
a. optikuri sistema. MИM_7  tipis metalografiuli mikroskopis optiku-

ri sistema Sedgeba obieqtivis, okularisa da mravali damxmare optikuri ele-

mentisagan (sur. 4.3).  

 mZlavri 1 naTuridan sinaTlis sxivi 2 koleqtoris  gavliT ecema 3 sar-

kes, saidanac airekleba da 4 Suqfiltris  (mkveTri kontrastulobis misaRe-

bad, Cveulebriv, yviTeli feris Suqfiltri gamoiyeneba), 5 aperturuli diaf-

ragmis, 6 linzis, 7 fotoCamketisa da 8 mxedvelobis aris diafragmis gavliT 

ecema 9 pentaprizmas, sadac igi gardatydeba. gardatexili sxivi gaivlis 10 

linzas da xvdeba 11 prtyelparalelur amrekl firfitaze, saidanac dacemu-

li sinaTlis nakadis daaxloebiT 1/3 airekleba. arekvlili sxivi 12 obieqti-

vis gavliT ecema gamosakvlev obieqts – 13 mikroxexs. mikroxexis gapriale-

bul zedapirze dacemuli sinaTlis sxivi kvlav airekleba, gaivlis 12 obieq-

tivSi da paraleluri konis saxiT miemarTeba amrekli  firfitisa da aqroma-

tuli 14 linzisaken. 

vizualuri dakvirvebisas optikur sistemaSi CarTulia 18 sarke, rome-

lic sxivs 19 okularis  mimarTulebiT gadaxris. mikrostruqturis fotoga-

daRebisaTvis 18 sarke  tubusis zeda kidura mdgomareobamde amoweviT gamoi-

TiSeba optikuri sistemidan da sxivi 15 fotookularis  gavliT miemarTeba 16 

sarkisken, airekleba da gamosaxulebas fotokameris 17 mqrqal minaze  iZleva. 

      polarizebuli sxiviT dakvirvebisaTvis optikur sistemaSi, sinaTlis 

wyaros maxloblad, Tavsdeba Casadgmeli 21 polarizatori, xolo 20 polari-

zatori-analizatori, romelic mikroxexidan arekvlili polarizebuli sxivis 

koncentracias axdens, okularis win an obieqtivsa da okulars Soris 

magrdeba. 

polarizebuli sinaTlis sxiviT Seiswavleba Senadnobebi, romelTa fa-

zebi Sedgenilia arakuburi sistemis kristaluri gisosisagan. Tu gamosakvle-

vi obieqti optikurad izotropulia, polarizatorisa da analizatoris Sesa 
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bamisi urTierTmdebareobiT SeiZleba sinaTle srulad STainTqas, winaaRmdeg 

SemTxvevaSi sinaTle srulad ar STainTqmeba da zogi marcvali ganaTebuli 

iqneba, zogi ki muqad gamoCndeba. Tu CanarTebi gamWvirvalea, nimuSidan arekv-

lili sinaTlis nawili gardatydeba mis gare da Siga zedapirebze, amitom 

aseTi xasiaTis CanarTebi mikroskopSi naTeli laqis saxiT moCans an sxva-

dasxvafrad iRebeba. magaliTad, spilenZis SenadnobebSi spilenZis qveJangis Ca-

narTebi wiTlad moCans. CanarTis gamWvirvalobis, ferisa da anizotropiulo-

bis analizis safuZvelze SeiZleba gamosakvlevi nimuSis bunebaze msjeloba.  

mikrostruqturis wvrili, reliefuri agebulebis mkveTri gamomJRavnebi-

saTvis (magaliTad, araliTonuri CanarTebis Seswavlis dros) mizanSewonilia 

kvleva yovelmxrivi iribi ganaTebiT anu muq areSi dakvirvebiT Catardes. am 

SemTxvevaSi mikroskopis optikuri sistemis sqema imiT gansxvavdeba naTel 

areSi kvlevis optikuri sqemisagan, rom 10 linzis  nacvlad gamanaTebel sis-
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temaSi CarTulia 24 linza  (sur. 4.4), romlis erT-erTi zedapiris centralu-

ri nawili diskos formis gaumWviri laqiT aris dafaruli. igi akavebs sinaT-

lis nakadis centralur nawils da atarebs mxolod ganapira sxivebs, rome-

lic 25 sarkes wriuli rgolis saxiT ecema. imisaTvis, rom sinaTlis sxivi ar 

moxvdes 11 amrekl firfitaze, gamoiyeneba 23 safari. wriuli sarkidan arekv-

lili sxivi koncentrirdeba 22 paraboluri sarkis  Siga zedapirze, romelic 

obieqtivzea damagrebuli da masTan erTad erTi mTliani konstruqciaa. aseT 

obieqtivs epiobieqtivi ewodeba. paraboluri sarkidan sxivi mikroxexs ecema. 

amrigad, muq areSi dakvirvebisas obieqtivi gamanaTebeli sistemidan gamoTiSu-

lia.  

muq areSi dakvirvebisas obieqtivSi xvdeba nimuSis amoSverili zedapire-

bidan arekvlili difuzuri sxivebi, xolo danarCeni fazebi mikroskopSi mu-

qad gamoCndeba. 

mikroxexis iribi ganaTebiT gamokvlevisTvis saWiroa 5 aperturuli dia-

fragma  (sur. 4.3) an 1 sinaTlis wyaro optikuri RerZis mimarT gadaadgildes. 

mikroskopSi mikroxexis gamoSverili adgilebi ufro naTlad mJRavndeba da 

Crdilavs Sesaswavli mikroubnis danarCen zedapirs. aqedan gamomdinare, kvle-

vis am meTodis ZiriTadi upiratesoba gamosaxulebis kontrastis mkveTrad 

gazrdaa. 

rogorc muq areSi dakvirvebisas, ise iribi ganaTebis SemTxvevaSi kargad 

mJRavndeba metalografiuli mikroxexis wuni – nakawrebi, wertilovani defeq-

tebi, reliefi, romlebic mikroxexis momzadebisas  miiReba. amitom kvlevis es 
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meTodebi xSirad mikroxexis momzadebis xarisxis Sesamowmebladac gamoi-

yeneba. 

 
b. gamanaTebeli sistema. metalografiuli mikroskopis gamanaTebelma 

sistemam unda uzrunvelyos gamosakvlevi obieqtis mTliani farTobis sakmaod 

intensiuri da Tanabari ganaTeba. amisaTvis gamanaTebel sistemaSi gaTvaliswi-

nebulia sinaTlis wyaro (K 30 tipis mZlavri naTura romelic muSaobs 17 v 

Zabvasa da 170 v simZlavreze), romelic dens Tp-17 damadablebeli transforma-

toridan Rebulobs. 

kvlevis obtimaluri pirobebis Sesaqmnelad optikur sistemaSi gaTva-

liswinebulia linzebis mTeli seria, Suqfiltrebi da diafragma. diafragma 

zRudavs sinaTlis sxivis kveTs, xolo Suqfiltrebis (feradi, mqrqali, kvam-

la) saSualebiT SeirCeva saWiro talRis sigrZe anu garkveuli feris sxivi, 

rac ganaTebis iseT pirobebs uzrunvelyofs, romelic mkvlevris Tvalis 

gadaRlas ar gamoiwvevs. garda amisa, Suqfiltris sworad SerCeva saSualebas 

iZleva Seiqmnas sistemis optikuri elementebis muSaobis saukeTeso pirobebi 

da miRebul iqnes kargi xarisxis gamosaxuleba. 

feradi Suqfiltrebis gamoyenebiT SesaZlebelia gamosaxulebis kont-

rasti farTo sazRvrebSi Seicvalos. Suqfiltris sworad SerCevas gansakuT-

rebuli mniSvneloba eniWeba sxvadasxva Seferilobis fazebis Seswavlisas. 

magaliTad, Tu gamosakvlevi struqtura yviTeli da TeTri feris marcv-

lebisgan Sedgeba, maqsimaluri kontrastulobis misaRebad rekomendebulia 

lurji Suqfiltris gamoyeneba, romelic sagrZnoblad Seasustebs yviTeli 

feris struqturuli Semdgenis sikaSkaSes. 

 
g. meqanikuri sistema. metalografiuli mikroskopis meqanikur sistemaSi 

gaerTianebulia Stativi, tubusi da sagnis magida.  

      mikroxexi Tavsdeba 8 sagnis magidaze (sur. 4.5) gamosakvlevi zedapiriT 

qvemoT, obieqtivis optikuri RerZis perpendikularulad. magidas aqvs fan-

jara, romelSic idgmeba sxvadasxva diametris centraluri xvrelis mqone 

sacvleli 18 qvesadebi. sinaTlis sxivi mikroxexs qvesadebis xvrelis gavliT 

ecema. horizontaluri sibrtyis ori urTierTmarTobi mimarTulebiT sagnis 
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magidis gadaadgileba xorcieldeba saTanado 9 xraxnebis saSualebiT, rac 

uzrunvelyofs mikroxexis sxvadasxva ubnis gamokvlevas SerCeuli fokusuri 

manZilis Seucvlelad. 

mkafio gamosaxulebis misaRebad saWiroa, nimuSis gamosakvlevi zedapiri 

fokusSi dadges. am mizniT mikroskopis korpusSi gaTvaliswinebulia 14 mak-

rometruli xraxni, romlis SemobrunebiT sagnis magida vertikalur 

sibrtyeSi gadaadgildeba. es uzrunvelyofs obieqtivTan nimuSis miaxloebas 

an daSorebas da amiT mis daaxloebiT dafokusebas. sasurvel mdgomareobaSi 

magidis fiqsireba specialuri momWeriT xorcieldeba. zustad dafokuseba mik-

rometruli xraxnis 4 saSualebiT xdeba, romlis erTi SemobrunebiT obieqti-

vi vertikalur sibrtyeSi milimetris meaTediT (umravles SemTxvevaSi 2 mikro-

niT) gadaadgildeba. rac ufro metia obieqtivis gamadidebloba, miT ufro 

mcire unda iyos manZili obieqtivsa da mikroxexs Soris.  

19 okulari  Tavsdeba vizualuri  5 tubusis  siRrueSi, xolo obieqtivi 

– iluminatoris 7 tubusSi. 

 
gamadideblobis SerCeva. nimuSis mikrostruqturuli kvlevisaTvis wi-

naswar irCeven gamadideblobas, rasac obieqtivisa da okularis wyvili gansa-

zRvravs. am mizniT praqtikulad 4.1 cxrilis monacemebiT sargebloben.        

mkafio gamosaxulebis misaRebad obieqtivi da okulari iseTnairad unda Se-

irCes, rom mikroskopis saerTo gamadidebloba optikuri sistemis sasargeblo 

gamadideblobas ar aRematebodes. amis misaRwevad saWiroa mikroskopis gamadi-

debloba iyosi 500A-dan 1000A-mde intervalSi sadac  A  aris obieqtivis 

apertura. gamadidebloba N=500A gviCvenebs qveda zRvars, xolo N=1000 A – ze-

das. Tu mikroskopis saerTo gamadidebloba qveda zRvarze naklebia, srulad 

ar iqneba gamoyenebuli mikroskopis garCevis unari, xolo Tu es mniSvneloba 

zeda zRvars aRemateba, uaresdeba gamosaxulebis xarisxi. 

magaliTad, Tu kvlevisaTvis SerCeuli obieqtivis apertura A=0,37, kar-

gi xarisxis gamosaxulebis misaRebad mikroskopis saerTo gamadidebloba N  

unda moTavsdes intervalSi 0,37x5000,37x1000 anu 185-sa da 370-s Soris. radgan 

0,37 aperturis mqone obieqtivis gamadidebloba 24,5-is tolia, amitom am  piro- 
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bas daakmayofilebs okulari, romlis gamadidebloba aris 

18524,5 37024,5  anu  7,5X 15 X. 

standartuli okularebis gamadideblobaa 7X, 10X, 15X da 20X. amitom mo-

cemul SemTxvevaSi unda SeirCes okulari, romlis gamadideblobaa 10X an 15X. 

mikrostruqturuli kvleva, Cveulebriv, mcire gadidebiT  iwyeba, radgan 

am SemTxvevaSi mxedvelobis areSi Sesaswavli zedapiris SedarebiT didi fa-

rTobi xvdeba. 
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                                                              cxrili 4.1. 
   
          MИM_7  metalografiuli mikroskopis gamadideblobis cxrili 

 
 

o b i e q t i v i 

mqrqal minaze vizualuri dakvirvebisas 

o k u l a r i 

7X 10 X 15 X 7X 10 X 15 X 20 X 

8,6 X (F=23,2; A=0,17) 

14,4 X (F=13,89; A=0,3) 

24,5 X (F=8,16; A=0,37) 

32,5 X (F=6,16; A=0,65) 

imersiuli 

72,2 X (F=2,77; A=1,25) 

gamoiyeneba mxolod naTel 
areSi muSaobisas 

 
71,7 X (F=2,79; A=1,00) 

70 

115 

200 

260 

 

575 

 

 
575 
 

120 

200 

340 

440 

 

1000 

 

 
1000 

160 

270 

450 

600 

 

1350 

 

 
1350 

60 

100 

170 

250 

 

500 

 

 
500 

90 

140 

240 

320 

 

720 

 

 
720 

130 

200 

360 

500 

 

1080 

 

 
1080 

170 

300 

500 

650 

 

1440 

 

 
1440 

  

 
mikrostruqturis fiqsireba. mikroskopuli kvlevis udidesi nawili vi-

zualuri dakvirvebiT xdeba da ar saWiroebs yvela gamokvleuli struqturis 

fiqsirebas. kvlevis xasiaTidan da miznebidan gamomdinare, umetes SemTxvevaSi 

sakmarisia nimuSis yvelaze saintereso da damaxasiaTebeli erTi an ramdenime 

mikroubnis dafiqsireba. garda dasabuTebisa an sailustracio masalad 

gamoyenebisa, igi mkvlevars did daxmarebas gauwevs mikrostruqturuli kvle-

vis Sedegad miRebuli informaciis analizis Catarebisas. arc Tu ise 

iSviaTad, mikrofotografiiT mJRavndeba struqturis iseTi axali 

Taviseburebani, romlebic SeumCneveli iyo vizualuri dakvirvebis dros. 

amitom aucilebeli da metad saWiro xdeba mkvlevars win edos yvela nimuSis 

mikrostruqturis damaxasiaTebeli mikroubnebis asli, romlebic gamokvleuli 

da Seswavlili iyo sxvadasxva dros an, SesaZlebelia, sxvadasxva adgilas. 

mikrostruqturis fiqsirebis ori ZiriTadi xerxi arsebobs: Caxatvisa da 

mikrofotografirebis. 
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pirveli xerxis upiratesoba isaa, rom adamianis Tvalis akomodaciis 

unarisa da mikroskopis fokusis ganuwyveteli Secvlis Sedegad SeiZleba ga-

movikvlioT da CavixatoT reliefuri struqturis TiTqmis yvela detali. am 

SemTxvevaSi mikrofotografirebisaTvis aucilebeli iqneboda gadaRebebis  

seriis Catareba mikroskopis zusti dafokusebiT obieqtis reliefis garkveul 

doneebze. garda amisa, adamianis Tvali sakmaod mgrZnobiare optikuri 

xelsawyoa da igi vizualuri dakvirvebisas  struqturis iseT Taviseburebebs 

SeamCnevs, romlis gadaRebac metad Zneli iqneba standartuli mikrofotogra-

fiuli meTodebis gamoyenebiT. misi qaRaldze Caxatva sqemis saxiT SedarebiT 

ufro iolia. garda amisa, CaxatviT SeiZleba struqturis arsebiTi detalebis 

fiqsireba meorexarisxovani, SemTxveviTi detalebis ugulvebelyofiT, romle-

bic SeiZleba niRbavdnen kidec struqturis umTavres da damaxasiaTebel ele-

mentebs. Caxatvis xarisxi ganisazRvreba mkvlevris sifaqiziT da misi unariT 

gamosakvlevi obieqtis struqturaSi dainaxos mTavari da arsebiTi. 

mikrofotografireba Caxatvis meTodTan SedarebiT xasiaTdeba  obieqtu- 

robiT da saSualebas iZleva advilad gamravldes gamosaxulebis  asli,  rac 

xSirad  aucilebelia praqtikuli muSaobisaTvis.  

mikrostruqturis gadasaRebad unda SeirCes gamosakvlevi zedapiris yve-

laze saintereso da saxasiaTo ubani, ris Semdeg mikroxexidan arekvlili sxi-

vi winaswar dayenebuli saproeqcio okularis (fotookularis) gavliT mikro-

skopis fotokameris mqrqal minaze gadaaqvT. am mizniT vizualur tubuss (5, 

sur. 4.5) zeda kidura mdgomareobamde amosweven. cxadia, am SemTxvevaSi vizua-

luri dakvirvebisaTvis gaTvaliswinebuli okulari sistemidan gamoTiSulia 

da mikroskopis gamadideblobas obieqtivTan erTad fotookulari (15, sur. 4.3) 

gansazRvravs. mikrostruqturis dafokusebis Semdeg mqrqali mina specialur 

kasetaSi moTavsebuli fotofiriT icvleba. 

fotofiris daSuqebis xangrZlivobas anu eqspozicias, gansazRvravs 

struqturis ganaTebis xarisxi, sxivis intensiuroba, obieqtivis gamadideblo-

ba da fotofiris mgrZnobiaroba. eqspoziciis SerCeva, Cveulebriv, eqsperimen-

tuli gziT xdeba. 

mikrostruqturis gadaRebisaTvis gamoiyeneba feradi Suqisadmi mgrZnobi- 
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are 9x12 sm zomis orToqromatuli firi. firis damuSaveba (negativis dam-

zadeba) da pozitivis dabeWdva fotografiaSi gamoyenebuli Cveulebrivi xer-

xebiTa da reaqtivebiT xdeba.  

specialuri gadamyvanis gamoyenebis SemTxvevaSi mikrostruqturis fiqsi-

reba SesaZlebelia  cifruli fotoaparatiTac. 

 

d a v a l e b a : 
 

I safexuri (bakalavriati) 
 

1. SeiswavleT МИМ-7  metalografiuli mikroskopis muSaobis principi; 
 

2. SeiswavleT winaswar momzadebuli mikroxexi sxvadasxva gadidebis 
SemTxvevaSi da sqematurad CaixazeT misi mikrostruqtura kvadratSi, romlis 
zomebia 60x60 mm; 

 
3. aRwereT muSaobis Tanamimdevroba da SeadgineT Catarebuli samuSaos 

angariSi. 
II safexuri (magistratura) 

 
1. SeirCieT obieqtivi da okulari mikrostruqturis sxvadasxva gamadi-

deblobisaTvis garCevis unarisa da simkveTris siRrmis gaTvaliswinebiT; 
 

2. daakvirdiT sufTa liTonebis sxvadasxva nimuSs naTeli da muqariani 
ganaTebis pirobebSi da gamoavlineT struqturis Taviseburebani; 

 
3. cifruli fotoaparatiT daafiqsireT gamokvleuli mikrostruqturis 

saxasiaTo mikroubnebi da warmoadgineT eleqtronuli versiiT; 
 
4. axseniT, ra principiT iZleva mikroanalizi marcvlis sazRvrebis ga-

momJRavnebas; 
 

5. aRwereT muSaobis Tanamimdevroba da SeadgineT Catarebuli samuSaos 
angariSi. 
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laboratoriuli samuSao 5 

 

nimuSis momzadeba mikroskopuli kvlevisaTvis 

 
mikroskopSi gaumWviri masalebis SeswavlisaTvis aucilebelia, rom ni-

muSis zedapiri sakmaod intensiurad ireklavdes sinaTlis sxivs. amitom kvle-

vis Casatareblad nimuSs specialurad amuSaveben sarkisebri zedapiris misa-

Rebad.   

 
a. nimuSis amoWra da montaJi. mikroskopuli analizis Casatareblad gan-

kuTvnili nimuSi unda amoiWras gamosakvlevi masalis im adgilidan, romelic 

kvlevisTvis yvelaze saintereso ubans warmoadgens. masalis ufro srulyofi-

lad daxasiaTebisTvis mizanSewonilia nimuSis amoWra ramdenime adgilidan. 

erTi da imave kvlevis obieqtidan amoWrili nimuSebis raodenoba minimaluri 

unda iyos, magram man dasmul kiTxvaze zusti, amomwuravi da saimedo pasuxi 

unda gasces.   

gamosakvlevi ubnis garda didi mniSvneloba eniWeba nimuSze im 

zedapiris SerCevas, romelzedac mikroxexi unda momzaddes. magaliTad, Tu 

gamosakvlevi obieqi naglinia, maSin mikroxexi im zedapirze unda momzaddes, 

romelic kargad daaxasiaTebs glinvis dros liTonis dinebis mimarTulebas.  

rbili masalidan, magaliTad, momwvari foladidan nimuSis amoWra Se-

iZleba ganxorcieldes liTonsaWrel Carxze, meqanikuri an xelis patara 

xerxiT, xolo sali masalebidan, magaliTad, nawrTobi foladidan – Txeli 

abraziuli qargolis gamoyenebiT. amasTan mxedvelobaSi miviRoT, rom 

amoWrisa da Semdgomi meqanikuri damuSavebis dros nimuSi ar unda gaxurdes 

1000C-ze metad, radgan aman SeiZleba gamoiwvios struqturisa da, aqedan ga-

momdinare, liTonis Tvisebebis Secvla. 

mikroskopuli analizisaTvis nimuSis yvelaze xelsayreli cilindruli 

(d=1015 mm,  h=(0,70,8)d=712 mm) an kuburi (=1015 mm) formaa (sur. 5.1, a, b).  

Tu masalis kveTi imdenad mcirea, rom misgan aRniSnuli zomis  nimuSis  

damzadeba SeuZlebelia (magaliTad, mavTuli, furceli, wvrili mWreli  iara-

Ri da sxva), maSin mikroxexis damuSavebis gasaadvileblad  gamosakvlevi  li- 
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Tonis naWeri sxvadasxva saxis samarjvSi magrdeba (sur. 5.1, g, d). advildnobad 

masalaSi nimuSis Camagreba Semdegnairad xdeba: cilindruli nimuSis zomis 

milakSi, romelic liTonis an keramikul filazea moTavsebuli, nimuSi ise 

Caidgmeba, rom gamosakvlevi zedapiriT filas Seexos. aseTnairad momzade-

buli milaki gamdnari gogirdiT (dnobis temperatura 110-1120C), epoqsidiT an 

romelime advildnobadi SenadnobiT (50%Bi,26,5%Pb, 10%Cd, 13,5%Sn. dnobis tem-

peratura 700C) Seivseba. wvrili nimuSis Camagreba plastmasaSi (bakeliti, po-

listiroli) CawnexiTac SeiZleba. 

 
b. nimuSis xexva. mikroxexis damzadeba nimuSis gamosakvlevi zedapiris 

gasworebiT iwyeba, rac qlibiT (Tu masala rbilia) an xexviT xorcieldeba. 

miRebuli brtyeli zedapiri Semdgom sxvadasxva marcvlovnebis mqone (sxva-

dasxva nomris) zumfaris qaRaldze muSavdeba. abraziul masalad gamoiyeneba 

siliciumis karbidi (SiC), aluminis Jangi (Al2O3), aluminis Jangisa da rkinis 

Jangis narevi (Al2O3+Fe3O4), boris karbidi (B4C), agreTve almasis fxvnili da 

pasta.  

xeliT xexvis dros zumfaris qaRalds sqel minasa an liTonis filaze 

aTavseben. nimuSs damuSavebuli zedapiriT zomierad daaWeren qaRalds da mo-

samzadebel zedapirze arsebuli nakawrebis marTobi mimarTulebiT amoZrave-

ben. xexvas iwyeben SedarebiT msxvilmarcvlovani zumfaris  qaRaldze da Tan-
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daTanobiT gadadian ufro wvrilmarcvlovanze. yoveli axali nomris 

qaRaldze gadasvlis win aucilebelia nimuSis gulmodgined garecxva wylis 

WavliT an sveli bambiT gawmenda, raTa gamoiricxos wvrilmarcvlovan qa-

Raldze msxvili abraziuli marcvlis moxvedris SesaZlebloba. amasTan, xex-

vis mimarTuleba 900-iT icvleba, rac aadvilebs mocemuli nomris zumfaris qa-

Raldze xexvis damTavrebis momentis gansazRvras – mocemuli marcvlovnebis 

qaRalds manam xexaven, sanam srulad ar moispoba wina operaciis Sedegad mi-

Rebuli nakawrebi. 5.2. suraTze naCvenebia srulad (a) da arasrulyofilad (b) 

damuSavebuli mikroxexis zedapirebi. rac ufro naklebia or Tanamimdevrulad 

gamoyenebuli zumfaris qaRaldebis marcvlovnebaTa Soris sxvaoba, miT ufro 

swrafad mimdinareobs xexvis procesi. liTonebisa da Senadnobebis umravle-

sobisaTvis xexva zumfaris qaRaldze sruliad damakmayofilebel Sedegs 

iZleva. 

kargi xarisxis zedapiris misaRebad xexvis procesi Tavidanve sworad da 

guldasmiT unda Catardes. dauSvebelia msxvilmarcvlovani zumfaris qaRal-

didan wvrilmarcvlovanze gadasvla Sualeduri nomrebis  gamotovebiT.  aseT  

SemTxvevaSi  nimuSis  zedapirze arsebuli Rrma nakawrebi srulad ar ixsneba, 
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maT Soris sicariele liTonis mtveriTa da abraziviT ivseba da zedapiri 

erTi SexedviT kargad momzadebuli gveCveneba (aseT damuSavebas cru xexva 

ewodeba). zedapiris Semdgomi damuSavebisas (gaprialeba, reaqtiviT damuSaveba) 

advilad xsnadi liTonis mtveri zedapirs moscildeba da Rrma nakawrebi 

kvlav mkafiod gamoCndeba (sur. 5.3). 

             

 

meqanikuri xexva xorcieldeba specialur saxex Carxze, romelsac 200-250 

mm diametris ramdenime sacvleli disko aqvs. diskoebze, romlebic brunvas 

eleqtroZravadan Rebuloben, akraven an awebeben zumfaris qaRalds. meqaniku-

ri xexva analogiuri meTodikiT xorcieldeba.  

 
g. nimuSis gaprialeba. nimuSis zedapirze arsebul nakawrebs gapriale-

biT xsnian, ris Semdegac sarkisebri sakvlevi zedapiri  miiReba. meqanikuri 

gaprialebisaTvis gamoiyeneba sxvadasxva tipis specialuri mowyobiloba, rom-

lebic mbrunavdiskoiani saxexi Carxis analogiuria. zedapiris gasaprialeb-

lad diskoze akraven mauds, romelsac specialuri saprialebeli siTxiT asve-

leben. siTxe aris wyalSi Setivtivebuli aluminis, qromis an rkinis Jangis 

fxvnilebis narevi. ufro xSirad gasaprialeblad qromis Jangi gamoiyeneba.  

saprialebeli siTxe Semdegi proporciiT mzaddeba: 1 l  wyalSi vyriT 

10-15 g qromis Jangs an 5 g aluminis Jangs. Savi liTonis gasaprialeblad 

umravles SemTxvevaSi gamoiyeneba pasta, romelic Sedgeba qromis Jangis, 

stearinis, navTis, oleinis mJavasa da sodisagan. gamacivebel siTxed benzini 

gamoiyeneba. kargi Sedegis misaRebad saprialebel diskoze nimuSis Zlierad 

miWera ar aris mizanSewonili, radgan aman SeiZleba zedapiruli fenebis 

deformacia da struqturis Secvla gamoiwvios.  sasurvelia nimuSi ise 
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davikavoT, rom diskos brunvis mimarTuleba gasaprialebel zedapirze 

arsebuli nakawrebis marTobi iyos. rodesac nakawrebi moscildeba, nimuSi 

nel-nela unda Semobrundes diskos brunvis sawinaaRmdego mimarTulebiT, rac 

gamoricxavs struqturis myife Semdgenebis amoglejas da mikroxexis 

zedapirze erT-erTi gavrcelebuli wunis, e.w. `kometis kudis~ warmoqmnas 

(sur. 5.4).  

      gaprialebis Semdeg nimuSi wyliT an 

benziniT irecxeba. sakvlevi zedapiri 

spirtSi dasvelebuli bambiT iwmindeba, 

filtris qaRaldis an mSrali bambis saSu-

alebiT Sreba da inaxeba.  

      rogori guldasmiTac  unda Catardes 

meqanikuri gaprialeba, igi mainc iwvevs 

nimuSis zedapiruli fenebis deformacias 

da struqturis damaxinjebas. Tumca es 

garemoeba ar gaarTulebs kvlevis process, Tu nimuSi winaswar reaqtiviT 

moiwamleba, radgan amis Sedegad moixsneba damaxinjebuli fenebis nawili. 

Tuki mikroxexi gamosakvlevia uSualod gaprialebis Semdeg mouwamlav 

mdgomareobaSi da amasTan zedapiris damaxinjeba saerTod gamoricxuli unda 

iyos, meqanikuri gaprialeba eleqtrolituri an qimiuri gaprialebis meTodiT 

unda Seicvalos. 

       eleqtrolituri gaprialebisas nimuSi eleqtrolitur abazanaSi ano-

dis rols asrulebs. 5.5 suraTze mocemulia eleqtrolituri gaprialebis la-

boratoriuli danadgaris sqema. eleqtrogaprialebis ujreds mudmivi deni mi-

ewodeba. garkveuli eleqtruli reJimis dros anodi iwyebs gaxsnas, ris Sede-

gadac dasamuSavebel nimuSze swori da sarkisebri zedapiri miiReba. eleqtro-

lituri gaprialeba ar iwvevs nimuSis zedapiruli fenebis damaxinjebas, rac 

saSualebas iZleva meTodi gamoyenebul iqnes metad rbili liTonebis, erTfa-

za Senadnobebisa da advilad deformirebadi liTonebisa da Senadnobebis mik-

roxexis dasamzadeblad. eleqtroliti da eleqtruli gaprialebis reJimi 

dasamuSavebeli masalis mixedviT SeirCeva (ix. cxr. 5.1).  
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                                                          cxrili 5.1. 

zogierTi liTonisa da Senadnobis eleqtrogaprialebis reJimebi 

gasaprialebeli 
liToni 

 

eleqtrolitis 
Sedgeniloba 

denis simkvrive, 
a/sm2 

eleqtrolitis 
temperatura, 0C 

naxSirbadiani da 
legirebuli 
foladi 
 
 
 
 
spilenZi, TiTberi 
 
 
 
 
 
 
aluminis 
Senadnobebi 
 
 
 
nikelis 
Senadnobebi 

azotmJava 
(simkvrive 1,48) 

 
orTofosformJava 
38%, glicerini 
53%, wyali 9%  
 
qromis anhidridi 
7,2%, orqrommJava 
natriumi 21,7%, 
ZmarmJava 7%, 
gogirdmJava 5,8%, 
wyali 58,3% 
 
gogirdmJava 
(simkvrive 1,84) 
38%, fosformJava 
48%, wyali 14%  
 
gogirdmJava 
(simkvrive 1,84) 
60%, wyali 40% 

 
8-10 

 
 

0,2-2 
 
 
 

2-4 
 
 
 
 
 
 

7,5 
 
 
 

 
0,2 

 
30 

 
 

20-115 
 
 
 

60-75 
 
  
 
 
 
 

95 
 
 
 
 

30 
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qimiuri gaprialebisas metalografiuli kvlevisaTvis saWiro sarkisebri 

zedapiri saTanado reaqtivSi nimuSis moTavsebiT miiReba. normalurad mimdi-

nare qimiuri gaprialebis process SeiZleba Tan axldes airebis intensiuri 

gamoyofa, rogorc magaliTad, sufTa rkinis gaprialebisas. wertilovani ko-

roziisa da airis buStebis warmoqmnis gamoricxvis mizniT saWiroa narevis 

ganuwyvetliv moreva.  

zogierT SemTxvevaSi qimiuri gaprialebis Sedegad zedapiri marTalia, 

sarkisebri miiReba, magram xasiaTdeba mkveTrad gamoxatuli reliefiT. aseT 

SemTxvevaSi meqanikuri gaprialebis procesis SeTavseba mcire xangrZlivobis 

qimiur gaprialebasTan sakmaod dadebiT Sedegs iZleva. iseve, rogorc eleqt-

rolituri gaprialeba, es meTodic ZiriTadad sufTa liTonebisa da erTfaza 

SenadnobebisaTvis gamoiyeneba. 

 
d. mikroxexis garecxva, gaucximoeba da Senaxva. mikrostruqturuli 

kvlevisaTvis momzadebuli nimuSi unda gairecxos, gaucximovdes da gaSres. 

umravles SemTxvevaSi nimuSs wyalSi recxaven, Semdeg wmenden eTilis spirtSi  

dasvelebuli bambiT da aSroben filtris qaRaldiT. gasaSrobad ukeTesia 

gamTbari mSrali haeris gamoyeneba.  

mikroxexis gaucximoebisaTvis gamoiyeneba eTilis (C2H5OH) an meTilis 

(CH3OH) spirti, eTil-eTeri [(C2H5)2O], benzoli (C6H6) da acetoni [(CH3)2CO]. 

momzadebuli mikroxexis daJangvisagan dacva SeiZleba misi eqsikatorSi Senax-

viT, romelSic moTavsebuli iqneba tenis STamnTqmeli nivTiereba, magaliTad, 

kalciumis qloridi an silikogeli. 

SesaZlebelia agreTve gaprialebuli zedapiris dafarva gamWvirvale ne-

itraluri zeTis an laqis Txeli apkiT, romelic xels ar uSlis mikrosko-

pul kvlevas.  

nimuSi rom meqanikurad ar daziandes (ar daikawros), unda inaxebodes 

saTanado kolofSi, romelSic Cafenili iqneba bamba an xaverdis naWeri. 
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d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. amoWeriT, daamontaJeT da moamzadeT erTfaza Senadnobis mikroxexi; 
 

2. SeamowmeT mikroxexis momzadebis xarisxi metalografiul mikros-
kopze naTel areSi da muqi aris ganaTebisas; damaxasiaTebeli defeqtebi amo-
xazeT kvadratSi, romlis zomebia 60x60 mm. 

 
3. aRwereT muSaobis Tanamimdevroba da dawereT Catarebuli samuSaos 

angariSi. 

 
II safexuri (magistratura): 

 
1. moamzadeT nimuSebi eleqtrolituri gaprialebisaTvis; 
 

2. SeirCieT eleqtroliti da gaprialebis reJimebi gamosakvlevi liTo-
nebis saxeobis gaTvaliswinebiT; 

 
3. CaatareT eleqtrolituri gaprialeba da SeamowmeT nimuSebis momza-

debis xarisxi naTeli da muqi aris ganaTebisas; 
 

4. aRwereT muSaobis Tanamimdevroba da dawereT Catarebuli samuSaos 
angariSi. 
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laboratoriuli samuSao 6 

 

mikrostruqturis gamomJRavnebis meTodebi 

 
6.1. mikroxexis gamokvleva mouwamlav mdgomareobaSi. liTonis mikro-

struqturis gamokvleva mizanSewonilia daiwyos mouwamlavi mdgomareobidan 

anu uSualod gaprialebis, garecxvisa da gaSrobis Semdeg. mouwamlav mdgoma-

reobaSi nimuSis gamokvleva liTonSi arsebuli sxvadasxva defeqtisa (fore-

bis, bzarebisa da a.S.) da araliTonuri CanarTebis (magaliTad, widisa da gra-

fitis) dadgenis saSualebas iZleva. mikroskopSi mouwamlavi mikroxexi naTeli 

aris saxiT moCans, romlis zedapirze xSirad SeimCneva muqi (ruxi an Savi, 

zogjer SeiZleba yviTeli) feris mcire zomis ubnebi, romlebic araliTonuri 

CanarTebis kvalia. zogierT SenadnobSi aseTi CanarTebi SeiZleba struqtu-

rul Semdgenad mogveCvenos.  

mouwamlavi mikroxexi gadidebis or diapazonSi (50100) unda iqnes ga-

mokvleuli. mcire gadidebisas mkvlevari Rebulobs saerTo informacias nimu-

Sis aRnagobis Sesaxeb, didi gadidebis SemTxvevaSi ki gamoikveTeba zedapiris 

detaluri gamokvlevis mizanSewoniloba. araliTonuri CanarTis feri, age-

buleba, agreTve grafitis forma TujSi mkveTrad gansxvavdeba ZiriTadi li-

Tonis agebulebisgan. magaliTad, Cu2O spilenZSi, SnO brinjaoSi, TiC legire-

bul foladSi, Si aluminis SenadnobebSi. reaqtiviT damuSavebis (mowamlvis) 

Semdeg aRniSnuli fazebis feri icvleba. 

mouwamlavi nimuSis analizis safuZvelze zogjer SeiZleba garkveuli 

daniSnulebiT liTonis vargisobaze msjeloba. magaliTad, bzarebis, forebis, 

erT adgilze Tavmoyrili araliTonuri CanarTebis didi raodenoba da a.S. 

liTonis aradamakmayofilebeli xarisxis maCvenebelia. 6.1 suraTze gamosaxu-

lia mouwamlavi nimuSis mikrostruqturebi. 

 

      6.2. mikrostruqturis gamomJRavneba fazebis SerCeviTi gaxsnis meTo-

diT (qimiuri mowamvla). mikrostruqturis gamosamJRavneblad mikroxexis gap-

rialebul zedapirs mJava, tutis an marilis wyalxsnariT amuSaveben. reaqti-



 46 

viT damuSavebis anu mowamvlis procesis arsi isaa, rom calkeuli struqtu-

ruli Semdgenebi (sufTa liTonis, myari xsnaris an qimiuri naerTis marcvle-

bi) reaqtiviT sxvadasxva siCqariT ixsneba an sxvadasxvafrad iRebeba.  

reaqtivi, romliTac dafarulia mikroxexis zedapiri, eleqtrolitia. 

Senadnobis struqturuli Semdgeni, romelsac SedarebiT eleqtrouaryofiTi 

eleqtroduli potenciali aqvs, anodia da ixsneba, xolo danarCeni struqtu-

ruli Semdgenebi SedarebiT dadebiTi eleqtroduli potencialiT kaTodis 

rolSia da TiTqmis ucvleli rCeba. radgan aseTi anodisa da kaTodis ubnebi 

bevria, mowamvlis Sedegad mikroxexis zedapirze miiReba mravali Rrmuli da 

amoSverili ubnebi. zogad SemTxvevaSi rac ufro metia mravalfazian Senad-

nobSi fazebis fizikur-qimiur Tvisebebs Soris gansxvaveba (xsnadoba, sawyisi 

eleqtroqimiuri potenciali, drois mixedviT misi cvlileba da a.S), miT uf-

ro advilad mJRavndeba mikrostruqtura. sufTa liTonsa da erTfaza Senad-

nobSi eleqtroqimiur wyvilad unda miviCnioT marcvlis sazRvari da imave 

marcvlis zedapiri. marcvlis sazRvars SedarebiT uaryofiTi eleqtroduli 

potenciali aqvs, amitom es ubnebi ufro swrafad ixsneba.  

mowamluli mikroxexis zedapiridan sinaTlis sxivi sxvadasxvagvarad ai-

rekleba: sustad amoWmuli struqturuli Semdgenebidan meti sinaTlis sxivi 

moxvdeba mxedvelobis areSi da naTeli aris saxiT gamoCndeba, Zlierad amoW-

muli struqturuli Semdgenebidan ki sinaTlis sxivis nawili gaibneva da 

muqad gamoCndeba. maSasadame, mikrostruqturis gamomJRavneba damyarebulia ga-
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mosakvlevi nimuSis zedapiris mdgomareobasa da am zedapiridan arekvlili 

sxivebis raodenobaze.  

6.2 suraTze mocemuli sqemiT advilad SeiZleba aixsnas sufTa liTonis 

marcvlis sazRvrebis xilvadoba mikroskopSi.  

 

mikrostruqturis gamomJRavnebis qimiuri mowamvlis meTodika SeirCeva 

rogorc gamosakvlevi liTonis, ise reaqtivis qimiuri Sedgenilobis mixedviT. 

Tu nimuSis mowamvlis xangrZlivoba didia an gamoyenebuli reaqtivi Seicavs 

damJangvel reagentebs, nimuSi gaprialebuli zedapiriT reaqtivSi Tavsdeba, 

raTa gamoiricxos masze haeris buStulebis warmoqmna da reaqciis produqte-

bis daleqva. amasTan, saWiroa nimuSis periodulad Serxeva. 

Tu reaqtivi sustad urTierTqmedebs liTonTan an iseT apks warmoqmnis, 

romelic arTulebs reaqcias, maSin mowamvlisTvis rekomendebulia nimuSis 

moTavseba gaprialebuli zedapiriT zemoT, reaqtivis dawveTeba da SemdgomSi 

misi bambiT gawmenda. xSirad mikroxexs reaqtiviT dasvelebuli bambiTac 

wamlaven. 

mowamvlis procesi, Cveulebriv, ramdenime wams grZeldeba. mowamlvis 

Semdeg nimuSi irecxeba Tbil wyalSi, Semdeg meTilis spirtSi da Sreba Tbi-

li haeriT an iwmindeba bambiT. 6.1 cxrilSi mocemulia Savi da feradi 

liTonebis struqturis gamosamJRavneblad gamoyenebuli zogierTi reaqtivis 

Sedgeniloba. 
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                                                            cxrili 6.1.  

Savi da feradi liTonebisa da maTi Senadnobebis mikrostruqturis 
gamosamJRavnebeli zogierTi reaqtivi 

 
reaqtivi reaqtivis Sedgeniloba gamoyenebis 

Tavisebureba 
naxSirbadiani da legirebuli foladebisaTvis 

1. azotmJavas spirtSi gan-
zavebuli xsnari 
 
2. pikrinmJavas xsnari 
spirtSi 
 
 
 
 
 
3. samefo xsnari 

azotmJava (simkvrive 1,4g/sm) 
- 1-5 ml; eTilis    spirti - 
100 ml. 
 
pikrinmJava (kristaluri)-4g; 
eTilis spirti - 100 ml.  
 
 
 
 
 
marilmJava (simkvrive 
1,19g/sm3 – 3 nawili; azot-
mJava (simkvrive 1,4 g/sm3) – 1 
nawili 

  perlits Rebavs muq 
ferad, amJRavnebs feri-
tis marcvlis sazRvrebs, 
martensitul da moSve-
bis produqtebs. gamoi-
yeneba naxSirbadiani 
foladisa da Tujis, ag-
reTve daazotebuli da 
dacementebuli fola-
debis struqturis ga-
mosamJRavneblad.  
  uJangavi foladisa da 
Senadnobebis struqtu-
ris gamosamJRavneblad 

                        
spilenZisa da misi SenadnobebisaTvis 

4. amoniumis persulfatis 
xsnari 

amoniumis persulfati -10g;  
wyali – 90 g 

spilenZis, TiTbrisa da 
kaliani brinjaos 
struqturis gamomJRav-
nebisaTvis  

aluminis SenadnobebisaTvis 

5. wyalbadfTormJava wyalbadfTormJava – 0,5 ml; 
wyali – 99,5 ml 

duraluminisa da alu-
minis fuZeze damzade-
buli samsxmelo Senad-
nobebis struqturis 
gamosamJRavneblad 

 

mowamvlam unda uzrunvelyos mikrostruqturis mkafiod gamomJRavneba 

(sur. 6.3, a). Tu marcvlis sazRvrebi da calkeuli fazebi mkafiod ara Cans 

(sur. 6.3, b), es arasakmarisi mowamvliT aixsneba da amitom saWiroa procesis 

gameoreba. gadawamvlis SemTxvevaSi ki mikrostruqtura muqad moCans, ikarge- 

ba kontrasti (g) da saWiro xdeba nimuSis xelaxali gaprialeba da reaqtiviT 

Tavidan damuSaveba. 

. 
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6.3. eleqtrolituri amoWma. eleqtrolituri amoWma arsebiTad eleqt-

rolituri gaprialebis analogiuria, mxolod am procesisaTvis SedarebiT 

mcire Zabva da denis simkvrivea saWiro. anodi aris nimuSi, xolo kaTodad Se-

irCeva eleqtrolitSi SedarebiT uxsnadi eleqtrogamtari masala, magaliTad, 

uJangavi foladi, platina an grafiti. umetes SemTxvevaSi eleqtrolituri 

amoWmisaTvis gamoiyeneba mudmiv denze momuSave eleqtrolitebi (cxrili 6.2). 

eleqtrolituri amoWmisaTvis, Cveulebriv, igive danadgari gamoiyeneba, rac 

eleqtrolituri gaprialebisas ganvixileT (sur. 5.5). 

 
      6.4. amoWma daJangvis meTodiT. gaprialebuli mikroxexis damJangvel 

atmosferoSi gaxurebisas calkeuli faza gansxvavebuli feris Jangeulis 

Txeli feniT ifareba. Tu SerCeul temperaturaze haeris atmosferoSi gaxure-

bisas ar miiReba saTanado sisqis Jangeulis fena, saWiroa daJangvis efeqtis 

gazrda. am mizniT mikroxexis zedapirze aTavseben Zlierad damJangvel kris-

talebs, magaliTad, kaliumis biqromats (K2Cr2O7). am meTodiT SeiZleba gamomJ- 

Ravndes agreTve foladis marcvlis zomebi. 
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                                                                    cxrili 6.2. 

mikroxexis eleqtrolituri amoWmisaTvis gamoyenebuli 
zogierTi reaqtivi 

 
reaqtivi reaqtivis Sedgeniloba Tavisebureba da gamoyeneba 

1. qloriani rkina 
da marilmJava 
 
 
 
2. marilmJava 
 
 
 
3. mJaunmJava 
 
 
 
 
4. orTofosfor-
mJava 

qloriani rkina – 0,5%; ma-
rilmJava (simkvrive 1,19 
g/sm3) – 1%; meTilis spirti 
– 98,5% 
marilmJava (simkvrive 1,19 
g/sm3) – 10%; eTilis spirti 
– 90% 
 
mJaunmJava – 2 g; wyali – 
100 ml 
 
 
 
orTofosformJavas wyalxs-
nari (simkvrive 1,43-1,55 
g/sm3) 

naxSirbadiani foladisaT-
vis. denis simkvrive 0,5 a/sm2 
 
 
 
uxvad legirebuli 
foladisaTvis. denis 
simkvrive 0,05 a/sm2 
 
karbidisa da uJangavi 
foladis ZiriTadi 
struqturis gamosamJRavneb-
lad. Zabva 3-6 v 
 
spilenZisa da misi Senadno-
bebisaTvis. denis simkvrive 
0,02-0,05 a/sm2 

 

 
6.5. vakuumSi amoWma fazebis SerCeviTi aorTqlebis meTodiT. vaku-

umuri metalografia iTvaliswinebs maRal temperaturamde nimuSis gaxurebas 

vakuumSi, ris Sedegadac kargad vlindeba marcvalsa da mis mimdebare fenebSi  

aorTqlebis sxvadasxva siCqare. Cveulebriv, minarevebiT mdidari marcvlis sa-

zRvrebidan aorTqleba ufro maRali siCqariT mimdinareobs, ris gamoc es ub-

nebi mkafiod mJRavndeba. Tanamedrove danadgarebiT SesaZlebelia struqturis 

Seswavla sxvadasxva airiT amoWmis Semdegac, romelsac gamaxurebel kameraSi 

specialurad awvdian. es meTodi gaxurebisas marcvlis zrdasa da fazuri 

gardaqmnis mimdinareobaze dakvirvebis SesaZleblobasac iZleva. 

 
      6.6. vakuumSi kaToduri amoWma. am SemTxvevaSi mikroxexi kaTodis rols 

asrulebs. ganmuxtvisas misi zedapiri `ibombeba~ garkveuli siCqaris mqone da-

debiTi ionebiT, rac atomebis amogdebasa da mis mocilebas iwvevs. amogdebuli 

atomebis raodenoba da maTi mocilebis siCqare nimuSis mikrostruqturazea 
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damokidebuli, amitom damuSavebis Semdeg mikroxexis zedapiri waagavs qimiuri 

an eleqtrolituri meTodiT amoWmul zedapirs. vakuumSi kaToduri amoWmis 

meTodis upiratesoba qimiurTan SedarebiT isaa, rom am dros SesaZlebelia 

mravalfaza SenadnobSi sxvadasxva struqturuli Semdgenis agebulebis 

erTdrouli gamomJRavneba. 

aRniSnuli meTodis gamoyenebisas kargad Cans kristalografiuli da 

struqturuli Taviseburebani rogorc Zlierad, ise sustad mowamlul 

SenadnobebSi. es ki ganxilul meTods ZiriTad upiratesobas aniWebs sxva me-

TodebTan SedarebiT. 

 
d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. SearCieT reaqtivi Senadnobis winaswar momzadebuli nimuSis fazebis 

SerCeviTi gaxsnis (qimiuri) meTodiT mikrostruqturis gamosamJRavneblad; 
 

2. mowamleT mikroxexi SerCeuli reaqtiviT; 
 

3. gamoikvlieT nimuSis mikrostruqtura da SearCieT yvelaze damaxasia-
Tebeli ubani; 

 
4. gamoxazeT nimuSis mikrostruqturis sqema kvadratSi, romlis zomebia 

60x60 mm;  
  

5. aRwereT muSaobis Tanamimdevroba da dawereT Catarebuli samuSaos 
angariSi.  

 

II safexuri (magistratura) 

 
1. SearCieT reaqtivi da reJimebi mocemuli Senadnobis winaswar momzade-

buli nimuSebis eleqtrolituri amoWmisaTvis; 
 

2. CaatareT nimuSebis eleqtrolituri amoWma da SeamowmeT misi xarisxi; 
 

3. gamoikvlieT nimuSebis mikrostruqtura da mieciT saTanado axsna; 
 

4. aRwereT muSaobis Tanamimdevroba da dawereT Catarebuli samuSaos 
angariSi.   
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laboratoriuli samuSao 7 

     

civnaWedi da rekristalizebuli liTonis  

mikrostruqturuli kvleva 

 
plastikur deformacias liToni struqturulad arawonasworul mdgo-

mareobaSi gadahyavs. civWedvis Sedegad maxinjdeba kristaluri mesris geo-

metriuli forma, xolo marcvlebi Rebulobs garkveul orientacias – 

wagrZeldeba deformaciis mimarTulebiT da miiReba teqstura (sur. 7.1 a, b). 

struqturis aseTi damaxinjeba iwvevs civnaWedi liTonis Tvisebebis Secvlas: 

izrdeba sisale da simtkice, plastikurobis maCveneblebi ki mkveTrad mcirdeba. 

liTonSi TavisTavad unda mimdinareobdes gardaqmnebi, romlebic mas struq-

turulad ufro mdgrad mdgomareobaSi daabrunebs. amisaTvis saWiroa nawila-

kebis gadaadgileba, rac oTaxis temperaturaze Zlier SezRudulia. magram Tu 

civnaWed liTons gavaxurebT, temperaturis zegavleniT masSi daiwyeba garkve-

uli cvlilebebi. 

gaxurebisas liToni Tavdapirvelad Zabvisgan Tavisufldeba, Sedegad 

misi mikrostruqtura ar icvleba da amave dros ixsneba kristaluri mesris 

damaxinjeba, vinaidan  amisaTvis saWiroa atomebis umniSvnelo gadaadgileba. 

aseT movlenas gamobruneba ewodeba. rkinisTvis es procesi 300-4000C tempera-



 53 

turaze iwyeba. gamobrunebis Sedegad liTonis sisale da simtkice 20-30-iT 

mcirdeba,  xolo plastikuroba  matulobs. 

civnaWedi liTonis Semdgomi gaxurebiT iwyeba rekristalizacia anu axa-

li marcvlebis warmoqmna Zveli, damaxinjebuli marcvlebis xarjze. 

pirveladi rekristalizaciis procesSi damaxinjebuli marcvlebis saz-

Rvrebze Caisaxeba kristalizaciis axali centrebi da maT irgvliv iwyeba wo-

nasworuli kristalebis zrda Zveli, damaxinjebuli kristalebis xarjze 

(sur. 7.1) pirveladi rekristalizaciis Sedegad mTlianad aRdgeba liTonis 

struqtura normalur mdgomareobamde, sisale mcirdeba pirvandel sididemde, 

plastikuroba ki Sesabamisad izrdeba. sxva sityvebiT rom vTqvaT, mTlianad 

ispoba civWedvis efeqti. 

Ppirveladi rekristalizaciis damTavrebisTanave iwyeba meoreuli rek-

ristalizacia – axalCamoyalibebuli marcvlebis zrda. sarekristalizacio 

mowvis Semdeg marcvlis zomas civnaWedi liTonis gaxurebis temperatura gan-

sazRvravs, magram mudmivi temperaturis pirobebSi es parametri mniSvnelovnad 

aris damokidebuli winaswari deformaciis xarisxze. 

mcired deformirebul liTonSi pirveladi rekristalizaciis procesi 

Znelad xorcieldeba, meoreuli rekristalizacia ki TiTqmis ar SeiniSneba. 

3-8-iT deformirebul liTonSi upiratesad marcvlis sazRvrebze war-

moiqmneba SedarebiT mcire simkvrivis dislokaciebi. Semdgomi gaxurebisas 

xdeba marcvlebis Serwyma da Sedegad  sakmaod msxvilmarcvlovani struqtura 

Camoyalibdeba. deformaciis xarisxs, romelic civnaWedi liTonis gaxurebisas  

marcvlis giganturi siCqariT zrdas iwvevs, deformaciis kritikuli xarisxi 

ewodeba. 

zekritikuli xarisxiT deformaciis SemTxvevaSi defeqtebis simkvrive im-

denad mniSvnelovania, rom marcvlebis Serwymis meqanizmis realizacia SeuZ-

lebeli xdeba. aseT SemTxvevaSi marcvlis zrda mimdinareobs sazRvrebis mig-

raciiT, rac sxva Tanabar pirobebSi ufro mcire zomis marcvlebs iZleva. 

Amrigad meoreuli rekristalizaciis dros marcvlis zoma damokidebu-

lia rogorc rekristalizaciis temperaturaze, ise liTonis winaswari defor-

maciis xarisxze. rekristalizaciis temperaturis zrdasTan erTad marcvlis 
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zoma ganuxrelad izrdeba, magram mowvis mudmivi temperaturis pirobebSi wi-

naswari deformaciis xarisxi mniSvnelovnad gansazRvravs nakeTobis marcvlis 

saboloo zomas. 

 
d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. SeiswavleT teqnikurad sufTa rkinis nimuSebi momwvar da Zlierad 

deformirebul mdgomareobaSi; sqematurad CaixazeT maTi mikrostruqturebi 
da axseniT maT Soris gansxvavebis mizezi; 

 
2. gamoikvlieT sxvadasxva xarisxiT deformirebuli nimuSebi rekrista-

lizaciis Semdeg (rekristalizaciis temperatura mudmivia); standartul ska-
lasTan Sedarebis meTodiT daadgineT TiToeuli nimuSis marcvlovnebis nome-
ri da pirobiTi saSualo diametri; Sedegebi SeitaneT 7.1 cxrilSi; 

 
3. gamokvleuli liTonebisaTvis aageT marcvlis zomasa da deformaciis 

xarisxs Soris damokidebulebis eqsperimentuli mrudi da daadgineT kritiku-
li deformaciis xarisxi.  

 
4. aRwereT muSaobis Tanamimdevroba da SeadgineT Catarebuli samuSaos 

angariSi. 
  
 

                                                           cxrili 7.1 

 

nimuSis     
# 

deformaciis xarisxi 

%100
0

10

h

hh 
  

 
marcvlovnebis  

nomeri 
 

   
marcvlis pirobiTi 

saSualo diametri d, mkm. 

21 
28 
29 
30 
31 
32 
33 

_ 
2 

5 – 6 
13 – 15 

20 
30 
40 
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laboratoriuli samuSao 8 

 

mikroskopuli obieqtis kveTis wiriTi zomebis dadgena 

 

metalografiuli gazomva, Cveulebriv, miznad isaxavs gamosakvlevi Se-

nadnobis mikrostruqturis Semdgenebis urTierTSefardebis, agreTve marcvlis 

zomebisa da maTi ganawilebis xasiaTis Sesaxeb informaciis miRebas. marcvlis 

zomis dadgenas gansakuTrebuli mniSvneloba eniWeba sufTa liTonebis da 

erTfaza Senadnobebis struqturis daxasiaTebisaTvis, radgan amis safuZvelze 

xdeba SesaZlebeli masalis Tvisebebis Sesaxeb msjeloba. aseT gazomvebs zog-

jer mimarTaven mravalfaza Senadnobis Seswavlis drosac matricis marcvlis 

zomis dasadgenad, magaliTad, manganumian foladSi feritis marcvlebis daxa-

siaTebisaTvis. 

mikrostruqturis Sefasebis sami ZiriTadi meTodi arsebobs: xarisxobri-

vi-aRweriTi, naxevrad raodenobrivi (gamosakvlevi mikrostruqturis Sedareba 

standartuli skalis mikrostruqturebTan, e.w. baluri Sedareba) da mkacrad 

raodenobrivi. ukanasknel SemTxvevaSi mikroskopuli obieqtis zomebis dadgena 

uSualo gazomvebiT xdeba.  

mikrostruqturis Sefasebis pirveli ori xerxi subieqturi xasiaTisaa 

da amitom am SemTxvevaSi sxvadasxva damkvirveblis monacemebi xSirad erTma-

neTs ar emTxveva. mxolod zusti gazomvebis Sedegad miRebuli raodenobrivi 

monacemebi iZleva saSualebas kvlevis dros efeqturad iqnes gamoyenebuli ma-

Tematikuri aparati da kompiuteruli teqnika struqturasa da Tvisebebs So-

ris WeSmariti damokidebulebis dasamyareblad. amasTan, isic gasaTvaliswine-

belia, rom iseve, rogorc nebismieri gazomvebis Catarebisas, am SemTxvevaSic 

gveqneba garkveuli cdomileba. kvlevis dros gamoyenebuli meTodis sizustis 

codna ki, yovel kerZo SemTxvevaSi, aucilebelia, radgan mis safuZvelze 

saSualeba gveZleva erTmaneTs SevadaroT sxvadasxva seriis gazomvebis Sede-

gad miRebuli monacemebi da Sedegebs Soris gansxvavebis mizezi, romelic 

cdomilebiT aris ganpirobebuli, ar veZeboT ama Tu im teqnologiur procesSi. 

mikroskopuli obieqtis zomebis gansazRvra okular-mikrometrisa da 

obieqtiv-mikrometris saSualebiT xdeba. 
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a. okular-mikrometri da obieqtiv-mikrometri. okular-mikrometri aris 

Cveulebrivi okulari, romlis linzebs Soris Cadgmulia minis mrgvali fir-

fita. firfitas aqvs 5 mm sigrZis skalis danayofis fasi 0,1 mm-ia. okular-mik-

rometris saSualebiT adgenen mikroskopuli obieqtis wiriT zomebs – marcv-

lis diametrs, dacementebuli an daazotebuli fenis siRrmes da a.S. 

obieqtiv-mikrometri mzaddeba minis an liTonis firfitisagan, mis cent-

ralur nawilSi, sarkisebr zedapirze, aris 1 mm sigrZis skala, romlis 

danayofis fasi 0,01 mm-ia (sur. 8.1). 

     rogorc cnobilia, mikroskopis gama-

didebloba obieqtivisa da okularis kom-

binaciiT ganisazRvreba. amitom, okular-

mikrometris danayofis fasi damokidebuli 

iqneba imaze, Tu kvlevis dros okular-mik-

rometrTan wyvilSi romeli obieqtivi ga-

moiyeneba. maSasadame, yovel kerZo SemTxve-

vaSi aucilebelia okular-mikrometris da-

nayofis fasis gansazRvra. 

 

     b. okular-mikrometris danayofis fasis gansazRvra. am mizniT okular-

mikrometri vizualur tubusSi  (5, sur. 4.5) Tavsdeba, xolo obieqtivi – ilu-

minatoris tubusSi (7). mikroskopis magidis sacvlel qvesadebze (18) obieqtiv-

mikrometri iseTnairad ideba, rom danayofebiani skala obieqtivisken iyos mi-

marTuli. skalas afokuseben (okular-mikrometris skalis mkafio gamosaxule-

bis miReba SesaZlebelia okularis frontaluri linzis gadaadgilebiT). oku-

laris SemobrunebiT okular-mikrometrisa da obieqtiv-mikrometris skalebi 

urTierTparalelurad unda dadges (sur. 8.2) da unda davTvaloT okular-mik-

rometris ramden danayofSi Tavsdeba obieqtiv-mikrometris skala (Tu igi 

mTlianad Tavsdeba lupis mxedvelobis areSi), an okular-mikrometris ramden 

danayofSi Tavsdeba obieqtiv-mikrometris danayofebis garkveuli ricxvi (Tu 

igi srulad ar Tavsdeba lupis mxedvelobis  areSi).  
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   okular-mikrometris danayofis 

fasi ganisazRvreba formuliT: 

           K ok =
ok

obob

A

xAk
mm, 

     sadac Kob aris obieqtiv-mik-

rometris danayofis fasi. Kob= 0,01 

mm; 

         Aob – obieqtiv-mikrometris Se-

Tavsebuli danayofebis ricxvi; 

        Aok – okular-mikrometris Se-

Tavsebuli danayofebis ricxvi. 

     magaliTad, Tu obieqtiv-mik-

rometris skala Tavsdeba okular-

mikrometris 25 danayofSi (sur. 

8.2), maSin  

                                                 

okK = 04,0
25

10001,0


x
 mm. 

 
g. mikroskopuli obieqtis kveTis wrfivi zomebis dadgena. okular-mik-

rometris danayofis fasis gansazRvris Semdeg obieqtiv-mikrometri gamo-

sakvlevi nimuSiT icvleba. 

vizualuri meTodiT marcvlis kveTis diametris dasadgenad sagnis 

magidas, romelzec gamosakvlevi mikroxexia moTavsebuli, mikrometruli xrax-

niT okularis saxazavis marTobi mimarTulebiT gadaaadgileben (sur. 8.3). cxa-

dia, Tu marcvlis centri saxazavze moTavsda, SesaZlebelia misi diametri 

okularis skalis erTeulebiT gaizomos. marcvlebi, romelTa centrebi nimu-

Sis gadaadgilebisas skalis farglebSi ar moxvdeba, mxedvelobaSi ar miiReba. 

marcvlebis kveTis garkveuli raodenobis (aranaklebi 100 marcvlisa) gazomvis 

Semdeg mikrometruli xraxnis danayofebis saSualebiT ganisazRvreba is 

manZili, romelzec mikroxexi gadaadgilda aRniSnuli proceduris dros. 
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mikroxexis gamokvleuli farTobi am manZilisa da okular-mikrometris 

saxazavis sigrZis namravlis toli iqneba.  

   marcvlis kveTis diametris 

milimetrebiT gamosaxvisaTvis 

saWiroa okular-mikrometris 

Sesabamisi danayofebis ricxvi 

misi danayofis fasze gamrav-

ldes. magaliTad, 8.3 suraTze 

naCvenebi mikroskopuli obieq-

tis diametri milimetrebiT 

Semdegnairad iangariSeba: 

0,04x8=0,32 mm.    

gazomvis Sedegebis saSu-

alo mniSvnelobis gamosaTv-

lelad mizanSewonilia miRe-

buli ricxviTi monacemebis 

jgufebad an Tanrigebad dayo-

fa. TiToeul TanrigSi erTi-

andeba marcvlebi, romelTa zomebi garkveuli intervalidan ar gamodis. in-

tervali ariTmetikuli (0-1; 1-2; 2-3 da a.S.) an geometriuli (1-2; 2-4; 4-8 da a.S.) 

wesiT SeirCeva. marcvlis saSualo diametri gamoiTvleba formuliT: 

D =



m

mDKok
,               (8.1) 

sadac m aris jgufis absoluturi sixSire anu marcvlebis ricxvi,  

okular-mikrometris skalis garkveul intervalSi; 

D – marcvlis kveTis diametri okular-mikrometris skalis danayofebSi; 

Kok – okular-mikrometris skalis danayofis fasi. 

ganvixiloT magaliTi: davuSvaT, erTfaza Senadnobis  marcvlis  kveTis 

diametris dasadgenad Catarebulia 100 damoukidebeli gazomva da miRebuli 

Sedegebi okular-mikrometris skalis danayofebis mixedviT xuT qvejgufadaa 

dayofili (cxroli 8.1).                                                                     
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                                                               cxrili 8.1 

jgufis intervali 
okular-mikrometris 
skalis danayofebis 

mixedviT 

 

4-6 

 

6-8 

 

8-10 

 

10-12 

 

12-14 

 
absoluturi sixSire 

iy   

 
5 
 

 
24 

 
38 

 
30 

 
3 

 

(8.1) formulis safuZvelze marcvlis kveTis saSualo diametri 

 

36,0
100

)3933034216825(04,0








m

mDK
D

ok
 mm 

 
d. struqturis erTgvarovnebis xarisxis Sefaseba. struqturis mocemuli 

parametris erTgvarovnebis xarisxis Sesafaseblad sargebloben variaciis ko-

eficientiT: 

 

 

sadac  D  aris saSualo kvadratuli gadaxra,  xolo D – parametris 

saSualo ariTmetikuli mniSvneloba. 

saSualo kvadratuli gadaxra gamoiTvleba tolobiT: 

           

 

 
 
sadac K aris Sesworebis koeficienti, romelic damokidebulia amonak-

rebis moculobaze da SeirCeva 8.2 cxrilidan. 

zemoT Catarebuli gamoTvlebidan vRebulobT:     

 
                                                        

                                                                                                             

8.2 tolobidan gamomdinare, variaciis koeficienti 

32,0
36,0

117,0
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                                                                                                        cxrili 8.2 

K koeficientis zogierTi mniSvneloba 

x KK x K x K x K 

5 

6 

7 

8 

9 

 

1.118 

1,095 

1,080 

1,069 

1,061 

 

10 

12 

14 

16 

18 

 

1,054 

1,045 

1,038 

1,033 

1,029 

 

20 

25 

30 

35 

40 

 

1,026 

1,021 

1,017 

1,014 

1,013 

 

45 

50 

100 

150 

200 

500 

1,011 

1,010 

1,005 

1,003 

1,002 

1,001 

. 

      rac ufro mcirea variaciis koeficienti, miT ufro metia struqturis 

erTgvarovnebis xarisxi. 

8.1 cxrilis monacemebis safuZvelze aigeba marcvlis kveTis diametris 

ganawilebis sixSiris mrudi (sur. 8.4), romelic gazomvaTa seriis Sedegebze 

TvalnaTel warmodgenas iZleva. 
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d a v a l e b a: 

I safexuri (bakalavriati) 

 
1. gaecaniT obieqtiv-mikrometrsa da okular-mikrometrs; 

2. gansazRvreT okular-mikrometris danayofis fasi;  

3. gansazRvreT mikroxexze erTfaza Senadnobis marcvlis kveTis wrfivi 
zomebi (gazomvebis saerTo ricxvi ar unda iyos 100-ze naklebi); 

 
4. gamoTvaleT miRebuli Sedegebis saSualo ariTmetikuli mniSvneloba;  
 

5. aRwereT muSaobis Tanamimdevroba da dawereT Catarebuli samuSaos 
angariSi. 

 

II safexuri (magistratura, raodenobrivi analizi) 

 

1. okular-mikrometris saSualebiT gansazRvreT erTfaza Senadnobis 
ori sxvadasxva nimuSis winaswar momzadebul mikroxexze marcvlis kveTis pi-
robiTi saSualo diametri (gazomvebis saerTo raodenoba TiToeul nimuSze 
ar unda iyos 50-ze naklebi); 

 

2. miRebuli Sedegebis safuZvelze TiToeul nimuSze gamoTvaleT saSua-
lo kvadratuli gadaxris mniSvneloba; 

 
3. variaciis koeficientis gamoyenebiT SeafaseT gamokvleuli nimuSebis 

struqturis erTgvarovnebis xarisxi da Sesabamisad kidec axseniT; 
 

4. aageT marcvlis kveTis pirobiTi diametris ganawilebis sixSiris eqs-
perimentuli mrudebi da daadgineT modaluri mniSvnelobebi;  

 
5. aRwereT muSaobis Tanamimdevroba da dawereT Catarebuli samuSaos 

angariSi. 
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laboratoriuli samuSao 9 

Senadnobis moculobiTi fazuri Sedgenilobis gansazRvra  

wrfivi meTodiT 

 

a. fazuri Sedgenilobis dadgena. metalografiis praqtikaSi Senadnobis 

fazur Sedgenilobas axasiaTeben TvaliT an mikrostruqturis standartul 

skalasTan Sedarebis meTodiT. aRniSnuli meTodebi miaxloebiTia, amitom 

xSir SemTxvevaSi aucilebeli xdeba raodenobrivi analizis SedarebiT zusti 

meTodebis gamoyeneba. 

rozivalis wrfivi meTodi dafuZnebulia  principze, rom Tu paralelur 

wrfeTa Soris moTavsebuli ori sxeulis moculobebi  mudmiv Tanafardo-

baSia, amave TanafardobaSi iqneba mocemul sxeulze paraleluri sibrtyeebiT 

miRebuli kveTebic. aqedan gamomdinare, mikroxexis sibrtyiT miRebuli sxva-

dasxva fazis marcvlebis zedapiris farTobis gansazRvriT SesaZlebelia Se-

nadnobSi maT moculobiT urTierTSefardebaze msjelobac. 

wrfivi meTodi emyareba ZiriTadi stereometriuli Tanafardobis im 

princips, romlis Tanaxmadac ama Tu im fazis moculobiTi wili SenadnobSi 

mikroxexze gavlebuli wrfis im monakveTebis jamuri sigrZis tolia, romle-

bic aRniSnuli fazis Sesabamisia. 

mikroxexze gavlebuli wrfis marcvlebiT mokveTili monakveTebis sigr-

Zis gansazRvra bevrad ufro advilia imave marcvlebis zedapiris farTobis 

gamoTvlasTan SedarebiT, rac mniSvnelovnad amcirebs analizis Sromatevado-

bas. 

mikroskopSi vizualuri dakvirvebiT Senadnobis fazuri Sedgenilobis 

gansazRvrisaTvis okular-mikrometriT sargebloben. struqturis Semadgeneli 

marcvlebiT okular-mikrometris saxazavi ramdenime monakveTad iyofa (sur. 

9.1). bunebrivia, misi garkveuli nawili erT fazas Seesabameba, danarCeni ki – 

meores. rogorc zemoT aRvniSneT, fazebis monakveTebis  sigrZeTa jami 

SenadnobSi Sesabamisi fazebis moculobiTi Semcvelobis proporciuli iqneba. 

rogorc 9.1 suraTidan Cans,  fazis (daStrixulia) Sesabamisi mo-

nakveTebis jamuri sigrZe 37-s Seadgens (12+2+14+9). radgan okular-mikrometris 

saxazavi 100 tol nawilad aris dayofili,  fazis Semcveloba SenadnobSi 
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0,37 nawili anu 37 iqneba, xolo  fazisa – 100_37=63. gazomvebis 

raodenobis gazrdiT Sedegi sasurveli sizustiTa da damajereblobiT miiReba. 

    Senadnobis moculobiTi fa-

zuri Sedgenilobis gansazRvra 

advilad SeiZleba ganxorcieldes 

agreTve mikroskopis mqrqal 

minasa an mikrostruqturis fo-

tosuraTze. pirvel SemTxvevaSi 

mkveT wrfed mizanSewonilia 100 mm 

sigrZis milimetrulas zolis ga-

moyeneba, xolo meore SemTxveva-

Si struqturis fotosuraTze 100 

mm sigrZis wrfes avleben. 

      Tu fazaTa raodenoba ors 

aRemateba, zomaven da ajameben 

TiToeul fazaze monakveTebis 

sigrZeebs da iTvlian TiToeuli 

fazis moculobiT wils SenadnobSi. 

 
b. gazomvis cdomilebis gansazRvra. wrfivi meTodis sizustes ZiriTa-

dad gansazRvravs analizis dros gazomili monakveTebis (erTi d imave fazis 

marcvlebis) raodenoba, agreTve fazebis moculobiTi wili SenadnobSi da mi-

si dispersiuloba. 

gazomvebis absoluturi cdomilebis gansazRvrisaTvis SeiZleba visar-

gebloT naxevrad empiriuli formuliT: 

                           =kt
 

z

v 1
, 

sadac   aris SenadnobSi struqturuli Semdgenis moculobiTi wili;  

t – normirebuli gadaxra; 

z – analizis dros gazomili monakveTebis ricxvi (ganmeorebiTi gazomve-

bis ricxvi); 
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k – koeficienti. 

 t normirebuli gadaxra saTanado cxrilebidan SeirCeva P sando alba-

Tobaze damokidebulebiT. Cveulebriv, analizis dros cdomilebas 50% sando 

albaTobiT iTvlian (P=0,50; t=0,6745). 

K koeficientis mniSvnelobas umTavresad struqturis xasiaTi gansazRv-

ravs. Tu gamosakvlevi struqturuli Semdgenis marcvlebis mier mokveTili 

monakveTebis sigrZeebi daaxloebiT erTmaneTis tolia, maSin K koeficientis 

mniSvneloba SeiZleba 1-is tolad miviRoT. 

daaxloebiT tolRerZa marcvlebisa da maTi Tanabari ganawilebis Sem-

TxvevaSi  K  koeficientis mniSvnelobas 0,65-mde amcireben. 

 

d a v a l e b a: 

I safexuri (bakalavriati) 

 
1. gamoikvlieT orfaza Senadnobis mikrostruqtura; 
 
2. daadgineT gamokvleul SenadnobSi fazebis moculobiTi Semcveloba 

wrfivi meTodis gamoyenebiT; 
 
3. aRwereT muSaobis Tanamimdevroba da dawereT Catarebuli samuSaos an-

gariSi. 
 

II safexuri (magistratura, raodenobrivi analizi)  

 
1. wrfivi meTodiT daadgineT orfaza Senadnobis fazuri Sedgeniloba;  
 
2. gansazRvreT gazomvebis absoluturi cdomileba pirobebisaTvis: P= 0,50;  

t=0,6745 da CawereT Sedegi cdomilebis gaTvaliswinebiT;  
               

3. aRwereT muSaobis Tanamimdevroba da dawereT Catarebuli samuSaos an-
gariSi. 
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  laboratoriuli samuSao 10 

 

Senadnobis struqturuli Sedgenilobis gansazRvra  

wertilovani meTodiT 

 
Senadnobis struqturuli Sedgenilobis raodenobrivi gansazRvris wer-

tilovan meTods safuZvlad udevs albaTobis Teoriis Semdegi  principi: Tu 

araerTgvarovani Sedgenilobis zedapirze wertilebi Tanabrad aris ganawile-

buli, maSin struqturuli Semdgenebis raodenoba Senadnobis moculobaSi, ze-

dapiris farTobsa an mis gadamkveT wrfeze, tolia mocemul struqturul 

Semdgenze zeddebuli wertilebis raodenobis Sefardebisa gamosakvlev zeda-

pirze ganawilebuli wertilebis jamur ricxvTan: 

Z

Z
hFV 
   .    (10.1) 

maSasadame, Senadnobis fazis an struqturuli Semdgenis moculobiTi 

Semcvelobis dasadgenad gazomvebi mikroxexis brtyel zedapirze SeiZleba Ca-

tardes. 

wertilebis sistemad umTavresad gamoiyeneba okulari, romlis linzebs 

Soris moTavsebulia kvadratuli formis bade (sur. 10.1). bade Seicavs 289 

(17x17) an 256 (16x16) sakvanZo wertils. mikroskopis mxedvelobis areSi aseTi 

didi raodenobis wertilebis daTvla sakmaod Zneli da Sromatevadia, amitom 

ufro moxerxebulia iseTi okularis gamoyeneba, romelSic sakvanZo wertile-

bis raodenoba SedarebiT mcire (25 an 100) iqneba. 

samuSaos eqsperimentuli nawilis Sesasruleblad saWiroa struqturis 

gamosakvlev zedapirs kvadratuli badis mqone okulariT davakvirdeT da da-

viTvaloT im struqturuli Semdgenis marcvlebi, romlebzec badis sakvanZo 

wertilebia zeddebuli. 

10.2 suraTze mocemulia orfaza sistemis Senadnobis struqtura masze 

zeddebuli kvadratuli badiT, romelsac 25 sakvanZo wertili aqvs. rogorc 

suraTidan Cans, 10 wertili moxvedrilia  fazis marcvalze suraTze 

daStrixulia). (10.1) tolobidan gamomdinare, Senadnobis Semadgeneli fazebi 

da maTi moculobebi proporciulia Sesabamis fazebze zeddebuli wertilebis  

raodenobisa. 
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     radgan SemTxveviTi wertilebis sa-

erTo raodenobaa 25, badis mocemuli 

mdebareobisaTvis SenadnobSi  fazis 

wili 10/25_s anu 40%-s Seadgens. 

     ganmeorebiTi gazomvebis raodeno-

bis gazrdiT SesaZlebelia fazaTa Sem-

dgeni sasurveli sizustiTa da damaje-

reblobiT ganisazRvros. 

     Tu struqturuli Semdgenebis ri-

cxvi ors aRemateba, iTvlian TiToeul 

Semadgenel fazaze zeddebul werti-

lebs. am ricxvis Sefardeba wertile-

bis saerTo raodenobasTan iZleva mo-

cemuli fazis moculobiT Semcvelobas SenadnobSi. 

xSirad aucilebelia Senadnobis ara yvela fazis, aramed erT-erTi maT-

ganis (magaliTad, araliTonuri CanarTebis, karbiduli fazis da a.S) Semcve-

lobis gansazRvra. amasTan, gamosaTvleli fazis mcire Semcvelobisas SesaZ-

lebelia mxedvelobis zogierT ubanSi okularis badis arc erTi sakvanZo 
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wertili ar daemTxves sasurvel struqturul mdgenels. miuxedavad amisa, mo-

nacemebis damuSavebis dros aucilebelia aseTi `carieli~ ubnebis gaTvalis-

wineba wertilebis saerTo raodenobaSi.  

davuSvaT, SenadnobSi araliTonuri CanarTebis raodenobis gansazRvri-

saTvis gamokvleuli iyo 100 mikroubani. amasTan, 90 mikroubanSi (mxedvelobis 

areSi) araliTonur CanarTs badis arc erTi sakvanZo wertili ar daemTxva, 

xolo danarCeni 10-dan CanarTebze zeddebuli wertilebis jamuri raodenoba 

14-s Seadgenda. cxadia, liTonuri CanarTebis Semcveloba ganisazRvreba 14-is 

SefardebiT wertilebis saerTo raodenobasTan anu 
25100

14

x
=0,0056 (25 aris 

badis sakvanZo wertilebis ricxvi) anu 0,56%. aRsaniSnavia, rom struqturuli 

Semdgenis ase mcire raodenobis Semcvelobis dros ufro sarwmuno pasuxis 

misaRebad 25 wertili sakmarisi ar aris. 

wertilovani meTodiT Catarebuli gamokvlevis Sedegis sizustes ganapi-

robebs rogorc badis sakvanZo wertilebis saerTo ricxvi) ise SenadnobSi 

CvenTvis saintereso struqturuli Semdgenis raodenoba. albaTobis Teoria 

saSualebas iZleva gamoiTvalos gazomvebis absoluturi cdomileba Semdegi 

formulis safuZvelze: 

Z

VV
t
 


)1(

 ,          (10.2) 

sadac V  aris mocemuli struqturuli Semdgenis moculobiTi Semcve-

loba SenadnobSi; 

t – normirebuli gadaxra, romelic gansazRvravs Catarebuli analizis 

sando albaTobas. normirebul gadaxras sando albaTobaze damokidebulebiT 

10.1 cxrilidan irCeven; 

z –wertilebis saerTo raodenoba. 

fardobiTi cdomileba gamoiTvleba formuliT: 

  %100x
V

E


 ,              (10.3) 

sadac V aris mocemuli struqturuli Semdgenis moculobiTi wili  ga- 

mosakvlev SenadnobSi. 
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Tu gazomvebis dawyebamde aucilebelia ganisazRvros wertilebis is sa-

erTo raodenoba, romelmac unda uzrunvelyos winaswar cnobili sididis 

saalbaTo cdomilebis miReba, sargebloben 10.2 cxrilis monacemebiT. amasTan, 

saWiroa winaswar, vizualurad Sefasdes gamosakvlevi struqturuli Semdge-

nis miaxloebiTi raodenoba SenadnobSi. 

      Tu cdomilebis sididis an wertilebis raodenobis gansazRvrisas gamo-

savali sidide aris ara saalbaTo cdomileba, aramed sando albaToba, maSin 

10.1 cxrilidan irCeven normirebuli gadaxris (t) iseT mniSvnelobas, romelic 

winaswar mocemul sando albaTobas (p) Seesabameba. 

ganvixiloT wertilovani meTodiT Catarebuli analizis cdomilebis ga-

moTvlis magaliTi.  

davuSvaT, Senadnobis struqtura gamokvleulia 45 mikroubanSi 25 sakvan-

Zo wertilis mqone okularuli badis gamoyenebiT. wertilebis saerTo  rao- 

denoba 

Z=45x25=1125 

                                                                      cxrili 10.1. 

sando albaToba (P) normirebuli gadaxris (t) sxvadasxva mniSvnelobi  `

 saTvis 

t p t p t p 

0,00 
0,05 
0,10 
0,15 
0,20 
0,25 
0,30 
0,35 
0,40 
0,45 
0,50 
0,55 
0,60 
0,65 
0,70 

0,0000 
0,0399 
0,0797 
0,1182 
0,1585 
0,1974 
0,2357 
0,2737 
0,3108 
0,3473 
0,3829 
0,4177 
0,4515 
0,4843 
0,5161 

0,75 
0,80 
0,85 
0.90 
0,95 
1,00 
1,05 
1,10 
1,15 
1,20 
1,25 
1,30 
1,35 
1,40 
1,45 

0,5407 
0.5763 
0,6047 
0,6319 
0,6579 
0,6827 
0,7063 
0,7287 
0,7419 
0,7699 
0,7887 
0,8064 
0,8230 
0,8385 
0,8529 

1,5 
1,55 
1,60 
1,65 
1,70 
1,75 
1,80 
1,85 
1,90 
1,95 
2,00 
2,25 
2,50 
3,00 
4,00 

0,8664 
0,8789 
0,8904 
0,9011 
0,9109 
0,9199 
0,9281 
0,9357 
0,9426 
0,9488 
0,9545 
0,9756 
0,9876 
0,9973 
0,9999 

. 
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aqedan mocemul struqturul mdgenelze zeddebuli wertilebis raode-

noba Seadgens 450. maSin aRniSnuli struqturuli mdgenelis moculobiTi wi-

li SenadnobSi toli iqneba: 

4501124=0,40 

anu 40%. 

Tu t-s mniSvnelobas 0,65-is tolad CavTvliT (ix. cxr. 10.1), 10.2 formu-

lis gamoyenebiT miviRebT analizis saalbaTo absolutur cdomilebas mo-

culobiT erTeulebSi:  

                        =0,65
1125

)40,01(40,0 
=0,0094. 

maSasadame, gamokvleuli struqturuli Semdgenis moculobiTi wili Se-

nadnobSi  aris 0,40,0094  anu es sidide 40,94-sa da 39,06%-s Soris meryeobs. 

Sedegis fardobiTi cdomileba E, 10.3 formulis Tanaxmad, tolia:  

,023,0
40,0

0094,0
E  anu 2,3% 

 

d a v a l e b a : 
 

II safexuri (magistratura, raodenobrivi analizi) 

 
1. gamoikvlieT Tujis struqturaSi momrgvalebuli formis grafitis Ca-

narTebi da vizualurad SeafaseT maT mier dakavebuli farTobi mikrostruq-
turis xilul areSi; 

 
2. 10.2 cxrilis monacemebis safuZvelze gansazRvreT wertilebis is sa-

erTo raodenoba, romelic uzrunvelyofs 3%-mde saalbaTo cdomilebis miRe-
bas;  

 
3. kvadratulbadiani okularis gamoyenebiT gansazRvreT grafitis Canar-

Tebis moculobiTi Semcveloba gamosakvlev TujSi; 
 
4. gansazRvreT Sedegis absoluturi da fardobiTi cdomileba sando 

albaTobiT 0,5; 
 
5. aRwereT muSaobis msvleloba da dawereT Catarebuli samuSaos anga-

riSi. 
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III. temperaturis gazomvis meTodebi 

 

sidides, romelic nivTierebis siTbur mdgomareobas axasiaTebs, tempera-

tura ewodeba. temperatura aris molekulebis moZraobis kinetikuri energiis 

zoma da amdenad nivTierebis molekulebis saSualo kinetikuri energiis pir-

dapirproporciulia. temperatura ganisazRvreba, rogorc nebismierad arCeuli 

siTburi wonasworuli mdgomareobidan nivTierebis Termodinamikuri gadaxris 

sidide, amitom temperaturis Sesaxeb nivTierebis fizikuri Tvisebebis cvli-

lebidan gamomdinare msjeloben.    

temperaturis gasazomi xelsawyoebis moqmedebis principi damyarebulia 

airis, siTxisa da myari sxeulis siTbur Tvisebebze. teqnikaSi temperaturis 

gasazomi mravali xelsawyo arsebobs. metalurgiaSi yvelaze farTo gamoyeneba 

Termoeleqtrulma pirometrma pova. 

 
Termoeleqtruli pirometri. Termoeleqtruli pirometris (sur. 11.1) Zi-

riTadi nawilebia Termowyvili I da maregistrirebeli xelsawyo II. Termowyvi-

li aris ori sxvadasxva liTonis an Senadnobisagan damzadebuli mimwodi, 

romlis erTi bolo SeduRebulia da mas Termowyvilis cxeli bolo ewodeba. 

Termowyvilis mavTulebi (eleqtrodebi) erTmaneTisagan faifuris milebiTaa 

ganmxoloebuli.  

Termoeleqtruli pirometris moqmedebis principi damyarebulia Termoe-

leqtrul movlenaze: rogorc cnobilia, Sekrul wredSi, romelic Sedgenilia 

ori sxvadasxva liTonis mavTulisgan, aRiZvreba TermoeleqtromamoZravebeli 

Zala (TemZ) da Termoeleqtruli deni, rodesac mavTulis SeerTebis adgils 

SedarebiT maRal temperaturamde gavaxurebT. wredSi aRZruli Tem Zalis si-

dide damokidebuli iqneba rogorc Termowyvilis cxel da civ boloebs So-

ris temperaturaTa sxvaobaze, ise im masalebis bunebaze, romlisganac Termo-

wyvilia damzadebuli. igulisxmeba, rom wredis winaaRmdegoba mudmivia. maSa-

sadame, mocemuli Tem Zalis sididiT SeiZleba Sefasdes Termowyvilis cxel 

da civ boloebs Soris temperaturaTa sxvaoba da, aqedan gamomdinare, Termo-

wyvilis cxeli bolos temperatura, Tu winaswar iqneba cnobili civi boloe-

bis temperatura da wredSi aRZruli Tem Zalis damokidebuleba temperaturaze. 



 72 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tu civi boloebis temperatura ucvlelad iqneba SenarCunebuli, jamuri 

Tem Zalis sidide cxeli bolos temperaturiT ganisazRvreba da Semdegi damo-

kidebulebiT aisaxeba: 

E= ...32  ctbtat  

a , b  da c  koeficientebis mniSvnelobebi eleqtrodis mavTulis Sedgeni-

lobis mixedviT SeirCeva.  

Termoeleqtruli deni SedarebiT eleqtrouaryofiTi eleqtrodidan ele-

qtrodadebiTisken aris mimarTuli. liTonis Zabvis rigi Semdegnairad gamoiyu-

reba: Sb, Fe, Au, Cu, Ag, Zn, Pb, Pt da a.S. yoveli momdevno elementi metad eleqtro-

uaryofiTia mis win mdgom elementTan SedarebiT.  

Termowyvilis dasamzadeblad gankuTvnili eleqtrodebis wyvilis Ziri-

Tadi moTxovnebia: 

1. gasazom temperaturul intervalSi Tem Zalis didi mniSvneloba; 

2. Tem Zalis stabiluroba xangrZlivi drois ganmavlobaSi; 

3. qimiuri mdgradoba agresiul garemoSi muSaobisas. 
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Termowyvilis dasamzadeblad upiratesad liTonebis Semdegi wyvilebi 

gamoiyeneba: 

a. spilenZ-konstantani, romlis eqspluataciis temperaturuli interva-

li -200-dan +3000C-mde icvleba; 3000C-is zemoT misi gamoyeneba SezRudulia, 

radgan spilenZi iwyebs Jangvas. 

b. spilenZ-kopeli, romelic uaryofiT temperaturaze (-2500C-mde) gamoiye-

neba.  

g. rkina-konstantani. Termowyvili iafia, mgrZnobiare da saimedo. SeiZle-

ba misi gamoyeneba rogorc damJangvel, ise aRmdgenel atmosferoSi. Termo-

wyvili iSviaTad ixmareba 00C-is qvemoT. zeda temperaturuli zRvari daaxlo-

ebiT 9000C–iT Semoifargleba. 

d. qromel-alumeli. Termowyvili muSaobis yvelaze farTo temperaturu-

li diapazoniT xasiaTdeba (-200+11000C, 1.2). sur. 11.2. 00C-is qvemoT  muSaobisas 

upiratesoba spilenZ-konstantanis Termowyvils eZleva. 

qromelis Sedgenilobaa 90%Ni da 10%Cr, xolo alumelis – 94%Ni, 3%Mn,  

2%Al da 1%Si. Termowyvilis naklad iTvleba deformaciisadmi mgrZnobiaroba, 

rac iwvevs misi maxasiaTeblebis Secvlas da arastabilurobas eqspluataciis 

procesSi. 

e. platinarodiumi-platina. keTilSobili liTonebisgan damzadebuli 

Termowyvilebi ufro maRali sizustiTa da stabilurobiT xasiaTdeba. maTi 

maRali dnobis temperatura aRniSnuli tipis Termowyvilebis maRali 

temperaturebis gasazomad gamoyenebis saSualebas iZleva.GGGGG 

am jgufidan yvelaze gavrcelebulia platinarodiumi-platinis Termo-

wyvili Pt10%Rh/Pt. igi SedarebiT ufro zusti da kargad Seswavlili Termo-

wyvilia da TiTqmis yovelTvis gamoiyeneba, rogorc standartuli. xangrZlivi 

muSaobisas zeda temperaturuli zRvari Seadgens 14000C, xolo xanmokle muSa-

obisas – 17500C. 5000C-is qvemoT platina-rodiumis Termowyvili Tem Zalis 

dabali koeficientiT xasiaTdeba, magram miuxedavad amisa, uaRresad maRali 

stabilurobis gamo misi gamoyeneba mizanSewonilia aRniSnul temperaturul 

intervalSic. 
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 praqtikaSi agreTve gamoiyeneba Termowyvilebi Pt20%Rh/Pt5%Rh da  

Pt30%Rh/Pt6%Rh . dadgenilia, rom maTi gamoyeneba SesaZlebelia 17500C-ze ganu-

wyveteli gazomvebis Casatareblad.  

maRali temperaturis gasazomad (14000C-ze maRla) gamoiyeneba volfra-

misa da reniumis Senadnobebisgan damzadebuli Termowyvilebi. kerZod, BP5/20 

da BP10/20, agreTve iridium-rodiumis, platina-iridiumis, volfram-molibdenisa 

da sxva Zneldnobadi liTonebis wyvilebi. 

11.1 cxrilSi mocemulia zogierTi Termowyvilis Tem Zalis mniSvnelobe-

bi. naCvenebi temperatura maqsimaluria xangrZlivi gazomvebisaTvis. xanmokle 

muSaobisas SesaZlebelia temperaturis gazrda 200-3000C-iT. 

Termowyvilis tipis SerCevis dros gaTvaliswinebuli unda iyos samu-

Sao garemo da gasazomi temperaturis maqsimaluri mniSvneloba. sxva Tanabar 

pirobebSi upiratesoba im Termowyvils unda mieces, romelsac gasazom tempe-

raturul diapazonSi maRali da stabiluri Tem Zala axasiaTebs, rac, cxadia, 

uzrunvelyofs cdiT miRebuli monacemebis maRal sizustes. 

      Tu temperaturis gasazomi garemo qimiurad agresiulia, Termowyvils 

aTavseben uJangavi foladis, kvarcis an faifuris damcvel garsacmSi. 

temperaturis gasazomad Termowyvilis cxeli bolo (1, ix. sur. 11.1) tem-

peraturis gasazom garemoSi Tavsdeba, xolo civi  boloebi (2) sakompensacio 
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 mavTulis (3) saSualebiT gamzom xelsawyos uerTdeba. sakompensacio mavTu-

lis daniSnulebaa Termowyvilis sigrZis SezRudva da siTbos wyarodan civi 

boloebis maqsimalurad mocileba, radgan maTi gaxureba jamuri Tem Zalis 

Semcirebas gamoiwvevs. es ki qmnis gazomvis SedegebSi Sesworebis Setanis 

aucileblobas, romlis zusti mniSvneloba eqsperimentis dros cnobili ar 

aris. sakompensacio mavTulis SerCeva Termowyvilis ZiriTadi masalis – 

eleqtrodis Sedgenilobis mixedviT xdeba (cxrili 11.2).  

Tem Zalasa da cxeli bolos temperaturis proporciulobis SesanarCu-

neblad Termowyvilis civi boloebi itvirTeba TermostatSi, romelSic dno-

badi yinulia Cayrili. Tem Zalis gasazomad gamoiyeneba milivoltmetri an 

mudmivi denis potenciometri.  

      milivoltmetri (II, sur. 11.1) magnitoeleqtruli tipis xelsawyoa, romel- 
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                                                                  cxrili 11.2 

sakompensacio mavTulad gamoyenebuli liTonebi da Senadnobebi 

Termowyvilis 
tipi 

eleqtrodi sakompensacio mavTulis Sedgeniloba 

ХА qromeli 

 
alumeli 

spilenZi (1000C-mde); Senadnobi HM 

(Ni+17%Cu) 2500C –mde 
konstantani (1000C-mde); Senadnobi MT 

(Cu+0,5%Ti) 2500C -mde 
ХК qromeli 

 
kopeli 

igive Senadnobi, risganac aris 
damzadebuli ZiriTadi eleqtrodi  

igive 

ПП-1 platina 

platinarodiumi 

spilenZi 

 Senadnobi ТП (Cu+0,5%Ni) 

ВР 5/20 volframisa da 
5%Re-is Senadnobi 

 
volframisa da 

20%Re-is 
Senadnobi 

spilenZi 

 
 

Senadnobi MH0,2 (Cu+0,5Ni) 

 

Sic mudmivi magnitis polusebs (5) Soris isriani, moZravi xviebiani CarCoa (6)  

moTavsebuli. CarCos xviebSi Termoeleqtruli denis gavlis Sedegad  warmoi- 

qmneba veli, romelic mudmivi denis magnitis velTan urTierTqmedebis Sedegad 

xviebian CarCos isrianad garkveuli kuTxiT Semoabrunebs. cxadia, galvano-

metris isris gadaxris kuTxes gansazRvravs Tem Zalis sidide.  

maregistrirebeli xelsawyos skala SeiZleba dagraduirebuli iyos ro-

gorc milivoltebiT, ise gradusebiT (SesaZlebelia orive maCvenebliT dagra-

duireba). temperaturuli skala gamosadegia mxolod garkveuli tipis Termo-

wyvilisa (magaliTad, XA, ПП da a.S) da civi boloebis gansazRvruli tempera-

turisaTvis (00C an 200C). Tu gazomvebis Catarebis dros Termowyvilis civi 

boloebis temperatura gansxvavebulia, ricxobriv monacemebSi saWiroa saTana-

do Sesworebis gaTvaliswineba. 

mudmivi denis potenciometrSi gasazomi Tem Zala kompensirdeba xelsaw-

yoSi moTavsebuli etalonuri batareis eleqtromamoZravebeli ZaliT. ricxob-

rivi monacemebis aTvla safexurebiani gadamrTvelisa da reoqordis skalidan 



 77 

xdeba. potenciometriT gazomvebis sizuste sakmaod  didia da 0,01-0,001 mv-s Se-

adgens. 

maregistrirebel xelsawyod SeiZleba agreTve mravalwertiliani avto-

maturi TviTCamweri potenciometris an cifruli xelsawyos gamoyeneba. Termo-

wyvilis ZiriTadi tipebisTvis arsebobs standartuli cxrilebi, romelTa 

daxmarebiTac SesaZlebelia Tem Zalis sididis gamosaxva gradusebiT. magali-

Tad, qromel-alumelis TermowyvilisTvis es mniSvnelobebi 11.3 cxrilSia 

mocemuli. 

 

                                                            cxrili 11.3 

             TemEZalis gradusebSi gadasayvani cxrili 

   

0C 

0 10 20 30 40 50 60 70   80 90 

m i l i v o l t i 

0 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 

0 
4,10 
8,13 
12,21 
16,39 
20,64 
24,90 
29,14 
33,31 
37,36 
41,31 
45,14 

0,4 
4,51 
8,53 
12,62 
16,82 
21,07 
25,33 
29,56 
33,71 
37,76 
41,70 
45,52 

0,80 
4,92 
8,93 
13,04 
17,24 
21,49 
25,75 
29,98 
34,12 
38,16 
42,08 
45,89 

1,20 
5,33 
9,34 
13,45 
17,66 
21,92 
26,18 
30,40 
34,53 
38,56 
42,47 
46,27 

1,61 
5,73 
9,74 
13,87 
18,08 
22,34 
26,60 
30,82 
34,94 
38,96 
42,86 
46,64 

2,02 
6,13 
10,15 
14,29 
18,50 
22,77 
27,03 
31,23 
35,35 
39,35 
43,24 
47,01 

 

2,43 
6,53 
10,56 
14,71 
18,93 
23,20 
27,45 
31,65 
35,75 
39,75 
43,62 
47,38 

2,85 
6,93 
10,97 
15,13 
19,36 
23,62 
27,87 
32,07 
36,16 
40,14 
44,00 
47,75 

3,26 
7,33 
11,38 
15,55 
19,78 
24,05 
28,29 
32,48 
36,56 
40,53 
44,38 
48,12 

3,68 
7,73 
11,80 
15,97 
20,21 
14,48 
28,72 
32,90 
36,96 
40,92 
44,76 
48,48 

   SeniSvna: mocemuli cxrili Sedgenilia 1000C-is intervaliT. arsebobs 
ufro zusti cxrilebi, sadac Tem Zala mocemulia yoveli 10C-is intervaliT.  

 
 
zusti eqsperimentis Casatareblad saWiroa Termoeleqtruli pirometris 

winaswari dagraduireba da cdomilebis gansazRvra anu Tem Zalasa da Sesaba-

mis temperaturas Soris damokidebulebisa da Sesworebis sididis dadgena 

gansakuTrebiT im temperaturul diapazonSi, sadac gazomvebi unda Catardes. 
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laboratoriuli samuSao 11 

11.1. Termoeleqtruli pirometris dagraduireba 

 

Termoeleqtruli pirometris dagraduirebis aucilebloba imiT aris 

gamowveuli, rom eqspluataciis dros SeiZleba Seicvalos rogorc Termowyvi-

lis Tem Zala (gaxureba-gacivebis dros eleqtrodebis masalaSi mimdinare 

struqturuli cvlilebebis gamo, daJangvis Sedegad da a.S), ise gamzomi xel-

sawyos maxasiaTeblebi. 

dagraduireba SeiZleba  gamosakvlevi  Termowyvilis maxasiaTeblebis 

SedarebiT etalonur TermowyvilTan. am SemTxvevaSi orive Termowyvilis cxe-

li boloebi erTmaneTTan uSualo maxloblobaSi Tavsdeba izoTermul gare-

moSi. sxvadasxva temperaturaze aiTvleba dasagraduirebeli Termowyvilis 

Tem Zala, xolo Sesabamisi temperatura etalonuri TermowyviliT ganisa-

zRvreba. 

Termoeleqtruli pirometris dagraduireba SesaZlebelia agreTve suf-

Ta liTonebisa da sxvadasxva nivTierebis gamyarebis (dnobis) an duRilis 

wertilebis mixedviT. aq realizebulia is Tviseba, rom duRilisa da gamyare-

bis anu kristalizaciis procesi aRniSnul nivTierebebSi temperaturis cvli-

lebis gareSe, izoTermulad mimdinareobs da igi yoveli maTganisaTvis 

mudmivi maxasiaTebelia (ix. cxrili 11.4).  

gamyarebis temperaturis mixedviT dasagraduireblad SerCeul nivTiere-

bas, magaliTad, sufTa liTons, romelTa dnobis (gamyarebis) temperatura 

cnobilia, tigelSi aTavseben, adnoben da gadaaxureben. gadaxurebul liTonSi 

CatvirTaven Termowyvils, Rumels gamorTaven da akvirdebian Tem Zalis cvli-

lebas drois mixedviT (magaliTad, yovel 15 wamSi). gacivebis procesSi, li-

TonSi fazuri gardaqmnebis dawyebamde Tem Zala mcirdeba, kristalizaciis 

dawyebis momentidan ki igi ucvlelad SenarCundeba siTxis ukanaskneli wveTis 

gamyarebamde. swored  drois am monakveTSi fiqsirebuli Tem Zala Seesabameba 

mocemuli liTonis dnobis (gamyarebis) temperaturas.  

     Aanalogiurad  akvirdebian  aranakleb sam nivTierebas, romelTa gamya-

rebis wertilebi gasazom temperaturul  diapazonSi  mdebareobs.  winaswar  
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                                                    cxrili 11.4 

                    zogierTi nivTierebis daxasiaTeba 

nivTiereba 
(mdgomareoba 

wonasworulia) 

temperatura, 
0C 

 
tigelis masala 

 
damcveli safari 

duRilis wertili 
N2 

O2 

gamyarebis wertili 
Hg 

H2O 
duRilis wertili 

H2O 
gamyarebis wertili 

In 

50,5%KNO3+49,5%NaNO3 

Sn 

Pb 

Zn 
duRilis wertili 

S 
gamyarebis wertili 
35,0%BaCl2+65,0%CaCl2 

Sb 

Al 

NaCl 

BaCl2 

Ag 

Au 

Cu 

CaSO4 

 

 
_195,802 
_182,962 

 
_38,862 

0 
 

100 
 

156,634 
218 

231,9681 
327,502 
419,58 

 
444,674 

 
600 

630,74 
660,37 
801 
940 

961,93 
1064,43 
1084,5 
1360 

 
 
 
 

mina 
nebismieri 

 
nebismieri 

 
 
uJangavi foladi 
grafiti, faifuri 
grafiti, faifuri 
grafiti, faifuri 

 
 
 

uJangavi foladi 
grafiti, faifuri 

 
uJangavi foladi 
uJangavi foladi 
grafiti, faifuri 
grafiti, faifuri 

 
platina 

 

 
 
 
 

safaris gareSe 
safaris gareSe 

 
safaris gareSe 

 
 
safaris gareSe 
grafiti, naxSiri 
grafiti, naxSiri 
grafiti, naxSiri 

 
 
 

safaris gareSe 
grafiti, naxSiri 

 
safaris gareSe 
safaris gareSe 
grafiti, naxSiri 
grafiti, naxSiri 

 
safaris gareSe 

SeniSvna: marilis gamoyenebis SemTxvevaSi aRniSnuli wertilebi dnobis 
procesSi ganisazRvreba. 
 
 
cnobili gamyarebis temperaturebisa da Sesabamisi Tem Zalis monacemebis sa-

fuZvelze ageben Termoeleqtruli pirometris graduirebis mruds koordina-

tebiT temperatura – Tem Zala. 

ganvixiloT magaliTi. davuSvaT, eqsperimentis msvlelobis dros saWi-

roa temperaturis zusti kontroli 200-dan 6000C-mde intervalSi. 11.1 cxrilis 

monacemebis safuZvelze gazomvis maqsimalur sizustes qromel-alumelis Ter-
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mowyvili uzrunvelyofs, xolo 11.4 cxrilis Tanaxmad, mizanSewonilia sufTa 

kalis, tyviis, TuTiis, BaCl2-isa  da CaCl2 - is marilebis narevis gamoyeneba. Se-

sabamisad SeirCeva tigelebi – liTonebisTvis faifuris, xolo marilebisTvis 

– uJangavi foladis. gaxurebis procesSi daJangvisagan dasacavad liTons zeda-

pirze naxSiris fxvnili unda moeyaros. 

sawyisi monacemebi da gazomvis Sedegebi SeaqvT dakvirvebaTa cxrilSi 

(ix. cxr. 11.5). rogorc cxrilidan Cans, 231,960C Seesabameba 9,02 mv-s 327,500C-- 

13,05 mv-s da 6000C – 24,8 mv-s.  

 

                                                                 cxrili 11.5 

          Termowyvilis Sesworebis sididis gansazRvra 

temperatura, 
0C  

standartuli 
cxrilis 

Sesabamisi Tem 
Zala Est, mv 

dasagraduirebeli 
Termowyvilis 
Sesabamisi Tem 
Zala Eeqsp, mv 

 

E=Est_Eeqsp 

 

231,9 
327,5 
419 
600 

9,42 
13,35 
17,22 
24,9 

9,02 
13,05  
17,02  
24,80 

0,4 
0,3 
0,2 
0,1 

 

     graduirebis mrudis asagebad ab-

scisaTa RerZze gadazomaven temperatu-

ras, xolo ordinatTa RerZze – Tem Za-

las. Eqsperimentuli wertilebi gada-

aqvT koordinatTa sistemaSi da aer-

Teben mdovre mrudiT. mocemuli maga-

liTisaTvis Termoeleqtruli piromet-

ris graduirebis mruds aqvs 11.3 suraT-

ze warmodgenili saxe. 

    Termowyvilis   graduirebis mrudi  

interpolaciis safuZvelze potencio-

metris nebismieri Cvenebis graduirebiT 

gamosaxvis saSualebas iZleva.         
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                           d a v a l e b a : 

I safexuri (bakalavriati) 

 

1. gaecaniT Termoeleqtruli pirometrisa da mudmivi denis potenciomet-
ris (temperaturis gamzomi xelsawyos) muSaobis princips; 

 
2. Termuli analizis safuZvelze aageT sufTa kalis, tyviisa da TuTiis 

gacivebis mrudebi da daadgineT gamyarebis wertilebi; 
 

3. eqsperimentuli monacemebisa da kalis, tyviisa da TuTiis dnobis (gam-
yarebis) temperaturebis safuZvelze aageT Termowyvilis graduirebis mrudi; 

 
4. werilobiT aRwereT muSaobis Tanamimdevroba da dawereT Catarebuli 

samuSaos angariSi. 
 

 

 

 

11.2. Termoeleqtruli pirometris Sesworebis 

sididis gansazRvra 

 
Termowyvilis dasagraduireblad praqtikaSi xSirad sargebloben stan-

dartul cxrilebTan Sedarebis meTodiTac, romelic saSualebas iZleva gani-

sazRvros dasagraduirebeli Termowyvilis sistematuri cdomileba anu Ses-

worebis sidide mocemul temperaturul intervalSi. Sesworebis sididis gan-

sazRvrisaTvis diagramis asagebad abscisaTa RerZze gadaizomeba dasagradui-

rebeli Termowyvilis Tem Zala (Eeqsp), xolo ordinatTa RerZze – standartu-

li cxrilis Sesabamisi Tem (Est) da eqsperimentulad miRebuli Tem Zalebis 

sxvaoba E (ix. cxr. 11.5 da nax. 11.4): 

E=Est_Eeqsp 

magaliTad, 11.4 diagramidan gamomdinare, Sesworebis sidide 15 milivol-

tisaTvis  0,25 milivoltia. 

 

d a v a l e b a : 

 

II safexuri (magistratura, raodenobrivi analizi) 

 
1. kalis, tyviisa da TuTiis kritikuli wertilebisa da standartuli 

cxrilis monacemebis urTierTSedarebis safuZvelze aageT temperaturis  Ses- 
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worebis sididis gamosaTvleli diagrama. monacemebi SeitaneT dakvirvebaTa 
cxrilSi; 

 
2. gazomvebis mocemul diapazonSi praqtikulad gansazRvreT ramdenime 

temperaturis Sesworebis sidide. 
 
3.  werilobiT aRwereT muSaobis Tanamimdevroba da dawereT 

 Catarebuli samuSaos angariSi. 
 

 

                                        dakvirvebaTa cxrili 

liToni 

 
anaTvali 

 

Sn 

 

 

 

Pb 

 

Zn 

kritikuli 
wertilebis 
Sesabamisi 

temperatura, 0C 

1 2 3 4 5 
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laboratoriuli samuSao 12 

SenadnobTa sistemis mdgomareobis diagramis ageba 

 
SenadnobTa sistemis mdgomareobis diagramis ageba Termuli analizis 

meTodiT xdeba. eqsperimentuli nawili tardeba danadgarze, romlis sqema 11.1 

suraTzea gamosaxuli.   

orkomponentiani sistemis mdgomareobis diagramis asagebad iReben or 

sufTa liTons da am liTonebis ramdenime Senadnobs. SerCeul liTonebs, 

romelTagan TiToeulis  masa 150-200 g-ia, aTavseben foladis, faifuris an 

kvarcis tigelebSi, gaadnoben da gadaaxureben. dnobis procesSi daJangvis 

gamoricxvis mizniT liTons zedapirze naxSirs ayrian. gamdnar liTons 

moureven faifuris an grafitis wkiriT, Rumels daafareben cecxlgamZle 

Tavsaxuravs an azbestis furcels, liTonSi Cadeben Termowyvilis cxel bolos 

da Rumels gamorTaven.  

liTonis gacivebis procesis dawyebidan kristalizaciis damTavrebamde     

drois tol intervalebSi, magaliTad, yovel 20 wamSi, iweren temperaturis 

gamzomi xelsawyos Cvenebas (sasurvelia gazomva liTonis sruli gamyarebidan 

2-3 wuTis Semdeg damTavrdes). 

Termuli analizis monacemebis safuZvelze ageben rogorc sufTa liTo-

nis, ise Senadnobis gacivebis mrudebs koordinatebiT temperatura-gacivebis 

dro da adgenen kritikul wertilebs.  

      12.1 suraTze mocemulia sufTa Pb, Sb da maTi  ramdenime Senadnobis 

gacivebis mrudebi. III Senadnobi evteqtikuri koncentraciisaa. 

rogorc 12.1 a da z suraTebidan Cans, 1 kritikuli wertilis zemoT ro-

gorc tyvia, ise stibiumi Txevad mdgomareobaSia. maTi kristalizaciis proce-

si 1-2 horizontalur ubanze mimdinareobs, xolo 2-3 temperaturul inter-

valSi ubralod xdeba gamokristalebuli fazis gaciveba. 

Senadnobebis kristalizacia temperaturul intervalSi mimdinareobs. 

gamyarebis procesi iwyeba 1 kritikul wertilSi, xolo mTavrdeba evteqtikuri 

kristalizaciiT mudmiv temperaturaze (2-2 horizontaluri ubani).  gamonakli- 
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L 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sia evteqtikuri Senadnobi, romelic myardeba mudmiv temperaturaze uSualod 

evteqtikis warmoqmniT 

ganxiluli sufTa liTonebisa da Senadnobebis kristalizaciis sawyisi 
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(ts) da saboloo (td) wertilebi Semdeg temperaturebze mdebareobs: 

  liToni:              ts,0C                   td,0C 

        100% Pb                         327                     327 

                 I – 95% Pb + 5% Sb             296                     246 

                                    II – 90% Pb + 10% Sb           260                     246 

                                   III – 87% Pb + 13% Sb           246                     246 

                                   IV – 60% Pb + 40% Sb          395                     246 

                                    V – 20% Pb + 80% Sb           570                     246 

       100% Sb                          631                     631 

 
orkomponentiani sistemis mdgomareobis diagrama aigeba koordinatebiT 

temperatura – koncentracia. temperaturas ordinataze toveben, abscisas ki 

koncentraciis RerZad iyeneben. 

kidura ordinatebze aRmarTaven sufTa liTonebis temperaturul Rer-

Zebs (mocemul SemTxvevaSi Pb da Sb) da mTel monakveTs 100 tol nawilad 

yofen (sur. 12.2, a). abscisis nebismieri wertili mocemuli sistemis garkveuli 

koncentraciis Senadnobs Seesabameba. 

yoveli Senadnobis koncentraciis Sesabamisi wertilidan koordinatTa 

sistemaSi aRmarTaven marTobebs (temperaturul RerZebs) (sur. 12.2, b) da ro-

gorc sufTa liTonis, ise Senadnobis ordinataze gadmoaqvT Sesabamisi gaci-

vebis mrudebiT dadgenili kritikuli wertilebi (g). miiReba wertilebis ori 

jgufi – likvidusisa, romlebzec iwyeba kristalizaciis procesi da so-

lidusisa, romlebzec kristalizaciis procesi mTavrdeba. likvidusis werti-

lebs (1) aerTeben mdovre xaziT. mas likvidusis xazi ewodeba, xolo solidu-

sis wertilebs (2), radgan isini am SemTxvevaSi erTsa da imave temperaturaze 

mdebareobs – wrfiT aerTeben da agrZeleben sufTa liTonebis ordinatebis 

gadakveTamde. mas solidusis xazi ewodeba (sur. 12.2, d). diagramaze wertilebs 

asoebiT aRniSnaven da calkeul ubnebSi fazebsa da struqturul Semdgenebs 

weren. miRebul diagramas Pb – Sb SenadnobTa sistemis mdgomareobis diagrama 

ewodeba (e). 

mdgomareobis diagramis ufro srulyofilad daxasiaTebisaTvis damate- 
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biT swavloben sxvadasxva Sedgenilobis Senadnobis rogorc meqanikur Tvise-

bebs, ise struqturas metalografiuli da rentgenostruqturuli meTodebiT.  
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d a v a l e b a  : 

I safexuri (bakalavriati) 

 
1. Termuli meTodiT gamoikvlieT sufTa Pb, Sn da am sistemis sxvadasxva 

koncentraciis Senadnobebis gacivebis procesi Txevadidan myar mdgomareo-
bamde; temperaturis gamzomi xelsawyos Cveneba SeitaneT dakvirvebaTa cxril-
Si; 

 
2. aageT gamokvleuli liTonebis gacivebis mrudebi koordinatebiT^ tem-

peratura – gacivebis dro da daadgineT kritikuli wertilebi; 
 

3. aageT Pb – Sn SenadnobTa sistemis mdgomareobis diagrama; 
 

4. sqematurad gamoxazeT qveevteqtikuri, evteqtikuri da zeevteqtikuri 
Senadnobebis mikrostruqturebi; 

 
      5. aRwereT muSaobis msvleloba da dawereT Catarebuli samuSaos anga-
riSi. 
 
 

II safexuri (magistratura) 
 

1. aageT Sn-Pb SenadnobTa sistemis mdgomareobis diagramis eqsperimentu-
li diagrama da CaatareT sruli analizi;  

 
      2. aRwereT fazaTa warmoqmnis procesi SenadnobebSi Txevadi mdgomareo-
bidan oTaxis temperaturamde gacivebisas struqturuli sqemebis miTiTebiT; 
 

3. aRwereT muSaobis msvleloba da dawereT Catarebuli samuSaos anga-
riSi. 
 

                                dakvirvebaTa cxrili 

liToni 

 
anaTvali 

 

Sn 

 

 

 

Pb 

 
Senadnobi 

kritikuli 
wertilebis 
Sesabamisi 

temperatura, 0C 
 

I 

 

II 

 

III               III 

1 2 3 4 5 6 7 
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IV. sisalis gansazRvris meTodebi 

 

sisale aris masalis unari, winaaRmdegoba gauwios plastikur an drekad 

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

sale miRebulia rogorc meqanikuri Tvisebebis erT-erTi ZiriTadi maCvenebeli, 

radgan misi gazomva metad martivi da advilad gansaxorcielebelia. 

sisalis gazomvis ramdenime meTodi arsebobs, romelTagan yvelaze far-

To praqtikuli gamoyeneba Cawnexis meTodma pova. am SemTxvevaSi sisales gan-

sazRvraven mcired deformirebadi masalisagan (nawrTobi foladi, almasi, sa-

li Senadnobebi) damzadebuli burTulas, konusis an piramidis CawnexiT gamo-

sakvlev liTonSi. bunikis qveS da mis uSualo maxloblobaSi gamosacdeli 

liTonis zedapiruli fenebi plastikur deformacias ganicdian, ris gamoc 

datvirTvis moxsnis Semdeg nimuSze anabeWdi miiReba. radgan deformireba mci-

re moculobaSi xdeba, amitom am meTodiT SeiZleba gamoicados ara marto 

plastikuri liTonebi, aramed iseTi masalebic, romlebic Cveulebrivi meqani-

kuri gamocdebis Catarebis dros did simyifes amJRavneben. 

meqanikuri Tvisebebis Seswavlis sxva xerxebTan SedarebiT sisalis gan-

sazRvris meTodi Semdegi upiratesobebiT xasiaTdeba: 

1. gazomvis Catareba teqnikurad ufro martivi gansaxorcielebelia; 

2. plastikuri masalebis sisalesa da sxva meqanikur Tvisebebs (ZiriTa-

dad, simtkicis zRvars) Soris arsebuli raodenobrivi kavSiri saSualebas iZ-

leva empiriul formulebze dayrdnobiT vimsjeloT liTonis sxva meqanikur 

maxasiaTeblebzec; 

3. sisalis gansazRvrisas nakeTobis mTlianoba ar irRveva, rac gamocdis 

Semdeg misi daniSnulebisamebr gamoyenebis saSualebas iZleva; 

4. sisalis gansazRvra SesaZlebelia mcire sisqis nakeTobebzec, Txel 

fenebsa da mikromoculobebSi. 

indikatorze moqmedi P datvirTvis mixedviT asxvaveben makrosisales 

(P5 kg) da mikrosisales (P500 g). 
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laboratoriuli samuSao 13 

 

13.1. sisalis gansazRvra burTulas Cawnexis meTodiT 

(brinelis xerxi) 

 

brinelis xerxiT sisalis 

gansazRvris dros gamosacdel 

nimuSSi raRac P Zalis zemoqme-

debiT garkveuli diametris fo-

ladis nawrTobi burTula Caiw-

nexeba. am mizniT gamoiyeneba av-

tomaturi berketuli sistemis 

wnexi, romlis saerTo xedi 13.1 

suraTzea gamosaxuli. buniki, 

romelSic Camagrebulia fola-

dis nawrTobi burTula (1), xrax-

nis saSualebiT SpindelSi (2) 

magrdeba, xolo gamosacdeli 

nimuSi sagnis magidaze (3) Tavs-

deba. saxeluris (4) saaTis isris 

mimarTulebiT Semobrunebisas ma-

gida zemoT gadaadgildeba da 

nimuSi gamosacdeli zedapiriT 

burTulas miebjineba. amiT nimuSs winaswari datvirTva gadaecema, ris Sesaxe-

bac signals wiTeli naTura (5) iZleva. winaswari datvirTva 100 kg-ia. Rilakze 

(6) TiTis daWeriT CairTveba Zrava, ris Sedegadac burTulaze datvirTva ga-

izrdeba da igi garkveuli drois ganmavlobaSi liTonSi Caiwnexeba. Semdeg 

datvirTva moixsneba da xelsawyo avtomaturad gamoirTveba. gamosacdeli 

masalis sisaleze damokidebulebiT datvirTvis xangrZlivoba 10-60 wams Sead-

gens da misi regulireba Zravas reles (7) saSualebiT xorcieldeba. nimuSis 

gasaTavisufleblad saWiroa saxeluris ukuSemobruneba. datvirTvis sidide 

sawonebis (8) saSualebiT SeiZleba Seicvalos. 

burTulas Cawnexis Sedegad nimuSis gamosacdel zedapirze anabeWdi mi- 
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iReba. sisalis mniSvneloba gamoiTvleba moqmedi P Zalis SefardebiT anabeW-

dis F farTobTan da HB asoebiT aRiniSneba: 

 

 

sadac P aris datvirTva, kg;  

F – anabeWdis zedapiris farTobi, mm2;  

D – burTulas diametri, mm; 

d – anabeWdis diametri, mm. 

 
a. burTulas diametrisa da datvirTvis SerCeva. brinelis xerxiT sisa-

lis gasazomad burTulas diametri (D=10; 5; 2,5 mm) masalis sisqis mixedviT 

SeirCeva. rogorc (13.1) formulidan gamomdinareobs, sxva Tanabar pirobebSi 

sisales anabeWdis diametri gansazRvravs. cxadia, anabeWdis diametri rac uf-

ro didi miiReba, sisale miT ufro mcire iqneba, magram datvirTvis sididesa 

da anabeWdis diametrs Soris mudmivi Tanafardoba, rac sisalis zusti gansa-

zRvrisaTvis aris aucilebeli, mxolod gamocdis garkveuli pirobebis dacvis 

SemTxvevaSi miiReba. cxadia, es Tanafardoba sxvadasxva sisalis masalisTvis 

sxvadasxva iqneba. 

gamosacdeli masalis Tvisebebidan gamomdinare, datvirTvis sidide gani-

sazRvreba formuliT: 

P=KD2                   (13.2) 

sadac  K aris gamosacdeli masalis mudmiva da igi 30, 10 an 2,5-is toli 

aiReba; 

D _ burTulas diametri, mm. 

burTulas diametri da datvirTvis sidide gamosacdeli masalis Tvisebebisa 

da sisqis gaTvaliswinebiT 13.1 cxrilidan aiReba. rogorc cxrilidan Cans, 

sxvadasxva diametris burTulas gamoyenebisas Sesabamisi datvirTva SeirCeva. 

magaliTad, Tu gamocdis pirobebia HB 10(3000)30, es imas niSnavs, rom mocemul 

SemTxvevaSi sisale ganisazRvreboda 10 mm diametris burTulaTi, datvirTvis 

sidide Seadgenda 3000 kg-s, xolo dayovnebis dro – 30 wams. datvirTvis maq-

simaluri cdomileba ar aRemateba 1%-s. 
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                                                                cxrili 13.1 

     burTulas diametrisa da datvirTvis SesarCevi cxrili 
 

Ggamosacde-
li 

masala 

sisalis  
diapazoni 
brinelis 
erTeuleb-

iT 

gamosacdeli 
masalis 

minimaluri 
sisqe, mm 

Tanafar-
doba 
P=KD2 

burTu-
las 

diamet-
ri D, 
mm 

datvir-
Tva P, 
kg 

dayovnebis 
xangrZli-
voba, wami 

 
Savi  

 
liTonebi 

 
140-450 

6-dan 3-mde 
4-dan 2 mde 
2-ze naklebi 

 
P=30D2 

10,0 
5,0 
2,5 

3000 
750 
187,5 

 
10 

<140 6-ze meti 
6-dan 3-mde 

P=10D2 
 

10,0 
5,0 

1000 
250 

 
10 

 
feradi 

 
 

liTonebi 

>130 6-dan 3-mde 
4-dan 2 mde 
2-ze naklebi 

 
P=30D2 

10,0 
5,0 
2,5 

3000 
750 
187,5 

 
30 

35-130 9-dan 3-mde 
6-dan 3-mde 

P=10D2 
 

10,0 
5,0 

1000 
250 

30 

8-35 6-ze meti P=2,5D2 
 

10,0 
 

250 60 

 
 
mkveTri anabeWdis misaRebad nimuSis zedapiri unda iyos swori, gluvi 

da sufTa. am mizniT igi abraziuli masaliT an qlibiT muSavdeba. 

 
b. anabeWdis diametrisa da sisalis gansazRvris meTodika. anabeWdis dia-

metrs zomaven lupiT (sur. 13.2, a) an mikroskopiT ori urTierTmarTobi mimar-

TulebiT da gamoiTvleba misi saSualo ariTmetikuli mniSvneloba. lupas aqvs 

saxazavi (sur. 13.2, b) romlis danayofis fasi 0,1 mm-ia. 

anabeWdis diametris gasazomad lupas qveda sayrdeniT aTavseben nakeTo-

bis (nimuSis) gamosacdel zedapirze da ise gadaaadgileben, rom skalis saw-

yisi danayofi anabeWdis garSemowerilobis erT-erT wertils SeuTavsdes 

(sur. 13.3), Semdeg iTvlian danayofebis ricxvs, romelzedac diametri 

vrceldeba. magaliTad, 13.3 suraTze naCvenebi anabeWdis diametri 4,2 mm-is 

tolia. lupas an nimuSs Semoabruneben 900-iT da gazomvas imeoreben. sisalis 

gansazRvra SesaZlebelia rogorc (13.1) formulis gamoyenebiT, ise Sesabamisi 

standartuli cxrilebidan, sadac sisale mocemulia datvirTvis sididesa da 

anabeWdis diagonalis sigrZeze damokidebulebiT. magaliTad, Tu gamocda 

Catarebulia D=10 mm burTulaTi, datvirTvis sidide Seadgenda 3000 kg-s, 
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xolo dayovnebis dro - 10 wams (gamocdis piroba  HB 10(3000)10), 13.3 suraTis 

Sesabamisad sisale 207 HB-s toli iqneba. Tu gamocdebi Catarebulia D=5 mm an 

D=2,5 mm burTulaTi, imave cxriliT sisalis gansazRvrisTvis saWiroa 

anabeWdis diametris mniSvneloba gamravldes Sesabamisad 2-sa an 4-ze. 

masalis sisalis swori daxasiaTebisTvis gazomvebis seria kidev orjer 

mainc unda ganmeordes. ganmeorebiTi gazomvebis dros momdevno anabeWdis cent-

ri mezobeli anabeWdisgan da nimuSis kideebidan dacilebuli unda iyos ga-

moyenebuli burTulas aranakleb ori diametrisa. kerZo monacemebis safuZvel-

ze gamoiTvleba sisalis saSualo mniSvneloba. 

 
xelsawyos Semowmeba. gazomvebis maRali xarisxis uzrunvelsayofad mi-

zanSewonilia seriuli gazomvebis dawyebamde Semowmdes xelsawyos sizuste, 

rac standartuli filebis gamoyenebiT xdeba. filebis sisale winaswar aris 

cnobili (miTiTebulia mis gverdiT zedapirze). Tu xelsawyos sizuste ar 

aris darRveuli, standartuli filis sisalis gazomvis Sedegebi unda Tavs-

debodes filaze miTiTebuli sisalis sazRvrebSi. winaaRmdeg SemTxvevaSi 

saWiroa Sesworebis sididis gansazRvra da misi  gaTvaliswineba seriuli  ga- 

zomvebis SedegebSi.   
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d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. SeiswavleT brinelis wnexis mowyobiloba da muSaobis principi; 
 
2. SearCieT burTulas diametri da datvirTvis sidide mocemuli masa-

lis sislis gansazRvrisaTvis; 
 

3. gansazRvreT mocemuli masalis sisale da SeadareT igi cxrilis 
monacemebs; gazomvis Sedegebi SeitaneT dakvirvebaTa cxrilSi; 

 
4. aRwereT muSaobis msvleloba da dawereT Catarebuli samuSaos anga-

riSi. 
 

 
                       II safexuri (magistratura) 

 
1. SeamowmeT brinelis wnexis sizuste da gamoTvaleT sistematuri cdo-

mileba standartuli filebis gamoyenebiT; 
 
2. gansazRvreT mocemuli nimuSis sisalis saSualo mniSvneloba; 
 
3. gamoTvaleT Sedegis absoluturi da fardobiTi cdomilebebi; 

 
4. aRwereT muSaobis msvleloba da SeadgineT Catarebuli samuSaos angarSi. 
 
 

                                                        
                                                          dakvirvebaTa cxrili 
    

 
# 

rigze 

masala 
da 

nimuSis 
sisqe, 
mm 

Ggamocdis 
pirobebi 

(burTulas 
diametri 

da 
datvirTva) 

anabeWdis diametri sisale HB  
 

HB 
saS. 

anabeWdi anabeWdi 
 
1 

 
2@ 

 
3 

 
1 

 
2 

 
3 

1 2 3 4 5 6 7 8 9 10 
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13.2. sisalis gansazRvra konusis an burTulas Cawnexis 

meTodiT (rokvelis xerxi) 

 

rokvelis xerxiT sisalis gansazRvra gamosacdel nimuSSi almasis ko-

nusis an foladis nawrTobi burTulas CawnexiT xdeba. almasis konusis wve-

rosTan mdebare kuTxe 1200-ia, xolo burTulas diametri – 1,588 mm. gansaxil-

veli meTodi brinelis meTodisgan principulad imiT gansxvavdeba, rom sisale 

bunikis Cawnexis siRrmis mixedviT ganisazRvreba. 

almasis konusi an foladis burTula nimuSSi Tanamimdevrulad P0 winas-

wari da ZiriTadi P1 datvirTvebis zemoqmedebiT iwnexeba (sur. 13.4). sruli dat-

virTva  

P=P0+P1 

winaswari datvirTvis sidide yvela SemTxvevaSi 10 kg-is tolia. 

    rokvelis xerxiT sisale gani-

sazRvreba TK-2 tipis xelsawyoze, 

romlis sqema 13.5 suraTzea moce-

muli. gamosacdeli buniki (1) xra-

xnis saSualebiT SpindelSi magr-

deba. indikatoris ciferblatze 

(2) gaTvaliswinebulia ori skala 

C - Savi  da B - wiTeli (sur. 13.6). 

anaTvalis aReba didi isris (1)  

mixedviT xdeba.  

sagnis magidaze (3, sur. 13.5) moTavsebuli nimuSi saxeluris (4) saaTis 

isris mimarTulebiT Semobrunebisas zeviT gadaadgildeba da gamosacdel bu-

niks miebjineba. saxeluris Semdgomi SemobrunebiT buniki iwyebs nimuSSi SeW-

ras da rodesac patara isari (2, sur. 13.6 a) wiTel wertils (3) SeuTavsdeba, 

winaswari datvirTvis sidide 10 _kg iqneba. aseT mdgomareobaSi didi isari C 

skalis nulovani danayofis maxloblad gaCerdeba (dasaSvebia  5 danayofiT 

acdena, (sur. 13.6, b). indikatoris skalis nulovani danayofis isarTan zustad 

gasworeba (sur. 13.6, g) dolis (5, sur. 13.5) SemobrunebiT xdeba. 
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      klaviSze (sur. 13.5, 6) xelis 

daWeriT iwyeba datvirTvis norma-

luri cikli, romelic 4 wams 

grZeldeba. ciklis damTavrebis 

Semdeg ZiriTadi datvirTva av-

tomaturad ixsneba. indikatoris 

skalaze didi isris saboloo 

mdgomareoba uCvenebs sisales ro-

kvelis erTeulebiT (sur. 13.6, d). 

almasis konusiT gamocdisas anaT-

vali Savi (C) skalidan aiReba, 

xolo burTulaTi gamocdisas – 

wiTeli (B) skalidan. 

 
      a. datvirTvisa da gamosac-

deli bunikis SerCeva. datvirTva da buniki gamosacdeli liTonis sisalis 

mixedviT SeirCeva. mudmivi tvirTi (sur. 13.5, 7) 50 kg datvirTvas uzrunvel-

yofs. mosaxsneli tvirTebis (8) regulirebiT SesaZlebelia datvirTvis  

sidide 90 an 140 kg-mde gaizardos. 

     almasis konusiT sisalis gansazRvris dros saerTo datvirTva 150 an 60 

kg-s unda Seadgendes. pirvel SemTxvevaSi sisalis mniSvneloba aiReba didi is-

riT naCvenebi danayofis mixedviT ciferblatis C skalidan da HRC–Ti aRiniS-

neba. magaliTad, 13.6 d suraTze sisale Seesabameba 62 HRC–s.  

     am meTodiT ganisazRvreba nawrTobi da dabalmoSvebuli foladebis sisa-

le. rekomendebulia, agreTve, saSualo sisalis (230 HB da meti) masalebis ga-

mocda, radgan procesi swrafad xorcieldeba da brinelis meTodTan Seda-

rebiT nakeTobaze umniSvnelo kvali rCeba. SesaZlebelia Txeli zedapiruli 

fenebis, magaliTad, cementirebuli Sris sisalis gansazRvra, amasTan, fenis 

sisqe 0,5 mm-ze naklebi ar unda iyos. 

60 kg datvirTviT gamoicdeba metad sali masalebi, magaliTad, sali  Se- 

nadnobebi (HRC70), agreTve 0,3-0,5 mm sisqis Sreebi. sisalis mniSvneloba  imave 
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skalidan aiReba da HRA asoe-

biT aRiniSneba. HRC da HRA si-

dideebs Soris Semdegi damoki-

debuleba arsebobs: 

HRC=2HRA-104. 

   foladis burTulaTi gamo-

cdis dros saerTo datvirTva 

100kg-s Seadgens. sisalis mniSv-

neloba aiReba didi isriT naC-

venebi danayofis mixedviT ci-

ferblatis B skalidan da HRB 

asoebiT aRiniSneba. am meTodiT 

gamoicdeba rbili foladi da 

momwvari feradi liTonebi, ro-

melTa sisqe 0,8-2 mm sazRvrebSi 

icvleba. rokvelis xerxiT ga-

mocdis pirobebi mocemulia 

13.2 cxrilSi. 

 

                                                               cxrili 13.2.                                       

rokvelis meTodiT sisaleze gamocdis pirobebi 

rokvelis ska-
liT sisalis 
gansazRvris 
dasaSvebi 
zRvrebi 

 
skalis 
aRniSvna 

 
bunikis tipi 

 
saerTo 

datvirTva, 
kg 

sisalis 
aRniSvna 
rokvelis 

erTeulebiT 

 
25-100 

20-67 

70-90 

 

B 

C 

A 

 

 
foladis burTula 

almasis konusi 

almasis konusi 

 
100 

150 

60 

 

HRB 

HRC 

HRA 

 
 

gazomvis cdomilebis minimumamde Sesamcireblad konusis centri nimuSis 

wibodan mocilebuli unda iyos aranakleb 1,5 mm-isa. burTulas gamoyenebis 
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SemTxvevaSi es manZili 4 mm-mde izrdeba. imave pirobebis dacvaa saWiro ori 

mezobeli anabeWdis centrebs Soris; nimuSis rogorc gamosacdeli, ise 

sayrdeni zedapirebi unda iyos sufTa, swori, gluvi da urTierTparaleluri. 

xelsawyos Semowmeba sizusteze xdeba standartuli filebis gamoyene-

biT imave meTodikiT, rogorc es 13.1 punqtSi iyo ganxiluli. 

gamosakvlev nimuSze ganmeorebiTi gazomvebis ricxvi samze naklebi ar 

unda iyos. miRebuli monacemebis safuZvelze sisalis saSualo mniSvneloba 

gamoiTvleba. 

 
                                 d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. SeiswavleT TK-2 (rokvelis) xelsawyos mowyobiloba da muSaobis 

principi; 
 
2. SeirCieT gamosacdeli buniki da datvirTvis sidide mocemuli masa-

lis sisalis gansazRvrisaTvis; 
 
3. SeamowmeT xelsawyos sizuste;  
 
4. gansazRvreT gamosakvlevi nimuSis sisalis mniSvneloba. monacemebi 

SeitaneT dakvirvebaTa cxrilSi; 
  
5. aRwereT muSaobis msvleloba da dawereT Catarebuli samuSaos anga-

riSi. 
 
 
                                                           dakvirvebaTa cxrili 
                     

# 
rigze 

 
masala 

xelsawyos 
skala 

sisale HR sisale  
Bbrinelis 
mixedviT 

Ggazomvebis seria saSualo  
mniSvneloba 1 2 3 

1 2 3 4 5 6 7 8 
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13.3. sisalis gansazRvra almasis piramidis CawnexiT (vikersis xerxi) 

 

vikersis xerxiT sisalis gansazRvra xdeba gamosakvlev nimuSSi oTxwax-

naga almasis piramidis CawnexiT, romlis wverosTan mdebare kuTxe 1360-ia. am 

meTodiT sisalis gamocdisas sxvadasxva datvirTviT miRebuli anabeWdis 

diagonalebs Soris fardoba mudmivi sididea, rac datvirTvis farTo 

sazRvrebSi Secvlis SesaZleblobas iZleva. 

13.7 suraTze naCvenebia vikersis xelsawyos sqema. misi ZiriTadi nawilia 

Semosabrunebeli 1 Tavura, romelSic Camagrebulia samarTuli, almasis 2 pi-

ramidiT. samarTuli liTonis garsacmiTaa daculi. anabeWdis diametri Tavu-

raze damagrebuli 3 mikroskopiT  izomeba. 

 
a. datvirTvis SerCeva. datvirTvis sidide gamosakvlevi Sris sisqis mixed-

viT SeirCeva. zogadad SeiZleba CaiTvalos, rom gamocdis Sedegad miRebuli 

anabeWdis diagonalis sigrZe ukidures SemTxvevaSi 1,5-jer naklebi unda iyos 

Sris sisqeze. cxadia, rac ufro mcirea gamosacdeli Sris sisqe, datvirTva 

miT ufro naklebi aiReba. 

Tu gamosacdeli Sris sisqe (dacementebuli, kondensirebuli da a.S) wi-

naswar ar aris cnobili, rekomendebulia gazomvebi Tavdapirvelad sxvadasxva 

datvirTviT (magaliTad, 10; 20 da 30 kg) Catardes. Tu masalis ZiriTadi masa 

gazomvis Sedegebze gavlenas ar axdens, sisalis mniSvnelobebi TiTqmis erT-

nairi miiReba. winaaRmdeg SemTxvevaSi saWiroa datvirTvis Semcireba daaxlo-

ebiT erTnairi mniSvnelobebis miRebamde. 

vikersis meTodiT gamocdisas Semdegi tvirTebi gamoiyeneba: 5; 10; 20; 30; 

50; 100 da 120 kg. SerCeuli tvirTi (4, nax. 13.7) saTanado Reroze ikideba. 

 
b. anabeWdis miReba. swori da mkafio anabeWdis misaRebad sisaleze gamo-

sacdeli zedapiri unda iyos swori, gluvi da sufTa. am mizniT nimuSi abra-

ziuli qviT an zumfaris qaRaldiT muSavdeba. 

saTanado saxeluris qveda kidura mdgomareobamde daweviT, sakidze mo-

Tavsebuli tvirTi maRla aiwevs da xelsawyo muSa mdgomareobaSi Cadgeba. Se-

mosabrunebeli Tavura (1, sur. 13.7) marcxena kidura mdgomareobaSi dgeba.   ga- 
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mosacdeli nimuSi  sagnis 5 magidaze  Tavsdeba. 6 mqnevaras  saaTis isris mi-

marTulebiT Semobrunebisas magida zemoT gadaadgildeba da nimuSi garsacms 

miebjineba. gamSvebi meqanizmis 7 klaviSze  xelis daWeriT iwyeba datvirTvis 

cikli, romlis xangrZlivobis registracias 8 naTura  axdens. 

ciklis damTavrebis Semdeg magidas qvemoT dasweven da Tavuras sawina-

aRmdego mimarTulebiT SemobrunebiT mikroskopis optikur RerZs anabeWdis 

centrs SeuTavseben. magidis vertikalur sibrtyeSi gadaadgilebiT anabeWdi 

mohyavT fokusSi da zomaven misi diagonalis sigrZes ori urTierTmarTobi 

mimarTulebiT. 

 
 g. anabeWdis diagonalis sigrZis gazomva. anabeWdis diagonalis sigr-

Zis gasazomad mikroskopi aRWurvilia mikrometruli okulariT (sur. 13.8). 

okulars aqvs danayofebiani skala, ori ZiriTadi da erTi damatebiTi (punqti-

riani) StrixebiT (sur. 13.9, a). gazomvis  win  ZiriTadi  Strixebi  gaweuli  

unda  
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iyos anabeWdis diagonalTan SedarebiT ufro did manZilze (b). okularis 1 

xraxnis  SemobrunebiT anabeWdis diagonalis marcxena wertils uTavseben 

marcxena ZiriTad Strixs (g), xolo marjvena Strixs – 2 mikrometruli 

xraxnis SemobrunebiT diagonalis bolo wertils (d). anabeWdis diagonalis 

sigrZe iangariSeba okularis skalasa da mikrometrul xraxnze danayofebis 

ricxviT. 10x gamadideblobis obieqtivis gamoyenebisas skalis erTi danayofi 

Seesabameba 100 mikrons (0,1 mm), xolo marjvena mikrometruli xraxnis limbaze 

– erT mikrons (0,001 mm). magaliTad, Tu marjvena ZiriTadi Strixi mdebareobs 

skalis 2 da 3 danayofebs Soris (sur. 13.9, d), xolo limbaze danayofebis 

ricxvi 15-s Seadgens, anabeWdis diagonalis sigrZe 0,215 mm-is toli iqneba. 

      vikersis xerxiT gazomili sisale HV asoebiT aRiniSneba (indeqsad xSi-

rad datvirTvis sididis aRmniSvneli ricxvi iwereba). sisale ganisazRvreba, 

rogorc anabeWdis erTeulze  datvirTva:  

HV=
22

854,12
sin2

d

P

d

P





kg/mm2 

    sadac P aris datvirTva, kg; 

     _ piramidis mopirdapire waxnagebs Soris kuTxe, 1360; 

    d – anabeWdis ori diagonalis sigrZis saSualo ariTmetikuli, mm. 

    anabeWdis diagonalis sigrZiT sisalis gansazRvrisaTvis SeiZleba specia-

luri cxrilebis gamoyenebac. 

    mikrometruli okularis damatebiTi Strixi seriuli gamocdebis dros 

gamoiyeneba. davuSvaT, detalebis garkveuli seriisTvis dasaSvebi sisale 300-

dan 350 HV-mde intervalSi mdebareobs, rasac 10 kg datvirTvis dros 240-230 
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mikroni diametris anabeWdi Se-

esabameba. marjvena ZiriTad da 

damatebiT Strixebs diagonalis 

dasaSvebi zRvrebis Sesabamisad 

ayeneben (sur. 13.10) da amowme-

ben, Tavsdeba Tu ara miRebuli 

anabeWdis diagonali am zRvreb-

Si. 

     ama Tu im xerxiT gazomi-

li sisaleebis urTierTSedare-

bisaTvis sargebloben saTanado 

gadamyvani cxriliT, sadac mo-

cemulia sxvadasxva meTodiT 

gazomili sisalis mniSvnelo-

bebs Soris damokidebuleba.  

 

      d. xelsawyos Semowmeba. sizusteze xel-

sawyos Semowmeba sakontrolo standartuli 

filebis saSualebiT xdeba. xelsawyos Cveneba 

filaze miTiTebuli sisalis zRvrebSi unda 

moTavsdes. winaaRmdeg SemTxvevaSi, Tu xelaxa-

li gazomvebis Catarebisas mniSvnelobebi ga-

meorda, SedegSi saWiroa saTanado Sesworebis 

Setana. 

 
 

 d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. SeiswavleT vikersis xelsawyos mowyobiloba da muSaobis principi; 
 
2. SeirCieT datvirTva mocemuli masalis sisalis gansazRvrisaTvis; 
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3. SeamowmeT xelsawyos sizuste; 
 
4. gansazRvreT gamosakvlevi masalis sisalis mniSvneloba da SeadareT 

igi cxrilis monacemebs. gazomvis Sedegebi SeitaneT dakvirvebaTa cxrilSi; 
 
5. saTanado cxrilis gamoyenebiT sisalis mniSvneloba gamosaxeT bri-

nelis erTeulebiT;  
 

6. aRwereT muSaobis Tanamimdevroba da dawereT Catarebuli samuSaos 
angariSi. 

 

                 
                                    

                                                           dakvirvebaTa cxrili 
                     

# 
rigze 

 
Mmasalis 
sisqe, mm 

 
datvirTva 

anabeWdis diagonalis sigrZe, mm sisale  
Bvikersis 
erTeu_ 
lebSi 

Ggazomvebis seria saSualo  
mniSvneloba 1 2 3 

1 2 3 4 5 6 7 8 
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laboratoriuli samuSao 14 

 

mikrosisalis gansazRvra 

 

 

mikrosisalis gansazRvra masalis fizikur-qimiuri analizis erT-erTi 

ZiriTadi meTodia.   

makrosisalis gansazRvris xerxebis gacnobisas aRniSnuli iyo, rom de-

formrebuli Sris moculoba bevrad aRemateboda liTonis marcvlebis mocu-

lobas, amitom aRniSnuli meTodebiT faqtobrivad liTonis `gasaSualoebuli~ 

sisale ganisazRvreba, magram liTonebisa da Senadnobebis mravali Tavisebu-

rebis gamomJRavnebisaTvis aucilebelia ara marto `gasaSualoebuli~, aramed 

struqturis calkeuli fazebisa da struqturuli mdgenelebis sisalis cod-

nac. am amocanis gadawyveta mikrosisalis gazomvis meTodis gamoyenebiT xor-

cieldeba. 

mikrosisalis gansazRvrisas anabeWdis diagonalis sigrZe imdenad mcire 

miiReba, rom SesaZlebelia calkeuli marcvlis sisalis gansazRvra. aRniSnu-

li meTodi agreTve gamoiyeneba metad wvrili nakeTobis xarisxis Sesamowmeb-

lad (magaliTad, majis saaTis detalebi), Txeli naxevarfabrikatebis (lenti, 

kilita, mavTuli), galvanuri firebis, orTqlis fazidan kondensirebuli masa-

lebis, myife araliTonuri masalebis (abrazivi, minerali, mina) sisalis gan-

sazRvrisaTvis. 

mikrosisale gamosacdel nakeTobaSi almasis piramidis CawnexiT ganisa-

zRvreba. 14.1 suraTze mocemulia mikrosisaleze gamosacdeli -3 tipis 

xelsawyos saerTo xedi. xelsawyos Stativze damagrebulia 1 mikroskopi, rom-

lis gadaadgileba vertikalur sibrtyeSi 2 makrometruli da 3 mikrometruli 

xraxnebis saSualebiT xdeba. tubusis zeda nawilSi Casmulia 4  okularuli 

mikrometri, xolo qveda nawilSi –5 obieqtivi. tubusze damagrebulia dasat-

virTi 6 meqanizmi almasis 7 piramidiT, romlis mopirdapire waxnagebs Soris 

kuTxe 1360-ss Seadgens. 

      anabeWdis misaRebad xelsawyo aRWurvilia mrgvali tvirTebis kompleq-

tiT, romelTa wona 1; 2; 5; 10; 20; 50; 100; 200  da  500  gramia. tvirTi 8 dasat-

virTi meqanizmis Wokze Tavsdeba. 
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gamosacdeli 9 nimuSi  sagnis 10 magidaze  saTanado mimWeri  TaTebiT an 

plastiliniT magrdeba. 11 xraxnebis  saSualebiT SesaZlebelia magidis zeda  

nawilis gadaadgileba horizontalur sibrtyeSi urTierTmarTobi mimarTule-

biT, xolo 123 saxeluriT  _ 1800-iT magidis Semobruneba vertikaluri RerZis 

garSemo. gamosakvlevi nimuSis fokusireba 2 makro da 3 mikroxraxnebis saSua-

lebiT xdeba. nimuSi naTdeba iluminatorSi Cayenebuli naTuris saSualebiT.   

Tu kvlevis mizans Senadnobis calkeuli struqturuli mdgenelebis si-

salis gansazRvra Seadgens, saWiroa mikroxexis winaswar momzadeba da reaqti-

viT damuSaveba metalografiaSi cnobili meTodebiT. 

 
a. anabeWdis miReba. gazomvebis dawyebamde okular-mikrometris limbs (1, 

sur. 14.2) nulovan danayofze asworeben. am mdebareobaSi okular-mikrometris 

2 ormagi Strixi 3 uZravi skalis me-4 danayofs SeuTavsdeba, xolo diagona- 

lebis gadakveTis wertili mxedvelobis aris centrSi aRmoCndeba. 
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sagnis magidaze damagrebul nimuSs fokusSi ayeneben da kvlevisaTvis 

saintereso mikroubans (magaliTad, liTonis marcvals) magidis gadaadgilebiT 

okular-mikrometris diagonalebis gadakveTis wertils uTavseben (sur. 14.3, a).  

winaswar SerCeuli tvirTi sakidze Tavsdeba. sagnis magidis marcxena 

kidura mdgomareobamde (1800-iT) SemobrunebiT sisalis gamosacdelad SerCeu-

li mikroubani almasis piramidis centris qveS moeqceva. dasatvirTi meqaniz-

mis saxeluris Tanabari, mdovre SemobrunebiT saTanado datvirTva viTardeba. 

10-15 wamis Semdeg datvirTva moixsneba da sagnis magida sawyis mdebareobas 

ubrundeba. Tu xelsawyo sworad aris centrirebuli, anabeWdi okular-mikro-

metris diagonalebis gadakveTis wertilSi an mis uSualo maxloblobaSi mi-

iReba (sur. 14.3, b). 

 

b. anabeWdis diagonalis sigrZis gazomva da sisalis gansazRvra. anabeW-

dis diagonalis sigrZis gansazRvra umetes SemTxvevaSi Semdegi Tanamimdevro-

biT xdeba: 11 xraxnebis  (sur. 14.1) SemobrunebiT sagnis magidas iseTnairad 

gadaaadgileben, rom anabeWdis marjvena wvero diagonalebis gadakveTis wer- 

tils SeuTavsdes (sur. 14.3, g). amis Semdeg Semoabruneben okular-mikrometris 

limbis dols da diagonalebis gadakveTis wertils anabeWdis marcxena wer-
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tils SeuTavseben. bunebrivia, gadaadgildeba ormagi Strixic da igi uZravi 

skalis raRac danayofebs Soris aRmoCndeba (d). anaTvali okular-mikrometris 

uZravi skalidan aiReba da mas limbis danayofebis ricxvi emateba. uZravi ska-

lis danayofis fasi 100 mikrons Seadgens, xolo limbis dolisa – 1 mikrons. 

amrigad, 14.3 d suraTze mocemuli anabeWdis diagonalis sigrZe okular-

mikrometris danayofebiT toli iqneba 165 erTeulisa. 

moqmedi standartis Tanaxmad, anabeWdis diagonalis sigrZe ori urTi-

erTmarTobi mimarTulebiT unda ganisazRvros da maTi saSualo ariTmetikuli 

gamoiTvalos. am mizniT horizontaluri diagonalis sigrZis gazomvis Semdeg 

okular-mikrometrs 900-iT Semoabruneben, gazomvas imeoreben da angariSoben 

diagonalebis sigrZeTa  z  saSualo mniSvnelobas. 

okular-mikrometris danayofebSi gamosaxuli anabeWdis diagonalis si-

grZis mikronobiT gamosaxva Semdegi formulis saSualebiTaa SesaZlebeli: 

d= z q, 
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sadac q=0,31.  

zemoT ganxilul magaliTSi diagonalis sigrZe 

d=165x0,31=51,15 mikrons. 

sisale H  ganisazRvreba formuliT: 

H=1,854
2d

p
kg/mm2 (an H=1,854

2d

p
x9,8 mgpa), 

sadac P aris datvirTva, kg; 

d _ anabeWdis ori diagonalis sigrZis saSualo ariTmetikuli, mm. 

Tu p datvirTva gamoisaxeba gramebiT, diagonalis sigrZe d – mikronebiT, 

maSin sisalis gamosaTvleli formula Semdeg saxes miiRebs: 

H=1854
2d

p
kg/mm2 (an H=1854

2d

p
x9,8 mgpa). 

sisalis gansazRvrisaTvis praqtikaSi sargebloben standartuli cxri-

lebiTac, romlebic Sedgenilia 5; 10; 20; 50; 100; 200 da 500 grami datvirTve-

bisaTvis diagonalis sigrZeze damokidebulebiT. 

 
g. gazomvis cdomileba. mikrosisalis gansazRvrisas daSvebul cdomi-

lebas ZiriTadad anabeWdis diagonalis gazomvis sizuste ganapirobebs. 

cdomilebis erT-erTi mizezi SeiZleba iyos okular-mikrometris diagonale-

bisa da skalis arasakmarisi simkveTre, rac okularis frontaluri linzis 

SemobrunebiT gamoswordeba. diagonalis sigrZis maRali sizustiT gazomvas 

uzrunvelyofs agreTve nimuSis mkveTri, Tanabari ganaTeba da gamosaxulebis 

gazrdili kontrastuloba, rac diafragmirebiTa da Suqfiltrebis sworad 

SerCeviT miiRweva.  

jamuri cdomilebis erT-erTi Semdgenia okular-mikrometris xraxnebis 

uqmi svla. misi gamoricxvis mizniT gazomvebis yvela seria rekomendebulia Ca-

tardes diagonalebis erTi da imave mimarTulebiT gadaadgilebisas, rogorc 

wesi, skalis didi danayofebidan mcire danayofebisaken (marjvnidan marcxniv). 

 
d. fotogadaReba. ПМТ-3  tipis sisalis sazom xelsawyoze SesaZlebelia 

gamosakvlevi obieqtisa da anabeWdis fotogadaReba. fotogadaRebisTvis oku-

laris Camosacmeli korpusis (13,sur.14.1) nacvlad mikroskopis tubusSi fo-
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tomowyobiloba magrdeba (nax.14.4). fo-

tomowyobiloba aRWurvilia fotoka-

meriT (2) da vizualuri tubusiT, ro-

melSic Cadgmulia okulari (1). foto-

gadaRebisaTvis gamoiyeneba 7X, 10X an 

15X gamadideblobis standartuli oku-

larebi. anabeWdisa da mikrostruqtu-

ris fotogadaReba Cveulebrivi meTo-

diT xorcieldeba fotofirfitis an 

cifruli fotoaparatis gamoyenebiT. 

    14.5 suraTze gamosaxulia almasis 

piramidis anabeWdebi nikelis konden-

sirebul  firze. 
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d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. SeiswavleT ПМТ-3  tipis sisalis sazomi xelsawyos mowyobiloba da 

muSaobis principi; 
 
2. SearCieT optimaluri datvirTvis sidide, gansazRvreT teqnikurad 

sufTa rkinis marcvlebis saSualo sisale da SeadareT cxrilis monacemebs; 
gazomvis Sedegebi SeitaneT dakvirvebaTa cxrilSi; 

 
3. aRwereT muSaobis msvleloba da dawereT Catarebuli samuSaos 

angariSi.  
 

                                                    
                                                           dakvirvebaTa cxrili 
                     

 
# 

rigze 

 
Ggamoc- 
dis 

obieqti 

 
Ddat- 
virTva 

Ggazomvis Sedegebi okular-
mikrometris danayofebSi 

Ddiagonalis 
sigrZe 

mikronebiT 

Mmikro_ 
sisalis 
mniSvne-
loba 

Ppirveli 
anaTvali 

meore 
anaTvali 

saSualo 
mniSvne-
loba 

1 2 3 4 5 6 7 8 

 
 
 
 
 

       

 

 

 

 

         

 

  

 
 
 
 
 
 
 
 
        



 110 

V. rkina-naxSirbadis Senadnobebis struqturuli 

kvleva  

 

 

laboratoriuli samuSao 15 

 

naxSirbadiani foladis mikrostruqturis kvleva wonasworul 

mdgomareobaSi 

 
naxSirbadiani foladis mikrostruqturas wonasworul mdgomareobaSi, 

rogorc 15.1 suraTidan Cans, naxSirbadis Semcveloba gansazRvravs. Senadnobs, 

romelic naxSirbads 0,02%-mde Seicavs, teqnikurad sufTa rkina ewodeba; 0,02-

dan 0,8%-mde Semcvelobisas – qveevteqtoiduri foladi, xolo 0,8-dan 2,14%-mde 

– zeevteqtoiduri foladi. evteqtoidur foladSi naxSirbadis Semcveloba 

0,8%-ia. 
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15.1. teqnikurad sufTa rkinis mikrostruqtura.  rkinaSi naxSirbadis 

xsnadobis zRvari cvalebadia (ix. PQ xazi Fe – C diagramaze). 727OC temperatura- 

ze  rkinaSi ixsneba 0,02% naxSirbadi. temperaturis SemcirebasTan erTad 

xsnadobis zRvari mcirdeba da oTaxis temperaturaze 0,006%-s Seadgens (amrg-

valeben 0,01-mde). amitom 0,006%-mde naxSirbadis Semcveli rkinis Senadnobebis 

mikrostruqtura Sedgeba feritisagan, romelic naxSirbadis myari xsnaria 

rkinis  modifikaciaSi. feriti xasiaTdeba mcire simtkiciTa da didi plasti-

kurobiT. misi Tvisebebi sufTa rkinis Tvisebebs uaxlovdeba. kerZod, sisale 

tolia 80-90 HB, maqs – 300-350  mgpa,  - 40-50%,  KCU – 2-3 mgj/m2.   

nimuSis simJaviT damuSavebisas feritis marcvlis sazRvrebi advilad 

amoiWmeba da struqturaSi vRebulobT mravalwaxnaga marcvlebs poliedrebis 

saxiT (sur. 15..2, a). 

SenadnobSi naxSirbadis umniSvnelo raodenobiT gazrda (0,02%-mde) iw-

vevs struqturaSi axali fazis – mesameuli cementitis (Fe3CIII) gaCenas, rome-

lic gacivebisas upiratesad feritis marcvlis sazRvrebze gamoiyofa naxSir-

badis xsnadobis zRvris Semcirebis gamo (sur. 15.2, b). cementitSi naxSirbadis 

Semcveloba 6,67%-ia. igi yvelaze sali da myife fazaa. misi sisale HB800. ami-

tom cementitis CanarTebi amcirebs foladis plastikurobasa da siblantes. 
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15.2 qveevteqtoiduri da evteqtoiduri foladebis mikrostruqtura. 

foladSi naxSirbadis raodenobis gazrda 0,02%-ze metad iwvevs struqturaSi 

perlitis warmoqmnas. perliti aris evteqtoidi, orfaza struqtura, feritisa 

da cementitis mikromeqanikuri narevi, romelic warmoiqmneba austenitis sru-

li daSlis Sedegad. naxSirbadis  raodenoba perlitSi 0,8%-ia, sisale - 180-

200 HB, B – 700-800 mgpa,  - 10%. 

perliti, rogorc orfaza struqtura, reaqtivis zemoqmedebiT feritTan 

SedarebiT ufro intensiurad amoiWmeba. amitom mikroxexis mikroskopSi dak-

virvebisas perliti moCans muqi feris araerTgvarovani CanarTebis saxiT (sur. 

15.3).  

feriti cementitTan SedarebiT ufro intensiurad ixsneba mJavaSi. inten-

siurad ixsneba agreTve feritisa da cementitis sazRvrebi. amitom mikroxexze 

dacemuli sinaTlis sxivi cementitis amoSverili adgilebidan Crdils iZleva 

feritis TeTr fonze. amrigad, 15.3. suraTze gamosaxul mikrostruqturaze 

saerTo TeTri foni feritia, xolo muqi adgilebi – cementitis amoSverili 

ubnebis Crdili feritis fonze. sakmaod maRali dispersiulobis gamo perli-

tis agebuleba kargad gasarCevia 500-ze meti gadidebis SemTxvevaSi (sur. 15.3, 

b). 

      qveevteqtoiduri foladis struqturaSi perlitTan erTad gvxvdeba  fe- 
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ritis Warbi kristalebi. aseTi foladis reaqtiviT damuSavebis  Semdeg  feri-   

tis marcvlebi mikroskopSi TeTri feris poliedrebis saxiT moCans, xolo 

perliti muqi an zolovani agebulebisaa (sur. 15.4 a, b).    

naxSirbadis raodenobis gazrdasTan erTad TiTqmis proporciulad izr-

deba perlitis raodenobac (sur. 15.4, a-v). bunebrivia, Sesabamisad mcirdeba 

Warbi feritis marcvlebi da rodesac naxSirbadis Semcveloba foladSi 0,8%-

s miaRwevs, feritis marcvlebi qreba da struqtura mxolod perlitisagan iq- 

neba Sedgenili. 



 114 

15.3. zeevteqtoiduri foladis mikrostruqtura. zeevteqtoiduri fo-

ladis mikrostruqtura Sedgeba perlitisa da meoreuli cementitisagan. meo-

reuli cementiti austenitidan gamoiyofa Arcm  (SE xazi,sur. 15.1) – Ar1  (PSK xa-

zi) temperaturul intervalSi austenitSi naxSirbadis xsnadobis zRvris Sem-

cirebis gamo. 

neli gacivebis pirobebSi meoreuli cementiti austenitis marcvlis sa-

zRvrebze badis saxiT gamoiyofa. Ar1 temperaturaze ki austeniti ganicdis per-

ltur gardaqmnas. amrigad, sruli gacivebis Semdeg zeevteqtoiduri foladis 

struqturaSi miiReba cementitis bade, romlis SigniT perlitis firfita iqne-

ba moTavsebuli. mikroxexis azotmJavaTi damuSavebisas cementitis bade 

TeTrad gamoCndeba (sur. 15.5, a). 

Tu foladi naxSirbads 0,8%-ze ramdenadme naklebi raodenobiT Seicavs, 

Warbi feritic SeiZleba perlitis sazRvarze badis saxiT gamoiyos. bunebri-

via, imave reaqtiviT damuSavebisas es badec TeTrad gamoCndeba. imis dasazus-

teblad, Tu romel Senadnobs miekuTvneba aseTi struqturis foladi – 

qveevteqtoidurs Tu zeevteqtoidurs anu TeTri bade feritisaa Tu cemen-

titis, mikroxexs xelaxla aprialeben da sakontrolod wamlaven natriumis 

pikratiT. igi cementits muq yavisfrad SeRebavs. Tu bade sakontrolo mo-

wamvlis Semdeg fers ar Seicvlis, igi feritis yofila da foladi qveevteq-

toidurs miekuTvneba. 15.5 b suraTze magaliTis  saxiT  mocemulia  natriumis 
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pikratiT damuSavebuli zeevteqtoiduri foladis mikrostruqtura. 

 

15.4. naxSirbadis Semcvelobis gansazRvra foladSi metalografiuli 

meTodiT. mikrostruqturuli analizis monacemebis safuZvelze gamosakvlev 

foladSi SesaZlebelia ganisazRvros naxSirbadis miaxloebiTi Semcveloba. 

amisaTvis saWiroa qveevteqtoidur foladSi gamoiTvalos feritisa da perli-

tis mier dakavebuli farTobebi (procentobiT). radgan feritSi gaxsnili nax-

Sirbadis raodenoba umniSvneloa, SeiZleba davuSvaT, rom naxSirbadi, romel-

sac foladi Seicavs, mTlianad perlitSia dakavebuli. aRniSnulis gaTvalis-

winebiT naxSirbadis Semcveloba foladSi Semdegi TanafardobiT gamoiTv-

leba: 

C=
100

F
x 0,8%, 

sadac F aris perlitis mier dakavebuli farTobi mikrostruqturis xi-

lul areSi. 

magaliTad, Tu farTobis 30% ferits uWiravs, 70% ki – perlits, 

gamosakvlev foladSi naxSirbadis Semcveloba daaxloebiT  iqneba: 

C=
100

8,070x
=0,56 %. 

zeevteqtoidur foladSi naxSirbadi dakavebulia rogorc perlitSi, ise 

cementitSi. amitom naxSirbadis Semcveloba Semdegi formuliT ganisazRvreba: 

C=
100

67,68,0 1FF 
, % 

sadac F da F1, Sesabamisad, perlitisa da cementitis mier dakavebuli 

farTobebia mikrostruqturis xilul areSi. 

 

d a v a l e b a :  

I safexuri (bakalavriati) 

 
1. gamoikvlieT teqnikurad sufTa rkinis, qveevteqtoiduri, evteqtoiduri 

da zeevteqtoiduri foladebis mikrostruqturebi. 
 
2. sqematurad gamoxazeT gamokvleuli mikrostruqturebi da saTanadod 
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axseniT. 
 

3. aRwereT struqturuli cvlilebebi foladSi naxSirbadis Semcveloba-
ze damokidebulebiT. 

 
4. dawereT Catarebuli samuSaos angariSi. 
 
 
 

II safexuri (magistratura) 

    
1. masStabiT gamoxazeT rkina _ naxSirbadis SenadnobTa sistemis mdgo-

mareobis diagrama;  
        
2 gamoikvlieT teqnikurad sufTa rkinisa da naxSirbadiani foladebis 

mikrostruqturebi; 
 
3. mikrostruqturuli analizis monacemebiT miaxloebiT daadgineT ga-

mosakvlev foladebSi naxSirbadis procentuli Semcveloba; 
 

4. rkina-naxSirbadis diagramaze uCveneT gamokvleuli Senadnobebis tem-
peraturuli RerZebi, aageT maTi gacivebis mrudebi da axseniT fazaTa warmo-
qmnis procesi wonasworul pirobebSi; 

 
5. gansazRvreT gamokvleuli foladebis sisale, aageT diagrama koor-

dinatebiT sisale – naxSirbadis Semcveloba da mieciT saTanado axsna; 
 

      6. dawereT Catarebuli samuSaos angariSi. 
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laboratoriuli samuSao 16 

TeTri Tujis mikrostruqturis kvleva 

 
      TeTr TujSi naxSirbadi, romelsac Senadnobi Seicavs, mTlianad qimiur 

naerTSi _ cementitSia dakavebuli. struqturis mixedviT TeTri Tuji sam 

jgufad iyofa: qveevteqtikuri, romelic naxSirbads 2,14-dan 4,3%-mde Seicavs, 

evteqtikuri, naxSirbadis SemcvelobiT 4,3% da zeevteqtikuri, romelSic 

naxSirbadis raodenoba 4,3%-dan 6.67%-is sazRvrebSi icvleba. 

TeTri TujisTvis damaxasiaTebelia ledeburituli struqtura. ledebu-

riti aris cementitis evteqtika, romelic 11470C temperaturaze warmoiqmneba 

4,3% naxSirbadis Semcvelobis Txevadi xsnaridan. am temperaturaze evteqtika 

Sedgenilia cementitisa da austenitisagan. naxSirbadis raodenoba austenitSi  

2,14%-ia (sur. 16.1, E wertili). 

Tujis Semdgomi gacivebisas naxSirbadis xsnadobis zRvris Semcirebis 
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gamo austenitidan gamoiyofas iwyebs meoreuli cementiti (SE xazi), romelic 

evteqtikis cementitTan ireva. 7270C temperaturaze austenitSi naxSirbadis ra-

odenoba 0,8%-mde mcirdeba da mudmiv temperaturaze igi perlitur gardaqmnas  

 

 

ganicdis. 

amrigad, oTaxis temperaturamde gacivebis Semdeg ledeburiti  perliti-

sa da cementitis mikromeqanikuri narevia (sur. 16..2, a) 

qveevteqtikuri Tujis struqturaSi ledeburitTan erTad gvxvdeba per-

liti da meoreuli cementiti (sur. 16.2 b), xolo zeevteqtikurSi – pirveladi 

cementiti (sur. 16.2 g). 

qveevteqtikur TujSi meoreuli cementiti gamokristaldeba austeniti-

dan 1147-7270C temperaturul intervalSi, Semdeg ki, rogorc avRniSneT, xdeba 

austenitis perlituri gardaqmna. 

mcire naxSirbadis Semcveli TeTri Tujidan (C≈2,14%) gamoyofili meo-

reuli cementitis kristalebis garCeva mikroskopSi iolia, radgan aseTi Sed-
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genilobis TujSi ledeburiti sakmaod mcire raodenobiT warmoiqmneba. nax-

Sirbadis raodenobis gazrdasTan erTad izrdeba ledeburitis raodenoba da 

meoreuli cementiti ireva ledeburitSi Semaval cementitSi. amitom SeiZleba 

davuSvaT, rom qveevteqtikuri Tujis mikrostruqtura perlitisa da ledebu-

ritisgan Sedgeba.  

 

d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. SeiswavleT da sqematurad gamoxazeT TeTri Tujis mikrostruqturebi; 
 
2. aRwereT struqturuli cvlilebebi naxSirbadis Semcvelobaze damoki-

debulebiT. 
 
3. SeadgineT Catarebuli samuSaos angariSi. 

 
 

II safexuri (magistratura) 

 
1. gamoikvlieT TeTri Tujis mikrostruqturebi; 
 
2. rkina-naxSirbadis diagramaze uCveneT gamokvleuli Senadnobebi, aageT 

maTi gacivebis mrudebi da axseniT maTSi mimdinare fazaTa warmoqmnis proce-
sebi oTaxis temperaturamde gacivebisas; 

 
3. aRwereT struqturuli cvlilebebi TeTr TujebSi naxSirbadis Semc-

velobaze damokidebulebiT Fe-C diagramasTan kavSirSi. 
 
4. dawereT Catarebuli samuSaos angariSi. 

 

 

 

 

 

 

 



 120 

laboratoriuli samuSao 17 

ruxi, Wedadi da maRali simtkicis Tujebis mikrostruqturis kvleva 

 
17.1 ruxi Tujis mikrostruqtura. rux TujSi naxSirbadi nawilobriv an 

mTlianad gamoyofilia Tavisufali anu grafitis saxiT. ruxi Tujis struq-

tura ganixileba, rogorc liTonuri are masSi ganlagebuli grafitis Canar-

TebiT. mikroxexis momzadebisas grafitis CanarTebi ar prialdeba, amitom maTi 

Seswavla mJavaTi amouWmel nimuSze xdeba. mikroskopSi dakvirvebisas gapria-

lebul, kaSkaSa areSi grafiti muqi feris CanarTebis saxiT moCans. 

ruxi Tujis Tvisebebi damokidebulia rogorc liTonuri aris struqtu-

raze, ise grafitis CanarTebis formasa da raodenobaze. grafitis formebi 

rux TujSi xuT tipad aris dayofili (sur. 17.1):  

a _ Tanabrad ganawilebuli firfitebi upiratesi orientaciis gareSe 

(daklaknili). grafitis aseTi forma yvelaze ufro xSirad gvxvdeba. igi war-

moiqmneba mcire raodenobiT siliciumisa da fosforis Semcvelobis rux Tu-

jebSi umniSvnelo evteqtikuri gadacivebis pirobebSi. 

bB _ rozetuli, romlis miRebas ganapirobebs gacivebis didi siCqare. 

grafitis yovel rozets aqvs sakuTari kristalizaciis centri, saidanac gra-

fitis firfita radialuri mimarTulebiT izrdeba. rozetuli tipis grafitis 

CanarTebi ZiriTadad gvxvdeba Txelkedlian sxmulebSi. 

Gg _ sxvadasxva zomis firfitebi. am tipis CanarTebi damaxasiaTebelia 

zeevteqtikuri TujebisaTvis. uxeSi firfitebi yalibdeba uSualod siTxidan 

kristalizaciis procesSi, xolo SedarebiT mcire zomis, evteqtikuri 

grafiti, momdevno etapze, uxeSi grafitisagan Tavisufal moculobebSi. 

dD _ gadacivebuli dendritTSorisi grafiti. am tipis warmonaqmns gana-

pirobebs grafitis Senelebuli siCqariT Casaxva mniSvnelovani gadacivebis pi-

robebSi. grafitis CanarTebis raodenoba didia, xolo firfitebis zoma metad 

mcire.                                                          

e _ dendritSorisi grafiti upiratesi orientaciiT. grafitis es tipi 

gvxvdeba naxSirbaduxv zeevteqtikur TujebSi da ganpirobebulia umniSvnelo 

gadacivebiT. grafitis aseTi forma yvelaze arasasurvelia. 
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Cveulebrivi xarisxis rux TujSi grafiti firfitovani CanarTebis saxiT 

gvxvdeba. CanarTis es forma yvelaze naklebad xelsayrelia, radgan igi iwvevs  

Tujis maqsimalur simyifes. daklaknili da wvrili CanarTebi Tujis ufro 

maRali xarisxis maCvenebelia.    

dendritTSorisi ganlagebiT grafitis wertilovani CanarTebi Tujs Se-

darebiT dabal Tvisebebs aniWebs, amitom mas gaurbian. 

ruxi Tujis liTonuri arec sxvadasxvanairi SeiZleba iyos. es gamowveu-

lia imiT, rom TujSi Semavali naxSirbadi SeiZleba mTlianad grafitis saxiT 

gamoiyos an misi nawili darCes bmul mdgomareobaSi cementitis saxiT. amis 

mixedviT ruxi Tujis liTonuri aris fazuri Sedgeniloba sxvadasxvaa da 

TviT struqturac, bunebrivia, gansxvavebuli iqneba. 
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Tu rux TujSi Semavali naxSirbadi mTlianad grafitis saxiT aris ga-

moyofili, maSin liTonuri are sufTa feritia. aseT Tujs ferituli ewodeba 

da misi struqturaa feriti+grafiti (sur. 17..2, a). 

 

Tu rux TujSi Semavali naxSirbadi grafitis saxiT gamoiyo imdeni, rom 

qimiur naerTSi dakavebuli naxSirbadis raodenoba icvleba 0.02–0.8%-is zRvreb-

Si, liTonuri aris struqtura ferit-perlituri iqneba. feritisa da perli-

tis raodenoba damokidebulia cementitSi dakavebuli naxSirbadis raodenoba-

ze. rac ufro naklebia naxSirbadis es raodenoba, miT ufro meti iqneba struq-

turaSi feriti da piriqiT. aseT Tujs ferit-perlituri ewodeba  da  misi 

struqturaa feriti+perliti+grafiti (b). 

Tu rux TujSi Semavali naxSirbadi Tavisufali, anu grafitis saxiT ga-

moiyo iseTi raodenobiT, rom qimiur naerTSi dakavebuli naxSirbadis raode-

noba 0,8%-s Seadgens, maSin liTonuri aris struqtura perlituri iqneba. aseT 

Tujs perliturs uwodeben da misi struqturaa perliti+grafiti (g). 
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d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. SeiswavleT rux TujSi grafitis CanarTis ZiriTadi formebi; 
 
2. gamoikvlieT Tujis liTonuri aris struqturebi; 
 
3. sqematurad gamoxazeT gamokvleuli nimuSebis mikrostruqturebi da  

saTanadod  axseniT; 
 
4. dawereT Catarebuli samuSaos angariSi. 
 
 

II safexuri (magistratura) 

 
1. gamoikvlieT grafitis CanarTis formebi da axseniT maTi Camoyalibe-

bis pirobebi; 
 
2. xarisxobrivad SeafaseT gamokvleuli Tujebis Tvisebebi grafitis 

formasa da liTonuri fuZis struqturaze damokidebulebiT; 
 
3. dawereT Catarebuli samuSaos angariSi. 
 

 
17.2. maRali simtkicis Tujis mikrostruqtura. maRali simtkicis Tuji  

modificirebuli Tujis maRali safexuria. sxvadasxva modifikatoris 

Seswavlis procesSi aRmoCnda, rom grafitis formis Secvlis TvalsazrisiT 

gansakuTrebulad moqmedebs magniumi. 

dadgenilia, rom garkveuli qimiuri Sedgenilobis Txevad rux TujSi ma-

gniumis Setana (procentis measedi raodenobiT) uzrunvelyofs momrgvalebuli  

formis grafitis CanarTebis warmoqmnas (sur. 17.3, a), nacvlad Cveulebrivi 

firfitovani grafitisa. es sagrZnoblad zrdis Tujis simtkices da mkveTrad  

amcirebs mis simyifes ise, rom TujSi fardobiTi wagrZelebac ki ganisazRv-

reba. Tujs momrgvalebuli formis grafitis CanarTebiT maRali simtkicis 

Tuji ewodeba. 

maRali simtkicis Tujis liTonuri are, iseve, rogorc Cveulebriv rux 

TujSi, SeiZleba iyos ferituli, perlituri an feritul-perlituri. amrigad, 

liTonuri aris fazur  Sedgenilobaze  damokidebulebiT  maRali  simtkicis  
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TujSi gvaqvs Semdegi struqturebi: feriti+momrgvalebuli grafiti, romel-

sac ferituli maRali simtkicis Tuji ewodeba (b); feriti+perliti+momrg-

valebuli grafiti – feritul-perlituri maRali simtkicis Tuji (g) da per-

liti+momrgvalebuli grafiti – perlituri maRali simtkicis Tuji (d). 

 

d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. SeiswavleT da sqematurad gamoxazeT grafitis CanarTis forma 

maRali simtkicis TujSi; 
 
2. gamoikvlieT Tujis liTonuri aris struqturebi; 

 
3. sqematurad CaixazeT gamokvleuli nimuSebis mikrostruqturebi da  

saTanadod  axseniT. 
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17.3. Wedadi Tujis mikrostruqtura. ruxi TujisTvis damaxasiaTebel 

firfitovan grafitTan SedarebiT didi upiratesobiT xasiaTdeba grafitis 

budobrivi CanarTebi. igi miiReba TeTri Tujis specialuri Termuli damuSa-

vebiT – mowviT, ris Sedegadac TujSi Semavali cementiti iSleba grafitis 

gamoyofiT. myar TujSi grafitizaciis procesis Sedegad gamoyofili naxSir-

badi yovelTvis budobrivi (fifqiseburi) CanarTebis saxes Rebulobs. am gra-

fits xSirad mowvis naxSirbadsac uwodeben. radgan grafitis budobrivi Ca-

narTebi uzrunvelyofs simyifis sagrZnob Semcirebas da plastikurobis gadi-

debas, aseTma Tujma Wedadi Tujis saxelwodeba miiRo. Wedadi Tuji imdenad 

plastikuria, rom misi daxasiaTeba simtkicis zRvriTa da fardobiTi wagrZe-

lebiT xdeba.  

liTonuri fuZis struqtura Wedad TujSi aseve SeiZleba iyos feritu-

li, perlituri an feritul-perlituri. 17.4 suraTze gamosaxulia Wedadi Tu-

jis mikrostruqturebi. 
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d a v a l e b a : 

I safexuri (bakalavriati) 

 
 1. SeiswavleT grafitis CanarTis forma Wedad TujSi; 

 2. gamoikvlieT Tujis liTonuri aris struqturebi; 

 3. sqematurad CaxazeT gamokvleuli nimuSebis mikrostruqturebi da  
saTanadod  axseniT;  

 

17.4. struqturis formireba Wedad TujSi. Wedadi Tujis nakeTobis mi-

saRebad mas jer TeTri Tujisgan Camoasxamen, Semdeg ki mowvaven. Wedadi 

TujisTvis gankuTvnili TeTri Tujis qimiuri Sedgeniloba zustad unda iyos 

gansazRvruli: C - 2,5-3,0%; Si  0,7-1,5%; Mn  0,3-0,5%; S 0,1%; P 0,2%. naxSirbadis 

Semcveloba gviCvenebs, rom mowvisTvis qveevteqtikur TeTr Tujs iReben. 

Wedadi Tuji liTonuri aris struqturis mixedviT ZiriTadad feritu-

lia. iSviaTad misi struqtura SeiZleba iyos feritul–perlituri an 

perlituri. mikrostruqturis sxvadasxvaoba damokidebulia mowvis reJimze. 

zogadad TeTri Tujis Wedad Tujad mowvis reJimi SeiZleba gamoisaxos 17.5 

suraTze mocemuli grafikiT. 

ferituli Wedadi Tujis misaRebad (sur. 17.5, 1) mrudi nakeTobas nela  
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 axureben 950-10000C temperaturamde da ayovneben 10-15 saaTis ganmavlobaSi. 

dayovnebis procesSi mimdinareobs grafitizaciis pirveli stadia – evteq-

tikaSi Semavali cementitisa da austenitSi gauxsneli meoreuli cementitis 

daSla mowvis naxSirbadis warmoqmniT. stadiis damTavrebis Semdeg struqtu-

raSi austeniti da mowvis naxSirbadi miiReba. 

temperaturas amcireben. gacivebis  procesSi  austenitidan  gamoyofili 

meoreuli cementiti iSleba grafitis warmoqmniT. 

grafitizaciis meore stadia mimdinareobs evteqtoiduri gardaqmnis tem-

peraturul intervalSi metad mcire siCqariT gacivebisas an 720-7400C tempera-

turul intervalSi xangrZlivi (20-.25 sT) dayovnebiT. orive SemTxvevaSi per-

litSi Semavali cementiti iSleba grafitis warmoqmniT. 

amrigad, mowvis sruli ciklis Catarebis Semdeg struqturaSi miiReba 

feriti+grafiti (mowvis naxSirbadi). Tu grafitizaciis meore stadia srulad 

ar Catarda, dauSleli perliti Semoinaxeba oTaxis temperaturamde da Camoya-

libdeba feritul-perlituri Wedadi Tujis struqtura. 

perlituri Wedadi Tujis misaRebad mowvis reJimi ramdenadme gansxvave-

bulia (sur. 17.5, me_2 mrudi). rogorc grafikidan Cans, izrdeba grafitizaciis 

pirveli stadiis xangrZlivoba, romlis damTavrebis Semdeg sxmuls ganuwyvet-

lad aciveben oTaxis temperaturamde. struqturaSi miiReba perliti+mowvis 

naxSirbadi. 

 
d a v a l e b a : 

II safexuri (magistratura) 

 
1. SeiswavleT maRali simtkicisa da Wedadi Tujebis mikrostruqturebi 

da axseniT maT Soris arsebiTi gansxvaveba; 
 

2. TeTri Tujis mowvisas mimdinare grafitizaciis procesze dayrdnobiT 
(ix. sur. 17.5) CamoayalibeT sxvadasxva struqturis mqone liTonuri fuZis 
formirebis pirobebi da gamoxazeT Sesabamisi struqturuli sqemebi; 

 
      3. gamoxazeT Tujebis ganzogadebuli struqturuli diagrama grafitis 
CanarTis formisa da liTonuri aris struqturis mixedviT. 
  

4. dawereT Catarebuli samuSaos angariSi. 
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17.5. gardamavali Tujis mikrostruqtura. Txevadi Tujis neli gacive-

bis pirobebSi maRalnaxSirbadiani faza grafitis saxiT gamokristaldeba, 

didi siCqariT gacivebisas ki warmoiqmneba cementiti. aris iseTi SemTxvevebi, 

rodesac Txevadi fazis gaciveba raRac Sualeduri siCqareebiT mimdinareobs, 

rac xelsayrel pirobebs qmnis imisaTvis, rom kristalizacia warimarTos 

orive maRalnaxSirbadiani fazis – rogorc grafitis, ise cementitis  war-

moqmniT. Sedegad struqturaSi miiReba perliti, cementiti da grafitis Canar-

Tebi. aseTi struqturis mqone Tujs gardamavals uwodeben. 

gardamavali Tujis liTonuri aris struqtura damokidebulia qimiur 

naerTSi dakavebuli naxSirbadis raodenobaze. Tu naxSirbadis es raodenoba 

umniSvnelod aRemateba evteqtoidur koncentracias, TujSi pirveladi krista-

lizaciis procesSi evteqtika (ledeburiti) ar warmoiqmneba. aqedan gamomdi-

nare, aseT SemTxvevaSi Tujis struqtura perlitis, cementitisa da grafiti-

sagan iqneba Sedgenili (sur. 17.6 a). 

Tu Tujis pirveladi kristalizaciis procesSi grafitis CanarTebis gar-

kveuli raodenobis warmoqmnis Semdeg cementitis evteqtika, anu ledeburiti ga-

mokristalda, Camoyalibdeba gardamavali Tuji, romlis struqtura Sedgeni-

li iqneba perlitis, ledeburitis da grafitis CanarTebisgan (nax. 17.6 b). 
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                       d a v a l e b a : 

 

I safexuri (bakalavriati) 

 
1. SeiswavleT gardamavali Tujis struqturis Taviseburebani da sqematu-

rad CaxazeT maTi mikrostruqturebi; 
 

2. dawereT Catarebuli samuSaos angariSi. 

 

II safexuri (magistratura) 

 
1. SeiswavleT gardamavali Tujis struqturebi da sqematurad CaxazeT 

maTi mikrostruqturebi; 
  
2. Fe-C diagramaze aRmarTeT Sesabamisi struqturis mqone Senadnobebis 

temperaturuli RerZebi; 
 
3. axseniT gamosakvlevi Senadnobebis struqturis Camoyalibebis pirobe-

bi Fe-C diagramasTan kavSirSi; 
 

4. dawereT Catarebuli samuSaos angariSi. 
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laboratoriuli samuSao 18 

 

austenitis daSlis produqtebis mikrostruqturuli kvleva 

 
austenitis difuziuri daSla feritisa da cementitis evteqtoiduri mi-

kromeqanikuri narevis, perlitis warmoqmniT evteqtoiduri Sedgenilobis fo-

ladSi 7270C temperaturaze iwyeba. evteqtoiduri struqturis warmoqmnas ori 

ZiriTadi parametri marTavs: kristalizaciis centrTa ricxvi da am centrebi-

dan firfitebis zrdis siCqare. es orive parametri damokidebulia gadacivebis 

xarisxze, rac ganapirobebs gardaqmnis sxvadasxva siCqares sxvadasxva tempera-

turul pirobebSi. 

gadacivebis xarisxis gazrdasTan erTad xdeba evteqtoiduri struqtu-

ris dispersiulobis gazrda da misi garCeva optikuri mikroskopiT TandaTan 

Zneldeba. 

evteqtoidur foladSi 700-6500C temperaturul intervalSi austenitis 

daSlis Sedegad uxeSi agebulebis mikromeqanikuri narevi miiReba. perlitis 

koloniebSi feritisa da cementitis firfitebis gasaSualoebuli jamuri sis-

qe anu firfitebs Soris  
0  manZili (ix. sur. 18.1) 0,5-1 

mikrons Seadgens. koloniebis orfaza agebuleba kar-

gad moCans metalografiul mikroskopSi saSualo ga-

didebisas. aseT evteqtoidur narevs perliti ewodeba 

(sur. 18.2, a). perlituri struqturis gansakuTrebuli 

Tviseba is aris, rom koloniebis mTel zedapirze 

firfitebs Soris manZili tolia, rac kargad mJRavn-

deba warmodgenil mikrofotografiaze.  

650-6000C temperaturul intervalSi gardaqmnis Semdeg Camoyalibdeba 

feritisa da cementitis SedarebiT ufro wvrildispersiuli mikromeqanikuri 

narevi, romelsac sorbiti ewodeba. sorbitul struqturaSi firfitebs Soris 

manZili 0,4-0,2 mikronamde mcirdeba, ris gamoc struqturis diferencireba 

optikur mikroskopSi SesaZlebelia mxolod didi gadidebisas (sur. 18.2, b).  

ufro dabal temperaturaze (600-5000C) austenitis  daSlis Sedegad for- 
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mirebuli struqtura xasiaTdeba kidev ufro wvrildispersiuli agebulebiT 

(firfitebs Soris manZili 0,1 mikronamdea). mas troostiti ewodeba. troosti-

tuli struqturis gamomJRavneba SesaZlebelia eleqtronuli mikroskopis ga-

moyenebiT (sur. 18.2, g)      

amrigad, perliti, sorbiti da troostiti erTnairi bunebis struqtu-

rebia, isini feritisa da cementitis mikromeqanikuri narevia da erTmaneTisgan 

gansxvavdeba firfitebis dispersiulobis xarisxiT. maT perlituri ojaxis 

struqtura ewodeba. rac ufro metia dispersiuloba, miT ufro metia sisa-

lisa da simtkicis maxasiaTeblebi. magaliTad, sisale kanonzomierad icvleba 

perlitidan troostitisaken 150 HB-dan 250 HB-mde. 

 

                         d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. SeiswavleT austenitis izoTermuli daSlis produqtebis mikrostruq-

turebi; 
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2. sqematurad gamoxazeT gamokvleuli Senadnobebis mikrostruqturebi 
da saTanadod axseniT; 

 
       3. dawereT Catarebuli samuSaos angariSi. 
 
 
 

II safexuri (magistratura) 

 
1. gamoikvlieT perlituri ojaxis (perliti, sorbiti da troostiti) 

mikrostruqturebi; 
  

2. CamoayalibeT gamokvleuli struqturebis formirebis pirobebi auste-
nitis izoTermuli daSlis diagramasTan kavSirSi. 

 
3. axseniT gamokvleuli Senadnobebis struqturuli gansxvavebis mizezi;   
 

4. dawereT Catarebuli samuSaos angariSi. 
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laboratoriuli samuSao 19 

 
martensituli struqturis kvleva foladSi 

 
austenitisgan feritisa da cementitis narevis warmoqmna difuziuri 

procesia da dakavSirebulia naxSirbadis atomebis gadanawilebasTan fazebs 

Soris. 

Tu Ac3 kritikuli wertilis zemoT gadaxurebul folads didi siCqariT 

gavacivebT, magaliTad, wyalSi, naxSirbadis difuzia praqtikulad wydeba, ris 

gamoc iwyeba gadacivebuli austenitis martensituli gardaqmna. 

A1 wertilis qvemoT  rkinis kristaluri gisosi SeuZlebelia stabilu-

rad arsebobdes. didi gadacivebis SemTxvevaSi, rodesac atomebis gadaadgile-

bis unari umniSvneloa,  polimorfuli gardaqmna mimdinareobs, magram nax-

Sirbadi ver aswrebs myari xsnaridan gamoyofas da iZulebiT rCeba  rkinaSi 

imave raodenobiT Canergili, ra raodenobiTac mas austeniti Seicavs. 

oTaxis temperaturaze  rkinaSi naxSirbadis xsnadobis zRvari wonaswo-

rul pirobebSi umniSvneloa (0,01%), amitom martensiti, romelic warmoiqmneba 

austenitis aradifuziuri polimorfuli gardaqmnis Sedegad, yovelTvis aris 

naxSirbadis gadajerebuli myari xsnari  rkinaSi. naxSirbadis atomebis iZu-

lebiTi Canergvis gamo  rkinis kuburi kristaluri meseri gardaiqmneba sivr-

ciT dacentrebul tetragonur mesrad. 

naxSirbadiani foladis tipuri martensituli struqtura nemsisebria 

(sur. 19.1). austenits, romelic arsebobs oTaxis temperaturaze martensitTan 

erTad, narCeni austeniti ewodeba. igi mikroskopSi moCans Ria feris areebis 

saxiT martensitis nemsebs Soris. 

nawrTobi foladis struqturis kvleviT gamomJRavnebulia martensitis 

ori umTavresi morfologiuri tipi: firfitovani da paketuri. isini erTmane-

Tisagan gansxvavdeba kristalebis formiT, maTi urTierTganlagebiT da sub-

struqturiT.  

firfitovani martensiti, romelsac agreTve nemsisebrs uwodeben, aris 

klasikuri martensitis tipi. mikroxexis zedapirze martensitis firfita iSvi- 
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aTad xvdeba didi zedapiriT,  amitom  mcire  gadidebis  SemTxvevaSi firfi-

tebis kveTi qmnis nemsisebri kristalebis STabeWdilebas, TiTqos  

martensitis “nemsebi” urTierTparalelurad arian ganlagebuli an qmnian 60 

da 1200-ian kuTxeebs. 

vinaidan martensitis firfita deda fazis, austenitis marcvlis sazRv-

ris gareT ar SeiZleba gavrceldes, amitom nemsis sigrZes austenitis marcv-

lis zoma gansazRvravs. rac ufro msxvilia sawyisi austenitis marcvali, miT 

ufro msxvilnemsa martensiti miiReba da piriqiT. xSir SemTxvevaSi martensi-

tis nemsebi warmoqmnis fermismagvar ansambls (sur. 19.2). 

lartyisebri martensiti gvxvdeba nawrTob dabalnaxSirbadian da saSua-

lonaxSirbadian foladebSi. martensitis warmonaqmni lartyas waagavs, para-

lelurad ganlagebuli lartyebi ki mTel dastas warmoqmnis (sur. 19.3). erTi 

austenitis marcvalSi warmoiqmneba mravali martensituli dasta. firfitebis 

sigane dastis SigniT daaxloebiT erTnairia da Seadgens 0,1-0,2 mikrons, rac 
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optikuri mikroskopis garCevis unaris zeda zRvarze mdebareobs an aRemateba ki-

dec mas. amitom lartyis kristalebi  optikur  mikroskopSi  an  saerTod  ar 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Cans, an mJRavndeba rogorc lartyis substruqtura. maSasadame, optikur mik-

roskopSi mikroxexze dakvirvebisas ZiriTad struqturul elementad moCans 

dasta lartyebis saxiT. 

umravles SemTxvevaSi wrTobis mizani martensituli struqturis 

miRebaa. saSualonaxSirbadiani foladis Ac3 kritikuli wertilis zemoT mni-

Svnelovani gadaxurebis SemTxvevaSi, rac iwvevs austenitis marcvlis inten-

siur zrdas, msxvilnemsa martensiti miiReba (sur. 19.4, a), xolo normaluri 

reJimiT wrToba (gaxureba Ac3+(20-30)0C temperaturamde da swrafi gaciveba 

wyalSi) uzrunvelyofs an wvrilnemsa martensituli struqturis (sur. 19.4, b), 

an egreT wodebuli farulkristaluri martensituli struqturis Camoyalibe-

bas (sur. 19.4, g). 

zeevteqtoiduri foladis optimaluri temperaturidan wrTobisas (gaxu-

reba Ac1+(20-30)0C temperaturamde da swrafi gaciveba wyalSi) martensitTan er-

Tad struqturaSi meoreuli cementitis CanarTebic Semoinaxeba, rac zrdis si-

salesa da cveTamedegobas saiaraRo foladebSi (nax. 19.5). 
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                         d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. gamoikvlieT martensituli struqtura foladebSi; 
 
2. sqemturad gamoxazeT gamokvleuli mikrostruqturebi da saTanadod 

axseniT; 
 

      3. dawereT Catarebuli samuSaos angariSi. 
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laboratoriuli samuSao 20 

beinituri struqturis kvleva foladSi 

 
austenitis gardaqmna izoTermuli daSlis diagramis muxls qvemoT, mag-

ram martensituli intervalis zemoT, gansxvavebuli kinetikiT mimdinareobs. 

igi moicavs 500-2500C temperaturul intervals. am temperaturul intervalSi 

gardaqmnis Sedegad miiReba feritisa da cementitis mikromeqanikuri narevi, 

romelsac beiniti ewodeba. beinitur struqturaSi karbids ar gaaCnia 

firfitovani agebuleba. igi imdenad wvrildispersiulia, rom fazebis dife-

rencireba SesaZlebelia mxolod eleqtronul mikroskopSi dakvirvebisas. 

imisda mixedviT, Tu romel temperaturul intervalSi mimdinareobs gar-

daqmna, SeiZleba Camoyalibdes gansxvavebuli agebulebis struqturebi – zeda 

beiniti da qveda beiniti. pirveli formirdeba Sualeduri gardaqmnis zeda 

temperaturul intervalSi, xolo meore – qveda temperaturul intervalSi.  

maT Soris pirobiTi sazRvaria 3500C. 

zeda beinitis struqtura (sur. 20.1, a) mkveTrad gansxvavdeba troosti-

tuli struqturisagan. zeda beinitSi karbidebi dapobilia, ris gamoc aRniS-

nuli struqturuli Semdgeni ar gvxvdeba grZeli firfitebis saxiT, rogorc 

es damaxasiaTebelia perlituri struqturisaTvis. 

qveda beinitis struqtura nemsisebria, martensitis msgavsia. 20.1, b su-

raTze kargad Cans qveda beinitur struqturaSi „nemsebis“ tipuri ganlageba. 

beinitis „nemsebi“ xasiaTdeba ramdenadme upiratesi orientaciiT sawyisi aus-

tenitis mimarT. didi gadacivebis SemTxvevaSi kargad Cans beinitSi („nemsebSi“) 

karbiduli gamonayofi. 

 

 d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. SeiswavleT zeda da qveda beinituri struqtura foladSi;  

 
2. gamoavlineT maT Soris principuli gansxvaveba, sqematurad gamoxazeT 

gamokvleuli struqturebi da saTadod axseniT;  
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3. dawereT Catarebuli samuSaos angariSi. 

 

II safexuri (magistratura) 

 
1. gamoikvlieT martensituli da beinituri struqturebi; 
 

2. aRwereT struqturis Camoyalibebis Taviseburebani austenitis daSlis 
izoTermul diagramasTan kavSirSi; 

 
3. dawereT Catarebuli samuSaos angariSi.  
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laboratoriuli samuSao 21 

 
martensitis daSlis produqtebis mikrostruqturis kvleva 

 
foladis wrTobis Sedegad miRebuli martensituli struqtura ara-

mdgradia da eqvemdebareba daZvelebas. aramdgradia agreTve narCeni austeni-

tic, romlis daSla 2000C-is zemoT iwyeba. 

1000C temperaturaze nawrTob foladSi iwyeba martensitidan rkinis kar-

bidis gamoyofa. igi Tavisi agebulebiTa da naxSirbadis SemcvelobiT gansxva-

vebulia cementitisagan. literaturaSi mas  karbidi ewodeba, xasiaTdeba me-

tad wvrildispersiuli agebulebiT, aqvs heqsagonuri kristaluri meseri da 

misi formula, Fe2C-s mzgavsia.  gamoyofili karbidi kristalografiulad 

dakavSirebulia myari xsnaris meserTan. 

karbidis gamoyofasTan erTad mcirdeba martensitis kristaluri mesris 

tetragonurobis xarisxi. aseTi dabaltemperaturuli moSvebis Sedegad Ca-

moyalibebul struqturas moSvebis martensiti ewodeba. moSvebis martensiti 

agebulebiT wrTobis Sedegad miRebuli martensitis analogiuria, magram Tu 

wrTobis Sedegad martensitis „nemsebi“ Ria Seferilobisaa, moSvebis marten-

sitSi igi muq Seferilobas Rebulobs (surnax. 21.1). 

200-3000C temperaturul intervalSi gardaqmna mimdinareobs  narCen  aus-  
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tenitSi – xorcieldeba  gadajgufeba, rasac Tan axlavs mesridan karbi-

debis gamoyofa. Sedegad warmoiqmneba naxSirbadiT gadajerebuli  myari 

xsnarisa da karbidebis heterogenuli narevi anu narCeni austeniti moSvebul 

martensitad gardaiqmneba. 

300-3500C-ze grZeldeba  myari xsnaridan naxSirbadis gamoyofa da karbi-

dis kristalebis gamsxvileba. rkinis karbidi SedgenilobiT cementits uax-

lovdeba. Camoyalibebul struqturas moSvebis troostiti ewodeba (sur. 21..2, a).

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

temperaturis gazrda 5000C-mde ar iwvevs fazuri Sedgenilobis Secvlas, 

igi kvlav feritisa da cementitis narevia, Tumca icvleba misi struqtura.  

myar xsnarSi naxSirbadis Sedgeniloba mcirdeba 0,01%-mde, mimdinareobs cemen-

titis koalescencia da feritis rekristalizacia. miRebul feritisa da ce-

mentitis narevs moSvebis sorbiti ewodeba (sur. 21.2, b). A1 kritikuli werti-
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lis maxloblobaSi feritisa da cementitis narevis agebuleba ufro uxeSi 

xdeba da mas sferoditi anu marcvlovani perliti ewodeba (sur. 21.2, g). 

moSvebis produqtebs – troostits, sorbits da sferodits – erTnairi 

bunebis struqturebi aqvs. yoveli maTgani Sedgeba feritisa da cementitis 

narevisagan, magram erTmaneTisgan gansxvavdeba cementitis dispersiulobiTa 

da feritis rekristalizaciis xarisxiT, rac ZiriTadad foladis meqanikur 

maxasiaTeblebze axdens gavlenas – moSvebis temperaturis gazrdiT sisale da 

simtkice mcirdeba, xolo plastikuroba matulobs. 

aRsaniSnavia metad arsebiTi gansxvaveba ferituli da cementituri 

narevis agebulebebs Soris, romelic miiReba austenitis uSualo daSlisa da 

martensitis daSlis Sedegad. pirvel SemTxvevaSi cementiti firfitovani 

agebulebisaa, xolo martensitis daSlis Sedegad cementiti marcvlovan 

formas  iRebs, rac ganapirobebs moSvebis struqturebis did upiratesobas 

Tvisebebis kompleqsis TvalsazrisiT wrTobis analogiur struqturebTan 

SedarebiT. 

 
d a v a l e b a : 

I safexuri (bakalavriati) 

 
1. SeiswavleT foladis mikrostruqtura uSualod wrTobisa da wrTo-

bisa da  dabali moSvebis Semdeg. axseniT gansxvaveba struqturebs Soris; 
 

2. SeiswavleT martensitis daSlis produqtebis mikrostruqtura, gamo-
xazeT struqturis sqemebi da saTanadod axseniT. 

   
3. dawereT Catarebuli samuSaos angariSi.  
 
 

II safexuri (magistratura) 

 
1. gamoikvlieT da axseniT struqturuli gansxvavebis mizezi foladSi 

uSualod wrTobisa da wrTobisa da moSvebis Semdeg.  
 

      2. gamoikvlieT martensitis daSlis produqtebis mikrostruqtura, aRwe-
reT maTi Camoyalibebis pirobebi da struqturuli gansxvaveba austenitis 
daSlis analogiur struqturebTan SedarebiT; 
 
      3. dawereT Catarebuli samuSaos angariSi. 
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laboratoriuli samuSao  22 

 

 

 zogierTi meqanikuri Tvisebis gansazRvra foladebsa da TujebSi 

maTi struqturis mixedviT 

 

cnobilia rkina-naxSirbadis Senadnobebis calkeuli fazebisa da struq-

turuli Semdgenebis sisalis mniSvnelobebi: feritis – 100 HV, cementitis – 

1000 HV, perlitis – 180-240 HV, sorbitis 250-300 HV, troostitis – 350-450 HV, 

beinitis – 500 HV, martensitis – 600 HV. 

Senadnobis sisale Semadgeneli fazebis raodenobisa da maTi sisalis 

namravlTa jamis tolia, rac Semdegnairad Caiwereba: 

HV=


n

i

iiYX
1

                       (1) 

sadac Xi  aris i-uri struqturuli Semdgenis (fazis) fardobiTi Semcve-

loba SenadnobSi; 

Yi – struqturuli Semdgenis (fazis) sisale. 

cvalebadi sisalis mqone struqturuli Semdgenis, magaliTad, perlitis 

sisale brinelis erTeulebiT ganisazRvreba Semdegi empiriuli formuliT: 

                                                         HB=
0

80

l
,  (2) 

sadac l0 aris cementitisa da feritis firfitebis gasaSualoebuli sisqe 

mikrometrobiT. perlitisaTvis igi icvleba 0,5-I,0mkm sazRvrebSi, sorbitisaT-

vis – 0,2-0,4 mkm, xolo troostitisaTvis l0<0,1 mkm sazRvrebSi. 

unda gaviTvaliswinoT, rom Tu HB<300, HBHV. 

arsebobs empiriuli damokidebuleba sisalesa (HB) da gaWimvaze simtki-

cis zRvrebs (maqs.) Soris, romelsac naxSirbadiani foladebisaTvis Semdegi 

saxe aqvs: 

                          maqs=0,36 HB (3) 

ganvixiloT ramdenime magaliTi:  

1. ganvsazRvroT perlituri struqturis mqone foladis  (0,8%C)  sisale 

Semdgeni fazebis raodenobebisa da sisalis mixedviT.   
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amoxsna:  

perlituri struqturis mqone foladi Seicavs 12% cementits (rkina-

naxSirbadis SenadnobTa sistemis mdgomareobis diagramaze naxSirbadis yovel 

1%-s Seesabameba 15% cementiti) anu X1=15x0,8=12 (ix. 1 toloba) da 88% ferits 

(X2). radgan cementitis sisale Seadgens 1000 HV, xolo feritisa - 100 HV, (1) 

tolobis Tanaxmad, perlitis sisale 

HV=X1Y1+X2Y2=0,12x1000+0,88x100=120+88=208.  

(2) formulis Sesabamisad,  

HB=
5,0

80
=160 kg/mm2=1600 mgpa,  

sadac 0,5 aris feritisa da cementitis firfitebis gasaSualoebuli sis-

qis qveda zRvari perlitSi. 

 
2. ganvsazRvroT sisale da simtkicis zRvari gaWimvaze momwvari fola-

disaTvis, romelic  0,4% naxSirbads Seicavs. 

amoxsna:  

gamosakvlev foladSi monakveTebis wesiT an wrfivi meTodiT winaswar 

unda ganisazRvros fazaTa procentuli Semcveloba. gansaxilveli SemTxvevi-

saTvis es maCveneblebi aseTia: perliti _ 50%, feriti _50%. aqve unda gaviTva-

liswinoT perlitisa da feritis sisalis mniSvnelobebic.  

amrigad, (1) tolobis safuZvelze miiReba: 

HV=0,5x100+0,5x208=50+104=154.  

radgan HB<300, HBHV. amitom, (3) tolobidan gamomdinare, 

maqs=0,36 HV=0,36x154=55,44 kg/mm2=554,4 mgpa. 

 
3. ganvsazRvroT TeTri Tujis sisale, romelic  3% naxSirbads Seicavs. 

amoxsnis Tanamimdevroba aseTia: 

Tu gaviTvaliswinebT, rom rkina-naxSirbadis SenadnobTa sistemis mdgo-

mareobis diagramaze naxSirbadis yovel 1%-s Seesabameba 15% cementiti, sakv-

lev TujSi fazebis Semcveloba toli iqneba: 

cementiti=15x3=45%; 

feriti=100-45=55%. 
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(1) tolobis Tanaxmad,  

HV=X1Y1+X2Y2=0,45x1000+0,55x100=505.  

 
4. ganvsazRvroT foladis sisale, Tu Termuli damuSavebis Semdeg misi 

struqtura Sedgeba 10% feritisa, 70% sorbitisa da 5% beinitisagan. 

(1) formulidan gamomdinare vRebulobT:   

HV=X1Y1+X2Y2+X3Y3=0,10x100+0,7x300+0,05x500=10+210+5=235. 

sisalis maxasiaTeblebis mixedviT SeiZleba daaxloebiT ganisazRvros 

mocemuli masalis simtkicis zRvari gaWimvisas. kerZod, sisalisa da gaWimvisas 

simtkicis zRvars Soris Semdegi Tanafardoba arsebobs: 

 
         foladi:                         spilenZi, TiTberi, brinjao 

120-175 HB  _    maqs0,34 HB;                                   momwvari:  maqs0,55 HB; 

175-450 HB   _   maqs0,35 HB.                                    civnaWedi: maqs0,40 HB.  

       

      alumini da misi Senadnobebi: 20-45 HB  _ maqs(0,330,36)HB; 

            duralumini:  momwvari _ maqs0,36HB; 

      wrTobisa da daZvelebis Semdeg _ maqs0,35 HB. 

 

 

     d a v a l e b a :  
 
                               II safexuri (magistratura) 

 
1. SeiswavleT saSualonaxSirbadiani foladis mikrostruqtura; 

2. gamoTvaleT struqturis Semdgeni fazebis (struqturuli Semdgenebis) 
procentuli Semcveloba; 

 
3. fazebis (struqturuli Semdgenebis) sisaleebis mixedviT gamoTvaleT 

gamosakvlevi foladis sisalis saSualo mniSvneloba; 
 
4. sisalis maxasiaTeblebis mixedviT SeafaseT liTonis simtkicis zRva-

ri gaWimvaze da SeadareT Sesabamisi cxrilis monacemebs; 
 
5. dawereT Catarebuli samuSaos angariSi. 
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VI. feradi liTonebisa da Senadnobebis struqturuli 

kvleva 

 

 

laboratoriuli samuSao 23 

 

alumini da misi Senadnobebi 

 

 

deformaciisa da mowvis Semdeg alumini xasiaTdeba erTgvarovani, marcv-

lovani agebulebiT (23.1). mikroanaliziT SesaZlebelia agreTve gamovlindes 

mavne minarevebis arseboba:  FeAl3 muqi feris naerTis da siliciumis ruxi 

Seferilobis CanarTebis saxiT. aluminSi rkinisa da siliciumis erTdroulad 

arsebobis SemTxvevaSi struqturaSi SeiniSneba aluminis, rkinisa da 

siliciumis sammagi naerTebi, romelsac datotvili agebuleba aqvs. aRniSnuli 

CanarTebi amcirebs rogorc aluminis, ise mis fuZeze damzadebuli Senadno-

bebis plastikurobas.  

    aluminis samrewvelo Senadnobis (4%Cu) 

mikrostruqtura wonasworul (momwvar) mdg-

omareobaSi Sedgeba  myari xsnarisa (sur. 

23.2, a) da rogorc myar xsnarSi xsnadi, ma-

galiTad CuAl2 (muqi Seferilobis CanarTebi 

mikrostruqturaSi), ise uxsnadi, magaliTad, 

Cu2FeAl TeTri Seferilobis CanarTebisgan.  

      uSualod wrTobis an wrTobisa da bu-

nebrivi daZvelebis Semdeg struqturaSi 

mJRavndeba gadajerebuli  myari xsnaris ma-

rcvlebi. sruqtura Seicavs agreTve alumi-

nis, rkinisa da siliciumis myar xsnarSi 

uxsnadi naerTebis CanarTebs (sur. 23.2, b).  

ormagi Al-Si sistemis samrewvelo sam-

sxmelo Senadnobi Seicavs 12-13% siliciums. aseTi Senadnobi  struqturis  mi-

xedviT  zeevteqtikurs miekuTvneba. misi struqtura Sedgeba nemsisebri, uxeSi 

Al+Si evteqtikisa da siliciumis pirveladi kristalebisgan (nax. 23.3 a).  aseTi 
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struqturis mqone Senadnobi xasiaTdeba dabali meqanikuri TvisebebiT. 

Txevad SenadnobSi mcire raodenobiT (0,01-0,1%) natriumis an zogierTi 

sxva nivTierebis (2/3NaF+1/3NaCl) Seyvana uzrunvelyofs siliciumis CanarTebis 

mniSvnelovan dawvrilmanebas da Senadnobis meqanikuri Tvisebebis gaumjo-

besebas. Tavisebureba isaa, rom modificirebis Sedegad mcirdeba evteqtikaSi 

Semavali siliciumis kristalizaciis temperatura, evteqtikis wertili 

gadaadgildeba marjvniv da Senadnobi qveevteqtikuri xdeba. 

23.3, b suraTze mocemulia imave Senadnobis mikrostruqtura modifi-

cirebis Semdeg. rogorc mikrostruqturis xasiaTidan gamomdinareobs, struq-

tura Sedgenilia aluminSi siliciumis   myari xsnaris dendritebisgan (Ria 

Seferilobis faza) da wvrildispersiuli agebulebis +Si evteqtikisagan. 

 

d a v a l e b a :  

I safexuri (bakalavriati) 

 
1. gamoikvlieT Al-4%Cu Senadnobis mikrostruqtura momwvar mdgomare-

obaSi da wrTobis Semdeg;  
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2

.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
C

aatareT Al+12%Si  Senadnobis mikrostruqturuli analizi  modifikaciamde da 
modifikaciis Semdeg. 

  
      3. daaxasiaTeT gamokvleuli mikrostruqturebi da aRwereT maT Soris 
gansxvaveba; 
 

4. dawereT Catarebuli samuSaos angariSi. 
 

 
II safexuri (magistratura) 

    
1.  gamoikvlieT Al+5%Cu Senadnobis mikrostruqtura momwvar mdgomareo-

baSi da wrTobis Semdeg; Al-Cu SenadnobTa sistemis mdgomareobis diagramaze 
dayrdnobiT aRwereT:  

   a _ Senadnobis wonasworuli struqturis Camoyalibebis pirobebi;  
   b _ wrTobis Sedegad struqturis formirebis Taviseburebani da gar-

daqmnebis xasiaTi, romelic mosalodnelia nawrTobi Senadnobis xelovnuri 
daZvelebis dros.    

       
2. CaatareT Al+12%Si Senadnobis mikrostruqtura modifikaciamde da 

modifikaciis Semdeg. axseniT modificirebis gziT struqturuli cvlilebis 
xasiaTi da mizezi.  
 

3. dawereT Catarebuli samuSaos angariSi. 
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laboratoriuli samuSao 24 

 

spilenZi da misi Senadnobebi 

 
24.1. spilenZis mikrostruqtura. maRali sisufTavis spilenZi, iseve ro-

gorc yvela sufTa liToni, sxmul da momwvar mdgomareobaSi xasiaTdeba po-

liedruli agebulebiT (sur. 24.1, a). deformaciisa da mowvis Semdeg struqtura-

Si warmoiqmneba oreulebi (sur. 24.1, b). 

 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

teqnikur spilenZSi SeiZleba arsebobdes sxvadasxva mavne minarevi – 

tyvia, bismuti, Jangbadi, gogirdi da sxva. maTgan yvelaze saSiSi minarevebia 

tyvia da bismuti. tyvia iwvevs wiTelmetexobas, xolo bismuti – civmetexobas. 

simyifis es saxeebi imiT aris ganpirobebuli, rom tyviisa da bismutis 

minarevebi upiratesad marcvlis sazRvrebSia ganlagebuli. 

  arasakmarisad ganJangul spilenZSi Jangbadi  warmoqmnis  evteqtikas 

Cu-Cu2O,Oromelic mxolod sxmulebSi mJRavndeba (sur. 24.2, a). deformaciis 

procesSi evteqtika imsxvreva da struqturaSi mJRavndeba Cu2O-s gancalkeve-

buli CanarTebi, romlebic xSirad spilenZis marcvlis sazRvrebSi ganlagdeba 

(sur. 24.2, b). CanarTebi Ria ruxi an molurjo SeferilobiT xasiaTdeba.  
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Jangbadis CanarTebi amcirebs spilenZis eleqtrogamtarobas da plasti-

kurobas normalur temperaturaze. 

 
24.2. TiTbris mikrostruqtura. sxmuli TiTbris (30%Zn) mikrostruqtu-

ra dendrituli agebulebisaa (sur. 24.3, a). dendritebi (Ria Seferilobis 

ubnebi mikrostruqturaSi) gamdidrebulia spilenZiT, xolo dendritTSorisi 

sivrce, muqi ubnebi _ TuTiiT.   

deformaciisa da mowvis Semdeg struqtura gadadis poliedrul agebu-

lebaSi misTvis damaxasiaTebeli gaorebuli kristalebiT (b). marcvlebis sxva-

dasxva orientaciis gamo isini sxvadasxva intensivobiT iwamleba, ris gamoc 

gansxvavebul Seferilobas Rebulobs. 

tyviis minarevebi erTfaza TiTberSi uwyveti SuaSris saxiT aris ganla-

gebuli, rac mkveTrad amcirebs Senadnobis meqanikur Tvisebebs. orfaza +β 

TiTberSi isini marcvlis SigniT calkeuli izolirebuli warmonaqmnebis 

saxiT arian, rac ar iwvevs simyifes gaxurebisas (cxladtexadobas). 

+β TiTbris struqturaSi  myari xsnaris marcvlebTan erTad gvxvdeba 

SedarebiT muqi Seferilobis β fazis CanarTebi (sur. 24.4).  
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      24.3. brinjaos mikrostruqtura. ka-

liani brinjaos mikrostruqtura Camosxmis 

Semdeg gansxvavebulia Cu-Sn mdgomareobis 

diagramis Sesabamisad Camoyalibebuli 

struqturisagan. brinjao, romelic kalas 

Seicavs 4-6%-is raodenobiT,  myar 

xsnarTan (an  myari xsnarisa da Cu8Sn meo-

rad gamonayofebTan) erTad mJRavndeba 

(+Cu31Sn8) an (+Cu3Sn) evteqtoidis ubnebi 

(sur. 24.5, a). muqi ubnebi mikrostruqturaSi 

 myari xsnaria, xolo Ria Seferilobis 

ubnebi – evteqtoidi +Cu31Sn8. aseTi struq-

turis warmoqmnis mizezi Zlieri likvacia da difuziuri procesebis neli 

siCqariT mimdinareobaa. 

deformaciisa da mowvis Semdeg Sedgeniloba gaTanabrdeba da iseTi 

Senadnobic ki, romelic 6-7% kalas ESeicavs, erTfaza xdeba. mikroskopSi igi 

moCans  myari xsnaris poliedruli marcvlebis saxiT (b). 
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aluminiani brinjaos mikrostruqtura, romelic 9,8%-mde alumins Sei-

cavs, deformaciisa da mowvis Semdeg Sedgeba  myari xsnaris marcvlebisagan 

(sur. 24.6, a). aluminis raodenobis gazrdiT 9,8%-dan 15,2%-mde  myari xsnaris 

marcvlebTan erTad struqturaSi mJRavndeba evteqtoidi (+) (sur. 24.6, b). aR-

niSnuli Senadnobebis β myari xsnaris aridan wrTobiT fiqsirdeba martensi-

tuli β fazis nemsisebri kristalebi (sur. 24.7). brinjaoSi nikelisa da manga-

numis damateba ar iwvevs axali fazebis warmoqmnas, xolo rkinis damatebiT 

mJRavndeba rkinis Semcveli fazebis CanarTebi.  

sxmuli beriliumiani brinjaos mikrostruqturaSi  myari xsnaris den-

dritTSoris areSi moCans [+(CuBe)] evteqtoidis CanarTebi (sur. 24.8, a). 8000C-

dan wyalSi wrTobis Sedegad fiqsirdeba  fazis aramdgradi mdgomareoba, 

xolo Semdgomi daZvelebiT 300-3500C-ze gadajerebuli myari xsnaridan gamoi-

yofa  fazis (CuBe) CanarTebi, romlebic ganlagebuli aRmoCndeba rogorc  

fazis marcvlis sazRvrebSi, ise marcvalSi (sur. 248, b).  
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d a v a l e b a :  

I safexuri (bakalavriati) 

 
    1. gamoikvlieT sufTa da JangbadiT dabinZurebuli sxmuli spilenZis 
mikrostruqtura da saTanadod axseniT; 
 
    2. CaatareT erTfaza da orfaza TiTbris mikroskopuli analizi da 
axseniT maT Soris struqturuli gansxvavebis mizezi; 
 
    3. gamoikvlieT klasikuri brinjaos mikrostruqtura sxmul mdgomareoba-
Si, deformaciisa da mowvis Semdeg da saTanadod axseniT; 
 
    4. dawereT Catarebuli samuSaos angariSi. 
  

 

II safexuri (magistratura) 

 
1. SeiswavleT erTfaza TiTbris mikrostruqtura sxmul mdgomareobaSi 

da deformaciisa da mowvis Semdeg.  
miuTiTeT: a _ sxmuli TiTbris stuqturis Taviseburebani; 

 b _ araerTgvarovani struqturis Camoyalibebis mizezi  Camo-
sxmis Semdeg; 
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 g _ aRwereT deformaciisa da mowvis dros  mimdinare proce-
sebi, romelic uzrunvelyofs TiTbris struqturis 
Secvlas sxmul mdgomareobasTan SedarebiT. 

 
      2. CaatareT 4-6% kalis Semcveli brinjaos mikroanalizi sxmul, defor  

mirebul da momwvar mdgomareobaSi. 
miuTiTeT: a _ sxmuli struqturis Tavisebureba da Cu-Sn  diagramaze     

dayrdnobiT axseniT mikroanaliziT gamomJRavnebuli 
araerTgvarovnebis mizezi; 

                  b _ amave brinjaos struqturis cvlilebis xasiaTi da    
mizezi deformaciisa da mowvis Semdeg. 
 

3. dawereT Catarebuli samuSaos angariSi. 
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laboratoriuli samuSao 25 

 

titanisa da misi Senadnobebis mikrostruqtura 

 

 

teqnikuri titanis mikrostruqtura deformaciisa da mowvis Semdeg xa-

siaTdeba marcvlovani agebulebiT (sur.25.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

teqnikaSi gamoyenebuli titanis Senadnobebis struqtura ZiriTadad 

Sedgeba an erTfaza  myari xsnarisgan (nax. 25.2, a), an miekuTvneba orfaza, 

(+β) Senadnobebs (b).  

wonasworul mdgomareobaSi orfaza (+β) struqturis mqone Senadnobe-

bis (sur. 25.3) struqtura erTfaza β aridan wrTobis Semdeg Sedgeba ori meta-

stabiluri fazisagan – nemsisebri  martensitisa da β fazisagan, xolo β 

stabilizatorebis didi raodenobiT Semcvelobis SemTxvevaSi – mxolod 

metastabiluri β fazisagan (sur. 25.4). 
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d a v a l e b a :  

I safexuri (bakalavriati) 

 
    1. gamoikvlieT titanisa da misi orfaza Senadnobis mikrostruqtura 
wonasworul mdgomareobaSi da wrTobis Semdeg;  
 
    2. axseniT struqturis Camoyalibebis pirobebi;  
 
    3. dawereT Catarebuli samuSaos angariSi. 
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