
saqarTvelos teqnikuri universiteti

xelnaweris uflebiT

zurab avaliSvili

gaumjobesebuli almaskompoziciuri masalis
miReba nanoteqnologiebis gamoyenebiT

doqtoris akademiuri xarisxis mosapoveblad
wardgenili disertaciis

avtoreferati

Tbilisi
2016 weli



2

samuSao Sesrulebulia saqarTvelos teqnikuri universitetis qimiuri
teqnologiisa da metalurgiis fakultetis metalurgiis,
masalaTmcodneobisa da liTonebis damuSavebis departamentis
masalaTmcodneobis saganmanaTleblo programaSi

xemZRvanelebi:

sruli profesori n.lolaZe ---------------------

asoc. profesori m.weroZe ---------------------

recenzenti: ---------------------------------

recenzenti: ---------------------------------

dacva Sedgeba ----------- wlis “------“ ----------------, ---------- saaTze
saqarTvelos teqnikuri universitetis qimiuri teqnologiisa da
metalurgiis fakultetis sadisertacio sabWos kolegiis sxdomaze,
korpusi --------, auditoria -------

mismaraTi: 0175, Tbilisi, m.kostavas 68.

disertaciis gacnoba SeiZleba stu-s biblioTekaSi,
xolo avtoreferatisa – fakultetis veb-gverdze

sadisertacio sabWos mdivani ---------------------------------



3

naSromis zogadi daxasiaTeba
Temis aqtualoba

nebismieri masalis Tvisebebis kompleqss umetes wilad

ganapirobebs misi miRebis teqnologiuri parametrebi. gansakuTrebiT

mniSvnelovani roli eniWeba miRebis pirobebs mravalkomponentiani

kompoziciuri masalebis formirebisas. gansakuTrebiT mniSvnelovania

teqnologiuri parametrebis zegavlena iseTi masalis miRebisas,

romelsac ganekuTnebia almaskompoziciuri da sxv. zesali masalebi.

iseTi parametrebis cvalebadoba, rogoricaa sawyisi fxvnilovani

komponentebis marcvlovaneba, marcvlebis forma da geometria,

presvadoba da Sesabamisad plastifikatorebis gamoyenebis

aucilebloba, Secxobis wnevis da temperaturis mniSvnelobebi,

Secxobis garemo da sxva mTlianad ganapirobeben miRebuli masalis

xarisxs. umetes SemTxvevaSi, almasi gamoiyeneba almaskompozitSi,

rogorc kompozitis Semadgeneli ZiriTadi komponenti.

yvela wayenebuli moTxovnis erTobliobis mqone masalis Seqmna

Tanamedrove mecnierebisa da teqnologebis globalur amocanas

warmoadgens. dasmuli problebis gadawyveta xorcieldeba axali

Sedgenilobebis da bunebis mqone masalebisa da progresuli

teqnologiebis gamoyenebiT.

almasuri damuSavebis Teoriidan da praqtikidan cnobilia, rom

amJamad maRali xarisxis da msxvilmarcvlovani almasuri kristalebis

–romlebic armirebuli arian ZviradRirebuli almaskompozitebi, Wris

potencialuri SesaZleblobebi Zalian dabal doneze (10-20%-iT) aris

gamoyenebuli. danarCeni kristalebis masa almasuri damuSavebis

procesSi ise vardeba kompozitis liTonuri matricidan da gadadis

SlamSi, rom ver (ar) asrulebs sasargeblo samuSaos. amitomac, aseTi

kategoriis almaskompoziciuri masalis muSaobis eqspluataciuri

maCveneblis gaumjobeseba Zalian mniSvnelovania da did ekonomiur

efeqtTanaa dakavSirebuli.
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almaskompozitis muSaobis eqspluataciur maCveneblebs

upirveles yovlisa gansazRvraven almaskompozitis Semkvrelis

Semadgenlobebi. mZime pirobebSi samuSaod gaTvaliswinebuli almasebis

Semkvrelad ZiriTadad liTonuri an liTon-keramikuli sistemebi

gamoiyeneba. Semkvrelis koncentracia am SemTxvevaSi aris aranakleb

50%. Mmoxmarebis eqstremaluri pirobebis gamo, am tipis Semkvrelebs

Sesabamisad waeyenebaT mTeli rigi mkacri moTxovnebi.

Semkvrelis daniSnulebaa almasuri kristalebis daWera.

Semkvreli almasebis kristalebis xarisxTan da koncentraciasTan

erTad almasuri instrumentis vargisianobis ganmsazRvrelia.

Semkvrelis xarisxi gansazRvravs almasis moxmarebis potencials.

Semkvrelis muSa unari xasiaTdeba ori ZiriTadi TvisebiT: Semkvrelis

mier marcvlebis daWeris simtkiciT (almasdaWeris unari) da

Semkvrelis cveTamedegobiT. almasdaWeris unari ganisazRvreba

marcvlebis meqanikuri CaWeris simtkiciT da almasis SemkvrelTan

qimiuri kavSiriT. almasdaWeris unari damokidebulia Semkvrelis

meqanikur Tvisebebze da Semkvrelis adgeziis unarze almasTan.

msoflio praqtikaSi am klasis almaskompozitebis miRebisas

ZiriTadad gamoiyeneba fxvnilTa metalurgiis meTodi - rac

gulisxmobs sawyisi kazmis (almasis marcvlebi + gansazRvruli

Semadgenlobis metalis fxvnilTa narevi) civad dapiresvas Sesabamisi

formis misaRebad da Semdgom mis Secxobas gansazRvrul

temperaturaze spec. RumelSi aRmdgen an inertul areSi an vakuumSi.

mowinave qveynebSi warmoebebSi ZiriTadad gamoiyeneba SedarebiT

maRalteqnologiuri cxeli presvis meTodi. operacia xorcieldeba

ZiriTadad grafitis pres-formaSi (aRmdgeni are). Aam SemTxvevaSi

zRvruli SesaZlebeli Termodinamikuri parametrebia temperatura 850-

9000C (almasis Termomedegobis zRvari) wneva 400-500კგ/სმ2

(spec.grafitebis simtkicis zRvari). procesis temperaturuli SezRudva

aucilebels xdis kompozitis SemadgenlobaSi didi raodenobiT
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gamoviyenoT dabaltemperaturuli (Cu, Sn, Zn, Al და სხვ.) metalebi

romelnic xasiaTdebian dabali fizikur-meqanikuri TvisebebiT da cudi

adgeziurobiT naxSirbadis – almasis mimarT. Amitom, kvleva im

mimarTulebiT, rom Semkvrelebad gamoyenebuli iqnas gaumjobesebuli

maCveneblebis mqone sistemebi warmoadgens mecnierebisa da

teqnologebis aqtualur amocanas.

Temis siaxle da mizani

almasuri instrumentis liTonSemkvrels moeTxoveba Zalian

maRali cveTamedegoba. cveTamedegobis ganmsazRvrel erTerT ZiriTad

parametrs (sxva maxasiaTeblebTan erTad) warmoadgens masalis sisale.

ukve arsebuli da aprobirebuli maRali sisalis mqone

SemakavSireblebi ZiriTadad warmoadgenen liTonkeramikuli  bunebis

SemakavSireblebs – Co+WC sistemas. aseTi tipis kompozitebSi WC–s

wili  Seadgens 80 –90%–s rac mniSvnelovnad aZvirebs produqcias

(WC–s  siZviris gamo)  da garda amisa, moiTxovs Secxobis procesis

maRal temperaturaze (1100 – 12000C) warmarTvas. garda amisa,

moiTxovs an maRali xarisxis da Rirebulebis bunebrivi almasebis

gamoyenebas, an umaRlesi markis  maRali Termomedegobis mqone msxvili

fraqciis xelovnuri almasebis kristalebis moxmarebas. aseTi

maxasiaTeblebis almasebi deficituri da Sesabamisad

ZviradRirebulebi arian.  es garemoeba garkveulwilad  aferxebs

liTonkeramikuli Semkvrelebis bazaze  damzadebuli  almasuri

instrumentebis farTo gamoyenebas maT Soris saamSeneblo industriaSi

samuSaoSi SemoTavazebulia teqnikis sxvadasxva sferoSi

gamosayenebeli almaskompozitebis eqspluataciuri maCveneblebis

gaumjobeseba da maTi almasur instrumentSi efeqturi gamoyeneba.

miznis miRweva ganxorcielda axali teqnologiuri procesis

gamoyenebiT da axali, araliTonkeramikuli Semkvrelis moZiebiT.
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eqspluataciri maxasiaTeblebisa da ekonomiuri maCveneblebis

gasazrdelad SeirCa da aprobirebul iqna axali Semadgenlobis

liTonuri Semkvrelebi almasuri instrumentisaTvis. D

dagegmili Tvisebebis matarebeli Semkvrelis miRebaSi  siaxle

mdgomareobs imaSi, rom, liTonuri komponentebi isea SeCeuli, rom

Secxobisas (P,T,τ) parametrebis varirebiT adgili aqvs intensiur

fazwarmoqmnis process sisalis momatebiT, rac Tavis mxriv

ganapirobebs liTonkeramikuli Semkvrelisagan gansxvavebiT bunebiT

erTgvarovani masalis miRebas naklebi sakontaqto gamyofi

zedapirebiT, aseve iZleva fizikur-qimiuri da meqanikuri

maxasiaTeblebis regulirebis SesaZleblobas.

Sedegebis gamoyenebis sfero

almasuri instrumentis Ggamoyenebis ZiriTadi sferoebia:

● yvela markis sali Senadnobebisagan damzadebulidetalebisa da saWreli

instrumentebis asalesad da dasamuSaveblad; ● naxevargamtari masalebis

dasaWrelad da dasamuSaveblad; ● keramikebis, feritebisa da sitalebis

dasamuSaveblad; ●grafitebisa da sxva naxSirbadovani masalebis

dasamuSaveblad; ●armirebuli organuli masalebisa da armirebuli mina

masalebis dasamuSaveblad; ● Zvirfasi qvebis dasamuSaveblad; ●bunebrivi

da xelovnuri qvebis saWrelad, saxexad da gasaprialeblad; ● faifuris,

mxatvruli da teqnikuri minis dasamuSaveblad; ●yvela tipis cecxlgamZle

masalis dasamuSaveblad. ●samSeneblo masalebis farTo gamis – betonebi,

rkinabetonebi, asfaltbetonebi da sxv. dasamuSaveblad. ●gazis, navTobis

WaburRilebis burRvisas, samZebro-geologiuri samuSaoebis dros.

almasuri instrumenti Cveulebriv abrazivebTan SedarebiT

uzrunvelyofs damuSavebis xarisxs, sizustes, medegobas, Sromis

pirobebisa da warmoebis kulturis amaRlebas.
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Ddisertaciis moculoba da struqtura

sadoqtoro naSromi Sedgeba: Sesavalisagan, literaturuli

mimoxilvisagan, romelic mocavs 7 qveTavs; Sedegebis gansjisagan,

romelic ganisazRvra 9 qveTaviT da daskvnisagan. naSromi

warmodgenilia 135 nabeWd gverdze, moicavs 34 naxazs, 24 suraTsa da 23

cxrils.

naSromis aprobacia

disertaciis Sedegebis Sesaxeb moxsenebulia saqarTvelos

mecnierebaTa erovnuli akademiis axalgazrda mecnierTa

konferenciaze, bakuriani, 2016w. 26 - 28 Tebervali.

gamoqveynebulia 4 samecniero statia referirebad samecniero

JurnalebSi.

naSromis Sedegebi da gansja

mizans warmoadgenda SedarebiT maRali fizikur-meqanikuri

Tvisebebis mqone almaskompoziciuri masalis miReba momavalSi

teqnikis sxvadasxva sferoSi gamosayeneblad. kerZod, almasuri

instrumentis warmoebisaTvis.

aqedan gamomdinare, potencialur masalas waeyeneboda ZiriTadi

moTxovna - hqonoda maRali sisale, cveTamedegoba da garkveuli donis

simtkice. erTerT ganmsazRvrel maxasiaTebels, romelic ganapirobebs

almaskompoziciuri masalis muSaunarianobas, warmoadgens SerCeuli

liTonuri Semkvrelis almasdaWeris unari. Ggarda amisa, Seqmniliyo

meTodologia, romelic saSualebas mogvcemda sawyisi

makroganzomilebiani fxvnilovani komponentebi gadagveyvana

ultradispersul zomebSi. DSeqmnili  teqnologiiT gveZleva

saSualeba erTi da igive sawyisi nedleulis gamoyenebis pirobebSi

kompleqsurad gagveumjobesebina saboloo produqcia, anu

agvemaRlebina xarisxis maCvenebeli – Sesabamisad Segvemcirebina

TviTRirebuleba.



8

dagegmili almaskompoziciuri masalis miRebisaTvis

gamoyenebuli iyo tradiciuli fxvnilTa metalurgiis meTodi.

liTonuri Semkvrelis sawyis komponentebad gamoyenebuli iyo

liTonTa dispersuli fxvnilebi: spilenZi, nikeli, rkina, kobalti,

kala da sxva. miRebuli fxvnilebi Semdgomi dawvrilmarcvlovanebis

mizniT gadiodnen Semdgomi aqtivaciis process. aqtivaciis procesi –

dafqva xorcieldeba burTulebian wisqvilSi.

nax.1. fxvnilebis marcvlebis saS.zomis nax.2. Semcxvari masalis sisalis
damokidebuleba aqtivaciis droze damok.sawy. fxvnilis dispersulobaze

N
Cvens mier gamoyenebuli dolis konstruqciisTvis dadgenili

iqna fxvnilovani titanis karbidis, spilenZis, kobaltis da rkinis

marcvlis zomebis damokidebuleba dafqvis droze anu aqtivaciis

procesis kinetika.  SemuSavebuli meTodis gamoyenebiT miRebuli

Sedegebi moyvanilia (nax.1).

fxvnilebis aqtivaciis Sedegad miRebuli sxvadasxva

dispersiulobis fxvnilebi SemdgomSi gamoyenebul iyvnen kompoziciur

masalebis misaRebad. rogorc mosalodneli iyo, aqtivaciis Sedegad,

miRebuli wvrilmarcvlovani fxvnilebis gamoyenebam SesamCnevad

gaaumjobesa miRebuli, mag. Fe-Cu-Sn-Ni sistemis cxobilebis fizikur-

meqanikuri maCveneblebi, Secxobis imave P - T pirobebisaTvis (nax.2).

cxeli presvis teqnologiur operacias sasurveli Semadgenlobis

masalebis miRebisas sxva operaciebTan SedarebiT (Camosxma, Secxoba

vakuumSi da sxva) sagrZnobi upiratesobebi gaaCnia.
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miuxedavad mravali dadebiTi faqtorisa, rac Tan axlavs

masalebis formirebas maRali wnevisa da tempereturis pirobebSi,

gansakuTrebiT iseTi masalebisa, romelTa Seqmna sxva cnobili

meTodebiT SeuZlebelia, procesi xasiaTdeba mravalnairi

sirTuleebiT, romelTa gadaWra zogierT SemTxvevaSi iTxovs

sxvadasxva sferoSi aproborebuli maRalteqnologiuri meTodebis

gamoyenebas. ase magaliTad, umniSvnelovanes amocanas warmoadgens

dagegmili P - T parametrebis Seqmna minimaluri gradientebiT

sareaqcio aris mTlian moculobaSi, saWiro parametrebis zusti

SenarCuneba  drois ganmavlobaSi da Sesabamisi kontrolis

ganxorcieleba.

warmodgenil samuSaoSi Catarebuli iyo seria eqsperimentebisa,

romelic mimarTuli iyo kompoziciuri masalebis Secxobis pirobebis

gaumjobesebisken. kerZod, SemuSavebuli da gamoyenebuli iyo cxeli

presvis procesSi muSa aris anawyobis konstruqciebi axali Tbo da

eleqtrosaizolacio masalebis gamoyenebiT.

amocanas warmoadgenda gamovleniliyo damokidebuleba pirdapiri

gaxurebis meTodis pirobebSi realizebuli P - T parametrebis

erTgvarovnebasa (gradientebisa) da Semcxvari nimuSis iseTi fizikur-

meqanikur maxasiaTeblebs Soris, rogoric aris nimuSis simkvrive,

sisale, simtkice da sxva.

nax.3 moyvanilia procesSi kompoziciuri masalis Secxobisas

gamoyenebuli cxeli presvis arsebuli standartuli sqemebi.

eqsperimentebis Catarebisas adgili hqonda sxvadasxva geometriis

nimuSebis miRebas; erT SemTxvevaSi xdeboda cilindruli formis

(diametri  18 mm da simaRle h 8-9 mm), xolo meoreSi 2488 mm zomis

Zelakebis Secxoba.



10

nax. 3.  cilindruli formis nimuSis Sesacxobi wnex-forma a), Zelakis
formis nimuSis Sesacxobi asawyobi wnex-forma b).

1 – matrica, 2- puansoni, 3- nimuSi

Secxobis procesis pirobebis Semdgomi gaumjobesebis mizniT -

rac ganapirobebs Sesacxobi detalis simaRlis gazrdis

SesaZleblobebs, Cvens mier SerCeuli anawyobis sqemiT gamoyenebuli

iqna ormxrivi presvis meTodi.

nax. 4. segmentis formis nimuSis Sesacxobi wnex-forma damcavi
danafariT da TboizolaciiT ormxrivi wnexvisas.

1 – matrica, 2- puansoni, 3- nimuSi, 4-danafari,
5- Termo izolatori
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nax. 4-ze moyvanili wnexformis anawyobis sabo;oo sqemis

gamoyenebam saSualeba mogvca faqtiurad gagveTanabrebina miRebuli

Semcxvari nimuSebis maxasiaTeblebi (sisaleebi) detalebis mTlian

moculobaSi.

nax. 5-ze moyvanilia sisaleebis cvalebadoba nimuSis

moculobaSi – kerZod simaRleSi, maTi Secxobisas, rogorc erTmxrivi,

aseve ormxrivi presvis pirobebSi. warmodgenili damokidebulebidan

naTlad Cans, ormxrivi presvis upiratesoba. Ggarda amisa, Al2O3 da SiO2

bazaze Seqmnilma grafit-keramikulma Tbo da saizolacio masalebma

da maTma gamoyenebam saSualeba mogvca garda temperaturuli

gradientis minimumamde dayvanisa, NSegvemcirebina cxeli presvis

energodanaxarjebi 20-30%-iT, rac kidev erTi nabijia procesis

efeqturobis gazrdis mimarTulebiT nax, 6.

nax. 5. sisalis HRB cvlileba nimuSis nax.6. moc. T muSa moculobis gaxur-is
simaRlsTan mimarTebaSi moxmarebuli el. simZl. cvlileba
1) erTmxrivi presva 2) ormxrivi presva wnexformis sxvadasxva anawyobisaTvis

warmodgenil samuSaoSi moyvanilia zogierTi eqsperimentaluri

monacemi Co-Cu-Sn sistemis da calke masSi Semavali qvesistemis Cu-Sn

Secxobisa, sxvadasxva Termodinamikuri (P-T) da kinetikuri ( )

parametrebisas.

Co-Cu-Sn sistemis mimarT interesi ganpirobebulia im

garemoebiT, rom igi warmoadgens stu-is “almasebis da kompoziciuri

masalebis samecniero centrSi” Seqmnili liTonSemkvrelis bazur

Semadgenlobas da gamoirCeva maRali maxasiaTeblebiT almasur

instrumentSi almasuri damuSavebis sxvadasxva operaciebze. aRniSnuli
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Semkvrelis eqspluataciuri maxasiaTeblebis gaumjobesebisaTvis

saWiro gaxda monaxuliyo saSualeba Senadnis masalis iseTi fizikur–

qimiuri da fizikur–meqanikuri maxasiaTeblebis kompleqsurad

asamaRleblad, rogoricaa: sisale, simtkice, dartymiTi siblante,

almasis kristalis zedapirisadmi adgezia, Tbogamtaroba,

dasamuSavebeli masalisadmi xaxunis koeficientis Semcireba da sxv.

qvemoT moyvanilia SerCeuli Co-Cu-Sn Semadgenlobis sistemaSi

kalis (Sn) Semcvelobis zegvalena Senadnis sisaleze (nax.7).

nax. 7.  cxobilis sisalis cvlilebis damokidebuleba kalis Semcvelobaze

sistemaSi Co-Cu-Sn (sadacCo-70%) Secxobisas – T= 8000C,  P=350კგ/სმ2,  =120წმ.

kalis koncentraciis zrda 0dan 7%-mde iwvevs sisalis sagrZnob

momatebas ara nakleb 10 erTeulisa. kalis Semcvelobis Semdgom

momatebas Tan axlavs SenadnSi Warbi Txevadi fazis warmoSoba da

Sesabamisad iTxovs Secxobis temperaturis mkveTr Semcirebas rac ar

aris rekomendirebuli. kalis zegavleniT sisalis momateba am

SemTxevavSi ganpirobebuli unda iyos SesamCnevi raodenobis

intermetalidebis warmoSobiT, rac garkveul wilad fiqsirdeba

Sesabamisi nimuSebis mikrosisalebis analiziT. kalis koncentraciis

matebasTan erTad fiqsirdeba mikroubnebi gamorCeulad maRali

sisaleebiT, saorientaciod, sxvadasxva steqiometriis CuSn –is

SemcvelobiT.

am varaudis mecnieruli dasabuTebisTvis Catarda seria

eqsperimentebisa Co-Cu-Sn sistemidan masSi Semavali (Cu –Sn)

qvesistemebis Sesaswavlad Secxobis sxvadasxva Termodinamikur da

kinetikuri parametrebis pirobebSi.
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Seswavlili iyo naxsenebi Semadgenlobis mikro da makro

sisaleebis damokidebuleba P – T -  parametrebze da agreTve Ni–iT

legirebis efeqtze N(nax.8-10) SedarebisaTvis Cu –Sn Senadni kalis

sxavdasxva SemcvelobiT miRebul iqna induqciur RumelSi gamodnobiT

da Semdgomi CamosxmiT  (nax.8).

miRebuli da warmodgenili Sedegebi iZleva Semdgomi ZiriTadi

mokle daskvnebis gakeTebis saSualebas. Cu–Sn sistemaSi kalis

koncentraciis zrda iwvevs sisaleebis da mikro sisaleebis (nax.8).

mniSvnelovan zrdas, rac ganpirobebulia intermetalidebis

warmoSobis intensifikaciiT.

nax. 8.    1) cxobilis sisalis damokidebuleba kalis Semcvelobaze

sistemaSi Cu-Sn Secxobisas – T= 7000C,  P=350კგ/სმ2,  =120წმ.
2) cxobilis sisalis damokidebuleba kalis Semcvelobaze

sistemaSi Cu-Sn induqciur RumelSi gadnobiT da CamosxmiT.

nax. 9.  cxobilis sisalis cvlilebis damokidebuleba  Secxobis droze

sistemisaTvis Cu-Sn (sadac Cu-70%) Secxobisas – T= 6850C,  P=350კგ/სმ2
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nax. 10.  cxobilis sisalis cvlilebis damokidebuleba nikelisSemcvelobaze

sistemaSi Cu-Sn-Ni (sadac Cu-70%) Secxobisas – T= 6850C,  P=350კგ/სმ2,  =120წმ.

nax. 11. Cu-70%– Sn-30% Semadgenlobis  cxobilis sisalis cvlilebis

damokidebuleba Secxobis temperaturaze  Secxobisas– P=350კგ/სმ2,  =120წმ.

70%Cu –30%Sn SemadgenlobaSi Senadnis sisalis mniSvnelobebi

fiqsirebuli temperaturis (685oC) da wnevis (P=350კგ/სმ2) miRebis

pirobebSi faqtiurad ar aris damokidebuli procesis xangZlivobaze

da icvleba umniSvnelod. (nax.9) es garemoeba cxadyofs rom SerCeuli

parametrebis pirobebSi Senadnis sisale faqtiurad aRwevs maqsimalur

mniSvnelobebs 2wm–ni xangZlivobis dros, rac metyvelebs mimdinare

intermetaluri naerTebis warmoSobis procesis maRal siCqareebze.

nikelis Seyvana Cu –Sn SenadnSi mkveTrad amcirebs aRniSnuli qimiuri

reaqciis intensivobas (nax.10).

Secxobis temperaturis gavlena Senadnis sisaleze umniSvneloa

temperaturul intervalSi 500–685oC procesis ufro maRali

temperaturebi amcireben itermetalidebis raodenobas, rac savaraudod

ganpirobebulia maTi daSliT. (nax.11).

interesis sagans  warmoadgenda SerCeul sabazo sistemebSi Co –

Cu – Sn –Si Semavali dabaldnobadi qvesistemebis Cu–Sn –is  struqturis
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da fazuri Semadgenlobis dadgena sxvadasxva P – T –  parametrebis

pirobebSi Secxobis dros. imis gaTvaliswinebiT, rom Secxobis

procesis xangrZlivoba  SezRudulia 120 – 180 wm.   e.i. saqme  gvaqvs

Cu–Sn sistemaSi  fazwarmoqmnis arawonasworul – kinetikur reJimTan.

Aqedan gamomdinare, arsebuli da  literaturaSi  kargad gaSuqebuli

am  sistemis   wonasworuli diagramebi  ar iZlevian srulyofili

prognozirebis  saSualebas  ama Tu  im fazebis warmoSobis Taobaze.

miRebuli nimuSebis ufro Rrma analizisaTvis Catarda maTi

rentgenografiuli kvleva.

#1 nimuSi warmoadgens 70%Cu+30%Sn Senadns, romelic miRebulia

induqciur RumelSi gamodnobiT da CamosxmiT. #1 nimuSis  kristaluri

mesris struqtura da mesris parametrebi (F 43m, α =17.9553 0.001Å)

Seesabameba  –fazis  monacemebs.  misi qimiuri   Sedgeniloba

sxvadasxva literaturuli wyaros monacemebiT ramdenadme

gansxvavebulia (Cu31Sn8, Cu41Sn11, Cu327Sn88.08), difraqtogramaze –fazis

garda sxva kristaluri faza ar fiqsirdeba. #2  nimuSi warmoadgens

70%Cu+30%Sn Semadgenlobis  Senadns,  Semcxvars T= 6850C, P=350kg/sm2,

 =120wm pirobebSi. #2 nimuSi ori kristaluri fazisagan Sedgeba.

ZiriTadi  –fazis garda fiqsirdeba α –fazis  (myari xsnari

spilenZis safuZvelze; sivrculi jgufi (F m3m, α =3.699 0.001Å)

Sesabamisad susti difraqciuli maqsimumebic. #3  nimuSi warmoadgens

80%Cu+20%Sn Semadgenlobis  Senadns,   Semcxvars T= 7000C,

P=350kg/sm2,  =120wm   pirobebSi (nax. 8). #3 nimuSic ori

kristaluri fazisagan Sedgeba. Tumca, #2 nimuSisagan gansxvavebiT

ZiriTadad fiqsirdeba α –fazis (myari xsnari spilenZis fuZeze;

sivrculi jgufi (F m3m, α =3.699 0.001Å) Sesabamisi difraqciuli

maqsimumebi.  –fazis Sesabamisi difraqciuli maqsimumebi SedarebiT

sustia. aRsaniSnavia, rom #1,  #2  da #3  nimuSebis  –fazis
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teqstura gansxvavdeba erTmaneTisagan  (gansxvavebulia  difraqciuli

maqsimumebis intensivobebis fardobiTi mniSvnelobebis proporciebi).

aRsaniSnavia kidev erTi garemoeba, zemoT naxseneb Co – Cu – Sn

Semadgenlobis kompoziciaSi miRebuli nimuSebis maqsimaluri

sisaleebi ar aRemateba 104 –105 HRB erTeuls da igi gamoirCeva

zomieri simtkiciT  b = 80 – 90kg/mm2. aseTi parametrebis mqone

SemakavSirebeli kargad muSaobs saSualo da dabali kategoriis

granitebis damuSavebisas. maRali abraziulobis mqone masalebis

(betonebis) da aseve asfaltbetonis dasamuSaveblad savaraudod

sasurvelia ufro maRali sisalis da Sesabamisi cveTamedegobis mqone

SemakavSirebeli.

samuSaos farglebSi, romelSic gamiznuli iyo

almaskompoziciuri masalis Seqmna saamSeneblo industriaSi

gamosayeneblad, ZiriTadi yuradReba mimarTuli unda yofiliyo iseTi

masalebis damuSavebisaken, rogoricaa betoni, armirebuli betoni  da

asfaltbetoni, radganac am masalebis wili saamSeneblo industriaSi

bevrad metia bunebriv qvebTan SedarebiT.

aqedan gamomdinare, gamoikveTa amocana, Seqmniliyo  iseTi

Semadgenlobis SemakavSirebeli, romelic daxasiaTdeboda ufro

maRali sisaliT  da Sesabamisad  cveTamedegobiT. amavdroulad, misi

Secxobis temperatura iqneboda  zomir farglebSi (≤850), rac

saSualebas iZleva gamoyenebul iqnan  SedarebiT aradeficituri

xelovnuri almasuri kristalebi (AC160T; AC200T). aseve,

gasaTvaliswinebelia is garemoeba, rom saamSeneblo industriaSi

gamoyenebul   zogierT  almasur  instruments  uwevs mSral

pirobebSi muSaoba  anu  wyliT  gaciebis  gareSe. aseTi moTxovna

ganpirobebulia wminda saamSeneblo teqnologiuri moTxovnidan

gamomdinare, mag.  betonis moWimuli iatakebis xexva– polirebis dros.

mSral  pirobebSi momuSave almasuri instrumentis muSa zedapirze

temperaturebma SeiZleba miaRwios 400 -5000C, xolo lokalur
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ubnebze 500 -6000C, es  garemoeba  damatebiT  moTxovnebs uyenebs

muSa zedapiris geometrias da  rac yvelaze  mniSvnelovania,

funqcionaluri mWreli nawilis almaskompoziciur masalas.  kerZod,

almaskompozitis liTonSemkvrels – SemakavSirebels.  mas   damatebiT

moeTxoveba  aRniSnul  temperaturul  intervalSi (300 -5000C)

fizikur–meqanikuri  maxasiaTeblebis  (sisale, simtkice da a.S.)

SenarCuneba.  am  garemoebis  gaTvaliswinebiT,  daigegma  SedarebiT

dabaldnobadi komponentebis Cu-is   Canacvleba  da Sesabamisad Cu-Sn,

qvesistemaSi   Txevadi fazis warmoSobis gamoricxva. daigegma Co,,

Co-Sn,,   Co - Sn – Ni, sistemebis  gamoyeneba, romelSic wonasworobis

diagramidan gamomdinare Sn –is 20%– iT   Semcvelobis  pirobebSic

gamoiricxeba  Txevadi fazis  warmoSoba 11800C –mde,  garda amisa,

500 - 8000C temperaturul intervalSi, Sn aqtiurad urTierTqmedebs

Ni–Tan da Co-Tan sxvadasxva  steqiometriis  maRali  sisalis  mqone

intermetalidebis  warmoSobiT (stanidebi, distanidebi).

cxrili 1. Co – Sn – Ni sistemis  liTonSemkvrelebis  Semadgenlobebi  da
miRebis  pirobebi

sistema T τ P
Co-Sn

100 -0%
90 -10%
85 -15%
80 -20%

800-8800C 2-200wm 350kg/sm2

Co-Sn-Ni
90-4-6%
80-8-12%
70-12-18%
60-15-25%
50-20-30%
40-24-36%

820-8800C 120-180wm 350kg/sm2

cxr. 1.  moyvanilia  SerCeuli  sistemis  liTonSemkvrelebis

Semadgenlobebi  da miRebis  pirobebi,  xolo  jamur  cxrilSi

(cxr.2), miRebuli  Sedegebi.  maT Soris sisaleebi,  mikrosisaleebi,
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simtkiceebi  Runvaze  da  zogierTi  saetalono da sabazo  nimuSis

dartymiTi  siblanteebi.

cxrili 2. SerCeuli  sistemis  liTonSemkvrelebis miRebis da
eqsperimentaluri Sedegebis jamuri  cxrili

nimuSi Secxo
bis
T0C

fazuri
Semadgenloba

mikro
sisale

HV

sisale
HRC

simtkice
Runvaze
σkg/mm2

dartymiTIi
siblante
KCU kj/m2

Ni 900 45
(HRB)

11,2

Fe-Cu –Ni- Sn
51-32-9-8%

790 140-220 23 101 5,8

Co 820 238-333

860 α Co β  Co 200-370 28 176 5,8
880 223–360

Co
აqtivir.

820 200–380
860 270–390 29 179 5.9
880 260–395

Co-Sn
85-15%

820 300–580
850 α Co β  Co

my. xsnari Sn-is
Co-Si Co3Sn2

360–690 36 56 3,7

880 373–520
Co-Sn

აqtivir.
820 260–450
860 350–540 38 61 3.9
880 380–517

Co-Sn-Ni
70-12-18%

820 260–450
860 α Co β  Co

Co3Sn2

290–870 35 76 5,4

880 270–610

Co-Sn-Ni
70-12-18%
Aaqtivir,

820

860 327-456 37 80 6.0

880

Co-Sn-Ni
60-16-24%

820

860 α Co β  Co
Co3Sn2 Ni3Sn

301-429 38 73 5,7

880

Co-Sn-Ni
50-20-30%

820

860 α Co β Co
Co3Sn2 Ni3Sn

261-471 42 74

880

Co-Sn-Ni 820
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40-24-36% 860 α Co β  Co
Co3Sn2 Ni3Sn

44

880

Co-Sn-Ni
60-16-24%
BN-0,1%

820

860 α Co β  Co
Co3Sn2 Ni3Sn

39

880

am TvalsazrisiT, imedis momcemi unda iyos Co – Sn – Ni sistema.

kanonzomiereba meordeba, kalis koncentraciis momateba Co – Sn

sistemaSi iwvevs sisalis mkveTr amaRlebas (nax. 12). nikelis damateba

SedarebiT amcirebs sisales da zrdis simtkices (cxr.2).

miRebuli eqsperimentaluri Sedegebis analizma saSualeba

mogvca gamogvevlina garkveuli kanonzomierebebi or da

samkomponentian sistemebSi Semadgenlobisa da cxeli presvis procesis

kinetikuri parametrebis varirebis gavlenisa Semcxvar nimuSebis

zogierT fikur-meqanikur maxasiaTeblebze. nax. 12 – 16 moyvanilia Cu-Sn;

Ni-Sn; Co – Sn da Co- Sn-Ni sistemebis nimuSebis sxvadasxva parametrebze

damokidebulebis jamuri mrudebi.

Nnax. 12. cxobilebis sisalis damokidebuleba kalis Semcvelobaze

1. Cu-Sn; 2. Ni-Sn;    3 . Co – Sn T= 700 -9000C;  P=350 კგ/სმ2.
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Nnax. 13. cxobilebis sisalis cvlilebis damokidebuleba Secxobis

temperaturaze 1. Cu70%– Sn30% ;    2. Co85% - Sn15%

Nnax. 14. cxobilebis sisalis cvlilebis damokidebuleba Secxobis

droze 1. Cu70%– Sn30% ;    2. Co85% - Sn15%

Nnax. 15. Co-Sn sistemebis cxobilebis sisalis(1) da simtkicis (2)
damokidebuleba kalis Semcvelobaze
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nax. 16. Co- Sn-Ni sistemebis Semcxvari nimuSebis sisalis (1) da simtkicis (2)
damokidebuleba (Ni-Sn)–is procentul Semadgenlobaze

ufro  detaluri  informaciis  misaRebad  Catarebul  iqna

sabazod  SerCeuli  sistemebis Co,   Co–Sn, da Co-Sn-Ni Semcxvari

nimuSebis rentgenografiuli   da   eleqtronomikroskopuli  kvleva.

kerZod, Catarebul iqna cxobilebis  fazuri  analizi.

gamokvleuli iyo Semcxvari nimuSi #1.Co, #2.85% Co–15%Sn, #3. 70%Co-12%Sn-

18%Ni, da #4. 70%Co-12%Sn-18%Ni aqtivirebuli fxvnilebiT Semcxvari.

#1 nimuSi Seicavs  - kobalts (P63/mmc,   a≈b≈2.503 ±0.1Á, c≈ 4.05±0.1Á)

maRaltemperaturul  - kobalts (Fm3m,   a≈3.538 ±0.01Á) da

mikroraodenobiT kobaltis Jangs. #2 cxobili Seicavs  - kobalts

(P6/mmc,   a ≈b≈2.50 ±0.01Á, c≈ 4.07±0.01Á);  - kobalts (maRaltemperaturuli

modifikacia) (Fm3m,   a ≈3.546 ±0.01Á); intermetalids -Co3Sn2 da

savaraudod  kalis Jangs (SnO2). aRsaniSnavia, rom Co–Sn,

Semadgenlobis  nimuSSi  kobaltis  orive  modifikaciaSi  sufTa

kobaltTan  SedarebiT  parametrebi  gaizarda savaraudod   masSi Sn –

is  gaxsnis  gamo  da  myari  xsnaris  warmoSobiT. #3. nimuSi  Seicavs

 - kobalts (P6/mmc,   a ≈b≈2.503 ±0.01Á, c≈ 4.05±0.01Á);  - kobalts

(maRaltemperaturuli modifikacia) (Fm3m, a≈3.538 ±0.01Á); intermetalids

_Co3Sn2 da  mikroraodenobiT  savaraudod  kobaltis Jangs CoO. #4.

nimuSi  Seicavs  - kobalts (P63/mmc,   a≈b≈2.503 ±0.1Á, c≈ 4.05±0.1Á)  -

kobalts (maRaltemperaturuli modifikacia) (Fm3m,   a≈3.538 ±0.01Á)

intermetalids_Co3Sn2 da  mikroraodenobiT kobaltis Jangs.
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samuSaoSi warmodgenilia SerCeuli Semadgenlobis  cxobilebis

eleqtronul – mikroskopuli  kvlevis  Sedegebi.

moyvanilia rogorc sawyisi, aseve aqtivirebuli (aqtivaciis dro

50 sT)  kobaltis fxvnilis da  misi  gamoyenebiT  miRebuli Co,   Co–

Sn da Co-Ni-Sn Semadgenlobis  cxobilebis  fraqtogramebis

mikroskopuli  analizi. suraTebze 1, 2 sawyisi da aqtivirebuli Co

fxvnilebi.

suraTi 1. Co sawyisi  fxvnili suraTi 2. Co sawy. fxvnili aqtivirebuli

miRebuli Sedegebis  analizi  iZleva  Semdegi daskvnebis gakeTebis

saSualebas:

1. sawyisi  kobaltis fxvnili warmodgenilia sferoiduri formis 1 –

3 mkm zomis marcvlebisagan.  aqtivaciis  procesi (50sT)

mniSvnelovnad cvlis marcvlebis  geometriul formas.  sferoiduli

forma  ZiriTadad  Sesabamisad  firfituri  geometriiT  saSualo

ganzomilebebiT 1 X 2 X 5 mkm.

suraTi 3.  Semcxvari Co suraTi4. Semcxvari Co aqtiv.i fxvniliT.



23

2.  myari Secxobis pirobebSi (T – 820 -8800C;  P – 350 kg/sm2) kobaltis

cxobili warmoadgens monoliTs (fiqsirebuli  aRnagobis).   forebis

sidide 0.5 – 2 mkm. aqtivirebuli  fxvnilisagan Semcxvari  nimuSi

xasiaTdeba naklebi  forianobiT. warmoqmnili forebi xasiaTdebian

igive zomebiT (0.5 – 1.5 mkm); umniSvnelod momatebulia simkvrive; rac

Seexeba fizikur–meqanikuri  maxasiaTeblebs, cvlileba gamoixata  1–2

erTeuliT momatebul sisaleSi (suraTi 3, 4).

N suraTi 5.  Semcxvari Co – Sn

3. Co–Sn, sistemis  fraqtogramma (sur.5) xasiaTdeba ufro

erTgvarovani  struqturiT. forianoba  mniSvnelovnad  aris

Semcirebuli. Co-Sn-Ni, nimuSis texi (sur.6) xasiaTdeba sakmaod

maRali erTgvarovnebiT.  forianoba ar aris mkacrad  gamoxatuli

sawyisi Co fxvnilisagan Semcxvar  nimuSTan SedarebiT. mikroskopuli

da speqtraluri analizi aCvenebs mikroaraerTgvarovani ubnebis

arsebobas, aRiniSneba mikroubnebi  gamdidrebuli Sn–is SemcvelobiT.

N suraTi 6.  Semcxvari Co – Sn – Ni
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4. aqtivirebuli fxvnilebiT  miRebuli Co-Sn-Ni sistemis cxobilis

nimuSebi (suraTi 7) xasiaTdebian SedarebiT ufro maRali

erTgvarovnebiT.  SeimCneva tendencia ufro wvrilmarcvlovani

struqturisaken.  amave dros aRniSnuli nimuSebis sisaleebi

momatebulia 3 – 4 erTeuliT   (cxr. #2).

suraTi 7.  Semcxvari Co – Sn – Ni aqtivirebuli fxvnilebiT.

garda granulometriuli da morfologiuri cvlilebebisa,

romelsac adgili aqvs sawyisi komponentebis – liTonuri fxvnilebis

damuSavebis Semdeg wisqvilebSi (burTulebiani da planetaruli) e.w.

“aqtivirebuli” Fe-is da Co-is fxvnilebis gamoyenebisas

almaskompoziciuri masalebis Secxobisas, gamovlinda rigi

mniSvnelovani garemoebebisa. “aqtivirebuli” fxvnilebis gamoyenebisas

matulobs kazmis presvadoba da SesamCnev farglebSi mcirdeba

kompoziciis SecxobisaTvis saWiro temperatura – 15-200C-iT. saWiro

optimalur temperaturad igulisxmeba misi is minimaluri mniSvneloba,

rodesac SesaZlebelia dagegmili fizikur-meqanikuri maxasiaTeblebis

miReba. es faqti  karg TanxvedraSia literaturul monacemebTan.

sadac naCvenebia, rom planetarul, centridanul wisqvilSi

damuSavebuli, aqtivirebuli fxvnilebis Secxobis procesis aqtivaciis

energia mcirdeba.
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SerCeuli Semadgenlobis Co, 85%Co–15%Sn,, 60%Co-16%Sn-24%Ni,

kompozitebi  xasiaTdebian  miRebis maRali  teqnologiurobiT

(presvadoba, Secxobis temperatura)  da  maRali  fizikur– meqanikuri

maxasiaTeblebiT (HRB, σb, KCU). SemdgomSi isini gamoyenebul iqnen

almasuri  instrumentis dasamzadeblad almaskompoziciur

elementebSi (segmentebSi)  liTonSemkvrelebad. maT bazaze

damzadebuli  almasuri instrumentebis  eqspluataciuri

maxasiaTeblebis  dadgena ganxorcielda  burRvis operaciaze.

burRvis operaciaze instrumentis gamocda xorcieldeboda

armirebuli betonis filebSi gamWoli naxvretebis gakeTebiT. filebis

sisqe 50mm, betonis marka М 400, armirebis koncentracia 6%. Bbetoni

armirebuli iyo Ф 16mm diametris armaturiT.

medegobis cdebi Catarebuli iyo rkina-betonis burRvisas

milisebri segmenturi almasuri burRiT specialur gamosacdel

stendze (suraTi 8). Mmilisebri almasuri burRis diametri Seadgenda

Ф60mm burRis Tavi aRWurvili iyo 6 almasuri segmentiT, zoma 21X6X3

mm, mWreli wibos(segmentis) sisqe Seadgenda 3mm.

suraTi 8. stendi da masze mimdinare burRvis teq.operacia
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nax. 17-ze warmodgenilia eqsperimentebis Sedegad miRebuli

sxvadasxva Semadgenlobis almaskompozitiT aRWurvili almasuri

instrumentis warmadobisa da medegobis mniSvnelobebi. SedarebisaTvis

amave suraTze datanilia cnobili, standartuli Semadgenlobis (МЖ,

М6-01) almaskompozitiT aRWurvili instrumentis eqspluataciuri

maCveneblebi, romelic farTod gamoiyeneba mSeneblobaSi betonebis

damuSavebisas.

Nnax.17. sxvadasxva Semadgenlobis almasuri burRebis warmadobis da
medegobis SedarebiTi monacemebi

miRebulia dadebiTi Sedegebi. 85%Co-15%Sn da 60%Co-16%Sn-24%Ni

Semadgenlobis kompozitebi muSaunarianobiT mniSvnelovnad

aRematebian standartul M6–01–ისა da Co SemkvrelebiT damzadebul

instrumentebs.

moyvanili Sedegebi cxadyofen, Cvens mier SerCeuli

Semadgenlobis liTonSemkvrelebis gamoyeneba almasur instrumentSi

mkveTrad amaRlebs mis medegobas. Aamave dros Wris operaciis siCqare

rCeba maRal doneze.
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Seswavlilia namuSevari segmentebis muSa zedapirebis

topografia. sur.9 gamosaxulebebze Cans miRebuli dadebiTi efeqtis

ZiriTadi gamomwvevi mizezebi.

Fe-Cu-Sn-Ni Co

Co-Sn                                                              Co-Sn -Ni

suraTi 9. sxvadasxva Semadgenlobis almaskompozitis muSa zedapirebi
dasamuSavebel masalasTan urTierTqmedebis Semdeg

SerCeul Co-Sn da Co-Sn-Ni Semadgenlobis SemkvrelebSi mniSvnelovnad

momatebulia almasdaWeris unari, rac gamoixateba almasebis

gamoSveris damaxasiaTebeli sididis ε –is mkveTri momatebiT. G

garda amisa, Secvlilia namuSevari almasuri kristalebis

morfologiuri suraTi. standartuli M6–01 markis SemkvrelSi

Casmuli almasuri kristalebi gamoirCevian muSaobis procesSi

miRebuli mravali defeqtebiTa da bzarebiT (sur. 9) es garemoeba

Cvenis azriT, SeiZleba gamowveuli iyos muSaobis procesSi
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momatebuli lokaluri temperaturebiT, risi mizezic SeiZleba iyos

Fe-Cu-Sn-Ni Senadnis maRali xaxunis koeficienti dasamuSavebeli

masalis zedapiris mimarT.

miRebuli Sedegebis Semdgomi gaumjobesebis mizniT, daigegma da

Catarda Semadgenlobis 60%Co-16%Sn-24%Ni sistemis Semdgomi legireba

ultradispersuli danamatebiT. SeirCa heqsogonaluri modifikaciis

boris nitridi hBN. danamatis raodenoba 0.1%.

sawyisi marcvlovanebis (10-15mkm) hBN (sur.10) damuSavda

planetarul centridanul safqvavSi “Pulverisette 7 Premium line“ 6-7 wT.

ganmavlobaSi. damuSavebuli hBN fxvnili Sesabamisi doziT SemdgomSi

Seeria konkretuli Semadgenlobis – 60%Co-16%Sn-24%Ni fxvnilovan

kazms imave danadgarze.

a)N                                   b)
suraTi 10. hBN a)sawyisi da b)planetarul-centridanul wiqvilSi

damuSavebuli fxvnilebi

60%Co-16%Sn-24%Ni+0.1%hBN Semadgenlobebis segmentebiT

damzadebuli almasuri instrumentis muSaobis maxasiaTeblebi

moyvanilia nax.17, saidanac Cans rom, maRali medegobis maCveneblebis

SenarCunebasTan erTad SesamCnevad gaizarda instrumentis mier

realizebuli Wris siCqarec. miRebuli faqti Cvenis azriT

ganpirobebulia im faqtoriT, rom hBN warmoadgens ra fenovani

struqturis masalas (sur.10,11), grafitis msgavsad “mSral sapox”
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nivTierebas. igi Tavisi Tvisebebidan gamomdinare, amcirebs xaxunis

koeficients instrumentis liTonur matricasa da dasamuSavebeli

masalis zedapirs Soris. am dros mcirdeba rogorc dinamiuri, aseve

Tburi datvirTvebi almasur kristalebze. umjobesdeba Wris pirobebi,

maRldeba warmadoba.

a)                                     b)N
suraTi 24. a) Co-Sn-Ni da Bb) Co-Sn-Ni -hBN Semadgenlobis cxobilebis

nimuSebis fraqtogramebi
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Ddaskvna

1. SemuSavebuli da aprobirebulia sareaqcio aris anawyobis sqema

axali Tbo da saizolacio masalebis gamoyenebiT cxeli presvis

teqnologiur operaciaze gamosayeneblad. Ddadgenilia, rom

SemuSavebuli meTodologia mniSvnelovnad amaRlebs miRebuli

cxobilebis xarisxs, xolo procesis energotevadoba mcirdeba

40-50%-iT.

2. Camoyalibebulia konkretul sferoSi gamoyenebuli almaskompozitis

liTonuri SemkvrelisaTvis moTxovnil TvisebaTa ZiriTadi

parametrebi.

3. Seswavlilia Cu-Sn, Cu-Sn-Ni, Co-Sn, Co-Sn-Ni sistemebis SenadnTa

fizikur-qimiuri da fizikur-meqanikuri maxasiaTeblebis

damokidebuleba komponentebis qimiur Semadgenlobaze da Secxobis

Termodinamikur da kinetikur parametrebze.

4. Catarebuli struqturuli da fazuri kvlevebis safuZvelze

dadgenilia, rom cxeli presvis pirobebSi, struqturirebis da

fazwarmoqmnis procesebi mimdinareoben kinetikur reJimSi.

5. dadgenilia, rom Co-Sn, Co-Sn-Ni sistemebSi kalis koncentraciis

momatebiT mkveTrad maRldeba cxobilis sisale. sisalis momateba

temperaturul intervalSi 790-8800C ganpirobebulia Co3Sn2 da Ni3Sn

intermetalidebis intensiuri warmoSobiT.
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6. eqsperimentaluri kvelevebis safuZvelze dadginda, rom dasaxul

moTxovnaTa kompleqss maqsimalurad pasuxobs Co-Sn-Ni Semadgenlobis

sistema. Sedegi qimiuri SemadgenlobiT Co=40%, xolo kala da nikeli

warmodgenilia Semdegi TanafardobiT 3 : 2.

7.  Seqmnilia sxvadasxva Semadgenlobis almaskompoziciuri masalebiT

armirebuli almasuri instrumenti. instrumentis gamocda

ganxorcielda rkina-betonis burRvis operaciaze gamosacdel stendze

sawarmoosTan miaxloebul pirobebSi.

8. dadgenilia, rom SemoTavazebuli 60%Co-16%Sn-24%Ni Semadgenlobis

Semkvrelis almaskompozitebi 60 da 80% -iT aRematebian Wris unariTa

da medegobiT farTo moxmarebaSi arsebul analogebs.

9. Seswavlilia sabazo Semadgenlobis 60%Co-16%Sn-24%Ni Semkvrelze

mikrodispersuli hBN danamatis gavlena. Ddadgenilia, rom

nanoteqnologiis elementebis gamoyeneba almaskompozitis miRebisas

realurad amaRlebs procesis efeqturobas. kerZod, SesamCnevad

maRldeba almasuri damuSavebis procesis warmadoba
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Abstract

The aim of the work is create diamond composite material with elevated operating

indications to be used in various fields of industry. The presented work aims to find new

efficient metal binders and there effective usage for sintering diamond composite materials.

Research was carried out and corresponding technology stated for the composites

where the main component is a large sized, high quality diamond mono-crystals. The

mentioned types of diamond composites are produced to be used in extreme conditions,

accordingly rigid requirements are placed upon them.

The metal components of the planned compositions with various chemical

consistency, structure, phase compositions and correspondingly physical-mechanical

characteristic where used to fabricate the diamond composite materials. Presented work will

by all means make moderate contribution in search of new systems of binders for diamond-

composite materials and to overcome the technological difficulties occurring in the course of

diamond application. There are presented some technological aspects of production diamond

composite materials on the basis of metal binders by method of hot isostatic pressing.Some

technical solutions are elaborated which enable to increase the sintering process technological

effectiveness of diamond composite materials with specified geometrical dimensions. There

were studies and investigated different constituency alloys of Cu-Sn, Cu-Sn-Ni, Co-Sn and

Co-Sn-Ni system sintered in various P-T-τ parameters by method of hot pressing.

For studying of Me-Me systems electro microscopy, X-ray structure, X-ray phase, X-

ray spectral methods of investigation were carried. Investigation of physical-mechanical

properties of sintered metallic system, such as macro and micro hardness, solidity limit on

bending and impact viscosity by means of corresponding methodology was carried out. The

alloys with highest characteristics where used as binders in diamond composite materials

sintering process.

It was studies and revealed the influence of hBN additives presence in Co-Sn-Ni

system on physical-mechanical characteristics of sinters.Operating characterizes of diamond

composite materials (cutting ability, wear resistance) on the operation of concrete and

reinforced concrete drilling process were studied on the test stands. The experimental   date

stated that diamond composite materials based on systems Co-Sn-Ni and Co-Sn-Ni-hBN

have exploitation index 30-40% higher than that some analogies.


