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winasityvaoba 

 

manqanaTmSeneblobis ganviTarebaSi umniSvnelovanesi roli eniWeba 

liTonebisa da Senadnobebis Termuli damuSavebis procesebs, radgan igi 

warmoadgens erT-erT ZiriTad, yvelaze aucilebel operacias liTonebis 

saerTo damuSavebis ciklSi. swored Termuli damuSavebis operaciebis სwo-

rad SerCevasa da Sesrulebazea damokidebuli manqanaTa nawilebisa da 

meqanizmebis, iaraRebisa Tu, praqtikulad, nebismieri liTonuri produqciis 

xarisxi da saboloo saeqspluatuacio (meqanikuri, fizikur-qimiuri) ma-

xasiaTeblebi. Termuli damuSavebis Sedegad liTonebisa da Senadnobebis 

Tvisebebi SeiZleba sakmaod farTo diapazonSi Seicvalos. meqanikuri Tvi-

sebebis mniSvnelovani amaRleba  , sawyisi masalis mdgomareobasTan Sedare-

biT, saSualebas iZleva gaizardos dasaSvebi Zabvebi, Semcirdes manqanebisa 

da meqanizmebis gabaritebi da wona, rac maT dasamzadeblad saWiro liTo-

nuri masalis mniSvnelovan ekonomias ganapirobebs. 

aRniSnuli amocanebis gadasawyvetad teqnologs moeTxoveba ara mar-

to liTonebis Termuli damuSavebis Teoriisa da praqtikis Rrma codna, 

aramed unar-Cvevebic; damoukideblad SearCios da SeimuSaos sxvadasxva de-

talisa da instrumentis damuSavebisaTvis efeqturi teqnologiuri proce-

sebi, aRniSnul sferoSi uaxlesi miRwevebis gamoyenebiT; SearCios teqno-

logiuri procesebisa da xarisxis kontrolis yvelaze racionaluri meTo-

di; daadginos wunis gamomwvevi savaraudo mizezi, maTi acilebisa da gamos-

worebis meTodebi; gamoiyenos yvela teqnikuri SesaZlebloba Sromis swori 

organizaciisaTvis. am sakiTxebis gonebamaxvilurad gadawyveta mniSvnelov-

nad Seuwyobs xels manqanaTa nawilebisa da kvanZebis xarisxis amaRlebas, 

maTi saeqspluatacio xanmedegobis gazrdas da wunis Semcirebas, rac pro-

duqciis TviTRirebulebaze mniSvnelovan dadebiT zemoqmedebas moaxdens.  

Lleqciebis kursis  mizania students gaacnos Termulad damuSavebis 

procesSi warmoqmnili wunis saxeebi, maTi gamomwvevi mizezebi, kontrolisa 

da wunis acilebis meTodebi, rac sawarmoo ciklis ganuyofel nawils war-

moadgens.  
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I Tavi.LliTonebis konstruqciuli simtkice 

 

1. sakonstruqcio masalebis zogadi maxasiaTeblebi 

 

sakonstruqcios uwodeben iseT masalebs, romlebic manqanaTa nawile-

bis, xelsawyoebisa da sainJinro konstruqciebis dasamzadeblad aris ganku-

Tvnili. manqanaTa nawilebi formis, zomebisa da eqspluataciis pirobebis 

mravalferovnebiT xasiaTdeba. maT muSaoba uwevT maRal temperaturaze, 

statikuri, cikluri da dartymiTi datvirTvis pirobebSi, agreTve sxvada-

sxva garemosTan kontaqtSi. swored es faqtorebi gansazRvravs sakonstruq-

cio masalebisadmi moTxovnebs, romelTagan ZiriTadia saeqspluatacio, teq-

nologiuri da ekonomikuri maxasiaTeblebi. 

pirvelxarisxovani mniSvneloba saeqspluatacio moTxovnebs eniWeba. 

imisaTvis, rom uzrunvelyofili iyos konkretuli xelsawyoebisa da man-

qanebis saimedo muSaobis unarianoba, sakonstruqcio masala unda xasiaT-

debodes maRali konstruqciuli simtkiciT. 

konstruqciuli simtkice aris masalis meqanikur TvisebaTa kompleqsi, 

romelic garkveul korelaciaSia konkretuli nakeTobis saeqspluatacio 

maxasiaTeblebTan da uzrunvelyofs masalis saimedo da xangrZliv muSa-

obas. nakeTobis konstruqciul simtkices SerCeuli masalis xarisxi, deta-

lis konstruqciis Taviseburebani, damzadebis teqnologia da saeqspluata-

cio pirobebi gansazRvravs. 

amgvarad, konkretuli nakeTobis dasamzadeblad gankuTvnili masalis 

meqanikuri Tvisebebis maxasiaTeblebi damokidebulia ara mxolod Zalovan 

faqtorebze, aramed saeqspluatacio garemosa da temperaturis zemoqmedebazec. 

saeqspluatacio garemo – Txevadi, airadi, ionizirebuli, radiaciuli, 

romelSic masala muSaobs, arsebiT da upiratesad uaryofiT gavlenas ax-

dens mis meqanikur Tvisebebze, rac amcirebs detalis muSaobisunarianobas. 

kerZod, samuSao garemom SeiZleba gamoiwvios nakeTobis zedapiris daziane-

ba, koroziuli dabzarvis, daJangvisa da xenjis warmoqmnis gamo; arasasur-

veli mimarTulebiT zedapiruli fenebis qimiuri Sedgenilobis Secvla 

sxvadasxva elementiT (magaliTad, wyalbadiT), gajerebis gziT, rac liTo-

nis gamyifebis mizezi SeiZleba gaxdes. garda amisa, SesaZlebelia masala 

gaijirjvos da moxdes misi adgilobrivi rRveva ionizaciuri da radiaciu- 
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li dasxivebis gziT.  

imisaTvis, rom masalam winaaRmdegoba gauwios muSa garemos zemoqme-

debas, mas unda gaaCndes ara mxolod meqanikuri, aramed garkveuli fizi-

kur-qimiuri maxasiaTeblebic, rogoricaa, magaliTad: xenjmedegoba, radiaci-

uli medegoba, unari imuSaos gaiSviaTebis (vakuumis) pirobebSi da a.S. 

Tanamedrove masalebis muSaobis temperaturuli diapazoni sakmaod 

farToa da -2690C-dan 10000C-mde intervals moicavs, xolo zogierT eqstre-

malur situaciaSi zeda temperaturuli zRvari 25000C-mdec ki aRwevs. maRal 

temperaturul pirobebSi muSaobis unarianobisaTvis masalas moeTxoveba 

mxurvalmtkicoba, xolo dabali temperaturis pirobebSi – gamZleoba civme-

texobisadmi. 

zog SemTxvevaSi mTavaria, agreTve, garkveuli magnituri, eleqtruli 

da Tburi Tvisebebi an zomebis stabiluroba, gansakuTrebiT maRali sizus-     

tis xelsawyoebSi. 

masalis teqnologiuri Tvisebebi (teqnologiuroba) unda uzrunvel-

yofdes konstruqciebisa da detalebis damzadebas, mcire danaxarjebiT, ma-

Rali mwarmoeblobis pirobebSi. masalis teqnologiurobas axasiaTeben misi 

damuSavebis SesaZlo meTodebiT – WriT da wneviT damuSavebadobiT, SeduRe-

badobiT, Camosxmis unariT da a.S. teqnologiurobas aqvs udidesi mniSvne-

loba, radgan igi damzadebuli detalis mwarmoeblobasa da xarisxs ganapi-

robebs. 

ZiriTadi ekonomikuri moTxovnebia masalis dabali Rirebuleba. igi 

xelmisawvdomi unda iyos momxmareblisaTvis. aqedan gamomdinare, foladebi 

da sxva Senadnobebi unda Seicavdnen malegirebel elementebs mcire raode-

nobiT. nakeTobis dasamzadeblad legirebuli foladis SerCeva dasabuTebu-

li unda iyos saeqspluatacio maxasiaTeblebis moTxovnebis gaTvaliswinebiT. 

zemoTqmulidan gamomdinare im daskvnamde mivdivarT, rom nebismieri 

sakonstruqcio masala TvisebaTa garkveul kompleqss unda akmayofilebdes. 
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2. liTonis konsruqciuli simtkicis maxasiaTeblebi 
 

xSirad, nakeTobis muSaobis unarianobis kargva (mtyuneba) im masalis 

bunebasTan aris dakavSirebuli, romlisganac aRniSnuli detalia damzade-

buli. mizezi SeZleba iyos detalis deformacia, cveTa an korozia, rac na-

keTobis zedapirul fenebSi masalis xarisxis Secvlas da, droze adre, 

misi mwyobridan gamosvlas iwvevs. amdenad, realur pirobebSi nakeTobis 

mtyunebas kompleqsurad moqmedi araerTi faqtori gansazRvravs. nakeTobis 

maRali xarisxis uzrunvelyofa yvela im Taviseburebis gaTvaliswinebiT 

aris SesaZlebeli, romelSic detals uxdeba muSaoba da mis konstruqciul 

simtkices ganapirobebs.  

ZiriTadi faqtorebi, romlebic gavlenas axdens konstruqciul sim-

mtkiceze, Semdegia: 

      a _ detalis konstruqciuli Taviseburebani (forma da zomebi); 

      b _ masalis rRvevis meqanizmi; 

g _ detalis zedapiruli fenebis mdgomareoba; 

d _ zedapirul fenebSi mimdinare procesebis xasiaTi. 

masalis simtkicis kriteriumebs irCeven misi muSaobis pirobebidan ga-

momdinare. კriteriumi, statikuri datvirTvis SemTxvevaSi, rodesac detali 

martivi formisaa da iseT pirobebSi muSaobs, romelic axlos dgas stan-

dartuli nimuSis gamocdis pirobebTan, aris droebiTi winaaRmdegoba gag-

lejaze σmaqs an denadobis zRvari σ0,2 (σden), romelic axasiaTebs masalis 

winaaRmdegobas deformaciisadmi. vinaidan muSaobis dros detalebis umete-

sobaSi deformacia dauSvebelia, maT amtanianobas, rogorc wesi, denadobis 

zRvriT sazRvraven. statikuri simtkicis miaxloebiTi SefasebisaTvis masa-

lis sisalis mniSvnelobiT sargebloben: 

σmaqs=HB/3                (1) 

Tu samuSao pirobebi araadekvaturia nimuSis gamocdis pirobebTan Se-

darebiT, detalis muSa kveTis gamoTvlisas maragis koeficients iTvalis-

wineben, anu SerCeuli masalis simtkicis maxasiaTeblebs, bevrad ufro Sem-

cirebuls iReben cnobarSi warmodgenil monacemebTan SedarebiT. amdenad,  

aucilebeli sakonstruqcio simtkicis uzrunvelsayofad sagrZnoblad izr-

deba detalis zomebi, rac saboloo jamSi konstruqciis masisa da liTonis 
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xarjis gazrdas iwvevs. 

manqanaTa nawilebis umravlesoba xangrZliv ciklur datvirTvebs ga-

nicdis. misi kriteriumia gamZleobis (amtanianobis) zRvari σR, romlis mi-

xedviTac dasaSveb samuSao Zabvebs iTvlian. rac ufro maRalia masalis si-

mtkice, miT ufro metia dasaSvebi Zabvebi da mcirea detalis masa da zomebi. 

simtkicis maxasiaTeblebis donis da, rogorc Sedegi, muSa Zabvebis ga-

zrdas Tan sdevs drekadi deformaciis amaRleba: 

     dr=σ/E                 (2),  

sadac E aris drekadobis moduli. 

rogorc warmodgenili tolobidan gamomdinareobs, drekadi deforma-

ciis SezRudvisaTvis masala unda xasiaTdebodes drekadobis maRali modu-

liT. swored sixistis kriteriumi da ara simtkice gansazRvravs, magali-

Tad, reduqtoris korpusis da sxva analogiuri detalebis muSaobis piro-

bebs, romlebsac zusti zomebisa da formis SenarCuneba moeTxoveba. 

arsebobs sawinaaRmdego moTxovnebic. zambarebis, membranebisa da sxva 

mgrZnobiare drekadi elementebisaTvis umTavresia mniSvnelovani drekadi 

gadaadgilebis uzrunvelyofa. radgan dr
max=σdr/E, am SemTxvevaSi masalas  

drekadobis maRali zRvari da drekadobis dabali moduli moeTxoveba. 

aviaciasa da saraketo teqnikaSi gamoyenebuli masalebis umTavresi 

maxasiaTebelia efeqturoba masis mixedviT. igi fasdeba kuTri maxasiaTeb-

lebiT: 

a _ kuTri simtkiciT σmaqs/g, sadac  aris masalis simkvrive; g – Tavi-

sufali vardnis aCqareba;  

b _ kuTri sixistiT – E/g. 

amgvarad, sakonstruqcio simtkicis kriteriumebad unda SeirCes is ma-

xasiaTeblebi, romlebic yvelaze srulyofilad asaxaven masalis simtkices 

eqspluataciis pirobebSi. 

xarisxovani konstruqciebis Sesaqmnelad, masalis ekonomiurad gamo-

yenebis pirobis uzrunvelyofiT, aucilebelia kidev ori kriteriumis ga-

Tvaliswineba. esenia saimedooba da xangamZleoba. 

saimedooba aris masalis unari, winaaRmdegoba gauwios myife rRvevis 

ganviTarebas. saimedoobas gansazRvravs civtexadobis temperaturuli zRurb- 
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li da winaaRmdegoba bzaris gavrcelebisadmi. 

myife rRveva ganapirobebs detalis ucabed mtyunebas eqspluataciis 

dros. igi yvelaze saxifaTod iTvleba, radgan texili didi siCqariT vi-

Tardeba gaangariSebulze ufro dabali Zabvis pirobebSi, rac avariul Se-

degs iwvevs. 

myife rRvevis asacileblad sakonstruqcio masalebi sakmao plastiku-

robiT (, ) da dartymiTi siblantiT (KCU) unda xasiaTdebodes. magram sa-

imedoobis es parametrebi, romlebic miRebulia mcire zomis laboratori-

uli nimuSebis gamocdiT, detalis samuSao pirobebis gaTvaliswinebis gare-

Se, mxolod naklebadmtkice, rbili masalebisaTvis aris damajerebeli. teq-

nikaSi ki sul ufro farTo gamoyenebas poulobs maRalmtkice da, rogorc 

wesi, naklebad plastikuri masalebi myife rRvevisadmi gazrdili midre-

kilebiT. nakeTobis ucabedi gadatexis albaTobis Sesamcireblad masalis 

bzarmedegobis gaTvaliswinebaa aucilebeli. igi warmoadgens kidev erT pa-

rametrs, romelic axasiaTebs masalis unars, daamuxruWos bzaris ganvi-

Tareba. 

bzarmedegobis raodenobrivi Sefaseba rRvevis wrfiv meqanizmzea da-

fuZnebuli, romlis Tanaxmadac maRalmtkice masalebSi rRvevis keras teq-

nologiuri an eqspluataciuri warmoSobis mcire bzarebi warmoadgenen. 

isini SeiZleba SeduRebis an Termuli damuSavebis dros warmoiqmnas. aseTi-

ve rols TamaSobs bzarisebri defeqtebi – araliTonuri CanarTebi, dis-

lokaciebis Tavmoyris adgilebi da a.S. bzari Zabvebis koncentrators war-

moadgens, romlis wveroSi adgilobrivi (lokaluri) daZabuloba ramden-

jerme SeiZleba aRematebodes saSualo gamoTvlil mniSvnelobas. 

l  sigrZisa da r  radiusis mqone bzaris (sur. #.1) 

wveroSi daZabuloba 

σy
max

=σsaS 2
r

l
    (3)  

    gantolebidan gamomdinare, daZabuloba miT ufro me-

tia, rac ufro grZelia bzari, xolo wvero – maxvili. 

    plastikuri masalebisaTvis aseTi saxis defeqtebis 

warmoqmnis mcire saSiSroeba arsebobs. dislokaciis ga-

daadgilebis Sedegad, bzaris wveroSi, adgilobrivi plastikuri deforma-
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cia mimdinareobs, romelic lokaluri Zabvis relaqsacias da maT gaTanab-

rebas ganapirobebs. აmasTanave, wveroSi dislokaciisa da vakansiebis simkvri-

vis zrdas Tan sdevs misi gablagveba da defeqti wyvets Zabvebis mkveTri 

koncentratorebis rolis Sesrulebas. myife masalebi ki piriqiT, metad 

mgrZnobiarea CanaWrebis (bzarebis) mimarT. imis gamo, rom dislokaciebi 

blokirebulia da plastikuri deformaciis ganviTareba SeuZlebeli, Zabvis 

saSualo mniSvnelobis gazrdiT lokaluri Zabvebi σy
max

 imdenad matulobs, 

rom irRveva atomTa Soris kavSiri da bzari viTardeba. bzaris zrda ki ar 

muxruWdeba, aramed piriqiT, Cqardeba. raRac kritikuli sididis miRwevis 

Semdeg xdeba bzaris TavisTavadi, zvavisebri zrda, rac nakeTobis myife 

rRvevas iwvevs.  

radgan maRalmtkice sakonstruqcio masalebi garkveuli plastiku-

robiT xasiaTdeba, maTTvis realur saSiSroebas ara nebismieri zomis, ara-

med mxolod kritikuli sigrZis ( l kr) bzari warmoadgens. bzaris gazrda 

l kr sididemde, masSi adgilobrivi plastikuri deformaciis wyalobiT mux-

ruWdeba. magram, muSa Zabvebisa da defeqtebis sigrZis garkveuli Tanafar-

dobis Semdeg bzaris wonasworuli mdgomareoba irRveva da iwyeba masalis 

TavisTavadi rRveva. 

      civtexadobis zRurbli axasiaTebs temperaturis gavlenas masalis 

midrekilebaze myife rRvevisadmi. mas gansazRvraven CanaWeris mqone nimuSis 

dartymiT siblanteze gamocdiT dabal temperaturaze. dartymiTi datvirT-

vis, CanaWerisa da dabali temperaturis aseTi urTierTSexameba is ZiriTadi 

faqtorebia, romlebiTac SeiZleba Sefasdes masalis qceva eqspluataciis 

eqstremalur pirobebSi. 

      blanti mdgomareobidan myifeSi gadasvlas Tan sdevs texilis agebule-

bis Secvla da dartymiTi siblantis mkveTri Semcireba (sur. #2), rac (tB-tX) 

temperaturul intervalSi SeiniSneba. am temperaturebs blanti da myife 

rRvevis zRvrul temperaturebs uwodeben. texilis agebuleba boWkovanidan 

(blanti rRveva, ttB) kristaluramde (myife rRveva, ttB) icvleba. civtexadobis 

zRurbls temperaturuli intervaliT (tB-tH) an erTi temperaturiT, t50 aRniS-

naven, ra drosac nimuSis texili Sedgeba 50% boWkovani Semdgenisagan, xolo 

muSaoba bzaris gavrcelebaze (KCT) ganaxevrebulia. 
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           mocemul temperaturaze muSao-

bisaTvis masalis vargisianobaze sib-

lantis temperaturuli maragiT 

msjeloben, romelic saeqspluatacio 

temperaturisa da myife mdgomareo-

baSi gadasvlis temperaturis (t50) 

sxvaobiT ganisazRvreba. amasTanave, 

rac ufro dabalia t50, miT ufro me-

tia siblantis maragi da maRalia 

myife rRvevis ganviTarebisagan dac-

vis garantia. 

   #3 suraTze iseTi SemTxvevaa war-

modgenili, rodesac ori foladis 

dartymiTi siblante 200C-ze erTna-

iria,  myife  mdgomareobaSi  gadasvla  ki wvrilmarcvlovan foladSi (M) 

-400C-ze iwyeba, msxvilmarcvlovan foladSi (K) ki - 00C-ze. saeqspluatacio 

temperaturasTan (tE) Sedarebisas dgindeba, rom wvrilmarcvlovani fola-

disaTvis siblantis temperaturuli maragi 600C Seadgens, xolo msxvilmar-

cvlovani foladisTvis – 200C. aqedan gamomdinare, M foladi ufro saime-

doa, radgan eqspluataciis pirobebSi temperaturis SesaZlo Semcireba, mas-

Si bzarebis arsebobisa da dartymiTi datvirTvis SemTxvevaSi, myife rRve-

vis ganviTarebas ar gamoiwvevs. 

 

xangamZleoba aris liTonis Tviseba, winaaRmdegoba gauwios TandaTa-

nobiT rRvevas, rac uzrunvelyofs detalis muSaobis unarianobas dadge-
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nili drois ganmavlobaSi (resursi). muSaobis unarianobis kargvis (Tanda-

TanobiTi mtyunebis) mizezi sxvadasxva SeiZleba iyos. magaliTad, daRli-

lobis procesebis ganviTareba, cveTa, cocvadoba, korozia, radiaciuli ga-

jirjveba da a.S. es procesebi masalaSi Seuqcevadi dazianebis dagrovebas 

da nakeTobis rRvevas ganapirobebs. masalis xangamZleobis gazrda niSnavs 

rRvevis siCqaris Semcirebas saWiro mniSvnelobamde. 

manqanaTa nawilebis umravlesobisaTvis (80%-ze meti) xangamZleoba ga-

nisazRvreba masalis winaaRmdegobiT, daRlilobiTi rRvevisadmi  (cikluri 

xangamZleobiT). Aamitom, muSaobis unarianobis kargvis aRniSnuli mizezebi 

dawvrilebiT gaanalizebas moiTxovs.  

cikluri datvirTva axasiaTebs masalis muSaobis unarianobas mraval-

jeradi, ganmeorebiTi cikluri datvirTvebis pirobebSi. datvirTvis cikli 

aris Zabvis cvalebadoba mis or zRvrul mniSvnelobas Soris (σmax da σmin) ra-

Rac T periodis ganmavlobaSi. igi xasiaTdeba ciklis asimetriulobis koefi-

cientiT R=σmin/σmax; Zabvis amplitudiT σa=(σmax-σmin)/2; ciklis saSualo ZabviT 

σm=(σmax+σmin)/2. 

ansxvaveben  simetriul  (R= -1) da arasimetriul cikls, rodesac R si-

dide farTo zRvrebSi icvleba. ciklis saxesxvaobebi manqanaTa nawilis mu-

Saobis sxvadasxva reJims ganapirobebs. 

cikluri datvirTvebis zemoqmedebiT dazianebis TandaTanobiT dag-

rovebas, romelic masalaSi Tvisebebis Secvlas, bzaris warmoqmnas, mis gan-

viTarebas da nakeTobis rRvevas iwvevs, daRlilobas, xolo masalis Tvi-

sebas, gauZlos daRlilobas – gamZleobas, amtanobas uwodeben.   

daRlilobiT gamowveuli rRveva statikurTan SedarebiT, rigi  Tavi-

seburebebiT xasiaTdeba: 

 igi statikur datvirTvasTan SedarebiT ufro dabali Zabvebis (de-

nadobis zRvrisa da droebiTi wanaaRmdegobis) pirobebSi mimdinareobs. 

 rRveva iwyeba zedapirze (an masTan axlos mimdebare SreebSi) loka-

lurad, Zabvebis koncentraciis adgilebSi. Zabvebis lokalur koncentra-

cias qmnis cikluri datvirTvebiT an garemos zegavleniT gamowveuli dazi-

aneba, an CanaWrebi damuSavebis kvalis saxiT. 

 rRveva ramdenime stadiad mimdinareobs – masalaSi dazianebis dag- 
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rovebiT, daRlilobiTi bzaris warmoqmniT, dazianebis ganviTarebiTa da 

ramdenime maTganis SerwymiT erT magistralur bzarad swrafi damamTavrebeli 

rRveviT; 

texils damaxasiaTebeli agebu-

leba gaaCnia, romelic daRlilobis 

procesis Tanmimdevrobas asaxavs. te-

xili Sedgeba rRvevis kerisgan (mik-

robzaris  warmoqmnis  ubani 1, sur. 

#4) da ori, daRlilobisa (2) da 

rRvevis damTavrebis (3) zonebisagan. 

rRvevis kera zedapirs esazRvreba da 

mcire zomebiTa da gluvi zedapiriT 

xasiaTdeba. daRlilobiT zonaSi mo-

Cans damaxasiaTebeli naRarebi, rom-

lebsac rgolebis konfiguracia aqvs, 

rac daRlilobiTi bzaris naxtomisebr wawevaze miuTiTebs. daRlilobiTi 

zona viTardeba manam, sanam sul ufro Semcirebul muSa kveTSi Zabvebis si-

dide im zomamde ar gaizrdeba, rom nakeTobis ucabedi rRveva gamoiwvios. 

cikluri xangamZleoba da simtkice mraval faqtorzea damokidebuli, 

romelTagan gadamwyvet mniSvnelobas struqtura, zedapiruli Sris daZa-

buli mdgomareoba, zedapiris xarisxi da koroziuli aris buneba Rebu-

lobs. zedapirze mkumSavi Zabvebis arseboba aZnelebs daRlilobiTi bzaris 

warmoqmnasa da mis ganviTarebas, rac zrdis gamZleobis zRvars. mkveTr uar-

yofiT gavlenas axdens gamWimavi Zabvebi da Zabvebis koncentratorebi:  

1. konstruqciuli – nakeTobis kveTis formis Secvla: haltelebi, na-

xvretebi, Rarebi da a.S. 

2. teqnologiuri – zedapiris mikrouswormasworoba, nakawrebi da 

meqanikuri damuSavebis sxva kvali. 

3. metalurgiuli – Siga defeqtebi: forebi, niJarebi, araliTonuri Ca-  

narTebi (oqsidebi, sulfidebi, silikatebi da a.S). 

nakeTobis xangamZleoba mcirdeba detalis zomebis  gazrdiT (masSta-

buri faqtori). process aCqarebs zedapiris sxvadasxva dazianeba – Caღrma-

vebebi, bzarebis badisa da Zabvebis sxva koncentratorebis arseboba. 
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cveTamedegoba aris masalis Tviseba, xaxunis garkveul pirobebSi wi-

naaRmdegoba gauwios zedapiris cveTas. cveTadoba gulisxmobs nakeTobis 

zedapiris TandaTanobiT rRvevas, xaxunis Zalis zemoqmedebiT misi nawila-

kebis mocilebis gziT. Sedegs cveTas uwodeben. cveTas gansazRvraven zome-

bis cvlilebiT (xazobrivi cveTa) da moculobis an masis SemcirebiT (mo-

culobiTi an masuri cveTa). 

masalis cveTamedegobas afaseben cveTis siCqaris (Vh) Sebrunebuli si-

didiT an intensiurobiT IK. cveTis siCqare an intensiuroba warmoadgens 

cveTis sididis Sefasebas Sesabamis drosTan, an xaxunis manZilTan. rac uf-

ro mcirea cveTis siCqare (anu xazobrivi cveTis sidide h), miT ufro me-

tia kvanZis muSaobis resursi t: t=h/Vh. bunebrivia, cveTis siCqares drois 

faqtori gansazRvravs.   

cveTis sam periods ansxvaveben:  

I – sawyiss, anu misaxmarisebis (mimuSavebis) periods, romlis drosac 

cveTa mimdinareobs mudmivad Semcirebuli siCqariT; 

II – damyarebuls, normaluri cveTis periods, romlisTvisac damaxasi-

aTebelia cveTa mcire da mudmivi siCqariT; 

III – katastrofuli cveTis periods. 

cveTamedegobis uzrunvelsayofad saWiroa cveTis katastrofuli pe-

riodis acileba, agreTve, sawyisi da damyarebuli cveTis siCqareebis Semci-

reba. am amocanis gadaWra SesaZlebelia moxaxune wyvilis masalebis racio-

nalurad SerCeviTa da damuSavebis xerxis swori gansazRvriT. masalis Ser-

Cevis dros aucilebelia imis gaTvaliswineba, rom cveTamedegobis kriteri-

umebi ara marto masalis zedapiruli fenebis Tvisebebze da mdgomareobazea 

damokidebuli, aramed misi muSaobis pirobebzec. es ukanaskneli ki imdenad 

mravalferovania, rom ver moiZebneba universaluri cveTamedegi masala – 

erT pirobebSi mdgradi, sxva SemTxvevaSi SeiZleba katastrofulad swra-

fad dairRves. amitom, yvela kerZo SemTxvevisaTvis rogorc wesi, masalis 

cveTamedegobas eqsperimentulad gansazRvraven. 

iseTi masalebis xangamZleobas,  romlebic  maRal  temperaturebze 

(energetikuli danadgaris detalebi, reaqtiuli Zravebi da a.S) muSaoben, 

cocvadobis siCqariT gansazRvraven. cocvadobis siCqaris SezRudvisaTvis 

mxurvalmtkice masalebs iyeneben.  
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gaxurebuli mSrali airebis an Txevad eleqtrolitebSi momuSave de-

talebis xangamZleoba qimiuri, an eleqtroqimiuri koroziis siCqarezea da-

mokidebuli. aseT areebSi muSaobis unarianobis SesanarCuneblad mxurval-

medegi da koroziamedegi masalebi gamoiyeneba. 

amgvarad, sakonstruqcio masalis muSaobis unarianoba saeqspluatacio 

garemos pirobebis gaTvaliswinebiT sakonstruqcio simtkicis Semdegi krite-

riumebiT xasiaTdeba: 

1. simtkicis kriteriumi (σmaqs da σ0,2), romlebic simtkicis mocemuli 

maragis SemTxvevaSi dasaSveb muSa Zabvebs, detalis masas da zomebs gansa-

zRvravs. 

2. drekadobis moduli (E), romelic detalis mocemuli geometriis Sem-

TxvevaSi drekadi deformaciis sidides, anu masalis sixistes gansazRvravs. 

3. plastikuroba (, ), dartymiTi siblante (KCU, KCV, KCT), rRvevis 

siblante, civtexadobis temperaturuli zRurbli (t50), romlebiTac afaseben 

masalis saimedoobas eqspluataciaSi. 

4. cikluri xangamZleoba, cveTis siCqare, cocvadoba da koroziamede-

goba, romlebic masalis xangamZleobas gansazRvravs. 

 

3. Senadnobis fazuri Sedgenilobis gavlena konstruqciul 

simtkiceze          
 

rogorc sufTa liTonebSi, ise SenadnobebSi, konstruqciuli simtki-

cis problemas dislokaciis Zvradoba da misi damuxruWebis xarisxi gansa-

zRvravs. 

myar xsnarSi Canergili an Canacvlebuli elementebis atomebi ZiriTa-

dad dislokaciis ubnebSi miizideba. SesaZlebelia maT eqstrasibrtyis gas-

wvriv ucxo atomebis jaWvic warmoqmnan. aRsaniSnavia, rom napira dislo-

kaciis bmis energia Canergil atomebTan daaxloebiT 0,2-0,5 ev Seadgens, xo-

lo Canacvlebul atomTan – 0,05-0,1 ev. 

ucxo atomebiT warmoqmnili atmosfero amuxruWebs dislokacias misi 

moZraobis gzaze da aZnelebs Semdgomi gadaadgilebis unars. bunebrivia, 

dislokaciis mowyveta SesaZlebeli iqneba im SemTxvevaSi, Tu ufro maRali 

Zabvebi ganviTardeba, anu mocemul SemTxvevaSi adgili aqvs xsnadobiT ganmt-

kicebis efeqts. igi SeiZleba ganisazRvros tolobiT: 
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                      σden=G2
C                                (4), 

sadac  σden aris denadobis zRvari; 

G _ Zvris moduli; 

            C _ gaxsnili komponentis koncentracia atomur procentebSi; 

       _ parametri, romelic damokidebulia gamxsnelisa (r0) da gaxsnili (r) 

komponentebis atomTa zomebs Soris sxvaobaze: 

                                 =
0

0

r

rr 
                              (5) 

ganmtkicebis yvelaze maRali efeqti im SemTxvevaSi miiRweva, rodesac 

myari xsnari damatebiT Seicavs sxvadasxva fazis, upiratesad qimiuri na-

erTis wvrildispersiul CanarTebs. isini efeqturad zRudaven dislokaciis 

Zvradobis unars, riTac izrdeba sakonstruqcio masalis denadobis zRvari. 

Tu gadajerebuli myari xsnaridan gamoyofili meoreuli faza hete-

rogenulia deda xsnarTan, konstruqciaze modebuli Zabvis zemoqmedebiT 

dislokaciam an unda gadaWras dabrkoleba, an gars Semoexves mas. es da-

mokidebulia ganmamtkicebeli fazis nawilakebis zomaze, simtkiceze da maT 

Soris manZilze. 

rodesac gamonayofi arakoherentulia da M CanarTebs Soris manZili 

l  sakmaod didia, moZravi dislokacia jer gaiRuneba (sur. #5, a), xolo 

moqmedi Zabvis gazrdis SemTxvevaSi – gars Semoevleba CanarTs da e.w. dis-

lokaciur maryuJs (b) warmoqmnis. SemdgomSi dislokacia tovebs warmoqmnil 

maryuJs da moZraobas ganagrZobs igive mimarTulebiT. axlad warmoqmnili 

dislokaciebis moZraobiT axal-axali maryuJebi warmoiqmneba, izrdeba dis-

lokaciis jamuri sigrZe da kristaluri gisosis energia, rac dislokaciis 

moZraobis gzaze damatebiT dabrkolebas qmnis. 

kritikuli Zabva (σkr), romelic aucilebelia minarevebs Soris dis-

lokaciis wasabiZgeblad, l  manZilis ukuproporciulia: 

                                                                σkr=
l

Gb
                   

      sadac G aris matricis Zvris moduli; 

b - dislokaciis biurgersis veqtori. 
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axal-axali dislokaciuri maryuJebis warmoqmnis Sedegad ganmamtki-

cebeli fazis nawilakebs Soris l  manZili TandaTan mcirdeba. aqedan ga-

momdinare, dislokaciis wasabiZgeblad saWiro kritikuli Zabva, anu dena-

dobis zRvari, izrdeba.  

Tu nawilakebs Soris manZili sakmaod mcirea (100Å), dislokaciam 

dabrkoleba unda gadaWras (sur. #5, g). amisaTvis ki Zabvis kidev ufro did 

mniSvnelobamde gazrdaa saWiro. aqedan gamomdinare, rac ufro maRalia Ca-

narTebis Zvris moduli, miT ufro mcirea dislokaciebiT maTi gadaWris 

albaToba. nawilakis gadaWris procesSi viTardeba Zvra dislokaciis biur-

gersis veqtoris sididiT, rac matricasa da gadaWril CanarTs Soris zeda-

piris gazrdas iwvevs. es ki dislokaciis moZraobis gzaze damatebiT wina-

aRmdegobas qmnis. 

 

4. sakonstruqcio maxasiaTeblebis amaRlebis meTodebi  

 

rogorc zemoT iyo aRniSnuli, konstruqciis maRali simtkice da xan-

gamZleoba minimaluri masisa da umaRlesi saimedoobis uzrunvelyofiT,  

teqnologiuri, metalurgiuli da konstruqciuli meTodebiT miiRweva. masa-

lis meqanikuri Tvisebebisa da xarisxis amaRlebisaTvis yvelaze maRalefeq-

turia teqnologiuri da metalurgiuli meTodebi. 

meqanikuri Tvisebebidan umTavresia masalis simtkice, romlis gazrda 
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plastikurobisa da siblantis sakmao maragis SenarCunebiT, konstruqciis 

wonis Semcirebas, saimedoobasa da xangamZleobas ganapirobebs. 

simtkice damokidebulia atomTa Soris kavSiris Zalebze, atomTa So-

ris urTierTqmedebis energia ki _ drekadi Tvisebebis (drekadobisa da 

Zvris modulebis) maxasiaTeblebze. normaluri drekadobis moduli da 

Zvris moduli masalis struqturulad aramgrZnobiare maxasiaTeblebia da 

mudmiv sidideebs warmoadgenen. 

Teoriuli simtkice (winaaRmdegoba atomTa Soris kavSiris Zalebis 

gawyvetis mimarT) realur kristalebSi struqturuli defeqtebis arsebobis 

gamo ver miiRweva. realuri  simtkice ori-sami rigiT ufro dabalia Teori-

ulTan SedarebiT, rasac ZiriTadad liTonis struqtura da ara atomTa So-

ris kavSiris Zalebi ganapirobeben.  

realur kristalebSi simtkicis dones, umTavresad, dislokaciis gada- 

adgilebis unari gansazRvravs. aqedan gamomdinare, masalaTa simtkicis ga-

zrdis Tanamedrove meTodebi iseTi struqturuli mdgomareobis uzrunvel-

yofazea dafuZnebuli, romelic dislokaciis maqsimalur damuxruWebas 

(blokirebas) ganapirobebs. maT miekuTvneba legireba, plastikuri deforma-

cia, Termuli, Termomeqanikuri da qimiur-Termuli damuSaveba. aRniSnuli 

meTodebiT simtkicis gazrda mTel rig struqturul faqtorebzea dafuZne-

buli, rogorebicaa: 

1. dislokaciebis simkvrivis gazrda. 

dislokaciis simkvrivesa () da denadobis zRvars (den) Soris Semde-

gi damokidebuleba arsebobs: 

                   den=0+bG                                    (7), 

sadac 0 aris denadobis zRvari ganmtkicebamde; 

 _koeficienti, romelic dislokaciis damuxruWebis sxva meqanizmebs 

iTvaliswinebs; 

b _ biurgersis veqtori; 

G – Zvris moduli. 

dislokaciis simkvrivis gazrda mizanSewonilia 1012 sm-2 sididemde. 

ufro meti mniSvnelobis SemTxvevaSi adgili eqneba masalis mTlianobis 

darRvevas submikroskopuli bzarebis saxiT, rac, udavod, Seamcirebs  masa- 
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lis simtkices. 

2. dislokaciuri barierebis Seqmna marcvlis sazRvrebis, subsazRv-

rebisa da meoreuli CanarTebis dispersiuli nawilakebis saxiT. aseTi nawi-

lakebis gadalaxva moiTxovs Zabvebis damatebiT gazrdas dislokaciis wasa-

wevad, rac ganmtkicebis efeqtze miuTiTebs. 

efeqturi barierebis rols marcvlisa da submarcvlebis (mozaikis 

blokebis) sazRvrebi asruleben. dacurebuli dislokacia iZulebulia ga-

Cerdes aRniSnul sazRvrebTan, radgan mezobel marcvalSi (submarcvalSi) 

dacurebis sibrtyes sxva orientacia gaaCnia. simtkicesa da marcvlis zomas 

Soris Semdegi damokidebuleba arsebobs: 

                   den=0+
d

k
                                 (8) 

sadac 0 aris Zabva, romelic saWiroa Tavisufali dislokaciis  moZ- 

raobisaTvis; 

k - koeficienti, romelic axasiaTebs dislokaciis blokirebis xarisxs; 

d - marcvlis (submarcvlis) zoma. 

aRniSnuli faqtoris Tavisebureba imaSi mdgomareobs, rom marcvlis 

dawvrilmaneba ganapirobebs marcvlis sazRvrebis jamuri sigrZis zrdas 

da, aqedan gamomdinare, dartymiTi siblantis gadidebas. amis mizezia bza-

ris Canasaxis zomis Semcireba da misi gavrcelebis SesaZleblobis gaZne-

leba – bzarma unda icvalos moZraobis mimarTuleba erTi marcvlidan meo-

reze gadasvlis dros, ris Sedegadac misi traeqtoria da winaaRmdegoba 

gavrcelebisadmi izrdeba. 

3. drekadi daZabulobis velis Seqmna, romelic amaxinjebs kristalur 

gisoss. aseTi veli iqmneba wertilovani defeqtebis  maxloblobaSi  (vakan- 

sia, minarevi atomi da, umTavresad, malegirebeli elementis atomi). 

sxvadasxva struqturuli faqtoris kombinaciiT SesaZlebelia mniSvne-

lovnad amaRldes simtkicis maxasiaTeblebi, magram simtkicis amaRlebas, 

dislokaciebis Zvradobis SemcirebiT, Tan sdevs masalis plastikurobis, 

siblantisa da saimedoobis Semcireba. 

konstruqciuli simtkicis amaRlebis problema mdgomareobs ara im-

denad simtkicis maxasiaTeblebis gazrdaSi, ramdenadac maRal simtkicesTan 

erTad plastikuri rRvevisadmi, aseve maRali winaaRmdegobis uzrunvelyo-
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faSi. magaliTad, naxSirbadian foladebSi (0,4%C) martensitze wrTobiT da 

dabali moSvebiT SeiZleba uzrunvelvyoT maqs2400 mgpa; naxSirbadis ga-

zrdiT 0,6%-mde – 2800 mgpa, Tumca aseTi maRali simtkicis miuxedavad fo-

ladebi myifea (KCT0) da eqspluataciaSi arasaimedo. 

simtkicis, saimedoobisa da xangamZleobis uzrunvelyofa liTonis 

garkveuli struqturuli mdgomareobiT miiRweva. kerZod, dislokaciebis 

damuxruWebis xarisxis efeqturi SexamebiT maT Tanabar ganawilebasTan ma-

salis moculobaSi da, rac yvelaze xelsayrelia, barierebTan Tvmoyril 

dislokaciebs unda mieceT garkveuli Zvradobis unari. cnobilia, rom myife 

rRveva inicirdeba kritikuli simkvrivis dislokaciebis Tavmoyris ubnebSi, 

magaliTad, gadaulaxav barierebTan, sadac metad saxifaTo lokaluri da-

Zabulobebi aRiZvreba. maTi relaqsacia ori gziT mimdinareobs:  

1. myife bzaris ganviTarebiT;  

2. barieris garRveviT da dislokaciis wanacvlebiT mosazRvre ub-

nebSi.  

es ukanaskneli ganapirobebs Zabvebis relaqsacias, lokaluri plas-

tikuri deformaciis gziT. aseTi tipis barierebis rols asrulebs sazRv-

rebi mcire kuTxiT – submarcvlebis sazRvrebi. xelsayreli struqturis 

formirebas da liTonis saimedoobis uzrunvelyofas xels uwyobs raciona-

luri legireba, dawvrilmarcvlovneba da metalurgiuli xarisxis amaRleba. 

maRali konstruqciuli simtkicis uzrunvelsayofad, kompoziciur ma-

salebSi, principulad gansxvavebuli xerxia gamoyenebuli. rogorc cno-

bilia, aseTi masalebi rbili matricisa da maRalmtkice boWkoebis kompozi- 

zicias warmoadgens. mTel datvirTvas boWkoebi Rebulobs. swored  amaSi 

mdgomareobs principuli gansxvaveba boWkovan kompoziciur masalebsa da 

Cveulebriv Senadnobebs Soris, romlebic ganmtkicebulia, magaliTad, dis-

persiuli nawilakebiT. SenadnobebSi, ZiriTad, datvirTvas matrica (myari 

xsnari) Rebulobs, xolo dispersiuli nawilakebi amuxruWeben masSi dis-

lokaciebis moZraobas, riTac mniSvnelovnad mcirdeba Senadnobis plasti-

kuroba. kompoziciur masalebSi maRalmtkice boWkoebi erTmaneTTan plasti-

kuri matriciT aris dakavSirebuli. matrica sustad aris datvirTuli da 

emsaxureba datvirTvis gadacemasa da gadanawilebas boWkoebs Soris. garda 

amisa, kompoziciuri masalebi, sadac gamoyenebulia maRalmtkice da maRali 
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modulis mqone boWkoebi da msubuqi matrica, maRali kuTri simtkiciTa da 

sixistiT xasiaTdeba. 

rogorc CvenTvis ukve cnobilia, nakeTobis muSaobis unarianoba konk-

retul saeqspluatacio garemos pirobebSi xasiaTdeba iseTi sakonstruqcio 

kriteriumebiT, rogoricaa simtkice (maqs,  0,2), sixiste (E), plastikuroba (, 

), dartymiTi siblante ( a nas), cikluri xangamZleoba. simtkicisa da plas-

tikurobis maxasiaTeblebi kargad aris Sexamebuli  wvrilmarcvlovani age-

bulebis liTonebSi da maRaldispersiuli fxvnilebiT miRebul nakeTo-

bebSi. aqedan gamomdinare, maRali sakonstruqcio Tvisebebis uzrunvel-

yofis ZiriTad meTods miekuTvneba struqturis Camoyalibebis iseTi piro-

bebis Seqmna, romelic uzrunvelyofs metad wvrilmarcvlovani agebulebis 

struqturebis miRebas. amis SesaZleblobas iZleva kristalizaciis proce-

sis iseTnairad warmarTva, rodesac uzrunvelyofili iqneba CanasaxTa 

(kristalizaciis centrebis) warmoqmnis didi da kristalebis zrdis daba-

li siCqareebis urTierTSexameba. aseT pirobebSi metad wvrildispersiuli 

nawilakebi yalibdeba, romlebic rentgenostruqturulad amorful fazebs 

miekuTvnebian. nawilakis zomebi ramdenime aseuli angstremidan aseul nano-

metramde diapazonSi icvleba. aseTi ganzomilebis mqone nawilakebis fxvni-

lebs ultradispersiul an nanozomis fxvnilebs uwodeben. aseTi agebule-

bis mqone uwyveti firis miReba SesaZlobelia, agreTve, danafarebis an len-

tis saxiT. 

firis sisqe da fxvnilis dispersiulobis xarisxi mza nakeTobis praq-

tikulad yvela maxasiaTebelze (meqanikur, Tbo, eleqtrofizikur da magni-

tur) axdens gavlenas. liTonur nanoganzomilebis fazebSi SemCneulia, ag-

reTve, meqanikuri, eleqtruli, Tburi, magnituri, optikuri da sxva Tvisebe-

bis unikaluri Sexameba. magaliTad, Txel firebSi an nawilakebSi, romelTa 

zoma 1000Å-is rigisaa, dafiqsirebulia simtkicis maxasiaTeblebis zrda, ma-

Ti zedapiris srulyofilebisagan damoukideblad. amis axsna SesaZlebelia 

im mosazrebiT, rom agregatebis mcire zomebi ar aris sakmarisi disloka-

ciebis Casaxvisa da ganviTarebisaTvis. ufro metic, Tu dislokacia firis 

zrdis procesSi warmoiqmneba, igi ar gamoiwvevs deformacias. 1500-2000Å zo-

mis forebSic ki ar xdeba dislokaciis gadaadgileba 1%-mde drekadi de-

formaciis pirobebSi. rac ufro dispersiulia fxvnili, miT ufro mkvrivi 
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da mtkice Secxobili nakeToba miiReba, fxvnilTa Secxobis temperatura ki 

mniSvnelovnad iwevs dabla standartul granulometrul fxvnilebTan Se-

darebiT. spilenZisa da oqros fxvnilebis dawnexiTa da SecxobiT damzade-

bul nimuSebSi, sadac fxvnilebis marcvlis zoma 1 mkm-s ar aRemateba, nimu-

Sis simtkice Teoriuls uaxlovdeba. 

ase gaCnda jer nanokristaluri masalebi, Semdeg – nanostruqturuli, 

nanofazuri, nanokompozituri da a.S terminebi. yvelasaTvis cnobili mik-

ronawilakebis garda materiis Sesaxeb, Cvens SemecnebaSi, gaCnda nanonawi-

lakebi – nivTierebis uwvrilesi mtveri. maTi dasaxeleba momdinareobs 

berZnuli sityvidan `juja~. es TiTqos migvaniSnebs nawilakebis miniatu-

rul zomebze, romelTac zRapruli Tvisebebi axasiaTebT. nanoteqnologi-

ebis Seswavla da gamoyeneba sazogadoebis samecniero-teqnikuri ganviTare-

bis sagani gaxda. maT ukve moaswres eCuqebinaT kacobriobisaTvis fantasti-

kuri Tvisebebis masalebi da danafarebi materialuri warmoebis da mecnie-

ruli Ziebis yvela dargSi.  
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II Tavi. garemos gavlena sakonstruqcio masalis Tvisebebze 

 
1. maRali temperaturebi  

 

temperaturis mateba arsebiT gavlenas axdens sakonstruqcio masalis 

struqturasa da Tvisebebze: mcirdeba simtkice, izrdeba plastikuroba, uf-

ro intensiurad iwyebs mimdinareobas Jangvis procesebi. 

masalebSi simtkicis maxasiaTeblebis Semcirebis xarisxi temperatu-

ris matebisas araerTgvarovania. simtkicis vardna da plastikurobis zrda 

dakavSirebulia atomTa Soris kavSirebis SemcirebasTan, vakansiebis ricxvi-

sa da wertilovani defeqtebis Zvradobis da difuziis intensiurobis gazr-

dasTan. yovelive es, Tavis mxriv, cvlis liTonis sawyis struqturasa da 

Tvisebebs. 

maRali temperatura TiTqos da damatebiT `Tavisuflebis xarisxs~ 

aniWebs dislokaciebs, ris gamoc maTi gadaadgileba gadacocebis gziT mim-

dinareobs. SeiniSneba, agreTve, dislokaciebis anihilacia da gadanawileba, 

anu ingreva Tavdapirveli dislokaciuri struqtura. 

temperaturis xangrZlivma zemoqmedebam SeiZleba mniSvnelovani struq-

turuli cvlilebebi gamoiwvios, rasTanac dakavSirebulia Termuli damuSa-

vebis gziT ganpirobebuli ganmtkicebis efeqtisa da civWedviT miniWebuli 

simtkicis maxasiaTeblebis kargva (pirvel SemTxvevaSi gadajerebuli myari 

xsnaris daSla, ganmamtkicebeli fazebis koagulacia da gaxsna, xolo meore 

SemTxvevaSi – gamobrunebisa da rekristalizaciis procesebis mimdinareoba). 

maRali temperatura ganapirobebs marcvlis sazRvrebis simtkicis uf-

ro intensiur kargvas marcvalTan SedarebiT. tT Tanabarsimtkicis tempera-

turis qvemoT (sur. #6) nakeTobis rRveva marcvlis moculobaSi mimdinare-

obs, radgan marcvali naklebad mtkicea. tT temperaturis zemoT ki rRvevis 

xasiaTi icvleba da igi marcvlis sazRvrebSi viTardeba. amis mizezia aRni-

Snul ubnebSi Tavmoyrili advildnobadi minarevebi, ris gamoc temperatu-

ris gavleniT sazRvrebis simtkice marcvlis simtkiceze dabali aRmoCndeba. 

aqedan gamomdinare, maRaltemperaturul areebSi saeqspluataciod Senadno-

bi unda iyos msxvilmarcvlovani agebulebis, radgan aseTi struqturis li-

TonSi sazRvrebis jamuri sigrZe naklebia, ufro sustad aris maTSi gamoxa-

tuli cocvadoba da difuzuri gadatanis procesebi. 
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       temperaturis zrda aadvilebs 

cocvadobis process, amcirebs damya-

rebuli cocvadobis stadiis xangrZ-

livobas da aCqarebs rRvevas. 

 

2. dabali temperaturebi 

 

liTonTa meqanikuri Tvisebebi 

dabal temperaturaze mniSvnelovnad 

gansxvavebulia. temperaturis Semci-

rebisas mcirdeba atomTSorisi manZi-

lebi, rac drekadobis modulis ga-

zrdas ganapirobebs. aseTi kanonzomiereba SeiniSneba temperaturis TiTqmis 

77K-mde Semcirebisas; mis qvemoT ki drekadobis modulis zrdis intensi-

uroba mcirdeba da absoluturi nulis maxloblobaSi aRar mJRavndeba. 

praqtikaSi miRebulia, rom temperaturis 1 K-iT Semcireba drekadobis mo-

duls 0,03%-iT zrdis. 

temperaturis SemcirebasTan erTad masalebis umravlesobaSi denado-

bis zRvari izrdeba. es kanonzomiereba gansakuTrebiT miesadageba sivrciT 

dacentrebuli kuburi da mWidro heqsagonuri gisosis mqone liTonebs. gao-

rebis wili saerTo deformaciaSi matulobs. waxnagdacentrebuli kuburi 

gisosis mqone liTonebSi, Tu isini minarevebis mcire raodenobas Seicavs, 

sustad aris gamoxatuli denadobis zRvris damokidebuleba temperaturaze, 

Tumca izrdeba simtkicis zRvari, xolo plastikuroba maRal donezea Se-

narCunebuli. amiT aixsneba maTi muSaobis saimedooba sakmaod dabal tempe-

raturebze.  

sivrciT dacentrebuli kuburi gisosis mqone liTonebis plastikuro-

bas minarevebis koncentracia, upirveles yovlisa, Canergili atomebis rao-

denoba gansazRvravs. magaliTad, Tu waxnagdacentrebuli kuburi gisosis  

mqone liTonebi nakleb mgrZnobiarea minarevebis mimarT (1%-mde maTi Semc-

velobis SemTxvevaSi), sivrciT dacentrebuli kuburi gisosis mqone liTo-

nebi myife mdgomareobaSi measedi da meaTasedi procenti Canergili minare-

vebis Semcvelobis SemTxvevaSic ki gadadis. 

 



 
24

myife rRvevisadmi midrekilebis TvalsazrisiT, mWidro heqsagonuri 

gisosis mqone liTonebs Sualeduri mdgomareoba ukaviaT sdk da wdk li-

Tonebs Soris.  

#7 suraTze warmodgenilia denadobis zRvris damokidebuleba homo-

logiur (dayvanil) temperaturaze (nimuSis gamocdis temperaturis Sefar-

deba liTonis dnobis temperaturasTan) wdk, sdk da mh gisosis mqone liTo-

nebisaTvis. rogorc diagramidan gamomdinareobs, wdk liTonebSi (Al, Ni) de-

nadobis zRvris mniSvneloba sustad aris damokidebuli temperaturaze, sdk 

 

 

 

 

 

 

 

 

 

 

 

 

 

(V, Nb, Ta, Fe)Hda mh (Ti) mqone liTonebisa – izrdeba temperaturis Semci-

rebisas. amasTanave pirvel maTganSi cvlilebis tempi mniSvnelovnad maRalia. 

temperaturis gavlenas rRvevis xasiaTze #8 suraTze warmodgenili sqema 

asaxavs. rogorc mrudeTa xasiaTidan gamomdinareobs, temperaturis Semci-

rebasTan erTad denadobis zRvris cvlileba ufro mniSvnelovania liTo-

nis gaglejaze (mowyvetaze) winaaRmdegobasTan SedarebiT. tkr temperaturaze 

(gamyifebis kritikuli temperatura) mrudebi ikveTeba. rodesac ttkr, liTo-

nis rRveva blanti xasiaTisaa, radgan Zabva Tavdapirvelad im mniSvnelobas 

aRwevs, romelic denadobis zRvars Seesabameba da liTonSi plastikuri de-

formacia iwyeba. rodesac ttkr, myife rRveva mimdinareobs, radgan am SemTx-

vevaSi modebuli Zabva swrafad aRwevs gaglejaze winaaRmdegobis zRvars. 

aseT pirobebSi liTonis mTlianoba plastikuri deformaciis gareSe irRveva. 
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temperaturas, romelzec xdeba blanti rRvevidan myife rRvevaSi ga--

dasvla, civtexadobis zRurbli ewodeba. civtexadobis zRurblis mdebare-

obaze mravali faqtori moqmedebs. struqturis dawvrilmaneba adablebs civ-

texadobis zRurbls, xolo defeqtebis koncentraciis gazrdiT igi maRl-

deba. Canergili minarevebi zogierT liTonSi (W, Mo, Cr) arsebiTad zrdis t50 

(temperatura, romelzec ganviTarebul texilSi 50% blanti rRvevis Semd-

genia, 50% - myife rRvevisa). deformaciis siCqaris gazrda da masStaburi 

faqtori, aseve, amaRlebs civtexadobis zRurbls. 

ngrevis erTi saxis Secvla meoriT denadobis zRvrisa (σden.) da mrRve-

vi Zabvis (σmrR) urTierTSefardebiT ganisazRvreba. denadobis zRvari gamo-

iTvleba formuliT: 

               σden=σ0+kd
-1/2,                  (1) 

sadac σ0 aris kristaluri gisosis xaxunis Zabva; 

k - mudmiva; 

d – marcvlis diametri. 

kristaluri gisosis xaxunis Zabva temperaturazea damokidebuli da 

Semdegi TanafardobiT ganisazRvreba: 

                                   σ0=be
-T

,                                       (2) 

sadac b da  mudmivi sidideebia. 

mrRvevi Zabva gamoiTvleba damokidebulebidan: 

                                                 σmrR=(4Gd
-1/2

)/k,        (3) 

sadac G aris Zvris moduli; 

 - rRvevis efeqturi zedapiruli energia; 

d – marcvlis diametri; 

 k – mudmiva. 

rogorc pirveli da meore damokidebulebidan gamomdinareobs, tempe-

raturis SemcirebiT gisosis xaxunis Zabva da, aqedan gamomdinare, denado-

bis zRvaric, mkveTrad izrdeba maSin, rodesac mrRvevi Zabva temperaturaze 

arsebiTad ar aris damokidebuli. 

rRvevis siblante (kIC) dakavSirebulia liTonis simtkicis maxasiaTeb-

lebTan. saSualo da dabali simtkicis masalebi, maRalmtkice masalebTan Se-

darebiT, oTaxis temperaturaze kIC-s maRali mniSvnelobiT xasiaTdeba. tem-
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peraturis Semcirebisas situacia gansakuTrebiT icvleba sdk da mh gisosis 

mqone SenadnobebSi _ maTi simtkice matulobs da garkveul pirobebSi saSu-

alo da dabali simtkicis masalebSic mJRavndeba midrekileba myife rRvevi-

sadmi (iseve, rogorc maRali simtkicis masalebisaTvis aris damaxasiaTebe-

li). titanis SenadnobebSi da maRalmtkice foladebSi kIC-s mniSvneloba 

temperaturis SemcirebasTan erTad mcirdeba, xolo aluminis Senadnobebi 

rRvevis maRal siblantes absoluturi nulis maxloblobaSic ki inarCuneben.  

 

3. koroziulad aqtiuri areebi 

 

garemos zemoqmedebiT liTonebis saeqspluatacio Tvisebebi mkveTrad 

SeiZleba gauaresdes, mis zedapirze xiluli cvlilebebis mimdinareobis ga-

reSe. zogjer koroziis produqtebis kvalic SeiniSneba. korozias uwodeben 

masalis TavisTavad ngrevas, garemosTan misi qimiuri an eleqtroqimiuri 

urTierTqmedebis Sedegad. samuSao garemo yovelTvis Seicavs sakonstruqcio 

masalis mimarT ramdenime agresiul nivTierebas da koroziis stimulatorebs.  

moqmedebis meqanizmis mixedviT arCeven qimiur da eleqtroqimiur ko-

rozias. qimiuri korozia viTardeba gazrdil da maRal temperaturebze, li-

Tonebis urTierTqmedebiT mSral airebTan – haerTan, naxSirmJava airTan, 

mSrali wylis orTqlTan, JangbadTan, wvis produqtebTan (airuli korozia) 

an araeleqtrolitebTan – benzolTan, spirtTan, naxSirwylebTan, Txevad 

sawvavTan (korozia araeleqrolitebTan). eleqtroqimiuri korozia viTarde-

ba eleqtrolitebis zemoqmedebiT, rodesac nivTierebis wyalxsnarebi an nal-

Robebi moZrav ionebs (anionebsa da kaTionebs) Seicavs da eleqtrul dens 

atarebs. aseT garemos miekuTvneba teniani haeris atmosfero (atmosferuli 

korozia), wyali, maT Soris mdinarisa da zRvis wყაli, mJavebi, tuteebi, ma-

rilebi, gamacivebeli siTxeebi da a.S (korozia siTxiT). 

airul korozias ganicdis safreni aparatebisa da Zravis detalebis 

umravlesoba. es aris Semonakeri, ekrani, mimwodebi, romlebic haeris aero-

dinamikuri winaaRmdegobis gamo maRal temperaturamde xurdebian; turbinisa 

da saqSeni aparatis TaTebi, sacecxle milebi, reaqtiuli Zravis sarqvelebi 

da a.S. saaviacio Zravebis cxeli traqtisTvis did saSiSroebas warmoadgens 

airuli koroziis nairsaxeoba – mariliani korozia, romelic im SemTxveva-
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Si viTardeba, rodesac airadi garemo zogierTi liTonis marils, umetes 

SemTxvevaSi, natriumis marils da natriumis, gogirdisa da vanadiumis oqsi-

debs Seicavs. aseTi korozia didi siCqariT viTardeba, romelic temperatu-

ris matebasTan erTad ufro izrdeba. 

atmosferul korozias ganicdis konstruqciis gare detalebi (Semona-

keri, garsacmi, Semomdenebi, Sasi), romlebic korodirebs teniani haeris, 

wvimis, TrTvilis da atmosferos sxva agentebiT. siTxiT korozia tipuria 

hidravlikuri, gamacivebeli, gayinvis sawinaaRmdego sistemebisaTvis, rac 

arRvevs maTi normaluri muSaobis pirobebs koroziis produqtebiT daWuW-

yianebis gamo da auaresebs Txevadi garemos muSa maxasiaTeblebs. 

yvela koroziuli procesi TavisTavad mimdinareobs, radgan koroziis 

produqtebi Termodinamikurad ufro mdgradia, vidre is liTonebi, romlis-

ganac isini warmoiqmnebian. koroziul areSi temperaturisa da Jangbadis 

wnevis gazrdiT procesis siCqare izrdeba, radgan matulobs qimiuri reaq-

ciebis mimdinareobis, difuziisa da agresiuli aris komponentebis liTonSi 

xsnadobis siCqareebi. 

koroziis dros rRvevis procesi yovelTvis zedapirze, neli siCqariT 

iwyeba da TandaTan nakeTobis SigniT aRwevs. ansxvaveben Tanabar korozias, 

romelic erTi da igive siCqariT mimdinareobs agresiul areSi moTavsebu-

li nakeTobis mTel zedapirze da lokalurs, ra drosac procesSi CarTu-

lia nakeTobis raRac ubani (sur. #9). am ukanasknelis saxesxvaobebia: koro-

zia laqebiT, wylulovani, wertilovani, kristalTSorisi da SerCeviTi ko-

rozia. lokaluri koroziis keras Zabvebis koncentratorebi warmoadgenen. 

isini xels uwyoben bzaris warmoqmnasa da ganviTarebas, gansakuTrebiT Zab-

vebis cikluri cvalebadobis pirobebSi. es sagrZnoblad amcirebs nakeTobis  

saimedoobas da xanmedegobas. Tanabari korozia maqsimalur zians ayenebs 

safren aparatebs, rac ganapirobebs liTonis masis Seuqcevad kargvas. 

korozias Zabvis qveS uwodeben rRvevis iseT saxes, romelic korozi-

uli garemosa da gamWimavi Zabvebis erTdrouli zemoqmedebiT mimdinareobs da 

misi sidide ar aRemateba σ0,2. Zabva xels uwyobs saerTo koroziisa da ko-

roziuli dabzarvis intensiurad ganviTarebas, nakeTobis siRrmeSi Txeli 

bzarebis Casaxvisa da gavrcelebis gziT. 

masala, romelsac Zabvis qveS koroziisadmi midrekileba gaaCnia, kar- 
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saerTo koroziamedegobis miuxedavad, SeiZleba swrafad dairRves. აmitom, 

koroziis es saxe liTonuri konstruqciebisaTvis metad saxifaToa. 

kristalTSorisi koroziis saSiSroeba imaSi mdgomareobs, rom igi vi-

Tardeba nakeTobis moculobaSi (marcvlis sazRvrebze), iwvevs simtkicisa 

da plastikurobis kargvas da, rogorc Sedegi, nakeTobis mwyobridan adre 

gamosvlas. 

koroziis Sefaseba xdeba masis kuTri danakargebiT drois erTeulSi 

an masalis sisqis cvlilebiT drois mixedviT. lokaluri koroziis SemTx-

vevaSi rRvevis xarisxs arapirdapiri meTodiT – fizikur-qimiuri Tvisebebis 

cvlilebis intensiurobiT gansazRvraven. 

qimiur korozias safuZvlad JangviTi procesebi udevs, romelTa pro-

duqtebs qimiuri naerTebi warmoadgenen. Jangbadis Semcvel garemoSi airul 

korozias Tan axlavs liTonis zedapirze oqsiduri firis warmoqmna, ro-

melsac SeuZlia liTonis Semdgomi Jangva met-naklebad Seasustos. uwyveti, 

mkvrivi oqsiduri firi, Tu igi kargi SeWidulobiT xasiaTdeba fuZeSresTan, 

xels uSlis moreagire elementebis SeRwevas liTonis Semdgom fenebSi da 

Jangvis procesi wydeba.  

qimiuri korozia SeiZleba SemzeTma masalebmac gamoiwvios, romlebic 

sxvadasxva meqanizmebSi gamoiyeneba. Tavad SemzeTi masalebi liTonze  uar-

yofiTad ar moqmedebs, magram temperaturis, wnevis, xaxunis, Jangbadisa da 



29 

 

liTonebis katalizuri moqmedebis Sedegad zeTi SeiZleba daiSalos orga-

nuli mJavebis, aldegidebis, zeJangis da sxva aqtiuri produqtebis gamoyo-

fiT, romlebic liTonisa da Senadnobebis korozias gamoiwveven. 

eleqtroqimiur korozias safuZvlad udevs liTonebis eleqtroqimi-

uri urTierTqmedebis procesebi, eleqtrolituri aris monawileobiT. Eele-

qtrolitur areSi sxvadasxvagvari liTonebis kontaqtis SemTxvevaSi, koro-

ziuli wyvilis (arsebiTad galvanuri elementebis) warmoqmnis gamo, iwyeba 

SedarebiT uaryofiTi eleqtroduli potencialis mqone liTonis gaxsna 

(igi anods warmoadgens). kaTodis rols an meore liToni asrulebs, an ele-

qtrolitis molekulebi, romlebsac aRdgena SeuZlia. damcavi danafaris 

SesarCevad aucilebelia agresiuli aris Sedgenilobisa da liTonis zeda-

pirze warmoqmnili qimiuri koroziis produqtebis Tvisebebis codna. mik-

rogalvanuri wyvilebis warmoqmnis asacileblad liTonis struqtura erT-

faza (sufTa liTonebi an myari xsnarebi), erTgvarovani unda iyos. hetero-

fazuri Senadnobis koroziis sqe-

ma #10 suraTzea warmodgenili.  

    Termuli damuSaveba cvlis Se-

nadnobis agebulebas da, aqedan ga-

momdinare, mis koroziamedegobas. 

iseTi saxis Termuli damuSaveba, 

romelsac erTfaza struqturis 

Camoyalibebamde mivyavarT, zrdis 

koroziul medegobas. magaliTad, 

uJangavi foladis wrToba, rac 

ganapirobebs erTgvarovani myari 

xsnaris (austenitis) miRebas. 

    Pplastikuri deformacia auaresebs koroziul medegobas, radgan igi 

struqturaSi an detalis calkeul ubnebSi daZabulobaTa  gradientis  war-

moqmnas iwvevs. yvelaze  xSirad swored koroziuli dabzarva warmoadgens 

koroziuli aris, plastikuri deformaciisa da Siga daZabulobebis erTob-

livi zemoqmedebis Sedegs. daZabulobis mosaxsnelad dabal moSvebas atare-

ben, romelic liTonis meqanikuri Tvisebebis gauaresebas ar iwvevs.  

eleqtroqimiuri koroziis acileba an uaryofiTi Sedegis Semcireba 

SesaZlebelia: 
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       kontaqtSi myofi liTonebisa da Senadnobebis racionaluri SerCeviT 

konkretuli datvirTvebisa da garemos zemoqmedebis pirobebis gaTvaliswi-

nebiT;     

 damcavi danafarebis gamoyenebiT, romelic masalas koroziuli ga-

remosagan gaamxoloebs; 

 eleqtroqimiuri dacviT, rac eleqtruli deniT koroziuli poten-

cialis regulirebiT xdeba.  

Senadnobebis eleqtroqimiuri koroziisadmi mdgradobis amaRlebis 

metalurgiuli meTodebi iseTi elementebiT legirebaSi mdgomareobs, rom-

lebic nakeTobis zedapirze damoukideblad an fuZeliTonTan erTad damcav 

firebs warmoqmnis; amaRlebs Senadnobis eleqtroqimiur potencials sakon-

taqto agresiul areSi, agreTve, xels uwyobs iseTi mikrostruqturis Camoya-

libebas, romelic koroziul rRvevas ar ganicdis. magaliTad, naxSirbadian 

foladebSi korozia ganpirobebulia rkinis eleqtroduli potencialis 

uaryofiTi mniSvnelobiT da mikrostruqturis TaviseburebiT. koroziisagan 

maTi dacvis efeqtur saSualebas qromiTa da nikeliT legireba warmoadgens. 

 

4. wyalbadis, wylisa da wylis orTqlis garemo 

 

saaviacio da kosmosuri teqnikis saeqspluatacio airadi garemos um-

ravlesoba, garda Jangbadisa, wyalbads, naxSirbadis oqsidebs, wyals, wylis 

orTqls da sxva agresiul komponentebs Seicavs. kerZod, wvis produqtebs, 

romelTa umniSvnelo raodenobiT arsebobac ki axdens gavlenas koroziis 

mimdinareobaze. aseTi komponentebi praqtikulad maRaltemperaturul, Jang-

badis Semcvel airad nakadSi orTqlis saxiT imyofeba. isini liTonis zeda-

pirze sxvadasxva naerTebis saxiT (K2SO4, Na2SO4 da a.S) kondensirdeba, ris 

Sedegadac xdeba qimiuri Jangvis procesis gadasvla e.w. maRaltemperatu-

rul eleqtroqimiur koroziaSi da koroziis meqanizmis radikalur Secv-

las ganapirobebs. 

haeri farTod gamoiyeneba sawvavis wvis procesSi, rogorc qimiuri re-

agenti. amasTanave, misi efeqturoba JangbadiT gamdidrebis gziT izrdeba. 

haeris ZiriTad agresiul mdgenels swored Jangbadi warmoadgens, romelic 

liTonebisa da Senadnobebis maRaltemperaturul airul korozias iwvevs. 

azoti naklebad saxifaToa, radgan liTonis zedapirze warmoqmnili oqsi-
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duri firi azotisaTvis praqtikulad gaumtaria. gamonakliss  gafaSrebuli 

xenji warmoadgens, romlis gavliTac azoti liTonis zedapiramde aRwevs, 

reagirebs masTan da gamyifebas iwvevs.  

wyali, teniani haeri da wylis orTqli neitralur ares (H+ da OH
- 

ionebis koncentracia daaxloebiT Tanabaria) miekuTvneba. Mმagram, Tu maTSi 

marilebi da airebia (CO2, SiO2, azotis oqsidi) gaxsnili, SeiZleba rogorc 

tute (OH
-
-is gazrdis SemTxvevaSi), ise mJave (H+-is gazrdis SemTxvevaSi) 

areebad gadaiqces. aseT eleqtrolitebs SeuZlia gaxsnan liTonis zeda-

pirze warmoqmnili koroziis produqtebis damcavi firi da mkveTrad daaC-

qaros koroziuli procesebi. aRniSnul areebSi airuli korozia maRal 

temperaturaze Zlierdeba. radgan wyalSi da wylis orTqlSi agresiul 

reagentebs warmoadgens rogorc Jangbadi, ise wyalbadi, maRaltemperaturu-

li qimiuri Jangva eleqtroqimiuri koroziis paralelurad mimdinareobs. 

H2-H2O atmosferoSi Jangvis siCqare, Jangbadis dabali parcialuri 

wnevis gamo, masalebis umravlesobisaTvis (nikeli, rkina da maTi Senadnobe-

bi) ufro dabalia, vidre haerze. zogierTi Senadnobi ki (vanadiumis Semc-

veli uxvadlegirebuli foladebi da Senadnobebi) saerTod ar xasiaTdeba 

wylis orTqlSi Jangvisadmi midrekilebiT. rogorc zemoT iyo aRniSnuli, 

wylis orTqlis daWuWyianeba sxvadasxva reagentiT (Na2SO4, NaOH, NaCl) mra-

valjer zrdis koroziis siCqares. 

liTonebi, romlebsac wyalbadTan SedarebiT uaryofiTi standartu-

li potenciali gaaCnia, korozias JangbadiT gamdidrebul wyalSi an tenian 

garemoSi ganicdis. liTonidan xsnarSi gadasuli ionebi urTierTqmedebs 

OH
- hidroqsil-ionebTan da wyalSi  uxsnad  hidroqsilebs – Jangs warmoqm-

nis. rkinis eleqtrolituri Jangvis sqema aseTia: 

2Fe-4e2Fe
2+

;    2Fe
2+

+4OH
-
2Fe(OH)2 

rkinis hidroqsili Fe(OH)2 wyalSi gaxsnili Jangbadis Tanaobisas 

Fe(OH)3-ad gardaiqmneba. radgan rkinis ionebi Fe(OH)3 uxsnad naerTSia daka-

vebuli, wonasworuli potencialis miRweva SeuZlebeli xdeba da korozia 

liTonis srul gaxsnamde mimdinareobs. 

liTonebs aqvs wylis aRdgenis unari: 

2Me+3H2OMe2O3+3H2 

warmoqmnili wyalbadi liTonSi ixsneba da amyifebs mas. dawyalbadi- 
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aneba mTel rig liTonebSi, magaliTad, titanSi, cirkoniumSi da zogierT 

SenadnobSi, koroziuli dabzarvis gansakuTrebul saxes ganapirobebs, ro-

melsac wyalbaduri simyife ewodeba. es ganpirobebulia liTonis mikro-

forebSi wyalbadis atomebis Tavmoyris gamo, gazrdili wnevis zonebis 

warmoqmniT. 

mravali liTonis midrekileba airad aresTan reaqciisadmi, maT Soris 

wyalbadTan, did problemebs qmnis maTi miRebis, damuSavebisa da maRal tem-

peraturul pirobebSi eqspluataciisadmi. wyalbaduri simyifis winaaRmdeg 

brZolis ZiriTad meTodebs warmoadgens:  

 iseTi inhibitorebis (nivTiereba, romelic anelebs qimiur process) 

gamoyeneba, romlebic amcireben wyalbadis xsnadobis zRvars liTonSi;  

 alternatiuli teqnologiebis SerCeva, romelic Secvlis koroziis 

meqanizms wyalbadis gamoyofiT; 

 gauwyalbadoebis mizniT liTonis mowva vakuumSi. 

liTonuri konstruqciebis elementebisaTvis metad agresiulia saavia-

cio-saraketo sawvavis wvis produqtebi. aRniSnul ZravebSi sawvavad Txeva-

di da myari sawvavis (naxSirwyalbadebi, Txevadi wyalbadi, metalizirebuli 

sawvavi da a.S) maRalenergetikuli narevi gamoiyeneba, xolo damJangvelad – 

haeri, Jangbadi, ftori, azotmJava da a.S. garda maRaltemperaturuli Jangvi-

sa da wyalbaduri simyifis ganviTarebisa, Zravebis airdinamikuri traqtis 

liTonebisaTvis did saSiSroebas sulfiduri korozia warmoadgens. igi 

wvis produqtebSi sulfiduri naerTebis (SO2, H2S da a.S) arsebobis SemTx-

vevaSi viTardeba. aranakleb saxifaToa e.w. `nacrovani korozia~, romelic 

mineraluri nivTierebebis (qloridebis,  sulfidebis, oqsidebis, vanadiumis 

sulfatebis, tutemiwaTa liTonebisa da a.S) arsebobiT aris gamowveuli. 

maT wvis produqtebi Seicavs airad, Txevad Tu myar mdgomareobaSi. `nacro-

vani koroziis~ mimarT mdgradobis amaRleba SesaZlebelia: 

 Senadnobis legirebiT iseTi elementebiT, romlebic zedapirze oq-

sidebis, sulfidebis da a.S. damcav fenas warmoqmnis; 

 zedapirze specialuri damcavi danafaris dataniT, romelic gaumta-

ri iqneba garemos agresiuli elementebisaTvis;  

 saTbobis inhibitoruli damuSavebiT, romelic wvis produqtebSi 

yvelaze agresiuli Semdgenis warmoqmnis SesaZleblobas gamoricxavs; 
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 specialuri konstruqciuli gadawyvetebiT. 

liTonebis umravlesoba koroziis mimarT sakmaod mdgradia SezRu-

dul garemoSi. magaliTad, niobiumi xasiaTdeba maRali koroziuli medego-

biT haerze, JangbadSi, wyalSi, amiakSi, azotmJavaSi da kidev sxva areebSi, 

normalur da mcired gazrdil temperaturaze, magram, aramdgradia mlRob 

mJavaSi, tuteebSi da ftoridebSi; katastrofulad irRveva Jangbadis Semc-

vel maRaltemperaturul garemoSi, maT Soris haerze. uJangavi foladebi 

mdgradia haerze, wylis orTqlSi, mravali saxis wvis produqtebSi 800-

9000C-ze, agreTve marilmJavaSi, magram aqvs midrekileba gaunaxSirbadoebis, 

wyalbadiT gajerebisa da `nacrovani~ da sulfiduri koroziis mimarT. აmi-

tom, masalis SerCevisas teqnikis mravalferovani moTxovnebis dasakmayofi-

leblad aucilebelia sacnobaro literaturis gamoyeneba, saeqspluatacio 

(koroziuli) garemos gaTvaliswinebiT. 

 

5. radiaciuli dasxiveba 

 

masalebis radiaciuli dasxiveba ganpirobebulia dedamiwis garSemo 

arsebuli Zlieri radiaciuli veliT. es, upirveles yovlisa, aris korpus-

kuluri radiacia – dedamiwis magnituri veliT watacebuli eleqtronebi 

da protonebi; kosmosuri sxivebi – maRali energiis nawilakebi, romlebic 

Cvenamde galaqtikis siRrmidan da samyaros sxva sivrceebidan aRwevs; mzis 

kosmosuri sxivebi – nawilakebis nakadi, romelic generirdeba mzeze raRac 

afeTqebebis Sedegad da bolos, mzis qari – korpuskulebis uwyveti nakadi 

(protonebi,  nawilakebi), romelic  mzidan vrceldeba da planetaTaSoris 

sivrces avsebs. 

dasxivebis zegavleniT masala struqturul cvlilebebs ganicdis, 

romelic eqspluataciis procesSi maTi Tvisebebis arasasurveli mimarTu-

lebiT Secvlas iwvevs. yvelaze Zlier zemoqmedebas neitronebiT dasxiveba 

axdens.  nawilakebis, protonebisa da, miT umetes, msubuqi  nawilakebisa 

da  gamosxivebis zemoqmedeba sustia. aqedan gamomdinare, masalebs, rom-

lebsac muSaoba gamosxivebis pirobebSi uwevs, radiaciuli mdgradoba unda 

axasiaTebdes. radiaciuli mdgradoba gulisxmobs struqturisa da Tvisebe-

bis stabilurad SenarCunebas dasxivebis pirobebSi. 
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radiaciuli zemoqmedebis efeqti yvelaze Zlier waxnagdacentrebuli 

kuburi gisosis mqone liTonebSi vlindeba. radiaciuli dasxivebis Sedegad 

izrdeba wertilovani da xazovani defeqtebis koncentracia, viTardeba mik-

roforianoba da sxva saxis dazianebebi; mimdinareobs atomebis ionizacia 

(eleqtronebis mowyveta gare eleqtronuli garsidan an maTi gadayvana uf-

ro maRal energetikul doneze); aRiZvreba xelovnuri radioaqtiuroba. 

nawilakebis pirveli Sejaxeba kristalur gisosSi ganlagebul atomebTan, 

maT aRgznebas da gadaadgilebas iwvevs, radgan nawilakebisagan isini gark-

veul damatebiT energias iZenen. aRgznebis Sedegad izrdeba dasxivebuli da 

misi mezobeli atomebis rxeviTi moZraoba, rasac Tan sdevs kristalis mci-

re moculobaSi temperaturis lokaluri gazrda. 

Tu atomi Rebulobs raRac Ea  energias, romelic misi gadaadgilebi-

saTvis saWiro EC energias aRemateba, igi tovebs Tavis regularul adgils 

da kristaluri gisosis kvanZebs Soris gadadis. regularuli mdgomareo-

bidan kvanZebs Soris atomis gadanacvleba e.w. `frenkelis wyvilis~ (kvan-

ZebsSorisi atomisa da vakansiebis) gaCenas iwvevs. Ea  energia, romelsac na-

wilaki atoms gadascems masTan drekadi Sejaxebisas, tolia: 

EEa =
 2

4

mM

EMm


            (4) 

sadac E da m aris nawilakebis energia da masa, 

M – nawilakTan urTierTqmedebaSi mosuli atomis masa.  

es gamosaxuleba samarTliania iseTi nawilakebisaTvis, romelTa moZra-

obis siCqare sinaTlis gavrcelebis siCqares (magaliTad, protonebi da ne-

iტrოnebi) ar აღეmateba. warmodgenili formulidan gamomdinare, mZime nawi-

lakebiT dasxivebam kristaluri gisosis defeqtebis arsebiTi cvlileba un-

da gamoiwvios. 

iseTi nawilakebiT dasxivebisas, romelTa moZraobis siCqare sinaTlis 

gavrcelebis siCqaris Tanazomadia (eleqtronebi), zemoT warmodgenili ga-

mosaxuleba Semdeg saxes miiRebs: 

EEa =
2

2 )2(2

Mc

mcEE 
           (5)   

sadac m aris mSvidi eleqtronis masa; 

      c - sinaTlis gavrcelebis siCqare.  
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      me-4 da me-5 gamosaxuleba saSualebas iZleva dasxivebis is minimaluri 

energia gamoiTvalos, romelic kristalur gisosSi mdgradi defeqtebis 

warmoqmnas ganapirobebs. 

didi energiis mqone mZime nawilakebiT dasxivebis SemTxvevaSi ato-

mebis gadanacvlebaTa mTeli kaskadi warmoiqmneba. samiznes masis gazrdiT 

mcirdeba atomebis meoreuli gadanacvlebaTa ricxvi da, aqedan gamomdinare, 

vakansiebisa da kvanZebsSorisi atomebis raodenobac. 

gansakuTrebiT Zlieria liTonebisa da Senadnobebis Tvisebebze neit-

ronebis zemoqmedeba. liTonSi neitronebis SeRwevadobis unari didia, rad-

gan isini ar aris eleqtruli muxtis matarebelni.  

neitronebiT bombardirebis SemTxvevaSi atomebTan Sejaxebis zonaSi 

temperaturuli pikebi aRiZvreba, romelTa arsebobis xangrZlivoba =0,5x10-11 

wams Seadgens da lokalizebulia 1-10nm diametris areSi. es areebi rig  

SemTxvevaSi gamdnar, da Semdgom periodSi, gamokristalebul zonebs warmo-

adgens. volframisa da molibdenis atomebi, romlebic Termuli pikis moq-

medebis zonaSi imyofebian, ver gadava Txevad fazaSi, TuTiasa da spilenZSi 

ki lokaluri nalRobi ubnebis warmoqmnis albaToba didia. 

damuxtuli nawilakebis gavla myar tanSi intensiur ionizacias da 

atomTa aRgznebas iwvevs. liTonebSi ionizaciis efeqti swrafad neitra-

lizdeba gamtarobis eleqtronebiT, ris gamoc fizikur-qimiuri Tvisebebis 

Secvla ar SeiniSneba. radiaciuli dasxiveba cvlis meqanikur da magnitur 

Tvisebebs, kuTr eleqtrowinaRobas da Tbogamtarobas. 

erT-erTi yvelaze arasasurveli movlena, romelsac radiaciuli da-

sxiveba iwvevs, liTonis gamyifeba da misi civtexadobis zRurblis amaRle-

baa. magaliTad, neitronebiT dasxivebis Semdeg molibdenis civtexadobis 

zRurbli 50-100K-iT izrdeba. erTdroulad mcirdeba dartymiTi siblantis 

absoluturi mniSvnelobac. 

dasxivebis dros liTonis TvisebaTa Secvlis xarisxi damokidebulia 

neitronebis jamur nakadze (f), romelic ganivkveTis erTeulSi (m-2) gadis, 

agreTve, dasxivebisa da liTonis rekristalizaciis temperaturaze. buneb-

rivia, defeqtebis ricxvi gaizrdeba dasxivebis jamuri nakadis gazrdiT. 

Ddasxiveba rekristalizaciis temperaturis qvemoT, anu  dabaltem-

pera-turuli dasxiveba, liTonebis meqanikuri Tvisebebis cvlilebis xasi-
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aTze iseve moqmedebs, rogorc civad plastikuri deformacia: masala mtkic-

deba, magram plastikurobas kargavs. naxSirbadiani foladebis maqsimaluri 

simtkice 200C-ze miiRweva neitronebis f=2x1023 m-2 jamuri nakadis neit-

ronebiT dasxivebis SemTxvevaSi. f-is Semdgomi gazrdiT Tvisebebi ar icv-

leba. 

rekristalizaciis temperaturis zemoT dasxivebas (maRaltemperatu-

ruli dasxiveba) Tan sdevs radiaciuli mowva, rac kristalis mcire mocu-

lobaSi temperaturis lokaluri matebiT aris ganpirobebuli. am dros mim-

dinareobs vakansiebisa da kvanZebsSorisi atomebis urTierTqmedeba – maTi 

anihilacia (urTierTmospoba), rac defeqtebis koncentracias amcirebs. erT-

droulad xdeba vakansiebis Tavmoyra raRac moculobaSi, romelic mikro-

forebad SeiZleba gardaiqmnas da masalis gajirjveba gamoiwvios. igi xels 

uwyobs, agreTve, struqturisa da meqanikuri Tvisebebis aRdgenas. 

perlituri foladebis struqtura umniSvnelod icvleba 250-4500C-ze 

dasxivebisas, xolo 4500C-is zemoT Tvisebebi praqtikulad ar icvleba, rad-

gan rekristalizacia srulad mimdinareobs. austenituri foladebi stabi-

lurobas 6000C-ze zeviT inarCunebs, alumini da magniumi ki, romlebsac rek-

ristalizaciis dabali temperatura gaaCnia, radiaciisadmi mdgradobas 1500C-ze 

zeviT amJRavnebs. maTi plastikuroba ar icvleba, simtkice ki matulobs. 

dasxivebis Sedegad xangrZlivi simtkice yovelTvis mcirdeba, gansa-

kuTrebiT iseT SenadnobebSi, romlebic daZvelebas eqvemdebareba. es ganpiro-

bebulia dasxivebis Sedegad difuzuri procesebis gaaqtiurebiT. neitrone-

bis nakadisa da dasxivebis temperaturis gazrdiT mcirdeba, agreTve, mxur-

valsimtkicis maxasiaTeblebi. 

neitronebis gazrdili nakadiT maRaltemperaturuli dasxivebis Sede-

gad zogierT liTonSi (austenitur qromnikelian foladebSi da Senadno-

bebSi, nikelis, molibdenis, titanis, cirkoniumisa da beriliumis fuZeze 

damzadebul SenadnobebSi) SeiniSneba gajirjveba. neitronebis f=1024 m-2 ja-

muri nakadiT 800-9000C-ze dasxivebisas beriliumis moculoba izrdeba 3-5%-iT, 

450-0C-ze f=1027 m-2 dasxivebisas austenituri foladisa – 10%-iT. maqsimaluri 

xarisxiT maTi gajirjveba 350-6500C temperaturaze SeiniSneba.   

bunebrivia, gajirjveba, garda meqanikuri Tvisebebis gauaresebisa, deta-

lebis formisa da zomebis Secvlasac iwvevs. uaryofiTi efeqti Zlierdeba 
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dasxivebis Sedegad gaCenil mikrobzarebSi, molekuluri wyalbadisa an wyal-

badis Semcveli airebis TavmoyriT. qromnikeliani foladis legireba tita-

niT, molibdeniT da niobiumiT amcirebs gajirjvebis xarisxs. SesaZlebe-

lia, es iyos wyalbadis xsnadobis zRvrisa da difuziis siCqaris Semcire-

bis Sedegi rTuladlegirebul austenitSi. austenituri foladebis civad 

plastikuri deformacia amcirebs gajirjvebis xarisxs. 

mraval sakonstruqcio masalaSi, romelic dasxivebis pirobebSi mu-

Saobs, koroziul ares wyali, teniani garemo an gadaxurebuli orTqli war-

moadgens. liTonebis medegoba qimiuri koroziis mimarT dasxivebis pirobeb-

Si mcirdeba, radgan ingreva zedapiruli damcavi firi. es ki aCqarebs koro-

ziuli rRvevis ganviTarebas. 

dasxivebisas eleqtrolitis Sedgenilobis Secvla mimdinareobs: wylis 

molekulebi iSlebian, ris Sedegadac Jangbadisa da wyalbadis ionebi, agreT-

ve OH
- hidroqsilis jgufebi warmoiqmneba. Jangbadi Jangavs liTons, wyalba-

di – awyalbadianebs da amyifebs. orive procesi – Jangvac da dawyalbadi-

anebac aZlierebs liTonis eleqtroqimiuri daSlis process, OH
- ionebi ki 

zedapiruli oqsiduri firebis gaxsnas ganapirobebs. amgvarad, dasxiveba 

mkveTrad aCqarebs wyalSi da wylis orTqlSi koroziul rRvevas, iwvevs 

liTonis struqturul dazianebas da zedapirze warmoqmnili pasivirebuli 

oqsiduri firis Sris ngrevas. 

aluminisa da misi Senadnobebis koroziis siCqare, wyalSi Tburi ne- 

itronebiT dasxivebis pirobebSi 1900C-ze, 2-3-jer izrdeba. es ganpirobebu-

li unda iyos OH
- ionebis koncentraciis gazrdiT, rac oqsidis damcavi ze-

dapiruli fenis gaxsnas iwvevs. amave mizeziT cirkoniumis Senadnobebis ko-

roziis siCqare 200C-ze 50-70-jer izrdeba.  

tenian orTqlSi, dasxivebis Sedegad, austenitur qromnikelian Senad-

nobebSi adgilobrivi saxis korozia _ kristalTSorisi, wertilovani da 

koroziuli dabzarva viTardeba.  

sakonstruqcio masalebis radiaciuli medegobis uzrunvelyofa SesaZ-

lebelia Sesabamisi qimiuri Sedgenilobis, struqturisa da eqspluataciis 

optimaluri pirobebis uzrunvelyofiT: saeqspluatacio temperaturis, das-

xivebuli velis gvarobisa da energiis, dasxivebis nakadis sididisa da ko-
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roziuli garemos Tvisebebis gaTvaliswinebiT. dacvis erT-erT efeqtur sa-

Sualebas Senadnobebis iseTi racionaluri Sedgenilobis SerCeva  warmoad- 

gens, romelic STanTqavs neitronebs. 

temperaturis gazrdiT radiaciuli dasxivebis Sedegad warmoqmnili 

defeqtebis koncentracia mcirdeba. magaliTad, 4-25K temperaturaze dasxive-

bul spilenZSi mowvis dros mimdinare gardaqmnebis xuTi stadia SeiZleba 

gamoiyos. I da II stadia dakavSirebulia Canergili atomebis migraciasTan, 

kristaluri gisosis vakantur kvanZebSi, sxvebi ki Tavisufldeba garSemo-

rtymuli minarevebis zemoqmedebisagan. Semdgom stadiebSi mimdinareobs Sewy-

vilebuli kvanZebsSorisi atomebis disociacia (gancalkeveba), maTi rekombi-

nacia vakansiebTan da defeqtebis kompleqsis sruli rRveva atomebis TviT-

difuziis xarjze. spilenZSi mowvis dros mimdinare procesebi iwyeba 70K 

temperaturaze da mTavrdeba 450K-ze zemoT. sxva liTonebisaTvis suraTi, 

mTlianobaSi, analogiuria, Tumca stadiebis temperaturuli doneebi ramde-

nadme gansxvavebuli. 

 

6. maRali wneva da Rrma vakuumi 

 
rogorc zemoT warmodgenili masalidan gamomdinareobs, nivTiereba me-

tad mgrZnobiarea gare faqtorebis zemoqmedebis mimarT. isini cvlis liTo-

nebis Sinagan struqturas, eleqtronul-ionur agebulebas da, aqedan gamom-

dinare, fizikur-qimiur Tvisebebsac. aRniSnuli faqtorebis gavlena masalis 

agebulebasa da Tvisebebze jer kidev srulad ar aris Seswavlili, Tumca, 

zogierTi kvlevis Sedegi marTlac unikaluria. amis magaliTad gamodgeba 

maRali wnevis pirobebSi dakristalebuli nivTierebebis Tvisebebi. 

cnobilia, rom Cveulebriv atmosferul pirobebSi yinuli dneba 00C 

temperaturaze, xolo e.w. yinuli-VII, romelic maRali wnevis pirobebSia 

dakristalebuli - 4420C-ze. 

gamoTvlebiT naCvenebia, rom or milion atmosferul wnevas wyalbadi 

liTonur mdgomareobaSi gadahyavs. liTonuri wyalbadi ki unda xasiaTde-

bodes zegamtaruli TvisebebiT da es mdgomareoba SenarCunebuli iqneba ara 

marto oTaxis, aramed 102-103K temperaturul pirobebSic. sakiTxavia, Senar-

Cundeba Tu ara miRweuli liTonuri mdgomareoba zemaRali wnevis moxsnis 
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Semdeg, Tumca, amis faqti arsebobs – xelovnuri almasi ar ganicdis Tavis-

Tavad ukugardaqmnas wnevis moxsnis Semdeg.  

piriqiT, Rrma vakuumis zemoqmedebiT mimdinareobs liTonis aorTqle-

ba, romlis siCqare aisaxeba formuliT: 

W=
T

M

C

P
            (6), 

sadac P aris liTonis orTqlis wneva,  

M - liTonis molekuluri wona airad mdgomareobaSi, 

T – აabsoluturi temperatur , 

 C – mudmiva.   

#11 suraTze warmodgenilia dayvanili temperaturebi, romlis dro-

sac vakuumSi aorTqlebis Sedegad sxvadasxva liTonis danakargebi 0,25mm_s 

Seadgens weliwadSi. rogorc nomogramidan Cans, vakuumSi saeqspluataciod 

yvelaze misaRebia W, Ta, Nb, Mo Co da Ni.  mraval malegirebel elements, rome-

lic SenadnobebSi gamoiyeneba, midrekileba aqvs intensiuri aorTqlebisad-

mi, Tumca maTi aorTqlebis siCqare ufro naklebia, vidre igive elementebi-

sa sufTa mdgomareobaSi. Senadnobebidan elementebis aorTqleba Tavdapirve-

lad iwvevs wertilovani defeqtebis, xolo Semdeg – mikrosicarieleebis 

warmoqmnas, rac liTonis simtkicis kargvas ganapirobebs.   

           

 nakeTobis Tavisufali zedapiris mdgradi mdgomareoba mxolod  kris- 

talisa da airadi fazis Termodinamikuri wonasworobis SemTxvevaSi miiR-

weva. Tu aseTi mdgomareoba dairRva, maSin fazaTa gamyof zedapirze daiw-
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yeba procesebi, romlebic wonasworobis aRdgenisaken iqneba mimarTuli: an 

kondensacia airadi fazidan liTonis zedapirze, an liTonis sublimacia, anu 

nivTierebis gadasvla myari fazidan uSualod airad mdgomareobaSi.  

dadgenilia, rom Tanabar pirobebSi MA-11 magniumis Senadnobis meqa-

nikurad damuSavebuli zedapiridan sublimacia daaxloebiT 6-jer ufro 

swrafad mimdinareobs, vidre igive masalis gaprialebuli zedapiridan. cxa-

dia, sublimaciis siCqaris Semcireba dakavSirebulia gaprialebis Sedegad 

zedapiruli defeqtebis simkvrivis mniSvnelovnad SemcirebasTan. 

sublimaciis mimdinareobaze mniSvnelovan gavlenas axdens liTonis 

zedapirze warmoqmnili oqsiduri firi. Tumca, umravles SemTxvevaSi, oq-

siduri firi ar aris absoluturad mkvrivi, aramed sxvadasxva saxis mikro-

aramTlianobiT xasiaTdeba. vakuumSi izoTermuli mowvis dros, aqroladi 

komponentis atomebi liTonis zedapirs am defeqtebis gavliT tovebs, rac aR-

niSnul zonaSi vakansiebis yvelaze did koncentracias qmnis. vakansiebis koa-

gulaciis Sedegad `liToni-oqsiduri firi~ fazaTa gayofis sazRvarze mik-

roforebi warmoiqmneba, rac xels uwyobs firis ganSrevebas da ngrevas. izr-

deba defeqtebis farTobi da minarevi atomebis aorTqlebis intensiuroba.  

liTonmcodneobis TvalsazrisiT kosmosi bunebis mier Seqmnil gigan-

tur laboratorias warmoadgens, eqstremaluri pirobebiT, rac mkveTrad 

cvlis sakonstruqci masalebis saeqspluatacio pirobebs.  kosmosi – es 

aris bunebrivi Rrma vakuumi, ufaso mzis energia (maRali temperatura, mzis 

Rumeli), kosmosuri sicive – temperatura, romelic axlos dgas absolu-

tur nulTan. amas unda daematos uwonadoba, rac kristalizaciisa da kris-

talebis zrdis procesis marTvis saSualebas iZleva. uwonadobis pirobebSi 

SesaZlebelia iseTi nivTierebebis erTmaneTSi Sereva, romlebic dedamiwis 

pirobebSi SeuTavsebelia.  

kosmosSi kolosaluri sididis daZabulobis magnituri velia – aseu-

li da aTaseuli miliardi erstedi. aseT velSi Setanili nivTierebis ato-

mebi magnituri velis gaswvriv iweleba, wvrili nemsis formas Rebulobs da 

mkveTrad ikumSeba. Sedegad kristalSi metad maRali energiis kavSiris Zale-

bi warmoiqmneba. nivTierebis dnobis temperatura milionamde graduss aRwevs. 
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7. Sejaxeba myar nawilakebTan 

 

meteorituli mtveri warmoadgens nawilakebs, romelTa zoma mikro-

metris ramdenime meaTeds Seadgens da 11,1-dan 73,4 m/wm siCqariT moZraobs. 

aseTi energiis nawilakebi liTonis zedapirTan Sejaxebisas mis TandaTano-

biT daSlas iwvevs, icvleba masalis optikuri Tvisebebi da irRveva muSa-

obis Tburi reJimi, zedapiris simqisis gazrdis gamo. unda aRiniSnos, rom 

3mm diametris mqone meteoritis 6,33 m/wm siCqariT frenisas, misi energiis 

udidesi nawili siTboSi gadadis. აmitom, samiznes is nawili, romelic am 

siTbos zemoqmedebis qveS aRmoCndeba, TiTqmis dnobis temperaturamde xur-

deba. bunebrivia, dazianebuli aris zomebi, romelic arsebiTad, aRemateba 

meteoritis zomebs. 

meteorituli eroziis Sedegad masalis sisqis jamuri danakargi, did 

simaRleze 0,1nm_s Seadgens weliwadSi, xolo dedamiwidan ramdenime aseul 

kilometrze es maxasiaTebeli daaxloebiT 20 nanometramde izrdeba weli-

wadSi. eroziis Sedegi mJRavndeba mcire zomis naxevarsferos formis CaRr-

mavebebis saxiT. Tu mtvris nawilaki mkvrivia, najaos (eroziis Sedegad  ga-

Cenili  CaRrmavebis) diametri 10mkm-s aRwevs, xolo Tu nawilakis struq-

tura fxvieri, gafaSrebulia, najaos zoma 100mkm-mde izrdeba.  

dedamiwidan sakmaod daSorebul sivrceSi mkvrivi nawilakebis samiz-

nesTan Sejaxebis Sedegad, erTi najao ramdenime kvadratul santimetrze 

warmoiqmneba, dedamiwasTan maxlobel sivrceSi ki _ daaxloebiT 104 najao 

igive farTobze weliwadSi. gafaSrebuli nawilakebiT gamowveuli daziane-

bis albaToba Sesabamisad 102 sm-2 da 103 sm-2 Seadgens weliwadSi. 

 

8. kontaqti Txevad liTonebTan 

 
saaviacio-kosmosur teqnikasa da atomur energetikaSi farTod gamoi-

yeneba iseTi konstruqciebi, romlebsac uSualo kontaqti aqvs liTonis 

nalRobTan da advildnobad liTonebTan. Eეsenia, maRaltemperaturuli sa-

civebeli detalebi Txevadi liTonis TbogadamtanebiT, konstruqciis narCi-

li kvanZebi, gadaxurebuli antifriqciuli Senadnobebi, reaqtoris milebi, 

detalebi advildnobadi zedapiruli danafarebiT da a.S. 
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praqtikaSi arc Tu iSviaTia Txevad liTonur aresTan kontaqtis pi-

robebSi detalebis saxifaTo, myife rRvevis ganviTarebis SemTxvevebi. ami-

tom, nakeTobis saimedoobisa da xangamZleobis problemebis gadaWrisas 

aucilebelia Txevadi liTonis fizikur-qimiuri zegavlenis Taviseburebebis 

gaTvaliswineba. 

Txevad liTonTan kontaqtSi myofi nakeTobis gamyifebis mizezi dakav-

Sirebulia e.w. simtkicis adsorbciuli Semcirebis efeqtTan. bzaris ganvi-

Tarebis siCqare modebuli Zabvisa da gamdnari liTonis zemoqmedebiT imde-

nad maRalia, rom misi warmoqmna ar SeiZleba aixsnas qimiuri an difuzuri 

procesebiT. aq saqme ufro rTuladaa. gamyifebis procesi ori ZiriTadi mi-

zeziT unda iyos ganpirobebuli: myari tanis zedapirTan kontaqtSi myofi 

aqtiuri nalRobis atomebis liTonis siRrmeSi Casaxul mikrobzarebamde 

advilad SeRweviT, struqturis defeqtebis gavliT da meore, siTxiT dasve-

lebis gamo, myari tanis zedapiruli energiis mniSvnelovაni SemcirebiT. yo-

velive es liTonis gaglejaze winaaRmdegobis Semcirebas da, rogorc Se-

degi, myife rRvevis ganviTarebas iwvevs. 

zedapirulad aqtiuri nivTierebebis (advildnobadi liTonebi da Se-

nadnobebi Txevad mdgomareobaSi) zemoqmedeba datvirTuli  polikristalis 

qcevaze rogorc xanmokle, ise xangrZlivi gamocdebisas mJRavndeba. H77TЮ 

mxurvalmtkice nikelis Senadnobis deformaciis mrudebi, romlebic haerze 

da Txevadi kalis, tyviis,  bismutisa da maTi Senadnobebis (Pb-Sn,  Pb-Bi) are-

Si gamocdisas aris Cawerili, gviCvenebs, rom ukanasknel SemTxvevaSi mniSv-

nelovnad aris Semcirebuli simtkicis maxasiaTeblebi (sur. #12), blanti 

rRveva ki myife rRveviT aris Secvli-

li. Senadnobis simtkicis zRvari 

750mpa-dan 250mpa-mde mcirdeba Pb-Bi sis-

temis Txevad, evteqtikur SenadnobSi 

gamocdisas. 

     polikristaluri liTonebis simt-

kicis maxasiaTeblebis Semcirebis xaris-

xi urTierTSexebaSi myofi areebis fi-

zikur bunebazea damokidebuli. udide-

si aqtiurobiT gamoirCeva ara sufTa 
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liTonebi, aramed maTi evteqtikuri Senadnobebi. liTonuri nalRobis zemoq-

medebiT TvisebaTa Secvla sxvadasxvagvari liTonebis urTierTkontaqtis pi-

robebSi mJRavndeba. magaliTad, TuTia myifdeba da simtkices kargavs misi 

vercxliswyliTa da galiumiT, TiTberi – kaliT, vercxliswyliT, liTi-

umiT da bismutiT, xolo aluminis Senadnobebi – kadmiumiTa da vercxlis-

wyliT dasvelebisas. foladisaTvis metad saSiSia kontaqti gamdnar kadmi-

umTan. es problema aRiZvreba, agreTve, foladis konstruqciebis rCilvisas, 

rodesac teqnologiurad aucilebelia masalis xanmokle kontaqti Txevad 

sarCilTan.    

Txevadi liToniT gamyifebis efeqts Zlier zrdis zedapirze arsebuli 

CanaWrebi da Zabvis sxva koncentratorebi. aRsaniSnavia, rom nalRobisa da 

daZabuli myari tanis urTierTSexebis farTobs arsebiTi mniSvneloba ara 

aqvs. umTavresia foladis sisalisa da simtkicis done. maRali simtkicis fo-

ladebSi gansakuTrebiT saxifaToa advildnobadi nalRobis uaryofiTi moq-

medeba (sur. #13). Txevadi liTonebis zegavleniT rRveva, umetes SemTxvevaSi, 

myari xsnaris marcvlis sazRvrebze mimdinareobs. polikristalur agrega-

tebSi marcvlis sazRvrebi gazrdili energiiT xasiaTdeba, amitom, es ubnebi  

metad xelsayrel gzas warmoadgens 

Txevadi liTonis atomebis difuzi-

isa da SemdgomSi bzaris warmoqmni-

saTvis. es ki kristalTSorisi texi-

lis ganviTarebis winapirobaa. 

     eleqtronulmikroskopuli kvle-

viT mxurvalmtkice XH77TЮ nikelis 

SenadnobSi, bzaris pirTan, dafiqsi-

rebulia tyvia-bismuti evteqtikis ar-

seboba (sur. #14 isriT miTiTebuli 

ubnebi), rac ganpirobebulia daZabu-

li liTonis kontaqtirebiT Txevad 

xsnarTan.  

     bunebrivia, arsebobs iseTi kvan-

Zebi, sadac nalRobisa da liTonuri detalis kontaqti garduvalia. amitom, 

aucilebeli gaxda, Txevadi liTonis  zegavleniT, nakeTobis gamyifebisagan  
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dacvis xerxebis Zieba. magaliTad, SesaZlebelia foladis kvanZebis rCilviT 

SesaerTebeli ubnebis dafarva sakmaod maRali xarisxis spilenZis an nike-

lis qveSriT; Sn-Zn  sistemis sarCilis Secvla vercxlis sarCiliT; rCilvis 

win foladis detalebis SeerTebis adgilebSi daZabulobis moxsna; SesaZ-

leblobis farglebSi rCilvis Catareba dabal temperaturaze. 

Txevadi liTonis Tbogadamtanebis gamoyenebis SemTxvevaSi (natriumi, 

kaliumi da maTi evteqtikuri nalRobebi) nikelis mxurvalmtkice Senadno-

bebis sakontaqto zedapirze datanili unda iyos molibdenis damcavi dana-

fari. konstruqciebis cxel zonasTan ar unda iyos gamoyenebuli advil-

dnobadi danafariT daculi samagri detalebi, magaliTad, kadmirebuli qan-

Ci da WanWiki. 

 

9. eleqtruli da magnituri veli 

 

eleqtruli da magnituri velis zemoqmedeba liTonebSi sustad mJRavn-

deba, radgan gare eleqtruli veli masalis zedapiruli SreebiT ekranir-

deba da Siga fenebSi ver aRwevs. naxevrad gamtarebsa da dieleqtrikebSi ki 

maTi zemoqmedeba mniSvnelovania. 

gansakuTrebulia eleqtruli velis gavlena struqturis Camoyalibe-

bis procesze, anu kristalizaciaze da nakeTobis Termuli damuSavebis re-

Jimze. am SemTxvevaSi eleqtrulma velma SesaZlebelia iseTi Seuqcevadi struq-

turuli cvlilebebi gamoiwvios, rac masalaTa Tvisebebs gaaumjobesebs. 

aseTi zemoqmedebis fizikuri buneba malegirebeli elementebis xsnadobis 

zRvris gazrdasTan aris dakavSirebuli. legirebis xarisxis gazrdiT ma-
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tulobs myari xsnaris sisale, simt-

kice da mxurvalsimtkicis maxasiaTeb-

lebi, saTanado Termuli damuSavebis 

Semdeg. garda amisa, magnituri velis 

zemoqmedebis qveS Termuli damuSave-

bis Catareba struqturaSi ufro meti 

wvrildispersiuli nawilakebis miRe-

bas uzrunvelyofs. wonasworuli mdgo-

mareobis diagramaze SeiniSneba, agreT-

ve, xazebis wanacvleba (sur. #15). ro-

gorc diagramidan Cans, aluminSi spi-

lenZis zRvruli xsnadobis aRmniSvne-

li xazi marjvniv aris daZruli, rac xsnadobis zRvris gazrdaze miuTi-

Tebs. amgvarad, wrTobis win eleqtruli velis zemoqmedebiT SesaZlebelia 

gaxureba ufro dabal temperaturamde ganxorcieldes.   
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III Tavi. Termuli da qimiur-Termuli damuSavebis 

gavlena nakeTobis Tvisebebze 

 

Termuli damuSaveba aris liTonuri Senadnobebis TvisebaTa sasurveli 

mimarTulebiT Secvlis umniSvnelovanesi saSualeba. Termuli damuSavebis 

dros icvleba liTonis struqtura da, Sesabamisad, Tvisebebi misi qimiuri 

Sedgenilobis Seucvlelad. 

Termul damuSavebaze ori ZiriTadi faqtori moqmedebs: temperatura 

da dro. aqedan gamomdinare, nebismieri Termuli damuSavebis reJimi SeiZle-

ba gamoisaxos koordinatTa sistemaSi temperatura (t) – dro (). #16 suraTze 

warmodgenilia Termuli damuSavebis zogadi grafiki. 

     Termuli damuSavebis reJims Semdegi 

ZiriTadi parametrebi axasiaTebs: gaxu-

rebis temperatura tmax. es aris zeda 

zRvruli temperatura, sadamdec xurdeba 

nakeToba, Termuli damuSavebis dros; ga-

xurebis temperaturaze nakeTobis da-

yovnebis dro day; gaxurebis siCqare Vgax 

da gaciebis siCqare Vgac. Termuli damu-

Savebis grafikiT SeiZleba nebismieri 

saxis Termuli damuSavebis procesi ga-

moisaxos.  

 

1. foladis Termuli damuSavebis saxeebis mimoxilva 

 

 Termuli damuSavebis ZiriTadi saxeebia: mowva, wrToba da moSveba. Ta-

vis mxriv, mowvis procesi orgvaria: pirveli gvaris da meore gvaris mowva. 

 

pirveli gvaris mowva. pirveli gvaris mowva sxvadasxva mizans isaxavs. 

procesi ar aris dakavSirebuli fazur gadakristalebasTan, amitom aseT 

mowvas nebismieri Senadnobi eqvemdebareba. pirveli gvaris mowvaSi Sedis 

sarekristalizacio, sahomogenizacio da Zabvebis mosaxsneli mowva.  

rogorc cnobilia, civWedvas liToni struqturulad arawonasworul 

mdgomareobaSi gadahyavs, rac sisalisa da simtkicis maxasiaTeblebis zrda-

sa da plastikurobis Semcirebas iwvevs. xSirad liToni civWedvas teqno-
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logiuri procesis dros Rebulobs da aucilebeli xdeba plastikurobis 

maxasiaTeblebze misi uaryofiTi gavlenis moxsna. zogadad SeiZleba iTqvas, 

rom naxSirbadiani foladis sarekristalizacio mowvis temperatura 600-

7000C-is zRvrebSia, dayovnebis dro – 1-2 saaTi. 

Senadnobebis, kerZod, myari xsnaris gamyarebis dros, mimdinareobs 

SerCeviTi kristalizacia – yovel momentSi gamoyofili nawilakebi Tavisi 

koncentraciiT gansxvavdeba rogorc adre, ise Semdgom periodSi gamokris-

talebuli nawilakebisagan. es iwvevs marcvalTSiga qimiur araerTgvarov-

nebas, anu dendritul likvacias. dendrituli likvacia nakeTobas araerT 

uaryofiT Tvisebas aniWebs. magaliTad, glinvis Semdeg striqona struqtura 

miiReba, romelic Tvisebebis mkveTri anizotropiiT xasiaTdeba. umetes Sem-

TxvevaSi aucilebeli xdeba dendrituli likvaciis mospoba. procesi difu-

zuri mowvis gziT mimdinareobs, romelsac homogenizacias uwodeben. 

homogenizacias, Cveulebriv, utareben foladis zodebs da didi zomis 

sxmul detalebs. procesi saWiroebs elementebis difuzias, amitom, mowvis 

temperatura foladebisaTvis maRalia da 1100-12000C Seadgens, xolo dayov-

nebis dro - 10-20 saaTs. gaciveba xdeba Zalian nela ise, rom mTeli procesi, 

xSirad, 80-100 saaTs grZeldeba. difuzuri mowvis Sedegad marcvlebi inten-

siurad izrdeba, amitom, xSirad aucilebeli xdeba struqturis gamosworeba. 

nakeTobaTa damzadebis teqnologiuri procesi SeiZleba iseTi iyos, 

rom msxvil sxmulebSi, naWedebSi, SenaduR nawilebSi narCeni Siga Termuli 

Zabvebi warmoiqmnas. daZabuloba SeiZleba moixsnas liTonis plastikuri 

deformaciis xarjze, rac nakeTobis dabrecas an dabzarvas gamoiwvevs. am 

uaryofiTi movlenis Tavidan asacileblad nakeTobas utareben mowvas Zabve-

bis mosaxsnelad: mas axureben 550-6800C-mde da ayovneben daaxloebiT 2,5 

wuTs nakeTobis ganivkveTis yovel 1 milimetrze. gaciveba xdeba nela. 

meore gvaris mowva.  meore gvaris mowva dakavSirebulia fazur ga-

dakristalebasTan, amitom, igi SeiZleba iseT SenadnobebSi ganxorcieldes, 

romlebic gaxureba-gacivebis dros meoreul gardaqmnebs ganicdis. fola-

debSi igi austenitur-perlitur gardaqmnasTan aris dakavSirebuli.  

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

lizacia. 
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wonasworul mdgomareobaSi folads ferito-perlituri struqtura 

aqvs, romelic SedarebiT dabali sisaliTa da simtkiciT, magram gazrdili 

plastikurobiT, xasiaTdeba. foladis nakeTobaTa damzadebis teqnologiuri 

procesebi ar gamoricxavs SedarebiT aCqarebul gacivebas, ris Sedegadac 

SeiZleba gazrdili sisalis mqone  gardamavali struqturebi Camoyalibdes. 

es mniSvnelovnad aZnelebs liTonis Semdgom meqanikur damuSavebas. 

arasasurveli struqturis Sesacvlelad aucilebelia liTonis sruli 

gadakristaleba da erTgvarovani austenitis miReba. am mizniT, qveevteqto-

idur folads axureben Ac3 kritikuli wertilis zemoT (30-50)0C-iT, ayovne-

ben nakeTobis ganivkveTSi temperaturis srul gaTanabrebamde da Semdeg, 

Zalian nela aciveben. mowvis Semdeg arasasurveli struqtura wvrilmarcv-

lovani feritoperlituri struqturiT Seicvleba, misTvis damaxasiaTebeli 

TvisebebiT. aseTi reJimiT mowvas sruli mowva ewodeba. 

zeevteqtoidur folads, ZiriTadad, arasruli mowva utardeba. am Sem-

TxvevaSi nakeTobas Ac1 temperaturis zemoT (740-7700C-mde) axureben da da-

yovnebis Semdeg nela aciveben. Ac1 wertilis zemoT gaxurebis Semdeg fo-

ladSi Camoyalibdeba austenitur-cementituri struqtura. mowvis Semdeg 

cementiti firfitovanis nacvlad momrgvalebul formas Rebulobs, anu ya-

libdeba marcvlovani perliti (sur. #17). process sferoidizacias uwode-

ben. marcvlovani perliti firfitovanTan SedarebiT ufro naklebi sisali-

Ta da simtkiciT, magram gazrdili plastikurobiTa da siblantiT xasiaT-

deba. sferoidizacias gansakuTrebiT xSirad saiaraRo naxSirbadian fola-

debs utareben. 

 normalizacia arsebiTad sruli mowvis saxesxvaobaa da imaSi mdgo-

mareobs, rom Ac3  (Acсm, SE  xazi Fe-C  diagramaze)+(30-50)0C temperaturamde 

gaxurebisa da dayovnebis Semdeg nakeTobas mSvid haerze aciveben. normali-

zaciis mizania sxmuli, naWedi an natvifri nakeTobebis msxvilmarcvlovani 

struqturis Secvla wvrilmarcvlovaniT. am operaciisaTvis gacivebis siCqa-

res gadamwyveti mniSvneloba ar eniWeba, amitom, haerze gacivebas mimarTaven, 

rac RumelSi gacivebasTan SedarebiT ufro ekonomiuria. 

#18 suraTze warmodgenilia mowvis temperaturuli areebi. 

wrTobis mizani. zogadad, wrTobis mizans austenitur mdgomareobamde 

gaxurebuli  foladis  nakeTobis swrafi gacivebis gziT, arawonasworuli  
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struqturis miReba warmoadgens, romelic gadidebuli sisaliTa da simtki-

ciT xasiaTdeba.   

oTaxis temperaturaze foladis struqturasa da Tvisebebs arsebiTad 

im pirobebis Taviseburebani gansazRvravs, romelSic austenitis gardaqmna 

mimdinareobs. amitom es sakiTxi Termuli damuSavebis Teoriis qvakuTxeds 

warmoadgens. 

rogorc cnobilia, A1 (727
0
C) kritikuli wertili aris evteqtoidur 

foladSi austenitisa da perlitis wonasworobis temperatura. Tu sistemis 

temperatura daiwevs A1-ze dabla, daiwyeba austenitis perlituri gardaqmna: 
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γsαp+Fe3C 

austenitis daSlis procesze mniSvnelovan gavlenas axdens misi gada-

civebis xarisxi. rac ufro dabal temperaturaze mimdinareobs gardaqmna, 

miT ufro metia gadacivebis xarisxi; austenitisa da perlitis Tavisufal 

energiebs Soris sxvaoba (F=Fa-Fp), rac aCqarebs gardaqmnis mimdinareobas. 

meore mxriv, austenitis perlituri gardaqmnis Sedegad warmoiqmneba sawyis 

fazasTan mkveTrad gansxvavebuli struqturebi – feriti, romelic TiTqmis 

ar Seicavs naxSirbads da cementiti, romelSic naxSirbadis Semcveloba 

6,67%-s Seadgens. Aamitom, austenitis perlituri gardaqmna difuzuri pro-

cesia da moiTxovs naxSirbadis atomebis gadanawilebas fazebs Soris. gar-

daqmnis temperaturis SemcirebiT ki difuziis siCqare (D) mkveTrad mcirde-

ba da, am TvalsazrisiT, igi unda amuxruWebdes gardaqmnis mimdinareobas. 

amdenad, gadacivebis xarisxis ga-

zrdasTan erTad moqmedebaSi modis ori 

faqtori, romelic austenitis perlitu-

ri gardaqmnis siCqareze urTierTsawina-

aRmdegod moqmedebs. maTi erToblivi moq-

medebis Sedegad gadacivebis xarisxis ga-

zrdasTan erTad Tavdapirvelad izrdeba 

austenitis gardaqmnis siCqare (V), aRwevs 

maqsimalur mniSvnelobas da Semdeg iwyebs 

klebas (sur. #19). rogorc grafikidan ga-

momdinareobs, 7270C-ze (A1) da 2000C-is qve-

moT (d) gardaqmnis siCqare nulis tolia, 

radgan pirvel SemTxvevaSi austenitisa 

da perlitis Tavisufal energiebs Soris 

sxvaoba F=0, xolo meore SemTxvevaSi procesis mimdinareobisaTvis sakmari-

si ar aris naxSirbadis difuziis siCqare. 

austenitis daSlis process ganixilaven austenitis izoTermuli gar-

daqmnis diagramasTan kavSirSi, romelsac #20 suraTze warmodgenili saxe 

aqvs. a  mrudi aris austenitis gardaqmnis dawyebis, xolo b – gardaqmnis 

damTavrebis mrudi. aqedan gamomdinare, a  mrudis marcxniv SenarCunebulia 
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gadacivebuli austeniti, xolo b mrudis marjvniv miiReba gardaqmnis pro-

duqtebi. austenitis gardaqmna am or mruds Soris mimdinareobs. 

     horizontaluri MH xazi miu-

TiTebs austenitis aradifuzuri, 

martensituli meqanizmiT gardaqmnis 

sawyis temperaturas. 

    austenitis izoTermuli garda-

qmnis procesis ZiriTadi parametri, 

romelic Camoyalibebuli struqtu-

ris Taviseburebas gansazRvravs, aris 

gardaqmnis faqtiuri temperatura. 

radgan, umravles SemTxvevaSi, fo-

ladis struqturis formireba ganu-

wyveteli gacivebis pirobebSi mimdi-

nareobs, ZiriTadi faqtori gacivebis siCqare xdeba. 

ganuwyveteli gacivebis pirobebSi foladSi mimdinare gardaqmnebis 

asaxsnelad austenitis izoTermuli gardaqmnis diagramaze gacivebis siCqa-

ris mrudebs atareben (sur. #21). suraTze gacivebis siCqareebi V1<V2<V3< V4 <V5. 

V1 mrudi, romelic neli gacivebis siCqares Seesabameba, diagramis xazebs a 1 

da b1 wertilebSi kveTs. aRniSnuli wertilebis Sesabamis temperaturaze 

(700-6500C) daiwyeba da damTavrdeba austenitis gardaqmna, ris Sedegadac 

warmoiqmneba feritisa da cementitis uxeSi agebulebis mikromeqanikuri na-

revi, romelsac perliti ewodeba. igi dabali sisaliT xasiaTdeba, austeni-

tis daSlis sxva produqtebTan SedarebiT. koloniebis orfaza agebuleba 

kargad Cans #22 a suraTze warmodgenili mikrostruqturidan. 

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

diagramis xazebs SedarebiT  ufro dabal  temperaturaze gadakveTs ( a 2, b2, 

650-6000C; a 3, b3, 600-5000C). Sesabamisad warmoiqmneba sul ufro wvrilfir-

fitovani daSlis produqtebi – sorbiti da trostiti, romlebic perlit-

Tan SedarebiT ufro gazrdili sisaliT xasiaTdeba (nax. #22 b, g). perlits, 

sorbitsa da trostits perlituri ojaxis struqturebs uwodeben. 

Tu foladis gaciveba didi siCqariT mimdinareobs (V5, sur. #21), misi 
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mrudi izoTermuli diagramis xazebs ar gadakveTs. es imas niSnavs, rom ase-

Ti siCqariT gacivebis dros austenitis gardaqmna difuzuri meqanizmiT (per-

lituri ojaxis struqturebis warmoqmniT) ar xdeba. gadacivebuli austeniti 

mTlianad aRmoCndeba SenarCunebuli MH temperaturamde, romlis miRwevis 

Semdeg daiwyeba austenitis uSualo gardaqmna aradifuzuri, martensituli 

meqanizmiT. gardaqmnis produqts martensiti warmoadgens. 

gacivebis minimalur siCqares, romlis drosac ar xdeba austenitis 

daSla perlituri ojaxis struqturebis warmoqmniT da austenitidan mar-

tensiti miiReba, wrTobis kritikuli siCqare ewodeba. igi warmoadgens mxebs 

austenitis izoTermuli daSlis diagramis a  mrudTan (Vk, sur. #21). 

Tu gacivebis siCqare ramdenadme naklebia kritikulTan SedarebiT (ma-

galiTad, V4, sur. #21), maSin zeda temperaturul  intervalSi, a  mrudis  

gadakveTis Semdeg, daiwyeba austenitis nawilobrivi daSla trostitis  

warmoqmniT. radgan gacivebis siCqaris mrudi V4 b   mruds ar kveTs, procesi 

bolomde ar mimdinareobs, darCenili austeniti gadacivebuli aRmoCndeba 

MH temperaturamde da gardaqmna martensituli struqturis warmoqmniT 

damTavrdeba. sabolood Camoyalibdeba trostitul-martensituli struq-

tura (sur. #23). struqturaSi muqi areebi trostitia.  

dabolos, Tu austenitis daSla austenitis izoTermuli daSlis  diagramis 

muxls  qvemoT,  magram martensituli gardaqmnis intervalis zemoT izoTer- 
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mul pirobebSi moxda, beinituri 

struqtura Camoyalibdeba.  

    wrTobis mizans, umetes Sem-

TxvevaSi, martensituli struq-

turis miReba warmoadgens. MH 

temperaturis (ix. sur. #21) qvemoT 

foladis gadacivebis SemTxveva-

Si naxSirbadis difuzia praqti-

kulad wydeba, amitom, austenitis 

difuzuri daSla ferito-perli-

turi struqturis warmoqmniT Se-

uZlebeli xdeba, magram, rkinis 

γα gardaqmnis mimdinareoba jer 

kidev SesaZlebelia, radgan igi 

atomebis umniSvnelo gadaadgi-

lebas moiTxovs. Sedegad yalib-

deba α rkinis sivrciTi krista-

luri gisosi, romelSic naxSir-

badis atomebi iZulebiT aRmoCn-

deba Canergili imave raodeno-

biT, ramdensac Senadnobi Seicavs. 

radgan oTaxis temperaturaze α 

rkinaSi naxSirbadis xsnadobis zRva-

ri umniSvneloa (0,01%), α rkina nax-

SirbadiT gadajerebuli aRmoCndeba. 

     amgvarad, martensiti warmoad-

gens naxSirbadis gadajerebul myar 

xsnars α rkinaSi. naxSirbadis ato-

mebis iZulebiTi Canergvis gamo α 

rkinis kuburi kristaluri gisosi 

sivrciT dacentrebul tetragonur 

gisosSi gadadis. martensiti xasiaT-
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deba maqsimaluri sisaliT ganxilul struqturebTan SedarebiT, magram 

sagrZnoblad aris Semcirebuli plastikurobis maxasiaTeblebi. 

  
 foladis wrTobis reJimi. wrTobisaTvis gaxurebis temperatura rki-

na-naxSirbadis diagramis mixedviT (sur. #24) Semdegi mosazrebidan gamom-

dinare, SeirCeva: wrTobis win gaxurebis mizani aris arsebuli, ferito-per-

lituri (qveevteqtoiduri foladebisaTvis) struqturis gadayvana austenit-

Si. amisaTvis, qveevteqtoidur folads Ac3+(30-50)0C temperaturamde axureben 

da winaswar SerCeuli drois ganmavlobaSi ayovneben. miRebuli austenitis 

kritikuli siCqariT gaciveba martensitis Camoyalibebas uzrunvelyofs. na-

keTobis wrTobas erTfaza austenituri mdgomareobidan sruli wrToba ewodeba.  

bunebrivia, zeevteqtoiduri fo-

ladis sruli wrToba (gaxureba Acm 

temperaturis zemoT) aseve, martensi-

tis miRebas ganapirobebs, magram, Tu 

folads wrTobis win mxolod Ac1 tem-

peraturis zemoT (30-50)0C-iT gavaxu-

rebT, struqturaSi austenitTan er-

Tad Semonaxuli aRmoCndeba meoreu-

li cementiti. wrTobis Semdeg aus-

teniti mogvcems martensits. amdenad 

oTaxis temperaturaze fiqsirebuli 

struqtura Sedgenili iqneba marten-

sitisa da cementitisagan. radgan ce-

mentitis Tanxleba (misi sisalea 800 HB) ara Tu auaresebs foladis Tvise-

bebs, aramed zrdis kidec mis sisalesa da cveTamedegobas mWrel iaraRebSi, 

zeevteqtoidur folads yovelTvis arasrul wrTobas utareben. 

wrTobis temperaturamde gaxurebisaTvis saWiro drois miaxloebiTi 

gaangariSebisaTvis sxvadasxva empiriuli formuliT sargebloben, xolo 

dayovnebis dro, rac aucilebelia nakeTobis ganiv kveTSi struqturis ga-

TanabrebisaTvis, gaxurebis drois meoTxedi aiReba. 

wrTobis procesSi gadamwyveti etapia gaciveba, romlis siCqarec, Zi-

riTadad ganapirobebs wrTobis efeqts. gacivebis siCqaris regulireba xde-

ba gamacivebeli aris SerCeviT. amJamad yvelaze farTod gavrcelebuli 
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gamacivebeli areebia wyali da zeTi. Cveulebriv naxSirbadian foladebs 

wyalSi awrToben, xolo legirebul foladebs _ zeTSi. wyalSi wrToba yo-

velTvis Zalian did narCen Zabvebs aRZravs nakeTobaSi, magram, sxva cnobili 

gamaciveblebi naxSirbadiani foladebis sawrTobad uvargisia. 

 moSveba. moSveba Termuli damuSavebis saboloo saxea da yovelTvis 

wrTobis Semdeg tardeba. nawrTobi nakeTobis saboloo Tvisebebs, mniSvne-

lovan wilad, swored moSvebis temperatura ayalibebs. 

zogadad SeiZleba iTqvas, rom moSvebis dros xdeba gaxureba A1  kri-

tikuli temperaturis qvemoT, dayovneba garkveuli drois ganmavlobaSi da 

gaciveba. moSvebis mizani sxvadasxva SeiZleba iyos. praqtikulad moSvebis 

sam saxeobas iyeneben: 

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

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

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

dabali moSvebis mizania mxolod narCeni Zabvebis moxsna, raime struq-

turuli gardaqmnebis gareSe. am dros tetragonuri martensiti moSvebul, 

kubur martensitSi gadadis. sisale TiTqmis ucvleli rCeba, Zabvebi ki 

moixsneba. 

dabal moSvebas, ZiriTadad, utareben mWrel da sazom iaraRebs, ag-

reTve, iseT nakeTobas, sadac aucilebelia maRali sisale, simtkice da cve-

Tamedegoba. 

saSualo moSveba ZiriTadad zambarebsa da resorebs utardeba. mar-

tensiti iSleba maRaldispersiuli feritisa da cementitis mikromeqanikuri 

narevis – trostitis warmoqmniT (sur. #25 a). foladi sakmaod maRal dre-

kad Tvisebebs Rebulobs. moSvebis Semdeg gaciveba SeiZleba wyalSi ganxor-

cieldes. aseT SemTxvevaSi zedapirul SreebSi mkumSavi narCeni Zabvebi war-

moiqmneba, rac zrdis zambaris gamZleobas daRlilobisadmi. 

maRali moSvebis mizania wrTobiT miRebuli struqturis iseTnairi Se-

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

plastikuroba gaizardos. gaxurebis procesSi jer wvrildispersiuli fe-

rito-cementituri narevi warmoiqmneba, xolo Semdgomi gaxureba cementitis 

marcvlebis gamsxvilebas da feritis rekristalizacias iwvevs. foladi Re-

bulobs sorbitul struqturas (sur. #25, b). 
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moSvebis produqtebi - trostiti da sorbiti erTnairi bunebis struq-

turas warmoadgens; isini Sedgebian feritisa da cementitis narevisagan, 

magram, erTmaneTisgan cementitis dispersiulobiTa da feritis rekrista-

lizaciis xarisxiT gansxvavdebian, rac ZiriTadad foladis meqanikur maxa-

siaTeblebze axdens gavlenas. moSvebis temperaturis gazrdiT sisale da 

simtkice mcirdeba, xolo plastikuroba da siblante – matulobs. wrTobas 

martensitze da maRal moSvebas gaumjobeseba ewodeba.  

A1 temperaturis maxloblobaSi moSvebis dros, uxeSi ferito-cementi-

turi narevi – marcvlovani perliti warmoiqmneba. 

moSvebis struqturebi, austenitis daSlis Sedegad miRebuli fir-

fitovani struqturebisgan gansxvavebiT, marcvlovani agebulebiT xasiaTde-

ba, rac Tvisebebis kompleqsis TvalsazrisiT maT did upiratesobas aniWebs 

(gansakuTrebiT dartymiTi siblantis maCveneblebiT) wrTobis analogiur 

struqturebTan SedarebiT. 

 
       zedapiruli wrToba. saeqspluatacio Tvisebebidan gamomdinare, xSi-

rad saWiroa nakeTobaTa zedapiri iyos sali da cveTamedegi, xolo guli 

inarCunebdes garkveul siblantes. TvisebaTa aseTi Sexamebis miReba SesaZ-

lebelia, Tu nacvlad moculobiTi wrTobisa, zedapirul wrTobas Cavata-

rebT. am dros struqtura da Tvisebebi mxolod nakeTobis zedapirze icv-

leba, guli ki ucvleli rCeba. 

zedapiruli wrTobis dros nakeTobas didi siCqariT axureben (maRali 

sixSiris deniT an aliT), amitom, zedapiruli fenebi sruli wrTobis tem-

peraturamde xurdeba (I zona, sur. #26), momdevno fenebi – arasruli wrTo-

bis temperaturamde (II zona), garkveuli siRrmis qvemoT ki temperatura ar 
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iwvevs struqturul cvlilebebs (III zona). aqedan gamomdinare, wrTobis Sem-

deg zedapirze martensituli struqtura miiReba, momdevno fenebSi – garda-

mavali struqturebi, gulSi ki SenarCundeba sawyisi struqtura misTvis dama-

xasiaTebeli TvisebebiT. 

    zedapiruli wrTobis Semdeg, rogorc wesi, mimarTaven moSvebas 150-1800C 

temperaturaze. nakeTobas, romelsac zedapiruli wrToba utardeba, 

specialuri, Semcirebuli SewrToba-

dobis foladebisgan amzadeben, rogo-

ricaa 55пп, 60пп da a.S. zedapirul 

wrTobas eqvemdebareba agreTve Cveu-

lebrivi naxSirbadiani foladic na-

xSirbadis SemcvelobiT 0,4% da meti. 

 

2. foladis qimiur-Termuli 

damuSaveba 
 

qimiur-Termuli damuSaveba Tvi-

sebaTa Secvlis farTo diapazons iZ-

leva. am dros nakeTobis zedapirul SreebSi erTdroulad icvleba rogorc 

Senadnobis qimiuri Sedgeniloba, ise struqtura. damuSavebis es xerxi im 

SemTxvevaSi gamoyeneba, rodesac mizanSewonilia nakeTobis zedapirisa da 

gulis TvisebebSi mkveTri gansxvaveba. umetes SemTxvevaSi qimiur-Termuli 

damuSavebis mizania nakeTobis zedapiris ganmtkiceba, gulis siblantis 

SenarCunebiT. garda meqanikuri Tvisebebis amaRlebisa, meTodi nakeTobaTa 

koroziamedegobis gazrdis SesaZleblobasac iZleva. 

qimiur-Termuli damuSavebis ZiriTadi saxeebia: cementacia, daazoteba, 

dacianeba da difuzuri metalizacia. 

 
 cementacia. cementacia aris foladis zedapiris gamdidreba naxSir-

badiT. misi mizania zedapiruli sisalis, cveTamedegobisa da daRlilobi-

sadmi gamZleobis amaRleba, gulSi siblantis SenarCunebiT, rac nakeTobis 

maRal sakonstruqcio simtkices ganapirobebs. cementacia utardeba kbila-

nebs, TiTebs, lilvebs, RerZebs, sxvadasxva saxis berketebs, sakisrebis cal-

keul nawilebs da a.S., romelTa saeqspluatacio temperatura ar aRemateba 
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150-2000C. sacementaciod iReben 10, 15, 20 da 25 naxSirbadmcire foladebs, uf-

ro maRali simtkicis uzrunvelsayofad – naxSirbaduxv foladebs folad 

40-mde. 

            cementaciis temperaturaa 

900-9500C. cementaciis Semdeg nax-

Sirbadis raodenoba zedapirze 1,0-

-1,1%-Seadgens. gulisken misi Semcve-

loba TandaTan klebulobs da fo-

ladSi arsebul mniSvnelobas aR-

wevs. Sesabamisad icvleba liTo-

nis struqturac (sur. #27). ce-

mentirebuli Sris sisqe SeiZleba 

0,1-10 mm-is zRvrebSi icvlebodes, 

umetes SemTxvevaSi ki 0,5-3,0mm-ia 

miRebuli. 

sasurveli Tvisebebi uSua-

lod cementaciis Semdeg ar mi-

iReba. cementirebuli nakeTobis 

Semdgomi aucilebeli operaciaa wrToba da dabali moSveba, ris Sedegadac 

zedapirze maRali sisale (58-60 HRC) miiReba, xolo guli rbili (20-30 HRC) 

rCeba. 

 
       daazoteba. daazoteba aris foladis nakeTobis zedapiris difuzuri 

gamdidreba azotiT. misi mizania maRali zedapiruli sisalis, cveTamedego-

bis da daRlilobisadmi gamZleobis gadideba. erTdroulad izrdeba nake-

Tobis koroziamedegoba, atmosferul pirobebSi. garda amisa, daazotebuli 

zedapiri kargad prialdeba da lamazad bzinavs, amitom, daazotebas deko-

ratiuli mniSvnelobac gaaCnia.  

daazoteba iseT detalebs utardeba, rogoricaa kbilanebi, Spindele-

bi, lilvebi, kardanis jvaredi, zusti manqanaTmSeneblobis detalebi, xel-

sawyoTa nawilebi, nairgvari Targebi da sxva, romlebic SedarebiT  mcire 

xvedriTi wnevis pirobebSi, magram, gazrdil  temperaturaze  (500-6000C) muSaobs. 
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azotis dadebiTi gavlena foladis Tvisebebze uSualod, Termuli da-

muSavebis gareSe mJRavndeba. amitom, daazotebas sabolood damuSavebul de-

talebs (WriT, xexviT da Termuli damuSavebis Semdeg) utareben. 

daazotebuli Sris struqtura, Tvisebebi da sisqe daazotebis tempe-

raturasa da dayovnebis drozea damokidebuli. temperatura ar aRemateba 

5900C, dayovnebis dro _ 2-dan 60 saaTamde. daazotebuli Sris sisqe 0,1-0,8mm_s 

Seadgens. rac ufro maRalia temperatura (500-dan 6000C-mde intervalSi), miT 

ufro metia daazotebuli Sris sisqe, magram, zedapiris sisale dabali mi-

iReba: 5000C-ze 1150 HV, 5500C-ze 1000 HV, xolo 6000C-ze – 900 HV.  

daazotebis process, praqtikulad, nebismieri qimiuri Sedgenilobis 

foladi eqvemdebareba. 

 
      dacianeba. dacianeba aris foladis nakeTobis zedapiris difuzuri 

gamdidreba, erTdroulad, naxSirbadiT da azotiT. dacianebis mizania si-

salisa da cveTamedegobis gazrda sakonstruqcio foladSi da sisalisa da 

Tbomedegobis gadideba swrafmWrel foladSi. 

process temperaturuli reJimebis mixedviT arCeven: 

 

      maRaltemperaturul dacianebas. mas sakonstruqcio foladis sisa-

lis, cveTamedegobisa da daRlilobisadmi gamZleobis gasazrdelad mimar-

Taven. dacianebas 850-9000C-ze awarmoeben, ra drosac foladSi upiratesad 

naxSirbadi ixsneba. zedapirul SreebSi miiReba 0,8-1,1%C da 0,2-0,3%N. proce-

si naxSirbadmcire sacementacio da saSualonaxSirbadian foladebs utar-

deba. 1-6 saaTis ganmavlobaSi SeiZleba 0,5-1,0mm dacianebuli Sris miReba. 

maRaltemperaturuli dacianebis Semdeg aucilebelia wrTobisa da ma-

Rali moSvebis Catareba. 

      saSualotemperaturul dacianebas. misi mizani igivea, rac maRaltem-

peraturuli dacianebis SemTxvevaSi. dacianebis temperatura 820-8500C Sead-

gens. wina reJimTan SedarebiT, naxSirbadis raodenoba 0,2-0,7%-mde klebu-

lobs, azotisa ki 0,8-1,2%-mde matulobs. nakeTobas wrToba uSualod dacia-

nebis temperaturidan utardeba. damamTavrebeli operaciaa dabali moSveba. 

      dabaltemperaturul dacianebas. procesi ZiriTadad swrafmWreli 

foladisagan damzadebuli iaraRis sisalisa da wiTelmedegobis (Tbomede-

gobis) gasazrdelad gamoiyeneba. dacianebis temperatura 540-5600C Seadgens, 
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amitom, zedapiri upiratesad mdidrdeba azotiT, naklebad – naxSirbadiT. 

dabaltemperaturuli dacianeba saboloo Termuli damuSavebis Semdeg tar-

deba. dacianebuli Sre  metad mcirea – 0,02-0,08mm, zedapiruli  sisale – 

1000-1100HV (66-70HRC). 

 
difuzuri metalizacia. difuzuri metalizaciis dros xdeba nakeTo-

baTa zedapiris gamdidreba sxvadasxva liToniT. amJamad gavrcelebulia da-

alumineba, daqromva da dasilicireba. 

daaluminebis Semdeg foladis nakeToba iZens koroziul medegobas 

Cveulebriv atmosferul pirobebSi, zogierT agresiul areSi da maRal tem-

peraturaze. daaluminebas ZiriTadad utareben naxSirbadmcire foladisagan 

damzadebul nakeTobebs, romlebic maRal temperaturaze ganicdis eqsplua-

tacias. aseTebia: Rumelis mowyobiloba, saxurebeli elementebi da a.S. da-

aluminebul nakeTobaTa samuSao temperaturaa 9000C. daaluminebas eqvemde-

bareba, agreTve, saaviacio Zravis zogierTi detali, magaliTad, saraketo 

saqSenis, turbinis TaTis da sxva detalebi. 

naxSirbadmcire foladis daqromvis Semdeg nakeToba aseve iZens ko-

roziul medegobas atmosferul pirobebSi, zogierT agresiul areSi da ma-

Ral temperaturaze. qromi naxSirbadTan warmoqmnis karbids, romelic fo-

lads maRal sisales aniWebs, amitom, naxSirbaduxv foladebSi sisale ze-

dapirze 1500 HV-s aRwevs, rac mniSvnelovnad aRemateba cementirebuli Sris 

sisales. 

dasilicirebis procesi gamiznulia foladis koroziuli medegobis 

asamaRleblad, atmosferul pirobebSi, zogierT agresiul areSi (zRvis 

wyalSi, azotis, gogirdis, marilis mJavebSi) da maRal temperaturaze 

(10000C-mde). dasilicirebuli zedapiris sisale ar aRemateba 300 HB. miuxe-

davad amisa, nakeTobis cveTamedegoba garkveuli xarisxiT izrdeba. dasili-

cirebuli Sris sisqe 0,3-1,0 mm Seadgens. 

zemoaRniSnuli meTodebiT nakeTobis zedapiris kompleqsuri damuSa-

veba saSualebas iZleva, zogierT SemTxvevaSi, mxurvalmedegobis ufro ma-

Rali mniSvnelobebi iqnes miRweuli. magaliTad, qromiTa da aluminiT zeda-

piris erTdrouli gamdidreba (qromalitireba) warmatebiT gamoiyeneba sa-

aviacio Zravis zogierTi iseTi detalis mxurvalmedegobisa da mxurval-
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mtkicobis gasazrdelad, rogoricaa turbinis TaTebi da saqSenis aparatis 

detalebi. 

qvemoT warmodgenilia qimiur-Termulad damuSavebuli nakeTobis gamo-

yenebis zeda temperaturuli zRvari: 

 
daqromili. . . . . . . . .8000C; 

dasilicirebuli. . .  9000C; 

qromsilicirebuli. . 10000C; 

qromalitirebuli. . . 10500C; 

daaluminebuli.…. . . . 11500C; 
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IV Tavi. Termulad damuSavebuli nakeTobis defeqtebi 

da maTi warmoSobis mizezebi 

 

liTonebisa da Senadnobebis Termuli damuSaveba warmoadgens teqno-

logiuri operaciebis erTobliobas, romelic nakeTobis gaxurebasTan, da-

yovnebasTan da gacivebasTan aris dakavSirebuli. igi Tanmimdevrulad an 

erTdroulad mimdinare (damxmare, ZiriTadi, damatebiTi) operaciebs gu-

lisxmobs. 

Termuli damuSavebis mizania meqanikuri, fizikur-qimiuri da teqno-

logiuri Tvisebebis sasurveli mimarTulebiT Secvla, detalis an namzadis 

ZiriTadi zomebisa da formis Seucvlelad. Termuli damuSavebiT farTo 

diapazonSi SeiZleba Seicvalos liTonis simtkice, mxurvalsimtkice, plas-

tikuroba, siblante, teqnologiuri Tvisebebi (Wedadoba, WriT damuSaveba-

doba, SeduRebadoba, SewrTobadoba, Tbomedegoba), agreTve, magnituri, koro-

ziuli, Tburi da optikuri Tvisebebi. 

Termuli damuSaveba amaRlebs sakonstruqcio simtkices – sakonst-

ruqcio masalis, kvanZis an detalis saimedoobas da xanmedegobas eqspluata-

ciis procesSi. im detalebis nomenklatura, romlebic Termul damuSavebas 

ganicdian, metad didia – preciziuli xelsawyoebis miniaturuli detalebi-

dan msxvil sxmulebamde da naWedebamde. Termuli damuSaveba arsebiT gav-

lenas axdens warmoebis momijnave operaciebis TviTRirebulebasa da Sroma-

tevadobaze. amasTanave, TviT Termuli damuSavebis TviTRirebuleba sruli 

TviTRirebulebis 2-4%-s ar aRemateba.  

produqciis xarisxs warmoebis mTeli cikli ganapirobebs. amitom, teq-

nologiuri procesis yvela safexurze, xariსxis kontroli da misi mizanmi-

marTuli marTva, produqciis xarisxis gaumjobesebis erT-erT aucilebel 

winapirobas warmoadgens. igi teqnologiuri procesebis, maT Soris Termu-

li damuSavebis, daxvewisa da srulyofis mZlavri saSualebaa. 

amgvarad, Termulad damuSavebuli nakeTobis xarisxis kontroli, wu-

nis gamovlenisa da misi Semcirebis gzebis Zieba, nakeTobaTa xangamZleobis 

amaRlebis, produqciis TviTRirebulebis Semcirebisa da warmoebis Semdgo-

mi ganviTarebis qvakuTxeds warmoadgens. 
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 1. wunis saxeebi Termulad damuSavebul nakeTobaSi 

 
arasworad Catarebuli Termuli damuSavebis Sedegad, nakeTobaSi Se-

iZleba sxvadasxva saxis defeqti Camoyalibdes. maTgan yvelaze gavrcele-

bulia dabreca, deformacia da bzarebi, arasakmarisi sisale, gazrdili 

simyife, gaunaxSirbadoeba da zedapiris Jangva.  

mowvisa da normalizaciis dros SeiZleba adgili hqondes ukmarxure-

bas, gadaxurebas da foladis gadawvas. 

Uukmarxurebas adgili aqvs im SemTxvevaSi, rodesac mowvis an norma-

lizaciis temperatura naklebia teqnologiuri pirobebiT moTxovnil tem-

peraturasTan SedarebiT an arasakmarisia dayovnebis dro. ukmarxurebis Se-

degad dabali plastikuri maxasiaTeblebi miiReba. ukmarxurebuli foladis 

gamosworeba ganmeorebiTi mowviT an optimalur temperaturaze normaliza-

ciiT aris SesaZlebeli. 

Ggadaxureba miiReba im SemTxvevaSi, rodesac Rumelis temperatura 

mniSvnelovnad aRemateba optimalurs an dayovnebis dro gadaWarbebulia. 

gadaxureba mowvis dros marcvlis zrdas ganapirobebs, xolo Zlieri gada-

xurebis SemTxvevaSi e.w. vidmanSteturi struqtura warmoiqmneba, romelic 

ferituli ubnebis firfitovani agebulebiT xasiaTdeba. firfitebi erTma-

neTis mimarT garkveuli kuTxiT aris ganlagebuli (sur. #28 a). aseTi struq-

turis mqone foladi dabali plastikuri TvisebebiT gamoirCeva. mniSvne-

lovnad aris Semcirebuli dartymiTi siblante. gadaxurebuli foladis 

struqturis gamosworeba, optimalur temperaturaze, ganmeorebiTi mowviT 

an normalizaciiT aris SesaZlebeli. mniSvnelovani gadaxurebis SemTxveva-

Si rekomendebulia orjeradi mowva. amasTanave, pirvel mowvas optimalurTan 

SedarebiT 50-1500
C-iT ufro maRal temperaturaze awarmoeben. 

foladis gadawva mimdinareobs maRal temperaturaze, damJangvel at-

mosferoSi misi gaxurebisas, rodesac temperatura axlos dgas liTonis 

dnobis temperaturasTan. liTonis Jangva marcvlis sazRvrebSi mimdinareobs 

(sur. #28 b). gadamwvari foladi maRali simyifiT xasiaTdeba da igi gamo-

usworebel wuns miekuTvneba. 

wunis danarCeni saxeebi, ZiriTadad, foladis wrTobis procesSi war-

moiqmneba. 
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2. Termulad damuSavebul nakeTobaSi defeqtebis  

warmoqmnis wyaroebi 
 

Termuli damuSavebis procesSi defeqtebis warmoqmnis ZiriTad wyaros 

Sinagani da narCeni daZabuloba warmoadgens. 

Sinagani daZabulobis ganviTarebas ori ZiriTadi faqtori ganapiro-

bebs: temperaturis araTanabari cvlileba nakeTobis ganiv kveTSi da fazu-

ri gardaqmnebis araerTdroulad mimdinareoba, rasac Tan sdevs kuTri mo-

culobis cvlileba. aqedan gamomdinare, asxvaveben droebiT da narCen Sina-

gan daZabulobas. daZabulobas, romelic araTanabari Tburi deformaciis 

Sedegad warmoiqmneba, Tbur an Termul daZabulobas uwodeben, xolo daZa-

bulobas, romelic araerTdroulad mimdinare fazuri gardaqmnebis da kuT-

ri moculobis cvlilebis gziT viTardeba – struqturuls.  

daZabulobebi erTmaneTisgan im aris (farTobis) sididiT gansxvavdeba, 

romelSic isini wonasworul mdgomareobas aRweven. amasTan dakavSirebiT 

asxvaveben I, II da III gvaris daZabulobas. liTonuri masalebis realuri 

agebulebidan gamomdinare, garkveuli msjeloba mxolod I gvaris, anu zo-

nur daZabulobazea SesaZlebeli, romelic makroskopul areSi wonaswordeba. 

II da III gvaris daZabuloba ki dislokaciebis arsebobasTan aris dakavSire-

buli. kerZod, dislokaciebis Tavmoyris ubnebSi II gvaris daZabuloba war-

moiqmneba, xolo calkeuli dislokaciebiT aRZruli daZabuloba III gvaris 

daZabulobas miekuTvneba. garkveuli albaTobiT SeiZleba iTqvas, rom II gva-

ris daZabuloba erTi kristalis (marcvlis) farglebSi wonaswordeba, xo-

lo III gvarisa – ramdenime atomTSorisi manZilis daSorebiT.  
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Termul damuSavebaSi mniSvnelovania I gvaris daZabuloba, amitom, Cven 

yuradRebas swored am mimarTulebiT gavamaxvilebT. 

narCenma Zabvebma SeiZleba liTonis konstruqciuli simtkice an Seam-

ciros, an gazardos. magaliTad, narCeni Zabvebi dadebiTad im SemTxvevaSi 

moqmedebs, rodesac maTi mimarTuleba eqspluataciis dros nakeTobaSi aRZ-

ruli Zabvebis mimarTulebis sapirispiroa. cnobilia, rom detalis zeda-

pirze mkumSavi Zabvebis arseboba daRlilobisadmi simtkices zrdis, xolo 

gamWimavi Zabvebi _ amcirebs. aqedan gamomdinare, iseT detalebs, romlebic 

niSancvlad datvirTvebs ganicdis, Segnebulad utareben iseT damuSavebas, 

romelic xels uwyobs mis zedapirze mkumSavi Zabvebis warmoqmnas. damuSave-

bis aseT xerxs zedapiruli wrToba, daazoteba an zedapiruli plastikuri 

deformacia SeiZleba mivakuTvnoT. amasTanave, mxedvelobaSi unda iqnes mi-

Rebuli ara marto narCeni Zabvebis sidide zedapirze, aramed, umTavresad, 

maTi cvlilebis xasiaTi nakeTobis ganiv kveTSi. 

 
Sinagani Zabvebis wyaroebi. wrTobis procesSi intensiuri gaciveba, 

nakeTobis ganiv kveTSi, temperaturuli gradientis warmoqmnas ganapirobebs. 

mis sidides, wrTobis win gaxurebis temperatura, detalis forma da zo-

mebi, foladis temperaturuli gamtaroba da, bolos, sawrTobi aris macive-

beli unari da cirkulaciis xarisxi gansazRvravs. magaliTis saxiT #29 su-

raTze warmodgenilia 330mm diametris mqone nakeTobis ganiv kveTSi tempera-

turuli areebis cvlilebis xasiaTi, 8800C-dan zeTSi gacivebis procesSi. 

rogorc mrudebis xasiaTidan gamomdinareobs, gacivebis sawyis momentSi 

temperatura zedapirze mniSvnelovnad ufro swrafad vardeba, vidre centr-

Si, e.i. dts/d>dtc/d, sadac ts, tc Sesabamisad aris zedapiris da centris tempera-

tura, xolo  - gacivebis dro. 
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zedapirsa da centrs Soris temperaturaTa sxvaoba t  Tavdapirvelad 

izrdeba, xolo Semdeg Semcirebas iwyebs. temperaturuli vardnis maqsima-

luri mniSvneloba sawrTobi nakeTobis sawyisi temperaturiT, misi formiT, 

zomebiT, fizikuri TvisebebiT, sawrTobi aris gamacivebeli unariT da misi 

cirkulaciis xarisxiT ganisazRvreba. nakeTobis zedapirisa da centraluri 

fenebis sxvadasxva siCqariT gacivebas Tan sdevs araerTgvarovani Tburi 

kumSva da, aqedan gamomdinare, Termuli deformaciebisa da daZabulobebis 

warmoqmna. #30 suraTze warmodgenilia swrafi gacivebis dros nakeTobis 

zedapirze da centrSi, RerZuli Termuli Zabvebis cvlilebis sqema. fola-

dis maRali plastikurobis gamo deformacia maRal temperaturaze drekad-

plastikuri xasiaTisaa, amitom, zedapiruli fenebi centralur zonebTan 

SedarebiT ufro gaWimuli aRmoCndeba. radgan sawrTobi sxeulis mTlianoba 

SenarCunebulia, gacivebis bolos zedapirze mkumSavi, xolo centrSi – gam-

Wimavi Zabvebi SeiniSneba. amgvarad, gacivebis procesSi Tavdapirvelad droe-

biTi, xolo Semdeg – gansxvavebuli mimarTulebis narCeni Zabvebi warmoiqmneba. 

Tu gacivebisas sxeulSi gamWoli wrToba ganviTarda, romelsac Tan 

sdevs struqturuli cvlilebebiT ganpirobebuli moculobis zrda, maSin 

droebiTi da narCeni Zabvebis cvlilebis xasiaTs #31 suraTze warmodgeni-

li saxe eqneba. #30 da #31 suraTis urTierT SedarebiT advilad dgindeba, 

rom struqturuli daZabulobebi Termuli daZabulobebis sawinaaRmdego mi-

marTulebiT icvleba _ gacivebis dasasruls zedapirul fenebSi gamWimavi, 

xolo centrSi – mkumSavi Zabvebi aRiZvreba. zogierT SemTxvevaSi SesaZlebe-

lia struqturuli araerTgavarovnebis gamo damatebiTi daZabulobebic aRiZras. 

SedarebiT martiv amocanas warmoadgens teqnologiur faqtorebsa da 

Termul daZabulobebs Soris kavSiris dadgena iseTi liTonuri masalebis 

gaxurebisa da gacivebis SemTxvevaSi, romelSic fazuri gadakristaleba an 

ar mimdinareobs, an qveda kritikuli wertilis qvemoT gaxurebuli fola-

dis gaciveba wonasworul mdgomareobasTan miaxloebul pirobebSi xdeba. 

rac ufro maRalia gaxurebis temperatura da intensiuria gacivebis proce-

si, miT ufro maRalia Termuli daZabulobebis done. igive efeqts iwvevs  

nakeTobis formis garTuleba da zomebis gazrda.  

ufro  rTulia  struqturuli  daZabulobebis  Sefaseba, radgan maTi 

gansazRvra jamuri struqturuli da temperaturuli deformaciiT  xorciel- 
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deba. mxedvelobaSi unda iqnes miRebuli, rom narCeni Zabvebis sidide masalis 

meqanikuri, fizikuri da teqnologiuri TvisebebiT ganisazRvreba. sxva Tana-

bar pirobebSi narCeni Zabvebis Semcirebas xels uwyobs denadobis zRvris, 

Termuli gafarToebis koeficientisa da rekristalizaciis temperaturis da-

dableba, temperaturis erTgvarovnebis xarisxis amaRleba, relaqsaciuri 

mdgradobis Semcireba, dabolos, matricis, misgan gamoyofili meoreuli fa-

zis an warmoqmnili nawilakebis kuTr moculobebs Soris sxvaobis Semcireba. 

dadgenilia,  rom martensituli gardaqmnis  temperaturul  intervalSi  

gacivebis siCqaris Semcireba mniSvnelovnad amcirebs narCen Zabvebs. magali-

Tad, wyalSi wrTobidan zeTSi wrTobaze gadasvla narCen Zabvebs 4-6-jer amci-

rebs, haerze wrToba _ daaxloebiT 10-jer; zeTSi wrTobis nacvlad cxel ga-

macivebel areSi wrToba ganapirobebs narCeni Zabvebis Semcirebas 3-4-jer. nar-

Cen Zabvebs efeqturad amcirebs agreTve nawrTobi foladis moSvebis tempe-

raturis amaRleba. 

gansakuTrebiT sayuradReboa wrTobis win zedapiruli fenebis gaxure-

bis gavlena nakeTobis ganiv kveTSi, narCeni Zabvebis cvlilebis xasiaTze. ze-

dapiruli fenebis gaxureba droebiTi mkumSavi Zabvebis aRZvras gamoiwvevs. 

gacivebis procesSi, radgan zedapiris SekumSvas winaaRmdegobas civi Suaguli 

gauwevs, sapirispiro, gamWimavi Zabvebi warmoiqmneba. aseTi suraTi SeiniSneba 

im SemTxvevaSi, rodesac zedapirul fenebSi martensituli gardaqmna ar mim-

dinareobs. 

Tu  gacivebisas  zedapiruli  fenebi martensitul gardaqmnas ganicdis, 
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maTSi mkumSavi Zabvebi aRiZvreba, romlebic zedapiridan garkveul siRrmeSi 

gamWimav ZabvebSi gadadis. gamWimavi Zabvebi maqsimalur mniSvnelobas gardama-

val  zonaSi  aRwevs  da Semdeg isev mkumSavi ZabvebiT icvleba. Zabvebis aseTi  

cvlilebis xasiaTi sqematurad #32 suraTzea warmodgenili.  

 

 Termuli damuSavebis praqtikaSi, garda I gvaris narCeni Zabvebisa, Se- 

iZleba e.w. adgilobrivi (lokaluri) narCeni Zabvebic aRiZras, romlebic ga-

sacivebeli dეtalis zedapirze Tbogadacemis pirobebis mniSvnelovani cvli-

lebis Sedegs warmoadgens. rogorc wesi, aseTi daZabulobebi maxvil kuTxe-

ebTan, mkveTri gadasvlis ubnebSi, CaRrmavebebTan da xvrelebTan aRiZvreba. 

lokaluri daZabulobebis wyaros SeiZleba, aseve, xenjis araTanabari Sre 

warmoadgendes.  

 
wrTobis dros warmoqmnili defeqtebi da maTi Semcirebis gzebi. 

ZiriTad defeqtebs, romlebic foladis Termuli damuSavebis dros SeiZleba 

warmoiqmnas, deformacia, dabreca da Siga an gare bzarebi miekuTvneba.  

rogorc zemoT iyo aRniSnuli, wrTobis procesSi, gacivebisas, nake-

Tobis ganivkveTSi temperaturis vardnili warmoiqmneba, romelic kuTri mo-

culobebis cvlilebis gamo Termul Zabvebs aRZravs. 

rogorc #33 suraTze warmodgenili mrudebis xasiaTidan gamomdinare- 

obs, zedapirTan SedarebiT, nakeTobis guli mniSvnelovnad ufro neli  siC- 

qariT civdeba. amasTanave,  temperaturaTa  sxvaoba t   miT ufro metia, rac  
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ufro mcirea zedapiris temperatura. Zabvebis warmoqmnis TvalsazrisiT ga-

civebis is periodia yvelaze saSiSi, rodesac temperaturaTa sxvaoba maqsi-

mums aRwevs. gacivebis am periodSi zedapirul fenebSi gamWimavi, xolo gul-

Si – mkumSavi Zabvebi warmoiqmneba (sur. #34 a). bzarwarmoqmnisaTvis saSiS-

roebas gamWimavi Zabvebi warmoadgens. Semdgomi gacivebis procesSi Zabvebis 

gadanawileba mimdinareobs da sruli gacivebis Semdeg, normalur tempera-

turaze, nakeTobis zedapiruli fenebi mkumSavi, xolo guli – gamWimavi Zab-

vebis zemoqmedebas ganicdis (sur. #34 b). am Zabvebs narCeni Zabvebi ewodeba. 

struqturuli Zabvebi austenitis martensituli gardaqmnis procesSi 

warmoiqmneba. amis mizezi sawyisi austenitisa da gardaqmnis produqtis, mar-

tensitis, moculobebs Soris gansxvavebaa. kerZod, atomebis SedarebiT uf-

ro mWidro wyobis gamo austeniti naklebi moculobiT da meti simkvriviT 

xasiaTdeba, martensiti ki foladis struqturuli Semdgenebidan yvelaze 

maRali xvedriTi moculobiT gamoirCeva. amitom, martensitze wrTobas Tan 

sdevs xazobrivi zomebis zrda. gasaTvaliswinebelia, agreTve, rom martensi-

tuli gardaqmna nakeTobis sxvadasxva ubanSi gansxvavebul periodebSi mim-

dinareobs. 

wrTobis dros aRZruli Termuli da struqturuli daZabulobebi 

jamdeba. jamuri narCeni daZabulobebi gacivebis pirobebze, nakeTobis ganiv 

kveTze, SewrTobadobis siRrmeze da sxva faqtorebze damokidebulebiT, Se-

iZleba sxvadasxva aRmoCndes. magaliTad, zedapirul fenebSi mosalodnelia 

rogorc mkumSavi, ise gamWimavi Zabvebis warmoqma. 

 
 deformacia (dabreca). aRZruli Termuli Zabvebi, Tavis mxriv, nakeTo-

bis zomebis, formisa dა moculobis cvlilebas, anu mis deformacias ganapi-
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robebs. magaliTis saxiT #35 suraTze warmodgenilia I firfitis deforma-

cia erTi mxridan misi gacivebis pirobebSi. Tu firfita qvemodan civdeba, 

pirvel rigSi zomebშi firfitis qveda fenebi moiklebs da იგი II mdgomare-

obaSi warmodgenil saxes miiRebs. firfitis zeda mxaris gaciveba mogvianebiT 

iwyeba, rac mis formas sapirispirod შეcvlis (III pozicia #35 suraTze).                                                                         

            წarmodgenili magaliTidan praqtikisaTvis 

metad sasargeblo zogadi daskvnis gakeTebaa 

SesaZlebeli: Termuli ZabvebiT ganpirobebuli 

zomebis Semcireba sxeulis im adgilebSia mosa-

lodneli, romlebic ukanasknelad civdეba. 

TvalsaCinoebisaTvis #36 suraTze naCvenebia 

martivi geometriis mqone sxeulis (a) formis 

cvlilebis xasiaTi kritikuli wertilis qvemoT mravaljeradi gaxurebisa 

da gacivebis Sedegad warmoqmnili Termuli daZabulobebis zegavleniT (b). 

rogorc warmodgenili sqemebidan gamomdinareobs, diagonalebis Semcirebisa 

da waxnagebis amozneqis gamo, kubis forma sferos uaxlovdeba. cilindruli 

formis sxeulis gacivebisas ki misi simaRle  mcirdeba im SemTxvevaSi, Tu es 

zoma cilindris diameters aRemateba da piriqiT, izrdeba, Tu simaRle 

diametrze naklebia.  

struqturuli daZabulobebiT ganpirobebuli deformacia zemoT aR-

niSnulis sapirispirod mimdinareobs (sur. 37). kerZod, kubis diagonalebis 

sigrZe izrdeba, xolo waxnagebi centrisken izniqeba. cilindruli nakeToba 

simaRleSi matulobs, xolo diskosebrisa – mcirdeba. aqedan gamomdinare, 

struqturuli ZabvebiT ganpirobebuli sxvadasxva nakeTobis formis Secvlis 

mimarTuleba, Termuli ZabvebiT gamowveuli mimarTulebebis Sebrunebulia. 

amgvarad, struqturuli Zabvebis zegavleniT  im adgilebis  (mimarTu- 

lebebis) zomebis gazrda SeiniSneba, romelTa gaciveba yvelaze bolos 

mTavrdeba. 

nakeTobis arasimetriuli deformacia  (dabreca)  vlindeba,  agreTve, 

araTanabari da zedmetad maRal temperaturamde gaxurebisas, sawrTob areSi 

detalis araswori mdgomareobiT CatvirTvisa da martensituli gardaqmnis 

temperaturul intervalSi maRali siCqariT gacivebis SemTxvevaSi. aRniSnu- 



71 

 

 

 

 

 

 

 

 

 

 

 

 

li mizezebis gamoricxva mniSvnelovnad Seamcirebs nakeTobis dabrecis 

albaTobas.  

dabrecis arideba ufro Znelia Txel da grZel nakeTobaSi. dabrecis 

Sesamcireblad aseT detalebs wrTobis dros StampSi, wnexSi an specialur 

samarjvebSi Camagrebul mdgomareobaSi aciveben. martensituli gardaqmnis 

mimdinareobisas foladi simtkices kargavs, amitom Camagrebul mdgomareo-

baSi liToni advilad swordeba. 

     #38 suraTze warmodgenilia sxvadasxva foladis xazobrivi zomebis 

cvlilebis (Semcirebis an gazrdis) xasiaTi praqtikaSi miRebuli tempera-

turidan wrTobis Semdeg. foladebSi karbidebis (zomiT 2-3 bali) ganawile-

ba erTgvarovania. 

nakeTobis deformaciis xarisxi naxSirbadisa da malegirebeli  ele-

mentebis Semcvelobaze, sawyisi struqturis xasiaTze, martensitis, narCeni 

austenitisa da nawrTobi foladis struqturaSi gauxsneli karbidebis rao-

denobaze, nakeTobis formasa da zomebze, wrTobis win gaxurebis temperatu-

raze, gaunaxSirbadianebis xarisxze da gacivebis pirobebzea damokidebuli. 

amgvarad, Termuli damuSavebis dros namzadisa Tu nakeTobis deforma--

cia mravali faqtoris erTdrouli zemoqmedebis Sedegs warmoadgens, ami-

tom, deformaciis Semcirebis gzebis calsaxad formulireba metad garTu-

lebulia. 

formis Secvla warmoadgens I gvaris Zabvebis warmoqmnis Sedegs. Ter- 

muli da fazuri daZabuloba liTonis plastikur deformacias, anu  formis  
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Seuqcevad cvlilebas ganapirobebs. I gvaris narCeni Zabvebi damatebiT dre-

kad deformacias iwvevs. drekadi deformaciis moxsna gaxurebis gziT, maga-

liTad, mowviT an moSvebiT, aris SesaZlebeli. 

moSvebis dros Sinagani daZabulobis moxsnis xarisxi temperaturisa 

da moSvebis xangrZlivobis gazrdiT matulobs.  magaliTad, rodesac sawyi-

si Sinagani daZabuloba 1=600 mgpa, erTi saaTis ganmavlobaSi 150, 300, 450 

da 5000C-ze mowvis Semdeg daZabuloba mcirdeba 500, 450, 300 da 120 mgpa-mde 

Sesabamisad. izoTermul pirobebSi, 5500C-ze sxvadasxva xangrZlivobiT mow-

vis Sedegad ki Semdegi monacemebia miRebuli: 1,5 saaTis Semdeg sawyisi Zabva 

600 mgpa-dan 100 mgpa-mde mcirdeba, xolo 4 saaTis Semdeg – 40 mgpa-mde. nax-

Sirbadis Semcveloba gamosacdel foladSi 0,3%-s Seadgens. 

deformaciisa da dabrecis asacileblad iseT saSualebebs mimarTaven, 

romlebic martensituli gardaqmnis temperaturul intervalSi Senelebul 

gacivebas uzrunvelyofs _ safexurebian da izoTermul wrTobas, wrTobas 

or macivebelSi, naxSirbadiani foladebis Secvlas legirebuliT, romlis 

wrTobac wylis nacvlad zeTSia SesaZlebeli. 

martensituli gardaqmnis temperaturul intervalSi gacivebis siCqare 

ara marto nakeTobis deformaciis xarisxs gansazRvravs, aramed foladis 

Tvisebebsac. magaliTad, folad У10-is wrTobis procesSi, martensituli 

gardaqmnis intervalSi gacivebis siCqaris gazrda iwvevs simtkicis zRvris 

Semcirebas 1200 mgpa-dan 670 mgpa-mde, anu TiTqmis orjer (sur. #39). simtki-
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cis Semcireba ganpirobebulia wrTobis dros aRZruli Siga gamWimavi Zabve-

biT, romlis sidide 500 mgpa-s aRwevs. amasTanave, gacivebis siCqaris Semci-

rebis xarisxi wrTobis kritikuli siCqariT aris SezRuduli. amitom, fo-

ladebis umravlesoba wyalSi an zeTSi iwrToba, rac gacivebis aucilebel 

siCqares uzrunvelyofs. aseT pirobebSi wrTobis Sedegad mcire ganivkveTis 

an didi sigrZis detalebis dabrecis acileba praqtikulad SeuZlebeli xdeba.  

 

 

 

 

 

 

 

 

 

 

 

 

 

dabrecis xarisxis Sesamcireblad aucilebelia gamacivebel siTxeSi 

detalis winaswar SerCeuli, swori xerxiT CatvirTva. magaliTad, grZeli, 

Rerosebri detalebi mkacrad vertikalur mdgomareobaSi unda CaitvirTos; 

sasurvelia wrToba sawrTob manqana-danadgarebSi da StampebSi tardebodes, 

romlebic teqnologiuri procesis mimdinareobisas nakeTobis formas da-

afiqsirebs. Termuli damuSavebis praqtikaSi am samarjvebs sawrTob wnexebs 

uwodeben. 

garedan miyenebuli datvirTvis zemoqmedebiT deformaciis acileba im 

SemTxvevaSi mimdinareobs, Tu gare datvirTviT aRZruli Zabva liTonis dena-

dobis zRvars aRemateba.  

wrTobis dros martensitis raodenoba ganuxrelad izrdeba, amitom 

austenit-martensitis narevis denadobis zRvari 0,2 izrdeba, rogorc es 

#40 suraTzea warmodgenili. austenit-martensituli gardaqmnis procesSi 

denadobis pirobiTi zRvari (anu e.w. gardaqmnis denadobis zRvari 0,2) mar- 
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tensitis raodenobis zrdasTan da temperaturis SemcirebasTan erTad mkveT-

rad (13-14-jer) iwyebs Semcirebas. aqedan gamomdinare, fazuri gardaqmnis mim-

dinareobis procesSi plastikuri deformaciisaTvis sakmarisia 50-100 mgpa Zab-

va, nacvlad 600-800 mgpa-isa, igive 

struqturis mqone foladisaTvis. 

aseve dadgenilia, rom foladis 

plastikuroba moSvebis procesSi, 

martensitis gardaqmnis dros, 

mniSvnelovnad aRemateba maRal 

temperaturaze moSvebuli fola-

dis plastikurobas. 

zemoT aRwerili faqti da-

edo safuZvlad Termuli damuSa-

vebis xerxs, romelic detalis 

formis ucvlelad SenarCunebas uzrunvelyofs. am SemTxvevaSi geometriuli 

formis Secvlis asacileblad nakeTobas amagreben damafiqsirebel samarjv-

Si iseTnairad, rom wrTobisa Tu moSvebis procesi gare Zalebis zemoqme-

debis pirobebSi mimdinareobdes. miniWebuli geometriuli formis ucvle-

lad SenarCuneba ganpirobebulia gardaqmnis dros 0,2 denadobis zRvris 

mkveTri Semcirebisa da teqnologiuri plastikurobis ganviTarebis gamo. 

amasTan erTad mimdinareobs narCeni Siga Zabvebis relaqsacia, rac foladis 

meqanikuri Tvisebebis kompleqsis amaRlebas ganapirobebs. 

moculobis cvlilebis gareSe detalis Termuli damuSaveba nawrTobi 

foladis struqturaSi martensitisa da narCeni austenitis garkveuli Tana-

fardobis SenarCunebis SemTxvevaSia SesaZlebeli. am process aradeformaci-

ul wrTobas uwodeben.  

Tu cnobilia naxSirbadis saSualo Semcveloba foladSi, martensitSi 

da narCen austenitSi, agreTve, martensitis, narCeni austenitisa da wrTobis 

temperaturaze matricaSi gauxsneli karbidebis wili, SesaZlebelia wrTo-

bis Sedegad nakeTobis kuTri moculobis cvlilebisa da, Sesabamisad, de-

formaciis xarisxis gansazRvra. moculobis ucvlelad SenarCunebisaTvis 

Termulma damuSavebam martensitisa da narCeni austenitis iseTi Tanafar-

dobis SenarCuneba unda uzrunvelyos, rom saSualo kuTri  moculoba  saw- 
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yis, wrTobamde struqturis (perlitis) kuTri moculobis Sesabamsi iyos. 

detalis aradeformaciuli wrTobis teqnologia im faqtzea dafuZ-

nebuli, rom perlituri struqtura martensitul da austenitur struqtu-

rebs Soris kuTri moculobis Sualeduri mniSvnelobiT xasiaTdeba. maga-

liTad foladSi, romelic naxSirbads 0,5%-s Seicavs, martensitis kuTri 

moculoba 0,128sm3/g Seadgens, austenitisa – 0,123sm3/g, xolo perlitisa – 

0,127sm3/g. moculobaTa Soris sxvaoba 4%-s aRwevs. foladSi naxSirbadis ra-

odenobis gazrdiT perlitur (Cveulebriv, igi nakeTobisaTvis sawyis struq-

turas warmoadgens) da martensitul struqturebs Soris moculobaTa sxva-

oba ganuxrelad izrdeba. Termuli damuSavebis dros moculobis ucvleli 

SenarCunebisaTvis saWiroa austenitsa da martensits Soris iseTi Tanafar-

dobis SerCeva, rom saSualo kuTri moculoba sawyisi perlituri struqtu-

ris toli aRmoCndes. #41 suraTze warmodgenilia martensitisa da narCeni 

austenitis Tanafardoba, romelic nakeTobis wrTobas deformaciis gareSe 

uzrunvelyofs. #41 a suraTze moyvanili diagrama wrTobis martensitsa da 

narCeni austenitis kombinaciisaTvis maT saWiro Tanafardobas miuTiTebs. ma-

galiTad, foladSi 0,4% naxSirbadis Semcvelobis SemTxvevaSi deformaciis 

gareSe wrTobis uzrunvelsayofad narCeni austenitis raodenoba daaxlo-

ebiT 27%-s unda Seadgendes. Tumca rbili narCeni austenitis aseTi raode-

noba sisalis Semcirebas da aradamakmayofilebeli saeqspluatacio maxasia-

Teblebis Camoyalibebas ganapirobebs. 

narCeni austenitis aucilebeli raodenobis Sesamcireblad, saWiroa 

martensitis kuTri moculobis Semcireba. am mizniT, martensituli garda-

qmnis intervalSi, Senelebuli siCqariT gacivebas mimarTaven, ra drosac 



 
76

martensitis warmoqmnas Tan sdevs misi moSveba da  myar xsnarSi naxSir-

badis raodenobis Semcireba. 

#41 b suraTze warmodgenilia narCeni austenitisa da moSvebis mar-

tensitis saWiro raodenobebis Tanafardoba, deformaciis gareSe wrTobi-

saTvis (naxSirbadis Semcveloba myar xsnarSi 0,5%-s Seadgens). es meTodi 

specialuri markis saiaraRo foladebis deformaciis gareSe wrTobisaTvis 

gamoiyeneba. 

izoTermuli wrTobis dros, rodesac foladSi beiniti da narCeni 

austeniti miiReba, moculobaTa cvlileba umniSvneloa. 

foladis nakeTobis moculobiTi cvlilebebi SeiZleba ara marto 

Termuli damuSavebis, aramed mza nakeTobis davargebis procesSic mimdina-

reobdes. zomebis arastabiluroba da maTi drois mixedviT cvlileba, Cve-

ulebriv, naxSirbaduxvi foladebisgan damzadebuli maRali sizustis nake-

TobebSi (sazomi instrumentebi, burTula sakisrebis detalebi da a.S) Sei-

niSneba. maTi Termuli damuSaveba wrTobasa da dabaltemperaturul moSveba-

Si mdgomareobs. 

oTaxis temperaturaze davargebisas, SeiZleba moxdes rogorc zome-

bis Semcireba, ise gazrda. zomebis Semcireba imasTan aris dakavSirebuli, 

rom oTaxis temperaturaze davargeba wrTobis martensitis TandaTanobiT 

moSvebas iwvevs, rac myari xsnaridan naxSirbadis gamoyofas da martensitis 

kuTri moculobis Semcirebas ganapirobebs. martensitis stabilizaciisaT-

vis da nakeTobis zomebis Semcirebis asacileblad rekomendebulia moSveba 

120-1500C-ze Catardes. am procesSi martensiti stabilur mdgomareobaSi ga-

dadis da oTaxis temperaturaze daSlas aRar ganicdis. 

nakeTobis zomebis gazrda oTaxis temperaturaze davargebisas, narCeni 

austenitis TandaTanobiTi daSliT aris ganpirobebuli. amis asacileblad 

Termuli damuSaveba unda Catardes narCeni austenitis martensitSi sruli 

gardaqmnisaTvis, anu nakeToba sruli martensituli struqturiT unda xasi-

aTdebodes. 

geometriuli formis aRdgenas, anu dabrecili detalebis gamarTvas, 

Termuli damuSavebis Semdeg, misi sworebiT an SezustebiT awarmoeben. swo-

rebis dros detalze, romelic specialur samarjvSia Camagrebuli, garedan 
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miyenebuli ZaliT moqmedeben. Tumca, es meTodi damatebiTi narCeni Zabvebis 

warmoqmnas da meqanikuri Tvisebebis gauaresebas ganapirobebs. 

 
 wrTobis bzarebi. nakeTobaSi aRZrulma I gvaris Siga gamWimavma Zab-

vebma SeiZleba foladis simtkicis zRvars gadaaWarbos, rac bzarebis war-

moqmnas ganapirobebs. bzarebi gamousworebel wuns miekuTvneba. bzarebi, 

umetes SemTxvevaSi,  Mн temperaturis qvemoT, gacivebis Semdeg warmoiqmneba. 

wrTobis bzarebis warmoqmnis mizezi SeiZleba iyos liTonis metad 

mkveTri gaciveba an gaxureba, daZabulobis koncentratorebis (maxvili kuT-

xeebi, ganivkveTis mkveTri gadasvlebi, Rrma kawrulebi da a.S), niJarebi-

saYda sxva defeqtebis arseboba. midrekileba bzarebis warmoqmnisadmi matu-

lobs foladSi naxSirbadis Semcvelobis gazrdasTan erTad, agreTve, 

wrTobis temperaturisa da martensituli gardaqmnis intervalSi gacivebis 

siCqaris gazrdiT. bzarebis warmoqmnas xels uwyobs foladis SewrTobado-

bis gazrdac. 

bzari SeiZleba gaCndes im SemTxvevaSic, Tu nawrTob detalSi xangrZ-

livi drois ganmavlobaSi ar aris Siga Zabvebi moxsnili. 

wrTobis bzarebs oTx tipad yofen (sur. #42): 

I tipi – Rrma bzarebi (sur. #42 a) warmoiqmneba iseT nakeTobaSi, ro-

melic gamWol wrTobas ganicdis. isini SeiZleba ganviTardes rogorc nake-

Tobis gaxurebisas (msxvil naWedebsa da sxmulebSi), ise gacivebisas (metad 

mcire ganivkveTis nakeTobaSi). amitom, msxvili naWedebi an sxmulebi 20-7500C  

temperaturul intervalSi mcire siCqariT unda gaxurdes.  

bzarebi gacivebisas rom ar warmoiqmnas, saWiroa: gadaxurebis acile-

ba, radgan foladis msxvilmarcvlovani struqtura bzarwarmoqmnis winapi-

robas warmoadgens; wrTobis iseTi xerxebis gamoyeneba, romlebic martensi-

tuli gardaqmnis intervalSi neli siCqariT gacivebas uzrunvelyofs (safe-

xuriani wrToba, wrToba or macivebelSi); iseTi gamacivebeli aris gamoye-

neba, romelic martensitul intervalSi wyalTan SedarebiT mniSvnelovnad 

ufro dabali siCqariT gacivebas ganapirobebs (navTi, mwvave natriumis 50%-

iani xsnari, glicerinis wyalxsnari da a.S).  

gacivebis Semdeg bzarebis warmoqmnis asacileblad, aucilebelia na-

keTobas wrTobis Semdeg mowva Cautardes. 
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II tipi – Siga bzarebi (b) warmoiqmneba nakeTobis kuTxeebSi da gaaCnia 

rkalisebri forma. bzarwarmoqmna Siga fenebSi iwyeba da zogjer zedapirze 

gamodis. II tipis bzarebi upiratesad cudi SewrTobadobis foladebSi an 

dacementebul nakeTobaSi warmoiqmneba. 

sxmulSi II tipis bzarebi maRali temperaturis mqone RumelSi misi 

gaxurebis mizniT CatvirTvis Sedegad viTardeba. uaryofiTi Sedegis acile-

ba neli gaxurebiT aris SesaZlebeli. 

gacivebisas II tipis bzarebi im SemTxvevaSi warmoiqmneba, rodesac 

wrTobisaTvis folads SedarebiT dabal temperaturamde axureben, xolo 

nakeTobis gulis sisale, wrTobis Semdeg, 35-45 HRC–s ar aRemateba. aRniS-

nul procesSi Siga bzarebis asacileblad saWiroa wrTobis temperaturis 

amaRleba, gulSi ki sisale ar unda iyos 45 HRC–ze naklebi. amasTanave mar-

tensituli gardaqmnis temperaturul intervalSi aucilebelia nakeTobis 

dabali siCqariT gaciveba da uSualod wrTobis Semdeg moSvebis Catareba. 

 
III tipis bzarebi (g) nakeTobis zedapirze uwyveti an wyvetili badis 

saxiT viTardeba da siRrmeSi 0,01-dan 2mm-mde vrceldeba. aseTi bzarebi war-

moiqmneba, magaliTad, nawrTobi nakeTobis xexvisas, rodesac mxolod zeda-

piruli fenebi xurdeba. zedapiris gaxureba mcire moculobis gansxvavebu-

li struqturis Camoyalibebas uwyobs xels, ris Sedegadac am zonaSi gamWi-

mavi Zabvebi aRiZvreba. xexvis bzarebis acilebas xels uwyobs Tanabarzomie-

ri moSveba wrTobis Semdeg. 

III tipis bzarebis warmoiqmna SeiZleba ganpirobebuli iyos,  agreTve, 

nawrTobi foladis moSvebis procesSi swrafi gaxurebiT.  
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zedapiruli bzarebi SeiZleba qimiur-Termulad damuSavebuli (cemen-

tirbuli, daqromili, dasilicirebuli) nakeTobebis gacivebis procesSic 

ganviTardes. rodesac wrTobisas dacementebuli foladis zedapirze auste-

nitur-martensituli struqtura yalibdeba, xolo momdevno fenaSi – mar-

tensituli, zedapirze gamWimavi Zabvebi warmoiqmneba. struqturis aseTi Se-

xamebis SemTxvevaSi gamWimavi Zabvebis arseboba saxifaTo ar aris, radgan 

austeniti, rogorc rbili struqturuli Semdgeni, plastikur deformacias 

ganicdis. 

Tu zedapirul fenebSi trostiti formirdeba, xolo mis qveSreSi –

martensiti, maSin, trostitSi aRZruli gamWimavi Zabvebi bzaris warmoqmnis 

saSiSroebas qmnis (sur. #43). struqturebis aseTi Sexameba SesaZlebelia Ca-

moyalibdes nakeTobis cementaciis Semdeg, neli gacivebis pirobebSi maSin, 

rodesac met-naklebad mdgradi, evteqtoiduri zonis austeniti, ver aswrebs 

feritul-cementitur narevad daSlas da martensituli gardaqmnis tempera-

turamde gadacivdeba. 

imisaTvis, rom cementirebul SreSi struqturis aseTi arasasurveli 

Sexameba ar moxdes, saWiroa an gacivebis Seneleba (raTa cementirebuli 

Sris mTel sisqeSi moxdes perlituri tipis struqturis Camoyalibeba), an 

piriqiT, gaciveba daCqardes (magaliTad, legirebuli foladis wrToba zeT-

Si ganxorcieldes), raTa zedapirul fenebSi austenitur-martensituli 

struqtura Camoyalibdes da bzarebis warmoqmna gamoiricxos. 

IV tipi – aSrevebis bzarebi (sur. #43 d) nakeTobis zedapirTan, kum-

Svis zonaSi, mxolod im SemTxvevaSi warmoiqmneba, rodesac SeiniSneba gam-

Wimavi Zabvebis metad mkveTri gadasvla mkumSav ZabvebSi. xSirad aSrevebis 

bzarebi zedapiruli bzarebis ganviTarebis Tanmxlebi procesia. igi III ti-

pis bzarebis analogiurad, xexvisa da qimiur-Termuli damuSavebis proces-
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Si SeiZleba warmoiqmnas, amitom, maT winaaRmdeg brZolis xerxebi III tipis 

bzarebis warmoqmnis winaaRmdeg brZolis xerxebis analogiuria. 

amgvarad, deformacia, dabreca da bzarebi Siga daZabulobis Sedegs 

warmoadgens. wrTobis dros martensituli gardaqmnis intervalSi neli ga-

civeba daZabulobis Sesamcireblad da aRniSnuli tipis defeqtebis asaci-

leblad yvelaze efeqtur xerxs warmoadgens. wvrili, aseve martivi formis 

mqone detalebi maxvili kuTxeebisa da mkveTri gadasvlebis gareSe, nakle-

bad xasiaTdeba dabrecisa da bzarwarmoqmnisadmi midrekilebiT. amitom kon-

struirebis dros detalisadmi teqnologiuri formis miniWeba aRniSnuli 

saxis defeqtebis Semcirebis mniSvnelovan xerxs warmoadgens. #44 suraTze 

warmodgenilia detalebis sworad (a) da arasworad (b) konstruirebis maga-

liTebi. gasaTvaliswinebelia, rom rTuli formis detalebi mizanSewoni-

lia iseTi legirebuli foladebisgan damzaddes, romlebic zeTSi iwrToba. 

 
Aarasakmarisi sisale. nawrTobi detalis arasakmarisi sisale ukmar-

xurebiT an gacivebis arasakmarisi intensiobiT aixsneba.  

pirveli SemTxvevis mizezi SeiZleba iyos Rumelis dabali temperatu-

ra an wrTobis optimalur temperaturaze dayovnebis arasakmarisi dro. 

aseT pirobebSi martensiti ver gajerdeba naxSirbadiT, rac, rogorc Sede-

gi, martensitis Semcirebul sisales ganapirobebs. 

qveevteqtoiduri foladis Ac3 temperaturamde, Tundac umniSvnelo uk-

marxurebis SemTxvevaSi, feritis garkveuli raodenoba ar gardaiqmneba aus-

tenitad. wrTobis Semdeg austeniti mogvcems martensits, xolo feriti, ro- 
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melic gaxurebis procesSi austenitad ar gardaiqmna, ucvlelad iqneba 

Semonaxuli nawrTob foladSi. Sedegad martensitul-ferituli struqtura 

Camoyalibdeba (sur. #45). feriti, romelic dabali sisaliT xasiaTdeba da 

martensitTan Tanaarsebobs, nawrTobi foladis saerTo sisales Seamcirebs. 

am defeqtis gamosworeba SeiZleba mowviT da obtimaluri temperaturidan 

ganmeorebiTi wrTobiT. 

       wrTobis dros arasakmarisi 

intensivobiT gaciveba ver uzrunvel-

yofs austenitis SenarCunebas marten-

situli gardaqmnis temperaturamde, 

ris gamoc liTonis struqtura Sed-

genili iqneba ara martensitisagan, ara-

med mTlianad an nawilobriv austeni-

tis daSlis produqtebisagan – tro-

stitisagan, an sorbitisagan. aseT Sem-

TxvevaSi aucilebelia gacivebis uf-

ro intensiuri meTodis gamoyeneba, ma-

galiTad, gamacivebel siTxeSi detalis energiuli (xraxnuli moZraobebiT) 

gadaadgileba an ubralo wylis nacvlad mariliani, an SemJavebuli wylis 

gamoyeneba. 

      rbili laqebi (laqebiani wrToba). rbili laqebis warmoqmnis mizezi 

SeiZleba iyos nakeTobis arasakmaris temperaturamde gaxureba, dabali in-

tensivobiT gaciveba an detalis zedapiris araTanabari gaciveba. am defeq-

tis mospobis meTodika igivea, rac zemoT iyo ganxiluli.  

rbili laqebis warmoqmnas zogjer sawyisi struqturis araerTgvarov-

nebac (msxvili marcvlebis Tanaarseboba wvril marcvlebTan erTad, zolov-

neba, feritis Tavmoyris ubnebi) ganapirobebs. wrTobis temperaturamde ga-

xurebisas, am adgilebSi SeiZleba Semonaxuli aRmoCndes feriti an warmo-

iqmnas austeniti naxSirbadis dabali koncentraciiT. bunebrivia, wrTobis 

sworad Catarebis SemTxvevaSic ki aseT ubnebSi sisale arasakmarisi mi-

iReba. laqebian wrTobas xels uwyobs, agreTve, detalis zedapirze xenjisa 

da WuWyis arseboba, gacivebis procesSi sawrTobi detalebis erTmaneTTan 

Sexeba, araliTonuri CanarTebi.  
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laqebiani wrTobis winaaRmdeg brZolis meTodebia: winaswari Termuli 

damuSaveba (normalizacia), romelic SedarebiT erTgvarovani sawyisi struq-

turis Camoyalibebas uzrunvelyofs; gaxurebis procesSi detalis dacva xen-

jis warmoqmnisagan; wrTobis win detalis gasufTaveba; gacivebis xerxis swo-

rad SerCeva; foladis kontroli erTgvarovnebaze da CanarTebis arsebobis 

gamoricxva.  

 gadametxureba. im SemTxvevaSi, Tu foladi wrTobis dros optima-

lurze maRal temperaturamde iyo gaxurebuli an xangrZlivi drois ganmav-

lobaSi dayovnebuli, adgili eqneba gadametxurebas. aseT pirobebSi bunebri-

vad xdeba austenitis marcvlis mniSvnelovani zrda, ris Sedegadac, wrTo-

bis Semdeg, foladSi msxvilnemsa marten-

situli struqtura yalibdeba (sur. #46). 

igi gazrdili simyifiT da bzinvare texi-

liT gamoirCeva. defeqtis gamomJRavneba 

meqanikuri gamocdebisas, texilis anali-

ziT an mikrostruqturuli kvleviT xdeba.  

     wunis gamosworeba mocemuli fola-

disaTvis Sesabamisi normaluri temperatu-

ridan ganmeorebiTi wrTobiT aris SesaZle-

beli.               

    zedapiris Jangva da gaunaxSirbadoeba.  

       es defeqti umeteswilad alqmed an eleqtroRumelebSi, kontrolire-

badi atmosferos gamoyenebis gareSe, gaxurebisas miiReba. amitom, detalis 

konstruirebisas xexvaze namats iTvaliswineben, rac aZvirebs da arTulebs 

Termulad dasamuSavebeli detalis damzadebis teqnologias. Termul Rume-

lebSi xelovnuri kontrolirebadi atmosfero am defeqtis acilebis an 

Semcirebis radikalur xerxs warmoadgens. maril-abazanebSi gaxureba aseve 

xels uwyobs Jangvisa da gaunaxSirbadoebis Semcirebas. 
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V Tavi. Termulad damuSavebuli nakeTobis 

xarisxis kontroli 

 

1. zogadi mimoxilva 
 

teqnikuri kontroli gulisxmobs nakeTobis maxasiaTeblebisa da Tvi-

sebebis (zomebis, formis, masalis Sesabamisobis, fizikur-meqanikuri Tvisebe-

bis, xarisxis, funqcionaluri maxasiaTeblebis da a.S.) saTanado moTxovneb-

Tan Sesabamisobis Semowmebas, xolo xarisxis kontroli – nakeTobis da/an 

misi Semadgeneli nawilebis yvela parametris kontrols, teqnikur pirobeb-

Tan maTi Sesabamisobis dadgenis mizniT.A 

amgvarad, kontrolis obieqts sawyisi masalebi, Termuli damuSavebis 

teqnologiuri procesebi, agreTve, mza produqciis xarisxi warmoadgens. 

kontroli sistematurad, sakmaod zustad da saimedod unda tardebodes. 

mza produqciaSi an naxevarfabrikatSi Termuli damuSavebis dros war-

moqmnili wunis mizezi SeiZleba iyos wminda metalurgiuli warmomavloba 

(bewvbzara, Cajdomis niJara, gadaWarbebuli likvacia), cxeli an civi plas-

tikuri deformaciis defeqtebi, Termuli damuSavebis reJimidan gadaxra.  

Termuli damuSavebis xarisxi SeiZleba liTonis mikrostruqturiT, 

meqanikuri, fizikuri, teqnologiuri da sxva specialuri Tvisebebis Seswav-

liT Sefasdes. 

kontroli xorcieldeba teqnikuri pirobebis Sesabamisad, romelSic 

miTiTebulia SemowmebisTvis gaTvaliswinebuli obieqtebi, sakontrolo ma-

xasiaTeblebi da kontrolis meTodebi, sakontrolo obieqtis raodenoba 

procentebSi produqciis yoveli partiidan an CanatvirTidan, agreTve, Tvi-

sebebis dasaSvebi gabnevis xarisxi. kontroli SeiZleba iyos SerCeviTi an 

asprocentiani. 

umetes SemTxvevaSi mza produqciis saeqspluatacio mdgradobaze mni-

Svnelovan gavlenas zedapiris mdgomareoba da misi simqisis xarisxi axdens. 

zedapiruli defeqtebi sagrZnoblad amcirebs iseTi nakeTobis xanmedegobas, 

romelic eqspluataciis procesSi niSancvlad datvirTvebs ganicdis. aqedan 

gamomdinare, nakeTobis zedapiris mdgomareobis guldasmiT Semowmeba da 

Seswavla xarisxis kontrolis metad mniSvnelovan etaps warmoadgens. 

Termuli damuSavebis praqtikaSi farTod gamoiyeneba kontrolis sta- 
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tistikuri meTodebi, romlebic albaTobis Teoriasa da maTematikur sta-

tistikazea dafuZnebuli.  

warmoebaSi statistikuri kontroli, Cveulebriv, Semdegi ZiriTadi 

formebiT xorcieldeba: 

a) Semomavali kontroli, romlis mizania miRebuli masalebisa da na-

xevarfabrikatebis xarisxis Sefaseba (foladi, naWedi, sxmuli);  

b) produqciis xarisxis teqnologiuri kontroli warmoebis calkeul 

stadiaze;  

g) gamosaSvebi produqciis gamavali kontroli.  

monacemebis statistikuri damuSaveba im SemTxvevaSia saWiro, rodesac 

Termuli damuSavebis mocemuli teqnologiuri procesis stabilurobis dad-

genaa aucilebeli. aRniSnuli meTodis gamoyeneba yvelaze mizanSewonilia 

msxvilseriuli warmoebis pirobebSi. 

Tu detalebis an naxevarfabrikatebis  ganmeorebiTi gazomvebiT miRebul 

Sedegebs sixSiris funqciis saxiT warmovadgenT (nakeTobis raodenoba % _ ga-

sazomi Tvisebis mniSvneloba), gausis normaluri ganawilebis mrudi miiReba 

(sur. #47). aseT SemTxvevaSi Termuli damuSavebis xarisxis daxasiaTeba SesaZ-

lebeli iqneba:  

a) sakontrolebeli  y(x)  (sixSiris maqsimumi) Tvisebis gadaxriT  teqni- 

kuri pirobebiT gaTvaliswinebuli xx sididisagan ();  

b) maTematikurad mosalodneli mniSvnelobebis mimarT faqtiuri mniSv-

nelobebis gabnevis xarisxiT (s). 
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nakeTobebi, romelTa Tvisebebi teqnikuri pirobebiT gaTvaliswinebuli 

daSvebis zRvrebs miRma (x1-mde da x2-is zemoT) Zevs, wundebulia. bunebrivia, 

mocemuli teqnologiuri procesis ekonomikur efeqtianobas maTi wili gan-

sazRvravs. 

nakadur warmoebaSi mza produqciis garantirebuli done da maRali 

xarisxi, minimaluri materialuri da energetikuli danaxarjebiT SeiZleba 

uzrunvelyofili iqnes Termuli damuSavebis racionaluri teqnologiis 

SerCeviT, teqnologiuri procesis ZiriTadi parametrebis kontroliT da 

kontrolis aramrRvevi meTodebis maqsimalurad gamoyenebiT. aucilebelia 

agreTve, rom metalurgiul da manqanaTmSenebel qarxnebSi kontrolis ara-

mrRvevi meTodebi mTel samrewvelo procesze aqtiuri zemoqmedebis saSua-

lebad gadaiqces. sakontrolo xelsawyoebi da mowyobiloba aucilebelia 

uSualo teqnologiur ciklTan Seirwyas, rac SesaZlebels gaxdis produq-

ciis xarisxis kontroli sruli avtomatizaciisa da kompiuteruli teqnikis 

gamoyenebiT ganxorcieldes.  

 

2 detalebis xarisxis kontroli Termuli 

damuSavebis Semdeg 
 

Termuli damuSavebis xarisxis Sesafaseblad an operaciebs Soris 

kontrols awarmoeben, an saboloo kontrols. bunebrivia, pirvel SemTxve-

vaSi detalebi kontrolirdeba Termuli damuSavebis operaciebs Soris, xo-

lo meore SemTxvevaSi – yvela operaciis damTavrebis Semdeg. 

rogorc wesi, mowmdeba meqanikuri Tvisebebi, umTavresad detalis si-

sale, struqtura, deformaciis xarisxi, qimiur-Termuli procesebis da ma-

Rali sixSiris deniT wrTobis SemTxvevaSi – damatebiT fenis siRrme. deta-

lebSi, sxva defeqtebTan erTad, gansakuTrebuli yuradReba unda mieqces 

SesaZlo bzarebis gamovlenas. kontroli xorcieldeba saamqroSi (detale-

bis saerTo nakadSi), saamqros an qarxnis laboratoriebSi.  

Termuli da qimiur-Termuli damuSavebis Semdeg kontrolis ZiriTad 

xerxs sisalis gansazRvra warmoadgens. maRal sisaleze nawrTobi, agreTve 

detalebi, cementaciis, cianirebis, wrTobisa da moSvebis Semdeg, rokvelis 

an vikersis xelsawyoze kontrolirdeba. azotirebuli detalebis kontro-

lisaTvis gamoiyeneba vikersis xelsawyo. 
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gaumjobesebis  Semdeg  sisalis  gansazRvra brinelis erTeulebSi xor- 

cieldeba. nawrTobi detalebis sisalis xarisxobrivi SefasebisaTvis Se-

saZlebelia tarirebuli qlibis gamoyeneba. kontrolis es meTodi Sedare-

biT martivi, swrafi da iafia, magram, igi garkveul gamocdilebas moiTxovs. 

Cveulebriv, rokvelisa da vikersis xelsawyoebze detalebis 5-10% mowmdeba, 

xolo danarCenis kontroli qlibiT xdeba. 

Termuli damuSavebis Semdeg struqturas metalografiuli SlifebiT 

swavloben. mikroSlifis mosamzadeblad nimuSebs Txeli alundis an karbo-

rundis qargoliT amoWrian. moSvebis asacileblad nimuSebis amoWris dros, 

detals intensiurad aciveben emulsiiT an sxva siTxiT. 

dacementebuli da dacianebuli detalebis xarisxis kontrolisaTvis 

mowme_nimuSebs iyeneben, romlebic igive masalisgan aris damzadebuli, ris-

ganac Tavad detali. am mizniT SesaZlebelia, agreTve, meqanikur saamqroSi 

wundebuli nakeTobidan CamonaWrebis gamoyeneba, romlebic qimiur-Termul 

damuSavebas vargis detalebTan erTad gadioda. 

dacementebuli Sris siRrmis miaxloebiTi gansazRvra, nawrTobi mowmis 

Camotexisa da 3000C-mde gaxurebis Semdeg (rodesac fenaSi lurji JRala 

feri miiReba) xorcieldeba. fenis siRrme TvaliT ganisazRvreba an saxaza-

viT izomeba. ufro zusti analizisTvis warmoebs momwvari nimuSis mikro-

Slifis Seswavla mikroskopSi. 

mniSvnelovania dacementebuli Sris struqturis kontroli nawrTobi 

nimuSis mikroSlifze dakvirvebiT. dacementebuli detalis struqturis xa-

risxi specialuri skalis balebSi fasdeba, romelic qarxanaSia SemuSave-

buli. #48 suraTze, magaliTis saxiT, warmodgenilia narCeni austenitis, 

xolo #49 suraTze – Warbi karbidebis mikrostruqturebis skala 30ХГТ 

foladis cementirebul SreSi uSualod wrTobisa da dabali moSvebis Sem-

deg. detalebi, romelTa struqtura #48 suraTze warmodgenili skalis 1-5 

bals Seesabameba, vargisad iTvleba, xolo 6-8 balis struqturis mqone de-

talebi, ganmeorebiT, Termul damuSavebaze igzavneba. 

      analogiurad, detalebi, romelTa struqtura #49 suraTze warmodge-

nili skalis 1-3 bals Seesabameba, vargisia, xolo 4-6 balis struqturis 

mqone detalebs ganmeorebiTi Termuli damuSaveba utardeba. 

RerZula da brtyel detalebs, romlebsac Termuli damuSavebis dros 
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formis Secvlisken midrekileba gaaCnia, gamarTvas da simrudeze kontrols 

utareben. imisaTvis, rom Termuli damuSavebis Semdeg xexvis dros RerZze 

Savi ubnebi ar darCes, detalis simrude cal mxares xexvaze gaTvaliswine-

buli namatis naxevars ar unda aRematebodes.  

brtyeli detalebis (filebis) simrude Supis gamoyenebiT mowmdeba. 
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nakeTobis mTlianobis daurRvevlad nawrTob detalze zedapiruli 

wvrili bzarebis aRmosaCenad farTod iyeneben magnitur meTods – magnitur 

defeqtoskopias. am meTodiT kontrolirdeba, magaliTad, zambarebi, saresore 

furclebi, sabruni muStebi, avtomobilis saWis marTvis detalebi da sxva. 

Ria zedapiruli defeqtebi, magaliTad, mikrobzarebi, SeiZleba lumi-

niscenturi meTodiT gamomJRavndes. magnitur defeqtoskopiasTan SedarebiT, 

romelic mxolod magnitur liTonebSi iZleva defeqtebis gamomJRavnebis 

SesaZleblobas, luminiscenturi meTodiT SeiZleba rogorc magnituri, ise 

aramagnituri masalebisgan damzadebuli detalebis kontroli. 

 

3. instrumentis kontroli Termuli damuSavebis Semdeg 

Termuli damuSavebis Semdeg, instrumentis xarisxis kontrolis miz-

niT, awarmoeben Semdeg samuSaoebs: 

a) zedapiruli defeqtebis (bzarebis, mWrel pirze Semodnobili ubnebis 

da a.S) gamomJRavnebas; 

b)  sisalis gansazRvras; 

g)  mikrostruqturis kontrols; 

d)  simrudis xarisxis gazomvebs. 

zedapiruli defeqtebis gamomJRavneba gasufTavebuli instrumentis 

100%-iani vizualuri daTvalierebiT xorcieldeba. faruli defeqtebis aR-

mosaCenad, gansakuTrebiT rTul fasonur instrumentebSi, magnitur defeqto-

skopias iyeneben. 

sisalis kontrols yvela Termulad damuSavebuli instrumenti eqvem-

debareba. am mizniT iyeneben rogorc rokvelis xelsawyos, ise tarirebul 

qlibs. SesaZlebelia kontrolis  sxva  meTodis  gamoyenebac. rogorc wesi,  

amowmeben intrumentis ara marto muSa nawils, aramed bolovanas sisalesac. 

tarirebuli qlibiT sisalis kontrolTan erTd gaunaxSirbadoebul fenasac 

avlens.  

samWedlo tvifaris kontroli brinelis specialur wnexze xorcieleba.  

dacementebis, dacianebis an nitrocementaciis Semdeg mikrostruqturis 

kontrols SerCeviT awarmoeben (instrumentebis partiidan 3-5%). qimiur-Ter-

mulad damuSavebul nimuSebSi fenis siRrme da misi xarisxi ganisazRvreba. 

swrafmWreli foladisagan damzadebul Rerovan instrumentebSi (burRi, 
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 Sigsaxraxni, safarTi da sxva) moSvebis xarisxs amowmeben. aseTi kontroli-

saTvis specialur xelsawyos – magnitur analizators, austometrs iyeneben. 

Rerovani instrumentebis 100% simrudeze kontrols eqvemdebareba. burRebi 

konusuri bolovaniT centrebSi mowmdeba, xolo cilindruli bolovaniT – 

filebze. 
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VI Tavi. liTonis xarisxis kontrolis struqturuli  

meTodebi 

 

1. makroskopuli da fraqtografiuli analizi 
 

liTonis agebulebis Seswavlas SeuiaraRebeli TvaliT an mcire gadi-

debiT (x30) kvlevis makroskopuli meTodi ewodeba. am SemTxvevaSi xedvis 

areSi sakmaod didi farTobi xvdeba, rac karg warmodgenas iZleva liTonis 

saerTo agebulebaze. 

makroskopuli kvlevis meTodi gamoiyeneba _ liTonSi dendrituli 

agebulebis, Cajdomis sifxvieris, airovani niJarebis, widis CanarTebis, bza-

rebis, struqturuli araerTgvarovnebis, fosforisa da gogirdis likvaci-

isa da SenaduRi nakeris xarisxis gamosamJRavneblad. 

makroanalizi ver avlens liTonis agebulebis mraval Taviseburebas, 

amitom kvlevis es meTodi, Cveulebriv, nimuSis winaswari SeswavlisaTvis 

gamoiyeneba. makrostruqturuli kvlevis monacemebiT SeiZleba SeirCes Sesas-

wavli zedapiris is saintereso ubnebi, romelTa kvleva Semdgom ufro gul-

dasmiT unda Catardes mikroanaliziT. liTonis agebulebas, romelic Seuia-

raRebeli TvaliT an mcire gadidebiT mJRavndeba, makrostruqtura ewodeba. 

kvleva SeiZleba Catardes nakeTobis rogorc bunebriv, ise specialu-

rad momzadebul zedapirsa an texilze dakvirvebiT. zedapiris momzadeba 

xexviTa da saTanado reaqtiviT damuSavebis gziT xdeba. makroanalizisaT-

vis momzadebul nimuSs makroxexi ewodeba. Tu makroxexi momzadebulia na-

keTobis ganiv kveTSi, mas templets uwodeben. 

ngrevis zedapiris SeswavlisaTvis farTod sargebloben fraqtogra-

fiuli kvlevis meTodebiT. am mizniT SesaZlebelia optikuri mikroskopis 

gamoyeneba, Tu texilze dakvirveba naturaluri zomebis SemcirebiT an mci-

re gadidebis pirobebSi (araumetesi x50, makrofraqtografia) xdeba. aRniSnu-

li gamadideblobis zemoT, mikroskopis garCevisunarianobis zRvramde zeda-

piris Seswavlas mikrofraqtografia ewodeba. struqturis ufro mcire de-

talebis kvlevisaTvis eleqtronuli mikroskopi gamoiyeneba. texilis zeda-

piris kvlevas eleqtronuli mikroskopiT eleqtronuli fraqtografia ewodeba. 

 

 



91 

 

texilis makroanalizi  

  
makrostruqturis kvleva nakeTobis mTlianobis daurRvevlad Sedare-

biT iSviaTad gamoiyeneba, radgan am SemTxvevaSi SesaZlebelia mxolod li-

Tonis zedapirze arsebuli defeqtebis gamovlena. magaliTad, metalurgiu-

li warmoebis wunisa da bzarebis, romlebic liTonis damuSavebis an eqs-

pluataciis procesSi ganviTarda. 

umravles SemTxvevaSi makrostruqturis Seswavla ufro moxerxebulia 

texilze dakvirvebiT Catardes. texili garkveuli miaxloebiT liTonis 

struqturas asaxavs da amdenad, misi Tvisebebis Sesaxeb msjelobis saSua-

lebas iZleva. texilis guldasmiT Seswavlam SeiZleba mniSvnelovani infor-

macia mogvces liTonis Tvisebebze, radgan igi nakeTobis yvelaze Sesuste-

bul adgilas viTardeba.  

Cveulebriv, texili zedapiris winaswari damuSavebis gareSe Seiswav-

leba. zog SemTxvevaSi makrostruqturis ufro mkafiod gamomJRavnebis mizniT, 

SeiZleba 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 umni-

Svnelo plastikuri deformacia uswrebs da marcvlis forma TiTqmis ar ma-

xinjdeba. texili SeiZleba ganviTardes rogorc marcvlis sazRvrebze, ise 

marcvlebze. pirvel SemTxvevaSi texils interkristaluri, anu kristalT-

Sorisi ewodeba (sur. #50 a), meore SemTxvevaSi – transkristaluri, anu Siga-

kristaluri (b). 

kristalTSorisi texili, yvelaze xSirad, maRal temperaturaze gaxu-

rebuli 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. #51). igi, Cveulebriv, cxeli meqanikuri 

damuSavebisas liTonis gadaxurebis Sedegia. aseTi liToni msxvilmarcvlo-

vani agebulebiT gamoirCeva. 

      transkristaluri xasiaTis rRvevis Sedegad, zogjer qerclovani age-

bulebis texili miiReba, romelic garegnulad nafTalins mogvagonebs.  ami- 
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tom mas nafTalinisebri texili ewode-

ba. aseTi texili SerCeviTi bzinvarebiT 

gamoirCeva da isic liTonis gaxurebaze 

miuTiTebs. Tu sxmuli liTonis rRveva 

dendrituli kristalebis sazRvrebze 

ganviTarda, myife texils dendrituli 

ewodeba (sur. #52). 

    blanti texili boWkovani agebulebi-

saa (sur. #53). liTonis marcvlebis for-

ma da zomebi Zlier damaxinjebulia, vina-

idan rRveva mniSvnelovani plastikuri de-

formaciis pirobebSi  mimdinareobs. cxa- 
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dia, boWkovani texiliT liTonis sawyisi agebulebis Seswavla SeuZlebelia. 

     daRlilobiT texilSi mkafiod gairCeva sami zona:  rRvevis kera (mik-

robzaris warmoqmnis ubani, romelic #54 a suraTze isriTaa miTiTebuli), 

daRlilobisa da rRvevis damTavrebis zonebi (sur. #54, #55). ngrevis kera 

zedapirs esazRvreba da gluvi, TiTqos milesili, gaprialebuli zedapiriT xa-

siaTdeba. igi TandaTanobiT warmoiqmneba daRlilobiTi napralis (bzaris) 

ganviTarebis Sedegad.  
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meore, daRlilobiT zonaSi, rogorc wesi, moCans damaxasiaTebeli 

naRarebi, romlebsac rgolebis konfiguracia aqvs (sur. #54). es daRlilo-

biTi bzaris naxtomisebr wawevaze miuTiTebs. #54 a fraqtogramaze  daRli- 

lobis zolebi imis maCvenebelia, rom nakeTobis rRvevamde bzari TiTqmis 

ganivkveTis 90%-ze gavrcelda. #54 b fraqtogramaze gamosaxulia texili, 

romelic mRunavi Zabvebis sami mimarTulebiT zemoqmedebis Sedegad aris 

miRebuli. 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 #55 suraTzea mocemuli (II ubani).  

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

rebul muSa kveTSi Zabvis sidide im mniSvnelobamde ar gaizrdeba, romelic 

nakeTobis srul rRvevas gamoiwvevs.     

rRvevis damTavrebis zona liTonis agebulebasa da Tvisebebze  damoki- 
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debulebiT blanti (III, sur. 55) an myife rRveviT xasiaTdeba. texilze swo-

rad Catarebuli makroanalizi yvelaze srulyofilad axasiaTebs liTonis 

rRvevis suraTs. 

  

2. Slifis makroanalizi 

 

  defeqtebisa da truqturis gamomJRavneba liTonSi zedapiruli da 
Rrmad amoWmis meTodebiT 

 

makroxexis momzadeba. makroxexis mosamzadeblad saWiroa gamosakv-

levi nimuSis amoWra nakeTobis yvelaze saintereso adgilidan da winaswari 

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 ise-

Ti mimarTuleba, romelic Sesaswavli struqturis yvelaze mkafio gamomJRav-

nebas uzrunvelyofs. 

metalurgiuli produqciis zogierTi saxeobisaTvis rekomendebulia 

nimuSis amoWris Semdegi sqemebi: 

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

romelTagan erT-erTi Cajdomis niJaris qveda zonidan amoiWreba. 

2. relsisaTvis – ori ganivi Wrili TiToeuli bolodan. 

3. vagonis an lokomotivis RerZisaTvis – sam_sami ganivi Wrili, amas-

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

da boloSi. 

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

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

Suagulidan – erTi. 

safrez an sarand Carxze damuSavebis Semdeg nimuSis sakvlevi zedapi-

ri jer saxex Carxze, xolo Semdeg zumfaris qaRaldiT muSavdeba. xexva 

uxeSi abraziuli marcvlovnebis zumfariT iwyeba da TandaTanobiT ufro 

wvrilmarcvlovanze gadasvliT mTavrdeba. saboloo xexvisaTvis, Cveuleb-

riv, 125-75 mkm marcvlovnebis zumfaris qaRaldi gamoiyeneba. zumfaris erTi 

nomridan meoreze gadasvlisas nimuSis zedapiri irecxeba da xexvis mimar-
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Tuleba 900-iT icvleba. makrokvlevisaTvis nimuSi gaprialebiT damuSavebas 

ar saWiroebs. 

 
 makrostruqturis gamomJRavnebis xerxebi.  defeqts, romelic liTo-

nis mTlianobas (uwyvetobas) arRvevs, miekuTvneba Cajdomis sifxviere, airo-

vani niJara, sicariele da bzari. zodSi, sxmulSi, glinviT an WedviT damza-

debul nakeTobaSi defeqtis gamosamJRavneblad ufro mizanSewonilia temp-

letis damzadeba, xolo SenaduRi nakeris gamosakvlevad – grZivi Wrilis-

gan damzadebuli makroxexis Seswavla. 

aRniSnuli defeqtebis gamosamJRavneblad iyeneben rogorc zedapiru-

li, ise Rrmad amoWmis reaqtivebs.  

Rrmad amoWmis reaqtivebi upiratesad sxmulisa da naglinis makroana-

lizisaTvis gamoiyeneba. reaqtivebis Sedgeniloba #1 cxrilSia mocemuli. 

Rrmad amoWmisaTvis makroxexis zedapirs winaswar wmenden spirtiT 

WuWyis mosacileblad, xolo Semdeg CatvirTaven abazanaSi, romelSic reaq-

tivia Casxmuli. zogierT SemTxvevaSi amoWma gamwov karadaSi reaqtivSi das-

velebuli tamponiT xdeba. amoWmis Semdeg makroxexs maSiT an rezinis xel-

TaTmanis meSveobiT iReben.  

naTeli zedapiris misaRebad, rac aadvilebs makrostruqturul kvle-

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

iani azotmJavaTi recxaven da aSroben. uJangavi liTonis nimuSi jer wyliT 

irecxeba, xolo Semdeg - specialuri xsnariT, romelic aseTi Sedgenilobi-

saa: 100ml H2SO4, 50g K2Cr2O7, 100ml wyali. 

Rrmad amoWmis reaqtivi Zlier urTierTqmedebs foladis zedapirTan. 

amasTanave, koncentrirebuli mJavebisa da maTi narevebis agresiuli zemoq-

medeba liTonis zedapirze araTanabaria: im ubanSi, sadac aris forebi, ni-

Jarebi, bzarebi, 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  

sazRvari da liTonis dinebis mimarTuleba. Tumca susti zemoqmedebis gamo 

isini ver cvlis Rrmad amoWmis reaqtivebs flokenebis, bzarebis, sifxvieri-  
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                                                                    cxrili #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 naleqs 
acileben bambiT wylis Wav-
lis qveS. defeqturi ubnebi 
ufro Zlier aris 
amoWmuli.  
 
aluminisa da spilenZis Se-
nadnobebi amoWmis Semdeg 
irecxeba wyliT, 1-2 wamiT 
itvirTeba HNO3-is 50%-ian 
xsnarSi, irecxeba cxeli 
wyliT da NaOH-is 10-15%-
ian wyalxsnarSi. 
 
duraluminis tipis Se-
nadnobisaTvis amoWmis 
Semdeg aucilebelia 
garecxva da gaSroba 

 

sa da iseTi forebis gamosamJRavneblad, romlebic liTonis zedapirze ar 

gamodis.  

zedapiruli amoWmis reaqtivebi gansakuTrebiT farTod gamoiyeneba 

mcire da saSualonaxSirbadiani foladis makroanalizis Casatareblad. yve- 

laze  farTo gamoyeneba, pova spilenZis ionebis Semcvelma reaqtivebma. amo-

Wmis win nimuSi spirtiani bambiT iwmindeba da reaqtivSi itvirTeba. wyal-

xsnaridan gamoZevebuli spilenZi makroxexis zedapirze ileqeba. im ubnebSi, 
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sadac raime defeqtia (fori, bzari, araliTonuri CanarTi), mimocvlis reaq-

cia srulad ar mimdinareobs, ris Sedegadac defeqtis adgilebi naklebad 

ifareba spilenZiT da reaqtiviT ufro intensiurad amoiWmeba.  

#56 suraTze gamosaxulia SenaduRi SeerTebis makroxexi amoWmamde (a) 

 da geinis reaqtiviT (ix. cxr. #1) amoWmis Semdeg (b). makroanaliziT pira-

pir ubnebSi gamomJRavnebulia forebi. ZiriTad liTonSi moCans, agreTve, mu-

qi zolebi, romlebic avlenen naxSirbadiT, gogirdiT da fosforiT gam-

didrebul ubnebs.  

TujSi sxmuli (dendrituli) struqturis gamosamJRavneblad boris 

mJavaTi gajerebuli marilmJava gamoiyeneba. moqmedebis dasaCqareblad reaq-

tivs SeiZleba mcire raodenobiT wyali daematos. 

 nimuSi ramdenime wuTiT itvirTeba reaqtivSi, Semdeg ki msubuqad pri-

aldeba. 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 per- 
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sulfatis  15%-iani wyalxsnari  gamoiyeneba. makroxexi 5-10 wuTis ganmavlo-

baSi 80-900C-mde gacxelebul reaqtivSi itvirTeba, ris Semdeg wyliT irecxeba 

da Sreba. 

maRali kontrastulobis misaRebad zemoT aRniSnuli reaqtiviT damuSa- 

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

Semdeg iwmindeba da 2-3 wuTis ganmavlobaSi muSavdeba, amjerad civi 15%-iani 

amoniumis persulfatis wyalxsnariT. 

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

tura imsxvreva, marcvlebi da araliTonuri CanarTebi deformaciis mimar-

TulebiT 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 ze-

dapiri 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 Ca-

sxmuli 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.  

#57 suraTze mocemulia sxmuli foladisa (a) da avtomanqanis gamoWe- 

dili naxevarRerZis (b) makrostruqturebi. rogorc am masalidan Cans, boW-

koebis mimarTuleba naWedis garegnul formasTan aris Tanxvdenili. 

  

3. mikroskopuli analizi 

 

adamianis Tvali bunebrivi optikuri xelsawyoa. Tvalis baduraze mka-

fio gamosaxulebis miReba damokidebulia rogorc dasakvirvebeli sagnis 

zomebze, ise Tvalidan mis daSorebaze. umciresi manZili, rodesac adamiani 

Sesaswavl sagans garkveviT xedavs, 250mm-ia. Tu dasakvirvebeli sagnis zome-

bi 0,3mm-ze naklebia, TvaliT misi formisa da calkeuli detalebis garCeva 

SeuZlebeli xdeba. am SemTxvevaSi aucilebelia adamianis Tvalis SeiaraReba  
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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 metalografiu-

li mikroskopiT sargebloben. 

liTonis agebulebis kvlevas, specialurad momzadebul nimuSze, meta-

lografiuli mikroskopis saSualebiT (50-2000-jer gadidebisas), kvlevis 

mikroskopuli meTodi ewodeba. ufro did gadidebaze (100000-mde), kvlevis 

aucileblobis SemTxvevaSi, eleqtronuli mikroskopi gamoiyeneba. 

cnobilia, rom liTonis struqturasa da Tvisebebs Soris arsebobs 

xarisxobrivi da raodenobrivi kavSiri. mikroskopuli analizis ZiriTadi 

upiratesoba swored isaa, rom igi saSualebas iZleva, mikroanalizis mona-

cemebis safuZvelze, vimsjeloT manqanaTa nawilebisa Tu konstruqciebis 

saimedoobaze. mikroanalizis (zogjer makroanalizis) monacemebiT SeiZleba 

davadginoT, rogor Seicvleba liTonis meqanikuri, fizikuri an qimiuri Tvi-

sebebi, struqturis ama Tu im mimarTulebiT cvlilebisas. ufro metic, Se-

saZlebelia mieTiTos struqturis gaumjobesebis iseTi efeqturi gzebi, ro-

melic sasurveli mimarTulebiT Secvlis liTonis Tvisebebs, anu prognozi-

reba gaukeTdes 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 Canar-

Tebi da sxva. 

calkeul SemTxvevebSi mikroanalizi Senadnobis  qimiuri Sedgenilo- 

bis miaxloebiTi gansazRvris SesaZleblobasac iZleva. 

liTonis agebulebas, romelic mikroanaliziT Seiswavleba, mikrostruq-

tura ewodeba. mikrostruqturis Sesaswavlad gamosakvlevi masalidan unda 

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

rialeba, amoWma). mikrokvlevisaTvis momzadebul nimuSs mikroxexi ewodeba. 

      amrigad, mikroskopuli analizi or ZiriTad etaps moicavs: 1. mikroxe-

xis momzadebas; 2. metalografiuli mikroskopis saSualebiT mikroxexis 

kvlevas 

 

 metalografiuli mikroskopi 
 
      metalografiul mikroskopSi (sur. #58) ori gamadidebeli optikuri 

sistemaa gamoyenebuli: obieqtivi (1, 

2) da okulari (3, 4). obieqtivi adi-

debs dasakvirvebel ubans, xolo oku-

lari – mxolod im gamosaxulebas, 

romelic obieqtividan miiReba da ar 

avsebs mas araviTari axali elemen-

tiT, Tu isini obieqtivis 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 – qroma-

tulsa da sferul aberaciebs, rom-

lebic sinaTlis sxivis frontalur 

linzaSi gavlisas warmoiqmneba. obi-

eqtivis korpusze miTiTebulia misi 
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F fokusuri manZili da A apertura. okulari iZleva Sesaswavli ubnis sabo-

loo suraTs, Tanac igi asworebs iseT optikur defeqtebs, romlebic rTuli 

konstruqciis obieqtivis gamoyenebis SemTxvevaSic ki ar ispoba. okularis 

gamadidebloba mis korpuszea miTiTebuli. 

     gamosakvlevi AB (sur. #58) nimuSi Tavsdeba obieqtivis win, misi F foku-

sidan mcire manZilze. sagnis ganaTebisas sinaTlis sxivi nimuSidan airek-

leba, gardatydeba obieqtivis 1 da 2 linzaSi, gaivlis okularis 3 linzaSi 

da iZleva sagnis namdvil, Sebrunebul da gadidebul B1A1 gamosaxulebas. 

TvaliT dakvirvebisas linza, romelic am SemTxvevaSi lupis rols asru-

lebs, iZleva sagnis warmosaxviT, gadidebul da Sebrunebul B2A2 gamosaxu-

lebas, romelic mikroskopSi Sesaswavli sagnis saboloo saxea. Cveulebriv, 

gamosaxuleba okularidan 250mm-ze proeqtirdeba. 

 
      mikroskopis garCevis unari. obieqtivis linzis Tvisebas, ganacalkeos 

mikrostruqturis axlomdebare detalebi, garCevis unari ewodeba. obieq-

tivis garCevis unari d Semdegi formuliT ganisazRvreba: 

A
d


 ,        (1) 

sadac   aris sinaTlis sxivis talRis sigrZe angstremebSi (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  ,        (2) 

sadac n  aris obieqtivsa da nimuSs Soris arsebuli garemos gardatexis 

koeficienti; 

  - obieqtivis naxvretis, anu aperturuli kuTxe, romelsac sakvlevi 

nimuSidan arekvlili OA da OB zRvruli sxivebi qmnis (sur. #59).  

rac ufro metia aperturuli kuTxe da garemos gardatexis koeficien-

ti, miT ufro meti iqneba obieqtivis apertura da, aqedan gamomdinare, mik-

roskopis garCevis unari. 
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    Cveulebriv pirobebSi momuSave mikroskop-

Si obieqtivsa da gamosakvlev sagans Soris ha-

eria. aseT obieqtivs mSrali obieqtivi ewodeba. 

    radgan obieqtivis aperturuli kuTxe praq-

tikulad 1440-s Seadgens,  

2
sin


=0,951.       (3) 

      haeris gardatexis koeficienti  =1; am 

pirobebisaTvis ricxobrivi aperturis udidesi mniSvneloba toli iqneba: 

        2
sin2


n = 2112  ,            (4) 

xolo garCevis unari     

                        3000
2

6000


A
d


Å=0,3 mkm       (5) 

mikroskopis garCevis unaris gasazrdelad, dasakvirvebel sagansa da 

obieqtivs Soris xelovnurad qmnian iseT garemos, romelsac haerTan Seda-

rebiT didi gardatexis koeficienti eqneba. am mizniT kedris zeTi gamoiye-

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

sivrceSi Tavsdeba, imersia ewodeba, xolo aseT garemoSi momuSave  obieq-

tivs – imersiuli obieqtivi. 

imersiuli obieqtiviT muSaobisas mikroskopis garCevis unari 

          
15,12

6000

2
sin2








n

d =2000Å=0,2 mkm.       (6) 

 mikroskopis gamadidebloba. mikroskopis saerTo gamadidebloba obieq-

tivisa da okularis gamadideblobebis namravlis tolia: 

                                      Nm=NobNok                                                          (7) 

 obieqtivis gamadidebloba 

                                                                    Nob=
obf

l
,                                              (8) 

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

Soris manZili (sur. 58); 

 obf _ obieqtivis fokusuri manZili. 

 okularis gamadidebloba  Nok=
okf

250
,                     (9) 
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 sadac okf  aris okularis fokusuri manZili. 

 Tu CavsvamT Nob  da Nok  mniSvnelobebs mikroskopis saerTo gamadideb- 

lobis gamosaTvlel formulaSi (7), miviRebT: 

                                Nm=
obf

l


okf

250
.          (10) 

 mikroskopis maqsimaluri sasargeblo gamadidebloba, romlis saSua-

lebiTac Sesaswavli nimuSis detalebi mJRavndeba, ganisazRvreba tolobiT: 

                                     
2

1

d

d
M  ,             (11) 

 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 ,         (12) 

xolo imersiuli obieqtiviT muSaobisas   

                 1500
2,0

300
M .         (13) 

 simkveTris siRrme. simkveTris siRrme aris obieqtivis Tviseba, mka-

fiod asaxos gamosakvlevi obieqtis sxvadasxva sibrtyeSi ganTavsebuli de-

talebi. es sidide 
2

1

A
 gamosaxulebis proporciulia, rac imas niSnavs, rom 

uxeSi zedapiris mqone nimuSis mikroskopze Seswavlisas, mizanSewonilia 

mcire ricxobrivi aperturis mqone obieqtivis gamoyeneba.  

  

MМИМM_7 vertikaluri metalografiuli mikroskopi 

 

MИM_7 tipis metalografiul mikroskopze SesaZlebelia nimuSis 

gamokvleva Catardes rogorc naTel, ise Cabnelebul areSi, vertikaluri an 

iribi ganaTebiT, agreTve, polarizebuli sinaTlis sxivis gamoyenebiT. 

mikroskopis gamadidebloba icvleba 60-dan 1440-mde. 

metalografiuli mikroskopi Sedgeba optikuri, gamanaTebeli da meqa-

nikuri sistemebisagan. mikrogamosaxulebis fiqsirebisaTvis konstruqciaSi 

gaTvaliswinebulia fotomowyobiloba. 
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optikuri sistema. MИM_7  tipis metalografiuli mikroskopis  opti- 

kuri sistema Sedgeba obieqtivis, okularisa da mravali damxmare optikuri 

elementisagan (sur. #60). 

mZlavri (1) naTuridan sinaTlis sxivi (2) koleqtoris gavliT (3) sarkes 

ecema, saidanac airekleba da (4) Suqfiltris (mkveTri kontrastulobis mi-

saRebad, Cveulebriv, yviTeli feris Suqfiltri gamoiyeneba), (5) aperturu-

li diafragmis, (6) linzis, (7) fotoCamketisa da (8) mxedvelobis aris diaf-

ragmis gavliT (9) pentaprizmas ecema, sadac igi gardatydeba. gardatexili 

sxivi gaivlis (10) linzas da xvdeba (11) prtyelparalelur amrekl firfi-

taze, saidanac dacemuli sinaTlis nakadis daaxloebiT 1/3 airekleba. are-

kvlili sxivi (12) obieqtivis gavliT, gamosakvlev obieqts – (13) mikroxexs 

ecema. mikroxexis gaprialebul zedapirze dacemuli sinaTlis sxivi kvlav  

airekleba, gaivlis (12) obieqtivSi da paraleluri konis saxiT amrekli 

firfitisa da aqromatuli (14) linzisaken miemarTeba. 

vizualuri dakvirvebisas optikur sistemaSi CarTulia (18) sarke, ro-

melic sxivs (19) okularis mimarTulebiT gadaxris. mikrostruqturis fo-

togadaRebisaTvis (18) sarke tubusis zeda kidura mdgomareobamde  amoweviT   
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gamoiTiSeba optikuri sistemidan da sxivi (15) fotookularis  gavliT (16) 

sarkisken miemarTeba, airekleba da gamosaxulebas fotokameris (17) mqrqal 

minaze  iZleva. 

      polarizebuli sxiviT dakvirvebisaTvis optikur sistemaSi, sinaTlis 

wyaros maxloblad, Tavsdeba Casadgmeli (21) polarizatori, xolo (20) po-

larizatori_analizatori, romelic mikroxexidan arekvlili polarizebu-

li sxivis koncentracias axdens, okularis win an obieqtivsa da okulars 

Soris magrdeba. 

polarizebuli sinaTlis sxiviT Seiswavleba Senadnobebi, romelTa  

fazebi arakuburi sistemis kristaluri gisosisgan aris Sedgenili. Tu ga-

mosakvlevi obieqti optikurad izotropulia, polarizatorisa da analiza-

toris Sesabamisi urTierTmdebareobiT SeiZleba sinaTle srulad STainT-

qas, winaaRmdeg SemTxvevaSi sinaTle srulad ar STainTqmeba da zogierTi 

marcvali ganaTebuli, zogi ki muqad gamoCndeba. Tu CanarTebi gamWvirvalea, 

nimuSidan arekvlili sinaTlis nawili gardatydeba mis gare da Siga zeda-

pirebze, amitom, aseTi xasiaTis CanarTebi mikroskopSi naTeli laqis saxiT 

moCans an sxvadasxvafrad iRebeba. magaliTad, spilenZis SenadnobebSi spi-

lenZis qveJangis CanarTebi wiTlad moCans. CanarTis gamWvirvalobis, ferisa 

da anizotropiulobis analizis safuZvelze, SeiZleba gamosakvlevi nimuSis 

bunebaze msjeloba.  

mikrostruqturis wvrili, reliefuri agebulebis mkveTri gamomJRavne-

bisaTvis (magaliTad, araliTonuri CanarTebis Seswavlis dros) mizanSewo-

nilia kvleva yovelmxrivi iribi ganaTebiT, anu muq areSi dakvirvebiT Ca-

tardes. am SemTxvevaSi mikroskopis optikuri sistemis  sqema  imiT gansxvav-

deba naTel areSi kvlevis optikuri sqemisagan, rom 10 linzis nacvlad ga-

manaTebel sistemaSi (24) linzaa CarTuli (sur. #61), romlis erT-erTi ze-

dapiris centraluri nawili diskos formis gaumWviri laqiT aris dafa-

ruli. igi akavebs sinaTlis nakadis centralur nawils da mxolod ganapi-

ra sxivebs atarebs, romelic (25) sarkes wriuli rgolis saxiT ecema. imisaT-

vis, rom sinaTlis sxivi ar moxvdes (11) amrekl firfitaze, gamoiyeneba (23) 

safari. wriuli sarkidan arekvlili sxivi koncentrirdeba (22) paraboluri 

sarkis Siga zedapirze, romelic obieqtivzea damagrebuli da masTan erTad 

erTi mTliani konstruqciaa. aseT obieqtivs epiobieqtivi ewodeba. parabo-

luri sarkidan sxivi mikroxexs ecema. amrigad, muq areSi dakvirvebisas obi-
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eqtivi gamanaTebeli sistemidan gamoTiSulia. muq areSi dakvirvebisas obieq-

tivSi xvdeba nimuSis amoSverili zedapirebidan arekvlili difuzuri sxi-

vebi, xolo danarCeni fazebi mikroskopSi muqad gamoCndeba. 

mikroxexis iribi ganaTebiT gamokvlevisTvis saWiroa (5) aperturuli 

diafragma (sur. #60) an (1) sinaTlis wyaro optikuri RerZis mimarT gadaad-

gildes. mikroskopSi mikroxexis gamoSverili adgilebi ufro naTlad  

mJRavndeba da Crdilavs Sesaswavli mikroubnis danarCen zedapirs. aqedan 

gamomdinare, kvlevis am meTodis ZiriTadi upiratesoba gamosaxulebis kont-

rastis mkveTrad gazrdaa.  

rogorc muq areSi dakvirvebisas, ise iribi ganaTebis SemTxvevaSi kar-

gad mJRavndeba metalografiuli mikroxexis wuni – nakawrebi, wertilovani 

defeqtebi, reliefi, romlebic mikroxexis momzadebisas miiReba. amitom, kvle-

vis es meTodebi, xSirad, mikroxexis momzadebis xarisxis Sesamowmebladac 

gamoiyeneba. 

 

gamanaTebeli sistema. metalografiuli mikroskopis gamanaTebelma 

sistemam unda uzrunvelyos gamosakvlevi obieqtis mTliani farTobis sakma-

od intensiuri da Tanabari ganaTeba. amisaTvis gamanaTebel sistemaSi gaT-

valiswinebulia sinaTlis wyaro (K 30 tipis mZlavri naTura, romelic muSa-

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

transformatoridan Rebulobs. 

kvlevis obtimaluri pirobebis Sesaqmnelad optikur sistemaSi gaTva-

liswinebulia linzebis mTeli seria, Suqfiltrebi da diafragma. diafrag-

ma zRudavs sinaTlis sxivis kveTs, xolo Suqfiltrebis (feradi, mqrqali, 

kvamla) saSualebiT SeirCeva saWiro talRis sigrZe, anu garkveuli feris 

sxivi, rac ganaTebis iseT pirobebs uzrunvelyofs, romelic mkvlevris Tva- 
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lis gadaRlas ar gamoiwvevs. garda amisa, Suqfiltris sworad SerCeva sa-

Sualebas iZleva Seiqmnas sistemis optikuri elementebis muSaobis saukeTe-

so 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 marcvle-

bisgan Sedgeba, maqsimaluri kontrastulobis misaRebad rekomendebulia 

lurji Suqfiltris gamoyeneba, romelic sagrZnoblad Seasustebs yviTeli 

feris struqturuli Semdgenis sikaSkaSes. 

 
meqanikuri sistema. metalografiuli mikroskopis meqanikur sistemaSi 

gaerTianebulia Stativi, tubusi da sagnis magida.  

      mikroxexi Tavsdeba (8) sagnis magidaze (sur. #62) gamosakvlevi zedapi-

riT qvemoT, obieqtivis optikuri RerZis perpendikularulad. magidas aqvs 

fanjara, romelSic sxvadasxva diametris centraluri xvrelis mqone sacv-

leli (18) qvesadebi idgmeba. sinaTlis sxivi mikroxexs qvesadebis xvrelis 

gavliT ecema. horizontaluri sibrtyis ori urTierTmarTobi mimarTulebiT 

sagnis magidis gadaadgileba saTanado (9) xraxnebis saSualebiT xorciel-

deba, rac uzrunvelyofs mikroxexis sxvadasxva ubnis gamokvlevas SerCeu-

li fokusuri manZilis Seucvlelad. 

mkafio gamosaxulebis misaRebad saWiroa, nimuSis gamosakvlevi zeda-

piri fokusSi dadges. am mizniT mikroskopis korpusSi (14) makrometruli 

xraxnia gaTvaliswinebuli, romlis SemobrunebiT sagnis magida vertikalur 

sibrtyeSi gadaadgildeba. es uzrunvelyofs obieqtivTan nimuSis miaxloe-

bas an daSorebas da amiT mis daaxloebiT dafokusebas. sasurvel mdgomare-

obaSi magidis fiqsireba specialuri momWeriT xorcieldeba. zustad dafo-

kuseba mikrometruli xraxnis (4) saSualebiT xdeba, romlis erTi Semobru-

nebiT obieqtivi vertikalur sibrtyeSi milimetris meaTediT (umravles Sem-

TxvevaSi 2 mikroniT) gadaadgildeba. rac ufro metia obieqtivis gamadideb-

loba, miT ufro mcire unda iyos manZili obieqtivsa da mikroxexs Soris.  

(19) okulari vizualuri (5) tubusis siRrueSi Tavsdeba, xolo obieq-

tivi _ iluminatoris (7) tubusSi. 
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gamadideblobis SerCeva. nimuSis mikrostruqturuli kvlevisaTvis wi-

naswar irCeven gamadideblobas, rasac obieqtivisa da okularis wyvili gan-

sazRvravs. am mizniT praqtikulad #2 cxrilis monacemebiT sargebloben.        

     mkafio gamosaxulebis misaRebad obieqtivi da okulari iseTnairad un-

da SeirCes, rom mikroskopis saerTo gamadidebloba optikuri sistemis sa-

sargeblo gamadideblobas ar aRematebodes. amis misaRwevad saWiroa mikro-

skopis gamadidebloba iyos 500A-dan 1000A-mde intervalSi, sadac A aris  

obieqtivis apertura. gamadidebloba N=500A gviCvenebs qveda zRvars, xolo 

N=1000 A – zedas. Tu mikroskopis saerTo gamadidebloba qveda zRvarze nak-

lebia, srulad ar iqneba gamoyenebuli mikroskopis garCevis unari,  xolo 
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                                                             cxrili #2. 

          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 

  

Tu es mniSvneloba zeda zRvars aRemateba, uaresdeba gamosaxulebis xarisxi.  

magaliTad, Tu kvlevisaTvis SerCeuli obieqtivis apertura A=0,37, kargi 

xarisxis gamosaxulebis misaRebad mikroskopis saerTo gamadidebloba N  

unda moTavsdes intervalSi 0,37x5000,37x1000, anu 185-sa da 370-s Soris. rad-

gan 0,37 aperturis mqone obieqtivis gamadidebloba 24,5-is tolia, amitom, am 

pirobas daakmayofilebs okulari, romlis gamadidebloba aris: 

18524,5 37024,5  anu  7,5X 15X. 

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

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

mikrostruqturuli kvleva, Cveulebriv, mcire gadidebiT iwyeba, rad-

gan am SemTxvevaSi mxedvelobis areSi Sesaswavli zedapiris SedarebiT didi 

farTobi xvdeba. 

 
mikrostruqturis fiqsireba. mikroskopuli kvlevis udidesi nawili 

vizualuri dakvirvebiT xdeba da ar saWiroebs yvela gamokvleuli struq-

turis fiqsirebas. kvlevis xasiaTidan da miznebidan gamomdinare, umetes 

SemTxvevaSi sakmarisia nimuSis yvelaze saintereso da damaxasiaTebeli er-

Ti an ramdenime mikroubnis dafiqsireba. garda dasabuTebisa an sailustra-
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cio masalad gamoyenebisa, igi mkvlevars did daxmarebas gauwevs mikro-

struqturuli kvlevis Sedegad miRebuli informaciis analizis Catarebisas. 

arc Tu ise iSviaTad, mikrofotografiiT struqturis iseTi axali Tavise-

burebani mJRavndeba, romlebic SeumCneveli iyo vizualuri dakvirvebis 

dros. amitom, aucilebeli da metad saWiro xdeba mkvlevars win edos yve-

la nimuSis mikrostruqturis damaxasiaTebeli mikroubnebis asli, romle-

bic gamokvleuli da Seswavlili iyo sxvadasxva dros an, SesaZlebelia, 

sxvadasxva adgilas. 

mikrostruqturis fiqsirebis ori ZiriTadi xerxi arsebobs: Caxatvisa 

da mikrofotografirebis. 

pirveli xerxis upiratesoba isaa, rom adamianis Tvalis akomodaciis 

unarisa da mikroskopis fokusis ganuwyveteli Secvlis Sedegad, SeiZleba 

gamovikvlioT da CavixatoT reliefuri struqturis TiTqmis yvela detali. 

am SemTxvevaSi mikrofotografirebisaTvis aucilebeli iqneboda gadaRebe-

bis seriis Catareba mikroskopis zusti dafokusebiT, obieqtis reliefis 

garkveul doneebze. garda amisa, adamianis Tvali sakmaod mgrZnobiare opti-

kuri xelsawyoa da igi vizualuri dakvirvebisas struqturis iseT Tavise-

burebebs SeamCnevs, romlis gadaRebac metad Zneli iqneba, standartuli mik-

rofotografiuli meTodebis gamoyenebiT. misi qaRaldze Caxatva sqemis sa-

xiT SedarebiT ufro iolia. garda amisa, CaxatviT SeiZleba struqturis ar-

sebiTi detalebis fiqsireba meorexarisxovani, SemTxveviTi detalebis ugul-

vebelyofiT, romlebic SeiZleba niRbavdes kidec struqturis umTavres da 

damaxasiaTebel elementebs. Caxatvis xarisxi ganisazRvreba mkvlevris sifa-

qiziT da misi unariT gamosakvlevi obieqtis struqturaSi dainaxos mTavari 

da arsebiTi. 

mikrofotografireba, Caxatvis meTodTan SedarebiT, obieqturobiT xa-

siaTdeba da gamosaxulebis aslis advilad gamravlebis saSualebas iZleva, 

rac xSirad praqtikuli muSaobisaTvis aris aucilebeli.  

mikrostruqturis gadasaRebad unda SeirCes gamosakvlevi zedapiris 

yvelaze saintereso da saxasiaTo ubani, ris Semdeg mikroxexidan areklili 

sxivi, winaswar dayenebuli saproeqcio okularis (fotookularis) gavliT, 

mikroskopis fotokameris mqrqal minaze gadaaqvT. am mizniT vizualur tu-

buss (5, sur. #62) zeda kidura mdgomareobamde amosweven. cxadia, am SemTx-

vevaSi vizualuri dakvirvebisaTvis gaTvaliswinebuli okulari sistemidan 
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gamoTiSulia da mikroskopis gamadideblobas obieqtivTan erTad foto-

okulari (15, sur.  #60) gansazRvravs. mikrostruqturis dafokusebis Semdeg 

mqrqali mina specialur kasetaSi moTavsebuli fotofiriT icvleba. 

fotofiris daSuqebis xangrZlivobas, anu eqspozicias, struqturis 

ganaTebis xarisxi, sxivis intensiuroba, obieqtivis gamadidebloba da fo-

tofiris mgrZnobiaroba gansazRvravs. eqspoziciis SerCeva, Cveulebriv, eqs-

perimentuli gziT xdeba. 

mikrostruqturis gadaRebisaTvis gamoiyeneba feradi Suqisadmi mgrZno-

biare 9x12 sm zomis orToqromatuli firi. firis damuSaveba (negativis dam-

zadeba) da pozitivis dabeWdva fotografiaSi gamoyenebuli Cveulebrivi 

xerxebiTa da reaqtivebiT xdeba.  

specialuri gadamyvanis gamoyenebis SemTxvevaSi, mikrostruqturis fiq-

sireba SesaZlebelia cifruli fotoaparatiTac da kompiuteruli uzrunvel-

yofiT. 

 

  nimuSis momzadeba mikroskopuli kvlevisaTvis 

 
mikroskopSi gaumWviri masalebis SeswavlisaTvis aucilebelia, rom 

nimuSis zedapiri sakmaod intensiurad ireklavdes sinaTlis sxivs. amitom 

kvlevis Casatareblad nimuSs specialurad amuSaveben sarkisebri zedapiris 

misaRebad.   

 
nimuSis amoWra da montaJi. mikroskopuli analizis Casatareblad gan-

kuTvnili nimuSi unda amoiWras gamosakvlevi masalis im adgilidan, rome-

lic kvlevisTvis yvelaze saintereso ubans warmoadgens an teqnikuri pi-

robebiT aris gaTvaliswinebuli. masalis ufro srulyofili daxasiaTebi-

sTvis mizanSewonilia nimuSis ramdenime adgilidan amoWra. 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 zeda-

piris SerCevas, romelzedac mikroxexi unda momzaddes. magaliTad, Tu ga-

mosakvlevi obieqti naglinia, maSin mikroxexi im zedapirze unda momzaddes, 

romelic kargad daaxasiaTebs glinvis dros liTonis dinebis mimarTulebas.  

rbili masalidan, magaliTad, momwvari foladidan nimuSis amoWra Se-

iZleba  მოხდes liTonsaWrel Carxze, meqanikuri an xelis patara xerxiT, 
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xolo sali masalebidan, magaliTad, nawrTobi foladidan – Txeli abrazi-

uli qargolis gamoyenebiT. amasTanავე, mxedvelobaSia misaRebi, rom amoWri-

sa da Semdgomi meqanikuri damuSavebis dros nimuSi ar unda gaxurdes 1000C-

ze metad, radgan aman SeiZleba struqturisa da, aqedan gamomdinare, liTo-

nis Tvisebebis Secvla gamoiwvios. 

mikroskopuli analizisaTvis nimuSis yvelaze xelsayreli cilindruli 

(d=1015mm,  h=(0,70,8)xd=712mm) an kuburi (a=1015mm) formaa (sur. #63, a, b).  

Tu masalis kveTi imdenad mcirea, rom misgan aRniSnuli zomis nimuSis  

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

raRi da sxva), maSin mikroxexis damuSavebis gasaadvileblad gamosakvlevi  

liTonis naWeri sxvadasxva saxis samarjvSi magrdeba (sur. 63, g, d). nimuSis 

Camagreba Semdegnairad xdeba: cilindruli nimuSis zomis milakSi, romelic 

liTonis an keramikul filazea moTavsebuli, nimuSi ise Caidgmeba, rom ga-

mosakvlevi zedapiriT filas Seexos. aseTnairad momzadebuli milaki gamd-

nari gogirdiT (dnobis temperatura 110-1120C), epoqsidiT an romelime ad-

vildnobadi SenadnobiT (50%Bi,26,5%Pb, 10%Cd, 13,5%Sn. dnobis temperatura 

70
0
C) Seivseba. wvrili nimuSis Camagreba plastmasaSi (bakeliti, polistiro-

li) CawnexiTac aris SesaZlebeli. 

 

 

nimuSis xexva. mikroxexis damzadeba nimuSis gamosakvlevi zedapiris 

gasworebiT iwyeba, rac qlibiT (Tu masala rbilia) an xexviT xდება. miRe-

buli brtyeli zedapiri Semdgom sxvadasxva marcvlovnebis mqone (sxvada-

sxva nomris) zumfaris qaRaldze muSavdeba. abraziul masalad gamoiyeneba 
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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 minaze an liTonis fila-

ze aTavseben. nimuSs damuSavebuli zedapiriT zomierad daaWeren qaRalds 

da mosamzadebel zedapirze arsebuli nakawrebis marTobi mimarTulebiT 

amoZraveben. xexvas iwyeben SedarebiT msxvilmarcvlovani zumfaris qaRald-

ze da TandaTanobiT gadadian ufro wvrilmarcvlovanze. yoveli axali nom-

ris qaRaldze gadasvlis win aucilebelia nimuSis gulmodgined garecxva 

wylis WavliT an sveli bambiT gawmenda, raTa gamoiricxos wvrilmarcvlo-

van qaRaldze msxvili abraziuli marcvlis moxvedris SesaZlebloba. amas-

Tanave, xexvis mimarTuleba 900-iT icvleba, rac aadvilebs mocemuli nomris 

zumfaris qaRaldze xexvis damTavrebis momentis gansazRvras – mocemuli 

marcvlovnebis qaRaldze manam xexaven, sanam srulad ar moispoba wina ope-

raciis Sedegad miRebuli nakawrebi. #64 suraTze naCvenebia srulad (a) da 

arasrulyofilad (b) damuSavebuli mikroxexis zedapirebi. rac ufro nak-

lebia or Tanamimdevrulad gamoyenebuli zumfaris qaRaldebis marcvlov-

nebaTa Soris sxvaoba, miT ufro swrafad mimdinareobs xexvis procesi. li-

Tonebisa da Senadnobebis umravlesobisaTvis xexva zumfaris qaRaldze sru-

liad damakmayofilebel Sedegs iZleva. 

 

kargi xarisxis zedapiris misaRebad xexvis procesi Tavidanve sworad 

da guldasmiT unda Catardes. dauSvebelia msxvilmarcvlovani zumfaris qa-
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Raldidan wvrilmarcvlovanze gadasvla, Sualeduri nomrebis gamotovebiT.  

aseT SemTxvevaSi nimuSis zedapirze arsebuli Rrma nakawrebi srulad ar 

ixsneba, maT Soris sicariele liTonis mtvriTa da abraziviT ivseba da zeda-

piri, erTi SexedviT, kargad momzadebuli gveCveneba (aseT damuSavebas cru 

xexva ewodeba). zedapiris Semdgomi damuSavebisas (gaprialeba, reaqtiviT da-

muSaveba) advilad xsnadi liTonis mtveri zedapirs moscildeba da Rrma 

nakawrebi  kvlav mkafiod gamoCndeba (sur. #65). 

 

meqanikuri xexva specialur saxex Carxze xdeba, romelsac 200-250mm di-

ametris ramdenime sacvleli disko aqvs. diskoebze, romlebic brunvas eleqt-

roZravadan Rebulobs, akraven an awebeben zumfaris qaRalds. meqanikuri xex-

va analogiuri meTodikiT xorcieldeba.  

 
nimuSis gaprialeba. nimuSis zedapirze arsebul nakawrebs gapriale-

biT xsnian, ris Semdegac sarkisebri sakvlevi zedapiri  miiReba. meqanikuri 

gaprialebisaTvis sxvadasxva tipis specialuri mowyobiloba gamoiyeneba, rom-

lebic mbrunavdiskoiani saxexi Carxis analogiuria. zedapiris gasaprialeb-

lad diskoze akraven mauds, romelsac specialuri saprialebeli siTxiT 

asveleben. siTxe aris wyalSi Setivtivebuli aluminis, qromis an rkinis 

Jangis fxvnilis narevi. ufro xSirad gasaprialeblad qromis Jangi ga-

moiyeneba.  

saprialebeli siTxe Semdegi proporciiT mzaddeba: 1 l wyalSi iyreba 

10-15g qromis Jangi an 5g aluminis Jangi. Savi liTonebis gasaprialeblad, 

umravles SemTxvevaSi, gamoiyeneba pasta, romelic Sedgeba qromis Jangis, 

stearinis, navTis, oleinis mJavasa da sodisagan. gamacivebel siTxed benzi-

ni gamoiyeneba. kargi Sedegis misaRebad saprialebel diskoze nimuSis Zlie-

rad miWera ar aris mizanSewonili, radgan aman SeiZleba zedapiruli fe-
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nebis deformacia da struqturis Secvla gamoiwvios. sasurvelia nimuSi 

ise 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. #66).  

      gaprialebis Semdeg nimuSi wyliT 

an benziniT irecxeba. sakvlevi zedapiri 

spirtSi dasvelebuli bambiT iwmindeba, 

filtris qaRaldis an mSrali bambis sa-

SualebiT Sreba da inaxeba.  

       rogori guldasmiTac unda Catar-

des meqanikuri gaprialeba, igi mainc iw-

vevs nimuSis zedapiruli fenebis defor-

macias da struqturis damaxinjebas. Tumca, es garemoeba ar gaarTulebs 

kvlevis process, Tu nimuSi winaswar reaqtiviT moiwamleba, radgan amis 

Sedegad damaxinjebuli fenebis nawili moixsneba. Tuki mikroxexi gamosakv-

levia uSualod gaprialebis Semdeg mouwamlav mdgomareobaSi da amasTana-

ve, zedapiris damaxinjeba saerTod gamoricxuli unda iyos; meqanikuri gap-

rialeba eleqtrolituri an qimiuri gaprialebis meTodiT unda Seicvalos. 

     #67 suraTze mocemulia eleqtrolituri gaprialebis laboratoriu-

li danadgaris sqema. eleqtrolituri gaprialebisas abazanaSi CatvirTuli 

nimuSi anodis rols asrulebs. eleqtrogaprialebis ujreds mudmivi  deni  

miewodeba. garkveuli eleqtruli reJimis dros anodi iwyebs gaxsnas, ris  

Sedegadac dasamuSavebel nimuSze swori da sarkisebri zedapiri miiReba. 

eleqtrolituri gaprialeba ar iwvevs nimuSis zedapiruli fenebis damaxin-

jebas, rac saSualebas iZleva meTodi gamoyenebul iqnes metad rbili 

liTonebis, erTfaza Senadnobebisa da advilad deformirebadi liTonebisa 

da Senadnobebis mikroxexis dasamzadeblad. eleqtroliti da eleqtruli 

gaprialebis reJimi dasamuSavebeli masalis mixedviT SeirCeva (ix. cxr. #3).  

qimiuri gaprialebisas metalografiuli kvlevisaTvis saWiro sarkise-

bri zedapiri saTanado reaqtivSi nimuSis moTavsebiT miiReba.  normalurad  
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                                                                cxrili #3. 

   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 

 

mimdinare qimiuri gaprialebis process SeiZleba Tan axldes airebis inten-

siuri gamoyofa, rogorc magaliTad, sufTa rkinis gaprialebisas. wertilova-

ni koroziisa da airis buStebis warmoqmnis gamoricxvis mizniT, saWiroa 

narevis ganuwyvetliv moreva.  
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qimiuri gaprialebis Sedegad, marTalia, zedapiri sarkisebri miiReba, 

magram, zogierT SemTxvevaSi, igi mkveTrad gamoxatuli reliefiT xasiaTde-

ba. aseT SemTxvevaSi meqanikuri gaprialebis procesis SeTavseba mcire xan-

grZlivobis qimiur gaprialebasTan sakmaod dadebiT Sedegs iZleva. iseve, 

rogorc eleqtrolituri gaprialeba, es meTodic ZiriTadad sufTa liTo-

nebisa da erTfaza SenadnobebisaTvis gamoiyeneba. 

 
      mikroxexis garecxva, gaucximoeba da Senaxva. mikrostruqturuli kvle-

visaTvis momzadebuli nimuSi unda gairecxos, gaucximovdes da gaSres. um-

ravles SemTxvevaSi nimuSs wyalSi recxaven, Semdeg wmenden eTilis spirtSi 

dasvelebuli bambiT da aSroben filtris qaRaldiT. gasaSrobad ukeTesia 

gamTbari mSrali haeris gamoyeneba.  

mikroxexis gaucximoebisaTvis eTilis (C2H5OH) an meTilis (CH3OH) spir-

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

momzadebuli mikroxexis daJangvisagan dacva SeiZleba misi eqsikatorSi Se-

naxviT, romelSic moTavsebuli iqneba tenis STamnTqmeli nivTiereba, magali-

Tad, kalciumis qloridi an silikogeli. SesaZlebelia, agreTve, gapriale-

buli zedapiris dafarva gamWvirvale neitraluri zeTis an laqis Txeli  

apkiT,  romelic xels ar uSlis mikroskopul kvlevas.  

nimuSi rom meqanikurad ar daziandes (ar daikawros), saTanado kolof-

Si unda inaxebodes, romelSic bamba an xaverdis naWeri iqneba Cafenili. 

                                                              

4. mikrostruqturis gamomJRavnebis meTodebi 
 

 mikroxexis gamokvleva mouwamlav mdgomareobaSi 

 

 liTonis mikrostruqturis gamokvleva mizanSewonilia daiwyos mou-

wamlavi mdgomareobidan, anu uSualod gaprialebis, garecxvisa da gaSro-

bis Semdeg. mouwamlav mdgomareobaSi nimuSis gamokvleva liTonSi arsebu-

li sxvadasxva defeqtisa (forebis, bzarebisa da a.S.) da araliTonuri Ca-

narTebis (magaliTad, widisa da grafitis) dadgenis saSualebas iZleva. mo-

uwamlavi mikroxexi mikroskopSi naTeli aris saxiT moCans, romlis zeda-

pirze xSirad SeimCneva muqi (ruxi an Savi, zogjer SeiZleba yviTeli) feris 

mcire zomis ubnebi, romlebic araliTonuri CanarTebis kvalia. zogierT 

SenadnobSi aseTi CanarTebi SeiZleba struqturul Semdgenad mogveCvenos.  
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mouwamlav mikroxexs, gadidebis or diapazonSi (50100) ikvleven. 

 mcire gadidebisas mkvlevari Rebulobs saerTo informacias nimuSis 

agebulebis Sesaxeb, didi gadidebis SemTxvevaSi ki gamoikveTeba zedapiris 

detaluri gamokvlevis mizanSewoniloba. araliTonuri CanarTis feri, age-

buleba, agreTve, grafitis forma TujSi mkveTrad gansxvavdeba ZiriTadi 

liTonis agebulebisgan. magaliTad, Cu2O spilenZSi, SnO brinjaoSi, TiC le-

girebul foladSi, Si aluminis SenadnobebSi. reaqtiviT damuSavebis (mowaml-

vis) Semdeg aRniSnuli fazebis feri icvleba. 

mouwamlavi nimuSis analizis safuZvelze, zogjer SeiZleba garkveu-

li daniSnulebiT liTonis vargisobaze msjeloba. magaliTad, bzarebis, 

forebis, erT adgilze Tavmoyrili araliTonuri CanarTebis didi raode-

noba, liTonis aradamakmayofilebeli xarisxis maCvenebelia. #68 suraTze 

warmodgenilia mouwamlavi nimuSis mikrostruqturebi. 

 

 

 

 

      

 

 

 

 

 

 

 

 

mikrostruqturis gamomJRavneba fazebis SerCeviTi gaxsnis 

meTodiT (qimiuri mowamvla) 

 

     mikrostruqturis gamosamJRavneblad mikroxexis gaprialebul zedapirs 

mJava, tutis an marilis xsnariT amuSaveben. reaqtiviT damuSavebis, anu mo-

wamvlis procesis arsi isaa, rom calkeuli struqturuli Semdgenebi (suf-

Ta liTonis, myari xsnaris an qimiuri naerTis marcvlebi) reaqtiviT sxva-

dasxva siCqariT ixsneba an sxvadasxvafrad iRebeba.  

reaqtivi, romliTac dafarulia mikroxexis zedapiri, eleqtrolitia. 

Senadnobis struqturuli Semdgeni, romelsac SedarebiT eleqtrouaryofi-

Ti eleqtroduli potenciali aqvs, anodia da ixsneba, xolo danarCeni 
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struqturuli Semdgenebi, SedarebiT dadebiTi eleqtroduli potencialiT, 

kaTodis rolSia da TiTqmis ucvleli rCeba. radgan anodisa da kaTodis 

aseTi ubani bevria, mowamvlis Sedegad mikroxexis zedapirze mravali Rrmu-

li da amoSverili ubani miiReba. zogad SemTxvevaSi, rac ufro metia mra-

valfazian SenadnobSi fazebis fizikur-qimiur Tvisebebs Soris gansxvaveba 

(xsnadoba, sawyisi eleqtroqimiuri potenciali, drois mixedviT misi cvli-

leba da a.S), miT ufro advilad mJRavndeba mikrostruqtura. sufTa liTon-

sa da erTfaza SenadnobSi eleqtroqimiur wyvilad unda miviCnioT marcv-

lis sazRvari da imave marcvlis zedapiri. marcvlis sazRvars SedarebiT 

uaryofiTi eleqtroduli potenciali aqvs, amitom, es ubnebi ufro swrafad 

ixsneba.  

mowamluli mikroxexis zedapiridan sinaTlis sxivi sxvadasxvagvarad 

airekleba: sustad amoWmuli struqturuli Semdgenebidan meti sinaTlis 

sxivi moxvdeba mxedvelobis areSi da naTeli aris saxiT gamoCndeba; Zlie-

rad amoWmuli struqturuli Semdgenebidan ki sinaTlis sxivis nawili gaib-

neva da muqad gamoCndeba. maSasadame, mikrostruqturis gamomJRavneba damya-

rebulia gamosakvlevi nimuSis zedapiris mdgomareobasa da am zedapiridan  

arekvlili sxivebis raodenobaze.  

     #69 suraTze warmodgenili sqemiT advilad SeiZleba aixsnas sufTa 

liTonis marcvlis sazRvrebis xilvadoba mikroskopSi.  

mikrostruqturis gamomJRavnebis qimiuri mowamvlis meTodika rogorc 

gamosakvlevi liTonis, ise reaqtivis qimiuri Sedgenilobis mixedviT Seir-

Ceva. Tu nimuSis mowamvlis xangrZlivoba didia an gamoyenebuli reaqtivi 
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damJangvel reagentebs Seicavs, nimuSi gaprialebuli zedapiriT reaqtivSi 

Tavsdeba, raTa gamoiricxos masze haeris buStulebis warmoqmna da reaqciis 

produqtebis daleqva. amasTanave, saWiroa nimuSis periodulad Serxeva. 

Tu reaqtivi sustad urTierTqmedebs liTonTan an iseT apks  warmoqm-

nis, romelic arTulebs reaqcias, maSin mowamvlisTvis rekomendebulia ni-

muSis moTavseba gaprialebuli zedapiriT zemoT, reaqtivis dawveTeba da Sem-

dgomSi misi bambiT gawmenda. xSirad mikroxexs reaqtiviT dasvelebuli bam-

biTac wamlaven. 

mowamvlis procesi, Cveulebriv, ramdenime wams grZeldeba. mowamlvis 

Semdeg nimuSi irecxeba Tbil wyalSi, Semdeg meTilis spirtSi da Tbili hae-

riT Sreba an bambiT iwmindeba. #4 cxrilSi mocemulia Savi da feradi li-

Tonebis struqturis gamosamJRavneblad gamoyenebuli zogierTi reaqtivis Sed-     

geniloba. mowamvlam unda uzrunvelyos mikrostruqturis mkafiod gamom-

JRavneba (sur. 70, a). Tu marcvlis sazRvrebi da calkeuli fazebi mkafiod 

ara Cans sur. 70, b), es arasakmarisi mowamvliT aixsneba, amitom, saWiroa 

procesis ganmeoreba. gadawamvlis SemTxvevaSi ki mikrostruqtura muqad mo-

Cans, ikargeba kontrasti (g) da saWiro xdeba nimuSis xelaxali gaprialeba 

da reaqtiviT Tavidan damuSaveba. 

            

 

 

eleqtrolituri amoWma 

 
      eleqtrolituri amoWma arsebiTad eleqtrolituri gaprialebis ana-

logiuria, mxolod am procesisaTvis SedarebiT mcire Zabva da denis simkv- 
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                                                               cxrili #4  

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  fe-
ritis marcvlis sazRv-
rebs, martensitul da 
moSvebis produqtebs. 
gamoiyeneba naxSirbadi-
ani foladisa da Tu-
jis, agreTve daazote-
buli da dacementebuli 
foladebis struqturis 
gamosamJRavneblad.  
 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 

 

rivea saWiro. anodi aris nimuSi, xolo kaTodad SeirCeva eleqtrolitSi 

SedarebiT uxsnadi eleqtrogamtari masala, magaliTad, uJangavi foladi, 

platina an grafiti. umetes SemTxvevaSi, eleqtrolituri amoWmisaTvis mud-

miv denze momuSave eleqtrolitebi gamoiyeneba (cxrili #5). eleqtrolitu-

ri amoWmisaTvis, Cveulebriv, igive danadgari gamoiyeneba, rac eleqtroli-

turi gaprialebisas ganvixileT (sur. #67). 

 
 amoWma daJangvis meTodiT 

gaprialebuli mikroxexis damJangvel atmosferoSi gaxurebisas, cal-

keuli faza gansxvavebuli feris Jangeulis Txeli feniT ifareba. Tu Ser-

Ceul temperaturaze haeris atmosferoSi gaxurebisas saTanado sisqis  Jan- 
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                                                               cxrili #5. 

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%; 
marilmJava (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 
wyalxsnari (simkvrive 
1,43-1,55 g/sm3) 

naxSirbadiani foladisaT-
vis. denis simkvrive 0,5 a/sm2 
 
 
 
uxvad legirebuli fola-
disaTvis. denis simkvrive 
0,05 a/sm2 
 
karbidisa da uJangavi fo-
ladis ZiriTadi struqtu-
ris gamosamJRavneblad.  
Zabva 3-6 v 
 
spilenZisa da misi Senadno-
bebisaTvis. denis simkvrive 
0,02-0,05 a/sm2 

 

geulis fena ar miiReba, saWiroa daJangvis efeqtis gazrda. am mizniT mik-

roxexis zedapirze zeZlierad damJangvel kristalebs, magaliTad, kaliumis 

biqromats (K2Cr2O7) aTavseben. am meTodiT SeiZleba gamomJRavndes, agreTve, 

foladis marcvlis zomebi. 

                   
vakuumSi amoWma fazebis SerCeviTi aorTqlebis meTodiT 

 

vakuumuri metalografia iTvaliswinebs maRal temperaturamde nimu-

Sis gaxurebas vakuumSi, ris Sedegadac kargad vlindeba marcvalsa da mis 

mimdebare fenebSi aorTqlebis sxvadasxva siCqare. Cveulebriv, minarevebiT 

mdidari marcvlis sazRvrebidan aorTqleba ufro maRali siCqariT mimdina-

reobs, ris gamoc es ubnebi mkafiod mJRavndeba. Tanamedrove danadgarebiT 

struqturis Seswavla sxvadasxva airiT amoWmis Semdegac SeiZleba ganxor-

cieldes, romelsac gamaxurebel kameraSi specialurad awvdian. es meTodi 

gaxurebisas marcvlis zrdasa da fazuri gardaqmnis mimdinareobaze dakvir-

vebis SesaZleblobasac iZleva. 
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vakuumSi kaToduri amoWma 

 

am SemTxvevaSi mikroxexi kaTodis rols asrulebs. ganmuxtvisas misi 

zedapiri `ibombeba~ garkveuli siCqaris mqone dadebiTi ionebiT, rac atome-

bis amogdebasa da mis mocilebas iwvevs. amogdebuli atomebis raodenoba da 

maTi mocilebis siCqare nimuSis mikrostruqturazea damokidebuli, amitom, 

damuSavebis Semdeg mikroxexis zedapiri qimiuri an eleqtrolituri meTo-

diT amoWmul zedapirs waagavs. vakuumSi kaToduri amoWmis meTodis upira-

tesoba qimiurTan SedarebiT isaa, rom am dros SesaZlebelia mravalfaza 

SenadnobSi sxvadasxva struqturuli Semdgenis agebulebis erTdrouli ga-

momJRavneba. 

aRniSnuli meTodis gamoyenebisas kargad Cans kristalografiuli da 

struqturuli Taviseburebani rogorc Zlierad, ise sustad mowamlul Sena-

dnobebSi. es ki ganxilul meTods ZiriTad upiratesobas aniWebs sxva meTo-

debTan SedarebiT. 
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VII Tavi. liTonis meqanikuri Tvisebebis kontrolis 

meTodebi 

 

sapasuxismgeblo detalebis warmoebis ciklSi, meqanikuri Tvisebebis 

gamocdaa gaTvaliswinebuli. misi mizania liTonisa da misgan damzadebuli 

nakeTobis Termuli damuSavebis xarisxis kontroli. 

meqanikuri Tvisebebis kontrolisaTvis erTsa da igive RumelSi, erTna-

iri reJimiT damuSavebuli partiidan nakeTobaTa garkveuli raodenoba Se-

irCeva, romlisganac gamocdebisaTvis saWiro standartul nimuSebs amzade-

ben. gamosacdeli nakeTobisa da nimuSebis raodenoba teqnologiuri proce-

sis Taviseburebebidan gamomdinare SeirCeva.  

 

1. drekadi da plastikuri deformacia 
 

gare Zalebis zemoqmedebiT liToni icvlis formas da zomebs, anu de-

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

TxvevaSi mniSvnelovani struqturuli cvlilebebi ar mimdinareobs. ZiriTa-

dad, xdeba atomebis gadaadgileba mcire, atomTSorisze naklebi manZiliT, 

rac iwvevs kristaluri gisosis damaxinjebas. es cvlilebebi kristalSi 

SenarCunebulia manam, sanam moqmedebs gare Zalebi. Zalis moxsnis Semdeg 

atomebi ubrundeba Tavis pirvandel wonasworul mdgomareobas, gisosis da-

maxinjeba ixsneba da liTonSi aRdgeba sawyisi forma da zomebi. liTonis 

unars, winaaRmdegoba gauwios drekad deformacias, sixiste ewodeba. 

moqmedi Zala liTonSi aRZravs Zabvebs. magaliTad, nimuSis gaWimvis 

SemTxvevaSi aRZruli Zabva =
F

P
 mgpa, sadac P aris moqmedi Zala, F – ganivi 

kveTis farTobi Zalis moqmedebis ubanSi. 

Tu liTonSi aRZruli Zabva gadaaWarbebs drekadobis zRvars, iwyeba ga-

cilebiT ufro rTuli procesi – plastikuri deformacia. plastikuri de-

formaciis dros kristalis erTi nawili mTlianad gadaadgildeba (daiZvre-

ba) meoris mimarT. Zalis moqmedebis Sewyvetis Semdeg liToni ar ubrundeba 

Tavis pirvandel mdgomareobas, anu rCeba deformirebul mdgomareobaSi. 

sakonstruqcio masalas moeTxoveba ara marto deformaciisadmi, aramed 

rRvevisadmi (ngrevisadmi) gazrdili winaaRmdegobac. winaaRmdegobas defor-

maciisadmi, Cveulebriv, aerTianeben zogad cnebaSi `simtkice~, xolo wina-
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aRmdegobas rRvevisadmi – cnebaSi `saimedooba~. Tu nakeTobis mTlianobis 

rRveva xdeba ara erTi, aramed mravalgzis datvirTvis aqtis Semdeg, saqme 

gvaqvs masalis xangamZleobasTan. bunebrivia, maRalxarisxovani sakonstruq-

cio masala, erTdroulad, unda xasiaTdebodes rogorc simtkiciT, ise sai-

medoobiT da xangamZleobiT.  

liTonze moqmedi gare Zalebi garkveuli sididis Semdeg mis rRvevas 

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

lebas srul rRvevamde. rogorc zemoT iyo aRniSnuli, plastikuri defor-

macia dislokaciuri meqanizmiT xorcieldeba. moZraobis gzaze dislokaci-

ebs xvdeba sxvadasxva saxis dabrkoleba (ucxo atomi, sxvadasxva saxis Ca-

narTi, blokebisa da marcvlis sazRvrebi), romelTa gadalaxva SeuZlebeli 

aRmoCndeba. amitom, dabrkolebebTan xdeba dislokaciebis upiratesi Tavmoy-

ra-dagroveba. swored am adgilebSi Caisaxeba pirveli bzarebi. bzaris Cana-

saxi ukve TviTon gadaiqceva dabrkolebad, dislokaciis moZraobis gzaze, 

rac iwvevs narCeni Zabvebis dagrovebas da Casaxuli bzaris gavrcelebas – 

procesi mTavrdeba liTonis sruli rRveviT. 

rogorc cnobilia, liTonis rRveva SeiZleba iyos myife da blanti. 

myife rRvevisaTvis damaxasiaTebelia maxvili, datotvili bzari (sur. #71 a), 

romelic didi siCqariT vrceldeba, praqtikulad, plastikuri deformaciis 

mimdinareobis gareSe. 

      blanti texilis SemTxvevaSi bzari 

blagvia (sur. #71 b). igi dabali siCqariT, 

magram, mniSvnelovani plastikuri deforma-

ciis gziT vrceldeba. rRvevis xasiaTidan 

gamomdinare, blanti texili boWkovani age-

bulebiT xasiaTdeba, xolo myife texili _ 

kristaluri agebulebiT, radgan am dros 

ar maxinjdeba marcvlis forma da zomebi 

praqtikulad liTonis rRveva iSviaTad wari-

marTeba mxolod myife an blanti meqanizmiT. ufro xSirad nakeTobis rRveva 

Sereuli xasiaTisaa. 
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2. liTonis meqanikuri Tvisebebis kontroli 
 

sakonstruqcio masalis meqanikuri Tvisebebi gulisxmobs TvisebaTa er-

Tobliobas, romelic axasiaTebs masalis winaaRmdegobas, masze garedan mo-

debuli meqanikuri Zalis (datvirTvis) zemoqmedebis mimarT. modebuli Zala Se-

iZleba iyos statikuri (mdovred mzardi), dinamikuri (mkveTrad da didi siCqa-

riT mzardi), ganmeorebiTi da cvalebadi (mravaljeradad modebuli, romlis 

sidide an sidide da mimarTuleba erTdroulad icvleba).  

aqedan gamomdinare, datvirTvis xasiaTisa da misi moqmedebis droze da-

mokidebulebiT arCeven statikur (gaWimvaze, kumSvaze, Runvaze, grexaze, sisa-

leze), dinamikur (dartymiT siblanteze) da daRlilobaze (cvalebadi dat-

virTvis da Zalis ganmeorebiTi modebis pirobebSi) meqanikur gamocdebs. calke 

jgufad ixilaven xangrZliv maRaltemperaturul (cocvadobaze, xangrZliv 

simtkiceze) gamocdebs.  

 
gaWimvaze da kumSvaze gamocda 

 
statikuri gamocdebidan yvelaze farTod gamoiyeneba gamocdebi gaWimva-

ze. igi saSualebas iZleva erTi gamocdis SedegebiT masalis ramdenime umTav-

resi meqanikuri maxasiaTebeli ganisazRvros, kerZod, liTonis simtkice, anu 

winaaRmdegoba deformaciisadmi da plastikuroba – unari, miiRos narCeni de-

formacia mTlianobis daurRvevlad. 

gaWimvaze gamocdebs specialur gamg-

lej manqanaze awarmoeben, romelzec nimuSi 

ori Tanabari da sapirispiro mimarTulebis 

ZaliT iWimeba.  

    gaWimvaze gamosacdelad standartuli, 

cilindruli an brtyeli nimuSebi gamoiyene-

ba, sawyisi saangariSo sigrZiT lo=5,65   (mo-

kle nimuSi) an lo=11,3   (grZeli nimuSi) 

diametriT 3mm da meti, an sisqiT 0,5mm da me-

ti (sur. #72). saangariSo sigrZe lo nimuSis 

ganivi kveTis Fo farTzea damokidebuli. 
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brtyeli nimuSebi, rogorc wesi, furclovani masalebis gamosacdelad gamoiye-

neba. cilindruli nimuSebidan upiratesad mokle nimuSebia rekomendebuli, di-

ametriT do=10mm. gamocdebis dawyebamde sawertiT, sakawriT an sxva meTodiT, 

nimuSze saangariSo lo sigrZes aRniSnaven. 

gamocdis dros nimuSis datvirTva TandaTanobiT xdeba. gamosacdeli 

manqanis Camweri mowyobilobis saSualebiT gamoixazeba gaWimvis mrudi koordi-

natebSi `datvirTva P – deformacia l~.  

     gamocdis Sedegebi gamoisaxeba mrudiT, romlis ZiriTadi tipebi #73 

suraTzea warmodgenili. plastikuri masalebis umravlesobisaTvis damaxa-

siaTebelia #73a suraTze mocemuli diagramis tipi, rodesac drekadobis 

are TandaTan gadadis plastikurobis areSi.zogierT liTonSi, rogoricaa, 

magaliTad, naxSirbadmcire foladebi, drekadobis are plastikurobis are-

Si, denadobis baqnis gavliT gadadis (diagramis b tipi). naklebplastikuri 

masalebisaTvis ki, rogoricaa, magaliTad, nawrTobi mcired moSvebuli fo-

ladi da ruxi Tuji, romlebic mcire narCeni plastikuri deformaciis pi-

robebSi ingreva, #73 g suraTze warmodgenili gaWimvis mrudia damaxasia-

Tebeli.  

#74 suraTze warmodgenil gaWimvis diagramaze damaxasiaTebeli wer-

tilebia aRniSnuli, romlebze dayrdnobiTac liTonis Semdegi meqanikuri 

maxasiaTeblebi ganisazRvreba: proporciulobis zRvari, drekadobis zRvari, 

denadobis zRvari, droebiTi winaaRmdeoba gaglejaze, WeSmariti winaaRmde-

goba gaglejaze. 

 Ppr wertilamde P–l  damokidebuleba wrfiT aisaxeba, rac  imis maCvenebe- 
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lia, rom nimuSis sigrZis cvlileba datvirTvis pirdapirproporciulia. 

diagramis wrfivi ubani Seesabameba nimuSis drekad deformacias, xolo Ppr 

wertilis ordinata –proporciulobis zRvris Sesabamis datvirTvas. pro-

porciulobis zRvari pr Semdegi damokidebulebiT gamoiTvleba:  

      pr=Ppr/F0, mgpa; 

e  wertilis ordinata, romelic A  wer-

tilTan uSualo maxloblobaSi mdebare-

obs, drekadobis zRvris Sesabamis dat-

virTvas warmoadgens:  

      dr.=Pdr/F0, mgpa 

     drekadobis zRvris eqsperimentulad 

gansazRvrisaTvis narCeni wagrZelebis 

standartuli daSvebaa mocemuli. aRniSnu-

li daSvebis gaTvaliswinebiT, drekadobis 

zRvrad miRebulia Zabva, romelic nimu-

Sis saangariSo sigrZis 0,05% narCen wagrZelebas ganapirobebs (zogierT 

SemTxvevaSi narCeni wagrZelebis sidide kidev ufro mcire aiReba – 0,005%-

mde). SerCeuli daSveba drekadobis zRvris aRniSvnaSia miTiTebuli. magali-

Tad, 0,05 an 0,02.  

gaWimvis diagramaze Pden datvirTvas BC baqnis mdebareoba gansazRv-

ravs. misi mniSvnelobiT denadobis zRvari ganisazRvreba _ Zabvis umciresi 

mniSvneloba, romlis drosac nimuSi datvirTvis unmniSvnelo matebiT de-

formirdeba: 

den=Pden/F0, mgpa 

Tu gaWimvis diagramaze denadobis baqani ar aris gamomJRavnebuli, ma-

Sin mimarTaven denadobis pirobiTi sididis gansazRvras. es aris Zabva, rom-

lis drosac warmoqmnili narCeni wagrZeleba saangariSo sigrZis 0,2% Sead-

gens, rac aRiniSneba simboloTi 0,2: 

0,2=P0,2/F0, mgpa 

     denadobis pirobiTi zRvris praqtikulad gansazRvra gaWimvis mrudze 

xdeba. amisaTvis abscisaze saangariSo sigrZis 0,2% gadazomaven. mis bolo-

dan gaWimvis mrudze proporciuli deformaciis Sesabamisi monakveTis para-
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lelur xazs atareben; mrudTan gadakveTis wertili pirobiTi denadobis 

zRvris Sesabamis datvirTvas (saZiebel 0,2 Zabvas) Seesabameba.  

D wertilis ordinata (sur. 74) gansazRvravs maqsimalur datvirTvas, 

romelsac nimuSi gamocdis procesSi uZlebs. Pmaqs datvirTvis Sefardebas 

nimuSis sawyisi ganivkveTis F0 farTTan droebiTi winaaRmdegobis zRvari 

(simtkicis zRvari) ewodeba:  

maqs=Pmaqs/F0, mgpa 

K wertili gaWimvis diagramaze nimuSis ngrevis moments Seesabameba, Pk 

ordinata ki im datvirTvas gansazRvravs, romelsac nimuSi gawyvetisas 

ganicdis. aqve unda aRiniSnos, rom plastikur nimuSebSi gawyvetamde yeli 

warmoiqmneba. amitom, WeSmariti winaaRmdegoba gawyvetaze Sk ganisazRvreba 

gawyvetis momentSi datvirTvis sididis SefardebiT gawyvetis Semdeg, ni-

muSSi warmoqmnili yelis Fk   ganivkveTis farTTan: 

Sk=Pk/Fk 

gaWimvaze gamocdisas masalis plastikur Tvisebebs nimuSis gawyvetis 

Semdeg, fardobiTi wargrZelebiT () da fardobiTi SeviwroebiT () afaseben. 

fardobiT wagrZelebas uwodeben saangariSo sigrZis nazrdis Sefar-

debas saangariSo sigrZis sawyis mniSvnelobasTan. igi procentobiT gamoi-

saxeba: 

=(lk-l0)/l0= (l/l0)x100%, 

sadac lk  aris saangariSo ubnis sigrZe, nimuSis gawyvetis Semdeg;  

am ubnis sigrZis gansazRvrisaTvis nimuSis gawyvetil nawilebs erT-

maneTTan mWidrod iseTnairad aerTeben, rom maTi ReZebi wrfes qmnidnen da 

zomaven sawertiT moniSnul manZils. 

fardobiTi Seviwroeba  aris nimuSis ganivkveTis farTobis maqsima-

luri Semcirebis fardoba sawyisi ganivkveTis farTTan: 

=[(F0-Fk)/F0]x100% 

sadac F0 aris nimuSis sawyisi ganivkveTis farTi, xolo Fk _ nimuSis 

ganivkveTs farTi, gawyvetis Semdeg. 

fardobiTi Seviwroebis gamosaTvlelad zomaven nimuSis minimalur 

diametrs, misi gawyvetis Semdeg ori urTierTmarTobi mimarTulebiT, Semdeg 

iTvlian diametris saSualo mniSvnelobas da Fk ganivkveTis farTs. 



131 

 

#74 suraTze warmodgenili damokidebuleba datvirTvasa da wagrZe-

lebas Soris, nimuSis zomebis cvlilebasTan erTad Seicvleba. imisaTvis, 

rom gamoiricxos nimuSis zomebis gavlena diagramis xasiaTze, mas ageben 

koordinatebSi Zabva _fardobiTi wagrZeleba . Zabvas iTvlian mocemul 

momentSi moqmedi datvirTvis SefardebiT nimuSis sawyis ganivkveTis farT-

Tan F0 (=P/F0), xolo fardobiT wagrZelebas – mocemul momentSi l abso-

luturi wagrZelebis SefardebiT sawyis l0 saangariSo sigrZesTan (= =l/l0). 

amgvarad agebul diagramas pirobiTi Zabvebis diagramas uwodeben. radgan P 

da l mniSvnelobebi Sesabamisad gamocdis mocemul pirobebSi mudmiv F0 da 

l0 mniSvnelobebze iyofa, P-l  koordinatebidan - koordinatebze gadasv-

liT, diagramis saxe ar icvleba (sur. #75). pirobiTi Zabvebis diagramis xa-

siaTidan gamomdinare, maqsimaluri mniSvnelobis miRwevis Semdeg datvirTva 

mcirdeba, TiTqos nimuSi simtkices kargavs. sinamdvileSi es ase ar aris. ni-

muSis gamocdis dros igi araTanabrad iWimeba da ngrevis maxloblobaSi 

`yeli~ warmoiqmneba. Tu gaviTvaliswinebT nimuSis ganivi kveTis Semcirebas 

yelis warmoqmnis procesSi dadatvirTvas ganivi kveTis namdvil farTTan Se-

vafardebT, maSin Zabvis Semcireba ki ara, piriqiT, misi mateba SeiniSneba. aseT 

SemTxvevaSi WeSmariti Zabvebis diagrama miiReba (sur. #75). 

liTonebisa da Senadnobebis meqanikuri 

Tvisebebis gansazRvras udidesi mniSvneloba 

eniWeba da mrewvelobaSi farTod gamoiyeneba. 

mza produqciis CabarebisaTvis aucilebel sa-

kontrolo maxasiaTeblebs miekuTvneba: droebiTi 

winaaRmdegoba gaglejaze (simtkicis zRvari) 

maqs, denadobis zRvari 0,2, fardobiTi wagrZe-

leba  da fardobiTi Seviwroeba . 

maRal temperaturebze momuSave liTonebi-

sa da Termulad damuSavebuli nakeTobebis xa-

risxis kontrolisaTvis (magaliTad, gazis da orTqlis turbina, maRali 

wnevis qvabebi da sxva analogiuri nakeTobebi) meqanikuri Tvisebebis gansa-

zRvras gazrdil temperaturebze awarmoeben. am tipis gamocdebi SeiZleba 

iyos xanmokle da xangrZlivi. 
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gaWimvaze xanmokle gamocdebisaTvis Cveulebrivi mowyobiloba gamo-

iyeneba. sasurveli temperaturis uzrunvelsayofad, satacebSi Camagrebul 

nimuSs, miniaturul mufelis Rumels Camoacvamen. Rumelis temperatura 

TermowyviliT kontrolirdeba. temperaturis regulirebas potenciometriT 

anxorcieleben. nimuSis gamocdas mas Semdeg iwyeben, rodesac temperatura 

sasurvel mniSvnelobas miaRwevs. mocemul SemTxvevaSic meqanikuri Tvisebe-

bis maxasiaTeblebia: simtkicis zRvari gaglejaze maqs., denadobis zRvari 

0,2, fardobiTi wagrZeleba  da fardobiTi Seviwroeba .  

xangrZlivi gamocdebisas gansazRvraven masalis unars, aitanos xan-

grZlivi datvirTva maRal temperaturul pirobebSi. ganisazRvreba xangrZ-

livi simtkicis zRvari da cocvadoba, anu masalis midrekileba deformi-

rdes da daingres gazrdil temperaturaze, xangrZlivi drois ganmavlobaSi. 

mocemul temperaturaze xangrZlivi simtkicis zRvari aris maqsimaluri 

Zabva, romelsac masala daungrevlad uZlebs, gamocdis mocemuli xangrZ-

livobis pirobebSi. gamocdis xangrZlivobas (dros) bazas uwodeben. 

gazomvebs specialur manqanaze awarmoeben. gamocdis procesSi nimuSs 

mudmivi datvirTva miewodeba. satacebSi Camagrebuli gamosacdeli nimuSis 

gaxureba masze Camocmuli mrgvali mufeluri Rumelis saSualebiT xdeba. 

gamocdis procesSi nimuSis temperatura mudmivad aris SenarCunebuli. 

kumSvaze gamocdas gazrdili simyifis mqone masalebs utareben (ma-

galiTad, rux Tujs). gamocdebisaTvis rogorc Cveulebriv gamglej, ise 

specialur manqanebs iyeneben. gamosacdeli nimuSis forma, umetes SemTxve-

vaSi, cilindrulia, romlis simaRlis Sefardeba diametrTan 1,0:2,0 Sead-

gens. meTodis erT-erTi ZiriTadi moTxovna imaSi mdgomareobs, rom gamosac-

deli nimuSis torsuli zedapirebi mkacrad urTierTparaleluri unda iyos.  

kumSvaze gamocdis SemTxvevaSic aris SesaZlebeli liTonis meqaniku-

ri Tvisebebis yvela maxasiaTeblis dadgena, Tumca, umetes SemTxvevaSi, mxo-

lod simtkicis zRvars gansazRvraven. 

 
dartymiT siblanteze gamocda 

 
eqspluataciis procesSi manqanaTa nawilebi ara marto statikuri, 

mdovred mzardi datvirTvebis zemoqmedebas ganicdis, aramed dinamikuri 

(dartymiTi), mkveTrad da nulidan maqsimalur mniSvnelobamde didi siCqa-



133 

 

riT mzardi datvirTvebis zemoqmedebasac. amdenad, detalis ngreva darty-

miTi datvirTvebis gavleniTac SeiZleba ganviTardes. amitom, aucilebelia 

imis codnac, Tu ramdenad uwevs winaaRmdegobas liToni aseT datvirTvebs.  

dartymiT gamocdebs kvadratuli ganivkveTis standartuli  nimuSebis 

(10x10 mm, sigrZe 55 mm, sur. 76) ngreviT awarmoeben. sigrZis Sua zonaSi ni-

muSs U tipis naseri gaaCnia, romlis sigane da siRrme 2mm-s Seadgens, xolo 

momrgvalebis radiusi – 1mm. gamoiyeneba, agreTve, nimuSebi V an T (bzari) ti-

pis naserebiT. pirvelis wverosTan mdebare kuTxea 450, momrgvalebis radiu-

si – 0,25mm. meore naseri ufro maxvilia. naseri Zabvebis koncentratoris 

rols asrulebs. rac ufro maxvilia kuTxe, miT ufro Zlierad moqmedebs 

Zabvebis koncentratori. 

 
dartymiTi datvirTvebiT gamocdebs awarmoeben xelsawyoze, romelsac 

qanqara urnals uwodeben (sur. #77). misi muSaobis principi aseTia: urna-

lis  qanqara tvirTianad (2) Tavisuflad qanaobs, sakuTari RerZis garSemo. 

sasxletis saSualebiT tvirTi SeiZleba nebismier simaRleze dafiqsirdes. 

qanqaras ganTavisuflebis SemTxvvevaSi, tvirTi sawinaaRmdego mxares imave 

simaRlemde aiwevs, romelzec sawyis mdgomareobaSi iyo dafiqsirebuli. Tu 

tvirTs moZraobis gzaze dabrkoleba (magaliTad, gamosacdeli nimuSi) Sexv-

deba, Tavisufali vardnis energiis nawili am dabrkolebis gadalaxvaze da-

ixarjeba da tvirTi sapirispiro mxares ufro dabal simaRlemde aiwevs. 

gamosacdeli nimuSi (4, sur. #77 a, b) tvirTis moZraobis gzaze sadga-

ris (1) or sabjenze ideba. vardnis dros tvirTi mas Runavs da angrevs. aqe-

dan gamomdinare, qanqaras energiis maragi nimuSis  gadaRunvaze,  ngrevaze da 

tvirTis sapirispiro mxares garkveul simaRlemde awevaze daixarjeba. Tu 
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energiis saerTo marags im nawils gamovaklebT, rac nimuSis gadatexis Sem-

deg tvirTis sapirispiro mxares awevaze ixargeba, darCeba is energia (muSa-

oba), romelic nimuSis gadatexaze daixarja.  

amgvarad, muSaoba (K), romelic nimuSis gadatexaze daixarja, qanqaras 

tvirTis sawyisi da nimuSis gadatexis Semdeg mdgomareobebis sxvaobiT ga-

moiTvleba:  

K=P(H-h), 

sadac P aris qanqaras tvirTis wona, n;  

H – qanqaras awevis sawyisi simaRle (nimuSis gadatexamde), m;  

h – qanqaras awevis simaRle nimuSis gadatexis Semdeg (ix. sur. 77, g).  

H da h simaRleebis gansazRvra SesaZlebelia, Tu cnobili iqneba qan-

qaras sigrZe L da misi awevis kuTxeebi sawyis () da saboloo () mdgomare-

obaSi: 

H=L(1-cos);   h=L(1-cos), saidanac 

K=PL(cos-cos) 

P da L mocemuli urnalisaTvis mudmiv sidideebs warmoadgens,  da  

kuTxeebi xelsawyos skalidan aiReba. warmodgenili gamoTvlebis asacileb-

lad praqtikaSi, cxrilebiT sargebloben, sadac yoveli  kuTxisaTvis K 

muSaobis mniSvnelobebia mocemuli. 



135 

 

ZiriTadi maxasiaTebeli, romelic dartymiTi datvirTviT gamocdis 

Sedegad miiReba, aris dartymiTi siblante. igi aRiniSneba simboloebiT KC. 

dartymiTi siblante aris muSaoba, romelic gamoiTvleba nimuSis gadatexa-

ze daxarjuli muSaobis fardobiT, naseris adgilas, nimuSis ganivkveTis 

farTTan:   

KC=K/F,  

sadac F aris nimuSis ganivkveTis farTi naseris adgilas, sm2. 

dartymiTi siblantis Caweris dros, mis aRniSvnaSi, mesame simboloa 

Semotanili, romelic nimuSze naseris formas miuTiTebs. aqedan gamomdina-

re, im nimuSis dartymiTi siblante, romlis naseri U formisaa, aRiniSneba 

simboloebiT KCU, V fomis naseriT - KCV, xolo T formis naseriT – KCT. 

dartymiTi datvirTvis standartuli ganzomilebaa j/m2an j/sm2.  

dartymiT siblanteze nimuSebis gamocdas awarmoeben rogorc oTaxis 

temperaturaze, ise maRal da uaryofiT temperaturazec. am mizniT nimuSebs 

axureben an aciveben saWiro temperaturamde da swrafad gadaaqvT gamosac-

del urnalze. 

dartymiT siblanteze gamocdiT masalis mTel rig Zvirfas Tvisebebs 

adgenen: unars gauZlos dartymiT datvirTebs, midrekilebas myife rRvevi-

sadmi, mgrZnobiarobas naserebisadmi. saimedo muSaobisaTvis aucilebelia, 

rom civtexadobis temperaturuli zRurbli masalis saeqspluatacio tempe-

raturaze qvemoT mdebareobdes. rac ufro dabalia civtexadobis zRurbli, 

miT ufro mcirea nakeTobis myife rRvevis albaToba. 

Tumca, civtexadobis zRurbls zeviTac SeiZleba masalam myife rRve-

visadmi midrekileba gamoamJRavnos. es, upirveles yovlisa, maRalmtkice ma-

salebisTvis aris damaxasiaTebeli, romlebic Semcirebuli plastikurobiT 

xasiaTdeba. aseTi masalebis ucabedad ngrevis asacileblad aucilebelia 

bzarmedegobis gaTvaliswineba, anu unari, damuxruWdes bzaris ganviTareba.  

maRalmtkice masalebisaTvis safrTxes ara nebismieri, aramed mxolod  

raRac lk kritikuli zomis bzarebi warmoadgens, romlebsac TavisTavad zrdis 

unari gaaCnia. maRalmtkice masalis bzarmedegobis gansazRvrisaTvis nase-

ris mqone specialur masiur nimuSs, romelsac winaswar aqvs bzari Casaxu-

li (sur. #78), ngrevis siblanteze cdian. gamocdas awarmoeben xisti dat-

virTvis pirobebSi, rodesac masalis SesaZlebloba plastikuri deformaciisa- 
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dmi minimaluria (nimuSis ngreva mowyvetiT mim-

dinareobs da ngrevis sibrtye moqmedi Zalis 

perpendikularulia).  

gamocdis mizania datvirTvisa da bza-

ris im sigrZis gansazRvra, romlis drosac 

bzaris gavrceleba TavisTavad mimdinare-

obs. gamocdis Sedegebis mixedviT ngrevis 

siblantes gansazRvraven, romelic bzaris 

wverosTan Zabvebis intensiurobis koeficientiT (KIc) xasiaTdeba. KIc koefi-

cienti miuTiTebs, ra mniSvnelobas (intensivobas) aRwevs Zabvebi bzaris wve-

roSi nimuSis rRvevis momentSi. igi akavSirebs modebul  Zabvas bzaris 

kritikul lk sigrZesTan: 

KIc= k, 

sadac  aris uganzomilebo koeficienti, romelic bzaris geometrias 

axasiaTebs. 

rogorc warmodgenili Tanafardobidan gamomdinareobs, KIc sididis 

ganzomilebaa mgpam1/2. 

KIc sididis mniSvneloba bzaris wveroSi plastikuri deformaciis gan-

viTarebazea damokidebuli da blanti bzaris ganviTarebisadmi winaaRmdego-

bas axasiaTebs. mas ngrevis siblantes uwodeben. rac ufro metia KIc mniSv-

neloba, miT ufro metia masalis winaaRmdegoba blanti rRvevisadmi. 

KIc koeficientis praqtikuli mniSvneloba imaSi mdgomareobs, rom misi 

codniT SesaZlebelia ganisazRvros ngrevis Zabva  defeqtis zomaze damo-

kidebulebiT an piriqiT, detalSi mosalodneli Zabvis mniSvnelobiT dad-

gindes bzaris zoma, romelic liTonis rRvevas gamoiwvevs 

 

3. sisalis kontroli 
 

simtkicis maxasiaTeblebis Sesafaseblad sargebloben, agreTve, sisa-

lis gansazRvris meTodebiT, romelic ar moiTxovs nakeTobis mTlianobis 

darRvevas. 

sisale aris masalis unari, winaaRmdegoba gauwios plastikur an dre-

kad deformacias, masSi gareSe, ufro sali sxeulis SeWris SemTxvevaSi. 

amJamad sisale miRebulia, rogorc meqanikuri Tvisebebis erT-erTi ZiriTa-
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di maCvenebeli, radgan misi gazomva metad martivi da advilad gansaxor-

cielebelia. 

sisalis gazomvis ramdenime meTodi arsebobs, romelTagan yvelaze 

farTo praqtikuli gamoyeneba Cawnexis meTodma pova. am SemTxvevaSi sisales 

gansazRvraven mcired deformirebadi masalisagan (nawrTobi foladi, alma-

si, sali Senadnobebi), damzadebuli burTulas, konusis an piramidis Cawne-

xiT gamosakvlev liTonSi. bunikis qveS da mis uSualo maxloblobaSi gamo-

sacdeli liTonis zedapiruli fenebi plastikur deformacias ganicdis, 

ris gamoc datvirTvis moxsnis Semdeg nimuSze anabeWdi miiReba. radgan de-

formireba mcire moculobaSi xdeba, amitom am meTodiT SeiZleba gamoica-

dos ara marto plastikuri liTonebi, aramed iseTi masalebic, romlebic 

Cveulebrivi meqanikuri gamocdebis Catarebis dros did simyifes amJRavneben. 

meqanikuri Tvisebebis Seswavlis sxva xerxebTan SedarebiT, sisalis 

gansazRvris meTodi Semdegi upiratesobebiT xasiaTdeba: 

1. gazomvis Catareba teqnikurad ufro martivi gansaxorcielebelia; 

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

Tadad, simtkicis zRvars) Soris arsebuli raodenobrivi kavSiri saSuale-

bas iZleva, empiriul formulebze dayrdnobiT, liTonis sxva meqanikur ma-

xasiaTeblebzec vimsjeloT; 

3. sisalis gansazRvrisas nakeTobis mTlianoba ar irRveva, rac gamoc-

dis Semdeg misi daniSnulebisamebr gamoyenebis saSualebas iZleva; 

4. sisalis gansazRvra SesaZlebelia mcire sisqis nakeTobebzec, Txel 

fenebsa da mikromoculobebSi. 

indikatorze moqmedi P datvirTvis mixedviT, asxvaveben makrosisales 

(P5 kg) da mikrosisales (P500g).   

 

sisalis gansazRvra burTulis Cawnexis meTodiT  
(brinelis xerxi) 

 
brinelis xerxiT sisalis gansazRvris dros gamosacdel nimuSSi ra-

Rac P Zalis zemoqmedebiT, garkveuli diametris foladis nawrTobi burTu-

la Caiwnexeba. am mizniT gamoiyeneba avtomaturi berketuli sistemis wnexi, 

romlis saerTo xedi #79 suraTzea warmodgenili. buniki, romelSic Camag-

rebulia foladis nawrTobi burTula (1), xraxnis saSualebiT SpindelSi (2)  
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magrdeba, xolo gamosacdeli nimuSi 

sagnis magidaze (3) Tavsdeba. saxelu-

ris (4) saaTis isris mimarTulebiT Se-

mobrunebisas magida zemoT gadaadgil-

deba da nimuSi gamosacdeli zedapi-

riT burTulas miebjineba. amiT nimuSs 

winaswari datvirTva gadaecema, ris 

Sesaxebac signals wiTeli naTura (5) 

iZleva. winaswari datvirTvis sidide 

100 kg-s Seadgens. Rilakze (6) TiTis 

daWeriT CairTveba Zravi, ris Sedega-

dac burTulaze datvirTva gaizrdeba 

da igi garkveuli drois ganmavlobaSi 

liTonSi Caiwnexeba. Semdeg datvirTva 

moixsneba da xelsawyo avtomaturad gamoirTveba. datvirTvis xangrZlivoba 

gamosacdeli masalis sisaleze damokidebulebiT 10-60 wams Seadgens da 

misi regulireba Zravis reles (7) saSualebiT xdeba. nimuSis gasanTavisuf-

leblad saWiroa saxeluris ukuSemobruneba. datvirTvis sidide sawonebis 

(8) saSualebiT SeiZleba Seicvalos. 

burTulas Cawnexis Sedegad, nimuSis gamosacdel zedapirze anabeWdi 

miiReba. sisalis mniSvneloba gamoiTvleba moqmedi P Zalis SefardebiT ana-

beWdis F farTobTan da HB asoebiT aRiniSneba:  

   

 

      sadac P aris   datvirTvis sidide, kg;  

F – anabeWdis zedapiris farTobi, mm2;  

D – burTulis diametri, mm; 

d – anabeWdis diametri, mm. 

 
burTulis diametrisa da datvirTvis SerCeva. brinelis xerxiT sisa-

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

SeirCeva. rogorc (1) formulidan gamomdinareobs, sxva Tanabar pirobebSi 

sisales anabeWdis diametri gansazRvravs. cxadia, anabeWdis diametri rac 

ufro didi miiReba, sisale miT ufro mcire iqneba, magram datvirTvis si-
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didesa da anabeWdis diametrs Soris mudmivi Tanafardoba, rac sisalis 

zusti gansazRvrisaTvis aris aucilebeli, mxolod gamocdis garkveuli pi-

robebis dacvis SemTxvevaSi miiReba. cxadia, es Tanafardoba sxvadasxva sisa-

lis masalisaTvis sxvadasxva iqneba. 

gamosacdeli masalis Tvisebebidan  gamomdinare,  datvirTvis  sidide 

Semdegi formuliT ganisazRvreba: 

P=KD
2 

             (2) 

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

li aiReba; 

D - burTulas diametri, mm. 

burTulas diametri da datvirTvis sidide, gamosacdeli masalis Tvi-

sebebisa da sisqis gaTvaliswinebiT, #6 cxrilidan aiReba. rogorc cxri-

lidan Cans, sxvadasxva diametris burTulis gamoyenebisas Sesabamisi dat-

virTva SeirCeva. magaliTad, Tu gamocdis pirobebia HB 10(3000)30, es imas 

niSnavs, rom mocemul SemTxvevaSi sisale ganisazRvreboda 10mm diametris 

burTuliT, datvirTvis sidide Seadgenda 3000kg, xolo dayovnebis dro – 30 

wams. datvirTvis maqsimaluri cdomileba ar aRemateba 1%. 

mkveTri anabeWdis misaRebad nimuSis zedapiri unda iyos swori, gluvi 

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

 
anabeWdis diametrisa da sisalis gansazRvris meTodika. anabeWdis di-

ametri izomeba lupiT (sur. #80, a) an mikroskopiT ori urTierTmarTobi 

mimarTulebiT da gamoiTvleba misi saSualo ariTmetikuli mniSvneloba. lu-

pas aqvs saxazavi (sur. #80, b), romlis danayofis fasi 0,1mm-s Seadgens. 

anabeWdis diametris gasazomad lupas qveda sayrdeniT nakeTobis (ni-

muSis) gamosacdel zedapirze aTavseben da ise gadaadgileben, rom skalis 

sawyisi danayofi anabeWdis garSemowerilobis erT-erT wertils SeuTavs-

des (sur. #.81), Semdeg iTvlian danayofebis ricxvs, romelzec diametri 

vrceldeba. magaliTad, 81 suraTze naCvenebi anabeWdis diametri 4,2mm-is to- 

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

gansazRvra SesaZlebelia rogorc (1) formulis gamoyenebiT, ise Sesabamisi 

standartuli cxrilebidan, sadac sisale mocemulia datvirTvis sidideze 

da anabeWdis diametrze damokidebulebiT. magaliTad, Tu gamocda Catarebu- 
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                                                  cxrili #6 

    burTulis diametrisa da datvirTvis SesarCevi cxrili 
 

Ggamosacde-
li 

masala 

sisalis  di-
apazoni bri-
nelis erTeu-

lebSi 

gamosacdeli 
masalis 

minimaluri 
sisqe, mm 

Tanafar-
doba 
P=KD

2 

burTu-
lis 

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=30D

2
 

10,0 
5,0 
2,5 

3000 
750 
187,5 

 
10 

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

P=10D
2 

 
10,0 
5,0 

1000 
250 

 
10 

 
feradi 

 
 

liTonebi 

 
>30 

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

 
P=30D

2 
10,0 
5,0 
2,5 

3000 
750 
187,5 

 
30 

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

P=10D
2 

 
10,0 
5,0 

1000 
250 

30 

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

 
10,0 
 

250 60 

 
lia D=10 mm burTuliT, datvirTvis sidide Seadgenda 3000kg-s, xolo da-

yovnebis dro - 10 wams (gamocdis piroba  HB 10(3000)10), 81 suraTis Sesaba-

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

D=2,5mm burTuliT, igive cxriliT sisalis gansazRvrisTvis saWiroa ana-

beWdis diametris mniSvneloba gamravldes Sesabamisad 2-ze an 4-ze. 

masalis sisalis swori daxasiaTebisTvis gazomvebis seria kidev or-

jer mainc unda ganmeordes. ganmeorebiTi gazomvebis dros momdevno anabeW-

dis centri mezobeli anabeWdisgan da nimuSis kideebidan dacilebuli unda 

iyos, gamoyenebuli burTulis aranakleb ori diametrisa. kerZo monacemebis 

safuZvelze gamoiTvleba sisalis saSualo mniSvneloba. 
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xelsawyos Semowmeba. gazomvebis maRali xarisxis uzrunvelsayofad 

mizanSewonilia, seriuli gazomvebis dawyebamde, Semowmdes xelsawyos si-

zuste, rac standartuli filebis gamoyenebiT xdeba. filebis sisale wi-

naswar aris cnobili (miTiTebulia mis gverdiT zedapirze). Tu xelsawyos 

sizuste ar aris darRveuli, standartuli filis sisalis gazomvis Sedege-

bi unda Tavsdebodes filaze miTiTebuli sisalis zRvrebSi. winaaRmdeg 

SemTxvevaSi saWiroa Sesworebis sididis gansazRvra da misi gaTvaliswineba 

seriuli gazomvebis SedegebSi.   

 
sisalis gansazRvra konusis an burTulis Cawnexis meTodiT  

 (rokvelis xerxi) 

  
 rokvelis xerxiT sisalis gansazRvra gamosacdel nimuSSi almasis 

konusis an foladis nawrTobi burTulis CawnexiT xdeba. almasis konusis 

wverosTan mdebare kuTxe 1200-s Seadgens, xolo burTulas diametri – 1,588mm. 

gansaxilveli meTodi brinelis meTodisgan principulad imiT gansxvavdeba, 

rom sisale bunikis Cawnexis siRrmis mixedviT ganisazRvreba. 

almasis konusi an foladis burTula nimuSSi Tanmimdevrulad, winas-

wari P0Pda ZiriTadi P1 datvirTvebis zemoqmedebiT iwnexeba (sur. #82). sru-

li datvirTva 

P=P0+P1 

winaswari datvirTvis sidide yvela SemTxvevaSi 10kg-is tolia. 

      rokvelis xerxiT sisale TK-2 tipis xelsawyoze ganisazRvreba, rom-

lis sqema #83 suraTzea mocemuli. gamosacdeli buniki (1) xraxnis saSua-

lebiT SpindelSi magrdeba. indikatoris ciferblatze (2) gaTvaliswinebu-

lia ori skala - Savi C da wiTeli B (sur. #84). anaTvalis aReba didi isris 

(1) mixedviT xdeba. 

      sagnis magidaze (3, sur #83) moTavsebuli nimuSi saxeluris (4) saaTis 

isris mimarTulebiT Semobrunebisas zeviT gadaadgildeba da gamosacdel 

buniks miebjineba. saxeluris Semdgomi SemobrunebiT buniki iwyebs nimuSSi 

SeWras da rodesac patara isari (2, sur. #84 a) wiTel wertils (3) Seu-

Tavsdeba, winaswari datvirTvis sidide 10 kg-s Sesabamisi iqneba. aseT mdgo-

mareobaSi didi isari C skalis nulovani danayofis maxloblobaSi gaCer-

deba (dasaSvebia  5 danayofiT acdena, sur. 84, b). indikatoris skalis nu-
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lovani danayofis isarTan zustad gasworeba (sur. #84, g) dolis (5, sur. 

#83) SemobrunebiT xdeba. klaviSze (6, sur. #83) xelis daWeriT datvirTvis 

normaluri cikli iwyeba, romelic 4 wams grZeldeba.  ciklis  damTavrebis  

Semdeg ZiriTadi datvirTva avtomaturad ixsneba. indikatoris skalaze didi 

isris saboloo mdgomareoba uCvenebs sisales rokvelis erTeulebSi (sur. #84, d).  

     almasis konusiT gamocdisas anaT-

vali Savi (C) skalidan aiReba, xolo 

burTuliT gamocdis SemTxvevaSi – wi-

Teli (B) skalidan. 

 
datvirTvisa da gamosacdeli bu-

nikis SerCeva. datvirTva da buniki ga-

mosacdeli liTonis sisalis mixedviT 

SeirCeva. mudmivi tvirTi (7, sur. #83) 

50kg datvirTvas uzrunvelyofs. mosa-

xsneli tvirTebis (8) regulirebiT Se-

saZlebelia datvirTvis sidide 100 an 

150 kg-mde gaizardos. 

     almasis konusiT sisalis gansazRvris dros saerTo datvirTva 150 an 60 

kg-s unda Seadgendes. pirvel SemTxvevaSi sisalis mniSvneloba didi isriT 

naCvenebi danayofis mixedviT ciferblatis C skalidan aiReba da HRC–Ti 

aRiniSneba. magaliTad, #84 d suraTze sisale Seesabameba 62 HRC–s.  

       am meTodiT ganisazRvreba nawrTobi da dabalmoSvebuli foladebis 
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sisale. rekomendebulia, agreTve, saSualo sisalis (230 HB da meti) masale-

bis gamocdac, radgan procesi swrafad xorcieldeba da brinelis meTod-

Tan SedarebiT nakeTobaze umniSvnelo kvali rCeba. SesaZlebelia Txeli ze-

dapiruli fenebis, magaliTad, cementirebuli Sris sisalis gansazRvra, amas-

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

60 kg datvirTviT gamoicdeba metad sali masalebi, magaliTad, sali 

Senadnobebi (HRC70), agreTve, 0,3-0,5mm sisqis Sreebi. sisalis mniSvneloba 

igive skalidan aiReba da HRA asoebiT aRiniSneba. HRC da HRA sidideebs 

Soris Semdegi damokidebuleba arsebobs: 

HRC=2HRA-104. 

      foladis burTuliT gamocdis dros saerTo datvirTva 100kg-s Sead-

gens. sisalis mniSvneloba didi isriT naCvenebi danayofis mixedviT cifer-

blatis B skalidan aiReba da HRB asoebiT aRiniSneba. am meTodiT gamoic-

deba rbili foladi da momwvari feradi liTonebi, romelTa sisqe 0,8-2mm 

zRvrebSi icvleba. rokvelis xerxiT gamocdis pirobebi #7 cxrilSia warmod-

genili. 

                                                                 cxrili #7                                      

rokvelis meTodiT sisaleze gamocdis pirobebi 

rokvelis ska-
liT sisalis 
gansazRvris 
dasaSvebi 
zRvrebi 

 
skalis 
aRniSvna 

 
bunikis tipi 

 
saerTo 

datvirTva, 
kg 

sisalis 
aRniSvna 
rokvelis 

erTeulebSi 

 
25-100 

20-67 

70-90 

 

B 

C 

A 

 

 
foladis burTula 

almasis konusi 

almasis konusi 

 
100 

150 

60 

 

HRB 

HRC 

HRA 

 

gazomvebSi cdomilebis minimumamde Sesamcireblad, konusis centri ni-

muSis wibodan mocilebuli unda iyos aranaklebi 1,5mm-isa. burTulas gamoye-

nebis SemTxvevaSi es manZili 4 mm-mde izrdeba. igive pirobebis dacvaa saWi-

ro ori mezobeli anabeWdis centrebs Soris. nimuSis rogorc gamosacdeli, 

ise sayrdeni zedapirebi unda iyos sufTa, swori, gluvi da urTierTparale-

luri. 

xelsawyos Semowmeba sizusteze  standartuli  filebis  gamoyenebiT 
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xdeba igive meTodikiT, rogorc es `sisalis gansazRvra burTulis Cawnexis 

meTodiT (brinelis xerxiT)~ Mme-7 TavSi iyo ganxiluli.  

gamosakvlev nimuSze ganmeorebiTi gazomvebis ricxvi samze naklebi ar 

unda iyos. miRebuli monacemebis safuZvelze sisalis saSualo mniSvneloba 

gamoiTvleba. 

 
sisalis gansazRvra almasis piramidis CawnexiT  

(vikersis xerxi) 

  

vikersis xerxiT sisalis gansazRvra gamosakvlev nimuSSi oTxwaxnaga 

almasis piramidis CawnexiT xdeba, romlis wverosTan mdebare kuTxe 1360-s 

Seadgens. am meTodiT sisalis gamocdis dros sxvadasxva datvirTviT miRe-

buli anabeWdis diagonalebs Soris fardoba mudmiv sidides warmoadgens, 

rac datvirTvis farTo zRvrebSi Secvlis SesaZleblobas iZleva. 

#85 suraTze naCvenebia vikersis xelsawyos sqema. mis ZiriTad nawils  

Semosabrunebeli Tavura (1) warmoadgens, romelSic Camagrebulia samarTu-

li almasis piramidiT (2). samarTuli liTonis garsacmiTaa daculi. ana-

beWdis diametri Tavuraze damagrebuli mikroskopiT (3) izomeba. 

datvirTvis SerCeva. datvirTvis sidide gamosakvlevi Sris sisqis mixed-

viT SeirCeva. zogadad SeiZleba CaiTvalos, rom gamocdis Sedegad miRebu-

li anabeWdis diagonalis sigrZe, ukidures SemTxvevaSi, 1,5-jer naklebi un-

da iyos Sris sisqeze. cxadia, rac ufro mcirea gamosacdeli Sris sisqe, dat 
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virTva miT ufro naklebi aiReba. 

Tu gamosacdeli Sris sisqe (cementirebuli, kondensirebuli da a.S) 

winaswar ar aris cnobili, rekomendebulia gazomvebi Tavdapirvelad sxva-

dasxva datvirTviT (magaliTad, 10; 20 da 30 kg) Catardes. Tu masalis Ziri-

Tadi masa gazomvis Sedegebze gavlenas ar axdens, sisalis mniSvnelobebi 

TiTqmis erTnairi miiReba. winaaRmdeg SemTxvevaSi saWiroa datvirTvis Sem-

cireba daaxloebiT erTnairi mniSvnelobebis miRebamde. 

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

50, 100 da 120kg. SerCeuli tvirTi (4, sur. #85) saTanado Reroze ikideba. 

 

anabeWdis miReba. swori da mkafio anabeWdis misaRebad sisaleze gamo-

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

raziuli qviT an zumfaris qaRaldiT muSavdeba. 

saTanado saxeluris qveda kidura mdgomareobamde daweviT, sakidze 

moTavsebuli tvirTi maRla aiwevs da xelsawyo muSa mdgomareobaSi Cadgeba. 

Semosabrunebeli Tavura (1, sur. 85) marcxena kidura mdgomareobaSi dgeba. 

gamosacdeli nimuSi sagnis magidaze (5) Tavsdeba. mqnevaras (6) saaTis isris 

mimarTulebiT Semobrunebisas magida zemoT gadaadgildeba da nimuSi gar-

sacms miebjineba. gamSvebi meqanizmis klaviSze (7) xelis daWeriT iwyeba 

datvirTvis cikli, romlis xangrZlivobis registracias naTura (8) axdens. 

ciklis damTavrebis Semdeg magidas qvemoT dasweven da Tavuras sawi-

naaRmdego mimarTulebiT SemobrunebiT mikroskopis optikur RerZs anabeW-

dis centrs SeuTavseben. magidis vertikalur sibrtyeSi gadaadgilebiT ana-

beWdi fokusSi mohyavT da misi diagonalis sigrZes ori urTierTmarTobi 

mimarTulebiT zomaven. 

 
anabeWdis diagonalis sigrZis gazomva. anabeWdis diagonalis sigrZis 

gasazomad mikroskopi aRWurvilia mikrometruli okulariT (sur. #86). oku-

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

riani) StrixebiT (sur. #87 a). gazomvis win ZiriTadi Strixebi anabeWdis 

diagonalTan SedarebiT ufro did manZilze unda iyos gaweuli (b). okula-

ris xraxnis (1, sur. #86) SemobrunebiT anabeWdis diagonalis marcxena wer-

tils marcxena ZiriTad Strixs uTavseben (g, sur. #86), xolo marjvena 

Strixs – mikrometruli  xraxnis  (2, sur.  #87) SemobrunebiT - diagonalis 



 
146

bolo wertils (d, sur. #87). 

anabeWdis diagonalis sigrZe aiReba 

okularis skalasa da mikrometrul 

xraxnze danayofebis ricxviT. 10x ga-

madideblobis obieqtivis gamoyenebisas 

skalis erTi danayofi Seesabameba 100 

mikrometrs (0,1mm), xolo marjvena mikro-

metruli xraxnis limbaze – erT mikrons 

(0,001mm). magaliTad, Tu marjvena ZiriTa-

di Strixi skalis (2) da (3) danayofebs 

Soris mdebareobs (sur. #87 d), xolo 

limbaze danayofebis ricxvi 15-s Sead-

gens, anabeWdis diagonalis sigrZe 0,215mm-is toli iqneba. 

     vikersis xerxiT gazomili sisale HV asoebiT aRiniSneba (indeqsad 

xSirad datvirTvis sididis aRmniSvneli ricxvi iwereba). sisale gani-

sazRvreba, rogorc anabeWdis erTeulze mosuli 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 

specialuri cxrilebis gamoyenebac. 

       mikrometruli okularis damatebiTi Strixi seriuli gamocdebis 

dros gamoiyeneba. davuSvaT, detalebis garkveuli seriisTvis dasaSvebi si-

sale 300-dan 350 HV-mde intervalSi mdebareobs, rasac 10 kg datvirTvis 

dros  240-230  mikrometri diametris anabeWdi Seesabameba. marjvena ZiriTad 
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da damatebiT Strixebs diagonalis dasaSve-

bi zRvrebis Sesabamisad ayeneben (sur. #88 ) 

da amowmeben, Tavsdeba Tu ara miRebuli ana-

beWdis diagonali am zRvrebSi. 

      ama Tu im xerxiT gazomili sisaleebis 

urTierTSedarebisaTvis sTanado gadamyvani 

cxriliT sargebloben, sadac  sxvadasxva me-

TodiT gazomili sisalis mniSvnelobebs Soris damokidebulebaa mocemuli.  

 

xelsawyos Semowmeba. sizusteze xelsawyos Semowmeba sakontrolo 

standartuli filebis saSualebiT xdeba. xelsawyos Cveneba filaze miTiTe-

buli sisalis zRvrebSi unda moTavsdes. winaaRmdeg SemTxvevaSi gazomvis 

SedegebSi saWiroa saTanado Sesworebis Setana. 

 

Mmikrosisalis kontroli 
 

      mikrosisalis gansazRvra masalis fizikur-qimiuri analizis erT-erTi 

ZiriTadi meTodia.   

makrosisalis gansazRvris dros deformirebuli Sris moculoba bev-

rad aRemateba liTonis marcvlebis moculobas, amitom, kontrolis am me-

TodebiT, faqtiurad, liTonis `gasaSualoebuli~ sisalis mniSvnelobebi 

aiReba. liTonebisa da Senadnobebis mravali Taviseburebis gamomJRavnebi-

saTvis aucilebelia ara marto `gasaSualebuli~, aramed struqturis cal-

keuli fazebisa da struqturuli Semdgenebis sisalis codnac. am amocanis 

gadawyveta mikrosisalis gazomvis meTodis gamoyenebiT xdeba. 

mikrosisalis gansazRvris dros anabeWdis diagonalis sigrZe imdenad 

mcire miiReba, rom SesaZlebelia calkeuli marcvlis sisalis gansazRvra. 

aRniSnuli meTodi gamoiyeneba, agreTve, metad wvrili nakeTobis xarisxis 

Sesamowmeblad (magaliTad, majis saaTis detalebi), Txeli naxevarfabrikate-

bis (lenti, kilita, mavTuli), galvanuri firebis, orTqlis fazidan konden-

sirebuli masalebis, myife araliTonuri masalebis (abrazivi, minerali, 

mina) sisalis gansazRvrisaTvis. 

mikrosisale gamosacdel nakeTobaSi almasis piramidis CawnexiT gani-

sazRvreba. #89 suraTze mocemulia mikrosisaleze gamosacdeli -3 ti-
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pis xelsawyos saerTo xedi. xelsawyos Stativze damagrebulia mikroskopi 

(1), romlis gadaadgileba vertikalur sibrtyeSi makrometruli (2) da mikro-

metruli (3) xraxnebis saSualebiT xdeba. tubusis zeda nawilSi Casmulia 

okularuli mikrometri (4), xolo qveda nawilSi – obieqtivi (5). tubusze 

damagrebulia dasatvirTi meqanizmi (6) almasis piramidiT (7), romlis mo-

pirdapire waxnagebs Soris kuTxeaA1360. 

anabeWdis misaRebad xelsawyo aRWurvilia mrgvali formis tvirTebis 

kompleqtiT, romelTa wona 1, 2, 5, 10, 20, 50, 100, 200  da 500  grams Seadgens. 

tvirTi (8) dasatvirTi meqanizmis Wokze Tavsdeba. 

gamosacdeli nimuSi (9) sagnis magidaze (10) saTanado mimWeri TaTebiT 

an plastiliniT magrdeba. xraxnebis (11) saSualebiT SesaZlebelia magidis 

zeda nawilis gadaadgileba horizontalur sibrtyeSi urTierTmarTobi mi-

marTulebiT, xolo saxeluriT (12) - 1800-iT magidis Semobruneba vertika-

luri RerZis garSemo. gamosakvlevi nimuSis fokusireba makro (2) da mikro-

xraxnebis (3) saSualebiT xdeba. nimuSi iluminatorSi Cayenebuli naTuris 

saSualebiT naTdeba.  

  

Tu kvlevis mizans Senadnobis calkeuli struqturuli Semdgenebis 

sisalis gansazRvra warmoadgens, saWiroa mikroxexis winaswar momzadeba 

da reaqtiviT damuSaveba,metalografiaSi cnobili meTodebiT. 
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anabeWdis miReba. gazomvebis dawyebamde okular-mikrometris limbs (1, 

sur. #90) nulovan danayofze asworeben. am  mdebareobaSi okular-mikromet-

ris ormagi Strixi (2) uZravi skalis (3) me-4 danayofs SeuTavsdeba, xolo 

diagonalebis gadakveTis wertili mxedvelobis aris centrSi aRmoCndeba. 

       sagnis magidaze damagrebul nimuSs 

fokusSi ayeneben da kvlevisaTvis sa-

intereso mikroubans (magaliTad, li-

Tonis marcvals) magidis gadaadgile-

biT okular-mikrometris diagonalebis 

gadakveTis wertils uTavseben (sur. 

#91, a). winaswar SerCeuli tvirTi sa-

kidze Tavsdeba. sagnis magidis marc-

xena kidura mdgomareobamde (1800-iT) 

SemobrunebiT sisalis gamosacdelad SerCeuli mikroubani almasis pira-

midis centris qveS moeqceva. dasatvirTi meqanizmis saxeluris Tanabari, 

mdore SemobrunebiT saTanado datvirTva viTardeba.  

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

bareobas ubrundeba. Tu xelsawyo sworad aris centrirebuli, anabeWdi 

okular-mikrometris diagonalebis gadakveTis wertilSi an mis uSualo 

maxloblobaSi miiReba (sur. #91 b). 

 

 
  

 

 

 

 

 

 

 

anabeWdis diagonalis sigrZis gazomva da sisalis gansazRvra.  ana-

beWdis diagonalis sigrZis gansazRvra, umetes SemTxvevaSi, Semdegi Tanmim-
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devrobiT xdeba: xraxnebis (11) (sur. #89) SemobrunebiT sagnis magidas iseT-

nairad gadaaadgileben, rom anabeWdis marjvena wvero diagonalebis gadak-

veTis wertils SeuTavsdes (sur. #91, g). amis Semdeg, okular-mikrometris 

limbis dols Semoabruneben da diagonalebis gadakveTis wertils anabeW-

dis marcxena wertils SeuTavseben. bunebrivia, gadaadgildeba ormagi Stri-

xic da igi  uZravi skalis raRac danayofebs Soris aRmoCndeba (d). anaTva-

li okular-mikrometris uZravi skalidan aiReba da mas limbis danayofebis 

ricxvi emateba. uZravi skalis danayofis fasi 100 mikrometrs Seadgens, xo-

lo limbis dolisa – 1 mikrometrs. amgvarad, #91 d naxazze warmodgenili 

anabeWdis diagonalis sigrZe, okular-mikrometris danayofebSi toli iqneba 

165 erTeulisa. 

moqmedi standartis Tanaxmad, anabeWdis diagonalis sigrZe ori urTi-

erTmarTobi mimarTulebiT unda ganisazRvros da maTi saSualo ariTmeti-

kuli gamoiTvalos. am mizniT, horizontaluri diagonalis sigrZis gazom-

vis Semdeg, okular-mikrometrs 900-iT Semoabruneben, gazomvas imeoreben da 

angariSoben diagonalebis sigrZeTa saSualo mniSvnelobas z .  

okular-mikrometris danayofebSi gamosaxuli anabeWdis diagonalis 

sigrZe mikrometrebSi Semdegi formulis saSualebiT gadahyavT: 

d= z q, 

      sadac q=0,31.  

zemoT ganxilul magaliTSi diagonalis sigrZe 

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

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 datvirTva p gamoisaxeba gramebSi, diagonalis sigrZe d – mikro-

metrebSi, maSin, sisalis gamosaTvleli formula Semdeg saxes miiRebs: 

H=1854
2d

p
kg/mm2  (an H=1854

2d

p
x9,8 mgpa). 

sisalis gansazRvrisaTvis, praqtikaSi, standartuli cxrilebiTac 

sargebloben, romlebic Sedgenilia 5, 10, 20, 50, 100, 200 da 500 grami da-

tvirTvebisaTvis, diagonalis sigrZeze damokidebulebiT. 
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gazomvebis cdomileba. mikrosisalis gansazRvris dros daSvebul 

cdomilebas, ZiriTadad, anabeWdis diagonalis gazomvis sizuste ganapiro-

bebs. cdomilebis erT-erTi mizezi SeiZleba iyos okular-mikrometris dia-

gonalebisa da skalis arasakmarisi simkveTre, rac okularis frontaluri 

linzis SemobrunebiT gamoswordeba. diagonalis sigrZis maRali sizustiT 

gazomvas uzrunvelyofs, agreTve, nimuSis mkveTri, Tanabari ganaTeba da ga-

mosaxulebis gazrdili kontrastuloba, rac diafragmirebiTa da Suqfilt-

rebis swori SerCeviT miiRweva.  

jamuri cdomilebis erT-erTi Semdgenia okular-mikrometris xraxne-

bis uqmi svla. misi gamoricxvis mizniT gazomvebis yvela seria rekomende-

bulia diagonalebis erTi da igive mimarTulebiT gadaadgilebisas Catardes, 

rogorc wesi, skalis didi danayofebidan mcire danayofebisaken (marjvni-

dan marcxniv). 

     fotogadaReba. ПМТ-3 tipis sisalis sazom 

xelsawyoze SesaZlebelia gamosakvlevi obieqtisa 

da anabeWdis fotogadaReba. fotogadaRebisTvis 

okularis Camosacmeli korpusis (13, sur. #89) 

nacvlad mikroskopis tubusSi fotomowyobiloba 

magrdeba (sur. #92). fotomowyobiloba aRWurvilia 

fotokameriT (2) da vizualuri tubusiT,  romel- 

 

 

 

 

 

 

Sic Cadgmulia okulari (1). fotogadaRebisaTvis gamoiyeneba 7X, 10X an 15X 

gamadideblobis standartuli okularebi. anabeWdisa da mikrostruqturis 

fotogadaReba Cveulebrivi meTodiT xorcieldeba, fotofirfitis an cif-

ruli fotoaparatis gamoyenebiT. #93 suraTze warmodgenilia almasis pi-

ramidis anabeWdebi kondensirebuli nikelis firze. 
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VIII Tavi. liTonis xarisxis kontrolis 

              fizikuri meTodebi 

 

liTonebis diagnostikis fizikuri meTodebi mza detalis zedapirze 

an mis moculobaSi arsebuli makroskopuli zomis sxvadasxva defeqtis aR-

moCenis saSualebas iZleva. aRniSnul defeqtebs miekuTvneba: forebi, niJa-

rebi, Cajdomis sicarieleebi, bzarebi, nakeris ukmarSenaduRi adgilebi, gan-

Srevebis ubnebi da araliTonuri CanarTebi. defeqtoskopiis sxvadasxva me-

Todi arsebobs. isini kontrolis aramrRvev meTodebs miekuTvneba, radgan 

procesi xorcieldeba ara nimuSebze, aramed mza detalebze. 

 

1. rentgenuli defeqtoskopia 
 

rentgenuli defeqtoskopiis meTodi nivTierebaSi gamavali rentgenis 

sxivebis Sesustebis xarisxzea dafuZnebuli.  

    milakidan (1, sur. #94) gamosxive-

buli rentgenis sxivebi gaWolavs 

gamosakvlev obieqts (2) da fotogra-

fiul (rentgenis) firze xvdeba. rad-

gan sxivebi obieqtis sxvadasxva sis-

qisa da simkvrivis ubanSi gadis, isi-

ni sxvadasxva xarisxiT ganicdian Se-

sustebas. amitom, firis fotoemulsi-

aze rentgenis sxivebis zemoqmedebis 

intensiuroba sxvadasxva iqneba. aqe-

dan gamomdinare, fotografiulad damuSavebis Semdeg, rentgenis firis 

gaSavebis xarisxi sxvadasxva ubanze gansxvavebuli aRmoCndeba. aqve gasaT-

valiswinebelia, rom rentgenis sxivebis gaWolvis unari izrdeba, d. mende-

leevis periodul sistemaSi elementis rigiTi nomris SemcirebasTan da ga-

mosxivebis sixistis zrdasTan erTad. 

amgvarad, kvlevis obieqtis im ubnebSi gavlisas, sadac sicariele, 

bzari, niJara an forebi arsebobs, rentgenis sxivebi naklebi xarisxiT Se-

sustdeba, radgan aRniSnuli defeqtebi, praqtikulad, ar STanTqavs sxivebs 

da masalis sisqe defeqtis arsebobis adgilebSi, sxva ubnebTan SedarebiT, 
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ufro mcire aRmoCndeba. Aamitom, rentgenis firze aseTi defeqtebi muqi la-

qebis gamoCeniT gamovlindeba.  

rentgeniT gaSuqebas metad didi mniSvneloba eniWeba da farTod gamo-

iyeneba rogorc individualur, ise masobriv warmoebaSi detalebisa da me-

talurgiuli naxevarfabrikarebis (sxmuli, natvifri, SenaduRi SeerTebebi) 

kontrolisaTvis. 

2. gama-defeqtoskopia 
 

didi sisqis nakeTobis kontrolisaTvis -sxivebiT gaSuqebis meTodi 

gamoiyeneba. gama-defeqtoskopia saSualebas iZleva defeqtebi 300mm-mde sis-

qis foladis nakeTobaSi gamomJRavndes. 

Tavisi bunebiT -sxivebi rentgenis sxivebis msgavsia, magram, misgan 

ufro maRali sixistiT gamoirCeva. -sxivebis wyaros radioaqtiuli izo-

topebi warmoadgenen. -defeqtoskopiaSi ZiriTadad kobaltis 60Co da iridi-

umis 192
Ir xelovnuri radioaqtiuri izotopebi gamoiyeneba, romelTa gamos-

xivebis xangrZlivoba Sesabamisad 5,3 wels da 75 dRes Seadgens. 60Co-is ga-

moyenebis SemTxvevaSi foladis nakeTobis zRvruli sisqe 250-300, xolo 192
Ir-

is gamoyenebis SemTxvevaSi – 50-60 milimetria. es ukanaskneli ufro maRali 

mgrZnobiarobiT gamoirCeva 60Co-Tan SedarebiT, rac gamosxivebis ufro da-

bal sixistesTan aris dakavSirebuli. 

-sxivebiT defeqtebis gamosamJRavneblad gamosxivebis wyaros deta-

lis win aTavseben, xolo detalis ukan – maregistrirebel mowyobilobas. 

detalSi gavlili -sxivebis intensiurobis cvlileba indikatoriT regist-

rirdeba. liTonis mTlianobis darRvevis adgilebSi sxivis intensivoba 

naklebad sustdeba, rac defeqtis gamovlenis SesaZleblobas iZleva. 

-sxivebiT gaSuqeba ar moiTxovs iseTi didi zomis aparaturas, rogo-

ric rentgenuli defeqtoskopisTvis aris aucilebeli. -sxivebiT gaSuqeba 

detalis Znelad misadgom adgilebSi SeiZleba ganxorcieldes, sadac rent-

genis sxivebiT kvleva SeuZlebeli an gaZnelebulia.  

3. magnituri defeqtoskopia 

 
magnituri defeqtoskopia feromagnituri masalebisgan damzadebuli 

detalebis aramrRvevi kontrolis erT-erT meTods warmoadgens. igi sxva-
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dasxva iseTi gvaris defeqtebis gamomJRavnebis SesaZleblobas iZleva, rom-

lebic arRveven masalis mTlianobas (wvrili bzarebi, niJarebi, bewvbzarebi 

da a.S). defeqtebis gamosamJRavneblad specialuri xelsawyo, magnituri de-

fektoskopi gamoiyeneba. defeqtebis aRmosaCenad magnitur fxvnilebs an mag-

nitur suspenzias iyeneben. magnitur fxvnils rkinisgan, feromagnituri mag-

netitisa (Fe3O4) an rkinis Jangisgan (Fe2O3) amzadeben. suspenziis misaRebad 

feromagnitur fxvnils zeTSi, navTSi an sxva siTxeSi ureven.  

gamosakvlev detals magnitur defeqtoskopSi amagniteben. defeqtur 

ubnebSi magnituri nakadi defeqtis zedapirze gamodis da yalibdeba gabne-

vis magnituri veli, romelic defeqtis kideebTan magnitur polusebs 

warmoqmnis (sur. #95). zedapirze magnituri fxvnilis arsebobis SemTxve-

vaSi, adgilobrivi polaroba defeqtis konturze fxvnilis intensiur dafe-

nas gamoiwvevs.  

     amgvarad, damagnitebis Semdeg gasakontrole-

bel detals magnituri fxvniliT (mSrali meTo-

di) an magnituri suspenziiT (sveli meTodi) fa-

raven. fxvnilis nawilakebi, romlebic magnituri 

gabnevis zonaSi moxvdeba, magnituri Zalebis ze-

moqmedebiT defeqtis sazRvrebSi miizideba da mis 

konturs Semoxazavs. Sedagad, manamade uTvalado, 

SeniRbuli defeqti kargad SesamCnevi xdeba. kont-

rolis damTavrebis Semdeg detals ganamagniteben. 

 

4. grigaluri denis meTodi 
 

Siga defeqtebis gamomJRavneba grigaluri denis gamoyenebiTac aris 

SesaZlebeli. meTods eleqtromagnituri induqcia udevs safuZvlad. 

 Tu induqciur koWas, romelSic cvladi deni gadis, liTonur sxeuls 

miuaxlovebT, eleqtromagnituri velis zemoqmedebiT masSi grigaluri deni 

aRiZvreba. grigaluri denis sidide da misi SeRwevadobis siRrme, koWas 

cvladi magnituri velis sixSireze damokidebulebiT icvleba. grigaluri 

denis sididis gansazRvra specaluri gamzomi koWis gamoyenebiT aris SesaZ-

lebeli.  

meTodi sufTa liTonebisa da Senadnobebisagan damzadebul produq-

ciaSi zedapiruli da masTan mimdebare qveSreSi arsebuli defeqtebis ga-
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mosamJRavneblad gamoiyeneba. detalis forma martivi (mili, profili, Ze-

laki, zoli) unda iyos, Tanabari ganivkveTis mqone, ar unda xasiaTdebodes 

uxeSi struqturuli araerTgvarovnebiT. 

garda amisa, meTodi eleqtrogamtarobis ukontaqto gansazRvrisa da 

am parametris cvlilebis mixedviT, zedapiruli an kristalTSorisi koro-

ziiT dazinebuli zonebis gamovlenis SesaZleblobas iZleva; afiqsirebs 

Zabvis qveS koroziis Sedegad bzarwarmoqmnis faqts; aluminis Senadnobebis 

naxevarfabrikatebSi akontrolebs gadaxurebis faqts (gadaxureba gamous-

worebeli wunia, romelic SeiZleba aluminis zogierT SenadnobSi wrTobis 

win gaxurebis procesSi ganviTardes); gaizomos furclis, folgis, danafa-

ris da a.S. sisqe.  

grigaluri denis meTodis upiratesoba imaSi mdgomareobs, rom misi 

gamoyenebiT SesaZlebelia defeqtebis gamomJRavneba aramagnitur masalebSi 

(aluminSi, magniumSi, spilenZSi da a.S). 

5. luminescentuli meTodi 
 

luminescentuli meTodi mxolod Ria, zedapiruli defeqtebis (maga-

liTad, wvrili bzarebis) gamomJRavnebis SesaZleblobas iZleva. magnitur 

meTodTan SedarebiT, romlis saSualebiTac mxolod feromagnituri masa-

lebis kontrolia SesaZlebeli, luminescentuli meTodi nebismieri, ro-

gorc liTonuri (magnituri da aramagnituri), ise araliTonuri masalebis 

(magaliTad, plastmasis) kontrolisaTvis gamoiyeneba. 

luminescentuli meTodiT kontroli Semdegi TanmimdevrobiT xorci-

eldeba: detalis zedapirs WuWyisgan guldasmiT asufTaveben, Semdeg ki Cat-

virTaven abazanaSi, romelSic fluorescentuli siTxea Casxmuli (trans-

formatoris zeTis, navTis da specialuri, momwvano-oqrosferi fxvnilis 

narevi). gamosakvlev detals abazanaSi 10-15 wuTs ayovneben. xsnari ara mar-

to asvelebs detals, aramed mikroskopul bzarebSic SeiJoneba. Semdeg de-

talis zedapirs Camorecxaven, haerze aSroben da defeqtebis ufro mkveT-

rad gamomJRavnebis mizniT, maRali STanTqmis unaris mqone fxvnils ayrian 

(magniumis Jangis wvrilad daqucmacebuli fxvnilis narevs naxSirmJava mag-

niumTan). fxvnili defeqtebis siRruidan siTxes Seiwovs, sveldeba da deta-

lis zedapirs ekvris. Warb fxvnils haeris SeberviT acileben. aseTnairad 

damuSavebuli detalis zedapirs, sibneleSi, specialuri aparatis gamoyene-
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biT ultraiisferi sxivebiT aSuqeben (sur. #96). ultraiisferi gamosxivebis 

wyarodan sxivebi (2) filtris (3) gavliT (filtri xiluli sinaTlis sxi-

vebs akavebs) ecema gamosakvlevi detalis zedapirs. ultraiisferi sxivebis 

zemoqmedebiT fluorescentuli siTxe iwyebs momwvano Seferilobis naTe-

bas, rac defeqtis konturebs amJRavnebs. 

 

 
6. Seferadebis (saRebavebis) meTodi 

 
es meTodi wvrili defeqtebis gamosamJRavneblad gamoiyeneba da sain-

dikatoro siTxeebis saSualebiT xorcieldeba. saindikatoro siTxe WuWyisa 

da cximisagan guldasmiT gasufTavebul sakontrolo detalis zedapirze 

daitaneba. gaJRenTis Semdeg siTxes zedapiridan acileben da masze TeTri 

gamosamJRavnebeli saRebavi daaqvT. datanili saRebavi defeqtebis Rrmule-

bidan saindikatoro siTxes amoiwovs. amasTan, siTxe ramdenadme gainTxeva 

defeqtis ubnebSi da misi feris tonis mixedviT defeqtebis SeuiaraRebeli 

TvaliT gamomJRavnebis SesaZleblobas iZleva.  

Seferadebis meTodisaTvis araerTi saindikatoro siTxe gamoiyeneba. 

magaliTad, 80% navTi, 20% skipidari specialuri saRebavis (sudani IV) dana-

matebiT (15 grami 1 litr siTxeze, wyali – 0,6 litri. wiTeli danafari). ga-

mosamJRavnebel saRebavad Semdeg Semadgenlobas iyeneben: 0,4 litri spirti, 

300 grami carci, 1 litri siTxe (TeTri danafari). 

7. ultrabgeriTi meTodi 
 

Siga wvrili defeqtebis (zomiT 1-2mm-de) gamosamJRavneblad ultra-

bgera gamoiyeneba, romlis rxevis sixSire wamSi 20000 hercs aRemateba. amas-

Tanave, rac ufro metia sixSire, miT ufro mcirea bgeris talRis sigrZe da 

miT ufro mcire zomis defeqtis aRmoCenaa SesaZlebeli.  
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ultrabgeriTi defeqtoskopia dafuZnebulia bgeris talRis unarze, 

aireklos Semxvedri dabrkolebidan. rac ufro mcirea detalis moculoba-

Si arsebuli defeqtis zomebi, mis aRmosaCenad miT ufro mcire sigrZis 

ultrabgeris gamoyenebaa saWiro.  

xelsawyos, romlis saSualebiTac masalis Siga defeqtebs aRmoaCenen, 

ultrabgeriTi defeqtoskopi ewodeba. igi eleqtrul energias akustikur, 

ultrabgeriT talRebad gardaqmnis. gardamqmnelebi damzadebulia kvarcis, 

segnetis marilis, firovani naxevradgamtarebis da sxva, e.w. piezoeleqtru-

li masalebisgan.  

Tu kvarcis firfitas liTonis or firfitas Soris movaTavsebT, rom-

lebic cvladi denis gamanaTebel qselTan iqneba SeerTebuli, eleqtruli 

ganmuxtvebis zemoqmedebis Sedegad, kvarcis mina ganmuxtvebis taqtis Sesaba-

misad SekumSvas da gafarToebas daiwyebs. 

gasakontrolebel nakeTobasTan gardamqmnelis uSuali kontaqtis Sem-

TxvevaSi ultrabgeriTi talRebi detalis mTel ganivkveTSi gavrceldeba, 

detalis moculobaSi defeqtis (bzaris, niJaris da a.S) arsebobis SemTxve-

vaSi ki ultrabgeriTi talRebis normaluri gavrcelebis xasiaTi irRveva. 

talRebis nawili defeqtebidan airekleba da kvlav nakeTobis zedapirze 

brundeba, anu ultrabgeriTi exo warmoiqmneba. rodesac kvarcis firfita 

exos iWers, liTonis firfitebSi cvladi eleqtruli muxti aRigzneba. Se-

saZlebelia am muxtis gaZliereba da eleqtruli xelsawyoTi misi gazomva. 

defeqtis mdebareobis siRrmis gansazRvrisaTvis sakontrolo detalSi 

ultrabgera ara uwyvetad, aramed periodulad, didi SualedebiT igzavneba. 

defeqtis mdebareobis siRrmes ultrabgeris gagzavnasa da misi ukan dab-

runebas (ultrabgeriTi exo) Soris drois SualedebiT gansazRvraven. dro-

is am Sualedis dadgenisaTvis eleqtronul-sxivur milaks iyeneben. im mo-

mentSi, rodesac sakvlevi detalis zedapirze ultrabgeris talRa igzavne-

ba, milakis ekranze piki (amovardna) (1) (sur. #97) fiqsirdeba. amasTanave, 
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eleqtronuli sxivi marcxnidan marjvniv moZraobs da ekranze horizon-

talur wrfes xazavs. rodesac xelsawyosTan kontaqtSi myofi detalis ze-

dapirze defeqtidan ukuarekvlili ultrabgeris talRa brundeba, kranze 1 

pikis marjvniv piki (2) aisaxeba. da bolos, detalis Ziridan (fskeridan) 

arekvlili ultrabgeris dabrunebisas, ekranis marjvena mxares piki (3) 

Cndeba. nakeTobaSi defeqtis ganlagebis adgils me-2 pikamde manZilis gazom-

viT adgenen. 

ultrabgeriTi defeqtoskopia upiratesad didi ganivkveTis mqone de-

talebsa da naxevarfabrikatebSi defeqtebis gamosavlenad gamoiyeneba. am me-

TodiT SesaZlebelia iseTi tipis defeqtebis dadgena, ris saSualebasac 

magnituri, luminescentuli, zogjer ki rentgenuli meTodebi ar iZleva.  
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