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TyromnaBki nepexigHi METalu Ta iX CIJIaBU € OCHOBOIO KIIFOYOBHX E€JIIEMEHTIB
OPWIAIIB Cy4aCHOI EHEPreTHMKM Ta BHCOKOCTPYMOBOI BaKyyMHOI TEXHIKH, SKi
Opaliol0Th B E€KCTPEMAJIbHUX yMOBaX BHUCOKHX TEMIEpaTyp 1 BaKyyMy, 30Kpema
karoaiB TepMmoemiciiiuux neperBoptoBauiB (TEIliB) TerioBoi eHeHprii Ha
€JIEKTPUYHY Ta 3aXHCHUX OOOJOHOK TEpMOSJIECPHUX peakTopiB. JlocmipKkeHHs
mpoueciB cyOmimManii, sSIKi BU3HA4YalOTh TEPMIUHY CTaOUIBHICTh TaKUX MaTepialis,
JTIO3BOJIAIOTh TIPOTHO3YBAaTH TPHUBAJIOCTI €KCIUTyaTallii BIAMOBIIHUX BUPOOIB Ta
ONTHUMI3yBaTH 1HII iX XapakTepUCTUKU. B naniii poOOTI Bmepuie 3anmporoHOBaHO
croci® HaIIHHOTO BU3HAUCHHS CyOJIMAIIMHIX XapaKTePUCTUK TBEPIUX TUT ILISTXOM
IIJIECTIPSIMOBAHOTO ~ 3MEHIIEHHS  KUIBKOCTI  CJIa0OKOHTPOJbOBAHUX  YMOB
BHCOKOTEMIIEPATYpHUX EKCIEpUMEHTIB, ji1i 4oro Oyno 3a0e3lneyeHo YMOBH
HAJBUCOKOIO BaKyyMy Ta IPOBOAMJIACS HHU3Ka MOMEPEAHIX TEPMIYHHUX OOpOOJIECHb
3pa3kiB. JlocnmigkeHO BIUIMB Ha CyOJIMaIliiHI XapakTepUCTUKU (HaKTOpIB, SIKI
BU3HAYAIOTHCA BJIACTMBOCTSIMH 3pa3ka (XIMIYHUM CKJIQJOM, KOHIICHTpAIIIEI0 Ta
nudy3iero  JIOMIIIOK,  aHI30TPOIIE€K  KPUCTAIIYHOI  TpaTKd, MOHO-  Ta
MOJIKPUCTAIIIYHOCTIO) Ta YMOBaMH EKCIIEPUMEHTY (MOro T€OMETpi€r0, THUCKOM 1
TeMIepaTtypylo napu). Brepiie BH3Hau€HO [OCTOBIpHI 3HA4Y€HHS THCKY IapH,
IIBUJIKOCTI Ta €HEprii BUMIapoOBYBaHHS psy nepexiguux metamis (W, Mo, Re, Ir, Os,
Pt, Fe), y T.4. TYroIIaBKux, B Aiana3oHi TUCKIB ix Hacudyenoi mapu 10°—107 topp ta
MOKa3aHo, 110 HAWOUIBIINKA BIJIMB HA Il XapaKTePUCTUKH MAIOTh JOMIIIKH BTUICHHS,
0COONMBO BYTJElb, MO30YTUCS SKOTO MPUHIUIIOBO HEMOXIIMBO 3a OyIb-IKUX
nornepeaHix 00poOok. BeraHoBiieHo (i3UyHI MEXaHI3MH BIUIMBY JOMIIIOK BTIJICHHS
Ha CcyOJiMaIliiiHl BJIaCTUBOCTI TYTOIJIABKUX IMEPEXITHUX METaliB Ta iX CIUIaBIB, SIKI

BPaxoOBYIOTh K MEPEXij] BYIJICIIO MiX KapOioM 1 TBEPAUM PO3YUHOM, IO MAIOTh
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PI3HI MIBUIKOCTI BUIMIAPOBYBAHHS, TaK 1 BIUIMB BYTJICII0 HA €IEKTPOHHY CTPYKTYpPY
MeTaly, a yepe3 Hei i Ha cyOJiMaliiiiHl BIaCTUBOCTI, 30KpeMa Ha iX aH130TpPOIIIIO.
Kuaro4oBi ciioBa: TyromiaaBki nepexiiHi METaJIM, CIJIABU MEPEXiTHUX METANIB,
JOMIIIKA BTIUICHHS, Je(eKTH KPUCTAIIYHOI OyIOBH, €JIEKTPOHHA CTPYKTYpa,
HIBUAKICTh Ta €Hepris cyOmimariii, THCK HAacH4Y€HOI TMapu, TepMOEeMICIiHMIA
NEepeTBOpIOBaY  €Heprii, 3axucHa  OOOJIOHKa  TEPMOSAEPHOTO  pPeakTopa,

BHCOKOCTPYMOBI BaKyyMH1 IPUJIaI1, BUCOKI TEMIIEPATypH.

Abstract. Patoka V.I. Investigation of refractory metals and their alloys
evaporation parameters in ultrahigh vacuum. — Qualifying scientific work as the
manuscript.

Thesis for a Candidate of Physical and Mathematical Sciences (PhD in Physics
and Mathematics) from specialties 01.04.07 — Solid State Physics. — G.V.
Kurdyumov Institute for Metal Physics of the N.A.S. of Ukraine, Kyiv, 2020.
Refractory transition metals and their alloys are known as the basis of key elements
of modern energy devices and high-current vacuum technology operating in extreme
conditions of high temperatures and vacuum, such as cathodes of thermionic
converters (TECs) and protective shell of thermonuclear reactors. Studies of
sublimation processes, which determine a thermal stability of these materials, allow
to predict the service life of the respective products and to optimize their other
characteristics. A method for reliable determination of sublimation characteristics of
solids by purposefully reducing the number of poorly controlled high-temperature
experiments conditions was proposed in this paper for the first time. Ultra-high
vacuum conditions were provided and a number of preprocess heat treatments of
samples were performed. The influence of factors that depend on the properties of the
sample (chemical composition, concentration and diffusion of impurities, anisotropy
of the crystal lattice, mono- and polycrystallinity) and experimental conditions (its
geometry, vapor pressure and temperature) on the sublimation characteristics was
studied. Reliable values of vapor pressure, rate and energy of evaporation of a
number of transition metals (W, Mo, Re, Ir, Os, Pt, Fe), including refractory ones, in

the pressure range of their saturated vapor of 10°—10” Torr was determined for the
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first time. It is shown that the greatest influence on these characteristics have
interstitial impurities, especially carbon athoms, which cannot be removed by any
pre-treatments. Physical mechanisms of the influence of impurities introduction on
the sublimation properties of refractory transition metals and their alloys are
determined. These mechanisms take into account both the carbon transition between
carbide and solid solution, which have the different rates of evaporation, and the
influence of carbon on the electronic structure of the metal and through it on the
sublimation properties, in particular on their anisotropy.

Key words: refractory transition metals, alloys of transition metals, interstitial
impurities, defects of crystal structure, electronic structure, speed and energy of
sublimation, saturated vapor pressure, thermoionic energy converter, protective shell

of thermonuclear reactor, high-current vacuum devices, high temperatures.
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Beryn

AKTyaJIbHiCTh TeMH. OCTaHHIM YacoM CTPIMKO BIJTHOBIIOETHCS 1HTEpEC 0
OpsSMUX MepeTBOproBaviB eHeprii, y T.4. Tepmoemiciitnux (TEITiB). Tpagumiiini TEIIu
NpaLoOTh 32 EKCTPEMaJbHO BHCOKHMX TEMIIEparyp Ta BakyyMmy, a iX KaTOAH
BUTOTOBJISIIOTh 3 TYTOIUIABKUX IMEPEXITHUX METaliB Ta iX CIUIaBIB. 32 CXOXKHUX YMOB
NpaLOIOTh ¥ BHYTPIIIHI OOOJOHKM TEPMOSIEPHUX DPEAKTOpPIB Ta BHUCOKOCTPYMOBI
BaKyyMHI NPUJIAJIN, B IKMX TaKOK BUKOPUCTOBYIOThCSI BHILIEHa3BaH1 MaTepianu. OnHak
1 TyromiaBki Marepianu 3a pobounx Ttemreparyp Omuzpko 2000°C mo4ynHaIOTh
IHTEHCHBHO BHUITAPOBYBATHUCS Ta 3MIHIOBATH CBOi MEXaHIYH1, XIMiUH1, TETUIOB1, €MiCiiHI
Ta ajacopOuiiHi (0coOJMBO MO 11e3110) BIacTUBOCTI. Ha 1 mpoliecw BIUIMBAIOThH
npUIIBUAYEHA TU(Y3is TOMIMIOK Ta 1HII JeeKTH KpUCTaniuyHoi OyI0BH, K 1 cama 1
OynoBa, 3MiHM ()a30BOrO 1 XIMIYHOTO CKJaJiB Ta Mop¢oJorii MOBEpXHi, THUCK 1
TeMIlepaTypa 3aJIMIIKOBOI aTMochepHr (BKJIIOUHO 3 MapamMu CyOJIiIMOBAaHOI pEYOBUHHM).
Tomy akTyaJLHUMM € JOCIIIKEHHS BIUTUBY XIMIYHOTO CKJIaly, KpUCTAJIYHOT Oy/10BH,
il aHizoTpormii Ta IePEKTHOCTI, PO3MOALTY 1 KIIBKOCTI JOMIIIOK Ha CyOJiMalliiHi,
a7icopOLIiiiHI Ta eMICiiHI BIACTUBOCTI TYTOIUIABKUX MEPEX1IHUX METaIB Ta iX CIJIABIB
B 3aJIC)KHOCTI BiJI TapaMmeTpiB MOMEPETHBOI BHCOKOTEMIIEpaTypHOi oO0poOku. JlaHna
poboTa TMpHUCBsiUEHA TMEPEBAXHO JOCHTIHKEHHIO 3aKOHOMIPHOCTEH BHIIApOBYBAaHHS
PEYOBHHHU MATPHIIl Ta JIETYIOUUX JOMIIIOK.

He3Baxkaroun Ha BEJIMKY KUTBKICTh POOIT 3 BUMIPIOBAHHS TUCKY MapH 1 TEIJIOTH
BUIAPOBYBAaHHS XIMIYHUX €JIEMEHTIB, PE3yJbTaTH Jsi TYTOIUIAaBKUX MEepPEeXiTHUX
METaJTiB 10 BUKOHAHHS TaHOT pOoOOTU OyJIM HEHAIIMHUMHU, a IS PSAY METaliB B3araii
Oynu BiAcyTHI. KpiM TOro, 3HaHHS TeMIiepaTyp Ta TeIIOT CyOiMallii HiYoro He MOXe
CKa3aTh MpO MEXaHI3MU CaMoro LbOTO MPOLECY, A PO3YMIHHS SIKMX HEOOX1IHO
JOCTKYBaTH HOro KiHETUKY. [IprunMHOI0 HEHaIIWHOCTI MOMEepenHix AaHux Oyra
CKJIQJIHICTh TIPOLIeCIB cyOmimallli TBepauX TUT (BapTO 3a3HAYMTH, IO M JIOCI HE
moOy/0BaHO  €IWHOI  Teopii TEepMIYHOI CTAOUTRHOCTI TBEPAOTO TiNA), IO
MEPEIIKOHKAI0O PO3YMIHHIO BaXKJIMBOCTI HAJBUCOKOTO BAaKyyMy Ta MOIEPEIHIX
TEPMIYHUX 00pPOOOK 3pa3KiB IJIsl TAKUX €KCIIepuMeEHTIB. B naHiii poOoTi Briepiie OyIio
3a0e3rneyeHo HEeOoOXiJHI YMOBU EKCHEPUMEHTY Ta HaIIAHICTh 1 KOMIUICKCHICTb

pe3ynbTaTiB 1Mo cyOiiMalii TYromjlaBKMX TMEpeXiJHUX METalliB Ta iX CILJIaBIB,
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OJIEpKaHUX MPU LIJIECOPSIMOBAHOMY BUKIIIOYEHHI BIUIMBIB MaKCHUMAalbHOI KUIBKOCTI
(axTOpiB, OAHOYAacCHAa i1 KOTPUX YHEMOXJIMBIIOBAJA JOCTOBIPDHE BHU3HAYECHHS
BIJITTOBITHUX XapaKTEPUCTUK B OUIBII paHHIX poOOTaX 1HIIMX aBTOPIB, Ta B 3AJIKHOCTI
BiJl aKTOPIB, BIUIUBY SIKUX MO30YTHCA HEMOMKIINBO.

Omxe, naHa aucepraliiiHa poOOTa € BaKJIMBOI 3 KUIBKOX TOYOK 30py: IO-
nepie, 3 MeTOAUYHOI TOYKH 30PY, OCKUIBKU MPOIMOHYE CHOCIO MOI0IaHHS MPOoOIeMH
0araTbox CIaOOKOHTPOJIHOBAHUX YMOB BUCOKOTEMIEPATYPHUX E€KCIIEPUMEHTIB, Y T. 4.
10 BU3HAYEHHIO CYOIIMaIlIMHUX XapaKTePUCTHUK, IIJISIXOM 3a0€3MeUeHHS HaJBUCOKOTO
BaKyyMy Ta HHU3KHU TOIMEPEIHIX TEPMIYHUX 0OpOOOK 3pa3KiB; MO-APYre, 3 TOUKU 30pY
pynaamenTaabHOl (PI3UKU TBEPAOrO Tija, OCKUIBKK PO3KpUBaEe (hi3MUHI MEXaHi3MHU
BIUIMBY XapaKTEpUCTHK 3pa3Ka (XIMIYHOTO CKJIady, KOHIIEHTpalii Ta MapaMmeTpiB
AuQy3ii JOMIIIOK, aHI30TPOIIT KPUCTATIYHOI T'PAaTKH, MOHO- Ta MOJIKPUCTAIIYHOCTI) Ta
YMOB €KCIIepUMEHTY (Hloro reoMerpii, THCKYy 1 TeMmIepaTypu) Ha cyOmimaliiiHi
BJIACTUBOCTI TYTOIUIaBKUX TIEpeXiTHUX MeETalliB Ta iX CIUIaBiB; IO-TPETE, 3
NPUKJIAIHOI TOYKH 30pPY, OCKUIBKM BIEpII€ HAJAIMHO BCTAaHOBIIOE KUIBKICHI
XapaKTEPUCTUKN BUIMIAPOBYBAHHS TOCIIKyBAaHUX TYTOTUIABKUX METAJIB Ta iX CIJIaBiB,
0 YMOXJIMBIIIOE TPOTHO3YBAHHS TPUBAJIOCTI iX €KCIUTyaTalii B E€KCTpeMalbHUX
yMOBax BHCOKHX TEMIepaTyp 1 BaKyyMy B MpWIagaX Cy4acHOi CHEpPreTUKU Ta
BHCOKOCTPYMOBOiI BaKyyMHOI TeXHIKH, 30Kpema B sikocTi kaToaiB TEIIiB Ta 3axucHux
000JIOHOK TEPMOSIJIEPHUX PEAKTOPIB.

3B’A30K po00TH 3 HAYKOBHUMHM NPOrpaMamMu, TEMaMH

PoGota BukonyBanach B IHctutyTi Meranodizuku iM. I'. B. Kyniomoa HAH
VYkpaiHu B paMKax HACTYNHHMX HayKOBO-JTOCIIAHMX poOIT 3a Temamu: «Pa3paboTka
croco0a TEPMOAIMHUCCUOHHOTO MPE00Pa30BaHUs TEIIIOBOM SHEPTHH B AIEKTPHUECKYIO»
B paMkax npoobiemu «IIpsimoe nmpeoOpa3oBaHue TEIIIOBOM SHEPTHH B AIEKTPHUUECKYIO»
(xommuiekcHuii  mpoekT), 1981-1990 p.; «bynoBa, GyHKIIOHATIBHI BJIACTUBOCTI
HEPIBHOBOXKHUX CHUCTEM Ha OCHOBI MEPEXITHUX METaliB» (HOMEp IepiKpeecTpartii
01070002370), 2007-2011 p.; «Po3poOka HAHOCTPYKTYPHUX MarepiayiiB 3 BUCOKHUMHU
eMICIHHUMU ~ XapaKTepUCTUKaMH Il TEPEeTBOPIOBAYIB  COHAYHOI €HEprii B
enexktpuaHy» (mpoekt YHTIIL Ne 4133, nHomep mepxpeectpartii 0107U003265), 2007—

2009 p.; «EnexTpoHH1 BIACTMBOCTI MarepialliB 3 BYIJIELIEBUMHU HAHOCTPYKTYpaMH 1
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MeTaJIeBUMH Kjactepamu» (Homep nepxkpeectpartii 0105U006436), 2008-2013 p.,
«MeTtasieBi Ta METAJIOBMICHI IUIIBKH, IIOBEPXHEBI YTBOPEHHS Ta TIOKPUTTA B
HAHOCTPYKTYPHOMY CTaHI: CTPYKTypa Ta BIJIACTUBOCTI» (HOMEp JepxkKpeecTpartii
0110U006448), 2010-2014 p.; «EMiciiiHi BIaCTMBOCTI METAJEBUX KaTOJIB 3
BYIJICLICBUMU HAHOCTPYKTYpaMU Ha TMIOBEPXHI JJsi IEPETBOPIOBAYIB EHEPTii»
(mpukiagHa xomiuiekcHa Tema), 2016-2018 p.; «KBanToBa mnpHupoma MexaHi3MiB
YTBOPEHHS Ta JIarHOCTHKA BJIACTMBOCTEH HAHOMACIITAOHUX CTPYKTYP 1 IPUCTPOIB HA
ix ocHOB1», (Homep aepxkpeectpamii 0118U007087), 2018-2019 p.; «EnektpoHHa
OyZoBa METal-BYIJICHEBUX HAHOCTPYKTYp 1 oONTUMI3amis IX E€JIeKTPOHHHUX
BJIACTUBOCTEHN JUIsl BUKOPHUCTAHHSA B IIEPETBOPIOBAYaX COHSIYHOI EHeprii» (HoMep
nepxkpeectparii 0118U000416), 2018-2022 p.

MerTta i 3aBIaHHA JOCJIiIKEeHHSA

Metoro naHoOi poOOTHM € BCTAHOBJIEHHS 3aKOHOMIPDHOCTEH BIUIMBY JOMIIIIOK
BriteHHs (N, H, O ta C), XiMiuHOTO CKJaIy, KPUCTAIIYHOI CTPYKTYpPH, 11 aHI30TpOMii
Ta Je(deKTIB Ha XapaKTePUCTHKU BUMAPOBYBAHHS PSAY TYTOIUIAaBKUX MEPEXiTHUX
METaJB Ta iX CIUIABIB, IO BUKOPUCTOBYIOTHCS MPU CTBOPEHHI BUCOKOTEMIIEPATYPHUX
BY3JIIB JUI IPUJIA/IIB Cy4acHOT €eHEPTeTUKU Ta BUCOKOCTPYMOBOT BAKYYMHOI TEXHIKH.
JIyist TocsirTHEHHS 111€1 MeTH OyJIM MOCTaBJIeH] HACTYITH1 HAyKOBI 3aBJIaHHS:
- pO3poOMTH METOIW Ta CTBOPUTH OpPHTIHAJIBHE YCTATKYBaHHS ISl KOHTPOJIIO
3aJIMIIKOBHX a3iB 33 YMOB HAJIBHCOKOTO BakyyMy (10 107" Topp) Ta mociimmuTi Brummis
BUCOKHX Temriepatyp (10 3200°C) 1 oMIIIOK BTIJICHHS Ha IIBUJIKOCTI BUTIAPOBYBAHHS
MePexiTHIX METAJIIB Ta IX CIUIABIB;
- JOCHIIUTH mporecu Judy3ii JOMIIIOK BTUIGHHS Ta 3aMIIIEHHs i dYac
BHUCOKOTEMITEpAaTypHUX TEPMIYHUX OOpOOOK Ta BIUIMB OCTaHHIX Ha CyOJiMarliitHi
BJIACTUBOCTI MEPEXITHUX METAIIB;
- JIOCHIJIMTH 3aJIKHOCTI CyOJiMaliHUX BJIACTUBOCTEH TYTOIUIABKUX METaJiB BiJl
XIMIYHOTO CKJIaly, KpUCTaIiuHOi OYZI0BH, 1 aH130Tporii Ta CTyneHs Ae(PEeKTHOCTI.

OO0’ekT gocCHiTKeHHS: MaTepiaid Il BHUCOKOTEMIIEpATypHHX MPUJIAIiB
CyyaCHOI EHEPreTHMKH Ta BHCOKOCTPYMOBOI BaKyyMHOI TEXHIKM, y T. 4. JJIs
TEPMOEMICIMHUX MEPETBOPIOBAYIB €HEPTIi.

IIpeaMer aociaizkeHHs: cyOmiMaliiiiHi BJACTUBOCTI TYTOIIaBKUX TMEPEX1THUX
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METAaJTIB Ta iX CIJIaBiB 32 BUCOKUX TEMIIEPaTyp Ta BaKyyMy.

Metoau nociimkennsi: nudepeHiiiiauii Mero Jienrmiopa (BUIMapoBYyBaHHS 3
BIJIKDUTOI TIOBEPXHIi); MIKpPOrpaBIMETpUYHA METOJIMKA; Mac-CIEKTPOMETpUYHA
METOJIMKA; PEHTTEHOCTPYKTYPHHUI METOJI; METO]I TO3UTPOHHOI CLIEKTPOCKOITIi.

HaykoBa HOBHM3HA 0/1epKaHUX Pe3YJIbTATIB, II0 BUHOCATHCS HA 3aXUCT
1.  Bmnepue 3aIPONIOHOBAHO METOJIUKY OJIepKaHHs HaJIHUX
EKCIIEPUMEHTAJIbHUX JaHUX II0A0 MapaMeTpiB cyOnmiMalii TYyrOIUIaBKUX MepeXiTHUX
METaJIIB Ta iX CIUIaBiB, BUTOTOBJICHO BIJIMOBIJIHE BUCOKOTEMIIEPATYPHE BaKyyMHE
oOJaZHaHHS Ta BHU3HAUEHO EKCIIEPUMEHTAJIbHI YMOBHU, HEOOXITHI JJISI OTPUMAaHHS
TaKuX JIaHUX. 3a JaHOI0 METOJMKOI OTPUMAHO JIOCTOBIPHI JaHI I0JI0 MapameTpiB
cyOmimMarii nmepexigHux, y T.4. TyromiaBkux, metainiB W, Mo, Re, Ir, Os, Pt, Fe ta ix
CIUIaBIB, JUIsI IEIKUX 3 HUX BIIEpIIIE.

2. BcTranoBieHo, 1110 HalOIbII CYyTTEBUM BIUIMB Ha MapaMeTpHu cyoOsiMarlii MOHO-
Ta MOJIKPUCTANIYHUX MEPEXITHUX METaTIB COPUUYUHSIIOTH HoMimku BriteHHS (N, H,
O Ta oco6mueo C), siki HaBiTH 3a Maaux KoHueHTpauii (107-107 mac.%) MOXKyTh Ha
JECSITKUA BIJICOTKIB 3MIHIOBAaTH 3HAYEHHS €HEprii cyOmimarllii, a 3Ha4eHHs MIBUIKOCTI
BUIMAPOBYBAHHS — Ha TMOPSAOK BEIWYUHHU. J[JIs JOCHIIKEHUX KPHUCTAIIB
TYTOIUIABKUX METAJIB, 110 MICTATh JOMIIIKH, BEIUYMHY MI>)KATOMHOTO 3B'SI3KY OLIbIII
TOYHO XapakKTepU3ye HE TEIUIOTa, a YyTJIWBa JI0 MEXaHI3MIB BHUIIAPOBYBAHHS
MIBUAKICTB CyOJIIMaIlii.

3. [Toka3aHo, 1110 OCHOBHUM BIUIMB Ha CyOJIIMaIliliHiI BIIACTUBOCTI JOCIIKEHUX B
poOOTI KpUCTAJIIB TYrOIJIABKMX METaJliB YMHATH JOMILIKK ByTJieno. BeranosieHo,
[0 Yepe3 CYTTEBY 3a0pyAHEHICTh IMOJIKPUCTAIIYHOTO MOJIOACHY, Il HBOTO
CIOCTEpITaloThCsl  3HAYHO  BMINI  IIBUJKOCTI ~ BHUIAPOBYBaHHSA, HDK A
MOHOKPHUCTAIIYHUX 3pa3KiB. Y TOW ke 4Yac, CyTTEBOI PI3HMII B BEIMYMHAX TEIIOTH
cyOmimManii He CHOCTepIraeThcsi. BusiBIEHO HAasBHICTh  KpUCTaiorpadpiyHoi
aH130TpoMii cyOIiMaliiHUX BIACTUBOCTE OCHOBHUX I'paHEl MOHOKPHUCTAJIIB PEHIIO,
sIKa 3pOCTa€ 3 MIIBUILCHHSAM TEMIIEPATYpH Ta 301IbIICHHAM KOHIIEHTpAIlli JOMIIIOK.
[TokazaHo, 110 MIBUAKICTh BUMAPOBYBAHHS IPUIIIO MICIIA 3HEBYTJIEIIOBAHHS 3pOCTA€E
npuOJIM3HO B 2 pas3u, MPU I[bOMY BEIWYWHA TETUIOTH BUIIAPOBYBAHHS 3aJUIIIIACS

TaKOI0 XK, SIK 1 VI BUX1THOTO CTaHy. AHAJIOT14HI pe3yJbTaTH OJICPKAHO JJIsI OCMIIO.
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4.  Bmepmie BUSBICHO 3HA4YHY aHI3OTPOIIIO  E€JIEKTPOHHOI  KOH]Iryparii
nomimkoBux atomiB Byriemwo B OLIK-rpatimi W, ska 0O0yMOBIIOE aHi130TPOIIiIO
noBepxHi depmi B HampsMax, 0 € €KBIBAJECHTHUMH Yy HECTIOTBOPEHOMY KPHCTAJI.
AHI30TpOIIIA €JIEKTPOHHUX BIACTUBOCTEH, KpPUCTANIUYHOI OYJOBH Ta aHI30TPOIHICTh
KPUCTAJIIB BIJTHOCHO BIC1I POCTYy OOYMOBIIIOIOTH BCTaHOBJIEHI B po0OTI edeKkTh
a”i30Tponii CcyOmmMamifHMX Ta aacopOLIHHUX BIIACTUBOCTEH KpHUCTamiB. Ycl
CIIOCTEpEKyBaHi B poOOTI eeKTH aHI30TPOMil 3pOCTatoTh 31 301IbIIeHHAM BMicTy C.
5. BCTaHOBIICHO KOHKYPEHTHHIA BB gomimok Re (0,1-4,2 at.%) i C (1,5-107'—
4,6-107 ar.%) Ha cy6iMaliiiHi BIACTHBOCTI MOHOKPHCTAIIB BOIb(paMy. 3pocTaHHs
KOHIICHTpAIllii PEeHII0 MPU3BOAUTH JI0 30UIBIICHHS MIBUAKOCTI BHUIIAPOBYBAaHHS
Marepiany, a 3pOCTaHHs KITbKOCTI PO3YMHEHOTO BYTJICIIFO — JO ii 3MEHIIICHHS.

6. Bcranosneno, mo pizHa cTpykTypa MoHOKpuctanry W—-4,2% Re B Hampsmax
B3/IOBK (BOJIOKHHCTA CTPYKTypa) 1 BHOMEpeK (KomipyacTa CTPYKTypa) OCi pOCTYy
OpPU3BOAUTHL 10 pi3HOro po3noaury Aomimku C 1o 00’eMy pI3HUM UYHHOM
OpIEHTOBAaHUX KPHUCTAJIB, Ta JO aHI30Tpomii TmapaMeTpiB cyOmimarii s
ekBiBasieHTHUX rpanei {001} Takux 3pa3kiB.

7.  3amnpomoHOBaHO  OpHUTIHAJbHY  METOJUKY  OJHOYACHOTO  BH3HAYEHHS
nudy31iHOT PyXJIMBOCTI 1 MIBUAKOCTEH BUIIAPOBYBAHHS JIETYIOUHUX €JIEMEHTIB CIIJIaB1B
0e3 BUKOpPUCTaHHS Pajioi3oTomiB. EKCrepuMEeHTanbHO MIATBEPIKEHO BiJIMIHHICTD
BiJl TayCOBOT'O PO3MOJLTY KOHIICHTPAIII JOMIMIKK Ticas nudy3iiHOro Bignamy mapy
3ajli3a Ha IJIATUHOBIM OCHOBI, sika 00yMOBJIEHA BUIAPOBYBAHHSM MEHII 3B’S3aHOTO
KOMIOHEHTa ciuiaBy Pt—Fe Ta panimie He BpaxoByBasacs.

IIpakTHyHa 3HAYYHIiCTH pe3yJabTaTiB podoTH. Briepiie HaliiHO BU3HAYEHO
KUIBKICHI XapaKTEPUCTUKU Ta BCTAHOBJIEHO OCHOBHI 3aKOHOMIPHOCTI CyOiMartii psay
TYTOIJIABKUX TMEPEXITHUX METaNB Ta iX CIUIaBiB, @ TAKOX 3alpPOIIOHOBAHO PEKUMHU
MOTNIEPETHHOT0 OOPOOJICHHS BIJIMOBITHUX 3Pa3KiB, 1110 YMOXKIUBIIIOE TPOTHO3YBAHHS Ta
MOJIOBKEHHS ~ TEPMIHY  €KCIUTyaTalii MNpWIagiB CydyaCHOi  €HEpreTMKd Ta
BUCOKOCTPYMOBOI BaKyyMHOI TEXHIKM B yMOBAaX BHCOKUX TemrepaTyp. Y pasi
BUKOPUCTAHHS JOCIIKYBaHUX MatepiaiiB B sikocTi katoaiB TEIIiB BiakpuBaeThCs
MO>KJIMBICTh YTHJII3allli TEIIOBOI €Heprii BUCOKOTEMIIEPATYpHUX CTaliil 3TOpsSHHS

MajguBa, M0 CHOpUs€E TIIBUIIEHHIO ©()EeKTUBHOCTI TreHepalli Ta 3abe3nedeHHIo
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MO>KJIMBOCTI KOT€Hepallii eHeprii, 3SMeHILEHHIO TOTPeOr y BUKOITHUX BUAX MajluBa Ta
pIBHS TEIJIOBOrO 3a0py/HEHHS HAaBKOJHUIIHBOIO cepeaoBuina. Ilpu 3acTocyBaHH1
TYTOIUIaBKMX MaTrepiaiiB i CTBOPEHHS BHYTPIMIHIX OOOJIOHOK TEPMOSICPHUX
peakTopiB ojiepkaHa iHQOpMAIlS MO0 iX TEIUIOBOI CTIHKOCTI TaKOX CIpUSE
MIJBUIIEHHIO HAJIMHOCTI pPEAaKTOpIB Ta 3MEHILICHHIO PHU3UKIB  pajialiifiHOTro
3a0pyIHEHHS.

OcoOucTuii BHecoK 3100yBaya. JlocmiKeHHs, pe3yabTaTH Ta BHUCHOBKH, IIIO
MpeACTaBjICHI B JMCEpTallii Ta BUHOCATHCS Ha 3aXHUCT, BUKOHAHI Ta chOpMYJIbOBaHI
ocobucTo aBTOpoM. Jlo HUX HaJeXaTh aHaNi3 JITepaTypH, BUPILICHHS MOCTaBJICHUX
3aJa4 31 CTBOPEHHS METOAMKM Ta YCTaTKyBaHHsS JJIs HaJBHUCOKOBAaKYyMHHMX Ta
BHUCOKOTEMIIEPATypHUX JOCIIKEHb, TMPOBENEHHS BIAMOBIIHUX EKCIIEPUMEHTIB Ta
00poOKa iX pe3ysbTaTiB, yyacTb B IHTEpIIpETallil O/Iep>KaHUX pe3yJIbTaTiB, HAKMCAHHI,
oopMJIEHHI Ta TIATOTOBIIl JI0 JAPYKY CTaTe 1 Te3 JOMOBiJEH, B SKUX BHUCBITICHO
OCHOBHI pe3yJIbTaTh AUCEPTALIHHOI POOOTH.

Anpobanisi  pesyabTatiB  aucepramii. OCHOBHI  pe3yJbTaTd  poOOTU
JIOTIOB1TAJIMCH 1 0OTOBOPIOBAIMCH Ha 0araThb0X HAyKOBUX KOH(MEPEHIIIX, Cepe/l AKHX:
Bcecoroznas kordepennus «IloBepxaocts—89», UepHoronoska, 4-6 utons, 1989; XIX
Bcecoro3nast koHpepeH s 10 SMUCCUOHHOM 2JIeKTpoHuKe, Jlenunrpan, 29-91 suBaps,
1991; 2-1 ortpacneBast koH(pepeHuus «SnepHas sHepreTuka B KocMmoce. Dusuka
TEPMOAMHCCHUOHHBIX IpeoOpa3zoBateneil sneprum», Cyxymu, 28 OKTAOpsA-2 HOAOpA,
1991; 5th International Conference on Electron Spectroscopy. Kiev, 25 July-1 August,
1993; Conference on Lasers and Electro-Optics/Europe. Hamburg, Germany, 8-13
September, 1996; MexnyHapoaHas KoHdepeHIUs «IMHUCCHOHHAS AJICKTPOHUKA.
HoBbie MeTonbl U TexHOJorum», TamikeHt, Y30ekucrtad, 4-6 Hos0ps, 1997,
Kondepenriss CyuacHi npobsemu ¢i3uku MeTaiiB 1 MeTaTiuHux cucteM, Kuis, 25-27
TpaBHsa, 2016; MixkHapogHa koHdepeHiiss «®DyHKIIOHATBHI Marepiaad s
iHHOBarliitHOi enepreTrku. DMIE-2019», Kuis, 13-15 tpasns, 2020.

CrpykTypa Ta 00’eM pobGoTH. Jluceprallis CKIAIaEThCs 3 aHOTAIlli, BCTYILY,
OTJISIIOBOTO  PO3/ITY, YOTUPHOX OPUTIHAIBHUX PO3MLIIB 1 3arajilbHUX BHCHOBKIB.
Po6ora Buknanena Ha 166 cropiHkax 1 MICTUTH 26 Tabmuih, 39 PHCYHKIB, a TaKOX

nepestiK MoCHIIaHb, 10 Hajiuye 161 HaykoBYy poOOTY.
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Po3zii 1 CYUACHU CTAH JOCHIDKEHD CYBJIIMAIIT MEPEXITHAX
METAJIIB TA iX CILJIABIB

VY CBITI MOCTIMHO 3pOCTae 1HTEpeC A0 albTEPHATUBHUX JIKEpET CHeprii,
OCOONHMBO JI0 TPSIMOTO TIEPETBOPEHHS TEIJIOBOI Ta MPOMEHUCTOI eHeprii Ha
eJeKTpUuHy. B oCTaHHI HECATUIITTSA, 4Yepe3 3aroCTPEHHS EKOJOTIYHUX MpOoOJieMm,
MOCTAJIO MUTAHHS 3MEHIICHHS 3a0pyAHEHHS HABKOJMIIHBOIO CEPENOBUILA ILISIXOM
nepexoqy Ha 4YHCTI ¥ BIJHOBIIOBAHI JKEpena €Heprii Ta MiJBUIIEHHS PpiBHS
eHEeproe(peKTUBHOCTI yCIX BXKE€ BHKOPUCTOBYBAHMX TEXHOJIOTIH TEPETBOPECHHS
edHeprii. HalimoMmiTHimmMX ycmixiB Oyn0 JOCSATHYTO B HampsMi (orto- 1
TEPMOEJIEKTPUYHOTO MEepPeTBOPEHHs eHeprii [1-7], yoMy CBIJUEHHAM € 3MEHIICHHS
BapTOCTI COHSYHOI €HEeprii J0 PiBHSA, KOJM CTa€ JOMIJIBHUM 1 TPOMHCIIOBE
BUPOOHUIITBO TEPMOENEKTPUUYHUMHU 1 (POTOBOJBTATYHMMH mpuianamu. OpHak, SK
BIJIHOCHO TMPOCTI W KOMIAKTHI TpPWJIaJH, 3aCHOBaHI Ha MPSMOMY I€pETBOPEHHI
eHeprii 3aBAsSKH BHYTPIIIHINA (oTo- abo TepmoeMmicii, Tak 1 CKJIagHI W TpOMI3JIKI
npuiagu, Mo 0a3yloThecs Ha JOAATKOBHX NEPETBOPEHHAX €HEprii (Hampukiaj,
TEIJIOBI MAalIMHU), HE MOXYTh O€3MOCEPEIHbO BUKOPUCTATH BUCOKOTEMIIEPATYpPHY
€Heprilo, HaMpHKIaJd, Ha IMOYATKOBUX CTaJisIX 3TOPSHHS BUKOMHOTO MajiuBa abo
AJIEPHOTO PO3MAay YU TEPMOSACPHOIO CUHTE3Y, IO MPU3BOJAUTH O 3HAYHHUX BTpAT,
3HUKEHHS €(EKTHUBHOCTI Ta 30UIBIIEHHS KUIBKOCTI BUKOPHUCTOBYBAHOI'O MajiMBa Ta
CYIYTHIX €KOJIOTTYHUX MPOOIIeM.

3 3aBIaHHSIM yTWJI3aIli BHUCOKOTEMIIEpAaTypHOi TEIJIOBOI €HEPrii MOXYTh
BIIOpPATHCS TpPsSMi TIEPETBOPIOBAYl TEIJIOBOI €HEprii Ha OCHOBI 30BHINTHBOI
TepMOeMICli eJeKTpOHIB, Tak 3BaHI TepMoeMiciiiHi mepeTBoproBadi (TEII).
BianoBigHi mpuUcTpoi 4acTo B SIKOCTI KaTO1B BUKOPHUCTOBYIOTh TYTOIIJIaBKi MepexiaHl
MeTaJju, BIIIIJICHI BAKYYMHOIO IIUTHHOIO BiJl BITHOCHO XOJIOAHOTO aHoay. EBosroris
TaKMX CHUCTEM Majla CYTTE€BHI 4YaCOBUN MPOMDKOK HAKOMWYEHHS HOBUX 3HAHb Ta
CTUMYJIB i 11 1HTeHcUu(ikalii, OCKUIbKM poOOoTa MarepiaiiB B €KCTpeMajbHUX
YMOBaxX BaKyyMy, BUCOKUX TeMIIEpaTyp Ta MOKJIMBOTO IHTEHCHBHOT'O pajliallliHOTO
ONMPOMIHEHHS BUMAarajia 3aHajTo CKJIaJHMuX, K Ha 60—80 pp. MUHYJIOTrO CTONITTS,
TEXHIYHUX pIlIeHb, a iX I1HTeHCUBHUN mnomyk [8-11] 3 mouatky 90-x pokiB
CTPUMYBABCSl CYTTEBUM TOCTA0JECHHSAM 1HTEPECY A0 OCBOEHHS KOCMIYHOTO IIPOCTOPY
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1Mo3a HaWOMMKYMMH HABKOJO3EMHUMHU OpOITaMH Ta 3aKiHYCHHSIM TOCTpoi dasu
TOHKU 030pO€Hb, a micis aonoBial HaronansHoi nociigauibkoi paau (CIIA) [12] 3
HEraTMBHUM IPOTHO30M MIOJI0 TEPCHEKTHUB JAHOI TEXHOJIOTil, OUIBLIICTh TaKUX
AOCTKeHb Oyno0 B3arajil mpunuHeHo. TyMaHHUMHU OynM W MEPCIEeKTHBH 1HIIUX
3aCTOCYBaHb TYIOIUIABKMX TMEPEXiHMX METaliB Ta iX CIUIaBIB B EHEPreTHIl,
HAlpUKJIaJ, B SKOCTI KOHTaKTylO4Ooro 3 IUIa3MOI0 IIapy B YCTaHOBKax
TEPMOSEPHOTO cuHTe3y. Jlumie 3a BaKyyMHUMH TEPMOEMICIHHUMH MPUCTPOSIMU Ha
OCHOBI TYTOIUIABKMX METaJiB HE3MIHHO 30epiranacs 1 30epira€TbCs MEpIICTh MPHU
CTBOpPEHH1 BUCOKOCTPYMOBHUX Ta BUCOKOHAIHHUX nmpuiafis [11, 13].

3 2012 poky, KOJIM pO3MOoYagucs CIpoOM 3alydyuTH MPUBATHHUM KamiTal J10
OCBOEHHS KOCMOCY Ta HaMITWIHCA TO3WUTUBHI 3pYLIEHHS Y TEXHOJOTISIX
TEPMOSJIEPHOTO CHHTE3y, I0Yajiocsl TOCTYNOBE BIJIPOJDKEHHS 1HTepecy # [0
BUKOPUCTAHHS TYrOIUIABKUX MEPEeXIJHUX METaliB y BHCOKOTEMIIEpaTypHii
€HepreTHill, 30kpeMa noyana BiapokyBatuca tematuka TEIIiB. Ha Toit yac Takox
OyJI0 TOCATHYTO 3HAYHOT'O MPOIrpecy y HAHOTEXHOJOTISX, IO BIAKPUIO MEPCIEKTUBY
CTBOPEHHSI HOBHMX IIJIXOJIB JIO BHUPIIMIEHHS CKJIaAHUX 3ada4 (QYHKIIOHYBaHHS
MaTepialiiB B €KCTPEMaJbHUX yMOBax Ta MiJBUIICHHA iX €(pEeKTHUBHOCTI, 30KpeMa
IUIIXOM CTBOPEHHSI TiOpHUIIB TEPMOEMICIHHUX Ta TepMo- 1 (OTOETEKTPUUHUX
npuctpoi [14-18]. ¥V cynepeu npornozam 2001 poky, B OCTaHHIN Yac BiIKPUTO HOBI
migxoqu no moOymoBu TEIliB, BuHaiiIeHO HOBI MarepiaaW Ta EKCIUTyaTalliiHi
crparerii [19-22], sxi miaTBepKyr0Th 3HauHui moteHiian TEIIliB y nocsarHenHi
BHUCOKO1 €()eKTUBHOCTI MEPETBOPEHHSI, SIKa mepeadayaeTbes Teopiero: eheKTUBHICTD
(KK M) neriopignoro TEIla y BUCOKO- 1 cepeTHETEMIIEpATypPHOMY PEeXUMax B iaeai
Moxke pgocsrath 63,8% 1 45% BigmoBigHo [23]. Takox 3maBHA BIIOMO, IO
TEPMOEMICIHHUIN NEPETBOPIOBAY CHEPTii MOXKe 3a0e3neuyBaTi OUIbII BUCOKI TYCTHHH
CTpyMy 1 TIOTY)KHOCTI, B TIOpIBHSHHI 3 TepMo- 1 (POTOEIEeKTpUUHUMHU
nepeTBoproBayamu [11, 24, 25].

Bapto Big3HauuTH ¥ 3Ha4HUM 1HTEpec 10 cepenHbo- (1o 1000°C) 1
Hu3bkoTemnepatypaux (1o 600°C) mxepen eHeprii, sKi MOXYTh 3a0e3ledyBaTw,
HAIPUKIJIAJ, COHSYHI KOHILIEHTPATOpH, Ta JO BIAMOBIAHUX TEXHOJOTIH MPSIMOTO

TEPMOEMICIHHOTO TIEPETBOPEHHS TaKoi eHeprii Ha elekTpudHy. ChOrojHi KUJIbKICTh
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HAyKOBIIIB, 33[ITHAX Y IHMX JOCTI/DKCHHSX, IIBHIKO 3POCTA€, MO MPU3BOIUTH [0
3pOCTaHHS ¥ KUIBKOCTI myOJjikaiii Ha 1o temy [26-31]. Xoua Garato myOsikariii
HOCSTh TIEPEBAYKHO TEOPETUUHUHN XapaKTep, aje € U MPUKIaIA MPaKTUYHOI peaizallii
Takux cucteM [32, 33]. ¥ BIIHOCHO HU3BKOTEMIIEPATYPHUX TIEPETBOPIOBAYAX, SKIIIO 1
BUKOPUCTOBYIOTh TYTOIUIaBKI METAJIU, TO 3 MOBEPXHSIMH, CYTTEBO MOAU(PIKOBAHUMHU
HAHOTEXHOJIOTIYHUMHU MOKPUTTAMH, SIK1 3MEHILYIOTh pOOOTY BUXOJly €JIEKTPOHIB.

[TpuxmamomM  3aIiKaBIEHOCTI PO3BUHYTHX €KOHOMIK Yy  BHUKOPHCTaHHI
BHCOKOTEMIIEpaTypHUX JDKepes eHeprii Moxke Oytu posnouara y 2017 p. nporpama
Amadeus 3 nmociuiKeHHs HOBUX MatepianiB. Bona ¢inancyBanacs €BpornencbkuM
Coro30M 3 METOI CTBOPEHHSA MPUCTPOIB Il 30epiraHHs Ta MEPETBOPEHHS
BucokoTemmnepatypHoi eneprii (1000-2000°C) [34]. HakonuyeHHs 1 IEpETBOPEHHS
BHUCOKOTEMIIEPATYpHOTO  TeIJla € AaKTyaJlbHUM 3aBJaHHSAM, SK€ BHMArae
BUKOPHUCTaHHS B PI3HUX, y T.4. T1IOpUIHHUX, TEPMOEMICIHHUX 1 (HOTOEIEKTPUUHUX
IpsIMUX NIEPETBOPIOBAaYaX €HEPrii He TUIbKH CYYaCHUX HAHOCTPYKTYPHHUX MaTepiaiis,
a W TpaAMIiHUX TYTOIUIABKUX METaJiB, IO POOUTH AOCHIIHKEHHS TEIJIOBHX Ta
€JIEKTPOHHUX BJIACTUBOCTEW OCTAaHHIX BKpal akTyalnbHOIO 3ajadero. [licns
3akiHueHHa y 2019 p. mporo mpoekty Oyno posmodyato HOBY iHimiatuBy €C
(NATHALIE, https://cordis.europa.eu/project/id/945858/es) mo BIpPOBaIKEHHIO
HayKOBUX PO3p0o0OK mporpamu Amadeus B peanbHI TEXHOJOTII B chepax eHEPreTUKH
Ta 1HPPACTPYKTYPHOT'O PO3BUTKY.

Takox OCTaHHIM YacoM 3HOBY akTyai3dyBajacs 3ajauda MOILIyKy MaTepiaiy 3
MIHIMaJIbHOIO HIBHAKICTIO BHUIIAPOBYBAHHS y BaKyyMmi Ta Ha BOJIOTOMY IOBITP1 MpH
BUCOKHMX TEMIIepaTypax, XapakTEepHUX HJisi KOHTAKTy Marepiainy OO0O0JIOHKU
TEPMOSIICPHOTO pEaKTOpy 3 IIa3mMor. OAHUMHU 3 OCHOBHHMX MPETEHACHTIB Ha III0
pOJIb BUSBWJIMCS TYTOIUIaBKI METalH, 30KpeMa Bojb(ppaMm Ta ioro cmiasu [35, 36].
IIpu 11bOMy 3Ha4YHOIO MPOOJIEMOIO € JAecopOIliss Ta BUMIAPOBYBAHHS 3a0pyIHIOIOUHMX
a3My JOMIIIOK 3 rapsiudX CTIHOK KaMepH, a TaKOX IIBHJIKOCTI cyOmimarii Ta
OKHCHEHHS MaTepialy CTIHOK IIPH iX KOHTAKTI 3 TIa3MOI0 Y BaKyyMi Ta 3a MOMJIMBUX
aBapiii — Ha MOBITPI.

OcHoBHMMH TIpoOJeMaMH, L0 W J0CI CTPUMYIOTh UIMPOKE MpPaKTUYHE

3acTocyBaHHs Bucokoremneparypuux TEIIIB € ckilagHicTh MPOLIECIB, K1 MPOTIKAIOThH
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3a BUCOKHX TEMIIepaTtyp B 00’Mi Ta Ha MOBEPXHI, 30KpeMa, TYTrOIJIaBKUX MEPEXiTHUX
MeTaliB Ta iX cmiaBiB. Ha 1e HakimagaeTbcs CKIAIHICTh EKCIEPUMEHTAIBHOIO
JOCJIIDKEHHS IIMX TIPOIIECIB Ta CyTTEBA 3aJI€KHICTh OCTAHHIX B1J] 30BHIIIHIX YMOB Ta
BUXIJHUX XapaKTEPUCTUK CaMUX JIOCII)KYBaHUX 3pa3KiB. Tak, y BaKyyMi 32 BUCOKHUX
TEMIIEpaTyp CIOCTEPIra€ThbCsl IHTEHCHBHA BHUIAPOBYBAHICTh HABITh TYTOIUIABKUX
METaJiB, MIBUAKICTh AKOI 3aJI€KUTh BiJ] CTYIEHS MOHO-/TOJIIKPUCTAIIYHOCTI 3pa3KiB,
iX XIMIYHOTO CKJIa/y, HasIBHOCTI JIETKOJIETHUX JOMIIIOK Ta JOMIIIOK, SIKHX HE MOYKHA
OCTaTOYHO MO30YTHUCS, MIBUIKOCTI AU(DY31i KPUTHYHUX JOMIIIOK, 1HIIUX Je(eKTiB
KPUCTAJIIYHOI ~ CTPYKTYpPH, BKJIIOYHO 3  Makpojedopmaliero, Mophoorii,
OJIHOPIJTHOCTI Ta KpucTajorpadiuyHoi OpieHTallli MOBEpPXHI Ta HAsSBHOCTI Ha Hil
azcop0OaTiB, TUCKY Ta CKJIaay aTMOc(hepH 3ajuIIKOBUX Ta3iB Ta MapH, MmapaMmeTpiB
XIMIYHHUX peakiii Ta (pa3oBUX MEPETBOPEHb, IO WIYyTh B 00’Mi Ta Ha MOBEPXHI,
TEMIIEpaTypd Ta Yacy MOMEPEIHHOTO BIANATY, YMOB IHIIUX TEPMO-MEXAHIYHHUX,
XIMIYHHX Ta pajialifHuX oOpoOOK. Yci BUIe3a3HauYeH1 YNHHUKH BILUTUBAIOTH K HA
€MICIIHI XapaKTepUCTUKU MaTepiajiB, Tak 1 Ha CTaOUIBHICTh 1 TPUBAJIICTD iX POOOTH
B EKCTpeMaIbHUX YMOBax [24, 37-40].

OTxe, BU3HAUCHHA HAAIMHUX CyOJIIMAIiMHUX XapaKTEPUCTUK TYTOIIaBKHX
METaJliB Ta iX CIUIaBiB, a TaKOXX PO3YMIHHS 3aKOHOMIPHOCTEH 3MIHU IIUX
BJIACTMBOCTEH B 3aJIEKHOCTI BiJ PI3HUX BHYTPINIHIX Ta 30BHIIIHIX YWHHUKIB
CIPUSAIOTH M1IBUILIEHHIO HAJ1IHOCTI, JOBFOBIYHOCTI Ta CTa01IBLHOCTI POOOTH rapsInx
enementiB  TEIliB, KoOpmyciB TEPMOSJEPHUX PEAKTOPIB, BUCOKOCTPYMOBHUX
BaKyyMHHX IPUJIA/IB Ta 1H.

TyromnaBki MeTalnu Ta iX CIUIaBH, K 1 HEMETaJlyHl TYroIUIaBKi MaTtepialiu,
Taki SIK BYyTJIellb, MAalOTh JOBTY ICTOPIIO JAOCHIDKEHHS IX TEPMOJMHAMIYHHUX Ta
KIHETUYHHUX BiacTuBOCTed. OfHAK, SK BIJ3HAYAETHCSA B pOOOTaX, sIKI BUKOHYBAIUCS
JUIS YKJIaJaHHs 0a3 JaHuX 3 TEPMOJMHAMIYHUX BJIACTUBOCTEH MPOCTUX XIMIYHHMX
cnostyk, Hanpukian, metamis Hf [41], Mo, Nb [42], Ta [43], Ti, V [44] Ta W [45],
JlaH1 OLTBIIOCTI JOCTIKEHb 3a3HaUY€HUX BJIaCTUBOCTEH (y T.4. eHeprii cyosimaiiii) 10
noyaTtky 70-x pokiB XX CTOJITTS € 3aHAATO HEHAAIMHUMHU 1 3rayloThCs JUIIE Yepe3
iX HAyKOBO-ICTOPHUYHY IlIHHICTh. [IpuumHa Takoi HEHAJIWHOCTI TMOJATaE Yy

BUIIICONUCAHIN CKJIQJHOCTI TpolieciB. B paMkax BUKOHaHHS JaHOI JHUCEpPTAIiHOT
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pobotu [46-68] Bmepmie Oyna JAOBEIEHA MOKJIMUBICTh BUKIIOUCHHSI OUTBIIIOCTI
HEKOHTPOJBOBAaHUX (HaKTOPIB IIJISAXOM IPOBEICHHS CIHEIlaJbHUX IOIMEPEeIHIX
BHCOKOTEMIIEpATYpPHUX TEPMIYHMX OOpOOOK Ta camMuxX JOCHIIKEHb CyOiMariii
MaTepialliB y HAJBUCOKOMY BaKyyMi, IO JO3BOJIMJIO OJEp)KaTW HaAidHI JaHi 3
KIHETUKH Ta TEPMOJMHAMIKH BHUIAPOBYBaHHS pPAIYy NEpPEXiAHUX METaliB, y T.U.
TYTrOIIaBKuX. J[7s neskuX TyromiaBKUX METadiB Taki JOCIIHKEHHS B3araii Oymu
BUKOHAHI BIepiie. BapTo 3ayBakuTH, IO 3HAHHS JHIIEC TAOJUYHUX 3HAYCHD
TeMmrepaTypu Ta €HTalbIli cyOsiMallii He Ja€ ySABJICHHS MPO IIBUIKICTH JAHOTO
IpOLECy, SIKa € TOJOBHOIO XapaKTEPUCTHKOIO, 1[0 BJIMBAE HA pecypc BHUPOOIB, SKi
MPaIoTh 32 BUCOKHUX TEMIIEpAaTyp Ta HU3BKUX THCKIB. Hackigpbku HaM Bigomo 3
aHaII3y JITEPAaTypPHUX JDKEPEII, HalliHI KITBKICHI JOCIIKEHHS KIHETUKH CyOimMartii
TYTOIUIaBKUX METaJiB JIOCI BUKOHYBAJUCS JIMIIE B XOJl BUKOHAaHHS JaHOT
JcepTaliitHol poOOTH.

Ponbp BHcOKOro BakyyMy [UIsi aHUX JOCTIIKEHb € KIIO4oBOow. Tak, 0e3
3a0€3MeueHHs] HEeOoOXIIHOrO BakKyyMy, HalpUKIaJ, Ha TMOBITPI, Ha TOBEPXHI
BOJIb(PpaMy TpH HaArpiBaHHI MOYUTAIOTh AKTUBHO POCTH ACHAPHUTHI KPUCTAIU HOTO
okcuay [69]. 3BicHO, Taki MPOIECH 3[aTHI CYTTEBO MOPYIIUTH KapTUHY SK
TEPMOJIMHAMIKH, TaK 1 KIHETUKH (Da30BUX MEPETBOPEHH Y IiK cucteMi. [Ipore, HaBITh
3pOCTaHHS TaKUX KPUCTAJIIB KOHTPOJIOETHCS caMe MpoIecamMmu cyOiMallii 3 TOBepXHi
BoJb()paMy Ta THCKOM MOTO Tapu y TOHKOMY TMPUIIOBEpXHEBOMY Imapi. Takox
3a3aHauMMO, M0 OJEpXaHi B paMKaxX TMPEACTABICHUX y AMCEpTaIlii TOCIHiTKCHb
3HaueHHs Bakyymy (107> Topp) J0ci JHIIe y KiNbKa pa3iB MOCTYNAIOTHCS PEKOPIHAM
nmokasHukam [11].

CknagHi mporecu, sK Ti, [0 BU3HAYAKOTh TEPMIUHY CTaOULIBHICTH TBEPIOi
PEUOBUHU, MPU3BOAATH /0 3HAUYHUX TPYAHOLIIB B IHTEpIpeTalii OAepKYBaHUX
EKCIIEPUMEHTAIbHUX JIaHUX, OCKUIBKM B KOKHOMY KOHKPETHOMY EKCIIEPHUMEHTI
(HaBITH JJIT OAHOTHUITHMX 3pa3KiB Ta yYMOB EKCIEPUMEHTY) MOKHA OJEpKyBaTh
CYTTEBO BiAMIHHI pe3ynapTaTH. Sk BKe 3a3HAYaOCs, MPUYMHA I[HOTO IOJSATAE Y
BaXXKO IependadyyBaHOMY JIOMIHYBaHHI THX YU 1HIIUX MEXaHI3MiB BTPATU TEPMIYHO1
CTaOLIbHOCTI, KOHKPETHUIM BHECOK KOTPUX 3aJICKUTh HE JIUIIIE BiJl 30BHILIHIX YMOB, a

I BiJ BHYTPIIIHBOTO CTaHy 3pa3Kka (0JHAKOBUX 3pa3kiB He icHye). Ha mporiecu, 1o
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BHU3HAUYAIOTh TEPMIYHY CTaOIIBHICTH TBEPAOTrO TiJIa, BIUIUBAIOTH THUII Ta CKJIAJ
XIMIYHHMX €JIEMEHTIB (BaJICHTHOCTI, €JICKTPOHETaTUBHOCTI, PO3MIPH aTOMIB Ta THUIIH
MOXJIMBUX XIMIYHUX 3B’sA3KiB), (a3oBUH CKJajq Ta Horo eBofolisa (¢a3oBi
NEPETBOPEHHS ), TUIH KPUCTATIUHOI I'PATKU, TUIIH 1 KUIBKOCTI Pi3HOTO POy Ne(EeKTiB,
BKJIFOYHO 3 JIOMIIIKAMH, MPOCTOPOBUM PO3MOIIT JePEKTIB Ta HEOIHOPITHOCTEH,
TEKCTypa MOBEPXHi, EHEPreTHUHI OATaHCH MK €H/0- 1 €K30TEPMIYHUMHU IPOLECaMU
¢BUYHOI Ta XIMIYHOI ajcopOIii/mecopOrii Ta XIMIYHUMH PEAKISIMA  MIX
peareHTaMmu, Kl BXOJSTh JI0 CKJaay TBEPJOro Tijia Ta/abo oTouyrouoi atMochepu,
edeKkTy IUIaBJIEHHS, BUIAPOBYBaHHS Ta OcCaKeHHS, audy3is B 00’eMi Ta Ha
MOBEPXHI, Pi3HI €Heprii (TeMIeparypu) akTHUBAIlll yCiX ITUX MPOIeciB, aedopmarii,
TACK Ta CKJIaJ OTOouyrd4oi armocdepu, Temmeparypu 3pa3ka 1 OTOUYIOYOTrO
CepelIoBHINA, IX TEMIOEMHOCTI Ta TEIUIONPOBIAHOCTI Ta iH.). [Ipum oMy He3HauH1
3MIHM OJHOTO 3 30BHIIIHIX Ta B3a€MOIIOB’S3aHUX BHYTPIIIHIX MapaMeTpiB MOXKYTh
OPU3BOAUTH JI0 CYTTE€BOi 3MIHM BHECKIB BHIIE3rajJlaHuX MexaHi3miB. bararto 3
nepeiyeHuX YMHHUKIB OKpEeMO Ta y pI3HUX OOMEXEeHUX KOMOIHAIisAX Oyio
BPaxXOBaHO y TEOPETUYHUX MOJACIAX, SKI OMUCYIOTh (PI3UKO-XIMIUHY ITOBEIIHKY
noBepxHi TBepaoro Tina. OAHAK TEOPETHMYHUN OMHC Ta TOACHEHHS OKpPEMHUX
EKCIIEPUMEHTIB, SIK 1 YCS CYKYIHICTh TaKHUX CIIOCTEPEXEHb Ta iX IHTEpHpeTarliu,
’KOJJHUM YMHOM HE J03BOJISIE 3pO3yMITH 3arajibHi 3aKOHOMIPHOCTI BTPaTH TBEPAUM
TIJIOM KOTO TEPMIUHOI CTaOIIBLHOCTI. 3BICHO, ifies MOOYAOBH O€37i4i YaCTKOBUX
TEOpI JJIs1 TOSICHEHHS KOXKHOTO OKPEMOT'O EKCIIEPUMEHTY Ta BIIMIHHOCTEH MIXK
HUMHU pOOUTH OE3MEPCIEeKTUBHOIO CaMy TaKy MOCTAHOBKY MHUTAaHHS, a TOMY 1 JIOCi
MOAIOHI  €KCIIEPUMEHTH  TEPEBAXKHO  3AIMINAIOTHCS  0€3  y3arajabHIOHYOTo
TEOPETUYHOTO TOSICHEHHA. Ha TouyaTKy HOBOTO THCSUONITTS II€ TPHU3BENO JI0
KOHCTaTalii neBHOI KpU30BOi CUTYyallli B AaHiil cdepi gociimxkeHs [39], sika He nule
30epirjacs Mo HUHI, a ¥ TMOIIMpHUIAcsd Ha IHINI HampsMH JTOCIIIKEHb, a caM€ Ha
tepmiunuii anamiz [40]. Lg noTykHa 1 IIMPOKO CHOTOJHI BUKOPHCTOBYBaHa
METOJIMKa, K 3a3HadaroTh aBTOpH [40], KoHCTaTye nuie (akT, HAMPUKIIAL, BTpaTH
TBEPJUM TUIOM TE€PMIYHOI CTaOIIBLHOCTI, Ta BCTAHOBJIIOE BIJATMOBIIHY TEMIIEPATypYy,
ajyie )KOJHUM YMHOM HE CIpHUSE€ PO3YMIHHIO BHYTPIIIHIX MEXaHi3MiB Ili€l BTpatu. B

AKOCTI BUXOJly 31 CTaHy CTaraiii OyJi0 3alpolOHOBAHO MOBEPHYTHUCS, ajie Ha
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CTPOTOMY KUIBKICHOMY piBHIi, O JOCHIIK€Hb KIHETUKH TaKHX IPOIECIB 32 YMOBHU
KOHTPOJIIO HE JIMIIE THCKY, a i CKIIaay 3aJuIIKOBOI atMocdepu Ta BiIMOBHUTHUCS Bij
CIIPOIICHUX IMIJIXOMAIB, SIKI 0a3ylOTbCs Ha YSBJICHHSX JIMILE MPO TEPMOAKTHBOBAHI
XIMI4HI peakiii (omHcyBaHI PIBHSHHSIM AppeHiyca), IO XapaKTepHl A Ta30BUX
CepeIOBUII, ajie 4acTO HE3aJ0BLILHO OMHUCYIOTh T'€TEPOreHHI peakilli Ha MOBEPXHI
TBEpAMX TUI. Taka MOCTaHOBKA MHUTAHHS € BAXJIMBOIO U PO3YMIHHS SIK MPOIIECIB

TBEPAOTUIBHOIO KaTaii3y, Tak 1 TepMiuHOi cTaOIbHOCTI TBepauX Tid [70-73].

OnuH 3 anbTepHATHMBHUX BapiaHTIB TEOPETUYHOTO pO3IJIAY IpodiieMu
TEPMIYHOI CTaO1ILHOCTI TBEPAOTO Tija MpejcTaBiieHo B poboTtax JIbBora [40, 72, 74-
76], B AKWUX HAroJOLIYETHCA HA BAXJIMBOCTI MOYATKOBOI CTaIii cyOiMallii pe4oBHH 3
TBepAoi (a3u ans OaraThbOX MPOLECIB HAa MOBEPXHI TBEPAOTO TN, y T.4. JUIA
KaTANTUYHUX peakiii. Ha TtemepimHili yac iCHye JvIle KUIbKa PO3PaxyHKOBUX
poOIT, B SAKHUX TEOPETHYHO BHU3HAYEHO BEJIMYMHHM TEIUIOTH Ta KOEPIIIEHTY
BUMAPOBYBaHHA JIEIKUX €JIEMEHTIB Ta cnouyk [75, 77]. IleBHy yBary mpuBepTae
pobota [79], B sikiii aBTOpU HAMarajucs HaJaTH SIKICHY 1HTepIIpeTalliro KoeQilieHTIB
BUIMAPOBYBaHHs (KoHIeHcarii) o a1 psagy cmoinyk (AgNO;, BaS0,, BaCOs;, BN,
Be;N,, Mg;N,, AIN, GaN, ZnO, CdS, CdSe ta NH,Cl) B Bakyymi B yMoOBax
BUIIAPOBYBaHHs 3 MOBepXHI 1o JleHrmiopy. BBaxaeTbcs, 1110 OCHOBHUM YMHHHKOM
HETOYHOCTI OTPUMAHUX JaHUX € PI3HULSA MK ICTHHHHMHU MEXaHI3MaMHU IPOIIECIB
cyOmiMmalili Ta MPUINYHIEHHSM PO  NOpsSMUA  poO3KiIad, IO  BiAMNOBIAE
TEPMOJMHAMIUHIN PIBHOBA3l, 3a AKOi KOE)IIIEHT BUMApOBYBaHHS OJM3bKui 70 1.
BmiuB pi3HOro poay MAOMIIIOK, IO MICTSIThCS B 3pa3kax, a TaKOX YMOB
EKCIIEPUMEHTY B JKOJHIN 3 HasBHUX PoOIT HE BpaxoByBaBcs. ToOMy Takl JaHi J10CI HE
MO’KHa BBakaTu HaaiiHUMU. KpiM TOro, y UX TEOPETUUYHUX POOOTax HE MPHUALICHO
JNOCTaTHBO1 yBaru TYrOIUIABKUM MeETajlaM Ta 1X cruiaBaM. B pamkax maHoi
AUcepTamiiHoi  poOOTI  pO3paxyHKH MapamMeTpiB  cyOiiMamii IpoBEAEHO 3
BUKOPUCTAHHAM BHU3HAUEHUX 3 EKCIIEPUMEHTY 3HA4Y€Hb O, JUISI YOr0 TaKoX Oyio
pO3pO0JICHO OpUTIHAIBHI TEOPETUYHHM Ta  EKCIIEPUMEHTaIbHUN  (PI3HOBUI
mudepeniiaapHoro metony Jlenrmiopa) miaxoau [46]. Ile no3Bonmio BpaxyBaTH TOU
¢dakT, MO HE yCl YACTUHKHU TapH, 110 HAJITAalOTh HA IMOBEPXHIO TBEPJIOTO Tija,
KOHJICHCYIOTHCS Ha Hiil, TOOTO 3HaUY€HHS KOe(ILI€HTY BUITAapOBYBaHHA oL # 1.
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CucremaTHuHe TOCTIHPKEHHS SIBUIL BUMIAPOBYBAHHS MPOBOJIUTHCS BXKE MOHAJ
100 pokiB [78, 79]. OcHoBu Teopii BUIMAPOBYBAHHS PIAKUX 1 TBEPAUX TIJI
PO3TIISAIAI0TECS TAKOXK B IMMPOKO Bigomux podotax [80, 81]. B ormsgoBiit poboTi
[78] Oyin0 mpoBeneHO aHall3 CTaHy MUTAHHS MO BUIIAPOBYBAHHIO PIIKHUX 1 TBEPAUX
TUI, PO3TJISIHYTO JIESIKI MOJICNI Ta MEXaH13MU BUIIAPOBYBAaHHS, OCOOJIMBOCTI KIHETHKHU
(ha30BUX MEPETBOPEHHb KOHACHCAT—TIAp, OMMMCAHO HAWOLIBIN y)KUBaH1 MeToMuku. Ciin
3a3HAYMTH, 110 3aMPONOHOBaHA B JaHiM aucepTailii METOAMKA BUKJIIOYEHHS YCIX
MOXJIMBUX CTOPOHHIX BIUIMBIB Ha TIpoIlec cyOiiMallii TBEpJOro Tija J03BOJIMJIA
BUKOPHUCTATU YSBJIEHHS IPO MEXaHI3MH BUIAPOBYBAHHS, 3alpONOHOBAaHI B IIiif
po6oTi (UB. Takox [82]).

B wmonorpadii Xipca i Ilaynna [80] mpemcTaBiieHO OIS TECOPETUYHUX 1
EKCIIEPUMEHTAJIbHUX POOIT MO BUIIAPOBYBAHHIO 1 KOHJEHCAIlll, JETaJbHO OIKCAHO
CTYMIHYACTUM MEXaHI3M BUIAPOBYBAHHS 1 PETEJNBHO AHANIZYIOTHCS MPUUYMHH, Yepe3
AKl Koe(IIieHT KOHJAEHcalli MOXe BiApi3HATHCA Big oauHuli. HeoOxinHO
BIJI3HAYUTH, 110 Y BCIX poOOTax, MPUCBSIYCHUX aHai3y (a30BUX MEPETBOPEHH 3a
y4acTIO MapoBoi a3u, HalaHO KIAaCUYHUHN OTMHUC IUX TporieciB [75].

Jlani mo THCKaMm mapiB JUIg MPOCTHX PEYOBUH JOKIAJHO MPOAHAII30BAHO B
moHorpadii An. H. HecmesHoBa [81], ne TakoX HagaHO CHUCTEMATUYHUN OTJIST
METO/I1B BUMIPIOBAHHS TUCKY Mapy, HABEJACHO MPUHLUIIU 1 TEOPiF0 OCHOBHUX METO/IIB
1 KOHCTPYKIIT BUKOPUCTOBYBAHOI anaparypH.

AHaJli3 HaBeJCHUX JaHUX IOKa3ye, 110, HE3BAKAIOYM HA BEJUKY KIJIBKICTh
poOIT 3 BUMIPIOBAaHHS THCKY Hapu 1 TEIUIOTH BUIIAPOBYBAHHS XIMIYHUX €JIEMEHTIB
[75, 77, 80, 82-84], pe3yapTaTu IJIsl TYTOIUIaBKUX METAJIB € HEHAAIWHUMH, a JJIs
pSAoy METaliB Ha 4Yac MOYaTKy BHKOHAHHS JaucepTaniiiHoi poOoTu Oynu B3araini
BIJICYTHI. 3 1HIIOTO OOKY, y 3B'A3KYy 13 3aBJAaHHSM CTBOPEHHS MaTepiaiiB AJisi HOBOI
BUCOKOTEMIIEpAaTypHOi TEXHIKM, OCTAaHHIM YacoM ICTOTHO 3pic I1HTepec [0
JOCTIIKEHb II0JI0 BIUIMBY 3aJUIIKOBOTO CEPEAOBHUIIA, TOMIIIOK, JETYIOUNX T00aBOK

1 T. 1H. Ha cyOJIIMaIliiiHi BJACTUBOCTI TYTOIUIABKMX METAIIB Ta iX CIUIaBIB.

1.1 lomiliky BTiJIeHHS B TYTOINIABKHX MeTAJIaX 32 BUCOKHX TeMIepaTyp

BaxyBoro 0COOIMBICTIO peallbHUX METaliB 1 CIJIaBiB € HAsSBHICTh B HUX
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nedeKTiB KpUCTaaiqHOi OyI0BH (IUCIOKAIliH, BAKaHCIH, JOMIIIOK 1 T. 11.), III0 1ICTOTHO
BIUIMBAIOTh Ha (13UYHI, B TOMY YHCJI ¥ TEPMOJMHAMIYHI, BIACTUBOCTI.

[TepexigHi MeTanu (0COOIMBO TYTOIUIaBKi) MICTATh 3HaUHI KIJIBKOCTI JOMIIIIOK
BTUICHHS (a30T, KHUCEHb, BOJIEHb 1 Byrienb) [81], mo CyTTeBO BIUIMBAIOTH Ha
noBepxHeBi BiacTUBOCTI. CyOJiMaliiiiHi BIaCTUBOCTI METaIIB, MOPAJT 3 €EMICIHHUMU 1
ancopOLIHHUMH, BU3HAYAIOTHCS IPOLIECaMH, IO MPOTIKAIOTh HAa MOBEPXHI Ta B
00’emi. OCKUIBKY 111 BJACTUBOCTI SIBJISIIOTH COOOIO BEJIMKHUIM HAYKOBHM 1 MPaAKTUYHUNA
1HTepec, BUBYEHHIO CyOJsiMallli MeTajaiB NpUAUIIEThCS OaraTo yBaru, 30Kpema
BIUTMBY Ha Hel JOMIMIOK BTUICHHS [58, 86, 87]. OqHak cuCTeMAaTUYHUX JOCTIIKECHb
11010 BIUIMBY JOMIIIOK BTIJICHHS Ha BUIAPOBYBAHICTH TYIOIUIABKUX METaJIB JI0
JaHOi poOOTH MpOBEACHO HEe Oyno. Xouya y THX HEUYHCIEHHUX poOoTax, e
JOCTIIKYBaBCs 11 BIUIMB, MOKA3aHO, 10 JOMIIIKY BTIJICHHS TPalOTh ICTOTHY POJIb B
npoliecax BUMAPOBYBaHHS NMEPEXITHUX METAIIB.

[cHyro4l MeToau rIMOOKOTO OUMINIEHHS TyroruiaBkux metams [48; 50; 90, 91]
J03BOJISIIOTh  OTPUMYBATH JIOCKOHAJl 3a CTPYKTYpPOIO MOHOKPHUCTAIU 3 HHU3bKUM
BMICTOM JIOMIIIIOK BTUICHHS. 3 I[1€I0 METOK 3aCTOCOBYIOTh HACTYIIHI METOIU
OUMILEHHS: E€JIEKTPOHHO-IIPOMEHEBE OE3TUTENIbHE 30HHE IUIaBieHHs [48], mia3MoBo-
NIyroBe IuIaBieHHs [48], MeTon KpucTamizalii 3 TOHKOro IIapy po3IulaBy 3
BUKOPHUCTAHHAM TUCIEPCHUX MOPOIKiB [91].

Tpanumiitai (Hi3uKo-XiMIYHI METOAM aHamizy (METOa CHalTrOBaHHS TPOO s
BU3HaUYeHHs BMicTy C, METO BaKyyMHOTO TUIABJICHHS 1JIs BU3HaYeHHs BMicTy O), 5K
3'sicyBasiocss [92], HEe MaloTh JOCTaTHBOI YYTIAMBOCTI 1 MOXYTh MPHU3BECTH [0
CYTTE€BUX MOMUIIOK Y€pe3 MOBEPXHEBI 3a0pyAHEHHS NMPU BU3HAYEHH! KOHIICHTpALlIN
C i 0 <1107 Bar.%. Binbi gyTimBi saepHO-Qi3HYHI METOAN aHATI3y 33 JOMOMOTOIO
3apsIKEHUX MOHIB, HEUTPOHIB 1 TaMMa-KBaHTIB 3 BUCOKOIO UYTJUBICTIO 1 TOYHICTIO
BUMIPIOBAaHb HAIPUKJIAJ, METOJI HEUTPOHHO-AaKTUBAIIWHOTO aHali3y Mae MEexy
BUSBICHHS moMmimku y 107 Bar.%) goci He OTpPHMAaM HOCTATHBO IIHPOKOTO
nomupeHHs. Taki MOIMMPEeH1 ChOTOJHI METOU, K €HEeProJUCHepCiiHUN aHali3 Ta
0’Ke-CJICKTPOHHA CIIEKTPOCKOIIISI MOXKYTh HaJaTH 1H(OpMAIIiI0 PO XIMIYHUN CKJIIa]
MPUIIOBEPXHEBOTO MIapy. AJie B IaHii poOOTI BUKOPUCTAHO HIMPOKO 3aCTOCOBYBAHHIMA

METO/i BU3HAUYEHHSI BMICTY JOMIIIOK 32 BUMIPIOBAHHSIM BIJHOILIEHHS €JIEKTPOOIOPY
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3a HopMmanibHO1 (300 K) 1 remieBoi (4,2 K) temneparyp, sxe xapakrepusye (QpizuyHy
YUCTOTY MOHOKPHUCTAIIB (TOOTO CyMapHHUA BMICT JIOMIIIOK).

HasiBHicTh meBHOi KiuTbkoCTi gomimiok BTiUieHHS (O 1 C) B TYyrorjiaBKUX
MeTajax, 1o MiIJaBaaucs 30HHOMY padiHyBaHHIO, TIOSICHIOEThCA [78] TUM, 110 TIpH
Jerasaiii piAKUX TYTOIUIABKUX METAIB Y BakKyyMi HE BIA€ThCA JIOCATTH
nependadeHux TEPMOJIMHAMIYHMX MIKPOKOHIIGHTpAIiil Byryemtoo 1 kucHio. lle
BiI0OYBa€ThCS yepe3 Te, 110 3 TyromiaBkux MmetaniB (Ha BiamiHy Bix Fe, Ni, Co)
KHCEHb MOJE JecOpOyBaTH SIK CIUJIBHO 3 BYTJIELIEM, TaK 1 CAaMOCTIHHO B aTOMapHOMY
CTaHi, ab0 y BUIJISAAI OKCHJIB 1, TAKUM YUHOM, IIPH Jeras3aiii TyrorjaBKuX MeETalliB
HEMHUHYY€ BCTAHOBIIIOIOTHCA IPAHUYHI KOHIIEHTpALIli BYTJICIIIO.

HaiiGinpmuii BIJIMB Ha MOBEPXHEBI BJIACTUBOCTI TYTOIJIABKHX IEPEXiTHUX
METajiB 3IIACHIOIOTh JOMIMIKH BTUICHHS. OCHOBHMMHU JOMIIIKAMHU BTIJICHHS B
TyromiaBkux wmerangax € razoBi jgomimkud (H, O, N) 1 C. I'a3u BugansoThCs
TEPMIYHOI0O OOpOOKOI0 3a BHCOKMX Temmeparyp. llpu BHBUEHHI KIHETUKH
TepMoJiecopOIii ra3oBUX JOMIMIOK 3 TyromiaBkux metamB (W, Mo, Ta) Oyno
nmoka3zano [93], mo 11 JOMIIIKK JeCOpOYIOThCS Y JEKUIbKa €TalliB B TEBHHUX
TEMIIEpaTypHUX I1HTEpBaIaX, BHACTIJOK TOTO, IO BOHU 3HAXOMSTHCS B KUIBKOX
EHEepreTUYHUX cTaHax. ['nmboke TepmiuHe 3HeraxxyBaHHs W, Mo i1 Ta moxiuBe
TiNBKK B yMOBax BHCOKOro Bakyymy (107 Ila) 3a Temmeparyp He Hinkae 2600, 2000 i
2100°C BignoBimHo. PoOIT 1O JOCHIIKEHHIO BIUIMBY JOMIIIOK BTUICHHS Ha
BUIAPOBYBAHICTh TYTOIJIABKUX METAJIB JYXK€ MaJI0 1 BOHM HOCSTH €Mi30JUYHUMN
xapaktep. OfHaK, SK 3a3HA4YaIOCs], BOHU JIEMOHCTPYIOTh CYTTE€BUN BIUIUB JIOMIIIOK
BTIJICHHS HA IIPOLIECH BUMAPOBYBAHHS.

3a3Buuail isi BU3HAUYEHHSI BIUIMBY JOMIIIOK JTOCHIIKYIOTBCS MaTepiaiu Pi3HO1
yucToTH. Tak, MpW BHUBUYEHHI BUMAPOBYBAHOCTI MOJiIOAeHY pi3HOI umcTOTH [93]
METOJIOM BUIApOBYBAHHS 3 BIIKPUTOI MOBEPXHI OyJIO BCTAaHOBJIEHO, IO IIBUAKOCTI
BUIIAPOBYBAaHHS METAJTIOKEPAMIYHOTO MOIOJEHY Mailke B JBa pa3H BUII, HIXK IS
MOJTIO/IEHY, OTPUMAHOTO METOJOM 30HHOI MepeKpucTaiizaiii. MeramokepamivHi
3pasky MoibaeHy micTinn gomiuku 3amimennst (Fe, Ni, Co, Ti, Cu na pisui 107
107 Bar.% KoXHOI), 10 MAKOTh IIBHIKOCTI BHIIAPOBYBAHHS HA KiIbKa IOPSIKIB

. . . . 2
BUIIII, HI’)K Y OCHOBH, a Takox gomimiku BTuteHHs (O, H, N, C npubsmszno 10 Bar.%
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KOKHOT). OIlIHKa YUCTOTH MOJIONCHY MIC/Isl 30HHOT TIEPEeKPUCTAITI3AIlT TIPOBOIMIIACS
3a BIJHOIIEHHSM €JICKTPOOIIOPIB, BUMIPSHUX 3a KIMHATHOI 1 rejii€eBoi Temmepartyp,
Ri300x/Ra2x, ke craHoBwio 15000, a g1 MeranokepamiyHoro mombaeny — S0.
OxpiM BIAMIHHOCTI B IIBHJKOCTSIX BUIIAPOBYBAHHSA MOJIOACHY Pi3HOI YHCTOTH Oyra
OTpUMaHa TaKOX BIAMIHHICTh y 3HAUEHHSIX TETUIOTH CyOTiMallii.

VY nopiBHsHHI 3 iHIUMEU qomimkamu BTuteHHS (O, H, N) Byriemns BiTHOCUTHCS
710 TOMIIIOK, SIK1 HaliBa)K4e YCYHYTH, OCKUIbKH HOMY BJIACTHBI BUCOKOCTIIKI CTaHU 3
TYTOIUIaBKUMH MeTanamMu. B Toil ke yac, Byrienp € OJJHI€I0 3 HAMOUTbII MOMIMPEHUX
JOMIIIOK, SIKI CYTTEBO BIUIMBAIOTH HA MOBEPXHEBI BIACTHUBOCTI TYTOIUIABKUX METAJIIB
[52, 87, 88], 3MeHIITyI04M POOOTY BUXO1Y, 3MIHIOIOYH aJCcOPOIIiitHI BIACTUBOCTI 1 T.1I.

Brnus Byriento Ha mpoiiecu cyoiiMarii 10 AaHoi po6oTu OyB MalTOBHBYEHUM.
Tak, npum mocmimkeHHi cyOmiMamii miatuau [94] meromom Jlenrmiopa Oyiio
BUSIBJICHO, IO NMPY KOKCYBaHHI IJIATHHU, 1110 3HAXOJIUTHCS B KOHTAKTI 3 TpadiTom 3a
temneparypu 1735 K, npotsarom miBroguHu Byrieib 0JIOKye MpoIec CyOmmMaIio ax
no temmepatypu 1890 K. 3a temneparypu 1900 K 1 Buiie mBuAKICTH CyOaiMariii
IJIATUHU CTAa€ HOPMAJBHOIO, IO MOSCHIOETHCS PO3YMHEHHSIM BYTUICLIO IJIATHHOIO,
TOAl SIK HWXK4Ye L€l TemrmepaTypu Audy3is IUIATUHU dYepe3 MOBEPXHEBHM Iap
BYIJICITIO Oy/i€ HU3BKOIO, 1110 1 00MEXKYy€E MBUAKICTH CyOiMarlii.

[Tpu BuBYEHHI BUMApOBYBaHHS BYTJIEIIO 31 cTaii [95] Takox Oyno moMiueHO
3aTPUMYIOUMN BIUTUB JOMIIIOK Byrjemto. Lleil BIUIMB MOSICHIOETHCS THUM, IO HA
MOBEPXHI 3ajli3a aTOMHU BYTJCII0 Ha0yBAarOTh MO3WUTHBHOTO 3apsijay B pe3yibTari
MEePEPO3NOLITY €IEKTPOHIB IIPH BCTAHOBJIECHH] IOHOPHO-AKIIEIITOPHOTO 3B'SI3KY 1 HOH
ByIJICIf0 OyJie BiA4yBaTH CHJIY 300pakKeHHS, sKa OOYMOBIIIOE IMOSBY J10JIaTKOBOTO
eHepretuyHoro 6ap'epy. Ll qomatkoBa eHepris MpU OJHO3APSAHOMY MOHI Ha LT
MOPSIIOK O17TbINa 3a 3BUYAHY €HEPTiI0 aKTUBAaIlii ByTriero [95].

Cnix BIAMITHTH, IO B 3a3Ha4eHUX pPoOOTAax BUBYABCS BIUIMB IOPIBHSIHO
BENTMKUX KOHIeHTpariil Byriemnto. [1o  crocyeTbes Manmx HOTo KOHIICHTpAIIIH, SKi
MICTSITBCS B YMCTHX MOHOKPHMCTAJaX TYrOINIABKHX mepeximumx meranis (107-107
Bar.%), TO TakWX JOCHIIKEHb JO0 TOYaTKy Iii€ei podoTtu He Oyno Bigomo. lle
MOSICHIOETHCS THM, 1110 BUJIAJICHHS BYTJICIIO 3 TYTOIUIABKUX METANIB y TBEpAii ¢asi €

CKJIaJIHUM 1 TPYJAOMICTKHM 3aBJaHHSIM. MOXJIMBICTh BUJIAJICHHS BYTJICIIO POTPIBOM
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y BakyymMi OOMEXYye€TbCS KOHICHTPAIIEI0 KUCHIO B MeETall, TOMY IIPOLEC
3HEBYTJICIIOBAHHS 3a3BMYail MpOBOAUTHCS B atMocdepi kucHio abo BoaHto. [lpu
B3a€EMO/JIIi KHCHIO 3 TOBEPXHEI0 HArpiTUX /0 BHCOKMX TEMIEpaTyp TYTrOIIaBKUX
METaJiB, MO MICTATh MaJll KUIBKOCTI JOMIIIKK BYTJICIO, K OyJ0 BIIEpIe MOKa3aHO
mist W, Mo, Ta 1 Re 3 Bmictom Byriemo g0 0,01 Bar.% [96], yTBOprorOThCs
razononiOHi okcuau Byriaemo CO 1 CO,. TakuMm YWHOM, MEXaHi3M BUIAICHHS
BYTJICIIO NoJsirae B nudy3ii Horo 3 06’eMy 3pa3ka /10 MOBEPXHI, YTBOPEHH1 OKCH/IIB
BYIUICIIO Ta MOJAJBIIINA JecopOIli ix B rasoBy d¢azy. Llelt mexaHi3M BHIAJICHHS
BYTJICIIO € 3arajbHUM I TYTOTUTABKUX TMEPEXITHUX METAJIB 1 BUKOPUCTOBYETHCS B
JOCTITHUIBKIA MPAKTUIl Uil OYMINEHHS 3pa3KiB BiJ MaluX JIOMIIIOK BYIJICIIIO.
HasiBHiCTh ra30moAiOHUX MPOAYKTIB peakiii B3a€MOil BYTJICIIO B METall 3 KUCHEM
a00 BOJHEM JO3BOJIIE 3aCTOCOBYBATH MAaC-CIIEKTPOMETPHYHI METOJUKH  JUIS
KOHTPOJIIO MPOIIECY 3HEBYTJICIIOBAaHHS TYTOTUIABKUX MEPEXITHUX METAIIB.

3 ycix TYromjaBKMX MeETaliB BJIACTHBOCTI IOBEpPXHI BOJbppamy Oyi0
JOCJIIDKEHO HAWIOBHIIIE, 110 BHMAarajao, B CBOIO 4Uepry, po3poOKH METOIUK HOTO
OYMIIEHHS BiJ JOMIIIOK BYTJIENO0. JleTalbHe BUBUCHHS MPOIECY 3HEBYTJICIIFOBAHHS
BoJIb(PpaMy B aTMoc(epl KHCHIO Mac-CIIEKTPOMETPUYHUM MeToA0M [97] 103BONMIIO0
oTpuMmaTu mnapamerp audys3ii Byrien B Bodbdpami 1 PO3POOUTH METOAUKY
3HEBYTJICIIOBAaHHS BOJb(pamMy, siKa MIUPOKO 3aCTOCOBYETHCA B EKCIEPUMEHTAX 3
BUBUYCHHS KOT0 TOBEPXHEBUX BJIACTUBOCTEM.

[Iporec 3HEeByTIIICHIOBaHHS BOJIb()pamMy MpPH AOCIIKEHHI HOTO aacopOiiHux
BJIACTHBOCTEH TaKOX MOJKE€ KOHTPOJIIOBATHCS METOJaMH IU(PaKIii IIBHIKUX 1
MOBUIBHUX €JICKTPOHIB, a TAKOXK METOJIOM OKe-€JICKTPOHHOI crieKTpockKorii [98].

MetonoM BIIOMBaHHS TOBUIBHUX €JIEKTPOHIB OYyJIO BHUSBJICHO O3HAKU
yTBOpeHHS 1mIapiB rpadeHy Ha TMOBepXHI Bojdbppamy. B  pesynbrati
BHCOKOTEMITEPATYpHOTO BIJMAaNy, KU CTUMYJOBaB AUQY31I0 aTOMIB BYTJEIIO 3
0o0’eMy 3pa3ka Ha MWOro TMOBEPXHIO Ta HACTYHHOI IX TMOBEpXHEBOi audys3ii
YTBOPIOBAJIKCSl BEJIMKI 3a ILJIOIICI0 OCTPIBIEBI CTPYKTYpH, MOAIOHI 10 rpadeHOBUX
mapiB, SKi  3HUKWIM  Jumie  micias  BucokotemmepaTypHoi (2800  K)
3HEBYTJICIIOBAILHOI OOpOOKHM TOBepxHI y KHCHI [99]. MeromoM cCHeKTpOCKOIii

MOBHOTO CTPYMY BCTAHOBJIEHO, IIO 32 HAsSBHOCTI BYTJEII0O Ha MOBEPXHI poOoTa
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Buxoxay 3 rpani (110)W cranosuts 5,08+0,02 eB, a po6ora Buxoay 3 aTOMapHO-
YUCTO1 TMOBEpxHI (IMicis 3HEByTJeltoBaHHs) ckianae 5,30 eB. s mocmipkeHHs
3QJIEKHOCTI POoOOTH BHUXOAY BiJl KpucTajorpadiuHoi OpieHTaIlll eMITyr4oi TrpaHi
MOHOKPHUCTAaJIB BOJb()pamMy Ta BIUIMBY Ha I[I0 XapaKTEPUCTHKY PI3HOTO pofy (izuko-
XIMIYHHX 00pOOOK 3py4YHUM Ta iHHOPMATUBHUM BUSBHUBCS TAKOXK METO/I MJIa3MOHHO1
CHEKTPOCKOMii — OyJI0 BHSBJICHO aHI3OTPOMII0 POOOTH BHUXOJY EJIEKTPOHIB Ta
ONTHUMAaJIbHI TEXHOJOTIYHI YMOBH 0OpOOKH 3pa3KiB, SIKi JO3BOJISIIOTh MAaKCUMI3yBaTH
ne edexr, BaxiauBui Ui crBopeHHs TEIIB 3 karogoM 1 aHOAOM 3 OJHOTO
MaTepially 3 METOI0 MiHiMi3alli BIUIMBY 3a0pyIHEHHS aHOJY MarepiajoM, SKHii
BUIMAPOBYETHhCST 3 Kartomy [37, 38], Ta wmakcumizamii 9acy Ta CTaOlIbHOCTI
eKCIUTyaTallli Takoi Mapu €JIEKTPOJIIB 4Yepe3 3MEHILICHHS poJii (haKTopy IIBUJIKOCTI
BUIIAPOBYBaHHs KaTony (3a OJHAKOBUX XIMIYHHMX CKJIAJIB IUX EJIEKTPOJIB MEPEHIC
BUIMAPOBYBAHOTO MaTepiajay 3 KaToAy Ha aHOJl Ma€ 3HAYHO MOBUIBHIIIE 3MIHIOBAaTH
eKCIUTyaTal[liHul XapaKTEPUCTUKU CaMHUX €JIEKTPOIIB Ta BAaKyyMHO! HIUIMHH MIX
HUMH).

Mertoarka 3HEBYIJICHIOBaHHS BOJIb()paMy B arMmocdepi KUCHIO 3rojoM Oyia
3aCTOCOBaHa i ouuileHHd Mmonioaeny [93]. Ilpu BUBYEHHI NpPOLECY OUYMIICHHS
MOJIIOZCHY BiJ JOMIIIOK BYTJEII0 METOJOM BTOPHHHOI 10HHO-1I0HHOI eMmicii Oyio
3'ICOBAHO XapaKTep MPOLIECY HOro OKUCICHHS IpH Hu3bkoMy THCKY O, (~ 107 Topp).

BuxopuctoByBaHuii METOA JO3BOJUB KOHTPOJIOBATH 3MEHIICHHS BMICTY
BYIJICIIO B MOJIIOJIEHI B 3aJIEKHOCTI BIJ] 4acy MOro HpOrpiBy B KHCHI, a TaKOX
criocTepiratu JecopOIlil0 OKCHUIIB BYIJIEHIO B Ta3oBYy (a3y. 3pa3koM cliyryBaia
MouioaeHoBa ¢oisbra yuctotu 99,9%, sKy BiAnamOBaNM A1 MOHOKpPHUCTAII3allii B
BakyyMi 5-10” Topp mpotsirom 3 roaus 3a Temneparypu 1900 K. 3HeByrneroBanHs
npoBoaminocs 3a tucky O, y 5-10° topp ta Temmeparypu 1900 K. ITicnst 6 romun
Takoi 0OpOOKM KOHIEHTpAIlisl BYTJIEII0 B MOBEPXHEBOMY IIapi 3pa3ka cTaBajia Jayxe
MaJiol0 1 BX€ HE YWHWJA BIUIMBY Ha IMpOIEC OKHUCIEHHsS MojioaeHy. Ilporec
BUJAJICHHA BYIJICLI0O KOHTPOJIIOBABCS JABOMAa (akTOpaMu: THUCKOM KHCHIO 1
TEMIIEpaTypoOIO 3pa3Ka.

[Ipu nmocnimkeHHI 3HEBYTJCIIOBAHHS MPOMHUCIOBOIO MOMIOJAEHY BaKyyMHOI

miaBky, mo Mictuth 4-10* Bar.% Byriemo, 6y10 mokasano [93], mo 3a THCKY
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KHCHIO, JOCTaTHBOTO JUIsi BHUJAJCHHA BCHOTO BYIJICLIO, IO 3HAXOJUTHCS Ha
MOBEPXHi, IIBUIKICTh 3HEBYTJICLIOBAHHS BU3HA4YaeThbcs MBUAKICTIO Audy3ii C 3
00’eMy MeTany 10 moBepxHi. BHacIiok Manoi po34MHHOCTI BYIJICIIO B MOJIIOIEHI
[46] ipn 3a3HaueHiit Bume KoHueHTpanii y 10°—10™ Bar.% BiH nepeGyBae y BUrI
Manux chEepUuYHUX 4YacTHUHOK KapOiny Mo,C, posnoaiieHux B MOoJ0OIeHOBIN
MmaTpuii. Tomy KiHeTHKa AUQy3ii BYTJIEI0 10 TOBEPXHI BUBHAYAETHCS POZUYMHEHHSIM
KapO1IHUX BKIIOYEHB MPU MIABUIICHHI TEMIIEPATYPH 1, BIAaCHE, TU(y31€0 BYTIICIIO B
TBEPJIOMY PO3YMHI.

BuiienaBegennii MexaHi3M 3HEBYTJICIIOBAHHSA MIATBEPUKYETHCS TapHOIO
301KHICTIO €KCIIEPUMEHTAILHUX JIaHUX, OTPUMAHUX MPH JOCIIIKCHH] 3HETaXKyBaHHS
Mo, 3 po3paxyHKOBHUMH BEIUYMHAMU KOHIICHTpAIi BYIJELI0, OTPUMAaHUMHU 3
BUKOPUCTaHHAM JaHuX 1o mapamerpam audysii C B Mo. Haiibinem edexTuBHO
OUMIIICHHS MOJTIOJIEHY BiJl BYIJICIIO BiOyBaeThes 3a Temmnepatypu ~1800°C 1 TUCKy
kucaio  2-10° topp. Ilporsrom 1 rommem Takoi OOGPOOKH BMIiCT BYIIEIO
smenmryBanacs 3 410 Bar% mo 3-107 Bar% (BusHauenns BMicty C IIPOBOJUIOCS
METOJIOM aKTHBalliitHoTO aHami3dy). [ligBuienns Tucky O, Moxe 301IbIIUTH BTPATy
Mo 3a paxyHOK YTBOpEHHs JieTIouux okcuniB. [linBuIlleHHS TemmnepaTtypu 0OpoOKH
Mae Ti cami HaCJiJIKHU, a TAKOK MOKe CIPUYUHUTHU po3unHeHHs O, B Mo.

[Ipoiec 3HEByTrJeLIOBaHHS TYTOIJIaBKUX MeETaliB B aTMmocdepl BOJHIO
JOCTIKEHUH MEHII JOKJIAJHO, HIX B atMocdepi KucHio. Y poboti [100] meTomom
BTOPUHHOI 10HHO-10HHOi e€MicCii BUBYABCS MPOIIEC OYHUIICHHS MOJIOACHY B Mallux
JIOMIIIIOK BYIJIEIO TIpH mporpisanHi B atMocdepi Boguio (P = 5-10° Topp). Bmicr
BYTJICLIO B TIOBEPXHEBOMY IIIapi BU3HAYABCS 3a emiciero BropunHux ioniB C i C*, a
MPOAYKTH B3a€EMOJI1 BOJHIO 3 TTOBEPXHEIO MOJIIOEHY — 3a Ta30BUMHU BYTJICIIEBUMU
cnonykami. [Ipoiiec BiiOyBaeThcsl B pe3yabTaTi 1u(dy3ii aTomMiB ByTelo 3 00'eMy Ha
MOBEPXHIO MOJIOJIEHY Ta HACTYIHOI B3a€MOJIl BYIJICLIO 3 BOJAHEM 3 YTBOPEHHSIM
OUYMILICHHSI MOJIIOJIEHY BIJl BYIVICIIO 3aJIGKUTH Bij Temnepatypu. Tak, npu 1800 K
4yac TMPOTPIBYy CTAaHOBUTH 4 TOJUHM, 31 3MEHIIeHHsIM Temreparypu g0 1300 K ugac
301bIIyeThest A0 10 roauH. Y MOPIBHSAHHI 3 OYMIICHHSIM B aTMocdepi KUCHIO yac,

HEOOX1THUI )11 BUJATICHHS BYTJICIIO Y BOJIHI, € JEII0 MEHIIINM.
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[TopiBHSIHHS TPOIIECIB 3HETaXyBaHHS TYTOIUIABKUX METaliB B aTMmocepax
KHCHIO 1 BOJIHIO TIOKa3ye, M0 MEXaHI3M OYMIICHHS BiJ JIOMIIIOK BYTJEII0 B 000X
BUMAJKax OoJHaKoBUWM. BiH mossirae B qudy3ii aToMiB BYIJICIIO 3 00'eMy MeTany Ha
MMOBEPXHIO 3 HACTYITHUM YTBOPEHHSM CHONyK 3 KucHeM abo BomHeM (CO 1 CHy), siki
noTiM JiecopOyroThcsi B Ta3oBy (azy. Ilapamerpu mnporecy 3HEBYIJICHIOBAHHS
TYrOIJIaBKUX METaliB 3ajlekaTh, B MEpIIy Yepry, BiJ BHUXIIHOI KOHIIEHTpAIil
BYTJICIIIO 1 MAIOTh Pi3HI 3HAYCHHS IJI1 KOXKHOTO KOHKPETHOTO MaTepialy.

BigmiHHOIO OCOONMBICTIO BYTJICHIO B TOPIBHAHHI 3 I1HIIUMU JOMIIIKAMH
BTIJICHHS € 1OTr0 HAKOTIMYEHHS HA MOBEPXHI nepexigHux Metanis. Lle mpusBoauts 10
dbopMyBaHHS IIapy JIOMIIIKKM Ha IMOBEpXHi. HakonmuueHHs BYTJICII0 HAa MOBEPXHI
MeTany BiOyBaeThcsl BHACTIAOK Horo mudysii 3 00’eMy 1 MOoxke OyTH MOB'SI3aHO 3
ocobmmBoCcTIMHU nu(y3ii aromiB BTiIEHHS. Tak, MpH SIKICHOMY pO3risial audys3ii
aTOMIB BTUICHHS d4epe3 Mik(pa3Hy TpaHMII0 TBepje TuTo-Ta3 mokazaHo [101], mro
MOPYIIEHHSI CUMETPii KPUCTAIIYHOI IPATKH, IO BiI0OYBAETHCS Ha TPaHUIIl TBEPIOTO
TUIa, poOUTH TEepeMillleHHs AUGYHIYIOUOTO aToMa 3 MOBEPXHI B MPUIOBEPXHEBUI
map 1 Ha3aJ HEPIBHOIIHHUM, MPUBOJISAYN 10 aCUMETpii MOTEHIliadbHOoro Oap'epy Ha
rpaHuni. SIKiCHE TOSICHEHHS acuUMeTpii MOTeHLiaJbHOTO Oap'epy Ha MiK(da3Hii
IpaHUIll MOXKe 0a3yBaTHCS Ha TOMY, 10 JUDYHIYIOUUM aTOM JIOKAJIBHO CIOTBOPIOE
KpucTaniyHy Ipatky. KoMOiHOBaHE MOCHIKEHHS METOAOM AMGPAKIlii MBUIAKUAX 1
MOBITFHUX EJICKTPOHIB 1 0XKe-CHEKTPOMETPli MOBEIIHKM BYTJeIo Ha rpani (112)
BOoJIb(paMy mokazano [98], mo mporpiB Mpu BUCOKHX TEMIIEpaTypax HE BHUIAISB
BYTJICIIb 3 TIOBEPXHI, a 3MIHIOBAaB CTPYKTYpPY ByTJieleBoro mmapy 3 P(6x4) na P(1x1),
110 CBIIYMTH MPO 3HAUHE 301JIbILICHHS KOHIIEHTpAIlli BYTJICIIO HA TTOBEPXHI.

Takum 4MHOM, SIKIIO MpU AUPY31i JOMIIIOK Yepe3 IPaHUII0 KpUcTaja HEMae
ICTOTHOTO BHUIIAPOBYBAaHHS, TO KOHIIEHTpAIlis JOMIIIOK aTOMIB Ha MOBEPXHI MOXKE
CWJIBHO BIIPI3HATHUCS BiJl KOHLEHTpAIi IUX aTOMIB B 00'€M1 KpUcCTana.

[Ipu BuBdenni mudysii Byriemoo B penii [63] Oyno moka3zaHo, IO
KOHIICHTpAIlisl JOMIIIKK BYTJIELIO Ha MOBEepxXHI Re Moke 3HAYyHO BIJIPIZHATHCS BiJ
KOHIICHTpAIlii JOMIIIKKH B 00'eMi MeTally, CAral4d 3HA4€Hb, $KI BIAMNOBIIAIOTH
Monomapy C, B To# yac sik B 00'emi koHieHTpatis C BiIMOBIIA€ MEKI PO3ZUUHHOCTI.

KoHueHTpanis Byrjiemoo Ha MOBEPXHI 3al€XHUTh BIJl TEMIEpaTypd 1 MOB'A3aHa 3
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MEXEI PO3YMHHOCTI, 110 30UTBIIYETHCS 3 MIABUIICHHAM TeMIepaTypu. A Tak sK
cyOJiMallis TYTOIUIABKUX METajiB BUBYAETHCA 3a BHCOKHX TeMIlepaTyp, TO CIif
OuiKyBaTU 301ibIeHHs KoHIeHTpalli C Ha MOBEpXHI B I[bOMY BHUIIQJIKy 1, OTXKE,
30UTBIIIEHHS HOTO BIUIMBY HA MPOIECH CyOTiMaItii.

Heo0xigHo BiJ3HAYUTH, 110 MPU aHATI31 BIUIMBY BYIVICII0 Ha CyOJiMalliiiHi
BJIACTHBOCTI Tpeba BpaxoBYBaTH, ILIO Ipolec CyOmimarlii xapakTepusye fK 00'eMHI
BJIACTHBOCTI MaTepiaiiB (TerioTa cyOuiMalii mpornopuiiHa eHeprii 3B'13Ky aTOMIB B
IpaTill), TaKk 1 TIOBEPXHEBI BJIACTHUBOCTI, SKI BH3HAYAIOTHCS CTAaHOM ITOBEPXHI
kpuctany. CTaH OBEpXHI TyTOIJIAaBKUX METaJIiB 3a BUCOKHUX TEMIIEPaTyp, K BHIHO 3
BUILICHABEICHUX MPUKJIAIB, Oy/Ie B MEpITy Yepry BU3HAUATHUCS HASBHICTIO JOMIIIIOK
BYTJICIIIO HA MOBEPXHI (1OT0 KOHIIEHTpAITIEIO 1 CTPYKTYporo). e moBUHHO HEMUHYyYe

BILJIMBATH HA CyOJiMaIliiiHI BIaCTUBOCTI TYTOIUIABKUX MEPEXITHUX METaNTIB.

1.2 Briuius cepeoBHIIA HA TapaMeTpH cyOaiMallii mepexiiHux MeTauis

Pi3HOMaHITTS 1 CKJIQAHICTh (P13UKO-XIMIYHHUX MPOILIECIB, 110 BIAOYBalOThCA Ha
MOBEPXHI TEPEXITHUX METaJIB 3a BHUCOKHX TEMIIEpaTyp Y BaKyymi HE 03BOJISE
OJTHO3HAYHO BH3HAYWTH BIUIMB 3aJMIIKOBUX Ta3iB Ha MapaMeTpu Mpolecy ix
cyOmimarii. Y TOM ke Yac 1eil BIUTUB € 3HAaYHUM: BIUIMBOM CEPEIOBHUINA aKTHBHUX
ra3iB 1 yTBOPEHHSAM OKCHJIB IIPH BHUIAPOBYBaHHI Aeskux nepexigaux mertaiiB (Fe,
Cr) nosicHIOETBCS TOM (DAKT, 110 PIBHOBAXKHI TUCKHU Mapy IUX METAJIB B1IOMI TITbKH
3 TouHicTiO £50% [102].

3HauyHUM 1HTEpeC BUKJIMKAE BUBUEHHS BIUTUBY THCKY Ta CKJIaAy 3aJUIIKOBUX
ra3iB Ha nmapamMeTpu BUIIAPOBYBAHHS TYTOIUIABKUX METAJIB, CIJIABIB 1 CIOJYK Ha iX
OCHOBI. JlocnipKeHHs BUIKOCTI BUMAPOBYBAHHS BOJIb(PpaMy, MOJIIOACHY 1 TAaHTAITY
3a PI3HOT'O THUCKY 3aJIMIIKOBUX Ta3iB y BaKyyMHIM cucteMi [48] mokazano ix 3HaYyHUN
BIUTHB HA IIBHMKICTH BHIIAPOBYBAHHS IMX MeTaliB 3a Bakyymy 107—107 Topp. 3a
BakyyMy B mianasoni 10°—107 Topp BIUIMB 3aJIMIIKOBHX ra3iB CTA€ 3HAYHO MEHIIHM.
3MEHIIICHHS TEIJIOTH BUIIAPOBYBAHHS 3 MOTIPLIEHHSM BaKyyMy CBIIUUTH MPO TE, IO
BurnapoByBanHss W, Mo i1 Ta B npoMy BHUMaAKy B 3Ha4yHI Mipi BiIOYBa€eThCS Y

BUTJISAA1I OKCHU/IIB.
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[Tpu BuBYeHHI BunapoByBaHHs TuTaHy [103] Oyno BUSABIEHO 3HAUHMI BIUIMB
CKJIaJly 1 THUCKY 3aJMIIKOBUX Ta3iB y BUMIPIOBaJbHIM Kamepl Ha mapaMeTpud Horo
BUMapoByBaHHsA 3a Temmnepatryp Big 1200 mo 1600°C. Pi3Huii ckiiajg 3aJUIIKOBUX
ra3iB, IO OTPUMYETHCS 3a JIOMOMOTOIO0 PI3HHMX THIIIB HACOCIB (TIapamacisTHOTO 1
cOpOIL1ITHO-HOHHOT0), MO-PI3HOMY BIUIMBA€ Ha MapaMeTpy BUIAPOBYBAaHHS TUTAaHY B
BaKyyMmi Bz 5-10” 10 3-10° Topp. Tak, B MacisHiit atMocdepi Iy 3MEHIIEHH] THCKY
B poGouiit kamepi Bix 5107 10 1-10 Topp MBHAKICTS BUIIAPOBYBAHHS 3MEHIIYETHCS
BABiui. Ha BigMiHYy BiJl IIMX YMOB, BEJIMYMHHU IIBUIKOCTEH BHUIAPOBYBaHHS B
Oe3macisHiil aTMocepl 3HAYHO MEHIIl 1 31 30UIBLICHHSM BaKyyMy 3pOCTArOTh.
IToka3zano, mo 3a TucKy 1-107 Topp i HuKYe IIBHMAKICTH BHIIAPOBYBAHHS THUTAaHY
MPAKTUYHO HE 3aJEKUTh BIJ THCKY 3aJMIIKOBUX Tra3iB, a MPH 30UIBLICHH] THUCKY J0
5-10” Topp BimOyBaeTbCs [eSKe 3MEHINCHHS IIBHAKOCTI BHIIAPOBYBAHHS i HOMiTHE
30UIBIICHHS TEIUIOTH CyOiMallii, 110 MOB'A3YETHCS 3 YTBOPEHHSIM TEPMOIUHAMIYHO
CTIMKUX CHONMYK (OKCHAIB 1 HITPATIB) HA IOBEPXHI METaly yepe3 30UIbIICHHS KUCHIO
Ta a30Ty B 3aJUIIKOBIH atMocdepi. BimzHaummo, 110 iHTeprperailiss OTpUMaHUuX B
00roBOpIOBaHIM pOOOTI pPe3yibTaTIB YCKJIAIHEHA Yepe3 BIJACYTHICTh aHAII3y CKIIaIy
3QJIMIITKOBHX Ta3iB.

Cknaj 3aiuikoBoi atMocdepu 1 3MiHa HmapIliaJbHUX TUCKIB 3aJIUIIKOBUX T'a3iB
B 3QJIEKHOCTI BiJ TeMIEpaTypu 3pa3ka BpaxOBYBAJIUCA MPU BUBUEHHI TYTrOIUIaBKUX
KapO1/iB, TOCHIKEHUX METOJOM BUIIApOBYBaHHA 3 BiIKpuTOi moBepxHi [90]. Mac-
CHEKTPOMETPUYHUN aHaji3 CKJIaay 3aJUIIKOBUX Ta3iB JO3BOJIUB BUSIBUTU MOMITHY
B3aemozito kapOiaiB Nb 1 Ta 3 mapamu Boau 3a BUCOKHUX TEMIIEpaTyp, HOYUHAIOUH 3
2100°C.

JlaHi 11010 BIUIMBY CEPEIOBUINA HA TIporlec CyOJiMarlii mepexigHux MeTaiB
HOCSITh pO3pi3HEeHM xapaktep. CHCTeMaTH4HI JOCIIKCHHSI TPOBENCHI JIUIIE IS
nesikux MertaniB. Tak, AeTalibHe JOCIHIJKEHHS BILUTMBY HaBKOJHUIIHBOTO CEpeOBHUIIA
Ha IMapaMeTpu BHUMAPOBYBaHHs IUPKOHIIO [91] mo3BOMMIO PO3POOUTH METOAMKY
pO3paxyHKy MapaMmeTpiB BHUIApOBYBaHHsS IMepexiiHux wmetamB [V rpynu 3
ypaxyBaHHSIM B3a€MOJIii 3 cepeloBUIEM. AHaI3 peakilii B3aEMOJIl LIUPKOHIIO MPHU
BUIIAPOBYBaHHI B ra3oBii (a3l 3 KMCHEM J03BOJUB BCTAHOBUTHU XapaKTep BILIUBY

KHCHIO Ha IapaMCTpHh BHIIAPOBYBAaHH:A III/IpKOHiIO. ]_—[J'IH CKCIICPUMECHTAJIBHOI'O
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BUBYCHHS BIUIMBY HABKOJIMIIIHBOTO CEPEIOBUINA Ha TMapaMeTpyd BHUMAPOBYBAHHS
[UPKOHII0O BUKOPUCTOBYBABCS IHTErpaibHUil Meto KHylceHa 13 3acTOCYBaHHSM
PaIl0aKTUBHUX 1HAUKATOPIB, TOCIIU MPOBOIUINCS B BUCOKOBAKYYMHIN YCTAaHOBIII 3
6e3MaCIITHOI0 CHCTEMOIO Bi/JKauyBaHHs 3 IPAHHYHMM 3aJMIIKOBHM THcKoM 5-107
TOPP.

byno mnokazaHo, mo cymapHUid THCK Mapd HaJ TOBEPXHEI0 IUPKOHIIO
CKJIQJHUM YHHOM 3aJIeXUTh BiJl OKHCHIOBAJIBHOIO TOTEHIIATy CepeAoBHIIA 1
TEMIIepaTypy 3pa3ka 1 Ma€ HEMOHOTOHHUU XapakTep. B 3aiexHOCTi B BEIUYUHU
OKHCHIOBAJbHOTO TMOTEHILIANy CyMapHUW THUCK Tapu LUPKOHIIO 3a BHUCOKHUX
TeMmreparyp MOXe€ 3MIHIOBAaTHCS Ha Kiabka mopsakiB. «EdexTtuBHa» Temnora
cyOmimarii 3a Bucokux temrepatyp (2000 K) 1 HU3bKMX 3Ha4YE€Hb OKHUCHIOBAJIBHOTO
MOTEHITIaTy Ma€ MaKCUMYM 1 MOKE CSTaTd 3Ha4eHHs 377 KKaJi/MOJib, a 32 HU3BKUX
TeMrepaTyp 1 BEJIMKUX 3HaUY€Hb OKHMCHIOBAJBLHOIO MOTEHINATY BiAMOBIIHE 3HAYCHHS
ACUMITOTUYHO 3HUKYETHCS 10 BEIMUYMHU NOPSAKY S0 KKai/MOJb.

TakuM 4WHOM, Ha TPUKJIAIl MUPKOHIIO MPOJEMOHCTPOBAHO ICTOTHHUM BILIMB
3JIMIIIKOBUX Ta31B HA TapaMeTPpH BUMApPOBYBaHHS MEPEXITHUX METAIIB.

[TopiBHsUIbHE BUBYEHHSI BUIIApOBYBaHHS MOJIIOAEHY B BakyyMi, B aTMocdepi
KHCHIO 1 B BOJsMHIM mapi mnokazaio [91, 92], mo MmMBUAKICT, BUIIAPOBYBAHHS
MoOJIIOZeHy B aTtMocdepi KHUCHIO abo0 BOJAAHIN mapi 30UIBIIYETbCS BHACIIIOK
J0JJaTKOBOTO YTBOPEHHS JIETIOUMX OKCHUJIIB, SIKI TOTIM MOBHICTIO CYyOIIMYIOTb.

Oco06MBICTIO MPOLIECY BUIIAPOBYBAHHS B KUCHI € HASBHICTh IIJIATO HA KPUBUX
TEMIIEPATYPHOI 3aJIEKHOCTI IIBUJKOCTI BHUIIAPOBYBAHHSI B Jiala3oHI TeMIIepaTyp
1400-1700°C. 3a Temneparyp 1400°C 1 HMKYE MPOSBISIETHCS JIiHIMHA 3aJICKHICTh
IIBUJIKOCTI OKUCJICHHS BiJl TeMIlepaTypd 3 CHEPri€l0 akKTHBallli I[OTO MpOolecy
piBHOIO 37 kkan/monb. LIBUAKICT BUnapoByBaHHS MOJIIOAEHY B aTMoc(epl KHCHIO
Ha TOPAJIOK OulbIe HIXK B aTMocdepi BOASHOI Mapu 3a OJHAKOBUX THCKIB, IO
MOSICHIOETHCSI PI3HOI0 WMOBIPHICTIO OKHCIEHHS B IUX JIBOX BHMajkax. HeoOxigHO
BIJI3HAYUTH, 11O JIJISl BUKJIIOYEHHS BITUBY JOMIIIOK BYTJICIIO HA MPOLIECH OKUCIICHHS
nepes; BUMIPIOBaHHSIM 3pa30K MOJOJeHYy ouwMinyBaBcs Bia Byriemro npu 2000 K

npotsiroM 50 roxus B atMochepi kucuio (Po, = 10 Topp).

31



1.3 MeToau BUMIpHOBaHHS TUCKY NAapHU TYTOINIABKUX METAJIIB i CIIaBiB

Haii0is1p111 momupeHuMu crocodamMu BUMIPIOBAHHS TUCKY HapH 1 MIBUAKOCTEH
cyOmimarii MeTaniB 1 craBiB € meronu Jlenrmiopa 1 Kayzacena [81; 48]. Kpim mux
METO/IB OYB TaKOX PO3po0eHr MeTo 130TornmHoro oominy [81]. s gocmipkeHHs
CIUIaBIB 1 CIIOJIYK HaMOLIbII MEPCHEKTUBHUM € Mac-CIEeKTpOMETpUUHui meron [81,
97,104, 105].

Ha ocnoBi Meronis Jlenrmiopa 1 Kuyncena Oyno po3pobiieHo 6arato pizHHX
MIXO/IB 3 BUKOPUCTAHHSM CKJIAQTHUX €KCIEPUMEHTATHHUX MPUCTPOIB 1 YCTAHOBOK,
JIOCUTH JOKJIaJHO onucaHux B mitepatypi [50, 81, 106]. Tomy 3ynmuHUMOCS KOPOTKO
JUIIe Ha TOPUHOMNAX 1 Teopii OCHOBHMX METOMAIB, HAWOUIBII IIUPOKO
BUKOPHUCTOBYBAaHUX  JJIs  JOCHI/DKEHHS  CyOmiMmarii  TyroruiaBKMX — METaiB,
3a3HAYMBIIM TAKOX iX OCHOBHI MepeBaru Ta HeAOIIKH.

Meton Jlenrmiopa 0a3yeTbcs Ha BU3HAYEHHI MIBUAKOCTI BHUIIAPOBYBAaHHS
PEYOBMHHU 3 BIAKPUTOI MOBEpXHI B Bakyywmi [78]. B Teopii MeTomy po3risiaacThes
MOBEPXHsS KOHJICHCATY, sIKa 3HAXOJUThCS B PIBHOBA31 31 CBOEKD HACHUYEHOIO TApOIO.
3rigHo KiHeTU4YHOI Teopii ra3iB [81] 1o piBHOBary Mo>kHa pO3IJIsiIaTy SIK JUHAMIYHY,
3a SIKOi YKCIIO0 MOJIEKYJI, III0 BUMIAPOBYIOTHCS 3 TOBEPXHI B OAMHUIIIO YaCy, JOPIBHIOE
YHUCITy MOJIEKYJ, SKI KOHJEHCYEThCS Ha Hii, 10 O3HA4a€ PIBHICTh IIBUIKOCTEH
BUIIAPOBYBAHHS 1 KOHeHcaril. 3a Mamux TuckiB mapu (107 Topp) 3iTKHeHHsS Mix
MOJIEKyJIaM{ TMPAKTUYHO BIJICYTHI, TOMY IO JOBXKHHA BUIBHOTO MPOOIry 3HAYHO
OisblIe BiJICTAHI MIXK TMMOBEPXHEIO BUMIAPOBYBaHHS 1 OBepXHEr0 KoHAeHcamii [107], 1
TOMY BIJICYTHIH 3BOPOTHMM TMOTIK MOJIEKYJ. Y [bOMY BHIAJIKy IIBUJKICTh
BUIIAPOBYBAHHSI HE 3JIKUTh BiJ MPUCYTHOCTI MapoBoi (a3u HajJ KOHIEHCATOM.
Buxoasun 3 piBHOCTI MIBHUAKOCTI BHUITAPOBYBAHHS 1 MIBHIKOCTI KOHJICHCAIIl TPH
pIBHOBa31, OOYHCIIOETHCS HIBUJKICTb BHUIIAPOBYBAHHS 3 BIJKPUTOI TOBEPXHI B
BaKyyM.

BukopucTtoBytour CHiBBBIIHOUIEHHS Uil YMCIAa MOJIEKYJ, 110 HAaJITalOTh Ha
OJIMHHUIIIO TTOBEPXHI 32 OJAMHUINIO Yacy, 1 BU3HAYAI0YH MacCy IIMX MOJIEKYJ, a TaKOX 1X
CepeHIO IIBHUJKICTh, OTPUMYIOTH [81] BUpa3 sl MIBUAKOCTI BHUIIAPOBYBAHHS —

3MIHM Macu PEYOBHHH, 110 3HAXOJUTHCS MpHU TeMmrepaTypi 7, 3a OJHY CEKYyHAY 3
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2 . . .
KOKHOT'0 CM”~ IIOBEPXHI IIPA BUNIAPOBYBAHHI1 Y BAKyyMI:

, M
G=P Py (1.1)

ne P — tuck napu, M — mouiekyssipHa maca, R — razoBa noctiiiHa, 7 — a0coJiroTHa
TeMIepaTypa.

3 ypaxyBaHHsM koedirienta Jlenrmiopa «, Bupas (1.1) nabyBae Burnsany:

G=aP | (1.2)

2mRT

Benuunna koeditienTa BumapoByBaHHs (ToOTO KoedimienTa JleHrMoopa, 1o
1HO/II TaKOXX HA3WMBAIOTh KOE(DIIIEHTOM KOHJCHCAIlll) @, SIKWM, K BXKE 3rajyBajiocs,
BU3HAYAETHCS BITHOIICHHIM YHCJIa CKOHJICHCOBAHUX Ha MOBEPXHI MOJICKYJ 0 Yucia
MOJICKYJI, 110 HAJIITalOTh Ha Hel, 1 3MiHeThes Bim 0 g0 1. Koedimient Jlenrmiopa
BpPaxOBY€ BIUIUB PeNIbe]y 1 YMCTOTH MOBEPXHi, HASIBHICTh OKMCHUX IUIIBOK, CTYIiHb
MOKPUTTS TOBEPXHI aJCOpOOBAaHUMH aTOMaMH 1 MOJIEKYJaMH, BIIMIHHICTb
MOJIEKYJISIPHOTO CKJIaJy Mapu 1 KOHAEHCOBaHOI ¢a3u Ta 1HIMX YMHHUKIB [81] Ha
IIBUJIKICTh CyOTiMaltii.

Takum 4rHOM, JJIS BU3HAYCHHSI TUCKY Mapu MeTooM JIleHrmiopa HEoOXiITHO
BUMIPSITH BTPATy MAacH OJMHMIICIO MIOBEPXHI 3pa3Ka 3a OJWHUIN0 Yacy. Po3paxyHOK
BEJIETHCS 32 (OPMYIIOI0:

P= |22 (1.3)

aSt M

7ie m — Maca pe4OBHHH, IO BHUIAPYyBaJach, S — IJIONIA BUMIAPOBYBAHHS, { — dYac
BUITAPOBYBAHHSI.

3a3BuYail B €KCIIEPUMEHTI BUMIPIOIOTh BTPATy Bard JOCIHIIKYBaHOTO 3pa3Ka
a00 BH3HAYAIOTh KIJBKICTh HAMOPOIIEHOTO KOHJACHCATy. 3pa3Ku HaidacTiiie
3aCTOCOBYIOTBCSL Y BHUIUIANl JApPOTY, LIO HArpiBaeThCs MNPSMUM MPOIMYCKAHHSIM
€JIEKTPUYHOIO CTPYyMy, HMIIIIHApPA a00 JHCKa, sIKI 00IrpiBAlOThCS BHUCOKOYACTOTHUM
IHAYKLIiHUM cTpyMoM [81].

Meton JlenrMiopa Mae HaWBHUILy B TOPIBHSAHHI 3 IHIIMMH METOIaMH
YyTJUBICTh, OCOOJIMBO TPH BUKOPUCTAHHI PaJl0aKTHUBHUX 1HIUKATOPIB. Y IbOMY
METO/Il MOXYTh BUKOPHUCTOBYBATUCA 3pa3Ku PI3HUX (OPM, a TaKOXK peaizoByBaTHCS

HaWBUII TEeMIIEpaTypH, 110 OCOOJMBO BaXKJIMBO MPU BUBYCHHI TYTOTUIABKUX METaIIB
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1 CIUTaBiB Ha X OCHOBI.

3araJiIbHUM HEJOJIKOM METOJy € HEOOXITHICTh MAaTH 3HA4YeHHs KoedilieHTa
Jleurmtopa. Ha#Oiumeln mpoOJEeMHUM B €KCliepuMeHTax JIeHrMmopa € OITHYHE
BUMIPIOBAHHS TeMmIepaTypu [78] depe3 Te, 10 4acTO HEAOCTATHHO T0Ope BIIOMHMIA
a00 30BCIM HEBIAOMHI KOE(DIIIEHT BUIIPOMIHIOBAJIILHOI 3aTHOCTI JOCHIIXKYBaHUX
00'ekTiB, a00 BiH 3MIHIOETbCS B MPOLECI EKCIEPUMEHTY BHACIIJOK PO3BUTKY
HIOPCTKOCTi. ICTOTHE 3HAYeHHs MpU NIPOMETPYBAaHHI Ma€ TaKOXK KOHICHCALlis
PEYOBHHM, 1110 BUNIAPOBYETHCS, HA OTJISJOBUX BIKHAX.

Meton KHyncena 3acHOBaHO Ha BHMMIPIOBAHHI IIBUIKOCTI BHUTIKAHHS Hapu
yepes Maliuid OTBIp 3 00’ €My, 110 MICTUTh HACHYEHY IMapy JOCIIKYBaHOI PEYOBUHU
[81]. Cytb MeTOny mojsirae y BUKOPHCTAHHI BHUIIAPIOBAILHOI KOMIPKH 3 MajluM
OTBOPOM, B SKI pO3MILIYEThCS JIOCHI)KYyBaHa PEUYOBHHA, IO YTBOPIOE TpHU
HarpiBaHH1 KOMIPKH HaCHYEHY mapy.

Edysiitnuit meton Knyncena B nudepeHiiaibHOMy BapiaHTi (KOJIM 30UpaeTbes
JIUIIE TIEBHA YAaCTHHA MOJIEKYJISIPHOTO Iy4YKa, [0 BUXOJIUTH 3 €(Py31iHHOr0 OTBOPY) €
HAWOUIbII HIMPOKO MOIIMPEHUM JJIi BU3HAYEHHS THUCKY IMapu METaliB, CIUIABIB 1
cnonyk. Lleit MmeTon A03BOJIsiE BU3HAYATH 3HAYEHHS THCKY Mapy 1 3 3aCTOCYBaHHSAM
PaJ10AKTUBHUX 130TOIMIB 1 MAa€ BUCOKY UYTIUBICTh. [Ipy BUKOpPHUCTAaHHI I[LOTO METOIY
IyXe BaXJIUBUM € BUOIp MaTepialdy BUIAPIOBAIbHOI KOMIPKH, SIKUH HE MOBUHEH
B3aEMOJIIATA 3 JOCHIDKYBAaHOK PEYOBHHOIO, MIO MPH JTOCHIHKEHHI MEepexigHuX
METaJIiB, 0COOJIMBO TYTOIUIABKUX, CTa€ CEPHO3HOIO mepenonoro. Haioinbmn cyTreBuM
HEJI0JIIKOM e(y31ifHOTO METOY TPH TOCITIKEHHI TEPEXiTHUX METAIB, 10 MICTSTh,
SK MPaBUJIO, BEJIUKI KIJTBKOCTI PO3UMHEHUX a30BUX JOMIIIOK € T€, 110 Yepe3 Malui
BUXITHUH OTBIp B KOMIpIi QopMyeThCcs 3alMilKoBa artMmocdepa, sKa 3HAYHO
BIJIPI3HSIEThCS SK 3a CKJIAMOM, TaK 1 3a KUIBKICTIO Ta3iB BiJ Ti€l, fKa € Yy
BUMIPIOBaIbHIN KaMepl.

[{s1 o6cTaBuHA yCKIaIHIOE BUBYEHHS BILUTMBY JOMIIIOK BTUICHHS Ha MMapaMeTpu
nporecy cyomimanii. Kpim toro, meron Knyncena HenpugatHuili jsi poOOTH 3
NEBHUMHU KpucTanorpadiyHUMHU IJIONIMHAMH, TaK SIK B [bOMY BHUMAAKY 3aKOH
kocunyciB Knyncena ne Bukonyetncs [81].

Meton 130oTonHOro o6miHy [81] monsirae 'y BUMIPIOBaHHI IIBUIKOCTI
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130TOMHOTO OOMIHY MDK 3pa3kaMH MeETaldy pi3HOTO 130TOMHOIO CKJIaay THpu
HarpiBaHHi iX y BakKyyMi. 3amnpoOnOHOBAaHO pi3HI BapiaHTH [48] 1boro meromy, IO
JTI03BOJIAIOTh BU3HAYATH MPYXKHOCTI Mmapu, koedimieHTn audysii 1 T.1H. Hezpaxkarouun
Ha TaKi MOXXJIMBOCTI METOAY, BIH HE 3HAXOAWTHh IIMPOKOTO 3aCTOCYBAaHHS depes3
HEOOX1HICTh MaTH BIANOBIAHI 130TOIIH.

3HAYHOTO TIOMMPEHHS HAa0yB Mac-CHeKTpockomiuHmi meton. lLleit meton
3aCHOBAaHUM Ha TOMY, 1[0 IHTEHCHUBHICTD JIiHIT Mac-CIEKTpa € IPONOPLIHHOIO TYCTHHI
MOJIEKYJI B Iy4YKy PEYOBHHH, SIKa BUIAPOBYETHCS. SIK BIAOMO, B Mac-CIEKTPOMETPI
B1I0YBAETHCS 10HI3AIiSI HEUTPAIBHUX aTOMIB IIi€] pEUOBHHU 1 IMOJ1JT 10HIB 32 MacamH,
110 /I03BOJISE MOPSJ 3 HEMEPEPBHOIO PEECTPALIIEI0 TYCTUHH ITy4YKa MPOBOJUTH aHAII3
Macu aToMiB napu. ToMmy mopsn 3 epy3iiiHUM METOJIOM BiH 4YaCTO BUKOPUCTOBYETHCS
JUTSI BABYEHHS CIUIABIB 1 CIIONTYK.

TemnmoTa cyOmimariii JOCHIPKYBaHUX METaJliB BU3HAYAETHCS 3 TEMIIEPATYPHOI
3aJIKHOCTI TUCKY Tmapu. Bimomo [81], mo 3B's30k MK mmapameTrpamu, sKi

XapaxkTepu3yroTh (Ha30BUll Nepexif, onucyeThes piBHAHHIM Kiaysiyca-Knaneipona:

(1.4)

ne T — abcontoTHa Temmeparypa, P — TUCK HacudeHoi mapu, AH — mpuxoBaHa

dP _ AH
ar AV’

TerioTa (pazoBoro nepexoay (cyosaiMaliii abo BUITapOBYBaHH), 10 Mpunaaae 1 Mojb
pedoBuHHU, AV — 3MiHa 00’ €My IIPH Mepexo/i BiJ KOHAECHCOBAaHO1 (a3u A0 MapH.

TenmoTy cyGmimMariii o6uncioTh 3 piBHSAHHS (1.4), Oepydn 10 yBaru Te, 110
NUTOMUNA 00’€M KOHJIEHCOBaHOI ()a3u 3HAYHO MEHIIE MUTOMOTO 00’€My MapoBOi
¢dasm, a THCK Mmapu Manui (TOOTO JO Mapu 3aCTOCOBHI 3aKOHU 1€AJIbHOTO Tasy), a
TaKOXX TPUITYCKAIOYH, 110 Y BY3bKOMY iHTepBami Temmepatyp AH He 3aleXHuTh Bif
TEMIEPATYPHU.

Buxonsuu 3 uux ymoB, piBHsHHS (1.4) HaOyBae 3py4HOTO Uil MMPAKTUIHOTO

3aCTOCYBaHHS BHTJISAY:
AH
InP = — oy T const, (1.5)

TOOTO PIBHSHHS 3aJICKHOCTI JorapudMy THCKY Tapu Bija ii oOepHEHOI TeMmepaTypu

Mae€ BUIJIAI PSAMOIL

IgP=A+-, (1.6)
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PiBusnas (1.6) BUSBIAETBCS CHOpaBEIMBUM JIJIsi 0araTbOX pPEYOBUH B

IIUPOKOMY 1HTEpBaJIl TeMIEpaTyp.

1.4 Cy0aimManiss MOHOKPHUCTAJIIB

BuBuenns koedimienta BunapoByBanus o ansa rpaneit (100), (110) 1 (111)
MOHOKpHCTay cpi6na 3a Temmepatypu 744°C y Bakyymi 10™ Topp moxasaio, o
BenmuuHa o Ay rpanedt (100) 1 (111) BigpizHsiack Bix Takoi x st rpani (110)
(BigmosigHo 0,4 + 0,1 1 0,6 + 0.2). OmHAK, OCKUIBKK BakyyM OyB HHM3bKHM, TO Ha
IyMKY CaMHX aBTOPIB, HE BHUKIIOYAETbCA MOXJIIMBICTh aJCOPOIil JOMIIIOK.
Po3paxyHOk TUCKY mapH HaJ pi3HUMHU KpucTanorpadiyHUMH IUIOUIMHAME B MeTalaX
3 OOK 1 TI'IK rpatkamu, BUKOHAaHMM BHXOJSYHM 3 AaTOMApHOTO MEXaHi3My
BUIIAPOBYBaHHS, TOKa3ye€ BIAMIHHICTG [HMX BeduuuH. OOYHMCIEHHS 3HA4YeHb
npy>KHOCTI apu npoBeaeHo st mwiomuH (100), (110) 1 (111) ana Cu, Ni, Ag, Fe, Cr,
Mo 1 W. Tlepenbavaerbcsi, IO 1151 PI3HUL MOXE BUKIUKATH IEPEHECEHHS] PEYOBUHU
3 OJIHUX KpHCTajgorpadiuHuX IJIONIMH HA 1HIII.

Po3paxyHok moBepxHEBOi eHeprii W eHeprii 3B'SI3Ky aTOMIB Ha TpaHIX
MeTaJIeBMX KPUCTANiB, BUKOHAHMII B PAMKaX MOJEII IapHOi B3aeMOil 110 3aKOHY r °,
nokazye, mo g metaniB 3 OLK, I'HK 1 I'TIY rparkamu mae icHyBaTH 3Ha4yHa
aH130TPOIIs TOBEPXHEBOI €HEPrii 1 CHII 3B'SI3KY.

BcranoBneno, mo B agianmazoHi Ttemmepatyp 1955-2200 K mBuUAKiCTh
BUMapoByBaHHA i rpaHi Mo (110) Ouneina, HiX ana rpani (111), ame pizHuIs
TEIUIOT BUIAPOBYBaHHS 3 IMX TpaHEl BHUSABWIACA MOPIBHSIHOIO 3 IMOXUOKOIO 1X
Bu3HaueHHs (6,35+0.2 eB 1 6,0+0,2 eB BiAnoBigHO), 110 HE AO3BOJISE 3aIBISATH PO
BUSIBJICHHS aH130TPOITIi TETIOTH BUTIAPOBYBAHHS.

[Monmanbini gochipkeHHs Oyj0 MpoBelIeHO Ha MOHOKpucTaiax Hikemio [108] B
AHATOTIYHMX BaKyyMHMX yMmoBax (5-10° Topp) 3 BHKOPHCTAHHAM METOLY
BUIIAPOBYBAHHS 3 BIAKPUTOI MOBEPXHI Yy BaKyyM 1 aHaji30M KUIBKOCTI KOHJEHCATY
aKTUBAI[IHHUM Ta (POTOMETPUYHUM METOJIaMH, a TaKOX 3a JIOMOMOTrOK KBapIOBOIO

pe3oHaropa.
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Temnotn BUMapoByBaHHs, OTpUMaHi B niama3oHi temmneparyp 1350-1650 K,
st rpanedt (110) i (111) mopisatorots 3,84+0.2 eB i1 4,1+0.2 eB BignoBigHo. Takum
YUHOM, PI3HUISI TEIUIOT cyOsiMallii 3 pi3HuUX rpaHei Ni, Tak caMo SIK 1 y BUOAAKY
Mo, 3HaxXOIUTHCS B MEXaX MOXUOKH BUMIPIOBaHHS.

Ha miacraBi BUIIEONHUCAHUX E€KCIIEPUMEHTAJIbHUX JAHUX I MOHOKPHUCTAJIB
aBTOpHU POOJIATH BUCHOBOK MPO T€, L0 MPH TEPMIYHOMY BHUIIAPOBYBAHHI METaJIEBUX
KpUCTQJIIB B TPUHUUIN HE MOXHA CIOCTEpIraTd aHI30TPOMII0  TEIUIOTH
BUIAPOBYBAHHS, TaK SIK B MpoIleci CyOiMallii, 3riJHO 3 MEXaH13MOM BHUITApOBYBAaHHS
[80] aromMu Ha KiHIIEBOMY €Talll 3aiiMarOTh HAIMIBKPUCTAIIYHI MOJOKEHHS (3 AKUX 1
B1IOYBa€ThCs BIIPUB aToOMa 3 TIOBEPXHI) Ha BCIX TpaHsaxX. ExkcrnepumeHTaibHa
nepeBipka IUX pPO3paxyHKIB 3 METOI0 BHUPIIIEHHS MUTAaHHS TMPO I1CHYBAHHS
aH130TPOMIi TEIJIOBOIO BMUIIAPOBYBAHHS BJIACHUX aTOMIB 3 TOBEPXHI MeETaJeBUX
KpUCTaIiB OyJia MpoBeIeHa caMUMU aBTopaMu Ha Mo 1 Ni.

Brnepmie crpo6a excrnepuMeHTaIbHOIO BU3HAUEHHS TEIUIOTH BHUIIAPOBYBAHHS
pI3HUX TpaHel Oyna 3po0JieHa 3 BUKOPUCTAHHSAM KJIMHYACTOIO MOHOKpUCTaTy Mo 3
rpadsimu (110) 1 (111) [81]. BuBueHHs1 MIBUAKOCTEN BUMApOBYBAHHS MPOBOIUIIOCS
MeronoM JleHrMiopa y BakyyMmi, He Hikuomy 3a 5107 Topp, HarpiB 3paska
3MICHIOBABCS  €NEKTPOHHUM  OoMmMOapayBaHHAM, Maca  pPEYOBMHHU, IO
BUIIapOBYBajacs, BU3Havagacsi GOTOMETPUIHHUM 1 PaJl0aKTUBALIMHUM METO/IaMHU.

Tax six cyOimarlisi € CTpyKTYpHO-UYTJIMBUM MPOLECOM, JOCTIIKEHHS BIUTUBY
nedeKTIB KpUCTAIYHOI OY/I0BU Ha Mpolecu cyOsiMarliii CTaHOBUTh 3HAYHHUM 1HTEpec.
OpHak, MPOBOAWTH TaKi MOCTIPKCHHS Ha TMEPEXTHUX MeTallax BKpail BaXKKO, a
HalyacTillle MPOCTO HEMOXJIMBO Yepe3 HEOOXIAHICTh BUKOPHUCTAHHS BHUCOKHX
TeMmreparyp, 10 MPU3BOJIUTH N0 Bianamy Oulbinocti TUMiB aedektiB. Tomy Taki
JOCTIDKEHHSI HalyacTillle MPOBOASThCS HAa HOHHUX KpHUCTanax. Tak, BUBYCHHS
BIUIMBY JMCJIOKAIId HAa MIBUAKICTh BUMapoByBaHHsS MoHOkpucTaniB NaCl Baropum
METOJIOM 3 Mac-CIEKTPOMETPHUYHUM KOHTPOJEM CKJIaay Mapu MOoKa3auio, II0 B
iHTepBasi  Temrneparyp 770-900 K mBuakocti BumapoByBaHHs 3 rpani (100)
30UIBIIYIOTECSI MaiyKe BJBIYl MPHU 301IbIIIEHHI TYCTUHHM JUCIOKAIN Bij 10° o 10’
cM™. I1]o CcTOCYeThCSl METANEBUX KPUCTANIB, TO BiflOMi CIIPOOM BHBUYEHHS Cy6iManii

HUTKOMOJIIOHUX KPHUCTaJiB, SKi, K BIIOMO, € Maibke Oe3e(peKTHUMU TBEPAUMH
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TUJIAMU.

B pobGori [109] Bmepme npochipkyBaigacs cyOiMaliis HUTKOMOIIOHUX
kpuctaniB Cu aiamerpom 10-15 MxkM meTosoM JIeHrMiopa B iHTEpBajil TeMrepaTyp
980-1050°C B Bakyymi 10° Topp. IcTOTHOI pisHMII MiX IIBUAKOCTSMH
BUIMAPOBYBAHHS HUTKOMOIIOHMX KPUCTAIIB 1 3BUYAMHOI MiJil HE BUSBJICHO, B TOU XKe
yac TemjaoTra cyOmimMaiii MpH IbOMY TIOMITHO BIAPI3HSAETHCS 1 CTaHOBUTH 97
KKaji1/(T'Mosb) 1 79 kkan/(r-MoJib) BiAMOBIAHO. 30UIBIICHHS TEIJIOTH CyOIiMarii i
YIOBUIbHEHHS! MPOLECY BUIAPOBYBAHHS MOB'SA3YETHCS 3 JIOCKOHAIICTIO CTPYKTYpPH
HUTKOMOIOHUX KPUCTAJIIB.

SK BUJHO 3 IPOBEJEHOIO BUIIE aHATI3Y JIITEpaTypy, Ha MI>KAaTOMHI 3B’SI3KH B
MeTasax, y T.4. TyrOIUIaBKUX, ICTOTHO BILUTMBAIOTh JOMIIIKH. Tak, pO3MO/ia BYIJICIIO
B TPATIli PEHII0 MOX€E MPU3BOJAUTH J0 aHi30Tpomii B3aemoii mux atomis [110]. [Tpu
IIbOMY B MOHOKPHCTajaxX PEHII CIOCTEPIraeThCsl YITKO BHUPaKEHA aHI30TPOMis
mikpoTtBepaocti [111]. Ilpu migBUIIEHHI YUCTOTH MOHOKPHUCTANIB MIKPOTBEPHICTD
6asucHoi monmuu (0001) 3MeHITyBanacs B HOpiBHSAHHI 3 npusMatuynoio (1010),
[0 TOB'SI3yBajIOCS 3 aHI30TPOMHUM PO3MOJLIOM JOMIMIOK B camomy kpuctami. Lli
pE3yNbTaTH KOPEIOITh 3 JAHUMU MO CyOIIMallliiHUM BIACTUBOCTSIMU, OTPUMAHUM B
JaH1ii poOOoTI.

Y OaraTh0X BUMAIKaX [JIsi OTPUMAaHHS TOBEPXHEBUX IAPIiB METAJIEBHX
00'€KTIB 3 TMEBHUMHU (PIBUYHUMHU BIIACTHUBOCTSIMH 3aCTOCOBYIOTH TMOBEPXHEBE
neryBanss [112]. Skmio Takuii map miaIaeThCs BUCOKOTEMIIEPATypPHOMY HarpiBaHHIO
B yMOBaxX BaKyyMmy, 3MiHa CKJIaJy MOBEPXHEBOrO Iapy 3aBAskd aAudysii i
BUIIAPOBYBAHHIO MOKE€ MPU3BECTH JIO 3MIHM HOTO BJIACTUBOCTEH, CTAOIIBHICTh SIKUX
Oyze, B mepIry 4epry, BU3HAYATUCS XapaKTePOM B3a€MOJIii MK aTOMaMH JIETYFOUOTO
1 OCHOBHOTO MeTaliB. Y 3B'SI3KYy 3 LM, BEJIbMHU BaXJIMBUM € BU3HAUCHHS XapaKTepy

111€1 B3a€EMO/IIT 1 MOBEIHKH JIETYIOUOT'0 METAJTy 3a BUCOKUX TEMIIEPATYD.

BucHoBku 3a po3aiyiom

JlocnipkeHHs TIpoIieciB cyOiMariii MeTaliB 1 CIJIaBIB Ja€ MiHHY 1H(OpMaIlito

PO C€HEPrir0 3B'A3Ky aTOMIB B KPUCTAIIYHIM IpaTIl, TaK K TEIjoTa cyOaiMarii
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BBAXKAETHCS OE3MOCEPEIHBOI0 XapaKTEPUCTHKOIO €Heprii aToMHOro 3B'sa3ky. Kpim
00'eMHUX BJIACTUBOCTEH, MpoIlec cyOmiMallii XapakTepu3ye TaKOoX 1 IMOBEPXHEBI
BJIACTMBOCTI METaJjiB, 4epe3 Te 110 CyOJimMarllis € i moBepXHEeBOw BiacTuBicTio. [Ipu
BHUBUYEHHI CyOJIMAaliifHUX BJIACTUBOCTEH 3a BHUCOKUX TEMIIEpaTyp 3HAYHUMN BIUIMB
MO>KE€ MaTH B3a€MOJIiSl TAKUX aKTUBHUX METAJIIB, IKUMH € TYTOIUIABKI, 3 JIOMIIIKAMHU
BTUICHHS 1 3aJMIIKaMH Ta3iB B OTOUyrO4YOMY cepenoBuili. lle mpusBoauth 110
YTBOPEHHSI Ha MOBEPXHI OKCHJIB, KapOidiB 1 T.I., IO ICTOTHO 3MIHIOE MOBEPXHEBI
BJIACTHBOCTI.

3 mpoBEJAEHOr0 B LOMY pO3IUTL aHali3y CTaHy MAOCHIIKEHb CyOiiMarii
MepexiJHUX METaJIiB BUIUIMBAE, 110, HE3BAKalOUM Ha 3HAYHE YHCIO POOiT,
MPUCBSIUYCHUX EKCIIEPUMEHTAIbHOMY BHBUEHHIO MapaMeTpiB cyOiiMalii nepexigHux
METaJiB 1 BIUIUBY Ha HUX P13HUX (PAKTOPIB (cepeAoBHUIlE, YUCTOTA O0'€KTIB 1 T.II.) JUIS
OIBIIIOCTI  TYTOIUIABKUX METaliB JO JaHoi poOoTH He Oylio HaalliHUX
EKCIIEPUMEHTAJbHUX JaHUX [0 MapaMeTpax BUIIAPOBYBaHHS. AHali3 TaKuX JaHUX
MOoKa3ye, Mo pOo301LKHICTh Pe3ybTaTiB CJIiJl MOB'SI3yBaTH, HacamIepes, 3 Pi3HUIICIO
YMOB €KCIIEPUMEHTIB Ta YHUCTOTOI 1 JIOCKOHAIICTIO JOCHIIKYBAaHUX OO'€KTIB.
[lepeBakHy OUIBLIICT, CTOPOHHIX JOCHIKEHb CyONIMaliiHUX BJIACTUBOCTEH
MEepeXiIHAX METaJiB OyJ0 MPOBEIECHO B MPUCTPOSIX 1 YCTAHOBKAX, BiJIKAUYKa SKUX
3M1ACHIOBANIacsl 3a JIOMOMOTOI0 MapoOMAacisIHMX HAacOCiB 1 THCK 3aJIMIIKOBUX Ta3iB
3a3Buuaii csaras 5-107 [Ta. Taki yMOBH, K BUIUINBAE 3 Pe3y/IbTaTiB POOIT 3 BUBUCHHS
BIUIMBY CEpEAOBHINA, NPU3BOJAATH [0 BUHUKHEHHS TPAHCHOPTHUX peakuiid 1
YTBOPEHHS PI3HUX CIIOJYK Ha MOBEPXHI MEPEXITHUX METANIIB, 110 HEKOHTPOJIHLOBAHUM
YUHOM ITO3HAYAETHCS Ha MPOIIec] iX cyOimMarii.

Tomy 10 pe3ynbTariB 0araTbOX EKCIEPUMEHTAIbHUX POOIT, BUKOHAHUX Ha
MaTepianax HeBHCOKOi YMCTOTH i B Bakyymi 10 Topp (konm MmBHIKiCTh ancopOuii
3aJIMIIKOBUX T'a3iB Ha MOBEPXHI AOCIIIKYBAaHUX KPUCTAJIB CSIra€ OAHOIO MOHOIIAPY
B CEKYH/1y) CIiJ] CTABUTHUCS KPUTUYHO.

Bce BumieckaszaHe 103Bojsie 3pOOMTHM BHCHOBOK IIPO T€, IO NPU BUBYEHHI
IpoIeciB  cyOmiMallii MepexiIHMX MeETalliB HEOOXITHO BUKOPHCTOBYBAaTH TakKi
TEXHOJIOT1UHI MPUIOMHU 1 CTBOPIOBATH TaKi YMOBH, SIKi 3a3BHYail 3aCTOCOBYIOThH MPH

JOCJIIDKEHH1 BJIACTUBOCTEM, OCOOJMBO YYTJIMBHUX 10 CTaHY MOBEpPXHI (TaKux SK
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emicis, agcopOiis 1 T.1.). TakumM YUHOM, OTpUMaHHS HaIHUX €KCIIEPUMEHTaIbHIX
JAHUX T10 MapaMeTpax cyOaiMallii TyTrOIJIaBKUX MEePeX1THUX METaliB HEMOXKJIIMBE 0€3
JOTPUMAHHS HACTYITHUX OCHOBHUX YMOB:

1) mpoBeneHHA EKCIEPUMEHTIB B HAJBHCOKOMY BaKyymi, OTPUMaHOMY
0e3MaciIsTHUMHU 3ac00aMU BIIKAYKH, 3 KOHTPOJIEM CKJIATy 3aJUIIKOBOI aTMochepH;

2) perenbHE 3HETAXYyBaHHS JOCIIKYBAHHX OO0'€KTIB ILJISXOM TPUBAJIOTO
MPOrpiBaHHS 32 BUCOKHUX TEMIIEpaTyp;

3) BHCOKA YHCTOTa JOCIIDKYBAaHMX OO0'€KTIB 1 KOHTPOJILOBAHUM CKJIa]
JTOMIIIIOK.

[IpoBeneHHs HOCTiAIB B HagBHCOKOMY BakyyMi (10” Topp) 103BOIISE 3BECTH 10
MIHIMyMYy TOTOKM aKTHUBHHUX Ta3iB Ha 3pa30K IiJ 4ac E€KCIEPUMEHTY 1 MPOBECTH
epeKTUBHE 3HETa)KyBaHHS NUIAXOM HarpiBaHHS. [Ipym 1boMy BHIAISIOTHCS Ta30Bl
JOMIIIKK JI0 TaKoro piBHS, SKHM JO3BOJISIE HE BPaxOBYBaTU IX BIUIUB NIpH
1HTEepIpeTalii OTpUMaHUX PE3YJIbTaTIB.

OTxe, OIHUM 3 OCHOBHUX 3aBJIaHb Li€i pOOOTH € OTPUMAHHS HAIIMHUX JTAHUX
[0 TMapaMeTpax cyOmiMalii JesKuX TMepexiHUX, TOJOBHUM YHHOM, TYTOIUIABKHUX
MmeTaniB. HegocTtaTHRO 3p03yMUTUM € ¥ MUTaHHS 111010 MEXaHI3MYy BIUIMBY JIOMIIIOK
BTUICHHSI Ha CyOJIiMalliifHI BJIaCTUBOCTI mepexigHux MetamiB. KpiMm Toro, morpedye
3'sCyBaHHSI MHUTAHHA aHI30Tpomii cyOJiMaliiHUX BJIACTUBOCTEH, XO0Ya, SIK BIJOMO,
pS TOBEPXHEBO-UYTIMBUX BJIACTUBOCTEH MeTaliB, SK HANpUKIaa, ancoporis,
€JIEKTPOHHA €MICIsl, KaTaliTU4YHI BJIACTUBOCTI Ta 1H., BHUSBISIE SIBHO BHUPAXEHY
aH130TPOIIIO.

CyOmiMariiiiHi BJIaCTUBOCTI MeETaJIeBUX KPHUCTAIIB BHU3HAYAIOTHCS CTaHOM
MOBEPXHI 3a BHUCOKUX TeMIIepatyp, ska (OPMYETbCA 3a PaxyHOK OJHOYACHO
mporikatounx audy3ii 1 BumapoByBaHHS. B pesymbrari 1UX TPOIECIB B
MOBEPXHEBOMY Iapi KpUcCTaja MOXYTh BIJOYBAaTHCS KOHLIEHTpAIliHI 3MIHH, IO
BHKJMKAIOTh 3MIHM I1HIIUX BjactuBocTed. Ili (i3wuHi sBHUIIA MalOTh BEIHKE
MPaKTUYHE 3HAYCHHS.

BaxxnuBoro € i 3aj1aya BUSHAUYCHHSI XapaKTePUCTUK Iu(dy3ii 1 BUTAPOBYBAHHS
JIETYIOYOr0 €JIEMEHTa 3 MOBEpPXH1 CIUIaBy, YTBOPEHOI'O MOBEPXHEBUM JIETYBaHHSM,

pPO3B’SA30K AKOI JO3BOJIUTh 3 €KCIIEPUMEHTAJIbHOI TEMIIepaTypHOi 3aJIeKHOCTI
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BHU3HAUATH EHEPreTHUYHI MapaMeTpH 3a3HayeHUX MpoiieciB. s BHUpIIIEHHS I[HOTO
3aBJaHHS HEOOXITHUM € PO3BUTOK METOJIIB OJIHOYACHOTO BHUBYEHHSA IUDY31HHOT
PYXJIUBOCTI 1 MIBUIKOCTEH BUITAPOBYBAHHS TOT'O UM IHIIOTO KOMIIOHCHTA CILIABY B
KOHTPOJIbOBAHUX YMOBAaX, II0 3a0€3MeUyI0Th BUCOKY YUCTOTY €KCTICPUMEHTY.

VY 3B'I3Ky 3 BHWIIE3a3HAUYCHUM ICHY€ HarajibHa HEOOXIJTHICTh IOCTAaHOBKHU
EKCIICPMMEHTIB 3 BHBYCHHS BUIIAPOBYBAHHS TYTOIUIABKUX MEPEXITHUX METaJiB B
O0COOJIMBO YHCTUX YMOBax 3 00'€éKTaMH KOHTPOJIbOBAHOTO ckiany. lle m03BonHTH
OTPUMYBATH HaJIiHI EKCIEepUMEHTAIbHI JaHl, HEOOXiAHI Ui BJIIOCKOHAJICHHS
TEOPETUYHUX YSABIICHb 1 BUPOOJICHHS pEKOMEHAAIIIN JIJIsl MPAaKTUYHOTO BUKOPUCTAHHS
TYTOIUIaBKMX MaTepianiB y BUCOKOTEMIIEPATypPHHUX MPHUCTPOSX CYIaCHOI EHEPTeTHKHU
Ta BHUCOKOCTPYMOBOI BaKyyMHOI TEXHiKH, 30KpeMa B sikocTi karomiB TEIliB Ta

3aXUCHUX 000JIOHOK TEPMOSIIEPHUX PEAKTOPIB.
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Po3nin 2 OB’EKTU TA METOAU JOCJIIKEHHSA

Jlns BUpIIIEHHS TOCTaBJICHMX B PpOOOTI 3ajady HEOOXigHO Oyo po3poOuTH
METOJIMKH, IO JO3BOJSIOTH JOCHIKYBATH BJIACTUBOCTI MOBEPXHI TYTOIUIABKUX
METAJIIB 332 BUCOKUX TEMIIEPATYp B MAKCUMAJIbHO YHUCTUX YMOBaX. 3 ILI€H0 METOIO
Oyna cTBOpeHa HaJBHUCOKOBAKYyMHa BHCOKOTEMIIEpaTypHa YCTaHOBKA 3 IOBHICTIO
0e3MaciIIHOI0 CHCTEMOIO BIJKAUKH, LIO J03BOJISIE OTPUMYBATH BIJTBOPIOBaHI 1
HaJIHHO KOHTPOJIHOBaHI YMOBH €KCIIEPUMEHTIB.

[Tpu cTBOpeHHI anapaTypu, 10 BIAMOBIAE UM BUMOTaM, OyJid BUPILIEH] Taki
OCHOBHI IIUTaHHS:

1) oTpuMaHHs HaxBHCcOoKoro Bakyymy (107! Topp) Ge3 ByrieBoHEBHX CHOMYK;

2) KOHTPOJIb YMOB €KCIIEPUMEHTIB;

3) aHaJ1i3 TA30BUIICHB JIOCIIKYBAHUX 00'€KTIB,;

4) HarpiB 3pa3KiB JJO BUCOKHX TeMIepaTyp 1 cTtabiiizaiis ix TeMIeparypu B mpolieci
BUMIPIOBaHb;

5) BUMIpIOBaHHS TeMIIepaTypu 00'€KTIB;

6) 3HEBYTJICIIOBAHHS 3Pa3KiB.

KoHTpob yMOB eKCHEpUMEHTIB Tiepefdadyac BUMIPIOBAHHS SK 3arajibHOTO
TUCKY, TaK 1 CHEKTPAJbHOTO CKJIaTy 3aJMIIKOBUX Ta3iB. BumipioBaHHS Bakyymy,
TEMIIEpaTypHy 1 aHaJll3 3aJUIIKOBUX Ta3iB MPOBOIUIIUCS 3a JOTIOMOTOI0 CTaHAAPTHOI
anapatypu. OTpuUMaHHS HaJBUCOKOTO BAaKyyMy, HarpiB JOCHIJKyBaHUX OO'€KTIB 1
cTalOumizaligs iX TeMIeparypu, 3HEBYIVICHIOBAaHHS 3pa3KiB 3IIHCHIOBAIUCS 3a
JIOTIOMOTOI0 OPUTIHAJILHUX MPUCTPOIB, PO3POOJIEHUX 1 BUTOTOBJICHHX CHEI1aIbHO
TUTA JaHUX [UIEH.

CTBOpEHHS TaKOro KOMILJIEKCY amapaTypd JO03BOJMIO PO3pOOMTH Ha OCHOBI
METOJly BHUIIAPOBYBAaHHS 3 BIAKPUTOI TMOBEPXHI Taki METOJWKU BHUBYCHHS
cyOniMaIiifHUX BIACTUBOCTEH TYTOIUIABKUX METaNTIB:

a) MIKpOTpaBIMETPUYHY METOJUKY JIJIi OTPUMAaHHS KUIbKICHUX MapameTpiB
npoliecy cyomimMarii;

0) Mac-CrieTpOMETPUYHY METOJMKY JIJIS IKICHOTO aHai3y;

B) Uil BHMBYEHHS BIUIMBY BYIJICII0O HAa BUIIAPOBYBAHICTh METaNB Oyia
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po3pobsieHa METOAMKA 3HEBYTJICIIOBaHHS IOCTKyBaHMX O00'€KTiB B armocdepi
KHCHIO.

Metoauka BHBUYCHHS BUIIAPOBYBAHOCTI, po3poOjeHa B Il poOoTi, Oyia
3aCTOCOBaHA JJs PO3BUTKY METOJy OJHOYACHOTO BH3HAUEHHS IapaMeTpiB
BUIMAPOBYBaHHS 1 TU(y3ii JIETyIOUHX €JIEMEHTIB B CIUIaBax IMepexigHux MeTamB. s
peecTpaiii  po3MOALTYy KOHIIGHTpAIlllii KOMIIOHEHTIB CIUTaBy 3aCTOCOBYBaBCS
PEHTTEHOCTIEKTPAIbHUI MiKpOaHaIi3.

Jns JociipkeHHS — aTOMHOI  CTPYKTYPH — MOHOKPHCTaliB — BoJibpaMy
BUKOPHUCTOBYBABCS PEHTTEHOCTPYKTYPHHUM METO/I.

Jlis BUBUEHHS EIIEKTPOHHUX BIIACTUBOCTEH KPHUCTAIIB BHKOPUCTOBYBABCS

METO/]T TO3UTPOHHOI CIIEKTPOCKOITI].

2.1 O0rpyHTyBaHHSI BUOOPY METOAY i YMOB €KCIIEPUMEHTY

BuBueHHs BUMapOBYBaHOCTI TYTOTUIABKMX MEPEXiAHUX METaJiB Ta iX CILUIaBiB
gyepe3 iX BHUCOKY aKTUBHICTh HEOOXIJIHO 3A1MCHIOBATH METOAAaMH, IO J03BOJISAIOTH
MPOBOJIUTH JOCTIPKCHHSI B HAWO1IbII YUCTUX yMoBaX. [Ipu 1boMy mqyke Ba)KJIMBO
BUKJIIOUUTH B3a€EMOJII0 JOCHIPKYBaHMX OO'€KTIB 3 MarepiajlaMd KOHCTPYKIIIi
yctaHoBkH. KpiM TOTO, 3aCTOCOBYBaHA METOJWKA IMOBUHHA 3a0€3MEYUTH OTPUMAHHS
BHUCOKHX TEMIIepaTyp 1 MaTh BUCOKY YYTJIUBICTh, TaK SIK TYrOIUIABKI METAJM MaOTh
HU3BKY MIBUIKICTh BUTIAPOBYBAHHS.

OCHOBHMM METOJIOM, 3aCTOCOBYBaHMM B IIiii poOOTI sl JOCIHIIKEHHS
cyOsiMariii TyromjlaBKUX NepexiTHUX METaliB Ta iX CIUIaBiB, € audepeHIinHui
MeToJ JIenrMiopa, peanizoBaHUN CHEIIaabHO JUIs KX e, ToMy HeoOXiaHO OUIbII
JIETabHO 3YITMHUTUCS Ha OOTPYHTYBaHHI HOTO 3aCTOCYBaHHS.

Metoauka eKCIIepUMEHTY 1 YCTaHOBKA OyJIM JOKJIaJHO ornucaHi B podoTi [50].

[Ipu po3rnsal METoAIB BUMIPIOBAHHS THCKY Hapy TYTOIUIAaBKUX METalliB (JMB.
1. 1) Oynau BijJ3HA4YeHI iX OCHOBHI MEpeBaru Ta HEAOJIKW. PeTenbHUil aHami3 HUX
METOJ[IB JIO3BOJIUB BU3HAYMTH, M0 HAWUOUIBII NPUAHITHUM ISl JOCHIIKCHHS
MEepPEeXiIHUX TYTOIUIAaBKUX METAJIIB € METOJ| BUIAPOBYBAHHS 3 BIJIKPUTOI MOBEPXHI

(meTon JlenrMiopa), 0 A03BOJISE peali3yBaTh BUCOKI TEMIIEpaTypH, TOCUTh BUCOKY
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YYTJIMBICTh 1 YHCTI BaKyyMHI yMoBH. He3Baxarounm Ha ps] mepeBar 1 BIAHOCHY
npoctoTy mMetony KHyjceHa, BiH He MIr OyTH 3aCTOCOBaHUM 3 Ti€l MPUYUHHM, IO B
edy3iiiHOMYy cepeJoBHINl Mpu HarpiBaHHI (OPMYETHCS CBOS "BiacHA" 3aJIUIIIKOBA
aTMocdepa, 10 3HaAYHO BIAPI3HAETHCA 32 BETUYMHOIO Ta CKJIAJO0M Bia atMocdepu B
BUMIpIOBaIbHIN Kamepi. Lle npus3BoauTh A0 TOro, IO MPOLEC BHUNAPOBYBAHHS
Bi/I0YBa€ThCS (PAKTUYHO B HEKOHTPOJIHOBAHMX YMOBax. [CTOTHUII BHECOK B OXUOKY
BHU3HAUEHHS MapaMeTpiB BUIIAPOBYBAHHS BHOCATH TAaKOX B3a€MO/Iisl BUIAPOBYBAHOTO
MeTally 3 MarepiajioM e(dy3ifiHOro cepeoBuIla. 3a3BU4Yail 11 (pakTOpHU BUKIIOUUTH
BaXXKO, a BpaXyBaTH MPAaKTUYHO HEMOKIIUBO.

Kpim Toro, mpu J0CHIPKEHHI BUIAPOBYBAaHHS TYTOIUIABKUX METANIB, IO
MaloTh HHU3bKI MPYXHOCTI Mapu, BU3HAUYEHHA THCKY mapu 3a meTogoMm Kuyzacena
4acTO YCKJIaJHEHO, a 1HO/1 MPOCTO HEMOXJIMBO, TaK AK y IbOMY METO/1 OCHOBHOIO
YMOBOIO € 3a0€3IeUeHHS CTaHy PIBHOBAru JOCIIIKYBAHOTO METay 3 HOro IMaporo B
cepenoBuiil. [1{o cTocyeThcs 3a3HaYCHUX paHIiIlle HEOMIKIB MeToy JIeHrmiopa (uB.
r1.1), KOHCTPYKTHBHI OCOOJMBOCTI PO3p00JICHOI HAJABHCOKOBAKYYMHOI YCTAHOBKH
[50] mo3BOJIMAM YHUKHYTH AESKMX 3 HUX, @ PEIITY 3BECTH 10 MiHIMyMy. Bibiin
JIETANBHO 111 MUTaHHS OyAyTh PO3TIISIHYTI TIPH OMUCI KOHCTPYKITli YCTAaHOBKH.

BigzHaunmo, 110, OKpIM MOKIMBOCTI peanii3alli BHUCOKUX Temmeparyp 1
BHUCOKOI YYTJIMBOCTi, METOJ] BHUIAPOBYBAHHS 3 BIJKPUTOI MOBEPXHI Ma€ I€ OJHY
ICTOTHY TIepeBary Imepel yciMa IHIIMMH MeTojamMu. BiH 103BoJii€ TPaKTUYHO
YHUKHYTH B3a€MOJIi JOCHIUKYBAHMX OO0'€KTIB 3 KOHCTPYKIIMHUMHU Marepiajamu.
Tomy cTae MOXIJIMBUM HaWOUIBIIT TOBHO peai3yBaTh TEpeBard HaJIBUCOKOTO
BaKyyMy 1 IPOBECTU JOCIIKEHHS B HAUOUIBII YUCTUX YMOBAX.

YMOBU TPOBECHHS EKCIEPUMEHTIB 3a0€3MeuylOThCSd HE TUIBKU TJIMOMHOIO
BaKyyMy, a W, B 3Ha4yHIN Mipi, COEKTPAJIbHUM CKJIaJIOM 3aJIMIIKOBUX rasiB. Ckiana
3aJUIIKOBOI aTMOC(epu B yCTAaHOBKAX 3 MapOMAcCiITHUMU HAaCOCAaMHU BUXOAUTH JTYXKe
ckiaaaHuM. IlpuBeprae yBary HasBHICTh BEJIMKOi KUIBKOCTI TIKIB 3 Macami,
oMy 3a 44 (CO,), K1 BIANOBIIAIOTh BaXXKUM BYIJICBOJHEBHM CIIOJyKaM 1
CBIlYaTh TPO NPHUCYTHICTh B B3aJIMIIKOBIM aTtMocdepi mnapiB wmacna. [liikom
OYEBU/IHO, 1110 MPU TAKOMY CKJIa/1 3aJIMIIKOBOI aTMOC(epr 3a BUCOKUX TEMIEPATYP

Ha TIOBEpXHI 3pa3ka BiIOYBAaIOThCS YHCJAEHHI XIMIUHI peakilli, BHECOK SIKUX B

44



MPOIIECH BUMIAPOBYBAHHS BPaxXyBaTH HEMOKIIUBO.

Ha Biaminy Big mi€i curyaiii B HaJBHUCOKOBAKyyMHINW yctaHoBII [50],
CTBOPEHIM [IJIi BUBYEHHSI BUIIAPOBYBAHHS TYTOIUIABKUX TMEPEXiTHUX METaliB 1
CIUTaBiB, Ha BCIX eTamax 3aCTOCOBYIOTHCS O€3MaciisiHi HAcOCH, IO JO03BOJISE
OTpUMATH 3AJIUIIKOBY aTMOC(EPY, CKIIaJIeHy 3 MaJOaKTUBHHUX iHEPTHUX Ta3iB.

Ha mac-criextpi (puc. 2.1) BugHO, 10 OCHOBHUMH Ta3aMH, SIKI 3aJTUIIAFOTHCS
npu trcky 4-10™"" Topp, € Hy, Ny+CO,, Ar. ITpu Gibll HU36KOMY BaKyyMi MOKIIHBA
nosiea Ne 1 CO,, ane miku 3 Macow MmoHaa 44 MOBHICTIO BiACyTHI. Taki yMOBH
€KCIIEPUMEHTIB J03BOJISIOTh MAaKCUMAIBLHO OYUCTUTH 00'€KTH BiJ] TA30BUX JOMIIIOK 1

3BECTH JI0 MIHIMYMY BIUIMB 3aJIMIIKOBOI aTMOC(hEpH Ha pe3yIbTaTH BUMIPIOBAHb.

8i0H. 00
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Puc. 2.1. Mac-cnektp 3pa3ka, OJepKaHUH 13  BUKOPUCTAHHSIM

HAJIBUCOKOBAKYYMHOI YCTAHOBKH.

2.2 HapgBHCOKOBAKYYMHA €KCIIEPUMEHTAIbHA YCTAHOBKA

Sk Bke 3a3HAYANOCs, 3 YpaxyBaHHSIM BHUMOT, I[0 BUIUIMBAIOTH 3 MOCTAHOBKH
3amadl 1 HAmpsMiB JOCHIDKEHb ITi€i poOoTH, Oyna po3poOsieHa 1 BUTOTOBJICHA
Ha/IBICOKOBAaKyYyMHa YCTAaHOBKa, CXeMa sIKOi JOKIagHo omucana B [50]. 3arampHy
CXEMY YCTAaHOBKH HaBEJIEHO Ha puc. 2.2.

3 ormsay Ha Te, WO MiJA Yac EKCIEePUMEHTIB HEOOXIAHO MiATPUMYBATU
OPOTSATOM TPHUBAIOTO dYacy CTabUIbHY TeMIeparypy 3pasKiB, ISl IKUBJICHHS
€JIEKTPOHHHUX TapMaT 3aCTOCOBAHO BHCOKOCTaOLI30BaH1 Kepena, M0 MATPUMYIOTh
MOCTIMHY MOTYXHICTh HarpiBy 3pa3KiB MpH 3MiHI €MICIHHUX BJIIACTUBOCTEH KaTO/IIB

rapmar 1 KOJTUBAHHIX Harpyru XUBJICHHS.
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X MEX3H .

nacocy

Puc. 2.2. 3aranpHa cxemMa HaJBHCOKOBAKYYMHOI YCTAHOBKH JUJII BUBYEHHS
IPOIIECIB BUIMAPOBYBaHHA: 1 — BUMIpOBaJibHA Kamepa; 2 — BeHTwib Jly-125; 2 —
COpOLIHUI TUTAHOBHM HAcOC; 4 — TPUEICKTPOAHUIM MAarHITOPO3PAIHUN HACOC; 5 —
BeHTWIb Jly-50; 6 — marnitopo3psiauuii Hacoc HOPJI-100; 7 — BenTumi y-20; 8 —
IIEOJIITOBI HacocH; 9 — ormisgoBe BikHO; 10 — omeratponHa namna PMO-4c; 11 —
repMoBBOM; 12 — matruuk MM-14M (iHBEpCHO-MarHeTpOHHUI MaHOMETPUYHHIA
neperBoproBay); 13 — natuuk JIM-3-2; 14 — natuuk MU-12-8; 15 — natuuk MT-8; 16
— romyactuil Hatika4d; 17 — Bertwm Py-25; 18 — Bentwip [ly-25; 19 — a3zorHa
JIOBYIIIKA.

BinkauyyBaJjibHI CHCTEMH i KOHTPOJIb BAKYYMY

BumiproBasibHa KaMepa BiJKauyeTbCs JBOMa CHCTEMAaMH BiJKayyBaHHS:
MOINepeHHOI0 1 OCHOBHOIO.

[Tonepenus cucrema ckiagaerbcsi 3 (OPBAKYyMHOIO, JBOX II€OJIITOBUX 1
marHiTopospsgHoro (turmy HOPJ/I-100) nacociB. Bona cnomydaerbest 3 KaMeporo 3a
moromororo  Bemtmis  Jy-50. Ilomepemue pospimkenus (107-5:107  Ttopp)
CTBOPIOETHCS  (POPBAKyyMHHUM HACOCOM 3a dac Omm3bko 15 xBumumH. Mix
dbopBakyyMHUM 1 II€OJITOBMM HAcoCcaMd pO3TallloBaHA a30THA TMacTKa JUIs
3anmo0iraHHs Mirpaiii mapiB oJii 3 MEXaHIYHOTO HAcOCy IMpH MOro TpuBaliii poOOTI
ij] Yac TPEHYBaHHs IIEOJITOBUX HAcOCiB. B skocTi cOpOEHTY B 1IEOITOBUX Hacocax
3aCTOCOBYETHCS 1ICOJIT Mapkuh SA, cOpOIlIifHI BJIACTUBOCTI SKOTO 1 TEXHOJIOTIsS
MPOBEICHHS 3HETaXKyBaHHS BimoMi [113]. 3a3Buuail uepe3 miBrogUHU MICHS 3aITyCKY

. . . 4 -5
PO3PIIKEHHS 32 PaXyHOK I1€0J1ITOBUX HacociB carae 107—107 Topp.
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Buxopuctanus B momepenHiil cucTeMl BIAKAYKH, KpPIM IEOJITOBHX, IIE U
marHiTopo3psaHux HacociB HOP/[-100 nae MOXIMBICTh 3HAYHO MPUCKOPUTH MPOLIEC
IJITOTOBKM OCHOBHOI CHCTEMH 1 MPOBECTH i1 3HET@KyBaHHS MPH OUIBII BUCOKOMY
PO3PIKEHHI, MO0 ICTOTHO MiABHUIIYE pPecypc POOOTH HACOCIB OCHOBHOI CHCTEMHU.
3HeraxyBaHHs KaMepu Ta 1ii €JIEMEHTIB TaKO0X IPOBOJUTHCA IONEPEIHBOIO
CHUCTEMOIO BIIKQUyBaHHS, 10 B 3HAYHIN Mipi «IIOM'SIKIITYy€» YMOBU POOOTH OCHOBHHUX
HACOCIB, sKi BKJIFOUAIOTCS PH THCKY B ccTemi 1-107—5-10 Topp.

OcHoBHa cucTeMa BIJIKQUYBaHHS  CKJIAIAa€TbCd 3  TPUEIEKTPOJIHOTO
Mar"iTOpO3psAAHOTO 1 COPOILIMHOrO THUTAaHOBOTO HACOCIB, 3'€AHAHMX TMOCIIIOBHO.
O6uaBa HACOCH OXOJOKYIOTHCS PIAKMM a30ToM. Bakyymuuit BeHTunb [y-125
3'€THY€ 1110 CUCTEMY 3 KaMepoIo.

KowmOinarris mux TBOX HACOCIB BUSBHIIIACS BEIBMHU BIAIO0 1 €PEKTUBHOIO, TaK
SIK MarHiTOpO3psIHUNA HAacOC Ma€ IMiJBUIICHY MIBUAKICTh BIJKa4yBaHHS IHEPTHHUX
ra3iB [114, 115], a copOuiiitanii 10Ope BiKauye aKTUBHI ra3u. BHAcCHioOK 1IbOTO 3a
KOPOTIIMM TEPMIH MOXHA OTPUMATH O1JIbIII BUCOKI CTYNEHI PO3PIIKEHHS, HIXK TIPH
PO3MILHOMY 3aCTOCYBaHHI ITUX HACOCIB, X pO3paxyHKOBa IIBUIKICTh BiJKa4yBaHHs
nepesuinye 1200 s/c. ['panuune po3piKeHHS NpU CHUIbHIA poOOTI TaKoX
migBuuyeThes i csarae 1-107"° Topp. BenbMu BakIMBO, IO TIPH 3aCTOCYBaHHI
Mar”iTOpO3psAHOTO Hacoca 3HAYHO MiABHINYEThCS (B 5—6 pasiB) pecypc poOoTu
TUTAHOBOT'O COPOIIiITHOrO Hacoca.

TuCK 3aJUIIKOBUX Ta3iB B MOIEPEIHIN CUCTEMI BUMIPIOETHCS TEPMOIIAPHUM 1
1oHI3aitHUM faTunkamMu BakyymMmerpa BIT-2. B ocHOBHIN cucTeMi BCTaHOBJICHUMN
JIaT4MK 1oHi3auiiHoro Bakyymmerpa BI-12. KonTponas Hajg BakyyMHHUMH YMOBaMH B
Kamepi 3A1MCHIOETHCS 3a JOITOMOTOI0 1HBEPCHO-MarHeTPOHHOT0 BakyyMMmeTpa BIM-2
1 mac-cnektpoMerpa omeratponHoro tumy IIIJO-1. [Insg Tux camux 1mined micis
BIIMOBIJTHOT  MOJIEpHi3allli yYCTAaHOBKH, TPOBEACHOI B MPOLECT JOCHIIKCHb,
BUKOPHCTOBYBAJIMCS TAaKOX PaJl04aCTOTHUN OJHOMOJBHUN Mac-crekTpomeTp MX-
7301 1 MoHomodsApHUN aHamizatop mnapiiadbHux THCKIB AIIJIM-1. Bci BxkuBani
MaHOMETPHUYHI TaTYUKU OYJIM BIIKPUTOTO TUITY.

KoHcTpykiiist yCTaHOBKH J103BOJISIE IPOBOAMTHU ii TpUBaJIUM 1 OaraTopa3oBHii

nporpiB 710 450°C mpu 3Hera)xyBaHH1, OCKUIbKH BC1 JIeTaJll yCTAHOBKH, B TOMY YHCII1
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1 MAHOMETPUYHI JAaTYUKH, BUTOTOBJICHI 3 HEPXKaBitouoi cTami (3a BUHITKOM JIAMIIU
OMeraTpoHa, OIJISOBUX BIKOH 1 F€pMOBBO/IIB), a (JIaHIIEBl PO3'€EMHU YIIIIBLHIOIOTHCS
3a JIOMOMOTOK METaJeBUX IMPOKIAJOK 3 MiJil a00 aJFOMIHIIO 3a MPUHIMIIOM «3y0—
KaHaBKay.

Y CTaHOBKOIO KEPYIOTh 3a JIOTIOMOTOIO IyJIbTa, B SKOMY BMOHTOBaHI MPHIAIH
Ta MPHUCTPOi, MO JJO03BOJSIOTH KOHTPOIIOBATH BaKyyMHI YMOBHM B YCTaHOBII,
MPOBOAMTH ii 3HETA)KyBaHHs, BCTAHOBIIIOBATH HEOOXIAHUI PEXUM POOOTH HACOCIB 1

€JIEKTPOHHHUX TapMar.

2.3 BumiproBajbHa kamepa

BumiproBanbHa Kamepa ISl JIOCHIJKEHHsI TPOIIECIB BUMAPOBYBAHHS Mae
HAaCTyNHY KOHCTpykKuil0. Ha pyxomomy namMcKy MOXHa BCTaHOBUTH ojpa3y 10
3pa3KiB, 1Ba 3 HUX MOXKYTh OJHOYACHO IiIJTaBaTUCS BUNPOOYBaHHAM. 3pa3KaMu sl
JTOCIIDKEHHST CIIy)KaTh Jaucku aiamerpoM 10 MM 1 ToBmmHOKO 2-3 MM. BoHu
3aKPIIUTIOIOTHCS B TpUMaui 3a JOMOMOTOI0 KUIbIIS 1 CMYKOK 3 TaHTaJNO0BOI (hoabru ado
TOHKHUX BOJb(GpamMoBUX CTpkHIB niametpom 0,34 mm. OcTtaHHIN CrOCIO KPITJICHHS
3pa3KiB BUSBUBCS HaWOUIbII HAJIMHUM, TaK SIK BiH JO3BOJISE 3BECTH J0 MIHIMyMY
BTpaTH Ha TEIUIONPOBIIHICTE KOHCTPYKIIii, CTaOUIi3yBaTH TeMIlepaTrypy 3pas3ka i
30eperTy reOMETPIr0 JOCTIAY aX J0 MaKCUMATbHUX TEMIIepaTyp.

JIBI eneKTpoHHI TapMaTd JUisi HArpiBy pO3TAlIOBYIOTBCA B poOOUYOMY
MOJIOKEHH1 Ha BiACTaHl 3—4 MM BiJl 3pa3KiB 1 JO3BOJIIOTH JIOCSTTH MaKCUMAaJIbHOI
temnepatypu 3200°C. 3aranpHa cxeMa BUMIPIOBAJIBHOI KaMepH Ta MillIeH1 HaBeIeHa
Ha puc. 2.3.

Konzaencar 30upaeThcst Ha MILIEHSX, SIKI 1] Yac JTOCIITY pO3TallOBYIOTHCS HA
OXOJIOJIPKYBAaHUX PIJIKUM a30TOM IJIACTUHAX. 3MIHA 3pa3KiB 1 MIIlIEHEH MPOBOIUTHCS
330BHI 3a JIOTIOMOTOI0 CHJIb()OHHHMX BBOMIB. €MHICTh KOHTEHHEPIB 03BOJISE
po3MicTuT B HUX 80 MileHel, MO0 Ja€ MOXKJIMBICTh MPOBOJUTH JIOCUTH JETajbHE
JOCTIKEHHS TIPOIECiB BUMIAPOBYBAHHS.

HeoOximHo OUTBIN 1eTaabHO 3yMUHUTHUCS HAa KOHCTPYKIII MIIIEHEH, Tak K J10

HUX ICHYIOTh CyNepewinBl BHUMOTrd. MillleHI MOBHUHHI OyTH JOCTATHBHO 3aXUIIEHI,
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o0 YHUKHYTH 1X TOIIKO/PKEHHS TiJ Yac MaHIMyJsAIiid B KaMmepi, 1, B TOH K€ dYac,
BOHU MOBUHHI MaTH MiHIMaJIbHY Bary, o0 Mo)kHa OyJio peaizyBaTH HaWOUIbIIy
YyTJUBICTh Bar TIpM 3BaKyBaHHI KOHAEHcaTy. ToMy B SKOCTI MilleH1
BUKOPHUCTOBYETbCS JTUCK 3 aJOMiHI€BOT (oJbru JiamerpoM 21,5 MM, TOBIIMHOIO
omm3pko 20 MKM (Maca Takoro JuUcKa Oiu3bKo 15 Mr), po3MilieHuil B KaceTi 3
HeprkaBitouoi crami (puc. 2.3, 6). 3Bepxy ANCK MPUTHUCKAETHCS PAMKOIO. 3BaKYBaHHS
MIIIEHeW MPOBOAMUTHCA Ha YIbTpaMiKpoaHAMTHUYHUX Tepe3ax tumy BJIY-100, mo

MAalOTh BUCOKY 4yTIuBicTh (4,4-107 ).
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Puc. 2.3. 3aranbHa cxema BUMiproBaibHOI kamepu (a): 1 — BBOJ mepeMileHHs
3pa3KiB; 2 — BBOJ| 3MIHU MIJIKJIQJANHOK; 3 — KOpIyc KaMepu; 4 — MOHTaXHUH (pJ1aHeIb;
5 — eMHICTh J1s1 a30Ty; 6 — €JIEKTPOHHA rapmarta; 7 — CUCTeMa KPIIJIeHHs 3pa3ka; 8 —
KOHTEWHEp 3 YHUCTUMHU MIAKIaAWHKaMU; 9 — oxonomxkyBambHa miadparma; 10 —
OXOJIO/KYBAJIbHA TUTACTUHA JJISI PO3MIIICHHS MIJKJIQIUHKHU M1 4YaC €KCIEPUMEHTY;
11 — KoHTEWHED TS MIAKIAIUHOK 3 KOHICHCATOM;

Ta KOHCTPYKIIiS MAKIaAuHKH (0): 1 — kaceTa; 2 — MpUTHCHA paMKa; 3 — MIIIICHb.

[ctoTHUM [KepenoM MOXMOOK Moke OyTW 3MiHAa Bard MILIEHI Mia dYac
3HeraxkyBaHHs. [1[00 BUKIIFOUMTH Taki MOXUOKU Mepe TOCTiI0OM MIIICHI MijgaBaiu
BCIM OIlepartisM, sKi BUMaratoThCs I pOOOTH B HAJBUCOKOMY BaKyyMi, BKIFOUAIOUH

€JIEKTPOIOIIPYBaHHS.
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Jlnst crabimizamii Macu MIIMIEHI 3HETaXyBAJIHUCS Yy HAJIBHUCOKOMY BaKyyMi 3a
temneparypu 450°C. Ilpu npoMy 3BuuaiiHa BTpaTa Macu cranoBmia ~1-107 r. ITicis
OJIHOPA30BOTO  TPUBAJIOTO MporpiBy (0AuM3pK0 6 TOAMH) Maca MilIeHeH
cTalOumizyBaiach 1 He 3MIHIOBaJacsi MpH TOBTOPHHUX MporpiBax. Sk mokazanu
KOHTPOJIBHI JTIOCTIU, Maca MillleHeH Mics Takoi 00pOOKH He 3MiHIOBaJIacs MPOTIATOM
TPUBAJIOro yacy Ha moBitpi. [IpoTe, B KO)KHOMY TOCHIl € KiJIbKa MiIIeHEeH-eTaIOHIB,
0 MPOXOJATh BCl omepairii, mependadeHi eKcrnepuMeHToM (0e3 HamopoIleHHS Ha
HUX). Y BCIX BUMNaJKax 3MiHA MacH KOHTPOJBHHUX MillIeHEH OyJjia B MeKaX TOYHOCTI

3BaKyBaHHSI.

2.4 HarpiBanHns 3pa3kKiB, cTa0iji3anisi TeMnepaTypu Ta ii BUMIpPIOBAHHS

[Tpu BECOKOTEMIIEPATypHUX TOCIIKCHHSIX OJTHUMHU 3 OCHOBHUX YNHHUKIB, IO
BIUIMBAIOTh HAa TOYHICTh BHMIPIOBAHHA TEMIIEPAaTypHO-3aJICKHUX IapaMeTpiB
JOCJIDKYBaHUX MaTepiajiB, € COCOOM HArpiBy 1 cTabii3allii TeMepaTypH.

OnucaHa HIKYE cxeMa HarpiBy 1 craOumizaiii TeMIepaTypu, CleliaibHO
po3po0sieHa il BUBUEHHS BHIIAPOBYBaHHA MeTaniB 1 crutaBiB [50], mo3Bosie
BIIPOJIOBXK TPUBAJIOTO yacy (KUIbKa TOJMH) MIATPUMYBATH MOCTIHHY TeMIlepaTypy
800-3200°C.

[Tpu HarpiBaHHI €IEKTPOHHUM OOMOapIyBaHHAM CTaOLII3aIlisl HAIPYTH HAKATY
KaToJla 1 MPUCKOPIOKYOI HANpyru B 0araThOX BHUITAJIKaX HEJOCTAaTHbO €(PEKTHUBHA,
TOAl SIK cTaliiizamis CTpyMmMy emicii Karoja rapMatd OUIbII HAaJIMHO 3a0e3mnedye
CTaJICTh TeMIlepaTypH 3pas3ka. Lleil mpuHIUI BUKOPUCTAHUN B cxemax cTadimizarlii
CTpYMY eMicli KaTO/[iB pEHTIeHIBCbKUX TPYOOoK [90], a Takok KaTO/(1B 10HHUX JIKEpe
Mac-criektpomeTpiB [116]. Ognak 3a3HaveHi MPHUCTPOI JTO3BOJSIOTH MIATPUMYBATH
CTpyM eMicii jumie 10 5 MA. Ha BiaAMiHY BiJ HUX CTaOUII3aTOp CTPYMY eMicli KaTtoja
SJIEKTPUYHOI TapMaTu J03BOJIsAE€ cTabum3yBaTu ctpym emicii Big 10 mo 300 MA. ¥V
CXEeMl1 TIOPIBHIOIOTHCS OIMOpHA HAMpyra, 10 3aJa€ThCsl CTAOLII3aTOpOM 1 Hampyra,
CTBOpPIOBaHA CTPYMOM €MicCli Ha BUMIpIOBaibHOMY omnopi. [Ipu 3MiH1 BCTaHOBIEHOIO
cTpyMy ewmicii curHan po3oamancy depe3 YIIC 1 BUKOHABYMI €I€MEHT MPUBOIUTH

CXEMY B PIBHOBAry.
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[Ipu Buxoal 3a BEpXHIO MEXy cTabum3amii cTpymMy ewmicii Ha omopi
B110YBa€ThCS J10JIATKOBE MaIHHS HAMPYTH, SIKE 3a IOMOMOTO0 cTabdiii3aropa i pesie
BIJIKJTIOYAE JKEPEJIO BHUCOKOI HAIPyrH, 0Oepiraroyd TakKMM YUHOM BHUIIPOOYBaHUM
3pa3ok Bif neperpiBy. CrabinmizaTop 3abe3nedye Hanpyry posskaproBanHs Bix 0 g0 10
B mnpu ctpymi pozxaproBanHs a0 30 A. IlepenbGaueHo crymiHYacTe 1 IUIaBHE
pEeryJIoBaHHS eMicii Ha KOXHIiM 3 (pikcoBaHMX CXOAMHOK B Mexkax + 20% Bifg
BCTAHOBJICHOTO 3HAYCHHSI.

Crabisi3aTop BUKOPUCTOBYBABCS JJISl )KUBJICHHS CIICIIaIbHO CKOHCTPYHOBAHO1
€JICKTPOHHOI rapMaT, MPU3HAYEHOI I HarpiBy IUTacKux 3pas3kiB (puc. 2.4). B
SIKOCT1 KaToja rapMaTu BUCTyHae BoJb(ppamMoBuit pit aiametpom 0,35 MM y BUTTISIL
cripaii TUIy «paBiuk». [lapameTpu kaToja €JIeKTPOHHOI TrapMaTH HACTYIHI: CTPYM
Hanpyxenas 10-11 A, ctpym ewmicii ~200 MA (cTpyM HacudeHHs). Po3paxyHKOBHiA

pecypc Karoja 3a IUX MmapaMeTpiB cTaHOBUTH OubIe sik 1000 rogun [117].

Puc. 2.4. Cxema enexkTpOHHOI rapMatd Ajisi HarpiBy IUIaCKUX 3paskiB: 1 —

KaToJ, 2 — eKpaH, 3 — MOJIi0IeHOB1 BBOIM, 4 — 130J19TOP, 5 — 3pa3oK.

Bci enemMenTn rapMaTé 3MOHTOBaHI Ha MOJIOAEHOBUX BBOJAAX giameTpom 1
MM. POKYCYIOUMI LIUITHIP BUTOTOBJIEHO 3 TAHTAIOBOI (pOJIbIU TOBIIHUHOKO 0,1 MM.

[MapmMara CKOHCTpyHOBaHa TAaKUM YHWHOM, IO 130JIATOP EKPAHOBAHUU BIJ
PO3ITpiBY 1 3aNIOPOIICHHS METAJIOM, 1110 BUITAPOBYETHCS.

BucokoBoibTHE JKEepesio KUBJICHHS 3a0esneuye Hampyry g0 2000 B.
[ToTyXHICTh, CMOXXWBaHA EJIEKTPOHHOIO TapMarTor, MopiBHIOE Onm3bko 600 BrT.
Cuctema HarpiBy 1 crabum3amii temmnepaTtypu Oyna BumpoOyBaHa Ha 3paskax 3

BosbGpamy. 3pa3ku giamerpoM 10 MM 1 TOBIIMHOIO 2,5 MM 3aKpiIUIIOBajuCs Ha
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TAHTAJIOBI TPUMaul 3a TOMIOMOTOI0 PO3TSDKOK 3 BoJb()pamy Ha BijacTaHi 3—4 MM Bif
rapMary.

TeMmeparypa BuMiproBajacs 3a JOMOMOTOI ONTHYHOTO MiKpoIlipoMeTpa
BUMII-015 (3 BimHOCHOIO TOXHOKO0 £0,5%, 1110 BU3HAYAETHCS KIACOM MMpPOMETpa) 1
nepedyBasia B Mexax TOYHOCTI MPUiIaay IPOTArOM KIJTbKOX TOAMH.

Y mpormeci TpuBaioOi eKCIUTyaTtaiii CcHUCTeMa HarpiBaHHS 1 cra0imi3arii
TEMIIEpaTypu 3pa3KiB MMOKa3ajia BUCOKY Ha/liHICTh B Jiana3oHi TemnepaTyp Bia 800
10 3200°C. BumiproBaHHsI TeMIIepaTypH MIPU BUCOKOTEMIEPATYPHUX JTOCIIHKEHHSX,
K BIJJOMO, TIOB'SI3aHO 3 PSIOM EKCIEPUMEHTAJbHUX TPYIHOIIIB. 3acCTOCYBaHHS
NESKUX KOHCTPYKTHMBHUX 1 METOJUYHUX OCOOJMBOCTEH JO3BOJMIIO 3BECTH [0
MIHIMyMy TOXHMOKY Yy BHU3HAa4€HHI TEMIIEpaTypu JOCHII)KYBaHUX 0O0'€KTIB.
Temnepatypa 3pa3ka BuUMiploBajiacsi uepe3 OIJISAOBI BIKHA 3a JIOMOMOTIOIO
MmikpornipomeTpi Ty OMII-043 1 BUMII-015 3 noxu6koro + 0,5%.

[Ipun BucCOKOTEMIEPATYPHUX AOCTIKEHHSIX ICTOTHUM JDKEPEIOM TOMUIIOK
TaKOX € 3alOpOILCHHS OIVISIIOBUX BIKOH METAjOM, 10 BUIApOBYeThes. [Ipu npomy
Ha pe3yJbTaTy MIPOMETPii BIVIMBAIOTh IUIIBKM TaKOl TOBIIUHU, SIKY BaXKKO MOMITUTH
BI3yaJbHO 1] Yac AOCTIAY.

JInst  3axucTy OrJISAOBMX BIKOH BiJ  3allOpPOILIEHHS  3aCTOCOBYBAUCS
MarHiTOMEXaHiuHl IITOPKH, SKI 3aKpUBajJd BIKHA MiJ Yac EKCIEePUMEHTY 1
BIIKpUBAJIMCSI TUTBKH JIJIS TTIPOMETPIi.

[Ilo crocyeThcs camMux OTJISIIOBUX BIKOH, CIEIialbHI JOCHIKEHHS MOKa3alu,
[0 BOHU HE BHOCATH TOMITHOI TMOXMOKHM TpU BHU3HA4YEHHI Temmeparypu. s
BU3HAUCHHS TIOXMOKM, TIOB's3aHOT 3 TIOMVIMHAHHSAM BIKOH, BHUMIpIOBajacs
TeMmrepaTypa BOJIb()pPaMOBOi HUTKH PO3KAPEHHS 3 BIKHOM 1 0€3 HhOTO B Jliama3oHI
temrniepatyp 1000-3000°C. Bymo BcTaHOBJIEHO, IO TOXHMOKa y BUMIPIOBaHHI
TEeMIIepaTypy 3HAXOAUTHCS B MEKaxX MOXUOKM BUKOPHUCTOBYBAHOTO MIKPOIIIPOMETPA.

Jy1st BU3HAYEHHSI ICTUHHOT TEMIIEPATypH 3pa3Ka iIMITYBaJIOCS BUIPOMIHIOBAHHS
aOCOJIOTHO YOPHOIO TiNa, I 4YOro B 3pa3Ky €JIEKTPOICKPOBUM CIOCOOOM
npobuBascsi oTBip giamerpom 0,3-0,4 mm 1 rmmOunoro 4-5 mm. Temneparypa
BUMIPIOBAjacs 3a BUIIPOMIHIOBAHHSM OTBOPY 1 KOHTPOJIOBAJIACS 32 TEMIIEPATYpPOIO

MOBEpPXHI 3pa3ka, SKI0 OyB BiAOMHI KOe(DIIIEHT BUMPOMIHIOBAJIBHOI 37aTHOCTI
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JOCIII)KyBaHOTO MaTepiany.
HeoOxigHo BIA3HAYMTH, 110 0€3 OMHCAHUX BHIIE MEPECTOPOr OTPUMATH
HaJlIHHI JaHl 3 IIBUIKOCTI BUIAPOBYBAHHS NPU BUKOPUCTAHHI JTaHOI METOJUKHU

HEMOXKIIMBO.

2.5 Cxema ekcniepuMeHTY i po3paxyHkoBi ¢gopmyJin

VY nanHiii poOOTI BUKOPHUCTOBYBABCS OJWH 3 PIZHOBUAIB AUDEPEHIITHOTO
MeTtony JIeHrMiopa — MeTOJ] BU3HAUEHHSI TUCKY Mapu 3a MIBUAKICTIO 1 BUTIKAHHS
yepes aiadparmy [90].

CyTb MeTony TMOJSra€ y BH3HAYCHHI YAaCTKH BHUIIAPYBAHOI PEUYOBUHH, IO
npoinuia yepe3 giapparmy. [lpu po3paxyHkKy THCKYy mapu 3a KUIBKICTIO PEUOBHHH,
CKOHJICHCOBaHO1 Ha MIIIICHI, TepeadayaeThCcs, 1MI0 IIBUIKICTh BUIIAPOBYBAHHS 3a
JaHOi TeMIlepaTypd MOCTIMHAa MO BChOMY JUCKY e(deKTHBHOro paiiyca. LlenTpu
JoKepena 1 aiadparMy po3TaIllOBYIOTHCS Ha OJHIN HOpMali, aiadparMa BBaKAETHCS
HECKIHYEHHO TOHKOIO. Takoxk He BiOYBa€TbCs PO3CIIOBAHHA 32 PAaXyHOK 31TKHEHb
aTOMIB, 1[0 BHITAPOBYIOTHCSA, 1 3BOPOTHE BIAOUTTA BUIMAPOBYBAHUX AaTOMIB BIiJ
noBepxHi giapparmu 1 MimeHi. OcTaHHS yMmoBa Tnependayae, MO KOe(IieHT
KOHJeHCallli JOPIBHIOE OJIMHUII, IO 3a0€3MeUyeThCsl OXOJIOHKEHHAM MiAKIAIKU 1
niadparMu piIKUM a30TOM.

Sk BUAHO 31 CXeMH eKcrepuMeHTy (puc. 2.5), Jukepeno, aiagparMa i MilleHb
pO3TaIoBaHi TaKUM YHWHOM, 1110 JiadparmMa «BHPI3a€e» CEpeHIO0 YaCTHUHY 3pas3ka, Je
TeMrepaTypa HalOuIbll cTabljabHA 1 OJHAKOBA IO BCIM MOBEPXHI, 1, TAKUM YUHOM,
JI03BOJISIE YHUKHYTH KPalloBHX €(EKTiB, a TAKOX BUKIIOYUTH BILJTUB BUIIAPOBYBAHHS
MatepiaiaiB KOHCTPYKIIT KPITIJIEHHS 3pa3Ka Ha pe3yJbTaTH BUMIPIOBAHb.

Po3paxyHok BeneTbcs 3a GOpMyIIoL0:

p=2 |28 2.1)

a\ M
ne P — tuck mapu; G — MBUIKICTh BUMIAPOBYBAaHHS, M — MOJIEKYyJIsipHA Maca mapu; R
—ra3oBa ctana; T — abcomoTHa Temiieparypa; o — koediieHT JIeHrmropa.

VY BuUmagky BUKOPUCTOBYBaHOI MeTOIUKU (popmyna (2.1) BUTIsSAa€ HACTYITHUM
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YUHOM:

p=k 2 2.2)
St M

ne Am — maca pe4yoBWHH, IO CKOHJACHCYBaiacs Ha MimieHi; S — muioma 3pa3ka
e(eKTUBHOTO JiaMeTpa; ¢ — 4ac BUIIAPOBYBAHHS; kK — KOC(PIIIIEHT, 110 3aJICKUTH BiJ
B3a€EMHOI'0 pO3TalllyBaHHS 3pa3ka, miapparmu 1 wmimeHi. Koedimient Jlenrmropa
BBa)Xa€ThCsl piBHUM ofuHuIl [102].

HeoOxigHO 3ayBakuTH, IO KOEQIIIEHT k 3allekKUTh TUIBKH BiJ Te€OMETpii

JOCJIITY 1 HE 3aJIeKUTh BiJl MPUPOAM TOCTIKYBaHUX pedoBuH [81, 118].

i N/

Puc. 2.5. B3aemue po3ramryBanss 3paska (1), miapparmu (2) ta mimeHi (3).

Tounuit po3paxyHOK Koe]illieHTa k TMOB'I3aHUN 3 MEBHUMH TPYAHOLIAMH.
Hapenenuii g Hporo B po6oti [90] BuUpa3 HE 30BCIM TOYHUH 1 PO3paxyHKH,
BUKOHAHI 3a 111€10 (OPMYIIOI0, Taf0Th 3aBUIIEHI pe3yabTaTu. Tomy KoediiieHT k OyB
BU3HAUEHUN eKClIepUMeHTanbHO. [Ipm 1bOMYy BHKOPUCTOBYBAIMCS pE3YJIbTaTH
poGotu [116], ne BupilIeHO 3a/layy MpO BU3HAYEHHS YACTKA BUIIPOMIHIOBAHHS, IO
NOTpAIUIsI€ Ha KPYIJly MIIIEHb BiJl KPYTJIOTO JKepena.

YacTtka BUNPOMIHIOBAHHS (2, 110 IMOTpaluia Ha MiIIEHb, JA€TbCS BUPa3oM

[116]:
a=2 (2.3)

No
ne N, — BUIPOMIHIOBaHHS JDKEpesa B ychoMy KyTi 4m; N — BUIPOMIHIOBaHHS, IO

MOTPANUIJIO Ha MIIIEHb.
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: S .
Jns TinecHoro KyTa 21 Bupas s 2 npu — 1, ne S — paaiyc mxepena, a m —

pajilyc MiIlIeH1, BUTJISIIA€ HACTYITHUM YHHOM:

:ﬁ{l_i_iﬂ_iﬂ(3_7 hz)_...}, (2.4)

R,y 8 Rm3Rm2 64 Rm3Rm* Rm?2

. . . S
ne Rm =+vh?+m?; R — BigcTanb MDK [DKEPEIIOM 1 MIIICHHIO; ~ « 1, toOTO

pO3MipH HKepena MEHIIIe po3Mipy MIIIEHI.
TakuM 9MHOM, TIPOBIBIIN Pl €KCTIEPUMEHTIB 3 OJJHUM 1 TUM CaMUM 00'€KTOM
JUTSL TBOX TIOJIOKEHb miadparmMu (KOJMW BIACTaHb MiX niagparMoro 1 3pa3kom

JIOPIBHIOE HYJTIO 1 KOJIM BOHA BIIMIHHA BiJI HYJIS ) MOKHA BU3HAYUTH KOC(DIITIEHT k.
2.6 Anpo0auisi METOAUKH | BU3HAYEHHS TeOMEeTPUYHOI0 KoedinieHTa

BunpoOyBaHHsI METOAMKHM OyJI0O IIPOBEIEHO HA YMCTUX MeETalax, /Ul SKUX €
JOCTaTHBO HAMAlMHI JaHI 1O TnapaMerpax BuUMapoByBaHHs. Jlns 1miel wmeTH
BUKOPHUCTOBYBAJIOCS CP10JI0, SIKE HA4acTILIE 3aCTOCOBYETHCS B SIKOCTI €TAJIIOHY AJIs
aHAJIOTIYHUX METOAMK 1 3aji30, MapaMeTpHu SKOTo HEOOXITHI OynM TakoX s
MMOJAJIBIINX JOCIIUKEHD.

KoedimienTr k& Bu3HAUaBcsd Ha 3pa3kax KapOOHUIBHOTO 3ajliza Kiacy A
(padinoBanoro y BomHi) unctotu 99,98%. Ilomepemni mochimKeHHs MOKa3ajiH, IO
JUISL OTPUMaHHS JOCTOBIPHUX 3HAYEHb IapaMETpPIiB BHUIAPOBYBAHOCTI HEOOX1THUMN
BIJINIAJI 32 BUCOKUX TEMIIEpATyp, L0 MEPEBUILYIOTh TEMIIEpaTypH BUIIPOOYBAaHHS.
MaOyTh, BIAMIHHICTh B HIBUAKOCTI BUIIAPOBYBAHHS, OTPUMAaHa I HEBIANAJICHOTO 1
BI/IMAJICHOTO CTaHIB 3pa3ka, 3yMOBJICHA 3a0pYIHEHHSMU 1 PO3YMHEHHUMH B 00'eMi
3pa3ka razamu. Jljis OTpUMaHHS JOCTOBIPHUX 3HAUYEHb LIBUIKOCTI BUIAPOBYBAHHS
3pa30K 3ajiza BianamoBau 3a Temmneparypu 1320°C mpotsrom 3 roauH 1 3a
temrepatypu 1420°C BrpoaoBx 0,5 TOAMHH, MICS YOTO TEMIIEpaTypa 3HUKyBaIacs
U OCTiKEeHHs1 BunapoByBaHHs. [lpu mpoBeneHHi BUMpoOyBaHb Bakyym OyB HE
Hikanii 3a 1-10° Topp.

3HaueHHs IIBUIKOCTI BUIIAPOBYBAHHS 1 TUCKY MapH 3ajiza Oyiu OTpUMaHi B
iHTepBanmi  temmneparyp 1060-1375°C. 3anexHICTh THCKY TMapu 3aji3a BiJ

TEeMIIepaTypy, OTpUMaHy B HAlIUX EKCIEpUMEHTaX, HaBelAeHO Ha puc. 2.6. [lns
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po3paxyHKy BUKopucToByBaiacsi ¢opmyna (2.1). ExcmepumenrtanbHi JaHi,

00p006JIeHI METO0M HAaMEHIIIUX KBAJPaTiB, BUPAKAKOTHCS PIBHIHHIM:

lgP = 10,95 — 21;"". (2.5)

TemnnoTa BUMapOBYBaHHS MJIA JIAHOTO 1HTEpPBALY TEMIIEPATyp AH; = 99+]
kkan/monb. i nani cniBnagatoTs 3 JgiTeparypHuMu ganumi [ 119], ski, sik Bka3zye AK.

H. HecmesnoB [81], € HalOUTBIIT HATIHHIMHU.

G p !

-2 X
\ i |
\ i |

6,0 G, 4 6,8 7,2 7,6
To%

e

T

Puc. 2.6. ExcriepuMeHTanbH1 JaH1 3 TUCKY TapH 3aili3a.

HactynHi ekcnepyuMeHTH TpPOBOIMWIKNCS B TUX CaMUX yMOBax, 3 THM CaMUM
3pa3koM 3aiiza, ajie 3 JiadgparMoro, po3MIIICHOK Ha BIJACTaHI 3 MM BiJ 3paska.
Biacranps Bim wmimeni g0 miabparmu jgopiBHioBana 20 MM, JgiaMeTp OTBOpPY B
niadparmi — 2 MM, epeKTUBHUH JlIaMEeTp BUIIAPOBYBAHOI MOBEPXHI — 5,3 MM, JiaMeTp
mimeHi — 20 M.

3 TMOpiBHSHHS OTPUMaHUX B 000X EKCIEpUMEHTaxX pe3yJbTaTiB OyJo

BHU3HAYEHO KOe(PIIleHT &, 1110 TopiBHIOE 36,6.
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[Ticns Bu3HaueHHs KoedimieHTa k& AOCTHIAHUM [IITXOM, dopMmyna s

pPO3paxyHKy TUCKY napu HaOyBa€e BUTIISIAY:

P =36622 |ZZE (2.6)
St M

3 ypaxyBaHHSM TIOCTIHHUX (I3UYHUX BEIWYMH 1 3a JAaHOi TeoMeTpil

EKCIIepUMEHTY (OopMyJll MOKHA HalaTh 3PYYHUN U1 MPAKTUYHOTO 3aCTOCYBAaHHS

BUTJISI;
P=285- 103A—"‘ﬁ. 2.7)
t \M
BukopucroByroun dopmyny (2.7), MOKHa po3paxyBaTh IIBUIKICTh
BHUITAPOBYBAHHS:
c=r=_F X (2.8)

St 17,14 T

BucHoBKkH 3a po3aijiom

1. CkoHCTpyHOBaHO 1 BHIOTOBJCHO CHEI[laJIbHY HaJBHUCOKOBAKYyMHY
ycTaHOBKY (rpanmunmii THCK 1-10™7 Topp) 3 Ge3MacisSHIMK 3aco0aMH BiKAUKH, IO
J03BOJISIE TIPOBOJUTH MAacC-CIIEKTPOMETPUYHI JTOCHI/DKCHHS 3aJIMIIKOBUX Ta3iB 1
ra3oBUALIECHB 3pa3KiB.

2. Po3p0o06JieHO 1 BUTOTOBJIEHO BUCOKOE()EKTUBHY CUCTEMY CTaO1Ti3a1lii HarpiBy
3pa3KiB, IO JO3BOJISIE 3a JOMOMOTOI0 EJIEKTPOHHOrOo OoMOapayBaHHS JOCATaTH
temneparypu 3200°C 1 miaTpumyBaTH ii B mpoleci BUMIPIOBaHb 3 TOYHICTIO, HE
mente 3a 0,5%, a Tako Ha/liifiHy METOJMKY BU3HAYCHHS TEMIIEPATYPH.

3. Po3po0neHo MeTonuKy BHBYEHHS IMPOIIECIB BUMAPOBYBAHHS TYTOIUIABKUX
MeTaJliB MeToJIoM JIeHrMiopa (BUIMapoOBYBAaHHSM 3 BIAKPUTOI moBepxHi). TicHu# 301r
OTPUMAHUX PEe3yJbTATIB MO THUCKY Iapu 3ajli3a 3 JITePaTypHUMU JAaHUMH CBIIYUTH
PO HAAIMHICTD PO3POOIEHOT METOIUKH.

4. Po3pobieHO METOIMKY 3HEBYTJICIIOBAHHSI TYTOIIJIABKUX METAJIIB Bi/MMaIoOM B
atmocoepi kucrio (107 Topp).

5. JIns BUBYEHHSI MPOLIECIB BUMMAPOBYBAHHS MEPEXITHUX METAJiB 3aCTOCOBAHO
Mac-CIIEKTPOMETPUYIHY METOJIUKY Ta METOJI 3BaKyBaHHS MIIICHEH.
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6. CTpyKTypHI JOCHIDKEHHS TPOBOIWIM 3a JIOMIOMOTOK PEHTTEHICKOI
yctanoBku  JIPOH-1 3  MOHOXpOMAaTMYHUM  BUNPOMIiHIOBaHHSIM Mo 1
MOHOXpoMmaTopoM 3 Kpuctana LiF, a enekTpoHHI BJIaCTUBOCTI BUBYAIM ILISIXOM
BUMIPIOBAHHS Ta aHali3y KyTOBOro posnoaury aHirumniiaux ¢ortoniB (KPA®D) na

ycTaHoBIl Y A-64, 1110 peajizye MEeTO/T MO3UTPOHHOI CIIEKTPOCKOITI].
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Posnin 3 BIUIMB JIOMINIOK BTLUIEHHSI HA CYBJIMAIIIAHI
BJACTUBOCTI MOJIUBJAEHY, PEHIIO, IPU/IIIO TA OCMIIO

3.1 BunapoByBaHHS MOHO- TA MOJIKPUCTAJIIYHOr0 MOJIi0AeHY

Jlis BUBYEHHs BIUIMBY JOMIIIOK Ha MapaMeTpH BUIIAPOBYBAHHS MOJIOIEHY
OyJI0 TMPOBENEHO JOCHIKEHHS BUIAPOBYBAHOCTI MOHOKPHUCTAJIB MOJIOICHY B
YMOBaX HaJIBUCOKOTO BaKyyMy.

JlochikeHHsT POBOAMIIMCS HAa MOHOKpHCTaJlaX MOMIOAEHY 3 BIAXUJICHHSIM
JoCHKyBaHo1 moBepxHi Bijg riomuHu (110) He Oinbmie HK Ha +5°. PobGoua
MOBEPXHS 3pa3KiB peTesIbHO NUTi(hyBasach 1 MOJipyBajIach.

Jlis BUMIpIOBaHHS MPY>KHOCTI Mapy MOMIOJE€HY BUKOPHUCTOBYBABCS OAMH 3
BapiaHTIB audepenItiaapHoro Metoa Jlenrmropa [90].

3a0pynHEHHs Ha MTOBEPXHI 1 B 00'€eMi TOCTIKYBAHUX 3Pa3KiB BUKITIOYAIIACS 32
JOTIOMOT' 010 BHUCOKOTEMITEPATYPHOTO BIJIMIAITY 0e3nmocepeIHbO nepen
eKCIIEpUMEHTOM. be3 Takoi 0O0poOKH pe3ynbTaTh eKCIEPUMEHTY CIOTBOPIOIOTHCS
(puc. 3.1). CrabinbHiI 3HAYEHHS TPYKHOCTI TapW MOJIOJEHY OTPUMAHO MiCIIs
Bianany 3a temmnepatypu 2400°C npotsrom 1 rox. 3a OuUIbll HU3BKUX TEMIEPATYP
yac Biamanmy 3HayHO 30i7bInyBaBcs. Yac  ekcmosuiii  TpW  TOCTIIKEHHI
BUITAPOBYBAHHS, SIK TIPABUJIO, MIOPIBHSIHO HEBEIMKUN (ICTOTHO MEHIIIE, HXK TTOTPIOHO
JUISL OUYMIICHHSI 00'€KTY JOCHIIKEHHS), 110 TPU3BOJUTH J0 OUIbIII BUCOKHUX 3HAYEHB
IIBUKOCTI BUMapoByBaHHs. Jl1MiCHO, MOCHI/DKEHHS TIOKa3alid, IO BiAman 3a
temnepatyp O0mu3zbko 2100-2300°C npoTsromM AEKUIBKOX TOJAWH HE MPHU3BOJMB 0
€(EeKTUBHOTO OYMILECHHS 3pa3KiB, TOMYy OTPUMaHI IIBHUJKOCTI BUIIAPOBYBAHHS Oyin
1CTOTHO BHIII, HDK HaBeAeH1 Ha puc. 3.1.

[{imkoM HMOBIpHO, TapaMETPU BIANANY JUIsl KO)KHOIO KOHKPETHOIO MaTepiairy
Pi3HI 1 3aJ1€KaTh BiJ TUITY 1 KIJIbKOCT1 TOMIIIIOK.

HeoOxigHO BiA3HAUUTH, IO PO3UYMHEHI Ta3d MOXKYTb MaTH BU3HAYAJIbHUI
BIUIMB Ha PE3yJIbTaTU AOCIIKEHb, OCKUIbKU MPU HArpiBaHHI 3pa3ka (1 MOB'A3aHUX 3
HUM KOHCTPYKIIM) CTBOpPIOIOTH BiacHy "atmocdepy". ['a3u, po3umHeHi B

JIOCIIKYBaHUX O0'€KTax, MpU HarpiBaHHI 3pa3KiB BCTYNAlOTh B PEAKIIl0 3
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MMOBEPXHEBUMHU aTOMAaMHM, IO MO3HAYAETHCS HAa IMIBUAKOCTI BUMapoByBaHHs. Ckiana
3QJIMIIKOBOT aTMocdepH 1 CKJIaJl Ta30BU/IJIEHb 3 €JIEMEHTIB KOHCTPYKIlli Ba)KJIMB1 B
EKCIIEPUMEHTI, TaK 5K, 3 OJTHOTO OOKY, TO3BOJITIOTH BUKJIFOYATH TOMIJIKH, TIOB'sI3aHi 3
0OTOBOPIOBAaHWMH BUIIE TMPOIECAMH, a 3 IHIIOTO — TOYHO BIATBOPIOBATH YMOBH
excriepuMenty. [lpu mpoMy ciig MaTH Ha yBasi, IO MOTOKH aKTHBHHX Ta3iB Ha
MOBEPXHIO 3pa3ka (SK 330BHI, TaK 1 BCEPEIMH1) MMOBUHHI OyTH 3HAYHO MEHIIII 32 MOTIK
aTOMIB MaTepially BUIAPOBYBAHOI PEYOBUHU, IO JOCATAETHCS 3HWIKEHHSM THCKY B

. . -8 .
cuctemi Hmwkuye piBHA 1-107 TOpp 1 peTeabHMM 3HEraXyBaHHAM 00'€kTa

JIOCIIJDKEHHS.
P -10°, Topp
7 [®)
\l
5 A\
k2 I |
[e]

a 20 40 t, xB
Puc. 3.1. 3anexHicTh THUCKYy Mmapu MoJIOJIEHy BiJg Yacy Bigmaiy 3a

temrepatypu 1 = 2400°C.

VY nepeBaxkH1i ke OLIBIIOCTI pOOIT 3 TOCIHIHKEHHS BUTIAPOBYBAHHS BKA3YEThCS
JIUIIE 3araTbHUM THCK 3aJIUIIIKOBUX Ta3iB, X04a Bigomi cipoou [91] BpaxyBaTu cKiiaj
rasiB. [l{ompaBna, 1 B 3a3Ha4eHi poOOTI CKJIaJ 3aJIMIIKOBOI aTMoc(epu OyB TOCUTH
CKJIaJIHUM, a 3arajJbHUI TUCK 3HAYHUM, 1110 HE JO3BOJISJIO MOBHICTIO KOHTPOJIOBATU
BIUIMB PO3YMHECHHX Ta3iB.

Bakyymna cuctema 1 3acoOM BiJKadyyBaHHS, BHUKOPUCTaHI B JaHii
AUcepTaliiiHiil poOoTi, T03BOJIMIN OTPUMATH JyxKe 4ucTi ymMoBH. CyMapHHil THCK
3IMIIKOBUX Ta3iB (puc. 3.2, a) BU3HA4YaBCs, B OCHOBHOMY, BOJHEM, aproHOM 1
HE3HAYHOIO KinbKicTio — 28 Bar.% (N,5, CO"). 'a30ButiieHHs eNeKTPOHHOT rapMaTH
OyJI0 3B€ICHO JI0 MIHIMYMY HUIIXOM TPUBAJIOTO TPEHYBaHHA 1, K BUJHO 3 puC. 3.2,

6, CIIEKTp Ta31B HE3HAYHO BIJPI3HIABCA BiJ MOYATKOBOTrO. EeMeHTH KpiIjieHHs 3pa3ka
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BUJIUJISITM HE3HAYHY KiJTBKICTh Ta3iB.
[Ipu HarpiBa"Hi MOdiOAEHY BiAOYBanOCs 3Ha4YHE ra30BUILIEHHS (puc. 3.2, 8).
[Tomanpmmii BiAman 3pa3ka MPU3BOJWB O 3HAYHOTO 3MEHINEHHS THUCKY aKTUBHUX

ra3iB (puc. 3.2, 2, 0) 1 Ipu LOMY TUCKY BOHH B)X€ HE MaJli IIOMITHOTO BIUIMBY Ha

BUIIAPOBYBAHHA.
&idn. 00,
100 |- rz0% o
75 |-
50 ‘s
25 P +z; +;
| 11 1
100
75 . g
50 =]
+ey ‘e + 4o
2= = s
l i 1 I 1 1 1
00T, N 'ET*E‘* .
= = - =
[ ) + e * J
i = = <
a0 +
25 & ‘ 5}
ol ‘ 1 1 L
100 |
75 | 2
+ = + e
aoff  E] =
20 F + :-:’. = AR
= = % S
'Eattri i l i P |
a0 v
*
=
?,5 i + a-l
af =, s
* = et
25 PR T
1 I!=11 1 11 1

w20 a8 40 m/e

Puc. 3.2. CnexTpu 3ajquIIKOBHX Ta3iB y BUMIpPIOBaJIbHIM Kamepi: a — 0e3

HarpiBy 3paska, P=4-10"" topp; 6 — 3a BBiMKHeHoi rapmaTu, P=1-10" Topp; 6 — npu

Harpisi 3paska 1o 2400°C, P=3-10" topp; 2 — uepe3 30 xB. micist oporpisy, P=1-10"
TOpp; 0 — wepe3 60 XB. micist mporpisy, P=6-10" Topp.

Tuck mapu momnioneny nicns Bianany npu 2400°C mpoTsSroMm OJiHI€T TOAUHU
BuMipioBanu B iHTepBam 2020-2400°C. Pe3ynpTaTi BUMIpPIOBaHb MPEACTABICHO HA

puc. 3.3 1 B Tabm. 3.1.
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OOpoOneHi METOAOM HaWMEHIIMX KBaJpaTiB pe3yJibTaTH BUMIPIOBaHb THCKY

napu MOJII0IeHY BUPaXKaIOThCS PIBHSIHHSIM

31900

lgP = 9,41 — 3.1)

Temota BUMapoByBaHHA AJI1 JAHOTO 1HTEpBaly TeMIIEpaTyp CTaHOBUTH 146

KKaJI/MOJb.
_2
QQP \}\a \
-3 b \9'.
N M
N,
~ % \:3

3,6 4,0 4,4 4,8 15,2
I_C_}
T

Puc. 3.3. 3anexHicTh TUCKY Iapu MoJIiOJ/IeHY BijJl 0OEpHEHOI TeMIlepaTypu: O —
eKCIIEpUMEHTaJbHI JaHl Ui 3pa3ka michas Biamamy; A — g 3paska  0es

MoNepeAHHOTO BiANANY; O — JJISI MOJIKPUCTAIYHOTO 3pa3Ka.

Jlns 3'scyBaHHS BIUTMBY aJICOPOOBAHMX 1 pO3YMHEHUX T'a3iB Ha BUIMIAPOBYBAHHS
IPOBOJMIINCS TaKl EKCIEPUMEHTH: 3pa3Kh MOHOKpHCTalla MOJNIOJEHY peTeabHO
3HETaXyBaJuCh HUIAXoM mporpiey mnpu 2400°C mpotsirom 2 TOOMH B YMOBax
HAJBUCOKOTO BaKyyMy, a TMOTIM BUTPUMYBAJIHMCS Ha TOBITpI 3a KIMHATHOI
temriepaTtypu. OTpumaHi 3Ha4YeHHS NPYXKHOCTI Mapu, SK BUAHO 3 puc. 3.4,
30UTBITYBAIMCS B KUTbKA Pa3iB y MOPIBHSIHHI 31 3HAYCHHSIMU TSI 3pa3KiB, BIAMATICHUX

0e3mocepeIHbO Tepe]] CKCIICPUMEHTOM.
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Ta6muis 3.1. [lIBuakocTi BUMapoByBaHHS 1 TUCK TTapu MOJTIOIEHY

Ne| 7°C | t,¢c | Am-10° 1| G-107, r/em’c | P-10°
1 [2400] 930 | 110,7 361,0 326,0
2 12400 600 | 67,93 343,0 310,0
312400 | 360 | 35,29 297,0 269,0
4 12320] 330 | 28,23 142,0 127,0
52270 ] 660 | 26,03 65,5 57,7
6 |2240| 210 | 7,499 59,3 52,0
7 [2170] 780 | 12,35 26,3 22,7
8 [2120] 870 | 7,94 15,2 13,0
9 [2070]1110| 3,97 5,94 5,03
102020 | 900 | 2,205 4,07 3,41

Pe3ynbpTaT BUMIpIOBaHHS THCKY IMapu JJig MOJIOJEHY, IO HE IiJaBaBCs
3HETa)XyBaHHIO, OOpOOJIEHI METOAOM HaWMEHIIMX KBaJIpaTiB, BHUPAXKAKOTHCS

PIBHSHHSM:

34200

IgP = 10,89 — (3.2)

Tennora BumapoByBaHHs Mo JJii JAHOTO 1HTEpBAILY TeMIEpaTyp CTAaHOBUTh
156 xkan/momb.

BmiivB Ha BUNApOBYBaHHS «BJIACHO» aTMoOcepu OO0'€KTIB MiATBEPIAKYETHCS
TakoX AaHuMu podotu [102], ne Oyno mpoBeaeHO BUBYEHHS BUIIAPOBYBAHHS PALY
METaNiB 3 BIAKPUTOI MOBEpPXHI 1 B e(y31HHUX Kamepax B 3aJIEKHOCTI BiJl THCKY
3IMIIKOBUX Ta3iB. B edy3iiiHMX kamepax MPyXKHICTh Mapu BUXOJWJIA BHUIIOIO, IO
MOB'SI3aHO 3 HASBHICTIO B KaMmepax 3ajJMIIKOBOI arMocdepu. | xoda mociigKeHHS
IPOBONMIN B BakyyMi 8:107 Topp, pe3y/IbTaTH OTPHMAHO TaKi K cami, SIK i ais
BHITAPOBYBAHHS 3 BIAKPUTOT MOBepxHi B BakyyMmi 1-3-107 Topp.

B pamkax paHoro pociimkeHHS Oylid TPOBEACHI TAaKOXK EKCIEPUMEHTH 3

MOJIKPUCTAIYHUM MOJIOACHOM, OTPUMaHHUM IIJISIXOM €JIIEKTPOHHOIPOMEHEBOT
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TeperIaBKi MOJTIGIEHOBOTO IOPOLIKY BHUCOKOI YHCTOTH y Bakyymi 5107 Topp.
Uucrota Takoro MojioaeHy Oyna 3HAYHO HUXKYOKO, HIK Y MOHOKPUCTAIIYHOTIO,
OCKUJIbKH THCK IMapy MOJIKPUCTAIIYHOIO MOJIIOACHY BUSBUBCA Ha0araTo BHUIIIM, Hik
Y MOHOKPHUCTAJIIYHOTO, [0 MOSCHIOETHCS BETUKOIO KUIBKICTIO 3a0pyAHEHb. Y TOH XKe

4ac, CyTTEBOI PI3HMII Y BEJIMUMHAX TEIUIOTH CyOIiMallii HE CIIOCTEPiraaocs.

Puc. 3.4. [lani mo Tucky napu mMoii0aeHy, HaBeneHi B podotax [80, 81, 92, 122

- 124]: o — mani po6otu [92]; A — pobotu [122]; 0 — pobotu [124].

3 ganumu pobotu (puc. 3.3) TICHO 30iraroTbCs PO3paxyHKOBI 3HAUYCHHS
PY>KHOCTI mapiB MonioaeHy [81] 1 ekcriepuMmeHTanbH1 gaHi podotu [92] (puc. 3.4).

SKmo TOBEpXHS 3pa3ka MIANAETbCA BIUTUBY 3aJMINTKOBOI  aTtMocdhepu
CKJIQJIHOTO CKJaTy, TO Ma€ CIOCTEpiraTHCs 3MiHa IMIBUIKOCTI BHUIIAPOBYBAHHS 1
eHeprii cyoumimariii, OCKIJIbKH, OKpIM MOJI10ieHy, Oy/e BiAOyBaTUCS BUIIAPOBYBAaHHS
MOJIEKYJ1 MPOAYKTIB MOro B3a€MOAIl 3 3aJMIIKOBUMH Ta3aMH. ToMy pe3yJbTaTH,
OTpUMaHi1 B YCTaHOBKaXxX 13 3aCTOCYBAHHSIM IMapOMACISTHUX HACOCIB, BEJIbMHU BaXKKO
MIJAI0THCS aHAMI3y 4Yepe3 CKIIAIHICTh, a MOJEKYIU 1 HEeMOXKJIUBICTh, BpaxXyBaHHS
XapakTepy B3a€MOMIl 3a CKJIAQJOM 3aJUMIIKOBOI aTMocepu 3 TMOBEPXHEIO

,Z[OC.TIi,Z[}KYBaHOI‘O 3pa3ka. Sx IMpaBUIO, B 3a3HAYCHUX YMOBAX BUXOJATH 3aBUIIICHUMU
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3HAYCHHS SK TEIJIOTH, TaK 1 MIBHUIAKOCTI BUMApOBYBaHHs. ToMy cTae 3p03yMilIoOr0
BIIMIHHICTH pe3yJibTaTiB poOiT [80, 122-124] 1 oTpuMaHuX HAMU JaHUX.

[Ipo 3a0pyaHEeHHS MOBEPXHI CBUYaTh BHUMIPIOBAHHS BUIIPOMIHIOBAILHOI
smatHocTi [124], mo BusBuiacs Ha 10—-15% Bumioro 3a TabiudHi 3HaYCHHS. Bruims
TUCKY  3aJMIIKOBMX Ta3iB Ha TapaMeTpd  BUMNAPOBYBaHHSI  MOJIOAEHY
MIATBEPIKYETHCS  TOCHIDKEHHSAMH, TpoBeAcHUMU B poOoti [102]. [lopiBHAHHS
gaHux poootu [102] 31 MIBUAKOCTAMU BUMIAPOBYBAHHS, OTPUMAHUMU B poOoOTI [94] 1
HaMmH, Tokazye, 1o gaHi [102] nmemo 3aBuimieni. Po6Gotu [78, 123] € HaiiOuibII
paHHIMH 1, HE3BaXKAIOUM Ha PETEIbHICTh MPOBEACHUX B HUX JOCIIKEHb, OTPUMaHi
3HAQYCHHS MPYXKHOCTI Mapu MOJIOACHY CYTTEBO BIAPI3HSIOTHCS BiJ HABEJACHUX B

O1IBLI Mi3HIX PoOOTAaxX 1 BIAHOCATHCS A0 MOJIIOAEHY 31 3HAYHOIO KUIBKICTIO JIOMIIIOK.

3.2 CybOaimaniiiHi BJJaCTUBOCTI MOHOKPHUCTAJIIB PEHil0

B nmaniii poGoTi cTaBWIOCA 3aBJaHHS BUBUMTH BIUIMB JOMIIIOK Ha
cyOJiMaIiiiai BJaCTUBOCTI MOHOKPHUCTaJIB peHito. OKpiM TOro, J1aHi 3a mapameTpamMmu
cyOmimMarii peHilo NpeACTaBIsAIOTh CaMOCTIMHUN 1HTEpEC, TaKk SK B JITeparypl
BIJICYTHI Ha/Ii¥H1 B1JIOMOCTI 10 TUCKY MOT0 HACHYEHOI MapH.

B poGoTi BHUKOpPHCTaHO MOHOKPHCTaIM PEHIIO, OTPUMaHi METOJOM
0e3TUreIbLHOr0 30HHOTO TUIaBJIEHHs Ha 3apoAKy opieHTarii [0001] i3 3acTocyBaHHAM
XIMIYHHMX Ta (HI3UYHUX METOJIB JJIs X MOAAIBIIOT0 OYMIIEHHS BiJ qomimiok [125]. 3
MOHOKPHUCTAIIB JIIaMETPOM OJU3bKO 8§ MM €JEKTPOICKPOBUM CIIOCOOOM BHPI3aIHCS

Iacki 3pa3ku 3 po3MipamMu 8X8X2 MM, IMOBEpXHI SAKUX OylIu mapayielbHi

kpucragorpadiuanM  rommuam  (0001) 1 (0110). ToumicTe BHBEACHHS
kpuctanorpagiuaux  mwiomuH  10-20".  Jng  BupmameHHs — 1epopMoOBaHOTO

€JICKTPOICKPOBOIO PI3KOIO APy 3a JOMOMOTOI €JIEKTPONOIipYBaHHS 3HIMABCS IIap

O0m3pko 150 MKM 171s1 TUTOTITH (OITO) 1 250 mxm st oromwH (0001). KonTpoas
YUCTOTHU MOHOKPHUCTANIB 3[1MCHIOBABCS BUMIPIOBAHHSIM BIJHOCHOTO 3aJIMIIKOBOTO
onopy (Rsa=Ryos/R4ox), @ KUIBKICHE BHU3HAYEHHS JOMILIOK IPOBOAMIIOCA Mac-
CIIEKTPOMETPUYHHUM Ta XIMIYHUM METOJIaMH aHami3y (Taou. 3.2).

BuBuennst cyOmimariii nmpoBoamiiocs B iHTepBaii temmepatyp 2630-3030°C.
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JInst BumanmeHHS Ta30BUX 1 JIETKOJIETKUX JOMIMIOK 3pa3Kd BIAMATIOBAIN 34

temnepatypu 3030°C npoTsArom KiIbKOX TOJIHH.

Tabmums 3.2. BMiCT 0CHOBHUX JAOMIIIOK B MOHOKpHUCTaNax Re pi3HOi uncroTu

nicis 2 roa Bianany mpu 2700°C.

JIoMIIIKH 3aMIIICHHS
o R, =600 R..,=8000
1 BTUICHHA
Al 6-10” 2-10”
Mo 2-10™ <1-10™
Cu 3-107 1-10°
Si 5-10” 5-107
Ta <5-10™ <5-10™
C ~1-107 <1-107
Na, H, ~1-10™ ~1-10™
0, ~107 ~107

3naueHHs mapameTpiB cyOmimarii 1y rpaneit (0001) MOHOKpHCTANIB PEHIIO,
orpumaHi B iHTepBam Temmepatyp 2630-3030°C, 1iCTOTHO pO3PI3HSIOTHCS.
[IBuakocTi cybmiMariii (TUCKY mapu) i 6a3MCHOI TUIOIMIMHA MOHOKpHUCTaNa 3 R,,, =

600 OimbImi HIXK a1 MOHOKpHUcTana 3 R,,; = 8000 (puc. 3.5). Jlesika BiIMIHHICTh B

mapamerpax cyomimanii € Takox st rpaseii (0110), ane BeamumHa ii MeHIIa, HiX
st tpanerr (0001). IlIBuakocTi cyOmimariii Juisi TPU3MATUYHOI TUIONUHU O1TBII
YHCTOr0 MOHOKPHUCTAJIA BUIIII, HIX JIJI1 MOHOKPHUCTAJIa MEHIIIOT YUCTOTH.

[TopiBHSHHS pE3yIIbTaTIB, OTpUMaHUX TUTST TIBOX OCHOBHUX
KpucTasiorpagiyHUX IUIOMIMH MOHOKPHUCTANIB PEHII0, IOKa3ye, M0 IIBHAKICTb

cyOmimariii 31 30UIbIIEHHSAM 4HCTOTH MeTany g rpani  (0001) momiTHO
3MEHIIYEThCS, a [JIs TpaHi (0110) BoHa TPOXU 30UTBIIYETHCS. 31CTaBICHHS
napamerpiB cy6aimauii rpaueit (0001) i (0110) ogHOrO i TOro * MOHOKPHUCTAILY
MOKa3ye HAasSBHICTh aHI30Tpomii CyOJiMaIliiiHUX BJIAaCTUBOCTEM MOHOKPHUCTAIIIB
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penito. Jlns moHokpuctamiB 3 R,,, =600 BiIMIHHICTh B MIBUAKOCTIX CyOMiMarii s
pI3HUX TpaHell HeBenuKa (puc. 3.5, a), BOHA CTa€e MOMITHOIO 32 BUCOKHX TeMIIepaTyp,
e mBHAKOCTI cy6iMauii s rpani (0110) Gimbi, mix st rpari (0001). IeroTHa
BIIMIHHICTh B IIBUAKOCTI CyOmimMarii Jyisi pi3HUX TpaHEd oOTpuMaHa IS
MOHOKpHcTana 3 R,,,=8000 (1us. puc.3.5, 6). IlIBuakicts cy6uimanii 3 rpaui (0110)

B KUJIbKa pa3iB Oinbina, Hixk 3 rpani (0001).

_ &p
: |
-30 F\\2 -30 F\—
a-0oot)p ... ' -
la-(ot1aRoce 600 % o800
-34 -3k -
-38 38 -
42 42
-k — 46 \\
-50 A -50 \ —
52 3% 36 38 10/TK o % 3% B g
a 7]

Puc. 3.5. BmnuB opieHTalii Ha TeMIIEpaTypHY 3aJIeKHICTh THUCKY Iapu

MoHokpucTamB Re 3 R,,; = 600 (a) ta 8000 (6) (myHKTHP — pO3paxXyHOK).

JlocmipkeHi MOHOKPHCTaJIM PEHII0 B IOYAaTKOBOMY CTaHI BIJIPI3HSAIOTHCS
BMICTOM JICIKHX METaJCBHUX JIOMIIIOK 1 JOoMimiok BTiieHHs (Tadm. 3.2). o
cTocyeThes toMimok 3amimieHHs (Al, Cu), BoHu MarOTh Habarato OUIbIII IIBUIKOCTI
cyOJimartii, Hi>k OCHOBa, TOMY BUAAQJISIOTHCS B 3HAYHIM Mipi B MPOIIECi MOMEPEIHHOTO
Bignaixy. KpiM Toro, mpu 1ipoMy BUJQISIOTHCS TakoX Jomimku BTUieHHA H, N, O,
0 KOHTPOJIOETHCS MAac-CIIEKTPOMETPUYHO. BuHCOKoTeMIlepaTypHUM  BiAmaaoM
ByIJIellb 3 TYTOIUIaBKMX METaiB BUJAISETHCS B OCHOBHOMY Yy BHUIJISIIIL
razoyTtBoprorouux crnoiyk (CO, CO,, C,H,,) [126]. OnHak, BHECOK IIUX peakiiiii B
YMOBaxX HaJIBUCOKOT'O BaKyymy 1 BHaciigok Maioro Bmicty O 1 H B MOHOKpuCTanax
peHito He3HauyHud. Takum 4MHOM, TICHs Biamanay 3a temrmeparypu 6au3pko 3030°C

MPOTATOM JIEKIJILKOX TOJUH 3pa3Ky PI3HUX MOHOKPUCTATIB PO3PI3HSIIUCS, TOJIOBHUM
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YUHOM, BMICTOM JOMIIIOK BYTJEI0. Tak sSK mporec cyosmiMarii BiOyBaeThCs 3
MOBEPXHI KpUCTala, CyOJiMalliiiHl BJIACTMBOCTI BHM3HAYalOThCS, B MEPIINy 4Yepry,
CTaHOM MOBEPXHI 32 BUCOKUX TEMIIEPATYp.

Bigomo [63, 127], mo Byrjiens MOXEe HAKOTMYYBAaTUCS HA MOBEPXHI PEHIO 1
HOTo MOoBEepxXHEBa KOHIIGHTpALlisl MPH I[IbOMY MEPEBUIIYyE 00'€MHY B KUIbKa pasiB (Ha
nopsAaok). TakuM YMHOM, 3a BHUCOKHX TEMIIEpaTyp BIAOYBA€ThCS MEPEPO3MOILT
JIOMIIIIOK, 30KpeMa BYTJICITI0, MK MMOBEPXHEIO 1 00'eMOM KpHUCTaa, Mo 0€3CyMHIBHO
BIUIMBA€E Ha MapameTpu cyOmimarii. ToMy, B pa3i 00'€KTIB, IO MICTATHh JOMIIIKH,
terota cyomiManii (AHr) € neskorw «epeKTUBHOI» TEIUIOTOK CyOmimartii, mo
XapaKTepu3y€e HE TUIbKKM BEJIMYMHY €HEeprii Mi>KaTOMHOTO 3B'SI3Ky, a ¥ BijgoOpaxkae
3MIHY KOHIIEHTpaIlii AoMimoK. TakuMm duHOM, BenmuduHU AHp (Tabdn. 3.3) MOXyTh
TIIBKA SIKICHO XapaKTepHu3yBaTH BHUCOKOTEMIIEpaTypHI BJIACTUBOCTI Marepiaiy.
PesynbpTaTn BuUMIpIOBaHHS TerjioTH cyOmiMarii (T1a67.3.3) moka3ywoTh, MmO 31
301JIBIICHHSAM KOHIIEHTpAIll BYTJIEII0 B MOHOKPHUCTAJl PEHII0 TeIioTa CyOiMarii
s pani (0001) 3menmyerbest. Lleit pe3ysbTrar KOpeiroe 3 JaHUMH, OTPUMAaHUMU
JUIs. MOHOKpHUCTaJIiB Bosibdpamy [57], ne AHr 3MEHIIIY€eThCS 31 30UIBIIICHHSM BMICTY

BYTJICLIO.

Tabmuns 3.3. BrumB unctotT MOHOKpHUCTaniB Re Ha TemmoTy cyOmiMarii

OCHOBHUX KpucTanorpadiyHuX MIOUIIH.

R,., | Opienrartis 3pa3kiB | TeroTa cyomimartii AH (Kkaa/MoJb)
(0001) 142+1
600 -
(0110) 170+1
(0001) 151+1
8000 -
(0110) 165+1

31 3MiIHOIO YHCTOTH MOHOKPHUCTAJIB peHito BennunHa AHy nist mnomua (0001)
3MIHIOE€THCSI 3HAYHO CHJIBHIIIE, HDK JIUIST TIOIIMH (OITO), 10 MOX€E OMOCEPEIKOBAHO
CBIJUUTHU TIPO aHI30TPOIIIO PO3MOALTY BYTJICIIO BIIHOCHO 3a3HAYEHUX IPaHEH.

AHI30TpONHMHA po3mogin goMmimok Ha rpassx (0001) i (0110) moxe 6yt

MOB'I3aHUHN 3 PI3HUMH aJCOPOLIMHUMH BIACTUBOCTAMHU IIUX TpaHel, 10 32 BUCOKUX
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TEMIIEPATyp MOXE MPU3BECTH [0 PI3HUX KOHIIEHTpAIliil BYIJELUI0 Ha MOBEpPXHI
rpadeii. KpiM TOro, po3mojisi BYIJICIO B TIpaTill PEHIIO MOXKE MPHU3BOJUTH JI0
aH130TPOITIi B3a€MO/III aTOMIB PEHil0 1 ByTJIelo (K 1 B pa3l Boiab(dpamy 3 ByTJeleM
[51]), m0o Mae MpPU3BOAMTH [0 PI3HUX MapaMmeTpiB MiKAaTOMHOI B3aemoxii. Ha
KOPUCTh TBEP/KEHHS MLIOJ0 AaHI30pTpOMii MOKe BHUCTymaTH W Te, IO Ha
MOHOKpHUCTAJIaX PEHII0 CIOCTEepIraeTbcs aHi3oTpomiss MikpoTBepaocti [128],
BEJIMYMHA SIKOI 3aJIeKUTh BiJl YACTOTH MOHOKpHCTana. [Ipu migBUINEHHI YHCTOTH

MOHOKpHUCTaJIa MIKpOTBepaicTh OazucHoi mommHu (0001) 3MeHIIyeTbcs B

MOPIBHSHHI 3 IPU3MATUYHOIO (0110), wo TIOB'SI3YETHCS 3 AHI30TPOITHUM PO3IOI1IOM
JIOMIIIOK B CAMOMY KPHUCTaJII.

[li pe3ynbTaTd KOPETIOIOTh 3 JAHUMHU MO CYONIMAaliifHUM BIIaCTUBOCTSIMH,
OTpUMaHUMH B fAaHid poOoTi. Ha Biaminy Bin 3HaueHb AH7, 1 HOCTIHKEHUX
MOHOKPUCTAJIIB OUIBII TOYHOK XapaKTEPUCTUKOIO, IO BigoOpa)kae BEIUYUHY
MEXaTOMHOTO 3B'I3Ky aTOMiB, € IIBHUAKICTb cyOmimarii. ToOTo MoOXHA
CTBEp/KYBaTH, IO IOCHJIEHHS MIDKAaTOMHOTO 3B'SI3KY BiAMOBi/la€ 3MEHIICHHIO
MIBUKOCTI cyOmiMaltii i HaBMakwu.

3anexHICTh MBHUIKOCTI CyOIiMaIlii Bil YUCTOTU PI3HUTHCA IJISl PI3HUX TpaHEil.
Tak, mns rpani (0001) mBuaKicTe cyOmimarii 31 30UIBIICHHSM KOHILIEHTpAIil
JIOMIIIOK 3HAYHO 36iMbIIyeThCs, a 1t rpani (0110) HaBImaKH, JeIo 3MEHIIY€EThCSL.

[TopiBHSIHHS pI3HUX TpaHEHd OJHAKOBUX MOHOKPHUCTAJIB PEHII0 IOKa3zye
HAsBHICTh aHI30TpoOMmii MBUAKOCTI cyOmimamii. B 000X Bumagkax MIBUIKICTH
cy6uiMauii 3 rpari (0110) 6inbiua, Hix 3 rpani (0001) i 3 MiIBHUIIEHHSM TeMIepaTypH
115 Pi3HUIA 301UTbIIyEThCA. [le MOKe CBIMUUTH MPO MEPEPO3MO i JOMIIIOK BYTJICITIO
3a BIUCOKHX TEMIIEpaTyp, B PE3YJIbTaTi SKOTO BiOYBAETHCS TIOCHUIICHHS MI>KaTOMHOI
B3a€MO/Iii B Ipatii peHito. st O1IbIIT YUCTOr0 MOHOKPHCTAIa BEIMYMHA aH130TPOMil
O1spLIa, 10 MOXKE OYTH MOB'SI3aHO 3 BIUIMBOM JOMIMIOK.

TakuM 4MHOM, MPOBEJICHI JOCTIHKEHHS MOKAa3yI0Th ICTOTHUM BIUIMB JOMIIIIOK

BTUICHHS Ha CyOJIIMAIliiftHI BIACTUBOCTI MOHOKPHUCTAJIIB PEHIO.
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3.3 IlapameTpu BUNIAPOBYBAHHS MOJIKPUCTAJIYHOIO ipHaito

HasiBHi y miTepaTypi po3paxyHKOBI 3HAUCHHS IapaMeTpiB BHUIIAPOBYBAHHS
ipuniro [102, 107, 129] MOXyTb pi3HUTHUCS Ha MOPAIOK BEIUYMHHU. TOoMy HEOOXITHO
OyJl0 OoTpUMaTH HaJIMHI €KCIEPUMEHTAJbHI JIaHl MO BHUIIAPOBYBAHOCTI ipujait0. 3
€0 METOI0 OyJI0 MPOBEACHO AOCTIKEHHS MOJIKPUCTAIIYHOTO 1PUIII0 YHCTOTH
99,78%. Tuck 3aMMIIKOBUX Ta3iB y BHUMIPIOBaJbHIA BaKyyMHIM Kamepi MiJ dYac
eKCIIEPUMEHTIB HE TepeBuIyBaB 1,3 107 Ila. Jlns BUmaNeHHS JNETIOYMX JOMIIIOK 1
ra3iB mepes BUMIPIOBAHHSM 3pa30K BIANATIOBAINA MPOTATOM JACKUIBKOX TOAMH MPH
MOCTYNOBOMY  MiABUIIEHHI Temmepatypu g0 2300°C. VYMoBM ojepKaHHS
MOJIIKPUCTANIB 1pUJIII0 HaBelAeHO B Tabmuui 3.4. Y mpolieci BiAmagy BHAAJCHHS
ra3oBUX JOMIIIOK PEECTPYBANIOCA 3a 3MIHOIO MAacC-CIIEKTPIB 3JIMIIKOBUX Ta3iB y
BUMIPIOBAJIbHIN KaMepi, a BUAAJICHHS JICTIHOUUX JTOMIIIOK — 32 3MIHOIO IITBUIKOCTEH
BUMApOBYBaHHA. OCHOBHUMHU Ta30BUMH JIOMIMIKAMH, IO BUAULIIUCA TPH IBOMY,
Oynu (B mopsiaky 3meHuieHHs iHTeHcuBHOCTI mikiB) CO, CO,, CHy. IIBuakocTi
BUIAPOBYBAHHS [T/ Yac BIJANaNy 3MEHIINyBaIHUCsS Maike B 2 pa3u. CraOuIbHHX

3Ha4YeHb BOHU HaOyBanw micyisg S0 xB Biamany 3a Temmnepatypu 2300°C.

Tabmuns 3.4. YMOBHM OJepKaHHS MOJIKPUCTANIYHUX 3pa3KiB IpUIil0 Ta

TeIUI0TH cyOmimanii AH.

Yucrora
Ne ) AH )
MOPOLIKY 32 Criocib oxep:kaHHS Pospaxynok | Tabnuuni
3pa3 ‘ ' (xIx/
CYMOIO JIOMIIIIOK (cTan moBepxHi 3pa3Kka) (xIx/moinb) | (xIk/MoITb)
Ka MOJTh)
(Bar. %)
Ipuaiii monmikpucTamiyHUHA 574
99,78 %. BiJNaneHuii CTymiHYacTo 3a 571 607 (ra6a. 5)
7= 2300 °C, 50 muH.
7 Ipuniii micns Bignany B KMCHI
) (P=2,6:10"Tla) 32 T=1940°C, | s 559 576
15 roauH, 11 BUIAICHHS (BUX. CTaH) (Tabm. 6)
BYTJICLIO 3 TOBEPXHI.

ExcniepyMenTanbHi 1aHl IO BUMIAPOBYBAHHIO IPHUIIO IS 3pa3Ka Yy BUXITHOMY

CTaHl1 HaBeJIEHO Ha puc. 3.6.
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OTprMaH1 HIBUAKOCTI BUIAPOBYBAHHS B IOCIIHPKEHOMY 1HTEpBaJl TEMIEPATyp
1940-2300°C myisg BUXIAHOTO CTaHy BUSIBUJIMCA MEHIIMMH Bia ganux [102] OiibImd
HDK Ha TOPSZOK 1 B 2 pa3u MeHmie, HaBeAaeHux B [130]. Cmix 3a3HauuTH, 110 I
pe3yNbTaTH, HE3Ba)KalOUM HA BCIO PETEIBHICTH MIATOTOBKHU 1 OUYHMIIECHHS 3pa3ka, He
MO’Ha BBKATH TaKMMHU, 1110 BITHOCSATHCS JIO MOBHICTIO YUCTOTO 1PUAII0, OCKLJIBKHU B
HBOMY MICTHJIACS JOMIIIKa Byrjiemtro. [IpuCyTHICTP ByIJiell0 Ha MOBEpPXHI
BOJIb)paMy TaKOXX CTBOpIOBaJia JIOAATKOBHM  €HEpreTHYHuid  Oap'ep  1uis
BUIIAPOBYBaHHS aTOMIB BOJIb(Ppamy, a JJIs TUIATUHU HASBHICTh BEJIUKOI KUIBKOCTI
BYTJICII0 HAa TMOBEPXHI B JIEIKOMY IHTE€pBall TeMIIEpaTyp MPU3BOJWIA JO MOBHOTO

0JIOKYBaHHS BUTIapOBYBaHHs [129].

3.8 4 42 44 46
10Y/TK

Puc. 3.6. 3ajiexxHICT, THCKY MapH IpUIII0 BiJ TeMIeparypu IJis BUXITHOTO
crany: lgP=a(10*/T+b); ® — ekcmepumentanshi mami (a=-2,98, b=8); --- —

po3paxyHok (a=-3,17, b=9,33).

OuuieHHs MOBEPXHI 3pa3Ka IpUIII0 BiJl BYIJICIIO MOJSArago B TpuBajgomy (15
rojuH) mporpiaHHi 3a Temmeparypu 1940°C B arMochepi KHCHIO mpu THCKY 2,6 107
[Ta. Jlns 3'scyBaHHS CTyNEHsS 3HEBYIJICHIOBAHHS IMOBEPXHI BiJMajd MPOBOJUBCS B

Kibka etamiB. [licas KOXKHOro eramy NpOBOAMIIUCS KOHTPOJbHI BHMIPIOBAHHS
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HIBUAKOCTEN BUMapoByBaHHs B Aiamazoni 1900-2300°C.

BusiBuiiocsi, mo Bxe TiCis 5 TOAWHU BigNaly IIBHAKOCTI BHIIAPOBYBAHHS
icrotHo (Ha 40-50%) 3pocnu. CtabinabpHi 1 BIATBOPIOBaHI 3HAYEHHS OyJIM OTpUMAaHI
nicias 15 ronuunoro Bianamy. Ll nani HaBeneni Ha puc. 3.7.

Cniz BiA3HAUUTH TOU (haKT, 1110, HE3BAXKAKOYU Ha 3HAYHE (IMIPUOJIM3HO B 2 pa3u)
M1BUIICHHS IIBUIKOCTI BUIIAPOBYBAHHS 1PUIII0 MICIJIS 3HEBYTJICIIOBAHHS, BEIMYHHA
TEIUIOTH BUNAPOBYBaHHS 3aJMIIMIACA TaKOK K, SK 1 JUIsl [OYAaTKOBOI'O CTaHy.
MaOyTh, 1€ CJIiji TOB'S3aTU 31 3MEHIICHHSIM €()EeKTHUBHOI ILJIONI BUIIAPOBYBAaHHS 3a
paxyHOK OJIOKYBaHHsI BHUIApOBYBaHHsI BYTJICIIEM, TOOTO B MICIISIX 3HAXO/KCHHS Ha
MTOBEPXHI BYIJICIIO BUTIAPOBYBAHHS 3HAYHO MEHIIIE, HI)K 3 Ti€l YaCTUHU IMOBEPXHI, KA

BUJIbHA BiJI BYTJICIIIO.

3.8 4 42 44
10%/T°K

Puc. 3.7. 3anexuicte THCKY Napu IpUAII0 BiJ TeMIeparypu MIiCHs
suesyrreroBannst B Oy lgP=a(10%/T+b); e — excrepumentanbhi mami (a=-2,90,

b=8,16); - - - — po3paxyHok (a=-2,92, b=7,92).

3.4. IlTapameTpu BUNIAPOBYBAHHSA MOJIKPHUCTAJIB 0CMiI0

OcwMiii, K 1 1puAid, 3aCTOCOBYETBCS MJIA JIETYBaHHS BOJIb)paMy 3 METOO
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MOJIIMIICHHS] WOTO XapaKTEPUCTUK. 3 TOYKH 30pY TEPMOAMHAMIYHOI CTabIIbHOCTI
KaTOJIHUX MaTepialliB CIJIaBH 3 JOOABKaMU OCMII0 MalOTh OyTH OUIBIN CTIHKUMU 0
3MIHM BJIACTUBOCTEH, HIXK CIUIaBM 3 1pUJIi0, 4Yepe3 Te, M0 OCMIA € OuIbII
TYrOIJIaBKUM METajJOM 1 Ma€ 3HA4YHO HWXK4Yl MIBHAKOCTI BHUIAPOBYBaHHS B
MOPIBHSHHI 3 IpUJIEM. YMOBH OJIepKaHHS TMOJIKPUCTAIIB 1pUIi0 HAaBEJICHO B

tabnud 3.5.

Tabmuis 3.5. YMOBH oOJiepKaHHS TOJIKPUCTATIYHUX 3pa3KiB OCMIIO Ta

terotu cyomimartii AH (x/{x/moub).

Yucrora nopouky
No ' Crnioci6 oxeprkaHHs AH AH
3a CyMOIO JOMIIIIOK '
3paska ( %) (cTaH MoOBepxHI 3paszka) Excniepument | Po3paxyHok
Bar. 7o

Ocwmiii (MOMMKpUCTATIYHUH,
99.8 % MIpeCyBaHHs 1 HACTYITHE 701 710

CITIKaHHS B BaKyyMi)

8 Ocwmiii micng Bignany B KUCHI
3a P=(1,3-4-10" Ia), 20

- 590 710
TO/IVH, JUISl BUJAJICHHS

BYTJICIIIO 3 TIOBEPXHi

Jlis oTpuMaHHA HAIIWHUX EKCIEPUMEHTAJbHUX JaHUX IO MapameTpax
BUIIAPOBYBAHHS BUBYABCS MOJIIKPUCTAIIIYHUN OCMIN, OTPUMAHUM 3 MOPOILKY YUCTOTH
99,8% mpecyBaHHSAM 1 HACTYMHUM CIIKaHHSAM B BaKyyMi. 3HAY€HHS IIBUIKOCTEU
BUIIapOBYBaHHs oTpuMaHo B iHTepBat 2330-2630°C 1 HaBeaeHo Ha puc. 3.8.

OTpuMaHi IMIBUAKOCTI BUIIAPOBYBaHHS OCMIIO, B 25 pas3iB MEHIIE
pexkoMmeHoBanux B [102] 1 gemio mente, mpononoBanux B [130].

BusiBienuil padiiie BIUIMB MajuX KUIBKOCTEH BYIJICII0 Ha BUIIAPOBYBAHHS
BOJIb(paMy 1 IpUIII0 J03BOJISAB MPUITYCTUTH 1 aHAJIOTIYHUNA BIUIMB B pasi OCMIIO.

3 METOI0 BUBUEHHS 1ILOTO €PEKTy MPOBOAMBCS BiJIaj OCMIIO 3a TEMIIEpaTypu
1200°C mpotsirom 20 rogmu B armocdepi kucuio (1,3-4) 10™ Ia. Pesymbrarn
BHUMIpIOBaHb HaBeqeHO Ha puc. 3.10. IIBuakicTh BUMIApOBYBaHHSA 1 TUCK HACHUYEHUX

napiB 3pociu B 1,5 pa3u B MOPIBHSHHI 3 BUX1IHUM CTaHOM, MMPOTE 3HAYEHHS TCTUIOTH
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cyOmimarii B 060x Bumagkax mpaktudHo 30irmucs (701 1 590 k/[»x/mMonp) B Mexax
NOXUOKU eKCIIePUMEHTY. 3HaueHHS JUIS 3HEBYTJICIbOBAHOTO CTaHy OCMII0 3
ByIJICIIEM Ha MoBepxHi Oym3bki 10 nanux (710 xJx/monsb), otpumanux B [130]. ¥V
MOPIBHSHHI 3 IpHIiEM, OCMIA Ma€ 3HA4YHO HWKYl (Ha JBa TOPSIKH) 3HAYCHHS

MIBUIAKOCTEN BUIIAPOBYBAHHSI.

3.4 3.6 3.8 4
10*/T°K
Puc. 3.8. 3anexHicTh THCKy Mapy ocMiro Bix Temmeparypu: lgP=a(10%/T+b);
® — CKCIIEpUMEHTaJbHI JaHl Iicis 3HeBymiemwoBaHHs (a=-3,48, b=8,57);
¢ — eKcrnepuMeHTalIbHI JaHi 10 00pobku B O, (a=-3,66, b=9,1); - - - — po3paxyHOK

(a=-3,71, b=10,64).
BucHoBkmu 3a po3aisiom

1. BcraHOBIEHO peKUMH 3HETAXKyBaHHS 3pa3KiB TYroIIaBKUX KpucTaliB. Tak, s
MOHOKPHUCTAIIYHOTO MOMIOJEHY BH3HAYEHO IIBHIAKICTH 1 TemioTy (146
KKaJI/MOJIb) BUIIAPOBYBaHHS B 1HTEepBaii Temieparyp 2020-2400°C.

2. JIns mOJMKPUCTAIIYHOTO MOJIONEHY CHOCTEpIraloThCsi 3HAYHO BHILI IIBHUIKOCTI
BUIIAPOBYBaHHS, HIDX JUII MOHOKpPHUCTANIYHMX 3pa3kiB. [Ipm 1pomy cyTTeBOi

PI3HUIII B BEJIMYMHAX TETUIOTH CyOIiMallii HE CIIOCTEPIraeThCsl.
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3. Iapametpu cybOmimarii (TUCK mapu, TEMJoTa CyOJiMallli) MOHOKPHUCTAJIIB PEHII0
3QJIeKaTh BiJ CTYNEHIO YHUCTOTH 3pa3kiB. OCHOBHMI BIUIMB Ha cCyOJiMarliiiHi
BJIACTUBOCTI MOHOKPHUCTAJIIB PEHII0 YWHATH JOMIIIKA BYTJel. BussieHo
HasBHICTb  KpHUCTaJorpadiuHoi  aHi3oTpomii CcyOJiMaliiHUX  BJIACTUBOCTEU
OCHOBHHUX I'PaHEl MOHOKPHUCTAJIIB PEHIIO.

4. CrtaOinpH1 1 BIATBOPIOBAH1 3HAUYEHHS IIBUIKOCTI CyOmimMariii Oyiau oTpuMaHi micist
15 rommHHOTrO Biamamy 3a Temmeparypu 1940°C B armocdepi KHUCHIO.
Hes3Baxkaroun Ha 3HauHe (NMpUOIM3HO B 2 pa3u) MIJABUIIEHHS IIBUIKOCTI
BUIMAPOBYBAaHHS  IPUIII0  TMICAS  3HEBYTJICIIOBAaHHS, BEIMYMHA  TEIJIOTU
BUTIAPOBYBAHHS 3aJIMIINIIACS TaKOI XK, SIK 1 Il TOYaTKOBOTO cTany. [IpucyTHiCcTh
BYTJICII0O HAa TIOBEPXHI MOJIKPUCTAIIYHOTO 1PHUJIII0 CTBOPIOE JIOJAaTKOBUM
eHepreTMuHuil Oap'ep nAns BUMAPOBYBaHHS aTOMIB Ipufiit0. AHaJIOTIYHI
pe3yNbTaTH OJIEP>KaHO U JJI OCMIIO.

5. Jlnsg AOCHKEHUX KPUCTATIB 3 JOMIINIKAMU BEIMYMHY MIKaTOMHOTO 3B'SI3KY
OUIBIII TOYHO XapaKTEPHU3y€e HE TEIUIOTa, a MIBUIKICTh CyOiiMallii — MOCHJICHHS

MDKAaTOMHOTO 3B'SI3KY BIJIITOB1/1a€ 3MEHILIEHHIO IIIBUJIKOCT1 CyOJIiMaIlii 1 HaBMaKH.
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Posnin 4 BIUIMB BYIJIEINIO HA CYBJIMAIIAHI TA IHIII
BJACTUBOCTI MOHOKPHUCTAJIIB BOJIb®PAMY

Bnepmie Tuck mapu TBepAOro BodbppamMy eKCIEpUMEHTAIbHO BHU3HAUYMB
Jleurmiop [131]. Ane, TUM He MEHI, [0 MOYATKy Ii€i poOOTH OyiH TUIbKU TPH
eKCIIEPUMEHTAJIbHI Ta JIBI PO3PaXyHKOBI pOOOTH, aHali3 SKHUX IMPOBEACHO paHille
[81]. TleBny yBary mpuBeptae poborta [140], B sKiii AOCTIIPKEHO BUIIAPOBYBAHHS
BOJIb()paMy 3a PI3HMX TUCKIB 3aJIMIIKOBUX Ta3iB y BaKyyMHIH CHCTEMI B Jiana3oHi
tickiB 2:10°-6-107 Topp i mokasaHO 3HAYHHIl BIUIMB TAKHX YMOB Ha [apaMeTpH
fioro BuMmapoByBaHHs. Perta excriepuMeHTaIbHUX pOOIT 3 BUBUCHHS BUTIAPOBYBAHHSI
BOJIb(ppamMy MpoBoAMIIACS O€3 ypaxyBaHHS MOKJIMBOTO BIUIMBY YMOB €KCIIEPUMEHTIB.

BrumB pi3zHOTO pomy MOMIIIOK, IO MICTSITHCS B 3pa3kax, B )KOJIHIN 3 HASBHHUX
poOiT He BpaxoByBaBCcsS. A Taki MdaHi, SK BUIUIMBAE 3 PE3yJbTaTIB BHUBYCHHS
BUIMAPOBYBaHHS MOJIIOJEHY Ta IHIIMX MeTamB (po3aia 3), HE MOXKHA BBaKaTH
HagiiiauMu. Kpim Toro, 10 maHoi poOOTH BUBYEHHS BUIIAPOBYBAHHS MOHOKPHCTAIIB
BOJIb()paMy B3araji He IPOBOJAMIIOCS.

Takuii cTaH, B OCHOBHOMY, MOSICHIOETHCSI 3HAUHUMM EKCIIEPUMEHTATbHUMU
TPYAHOLIAMHU Y 3B'S3Ky 3 BIJHOCHO MAaJiOI0 MPYXKHICTIO Mapu Bojdbppamy i
HEOOX1AHICTIO poOOTH 3a Ayke BUCOKUX Temreparyp (>3000°C). V 3B's3ky 3 1um
0co0MMBOI Barm HaOYyBarOTh JOCIIHKEHHS 00'€KTIB MIJBUINEHOT YHCTOTH, SKUMHU €
MOHOKPHUCTAJIM B YMOBax HaJBHUCOKOTO BaKyyMy, OCKUIbKH TaKli YMOBH JI03BOJISIIOTh
OYMCTHUTH 3pa3KU BiJ TA30BUX JOMIIIOK 1 BUKJIIOUUTH BIUIMB 3aJUIITIKOBOI aTMOChepH.
OOuBa 3a3Ha4eHl YMHHUKH BUKIMKAIOTh TPAHCHOPTHI PEaKilii, 110 MPU3BOIUTH J0
CIIOTBOPEHHS PE3YyJIbTaTIB JOCIIIKEHb.

[TepeBarn BUKOPUCTaHHS MOHOKPHUCTATIIB B SIKOCTI OO'€KTIB JOCIHIKEHHS
MOJISITAl0OTh TaKO B MOXKJIMBOCTI BHUBYCHHSI BUITAPOBYBAHHS 3pa3KiB BOJbPpamy 3
MEBHOIO KpHUCTaJorpadiqHoO CTPYKTYpPOI TIOBEPXHI, IO JIO3BOJISIE BUSIBJISTH
OCOOJIMBOCTI JTOCHIKYBAaHUX TPOIECiB HaWO1mbm 4iTko. [0 cTocyeThCcs mOMIMIOK
BTUICHHA, TO JUIsl BoJb(paMy, sK 1 A BCIX TYromjaBkux MmetaniB VI rpynw,
HaMOUIBIII XapaKTEPHOI 1 BAXKKOYCYBHOKO JIOMIIIKOIO € ByrJielb. Bigomuil BIIMB

BYIJICIIO Ha E€MICiiiHI BiacTUBOCTI Boib(pamy [24, 141]. BmonuB Byriemio Ha
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cyOumiMariiiHi BIacCTUBOCTI BOJIb(ppaMy 10 AaHOT pOOOTH HE BUBYABCS.

B nmaHoMy po3mini HaBeIEHO pe3yNbTaTH JOCTI/DKEHHS BIUIMBY MajX
JOMIIIOK BYTJICIIO Ha CyOJiMaIliiiHi Ta eJIEKTPOHHI BJIACTUBOCTI, a TAKOXK Ha aTOMHY
CTPYKTYPY MOHOKpHCTaTIB BoJb(pamy. 3 METOO OTpUMaHHS HAAINHUX
EKCIIEpUMEHTAIbHIX JaHWX [0 [apamMeTpax BHIIAPOBYBaHHsA  BoOJb(dpamy
MPOBOAMIIUCS JOCTIKEHHS B YMOBaX HaJBUCOKOTO BaKyyMy.

BrumB Byriemioo Ha cyOniMaiiio 3 OCHOBHUX KpHCTaIOrpadiuHMX TpaHen
BoJb(pamy (100), (110) 1 (111) mocaimkeHO HA MOHOKPHUCTANIaX 3 BMICTOM BYTJICIIIO
(107107 Bar.%). Buuanacs MOXJIMBICTh BHIAJICHHS BYIJIELIO i3 3pa3KiB TPHBATHM
BHUCOKOTEMITEpaTypPHHUM MPOTPIBOM, a TAKOXK BiAMaIoM B aTMoc(hepi KUCHIO. 3 METOIO
BUSBIICHHSI MOXKJIMBOT KpUCTAIOrpadiyHOi aH130TpOIIii cyOaiMaiiHuX BIaCTUBOCTEH
BOJIb(pamMy JOCIHIKYBaJIacs 3aJIKHICTh TEIUIOTH 1 IMBHAKOCTI CyOsiMarii Bif
KpuctasiorpagiyHoro Hampsamy. s BHUSBIGHHS  aHI30TPOIi  BJIACTHMBOCTEH,
NOB'I3aHOT 3 3aJaHMM HAmNpsSMOM BHPOILIYBAHHS, JOCIHIIKYBAJUCS EKBIBaJICHTHI
KpuctasiorpadgiuyHi  TIpaHi  MOHOKPHUCTalIiB  BoJb(Ppamy, 110  BIAPI3HIIOTHCS

OpIEHTAITIEI0 BITHOCHO BICI POCTY.

4.1 Buxigni MmaTepiajamu Ta 3pa3ku

BukopuctoByBanucs MOHOKPUCTAIH BOJb(paMy, OTpUMaHi MPECyBaHHSIM
MOPOIIKOBUX 3arOTOBOK, CHIKaHHSM iX 1 IUIABJICHHSM €JIEKTPOHHO-OE3TUTeIbHUM
30HHUM CIOCOOOM. 3aCTOCOBYBAIHCS MOPOIIKH BOJb(GpamMy pi3HOI YUCTOTH, Oyna
pPI3HOIO TaKOXX TEXHOJOTiSI OTPUMAaHHS 3aroTOBOK 1 BHPOIIYBaHHS 3 HHX
MOHOKPHCTAJIIB.

BMiCT JOMIIIOK BTiIeHHS B MOpOIKy upctotd 99,98 mapku XY Gy 5:107
Bar.% Ta 1-107 Bar.%, a cymMapHa KUIbKICTh JIOMIIIIOK 3aMIIIeHHs He OlbIla 3a 1-10°
Bar.%.

YMOBM  OTpUMaHHsSI 3aroTOBOK, MOHOKPHUCTaJiB 1 1iX Opl€HTaliiH1
XapaKTepUCTUKU HaBeJIeHO B Tabiuil 4.1, e HaBeAeHO TaKOXK Pe3yIbTaTh XIMIYHOTO
aHayi3y 3pasKiB Ha BMicT Byriemo. Kimbkicts O, B MOHOKpucTami ckimagana 107

Bar.%. 3aBIsSKU PI3HIM TEXHOJOrl BUTOTOBJIEHHS MOHOKPUCTANIB 3 TOPOIIKY
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BosIb(PpaMy omHaKoBOi YUCTOTH (99,98%), OyJ0 OTpUMaHO MOHOKPUCTAIH 3 PI3HUM

BMICTOM BYTJICIIIO.

Tabmuis 4.1. YM0BU ojiepKaHHS MOHOKPHCTAIIIB BOJIb(Ppamy.

3aroToBKH Mounokpucraan 3pa3ku
Uucrora Yacrota
Ne _ Yucno ) _
TIOPOTIIKY Croci6 [IBuakicTs|00EpTaHb Bwmict ' '
3pa- [IPOXOJ Baxyywm, OpieHTanisa )
33 CYMOIO OTpUMaHHS PYXY 30HH,| MOHKp- BYTJIELIO | Tun pospizy
3Ka _ XKEHb (Topp) 3paskiB
JIOMITIT OK 3arOTOBKHU (MM/XB) Iy, (Bar.%)
30HH
(%) (006/xB)
CIIIKaHHS 30HOI0
B hopmi s 3
1 99,98 4 2,5 20 3-10” | 2-10° {110} |momepeunmit
mucToBoro W B
BaKyyMi
npecyBaHHs 0e3
2 99,98 |3B’s3km, crikaHHs| 4 3 25 2:10° | 2:107 {110} |momepeunmit
B BaKyyMi
npecyBaHHs 0e3
3 99,98 |3B’s3kW, crikaHHs| 3 3 20 8107 | 4-10° {110} |momepeunmit
Y BOJIHI
mpecyBaHHs 6e3
4 | 99,98 BB’s3ku, crmikaHHA 3 3 30 5-10° | 5-10° | {100} |momepeunnmii
30HOIO
[IpeCyBaHHs Ha
3B’s311 3 6 X
5 99,92 3 5 5 3-107 | 2-10° {100} |nmonepeuHnuit
OCH3UHY,
CHiKaHHS Y BOJHI

3pa3ku y BUISIAI OUCKiB 3 miamerpomM 10 MM 1 TOBmuMHOKWO 2,5 MM

BUTOTOBJISITUCS €JIEKTPOICKPOBUM OPIEHTOBAHUM Pi3aHHAM MOHOKPHUCTANIB Y3I0BXK

miomuH {100}, {110} i {111} 3 TounicTio £ 20°, Ta Opi€HTAIlI€I0 TEPICHIUKYIISIPHO

(1) 1 mapanensHO (I) Bici pocTy. OgHa 31 CTOPIH 3pa3ka MijaBanacs eJICKTPOHHOMY

OomOapIyBaHHIO /IS HArpiBY, a 1HIIA NMpU3HAYaIacs IJis JOCIIKEeHHs, 1 10 CTaHy ii

MOBEPXHI MPEABISIIUCA OCOONMMBI BUMOTH. JIJIT OTpUMaHHS BHCOKOi SIKOCTI

JOCTIIKYBaHOT MOBEpXH1 00poOKa Opi€EHTOBAHMX ILTI(HiB MOHOKPUCTAIIB BOJIb(pamy

MiCcIsA eJIEKTPOICKPOBOTO pi3aHHs MpOBOAMIacs criocooom [142], saxuil BUKIIOYAB
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BHECEHHsI B KpHCTaJ JOJATKOBUX CIIOTBOpPEHb. [loBepxHs 3pi3y 3pa3ka nuridyBanacs
aJIMa3HUMHU €JaCTUYHUMH KOJIaMH 3 PI3HUMHU PO3MipaMH 3€peH 1 MoJjipyBaiacs
enexkTpoximiuHo [142]. KoHTposs 3a BUaaeHHSIM 1e(hOPMOBAHOTO €IEKTPOICKPOBOIO
PI3KOI0 TIOBEPXHEBOTO IMapy 3IIMCHIOBABCS 3HOMKOIO MIKPOPEHTI€HOBCHKHUX
tororpam (puc. 4.1) BimoOpakeHHSI B PO301KHOMY IMy4Ky O1JIOr0 BUIPOMIHIOBaHHS
roctpodokycHoi Tpyoxu [137, 138].

J1y1st BUBYEHHS BIUIMBY JOMIIIIOK, IO MICTSATHCS B MOHOKPHCTAJNIAX 32 PaXyHOK
MOHOKpHCTaJIa OyJI0 JOCTIIHKEHO MO OJHOMY 3pa3ky (kKpiM MoHOkpucTana Ne 3, 3
SIKOTO JIOCJI/DKYBAJIMCS JIBA aHAJOTIYHMX 3pa3ka) MOIMEpPEeYyHOro Iepepidy BiAHOCHO

BiC1 pOCTYy.

o @ &

Puc. 4.1. Cy6ctpykrypa mMoHokpuctaniB W (99,98%) no (a) ta micns (0)

BUANIATY; X0.

Jlnsi BUBYEHHsI BIUIMBY BYIVICIIO HAa TlapaMeTpu BUIMAPOBYBAHHS Oyiu
Bi1iOpani MoHokpuctanu Ne 1, 2, 4, mo BIAPI3HSAIOTHCS, B OCHOBHOMY, BMICTOM
Byriemto. OpieHTaliiHI  XapakTepUCTUKU  3pa3KiB, BUTOTOBJIEHHUX 3  IHUX
MOHOKPHCTAJIIB, 1 BUX1JJHUN BMICT BYTJICI[IO B MOHOKpHUCTajIaX HaBeIeHO B Ta0I. 4.2.

3pa3ku 3 OJJHAKOBUMH T'paHSMH 1 OJIHAKOBOI Opi€HTAallli BIIHOCHO BIC1 POCTY,
BUTOTOBJICHI 3 OJIHOTO 1 TOTO  MOHOKPHCTAaJla, BUKOPUCTOBYBAJIUCS JJIsi BUBUCHHS
BIUIUBY MOJIMBUX HEOJHOPIAHOCTEH 1 PO3MOAULY BYTJELIO MO MOHOKPHUCTAIy Ha
napamMeTpy BHUIApPOBYBAaHHS, a TaKOX /IS BHUBYCHHS MOJKJIMBOCTI BUJAJICHHS

BYTJICIIO PI3HUMH CIIOCOOaMHU.
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Tabmuns 4.2. OpieHTariiiHi  XapakTepUCTUKH 3pa3KiB, BHUTOTOBIECHUX 3

MoHOKpHucTaiB Ne 1, 2, 4 1 BUXiIHUI BMICT BYTJIELI0 B MOHOKPHUCTAJIAX.

Ne 3pazka | I'pans | Tun po3pizy | Ne MOHOKp-1Ty C,%

1 (110) 1 1 1-10”
2 (110) | 1 1-107

3 (110) 1 1 1-10”
4 (110) | 1 1-107

5 (111) | 1 1-107
6 (110) 1 2 3-10”
7 (110) | 2 3-10°

8 (100) L 4 5-10”
9 (100) | 4 5-107
10 (100) | 4 5-10°
11 (110) L 4 5-10”
12 (110) L 3 JOMILITKH
13 (110) 1 3 JOMIIIKH
14 (100) L 5 2-107
15 (110) L 6 -

4.2 Tlapamerpy BHMIAPOBYBAHHSI MOHOKPHCTAJIB BOJb(ppamy pi3HOI

YUCTOTH

JlocnipkeHHsT TPOIIECiB BUMApOBYBaHHSA METAJIB Jla€ BaXKJIMBY i1H(opMarlito
Mpo 3B’SI30K aTOMIB y KpucTaiiyHid rpatii. Kpim TOro, me pae MOXIUBICTh
3aBOayyBaTu MOBEIIHKY MaTepiany npu foro BHUKOPHUCTAHHI y
BHCOKOTEMIIEpATYpHUX TMPHUCTPOSIX, IIO MpaIoTh y Bakyymi. OcoOmuBo 1€
CTOCYETbCA IIMPOKO 3aCTOCOBYBAHMX TYTOIUIAaBKUX METaliB 1, B TEpIIy Yepry,
Bosb(Ppamy. KinbkicTh poOiT, IPUCBSIUEHUX BHBUYECHHIO BUIIAPOBYBAHHS BOJb(PpaMy,
Ha yac BUKOHAHHA poboTu Oyna nocuth ooMexeHoro [81, 107].

Jlnia 3'icyBaHHS BIUIMBY JOMIIIOK HA MapaMeTpy BHUIIAPOBYBAHHS BOJb(pamy
JOCITDKYBIUCS MOHOKPHUCTAIN Pi3HOT UnCcTOTH (Ta0i1.4.3).

OTpumMaHi B €KCIIEPUMEHTAX IIBUIKOCTI BUMAPOBYBAHHS 1 PO3PaXxOBaHi TUCKU
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napu BoJbpamy ans 3paska Ne 1 3 BuBeneHoro rpantio (110) (monokpuctan Ne 1)
HaBesieHl Ha puc. 4.2 1 B Tabn. 4.3. Lli ma"i XapakTepu3ylOThCsd MMM PO3KUIOM
3Ha4eHb 1 B JOCIIPKEHOMY iHTepBajii Ttemmepatyp (2600-2960°C) 6im3bki 110
PO3paxyHKOBHX BEJIMUYMH TUCKIB mMapa. B 001acTi HU3bKUX TemrepaTyp BUIIPOOYBaHb
(2700°C) 1mi 3Ha4YeHHS MPAKTUYHO 30IraroThCsi, HE3HAYHE  PO3XOJKEHHS

CIIOCTEPITAETHCS B 00J1ACTI BUCOKHUX TEMITEpaTyp.

Tabmums 4.3. Po3paxoBaHi TuCKH Tapu BoJibppamy s 3pazka Nel 3

BHBeIeHOI0 rpaHHIo (110) (MoHokpucTan Nel).

Ne |T,°Clt,c | Am-10°, T P-104, TOpP
1 12960 | 300 | 1,67 6,65
2 12950 | 600 |2,92 5,78
3 12940 | 300 | 1,23 4,88
4 12920 | 420 | 1,58 4,46
5 12920 1420 |1,41 4,0

6 | 2880 | 580 |1,56 3,16
7 12880 | 600 |1,716 3,16
8 [2840 | 660 | 0,97 1,72
9 12840 | 900 | 1,408 1,84
102790 | 900 | 0,88 1,14
112770 | 900 |0,748 0,96
12 |1 2740 | 1500 | 0,97 0,745
1312600 | 3600 | 0,44 0,138

TennoTa cy6mimarii, BU3Ha4eHa 3 TEMIIEPATYPHOI 3aJIEKHOCTI TUCKY MapH IJis
BUKOPUCTOBYBAHOTO 1HTEpBAIy TeMIEpaTyp, BUsBUIACSA piBHOWO 199+2 kkan/Moib,
[0 HE3HAYHO BIJPIZHSAETHCS BiJ BEJIMYMHM, 3aMPOINOHOBAHOI B podOoti [74]. 3
MoHokpucTairy Ne 2 mociimkeno 3pa3ok Ne 6 3 rpannio (110) B TemmepaTypHOMY
miarmazoHi 2650-2990°C. Jlani 1Mo MBHAKOCTI BUIAPOBYBaHHsS 1 THCKaM IMapu

HaBeZIeHO Ha puc. 4.3 1 B Tabi. 4.4.
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Puc. 4.2. 3anexHicTh TUCKY Tapu BOJb(paMy BiJl TEMIEpaTypu: O — 3pa30K
Nel, a — Buxignuit craH, 6 — mIiCJIsI BUMAPOBYBAHHS OO0p. MIapy; IITPUXOBA JIHISA —

naHi pooit [81, 107].

Tabmuus 4.4. JlaHi Mo MBUIKOCTI BUMAPOBYBAHHS 1 TUCKAM TapH IS 3pas3Ka

No 6 3 moHOKpuCcTamy Ne 2.

No | T,°C| t,c | Am-10°,r | G-10° r/em-c | P-10%, Topp
1 | 2960 | 300 1,5 8,4 6,1
2 12960 | 300 1,54 8,5 6,13
3 12960 | 300 1,54 8,5 6,13
4 12930 | 420 1,76 7,02 4,98
5 12890 | 480 1,41 4,93 3,47
6 | 2860 | 600 1,41 3,92 2,76
7 12830 | 960 1,58 1,89 1,93
8 | 2780 [ 1200 1,19 1,65 1,15
9 2990 | 600 4,7 12,98 9,35
10 | 2820 | 900 1,32 2,45 1,71
112730 [ 1860 | 1.19 1,63 0,74
122610 | 570 | 1,056 - 0,208
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OTpumaHi 3HAYEHHS JNOCUTH MOOpE BKJIAJAIOTHCS HA 3arajibHy 3aJICKHICTH 1
HE3HAYHO BIJPI3HAIOTHCS BiJ Takux s MoHOkpucTtany Nel. OOpoOiieHi MeToaom

HaMEHIIUX KBAJIPATIB, 111 JaH1 BUPAKAIOTHCS PIBHSIHHSIM:

40190

IgP = 9,24 — (4.1)

Temnora cyOmimanii B JOCHII)KEHOMY 1HTEpBajl TeMIepaTyp BHsSIBHIACA
piBHOIO 184+1 KKajn/MOJb, 110 TOYHIIIE Y3TOJKYETHCS 31 3HAUCHHSIM, HaBEJECHUM B
[81], mix B [131].

3 oTpuMaHUX pe3yibTaTiB il 3pa3kiB Ne 1 1 2 BUAHO, 1110 BOHHM € HaWOLIbII
YUCTUMHU 3 yCIX AOCTIIKEHUX B AaHiil poOoTi. OcoOaMBO BapTO MIAKPECIUTH, IO
BOHHM MICTSTh HaliMEHINy KUIBKICTh BYTJICLIO, TaK SIK BUTOTOBJISUIMCS B HAHOUIbII
yucTUX yMoBax (Tabiu. 4.1) 3 mopomky Boibdpamy (99,98%) mapku XY 3 BMicTOM
Byrnerio (1-3)-107 Bar.%, a JOMIIIOK 3aMilieHHS 6YJI0 Ha [BA MOPSAKH MEHIIIE.
BonsdpamoBa dopma, B siKiii MPOBOAMIIOCS CHIKAHHS MOPOIIKY 30HOIO B €JIEKTPO-
npomeHneBiit yctanoBii C1039, Oyna momnepeaHbO peTesbHO 3HEra)k€Ha. 3aroTiBKa
JUT BUPOIIYBaHHSI MOHOKpHCTaniB Ne 2 Oyrna cnpecoBaHa 0€3 BUKOPUCTAaHHS 3B'SI3KH
1 TAKOXK CIIEUCHA B BaKyyMi.

binpmr BUCOKI MIBUAKOCTI BUMApoBYBaHHS (B 2—3 pas3u), B TOPIBHAHHI 3
MOMEepeAHIMH  MOHOKpPHUCTAJlaMH, OTpuUMaHi sl ABox 3paskiB (Ne 12, 13)
MoHokpuctairy Ne 3 3 rpansio (110) (puc. 4.3). 3 pucynky 4.3 BUIHO, 11O TaKUi
XapakTep 3aJeKHOCTI IIBHJKOCTI BUIMApPOBYBaHHS MoOHOKpuctama Ne3 Bix
TeMmreparypu OOyMOBJIEHUN, MalyTh, HASBHICTIO B HBOMY 3HAuYHOI KIJIbKOCTI
JIOMIIIIOK, IO MarTh OUIBII BHCOKI 3HAYEHHS MPYXHOCTI Mapu, HDK BOJb(pam.
[IpudyomMy 111 TOMIIIKA HE BUAAISIOTHCS MOBHICTIO HABITh MIC/IS 0araTorogMHHOTO
BHCOKOTEMIIEpATypPHOTO BIANaNy, SKOMY IIijjaBaBcs oauH 13 3pas3kiB. L1 mani
MOpIBHIOBANMCA 3 pe3yJdbTaTaMH BUIPOOYBaHb JPYroro 3paska, SKHA mepen
BUMIPIOBAaHHSAM TEMIIEPATypPHOI 3aJIeKHOCTI MPY>KHOCTI TIapu HE I1J1/1aBaBCsl BiANATY
3a BHUCOKHMX TeMIepaTyp 1 MOCHiJOBHICTh BHUMIpIOBaHb OyJjia 3BOPOTHOIO, TOOTO
POBOAMIIACH BiJl HU3BKUX TEMIEpaTyp /10 BUCOKMX. He3Baxaroun Ha 11l BIIMIHHOCTI

B IIPOBEJICHH]1 BUMIPIOBaHb, PE€3YJIbTATH JJIs1 000X 3pa3KiB MPAKTUYHO 301TJIUCH.
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3 aHami3zy yMOB OTpUMaHHS MOHOKpucTana Ne3, 3 sikoro Oyim BUTOTOBJICHI
3pazk Ne 12 1 13, BuaHO, 1m0 #oro 3a0pyaHEHHS BiAOyBajoCs MNpH CIiKaHHI
3arOTIBKM B BOJHEBIM Tedyl, ska paHillle BUKOPUCTOBYBAJACS JJIA CHIKaHHS IHIIHUX
MmaTepiaiiB. BakyyMHI yMOBU BUPOIIYBaHHS LbOTO MOHOKpHCTajia B MOPIBHSHHI 3

IHIIMMH TaKOX OYJIU T1PIIUMHU.

3 32 34 36 3.8
104/TK
Puc. 4.3. 3anexHicTh TUCKY Tapu BOJb(paMy BiJl TEMIEpaTypu: ® — 3pa30K

Nol5, m —3pazok Nel2, A —3pazok Nel3, mTpuxoBa jiHis — gani pooit [81, 107].

HaBeneni Bullle NpUIyIIeHHs PO MOXJIMBE 3a0pyJHEHHS MOHOKpHcTana Ne3
B NIPOLEC] MOro OTPUMAaHHS AKICHO Y3TOKYIOTHCS 3 pe3yjibTaTaMH BUIIPOOYBAHHS
3pazka Nel5 opienrtamii (110) Monokpucrama Ne6 (puc. 4.4). lleit 3pasok OyB
BUTOTOBJICHUN 3 MOHOKpPHCTaa, OTPIMAHOTO 3 MEHIII YHCTOTO MOPOIIKY BOJIb(pamy
1 B MEHIII YUCTUX yMOBaX, HIXX MoHokpuctan Ne3. HacmikoM 1bOro crajgo 3HadHe
MIJBUILIEHHS MIBUIKOCTI BUMIAPOBYBAHHS B MOPIBHSAHHI 3 MOHOKpucTaaoMm No2. Crin
3a3HAYMTH, IO TEIUIoTa cyOmimamii [Afas LUX MOHOKPHUCTANIB  3aJIMIIA€ThCA
MPaKTUYHO OJIHAKOBOK. lle cBiAUMTH TpO Te, 10 HASBHICTH JOMIIIOK BILJIUBAE B
OCHOBHOMY Ha IIIBHJIKICTh BUITAPOBYBAHHSL.

BrumB Byriienro Ha MIBUAKICTH BUIIAPOBYBAHHS B O1IBII SBHOMY BUTJISII
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crioctepiraBcs Ha 3pa3ky Ne® moHokpuctamy Ned i Ha 3pasky Neld4 moHOKpucTaTy
Ne5 3 rpannio (100), mo Oynau oTpuMaHi 3a YMOB, SIKI BUKJIIOYAIW TOSIBY IHIIHMX
JOMIIIOK, OKpIM ByrJIeIo. Sk BuaHo 3 puc. 4.4, a 1 Tabin. 4.5, 3Ha4YCHHSI MIBUIKOCTI
BUIIApOBYBaHHs AJis 3pa3ka Ne 8§ moHokpuctamy Ned maibke BTpUUl MEHII, HIXK JUIS
3pazka Nel, a 3HaueHHS TEIUIOTH CyOiaiMallii, po3paxoBaHi 3a pe3yJibTaTaMu

BHUMIPIOBAHHS, BUSBHIIUCS PIBHUMH.
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Puc. 4.4. 3anexHicTh TUCKY TIapu BOJIbpamMy BiJl TEMIIEPATYPH: a — 3pa3ok No
8, 6 — 3pa3ok Nel4; e — ekcriepuMeHTaNIbHI JAaHi, IITPUXOBA JiHISA — AaHi poOiT [81,
107].

3anexHICTh TUCKY MapH BiJ TeMreparypu ais 3pa3ka Ne 14 moHokpucrana Ne
5 (puc. 4.4, 6, Tabn. 4.6) nocuth ckiaaHa. [IpuBepTae yBary pizkuii 3j1aM 3a3Ha4€HOL
3aJIe)KHOCTI B oOmacti  Temmeparyp 2700-2800°C. Ilpudomy 118 3aleXHICTh
3aJI0BUIHHO BIJITBOPIOETHCA MPHU 3MiHI TEMIIEPATYpPHOrO X0y BUMIpIOBaHb. Pi3HUII
BUSBIISAEThCS JiiIe B oOjacTi 37maMy. OCKUIBKM BiJIoMO [96], 110 KOHIIEHTpaIlis
BYTJICHIO B TIOBEPXHEBOMY Iapi BoOJb(pamMy MiJ BIUIMBOM TEMIIEPATYPHHX yMOB
MOXXE€ 3HAYHO BIAPIZHATHCS BiJg 00'eMHOi, 3amexHicTh Ha puc. 4.4, 6 MOXHa

MOSICHUTH, OepydM J10 yBaru MiJIBUIICHUA BMICT ByIJIELIO B MOHOKpucTam Ne 5 i
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niarpamy ctany W-C [132, 133]. 3rigHo 1mi€i giarpamMu B iHTEpBadi, HIDKYE 3a
2700°C, TBepaui pPO3YMH BYIJICHIO B BOJb(paMi pO3MAAAEThCs 3 BHAUICHHSIM
kapOiaiB. BHacnigok nporo 3a temmnepatyp Hikde 2700-2800°C yacTuHa MOBEpPXHI
3pa3ka Oyne 3aiiHsaTa KapOimamu BoJbhpamy, M0 TPHU3BEAEC 0 3POCTAHHS
IIBUJIKOCTEH BUIAPOBYBAHHsI, TaK SK BOHU JJIs KapOifiB BUIIE, HIK JJISI YUCTOTO

Bosbppamy [103].

Ta6nuis 4.5. 3HaueHHs TUCKY napu Ju1s 3pa3ka Ne 8 MmoHokpucTana Ne 4,

Ne|T,°C| t,c | Am-10% | P-10°, Topp
1 | 3060 | 540 34,4 77
2 3010 | 600 28,2 52,7
3 12960 | 600 19,4 38,7
4 12950 | 600 15,4 30,7
5 12920 | 600 10,6 20,8
6 | 2870 | 600 6,6 13
7 12850 | 900 8,8 11,4
8 | 2850 | 900 7,92 10,6
9 | 2850 | 900 8,8 11,4
10 | 2820 | 1200 | 9,24 9,0
11| 2820 | 900 6,6 8,6
1212790 | 1200 | 6,16 5,95
13 [ 2780 | 1260 | 5,28 4,85
14 | 2740 | 1800 | 6,16 3,95
15 | 2680 | 3600 6,6 2,02
16 | 2650 | 3600 | 4,4 1,39
17 | 2620 | 2100 | 1,76 0,945

3a O1IbII BUCOKUX TEMIIEpaTyp BIIOYBAETHCS PO3UMHEHHS KapOiaiB, BHACTIIOK
4Oro KiIBKICTh iX Ha MOBEPXHI 3MEHIIYETHCS, @ KOHIICHTPAIIS BYTJICIIO B TBEPIAOMY
pO3uMHI K B 00’€Mi, TaKk 1 Ha MOBEpXHi 3pocTae. Lle mpuU3BOIUTH A0 3MEHIICHHS
IIBUJIKOCTI BUIIAPOBYBAaHHS B KiJIbKa pa3iB (OJIOKyBaHHS BUMApoBYBaHHs). Enepris
cyOmimanii B gociipkeHoMy iHTepBaii Temrepatyp (2626-3080°C) 3anumraerbes

Maii’)ke HEe3MIHHOIO, IO Y3TOJIKYEThCS 3 JAaHUMH PO €Heprio cyosmimariii kapOiiiB
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Bosib(Ppamy [134] (BennuuHy sIKOT MOKHA MOPIBHITH 3 €HEPTI€I0 CyOIiMallli YUCTOTO

BOJIb(pamy).

Tabmuis 4.6. 3Ha4eHHS THCKY Mapu JUTsl 3pa3ka MOHOKpucTaia NoS.

Ne |T,°C| t,¢ | Am-10°%r | P-10°, Topp
1 [ 3080 | 450 39,6 107
2 13020 | 600 35,6 71
3 12970 | 480 15,8 40
4 2920 | 600 17,6 -
5 12870 | 900 8,8 11,5
6 | 2820 [ 1200 | 14,1 16,5
7 12780 [ 1800 | 31,7 20
8 | 2620|4800 24,2 4,26
9 [ 2720 [ 1800 | 23,3 1
102820 ] 720 | 10,55 -
11]2920 | 21,6 19,8 -
12 1 2990 | 1200 | 21,6 -

3MeHIIIeHHs] IBHUAKOCTI BHUIApOBYBaHHS 3pazka Ne 8 3 rpanHioo (100) B
NOpIBHSIHHI 13 3pa3kaMu Ne 1 1 6 TakoX MOSCHIOETHCS 30UIBLICHHSIM B HBOMY 3MICTY
Byrento. BincyTHicTh 3mamy Ha npsmuil puc. 4.4, a Ha BiAMIHY Bia puc. 4.4, 6
MOB'A3aHa, WMOBIPHO, 3 THUM, IO KOHIIEHTpAllii BYIJICHIO B TBEPAOMY pPO3YMHI
MOBEPXHEBOr0 IIApy 3pa3ka He AO0CArae HEOOXITHOTO MEPEHACHYCHHS, 3a SKOTO
B110YBa€ThCS MOTO PO3IMajl 3 BUAIJICHHAM KapOiiB.

3 MOpIBHSHHS JaHUX, OTPUMAHHUX J/JIsi MOHOKPHCTANIB 3 PI3HUM BMICTOM
BYIJICHIO BHJIHO, IO MPH KWOro MajoMmy BMICTI (TIpuOIU3HO 5107 Bar.%)
CIIOCTEPITAETHCS PI3KO BUPAKEHUM CTPUMYIOYMM BIUIMB BYIJICIIO Ha MPOIECH
BHITApOByBaHHs. IIpn KoHueHTparii Byrmemo ~107 Bar. % 3a TeMmepaTyp HIKYe
2800°C moxe BigOyBaTHCs 3HA4YHE 30UIBLICHHS MIBUAKOCTI BUIApOBYBaHHS 3a
paxyHOK yTBOpeHHs KapOimiB. Bce BuimeckazaHe CBITYUTH MPO JOCHTHh CKIIATHUMN
XapakTep BIUIMBY BYTJIEIIO HA TOBEPXHEBI BIIACTUBOCTI BOJIb(Ppamy.

Takum 94MHOM, 3 OTPUMAHUX MMapaMETPiB BUTIAPOBYBAHHS PI3HUX 332 YHCTOTOIO

MOHOKPHUCTAIIB BOJIb)paMy BUIHO BUPIIIAIBHUNA BIUIUB HA Il MapaMeTpU YUCTOTH
87



MaTepialiB, YUM, OUYEBUIHO, OOYMOBICHUN PO3KU[ HASBHUX JITEPATypHUX JAHUX IO
BUIMApOBYBaHHIO Bosbhpamy [81, 107].

3acTocoBaHa B pOOOTI METOAMKA BUBYECHHS BHUIIAPOBYBAHHSA YyTJIMBAa [0
HU3BKOTO BMICTY JOMIIIOK B BOJb(paMi 1 MOXe OyTH BUKOpHUCTaHA ISl SAKICHOT
OLIIHKHM MOT0 YHCTOTH.

HeoOxigHO migkpeciuTd, 10 TUIBKA 3aBASKA KOMIUIEKCY YMOB, TakuX SK
HAJBUCOKHI BaKyyM, 3HETaXyBaHHS Ta 1HINI, BJAJOCS CIOCTEpIraTd pi3Hi
0COOJIMBOCT1 BUIIAPOBYBAaHHS BOJIb(Dpamy.

Oco0nMBO cimiJl BIA3HAYUTH TOM (DaKT, IO 3a IHIIUX YMOB EKCHEPHUMEHTIB
edexTH, MoB's13aHi 3 OJJOKYBaHHSIM BUIIAPOBYBAHHS 1 HOT'O MPUCKOPEHHSAM 32 PaXyHOK
HAsIBHOCTI BYTJICLIO, PaHiIlle HE CIIOCTEPITaINCA.

3a0pyaHeHHs BHXIJHOI CHPOBUHHU BOJb(GpaMy B IMpoOIECi BUTOTOBJICHHS
MOHOKPHCTAJIIB B P/l BUMAJKIB HE MOXKYTh OyTH BUJAJIE€H] HABITh 0araToroJJUHHUM
BHCOKOTEMIIEPATypPHUM BIANAJIOM 1, SK TPaBUJIO, MPU3BOAATH A0 301IBIICHHS
IIBUJIKOCTEN BUIIAPOBYBAHHS, 110 MAa€ HEraTHBHO MO3HAUYUTHCS Ha TEPMIHI CIIyKOu
BUPOOIB 3 BoJIb(paMy, 1110 MPaIIOIOTh B YMOBaX BUCOKHX TeMIIEpaTyp.

CrnoctepexxeHi epexTd HeoOXiTHO BpPaxOBYBAaTH MpPH BUBYEHHI HE TIUIbKU
aHI30TPOINi TMOBEPXHEBUX BIJIACTMBOCTEH, aje 1 00'€éMHUX, OCKUJIbKH HaBITh IS
3pa3KiB 3 OJHAKOBUMHU KpHUCTaJOrpadiuHUMHU IUIOIMIMHAMH, ajié BUTOTOBJICHUX 3
PI3HUX MOHOKPHUCTANIB, MOKYTh ICHYBaTH BIAMIHHOCTI Y BJIaCTUBOCTSIX, OOYMOBJIEHI

JTOMIIIKaMHU 1, HacaMmrepe, ByrieneM [S1].

4.3 BiuiiuB ByrJienio Ha cy0JiManilo MOHOKPHUCTAJIIB BoJbdpamy

Sx Oyno mokazaHo B maparpadi 4.2 wi€i T7aBW, BIUIUB MajUX JOMIIIOK
BYTJICIIO HA TPOIIECH BUTIAPOBYBAHHS MOHOKPHCTATIB BOJIb(PaMy HOCUTH CKIIATHHUN
xapaktep. s 3'scyBaHHS IIbOTO MUTAHHS HEOOXIJHI CHEMialbHI JOCTIKCHHS Ha
MOHOKPHUCTAJIIYHUX 3pa3kax 3 TMEBHUMH KpUCTAIOTpapiyHUMH IUIOIIMHAMH 13
3aCTOCYBaHHSM METOUK, IO JO3BOJISIOTH BUIAJISATH BYTJICIb.

OCKUIbKM TMapaMeTpu BHUMAPOBYBAHHS BOJb(paMy TOCITIKYIOTHCS TTICIS

BHUCOKOTEMIIEPATypPHOTO 3HETaXKyBaHHS, B MPOILIEC] IKOTO BUIAISIOTHCS BCI Ta30Bi 1
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JIETKOJIETKl JOMIIIKM, OCHOBHA YyBara B TMOJAJbIIOMY HAJAa€ThCS BMICTY B
MOHOKpHUCTAJIaX BYTJICIIO, KWW, K OyAe AeTaqbHO IMOKa3aHO B IIbOMY PO3MIii,
BHCOKOTEMIIEpATyPHUM BiMaJIOM MOBHICTIO HE BIIIAISETHCS.

Tak ik MOHOKpPHUCTAIH BOJb(paMy pi3HOI YUCTOTH MOKA3IA 3HAYHUN PO3KHU
3a mapaMeTrpamu  cyOJimariii, a”i3oTpomis  CyOJiMamidHUX  BJIACTUBOCTEH
BH3HAuanacs Ha 3pa3kax, OTPUMAHUX 3 OJIHOTO 1 TOTO X MOHOKpPHCTalIy. 3 METOIO
BUBUCHHS BIUIMBY MiKpojoMimok Byrmemo (~ 107 Bar.%) Ha cy6miMaiiini
BJIACTUBOCTI BoJibPpamy Oynu mociimkeni rpani (100), (110) 1 (111) MmoHokpucTaiB

BOJIb(PpaMy 3 pi3HUM BMICTOM ByTJelto (Tadim. 4.1).

4.3.1 BnumB MikpoaoMimiok Byrjemro Ha cyoOaimaniro 3 rpasei (100),

(110), (111) MmoHOKpHCTAJIIB BOJb(ppamy

JlJis BUBYEHHS BIUIMBY MIKPOAOMIIIOK BYTJICIIO Ha CyOJiMaIliiiHi BIaCTUBOCTI
BoJIb(ppaMy HEOOX1HO OyJO 3acCTOCYyBaTH METOJUKH, IO JIO3BOJISIFOTH IPOBOAMTU
e(EeKTUBHY OYHMCTKY BiJ MaJuX JOMIIIOK BYIJICII0. 3HEBYTJCIIOBAaHHSI BOJIbhpaMy
Ipy BUBYEHHI TaKUX IIOBEPXHEBUX BIACTHUBOCTEH SIK eMicid, aacopOuis (KoJIu
HEOOXIJHO OYHUCTUTH TIIBKM TIOBEpXHEBUM Imap) 3a3Buyail [135] momsirae B
IpOrpiBaHHI 3pa3Ka MPOTATOM JEKIIbKOX ToJuH B aTtMocdepi KucHIO. CTOCOBHO
JOCTKEHb CyOMiMaIiiiHUX BIACTHUBOCTEH AaHl MPO e€(PEeKTUBHICTh Takoi 0OpOOKH
BIJICYTHI.

Tak sk Ha BIiAMIHY BiJl €MICIHHUX 1 aJCOPOILIMHUX BIIACTUBOCTEH BUBUEHHS
cyOJIiMaIiiHUX BJIACTUBOCTEH MPOBOJUTHCS 3a OUIBII BUCOKUX TeMIiepatyp (KOJu
MIBUIKOCTI U(Dy3ii JOMINIOK € 3HA4YHO OUIBIIMMH), HEOOXigHI Oyiu creliaibHi
JOCITIIN 3 BUJAJICHHS BYTJICIIO 3 BOJb(paMy pi3HUMHU crioco0aMu. 3 II€H0 METOI0
3aCTOCOBYBABCSI BIAMAJI B aTMOc(epl KUCHIO 32 METOAUKOI0, OMTMCAHOIO paHimie (IuB.
PO3/1J 2), a TAKOXK TPUBAIHMM BUCOKOTEMIIEpAaTypHUH BiANall y BaKyyMmi.

MeTon BUNapoBYBaHHS 3a BHCOKHX TEMIIEpaTyp MHO3BOJISIE OJHOYACHO 3
BIMAJIOM TIPOBOJAWTH BHUMIPIOBaHHS IIBHJIKOCTEH BUNApOBYBaHHS, IO Ja€
MOXJIUBICTh TMPOCTSKUTH 3MIHM B MapaMeTrpax cyOmiMaiii MOHOKPHCTAIIIB

BoJIb()paMy B TMpoleci Bignamdy. 3 1I€I0 METOI BHBYABCS BIUIMB TPHUBAJIOrO
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BHCOKOTEMIIEpATYpHOTO BIANay Ha MapaMeTpd BUIApOBYBaHHsA 3paska NelO 3
BHBeeHO rpanHio (100) MoHOKpHcTany Ned 3 BEXigHHM BMicTOM Byriero 5-107
Bar. % (tabm. 4.1).

Pesynpratu BuMIpiOBaHb mapamMeTpiB cyOmimarii 3pa3zka Nell B mporieci
Bi/IMaTy HaBeJeHO Ha puc. 4.5 1 B Ta0i. 4.7 . CroyaTKy 3pa30K BIAMAIIOIOTH OLIbIIE
roquau 3a Temmeparypu 2900°C, a moTiM OgHy TOAMHY 3a OUIBII BUCOKHUX
TeMriepatyp. TakuM 4UHOM, 3arajbHul yac Biamany 3a Temneparypu 2900°C i1 Bute
CTAaHOBUTH OUIbIIE JBOX TOAWH, IO Habarato IMEpeBUINye 3BUYAMHUN dYac
BUMIpIOBaHb. lle 103BoNmiIo, 3 OIHOTO OOKY, OTPUMATH JOCHUTH IMOBHY KapTUHY
KIHETUKU BUIIAPOBYBAaHHS, a 3 IHIIOIO, CTa0lIi3yBaTH MEPEPO3NOJAUT BYIJICIIO B
MOBEPXHEBOMY IIIapi 3aBJISKH MpoliecaM AuQy3ii 1 BUIapOBYBaHHS.

Kinetuka mnpouecy cyOmimarii € HEMOHOTOHHOIO 3aJIeKHICTIO: CIIOYaTKy
IIBUJIKICTh cyOJimMarii 3sMeHmyetrbest B 1,7 pasu (gociia Ne2), a moTiM 3pocTae 1o
noyaTkoBOro 3HauyeHHs (mocmin Ned). Bei 3HaueHHsS THCKY Mapu, OTpUMAaH1 MiCis
BUCOKOTEMIIEPATypHOTO BiAmany, M00pe HaKIaJaroThCs Ha 3arajibHy 3aJICKHICTB.
Terora cyOmiManii, BHU3HAYeHa 3 TEMIEPATypHOI 3aJ€KHOCTI THUCKY THapH,
oTpuMaHoi B iHTepBaii 2640-2940°C, pusiBunacs piBHoto 182 £ 3 kkan/Mob.
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Puc. 4.5. 3anexHicTh TUCKY Mapu Bodb(paMy Bij TeMIepatypu: O — 3pa3ok Ne

11, BepxHs >xupHa JiHig — naHi pooit [81, 107].
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[TopiBHSHHS MX JaHUX 3 JAHUMH, OTPUMAHUMH JJIS BUXITHOTO CTaHy (Talu,
4.7, puc.4.5), ananorigyaoro 3paska 7 (rpasb (100)) 3 04HOTO 1 TOTO K MOHOKPUCTAITY
Ne4 mokaszye BIUIMB TpPHUBAJIOTO BUCOKOTEMIIEPATYPHOTO BiANaxy Ha MapaMeTpH
cyOmimartii. CriocTepiraeThCsi BIAMIHHICTD B MIBUIAKOCTSIX CyOiMaltii, 3HaAYCHHS SKUX
30UIBIIMIIACS, aJie 3aJuIIWiInCs (3a BHCOKHMX TeMrepaTyp) 3HA4YHO MEHIIMMU
3Ha4YeHb, K1 OyIM OTpUMAaH1 AJis HailuucTimoro MoHokpuctainy Nel. ¥V To# e yac,
MiHIMQJIbHE  3HAYCHHS  IIBUAKOCTI  cyOmiMamii, oOTpumMaHe B  Mporieci
BHCOKOTEMITepaTypHOTo Bignany (mociin Ne2) 30iraerbcs 3 JaHUMU, OTPUMAHUMU

st 3pa3ka Ne7.

Tabmuns 4.7. 3HaueHHs TUCKY napH JuIs 3pa3ka Ne 11 MmoHokpucTana NeS.

Ne|T,°C| t,c | Am-10% | P-10°, Topp
1 2900 | 900 25,5 33,6
2 12900 [ 1200 | 20,2 19,8
3 12900 | 1200 26 25,6
4 12900 | 900 22,4 29,4
5 12920 | 1800 48 31,5
6 | 2940 | 900 30,8 41
7 12940 | 900 30,8 41
8 | 2830 | 900 11,9 15,4
9 | 2800 | 1500 15 11,6
10 [ 2770 | 1800 | 14,5 9,3
112720 | 3000 | 13,6 52
12 | 2640 | 3600 6,6 2,1

3HaueHHs TeIIoTH cyOmimarii A 000X BKa3aHMX 3pa3KiB 30iraloTbCsi B
MeKax MoXuOKH BuMiproBaHb (185+1 kkam/Monb 1 182+3 kkan/Moub).

TakuM 4MHOM, TPUBAIUNA BHCOKOTEMIIEPATYPHHM BiJANaj NMPU3BOIAUTH TIIBKU
710 MapajebHOrO 3CyBY TEMIIEPATYPHOI 3aJI€KHOCTI TUCKY IIapy B CTOPOHY OUIBIINX
3HAYEHb.

Kpim BucokoTemiepaTypHOro Biinaty AJis BUJAICHHS BYTJIEIio 31 3pa3ka Nell
3aCTOCOBYBABCs Bi/INall B aTMocdepi KUCHIO.

Pe3ynbpTatu BUMIpIOBaHb TEMIIEPATYPHOI 3aJIEKHOCTI TUCKY Mapu Ui 3pa3ka
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Nell micnst Takoi oOpoOku HaBeneHi B TaOa. 4.8. BiiblicTh eKCIEpUMEHTANIbHUX
3HaUY€Hb JOCHUTHh J0OpE BKJIAJA€TbCS HA 3arajibHy 3aJeXKHICTh, $SKa MPAKTHUYHO
30iraerbest 3 JaHUMU poOoTH [81]. 3a MBUIKOCTIMU BUIIAPOBYBAHHS 111 PE3yJIbTaTH
OJIM3bKI 10 TaKuX JUIsl BUXITHOTO CTaHy MOHOKpHcTany Nel 3 HaliMEHIIMM BMIiCTOM
Byriento. HeoOXiHO BiJI3HAYMTH, 110 KPIM 3HAYCHb, HaBeJACHUX B Ta0ia. 4.8, Oyio
OTPUMAHO KUIbKa 3HA4Y€Hb, IO JIEKATh BUIIE 3arajibHOT 3aJI€KHOCTI 1 XapaKTEpHUX,
SIK BUSBIJIOCS TIPH TOJAJIBIIHX JOCTIKEHHSX, JIJI1 YUCTOTO BOJIb(Gpamy.

3 MOpIBHSAHHS OTPUMAHUX JAHUX JJII BUXIJIHOTO CTaHy MOHOKpucrtamy Nel
(3pazok Ne8) 1 micnst 3HEByTICIIOBaHHS MOHOKpuUcTaly Ne4 (3pazok Nel() BuaHO, 110
TIpH BMICTi BYIJIeI[i0 B MOHOKpHUCTaii ~5::10 Bar. %, 06po6Koro B aTMOChepi KUCHIO
(MpOTSIroM MPaKTUYHO MPHUIHATHOTO Yacy) MOKHA 3HHU3UTHU MOTO KOHIICHTPAIIO J0

: 1073
piBHs He HIK4e 12107 Bar. %.

Tabmuus 4.8. 3naueHHs THCKy mapu s 3pazka Ne 11 monokpuctamy Ne5

TiCJIs Binaay B aTMochepl KUCHIO.

Ne | T,°C| t,¢ | Am-10°% 1 | P-10°, Topp
1 | 2980 | 600 55,9 111
2 12980 | 780 68,1 105
3 12980 | 660 55,9 101
4 12930 | 480 29 71,6
5 12890 | 600 21,6 42,5
6 | 2850 | 900 22,4 29,2
7 128301020 207 24,3
8 | 2780 | 1200 15 14,4
9 | 2730 | 1800 11 7,1
10 | 2650 | 2400 6,6 3,15
11 ] 2620 | 3600 | 528 1,66

Pe3ynpratu, aHamoriyHi 3 BHUILEHABEACHUMH, OyJIM B MOJANBIIOMY OTpPHMaHI
TaKO’ JJIsl 3HEBYIJICIILOBAHOTO CTAHY 1HIIMX 3pa3KiB MOHOKpHUCTay Ne4.

JletanpHe BHBYEHHS BIUIMBY MIKPOJOMIIIOK BYTJCIIO Ha CyOmiMariiigi
BJIACTHBOCTI Oys10 mpoBeaeHo Ha rpaHi (110) moHOKpHCTaTY.

TOMy JJIs1 BUBUCHHA MOJKJIMBOCTI OTpUMAaHHA HaMOIJIBII TTOBHOIO OUYMIICHHA
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BOJIb(PpaMy BiJ BYTJIeLI0 OyB BUKOpUCTaHUI MOHOKpHcTan Nel 3 BMICTOM BYTJICIO
122107 Bar. %.
3 miero MeToro Oyna gociikeHa rpasb (110) Bombdpamy (3pazok Ne3).
OTtpumaHi IIBUJIKOCTI BUITAPOBYBAHHS BOTO 3pa3ka mics
BHUCOKOTEMIIEpaTypHOro BiJNaiy HaBeleHi Ha puc. 4.6 1 B Taba. 4.9. 1li 3HaueHHS
n00pe BIATBOPIOBAIMCS 1 HE 3aJI€XkKaJH BiJl TOTO, B AKIH IMOCTIAOBHOCTI TPOBOIMIHACS
JOCTIIN: B/l BUCOKUX TEMIIEPATyp O HU3bKUX 200 K HaBIaKH.
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Puc. 4.6. 3anexxHicTh TUCKY TIapU BOJIb(PpaMy BiJ TEMIEPATypH I BUX1THOTO
ctany MoHokpuctaiy Ne 1: o - rpanp (110) Boasdpamy (3pazok Ne3), mrpuxoBa

niHig — mani pooir [81, 107].

[TopiBHSIHHS OTpUMaHUX Pe3yJbTaTiB 3 HaHUMHU poOIT [81, 107] moka3yroTh ix
30Ir 3a HIBMAKOCTSMM BHIIApOBYBaHHs 1 Teriororo cyomimanii. [lo crocyerbes
JaHUX I aHaJOTi9HOTO 3pa3zka Ne 1, To crocTepiraeThCsi He3HAYHE PO3XOKEHHS 32
BHCOKHUX TeMIIepaTyp.

3ueByruenoBaHHs 3pa3ka Ne 3 mpoBoauiiocs 3a peKOMEHAAILsIMH PoOOTU
[136] 1 mosisirasio B mporpiBaHHi 3pa3ka 3a Temrneparypu 1900°C B moTolli KUCHIO 3a
METOMKOIO0, OITMCaHO0 paHimie (auB. 1. 2). Yac mporpiBy ~ 20 roaus. Beck mporiec
3HEBYTJICI[IOBAHHSI KOHTPOJIOBABCS MAaC-TICKTPOMETPUYHO, IO JJO3BOJHIIO SIKICHO

MIITBEPAUTH pekoMeHallii podotu [136].
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Tabmuus 4.9. 3HayeHHS TUCKYy Napy Ta IIBUJKOCTI BUIIAPOBYBAHHS IS

BUXiIHOTO cTany rpati (110) Boasdpamy (3pazok Ne 3).

No|T,°C| t,c | Am-10°%r | G-10" r/em™c | P-10°, Topp
1 [ 2950 | 600 37,4 102,9 74
2 2950 | 600 37,4 102,9 74
312920 | 600 | 27,72 77,5 55
4 12910 600 | 26,4 72 51,6
512860 | 900 | 26,84 49,6 35,1
6 | 2850 | 600 12,8 35,8 25,2
7 | 2840 | 660 11,9 30,1 21,3
8 | 2820 | 270 4.4 27,2 19,1
9 [ 2790 | 900 13,2 24,7 17,2
10 [ 2760 | 900 7,5 13,8 9,6
11| 2710 | 1200 6,6 9,16 6,3
12 | 2600 | 3600 | 4.4 2,04 1,38

Pesynbratu mocmimkenHsa 3paska Ne 3 micns 3HeByrieuroBaHHs (tabn. 4.10,

puc. 4.7), 06po6sieH1 METO0M HAaWMEHIIINX KBaJpaTiB, BUPAXKAIOTHCS PIBHIHHSIM:

38330

IgP = 8.8 —( ) . 4.2)

Temmora cyOmimanii B JOCHII)KEHOMY 1HTEpBajl TeMIeEpaTyp BHSIBHIACA
piBHOIO 17541 KKaJ/MOJIb.

BuwmiproBannss Oynu mpoBeneHI JBIYl: CHOYATKy B HampsiMi BiJ] BHUCOKHUX
TeMIlepaTyp JO0 HHU3bKHX, a TMOTIM B 3BOPOTHIM mocCmimoBHOCTI. Jlis
3HEBYTJICI[LOBAHOTO CTaHYy 3pa3Ka CIOCTepPIra€TbCs 30UTBIIECHHS IIBUIKOCTEH
BUIIAPOBYBAHHS 1 3MEHILICHHS TEIUIOTH CyOIiMarlii B MOPIBHSIHHI 3 BUX1AHUM CTaHOM.
Cnig TakoX MIJKPECIUTH BIJIMIHHICTh ITUX PE3YJbTaTIB BiJI €KCIEPUMEHTAIbLHUX
nanux poootu [102], BoHu 6;1M3bK1 10 po3paxyHkoBux [130].

OCKIJTbKM TOBIIMHA 3HEBYIJICLIbOBAHOTO IAPY 3a HAIIUMHU pPO3paxyHKaMu

ctaHoBmwiIa ~20 MKM, IPUPOJHUM OYJIO OYIKYBATH, IO MICJIs BUMAPOBYBAHHS 1IOTO
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nrapy 3 ypaxyBaHHSAM Au(]y3ii BYTJIEII0 3HOBY Ma€ MPOSIBUTHUCA ISl JAHOT TOMIIIKH.
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Puc. 4.7. 3anexuicth THCKy napu BoJbdpamy BiA TeMmmOepaTypu s

0o0pobnenoro crany (MoHokpucrtan Nel): a — 3pazok Ne3 micist 3HEBYTJICHIIOBAHHS, O
— 3pa3ok Ne3 miciig BUIIApOBYBaHHS 3HEBYIJEIbOBaHOTO Mmiapy. CyllyibHa JiHIS —

PO3paxyHKOBa, ® — EKCIIEPUMEHTaJIbHI J1aH1, IITPUXOBA JiHis — AaHi pooiT [81, 107].

Tabnuis 4.10. 3HadyeHHS TUCKY Tapy Ta IIBUIKOCTI BUIIAPOBYBAHHS MICISA

saeByrJeoBadHs rpani (110) Bomsdpamy (3pazox Ne 3).

Ne|T,°C| t,¢c | Am-10°%r | G-10" r/em™c | P-10°, Topp
1 [ 2850 | 390 11 46,9 33,2
2 2850 | 510 13,6 44,5 31,5
3 | 2760 | 1020 11 18,4 12,7
4 12710 [ 1200 | 9,68 13,4 9,25
512660 [ 1800 | 7,92 7,19 4,9
6 | 2700 [ 1320 | 10,1 12,9 8,85
7 | 2780 [ 1080 | 18,9 28,7 20
8 | 2840 | 600 15,4 42,9 30
9 | 2860 | 105 3,52 55,9 39,5
10 | 2490 | 4800 | 3,96 1,43 0,91
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JlificHO, micns BHUIApOBYBaHHS apy ~15 MKM mapaMmeTpu BHUIApOBYBAaHHS
(puc. 4.7, 6, 1abn. 4.11) noBHicTIO cmiBnaau 3 jgaHumu podOit [81, 107] 1
MOMNEPEIHIMA pe3yJbTaTaMU, OTPUMAHMMM JJIi BHUXIJHOTO CTaHy. Pi3HMIO uis
BuxigHoTrOo (puc. 4.6) 1 3HEByrienpoBaHoro (puc. 4.7, a) cra”iB 3pa3ka MOXKHa
MOSICHUTH 3MEHILICHHSIM BMICTY ByIJIelr0 B o00'eMi 3pa3ka 3a paxyHOK

3HEBYTJICIIIOBAHHS.

Tabmuns 4.10. 3HadyeHHS TUCKY Tapy Ta IIBUIKOCTI BUIIAPOBYBAHHS MICHA

BUIIapOBYBaHHs 3HEBYyTJelboBaHOTro mapy rpati (110) Boasdppamy (3pazox Ne 3).

No|T,°C| t,c | Am-10° 1| G-10" r/em®-c | P-10°, Topp
1 [ 2850 | 600 14,1 39,4 27,6
2 | 2800 | 900 12,3 23,1 16,1
3 | 2740 | 600 4.4 12,2 8,45
4 12690 | 1800 | 7,04 6,54 4,5
512680 | 1200 4.4 6,1 4,17
6 | 2650 | 1800 | 4,84 4,46 3,06
7 12630 [ 1920 3,52 3,05 2,07
8 | 2590 [ 3600 | 4,84 2,25 1,44

BuBuennst kpucrtaigorpadiuHoi anizoTpomii cyOJiMaIliiHUX BJIACTUBOCTEH 1
BIUTMBY KOHIIGHTpAIlii BYTJICHIO Ha 11 BEIMYMHY MPOBOJMIIOCS Ha 3pasky Ne 9 3
rpannio (110)) monokpucrana Ned 1 3pasky Ne 4 3 rpannro (111)) mMonokpucramy
Nel, pe3ynbratu a1 SIKMX MOTIM TOPIBHIOBAJUCS 3 1HIIMMH TPAHSIMH BiIIMOBITHUX
MOHOKPHUCTAJIIB.

PesynbraTu mss BuXimHOTO cTaHy 3paska Ne 9, orpumani B iHTepBam 2620—
3040°C, naBegeno Ha puc. 4.8 1 B Ttabn. 4.11. Temnora cyOnimanii, BU3HaueHa 3
TeMIepaTypHOi 3aJeXHOCTI THCKY Iapu, BUsBuiacs piBHOW 200+3 KKaj/MOJIb.
IBuakocTi BuUmapoByBaHHA 3pa3zka Ne 9 B gociimkeHOMY I1HTEpBajl TeMIEparyp
3HAYHO BIJPI3HAIOTHCS (BTPUYL MEHIIIE) BiJl TaKUX JJIs1 MOHOKpucTairy Ne 1 1 Onu3bki
70 3Ha4YeHb, OTpUMaHMX I 3pa3dka Ne 7. Jleska BIAMIHHICTb B IIBUIKOCTSIX
BMIIAPOBYBAHHS JUIA 3a3HayeHux 3paskis (rpani (100)) 1 (110)|) nposBiseTses npu

HU3BKMX TEMIIepaTypax BHUMIPIOBaHb, JUIsI TEIUIOTH CYOJiMallii CHOCTEpIraeThCs
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MOMITHE PO3XO/>KEHHSI.

[Is pi3HUI JO3BOJISIE CTBEPIXKYBAaTH IMPO HASBHICTh KpHUCTaIorpadiyHoi
aHI30TPOIIi MapaMeTpiB cyOJiMallli MOHOKpPHUCTaJIB BoJibdpamy. BimzHaummo, 110
KUIBKICHI OLIIHKM 3a3HAa4€HOi aHi30Tpomii HEOOXiHO MPUBOIUTH 3 YpaxyBaHHSIM
PI3HUIIl Y BIIACTMBOCTSX, IOB'S3aHOI 3 OpIEHTAINIEI0 TPaHEW KpucTaja IMIOAO0 BiCl
pocty. Jlns uporo 6yna nocmimkena rpanb (100) |, pesynbrati Ui AKOi HABOIATHCS
HUXKYE.

Jlns BUBYEHHsI BIUIMBY BYIJICHI0O Ha KpucTalorpadgiuyHy aHi30TPOIIIO
napaMmeTpiB cyOmimarlii mpoBOAUIIOCA 3HEBYTUICLIOBaHHS 3pa3ka Ne 9 B atMocdepi
KUCHIO. Pe3ynbratv, OoTpuMaHi IMicis 3HEByrieumroBaHHs (puc. 4.8 1 Tadm. 4.12)
MOKa3ylOTh, 110 3HAYEHHsS THUCKIB Mapu 301raloTbCs 3 JaHUMH, XapaKTePHUMHU IS
BOJIbpaMy 3 HHU3BKHUM BMICTOM ByrJiemioo (MoHokpuctan Ne 1), a Takox 3

pe3ynbTaTamMu, OTpUMaHUMU JJist 3pa3ka Ne 7 miciis 3HeBYTJICI[IOBaHHSI.
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Puc. 4.8. 3anexHicte THUCKY napu BoJibppamMy BiJ TeMmmepaTypu Iicis
3HEBYTJICIIOBaHHS: O - 3pa3ok Ne 7, A — 3pa3ok Ne 9, 0 — 3pazok Ne 8. Cy1isibHa JTiHIs

— pO3paxyHKOBa, LITPUXOBA JIiHIA — J1aHl pobotu [81].
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Tabmuns 4.11. 3HaueHHs TUCKY mapu micis 3HeByriemtoBanHs Tpani (110)

BoJIb(pamy (3pa3ok Ne 9).

Ne|T,°C| t,¢ | Am-10°% 1 | P-10°, Topp
1 | 3040 | 300 15,4 62
2 13000 | 900 30 40
3 13000 | 900 34 45,4
4 | 3000 | 600 22 44
5 12980 | 600 15,9 31,8
6 | 2930 | 7800 18,5 28,2
7 | 2890 | 600 8,8 17,4
8 | 2840 | 1200 9,7 9,48
9 | 2780 | 1800 7,93 5,12
10 | 2730 | 2100 5,3 2,9
11| 2620 | 4800 3,52 0,834
12 | 2620 | 3600 2,64 0,8

Tabnuis 4.12. 3HaueHHs TUCKY Tapu 0e3MOCEPEIHBO TICIIs 3HEBYTJICIIOBAHHS

1 mporpiBy 3a BUCOKUX Temnepatyp rpati (110) Bonsdpamy (3pazok Ne 9).

Ne|T,°C| t,¢ | Am-10°% 1 | P-10°, Topp
1 [ 2940 | 600 34,4 62
2 12930 | 600 26 51,5
3 12930 | 600 26 51,5
4 12900 | 900 35,6 46,6
5 | 2880 | 1200 37 34,5
6 | 2860 | 1200 | 32,6 32
7 12800 [ 1200 13,6 13
8 | 2740 [ 1800 | 14,7 9,4
9 | 2720 | 1500 | 8,36 6,4
10 | 2700 | 2700 | 14,7 6,22
11 | 2600 | 4200 5,7 1,53

HeoOximHO Big3HAuuTH, 10 B JOCITIAAX, MPOBEICHUX O€3MOCEepeTHBO MiCIIs
3HEBYIJICHIOBAHHS 1 IPOTPIBY 32 BUCOKHMX TEMIIEPATyp, OyJI0O OTPUMAHO TaKOX KiJIbKa

3HA4YEHb, K1 KOJIHOTO Pa3y HE BIATBOPIOBAJIMCS MPH MOBTOPHUX BUMIPIOBAHHSX 1 HE
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BKJIAJIAJIMCA HA 3arajibHy 3a1exHicTh. L{i 3HaueHHsa He HaBoAsAThCS B Ta0m. 4.12. [pu
HOPIBHSAHHI: iX 3 JAaHUMH JUIsl 3HEBYIVIELIbOBAHOT'O CTaHy 3pa3ka Ne 3 BUAHO, 1110 BOHU
BIIHOCSITHCA JI0 MaTepiajy, BUIBHOTO BiJl BYTJIEITIO.

Pesynbpratu 3a mapameTrpamu cyOiimariii Ajii BUXIAHOTO cTaHy 3paszka No 4,
oTpuMaH1 B TemmepaTrypHomy iHTepBai 2550-2900°C, naBeneHo Ha puc. 4.9 1 B
tabn. 4.13. 3HaueHHs THCKIB mapu ONU3bKI MO JAaHMX, OTPUMAaHUX JUId 3pa3ka 3
moHokpuctana Nel. Terora cyOmimarii Ui TOCHIKEHOTO 1HTEpBAILy TEMIEPATyp
cTaHOBUTH 204+3 KKaJI/MOJIb.

IIpu nopiBusuni rpanei (111)) 1 (100)L aHi3oTpomii HE CIOCTEPIra€ThCA.
ITopiBusHns 3 rpannio (110)) Oyxe npoBeneHo HIKYE.

3ueByruentoBaHHs 3pa3ka Ne 4, Ha BiAMIHY Bij 3pa3ka Ne 9, He mpU3BOAUTH 110
3HaYHUX 3MIH B mapameTpax cyousimanii. O6pobka B atmocdepi KucHIo 3pazka Ne 4
IPOBOAMJIACSA TIPU ABOX PI3HMX peXUMax: Ieplla, sK 3a3BUYaid, 3a TEMIIEpaTypH
1900°C mporsrom 20 romus 3a Ticky O, 1-2-10” Topp, Apyra — 3a TeMmeparypu
1130°C npotsirom 23 roaus 3a Tucky O, 1-2-10° Topp 3 nepioamunuMy neperpisamu
10 2700°C gepe3 koxH1 1,5-2 ronunu. Pe3yiapTaTtu, OTpUMaHi Mmicis pi3HUX 00pOOOK,
MPAaKTUYHO 301raroThCsi, BOHU HaBeleHl Ha puc. 4.9. YV MOpiBHIHHI 3 BUXITHUM
CTaHOM, IICJI1 3HEBYIVICLIOBAHHS HE3HAUYHO 3POCIM IIBUIKOCTI BHUIIAPOBYBAHHS 1

3MEHIIUIAcs Tery1oTa cyoiMartii.
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Puc. 4.9. 3anexHicTe TUCKY mapu BoJbPpaMy Bif TemrepaTypH IJs 3pa3ka

No 4: @ — BuxijHMII CTaH, O — MICIs 3HEBYTJICIIOBAHHS.
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Tabmun 4.11. 3HadeHHs TUCKY TTApU JUIS BUX1THOTO CTaHy 3paszka Ne 4.

Ne|T,°C| t,c | Am-10% | P-10°, Topp
112900 420 | 15,84 44.6
2 (2870 | 600 | 18,48 36,3
312860 | 600 | 17,16 31,5
4 12850 | 660 | 14,52 28,5
5 | 2810 | 600 15 26,7
6 | 2810 | 600 9,24 17,95
7 12780 | 960 9,24 17,95
8 | 2740 | 960 | 10,56 12,7
9 | 2740 [ 1200 | 7,04 8,5
10 | 2710 | 1200 8,8 8,46
11| 2700 | 2400 | 5,72 5,45
12 | 2550 | 4500 11 5,24

i pe3ynbTatu, 00pobJIeHI METOI0M HAaMEHIIIUX KBaJpaTiB, MPEICTABISIOTHCS

PIBHSHHSM:

IgP = 10,11 — == 4.3)

TemmoTta cyOmiMalii B JOCTIPKEHOMY IHTEpBajIl TeMIlepaTyp CTaHOBHUTh
194,7+1 Kkan/MoIb.

Takum uywmHOM, Tpanb (111), Ha Biaminy Big rpani (110), 3HAayHO Ba)kye
MIJAETECS  OYMINECHHIO BIiJ BYIVICIIO, IO MOXE OYTH TIOB'S3aHO 3 BHIIOIO
aZICOpOIIIHOO 3/IaTHICTIO 3a3HaYEHOT TpaHi MOpiBHSAHO 3 TpanHio (110).

Po3yminHs npupoau aH130Tporii Gpi3MKO-XIMIYHUX BJIACTUBOCTEHN TYTOIJIAaBKUX
METaJiB YMOXJIUBIIIOE€ ONTUMI3ALII0 HE JIMIIE MOKA3HUKIB iX TePMIYHOT CTaO1IbHOCTI
(WIBHIKOCTEH Ta eHepriii BUMAapOBYBaHHs), a W 1HIIUX XapaKTEpUCTUK. Tak, B X0l
BUKOHAHHS JaHO1 poOOTH OYyJI0 BCTAHOBJIEHO Ta JAOCIIKEHO BIUIMB Pi3HUX CMOCOOIB
OOpOOKH MOHOKpHUCTANIIB BOJb(ppaMy (BHCOKOTEMIEpaTypHl BiaHAId PI3HOI
TPUBAJIOCTI y BaKyyMi Ta B aTMoc(epi KUCHIO, MOHHE TPaBJICHHS) HAa aHI30TPOIIiI0
po0OOTH BUXOMY 3 IOBEPXOHB, MapajebHUX kpuctanorpadiunuM miommnaam (100) ta
(110) [37, 38]. Iloka3ano, 110 (i3UKO-XIMIYHIMH 00pOOKaMU MOXKHA MaKCUMI3yBaTH

pi3HMIIO Y poboTax Buxoay 3 pizHuX rpaneit OLIK-kpucrany Bonbppamy 3 METOIO
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BUKOPHUCTAHHSA PI3HOOPIEHTOBAHMX MOHOKPHCTAJIB OJHOIO XIMIYHOTO CKJIaay B
SKOCTI Karoja (emiTyroua TpaHb 3 OUIBIIO POOOTOI BHXOJYy) 1 aHoja (rpaHb 3
MEHIIIOIO  pOOOTOK  BUXOAY)  BHCOKOTEMIIEPATYPHOTO  TEPMOEMICIHHOTO
MepeTBOpIOBaya. 3a PaxXyHOK IMEPEHOCY MK EJIEKTPOJlaMU aTOMIB OFHIET 1 Ti€el Xk
pedoBuHU Taka KOHCTpyKiiss TEIly mo3Bomsie BUpImUTH mpobiemy 3a0pyaHEHHS
aHOJIy BHWIAPOBYBAHOK 3 KaTOJy pPEUYOBHMHOIO, a TaKOX JI03BOJISIE CTa0LIi3yBaTh

BEJIMYMHY BayyMHOI UIUIMHUA MIX eJIeKTpoJaMu Ta iHii xapakrtepuctuku TEITiB.

4.3.2 Amnizorponis mnapamerpiB cyOJiManii eKBiBaJeHTHMX TIpaHeil

MOHOKPHCTAJIB BOJb(ppamy

JlochimkenHs: cyOCTpYKTypH MOHOKPHCTAJIB Bosb(ppamy nokazano [137, 138],
10 1i XapaKTEePUCTUKH (PO3MIpU 1 PO30PIEHTYBAHHS CyO3€peH) € Pi3HUMH B Pi3HHUX
HampsiMax BIJHOCHO Bici pocty. Ha momepeyHux 3pizax MOHOKPHUCTAIIIB
CyOCTpYKTypa Ma€ BUTJISIT PIBHOOCHUX OCEPE/IKiB, a Ha MO3A0BXKHIX 3pi3ax — hopMy
BUTSATHYTUX OCEpeAKiB ab0 BOJOKOH B3JOBX HAMpsMy pPOCTY MOHOKPHUCTAIY.
[lepenbauanocs [137], mo pi3HUNA XapakTep CyOCTPYKTypH MOHOKPHUCTAJIIB IIO
BIJIHOIIEHHIO JIO HAMPAMY POCTY 1 MOB'SA3aHUH 3 HUM MEPEBAKHUM PO3IMOALT JOMIIIOK
MOKYTh BUKJIMKATH aH130TPOIHY 3MiHY (DI3WYHHMX BIACTUBOCTEH MOHOKPHUCTAIIIB.

JlocmimkeHHsT MEXaHIYHMX  BJIACTUBOCTEH  MOHOKPHUCTATIB  BOJbppamy
MOKa3aJ0  BIAMIHHICTb ~ XapaKTEPUCTUK  MIIHOCTI 1  HHU3BKOTEMIEPAaTypHOi
MJIACTUYHOCTI Y TIOTIEPEYHUX 1 MO3M0BXKHIX 3pa3kiB [139]. Crnocrtepiranacs Takox
BIIMIHHICTh TapaMarHiTHOI CHOPUUHSATIMBOCTI MOHOKPHCTANIB BOJbppamMy Ha
3pa3kax, BUPI3aHUX MiJ PI3HUMHU KyTamu A0 HampsMy pocty [S51]. L1 BiaMiHHOCTI y
BJIACTUBOCTSAX  TOSICHIOBAIMCS  aHI30TPOMNIEI0  JAUCIOKAIIMHOI  CTPYKTYpU 1
aH130TPOIHUM PO3IMOALIOM JOMIIIOK 11010 BiCl pOCTY MOHOKPHUCTAIB.

HeoOxigHO Big3HAYMTH, IO BUINE3ragaHl METOOUKHA JO3BOJISIIOTH BH3HAYATH
TUTBKM CyMapHUN BHECOK LUX (PAKTOpiB y 3MIHY JOCIHIJKEHUX BIACTUBOCTEW 1 HE
J03BOJISIFOTH 3'ICYBaTH BHECOK KOXXHOTO 3 HMX OKPEMO, a TaKOXX BU3HAYHWTU BIUIWB
Oy/Ib-SIKO1 3 JIOMIIIOK.

Jnst Ouibll rAMOOKOTO pO3yMIHHA MEXaHI3MY BIUIMBY ONMCAHUX BHILE
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HEJOCKOHAIOCTEN CTPYKTYypu Ha (Pi3WUHI BIACTUBOCTI MOHOKPHCTANIB BOJIbPpamy
HEOOX1/IHE 3aCTOCYBaHHS METOJWK, IO JO3BOJISIOTH a00 BUKIIOYATH MKl 3
nepepaxoBaHux BHIe (HaKTOpiB, a00 BHU3HAYUTU THUI JOMIIIOK, IO BHOCSTH,
HANCYTTEBIIINI BHECOK Y 3MIHY BIACTUBOCTEH.

OpHi€r0 3 TaKMX METOJUK MOXe€ OyTH OomHcaHui padime (po3aiia 2) MeTox
BUIIAPOBYBAHHS 32 BHCOKHX TEMIIEPATyp, LIO JO3BOJISE€ PO3AUIUTH BIUIUB JIOMIIIOK
BruteHHsa N, O, H, 3 onHoro 60ky, 1 qomimku C, 3 iHIIIOTO.

[Ilo cTocyeTbcsi BIUIMBY IUCIOKAIIHHOI CTPYKTYpPH Ha BJIACTUBOCTI 3pa3KiB 3
HEOJIHAKOBOIO OpIEHTAIlI€I0 IOAO0 BICI POCTYy MOHOKpHCTaia, L€ MUTaHHS
IPECTaBIII€ CaMOCTIMHY 3a7ady. MoKHa JMIIe 3ayBakKUTH, IO BUBUYEHHS 3MIHU
JUCIIOKAIIHHOT ~ CyOCTPYKTypM MOHOKPHCTaJiB BOJb(paMy TMpU TPUBAIOMY
BUcokoteMriepaTtypHoMy Bianami (2800°C mpoTsirom KigbKOX TOJUH) IOKAa3ajo
cTabuIpHICTh 11i€1 cTpykTypu [139]. Ile siKicHO Kopemroe 3 pe3yjbTaTamMu 3a
napamerpamu  cyOmimarii 3paska Ne 10, oTpumaHumMu MTiCig  TPUBAJIOTO
BHUCOKOTEMIIEpaTypHOro BiJnany. B ocTaHHbOMY TeIjioTa CyOJiMarlli 3aJIMIIa€ThCs
MOCTIIHOIO.

B 0060x 11ux BUMajgkax B MPoIeci BUCOKOTEMIIEPATYPHOTO TPUBAJIOTO BiAMMAITY 3
KpUCTaja BUAAISIOTHCS BCl JOMIIIKM BTUICHHS, KPIM BYIJICIIO, TOMY CTaOUIbHICTb
CyOCTpYKTypH, HaIMOBIpHiIlle, 00YMOBJICHa B OCHOBHOMY BYTJICIIEM.

3 MeTOI BUSBJICHHS aHI30Tpomii cyOiiMaliiiHMX BJIACTUBOCTEW II0JO BicCl
pPOCTy MOHOKpHCTaJia i BUBYEHHS BIUTMBY KOHIIEHTpAIlii BYTJICI[I0O Ha BETUYHMHY ITi€]
aH130TPOITI1 JOCTIKYBAIMCS TpaHi MOHOKpHUCTaliB Boib(ppamy tumy (100) 1 (110),
opleHTOBaHI mepreHAuKyasipHo (L) 1 mapanensHo (l) Bici pocty. IlopiBHIOBanucs
pe3ynbTaTH JJisi €KBIBAJICHTHUX TpaHel, 10 BIAPI3HAIOTHCS OPIEHTAIIEI0 BIAHOCHO
Bici pocty (3pasku Ne 112,617, 819) MOHOKpHUCTaJIB 3 PI3HUM BMICTOM BYTJIEITIO
(Tabmn. 4.1).

Jlani, oTpumaHi i BHUXIJHOTO CTaHy 3pa3kiB 8 1 9 3 rpansmu (100)
MOHOKpHucTamy Ne4 3 BMICTOM BYTJICLIO S5:: 107 Bar. % HaBeneHo Ha puc. 4.10 1 B
tabn. 4.12. Tuck mapu nns rpani (100). otpumano B iHTEepBaii Temmeparyp 2620—

3060°C, a nns rpani (100), — B inTepBam 2660-3070°C.
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Puc. 4.10. 3anexHicTh THCKYy TMapu BoOJbppaMy Bil TeMIepaTypu s
BUXIJTHOTO cTaHy 3pa3kiB Ne 8 1 9 3 rpanamu (100) monokpuctany Ne 4 3 BMicTOM

Byriewo 57107 Bar. %.

XapakTepHOIO OCOOJMBICTIO IIUX PE3yJbTaTIB € I1CTOTHA BIAMIHHICTh B
IIBUKOCTSAX BUIIAPOBYBaHHS B 00JIACTI HHU3BKHX TEMIIEpaTyp BHUMIPIOBaHb, sKa
3MEHIIY€ETHCS 3 MIABUIICHHAM TEMIIEpaTypH 1 MpakTU4HO 3HHKae moonu3y 3000°C.
IlBuakocTi BumapoByBaHnHs i rpami  (100)| y BCbOMY mOCHIIKEHOMY
TeMmrepaTypHoMy iHTepBaii Buie, HiX sl rpadi (100).. CrnocrepiraeTbcsi TaKoX
3HAYHE PO3XO/DKEHHS 3HA4eHb TEIUIOTH cyoOmiMamii: st rpani (100). BoHa
BUsBMJIACA PIBHOKO 185+1 kkan/moins, a s rpani (100)) — 164 kxkan/moins.

3a3HauuMoO, LI0 MIBUJAKOCTI BUIAPOBYBaHHS 000X MOCHIIPKEHUX 3pa3KiB Y
MMOYaTKOBOMY CTaHi, TaKk caMo K 1 3pa3kiB 9 1 10 3 0JTHOTO 1 TOTO X MOHOKPUCTAITY
Ned, y kinbka pasiB MeHI, HIX U1 MOHOKpUcTairy Nel.

[H1m1 gaHi oTprMaHo i 3pa3kiB 3 MeHIIUM BMicToM C.

Jns rpaneit (110)1 1 (110) 3paskiB Ne 5 1 6 moHOkpucTamy Ne2 3 BMICTOM
Byruenio 3-107 Bar.% 3HaYeHHs THCKY [TapH, OTPHMAHI B TEMIIEPATYPHUX iHTepBANax
2610-2960°C 1 2620-2980°C BiAMOBigHO, AJIi BUXIIHOTO CTaHy HaBeJIEHI Ha
puc. 4.11. 1B Tabxn. 4.13.

Tak camo, sk 1 ansa rpanedt (110), cioctepiraeTbesi BIAIMIHHICTh B TTapaMeTpax

cyOumimartii, mpoTe BeIMUMHA I[i€] pi3HMILI Ta 11 XapakTep i, Ha BinMiHy Big rpanei
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(100), HaiibinpIIa BIAMIHHICTS B TUCKax mapu jyuis rpaHedt (110) crocTtepiraeTses 3a
BHCOKHX TEMIIepaTyp, a 3a HU3bKHX TEMIIEpaTyp BOHA CTa€ HE3HAYHOIO; MEHINIA i

caMa BeJIMYMHA ITI€T PI3HMIT.

Tabnuus 4.12. 3HaueHHS TUCKY Tapu JJISI BUXIJIHOTO CTaHy 3pa3ky Ne 8 3

rpadsiMu (100) MoHokpucTtaimy Ne 4.

Ne |T,°C| t,c | Am-10%r | P-10°, Topp
113070 | 380 | 28,2 90
2 3000 | 780 33,9 52,5
3 12960 | 660 | 22,4 41
4 12930 | 720 19,4 32
5 12930 | 660 16,3 29.4
6 | 2880 | 1020 18 20,9
7 128301200 128 12,5
8 | 2800 | 1800 | 16,3 10,9
9 [ 2730 [ 2400 | 12,3 5,9
10 | 2660 | 3600 9,7 3,12
11 {2790 | 1560 | 12,3 9,2
12 [ 2920 | 660 17,6 31,6
13 [ 2920 | 600 15 29,6
14 {3000 | 600 | 27,8 55,7

Tennora cyOmimamii gust rpani (110)r (3pazox Ne6) cranoButh 186+1
KKaJ/MoJb, a 1 rpasi (110); (3pazok Ne7) — 203+3 kkay/Mob.

[IBuakocti cy6mimartii myst rpani (110): y BCcboMy TemnepaTypHOMY iHTEpBaIi
BUMIPIOBaHb MeHIIl, HDK Aid rpani (110),. ¥V nopiBHAHHI 3 JaHUMH, OTPUMAHUMH
g MoHokpucTana Ned, mBuakocti cyOmimanii 3pa3kiB Ne 5 1 6 moHokpuctairy Ne2
3HAYHO OUIBII 1 HAOJMKAIOTHCS A0 3HAYE€Hb, OTPUMAHUX Il MOHOKpuctamy Nel
(3pazok Ne 1).

Hani ma rpaseit (110). 1 (110); 3paskiB Ne 1 1 2 monokpucramy Nel 3
HaMEHIITUM BMICTOM BYTJICIIIO (1-10'3 Bar.%) Mg BUXITHOTO CTaHy HaBEJCHO Ha
puc. 4.12 1 B Tabn 4.14. HIBuakocti cybmimanii ans rpaned (110) 1 (110),

BIJIPI3HAIOTHCS HE3HAYHO, TEIIOTa CyOJiMallii 0JJHaKOBa, BIAMOBIIHO, 199 + 21202 +
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3 KKaia/mMonb, TOOTO BIAMIHHICTH 3HAXOAUTHCS MPAKTUYHO B MeXaxX MOXUOKU
BuMiptoBaHHs. [y 000X 3pa3kiB 3HAUCHHS IMIBUAKOCTEH CyOJiMarlii HanOiIbII
Omm3bki 710 po3paxyHkoBux [81, 107] Ha BIAMIHY BiA 1HIIMX JOCTIKEHUX

MOHOKPHCTAIB.
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Puc. 4.11. 3anexHicTs TUCKY Hapu BOJbPpaMy BiJl TEMIEpATypu sl TpaHeu

(110)1 1 (110); (-®- — 3pasok Ne5, ---- — 3pazok Ne6 monHokpucramy Ne2 3 BMiCTOM

Byrienio 3-107 Bar.%).

Jlia 3'scyBaHHS BIUIMBY BYIJICLIO Ha BEIUYMHY aHI30TPOINli €KBIBaJIEHTHUX
rpaHeli MOHOKPHUCTANIB BojJb(paMy IMpoBoamiIacs oOpoOKa BCIX JOCIIIKEHHUX
3pa3kiB B atMocdepi kucHio. [lapamerpu oOpoOKu Oyiau 1IEHTUYHUMH 3 TUMH, SKI
BUKOPHUCTOBYBAJIMCS MPHU 3HEBYTJICIIOBaHH1 3pa3ka Ne3.

3HeByrienoBanHa 3pa3kiB Ne7 1 No§ mnpu3BOauUTH 10 3HAYHOI 3MIHHU
napameTpiB cyommariii (puc. 4.13), orpuMaHux B TeMIlepaTypHOMY aiana3zoHi 2650—
2980°C. Ilo-nepiire, 3HUKAE PI3HULT MK HUIMU: OTPUMaH1 3HaYEHHS TUCKIB MapH JIs

3HEBYIJICIILOBAHOTO CTaHy 000X 3pa3KiB 3aJ0BIIBHO YKJIAIAIOThCA Ha 3arajibHy
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3anexHicTb. [lo-apyre, BEMTUYMHN TUCKIB Mapu 3HAYHO 301IbIIYIOTHCS B IOPIBHSAHHI 3
BUXIJTHUM CTaHOM 1 iX TeMIlepaTypHa 3aJIe)KHICTh € TaKOI0 K CaMolo, SIK JIaHi i

MoHOKpucTairy Nel 3 HalMEHIIIMM BMiCTOM BYTJICIIIO.

Tabmuna 4.13. 3nadenHa tucky mapu g rpadil (110), (3pasox Ne6

MoHoKpucTany Ne2 3 BMicToM Byriero 3-107 Bar.%).

Ne|T,°C| t,¢ | Am-10% 1 | P-10°, Topp
1 2980 | 600 56 11,2
2 12920 | 600 35,2 6,98
312870 | 660 | 233 4,16
4 | 2830 | 660 18 3,19
5 12830 | 600 14 2,75
6 | 2810 | 600 11,9 2,3
7 | 2800 | 600 9,68 1,88
8 | 2800 | 600 9,24 1,8
9 | 2780 | 600 8,8 1,65
10 | 2780 | 600 8,8 1,65
11| 2760 | 840 8,8 1,2
12 [ 2750 | 780 6,6 0,98
13 | 2690 | 2400 | 10,1 0,482
14 [ 2640 | 2700 | 10,6 0,332
15 [ 2620 | 4800 | 9,24 0,217

3HeByrUIeIoBaHHa 3pa3kiB Ne 6 1 7 MoHOokpucTtany Ne 2 mpuU3BOAUTH 10
MEHIIMX 3MIH MapaMeTpiB cyOiimarii, HDK ains MoHokpucrtama Ned. Jlani muis
3HEBYIJICIILOBAHUX CTAHIB 3pa3KiB 6 1 7 HaBejeH1, Ha puc. 4.14, a Takox B Tabi. 4.15
B TemneparypHomy intepBaii 2620-2890°C 1 B Tab:. 4.16 B intepBani 2610-2980°C.

[licns 3HEBYIJCIHIOBAHHS BIJIMIHHICTD B IIBUJKOCTSIX CyOmiMariii s
JTOCHTI/DKEHUX 3pa3KiB 3HUKA€E, a 3HAUYCHHS 301raloThCs 3 3aJCKHICTIO IS
3HEBYTJICI[LOBAHOTO CTaHy MOHOKpUCTany Ned Ta AaHWUMH, OTPUMAHUMHU IS
BHUX1JIHOTO CTaHy MOHOKpucTany Nel.

Jlnst moHokpuctaimy Nel 3HEBYTJICIIOBaHHS MPU3BOAUTH JO PE3YJIBTATIB, IO

3HAYHO BIAPI3HSIOTHCS B JAaHUX JAJS 1HIIMX MOHOKPHUCTANIB 3 BEJIMKUM BMICTOM
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Byrieito. /laHi, oTpuMaHi A 3HEBYTJICIILOBAHOTO CTaHy 3pa3kiB Ne 1 i 2, HaBezeHi

Ha puc. 4.15 1 B Ta6:x1. 4.17, 4.18 BiANOBIHO.
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Puc. 4.12. 3anexuicTe THUCKYy Hapu Bolbpamy BiI TeMmmepaTypu s
BUXigHOTO cTany and rpa”ed (110). Ta (110); (-- —3pa3ok Ne 1, - A - — 3pasok Ne 2)

MoHOKprcTany Ne 1 3 HaiiMeHmM BmictoM Byriero (1-107 Bar.%).

[Ticnst 3HEBYTJCIIOBaHHS, TaKOX SIK 1 B BUNAAKY 3pa3zka Ne 3, MIBHUIAKOCTI
cyOsiMarliii 3HayHO 3pOCTalOTh (OCOOJMBO 3a HU3BKUX TeMIepaTyp), a TerioTa
cyOsimariii 3MEHIYeTbCS. 3HAUYCHHS MBHAKOCTEN cyOmimarnii s rpaneit (110). 1
(110); mnpakTH4yHO 30IraroTbCsi, BEIMYMHM TEIUIOTH CyOJiMamlii JOpPIBHIOKOTH,
BigmoBigHo, 175+ 1 kkamw/momp 1 178 +£3 kkan/mMonb, TOOTO, BIAMIHHICTH
3HAaXOJUTHCS B MEXaX MOXMOKU BUMIPIOBaHb. TakKUM YMHOM, MMapaMeTpu CyOmiMarii
Ui MOHOKpuctasia Nel 1micist 3HEBYTJICHIOBaHHS 1CTOTHO BIAPI3HSIOTHCS  BiJl
OTPUMaHMUX JUIA IHIIUX MOHOKPHUCTAIIB 1, BIPOTIAHO, BIAHOCATHCSA IO MaTepiaiy,

BUIBHOTO BiJl BYTJICIIIO.
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Tabmuus 4.14. 3HayeHHA TUCKY IapH Ul BUXIZHOrO craHy ans rpasi (110),

(3pa3ox Ne 1) moHokpuctany Ne 1 3 BmMicTom Byrnero (1-107 Bar.%).

Ne |T,°C| t,c | Am-10%r | P-10°, Topp
1 12900 | 600 | 25,08 49,4
2 | 2880 | 210 6,16 34,8
3 12880 | 600 | 18,48 36,4
4 2820 720 11 17,8
5 2810 | 600 8,8 17,1
6 | 2810 | 600 8,8 17,1
7 12770 [ 1080 | 10,12 10,8
8 | 2760 | 1500 | 11,9 9,3
9 [2750 [ 1140 | 8,36 8,46
10 | 2740 | 780 5,28 7,81
11| 2660 | 2100 | 6,16 3,33
12 | 2650 | 2400 6,6 3,12
13 | 2650 | 2700 6,6 2,88
14 | 2620 | 3600 | 6,16 1,94
15| 2600 | 4320 | 5,72 1,49
16 | 2570 | 6600 | 6,16 1,04

b P

-3

-3,5

-4

-4,5

-5

2,9 3I 3,3 3,5
o4
T
Puc. 4.13. 3anexHicTh THCKYy Tapu BoOJb(pamy BiJg TemmnepaTypu s
3HEBYTJICIIbOBAaHUX 3pa3kiB (Ne 7 1 8) moHokpuctana No2: o — qis (100)y; A — gns
(100)); o — ms (110),.
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Puc. 4.14. 3anexHicTh THCKY Mapu BojdbdpaMy Bij TEMIEpaTypu JJisi rpaHein
(110)1 1 (110); (-®- — 3pasok Ne 7, -A- — 3pasok Ne 8 mMoHOkpucrana Ne2) micis

3HEBYTJICI[IOBAHHS.

Tabmuus 4.14. 3nadyenHs Ttucky mnapu s rpani (110)r (3pazok Ne 7

MOHOKpucTary Ne2) miciisi 3HeBYTJICIIOBaHHS.

Ne |T,°C| t,¢ | Am-10°%r | P-10°, Topp
1 | 2890 | 340 11,4 40
2 2830 | 600 12,3 24
312770 | 900 | 10,12 13
4 2750 | 960 7,48 8,99
5 12750 | 1200 8.8 8,46
6 | 2720 | 1200 | 7,04 6,7
7 12720 [ 1260 | 7,04 6,42
8 2670 | 3000 8,36 3,17
9 2650|3600 | 9,24 2,91
10 | 2620 | 2700 | 3,96 1,66
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Tabmuus 4.15. 3HavenHs Tucky napu ansd rpani (110), (3pasox Ne 8

MOHOKpHCTary Ne2) micisi 3HEBYTJICIIFOBAHHS.

Ne |T,°C| t,¢ | Am-10°%r | P-10°, Topp
1 12980 | 480 | 449 112
2 2810 | 480 8,36 20,4
3 | 2800 | 600 7,92 15,3
4 | 2800 | 600 7,92 15,3
5 12800 | 600 7,04 13,7
6 | 2780 | 600 7,04 13,6
7 2760 | 960 9,68 11,6
8 | 2760 | 900 7,48 9,59
9 | 2720 | 1260 6,6 6,03
10 | 2680 | 1800 | 6,16 3,89
11| 2660 | 3000 | 7,92 3,0
12 [ 2610 | 5400 | 8,36 1,74

3 7 gP* Who8f 3,2 3,3 34 35 3,6 37
-3
s
-3,5
.o
18
s
e % -.'-__
®
..-o-",
-45
'.'.
o
. 10%/ToK % %5 . 10%/T°K
a o

Puc. 4.15. 3anexHicTh THCKY MapH BoJb(paMy BiJ TeMIEpaTypu s 3pa3KiB

MoHOKpucTairy Ne2 micist 3HeBYTJICHIOBaHHS: a — 3pa30ok Ne 1, 6 — 3pa3ok Ne 2.
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Tabmuus 4.17. 3HaueHHs THCKY TapH I 3HEBYTJICIIHOBAHOTO CTaHy (3pa3oK

No 1 monokpucramy Ne2).

Ne|T,°C| t,¢ | Am-10% 1 | P-10°, Topp
112940 | 660 | 41,4 75
2 12840 [ 1320 33,5 29,7
3 12830( 900 | 212 27,2
4 127801200 | 17,2 16,7
5 2780 | 600 9,68 18,2
6 | 2760 | 1860 | 21,2 13,2
7 2720 [ 1500 | 13,2 10,1
8 | 2720 | 900 7,48 9,5
9 2690 | 1800 | 10,12 6,42
10 | 2680 | 1200 | 5,72 5,45
11| 2570 | 3600 | 5,72 1,8
12 | 2720 | 1200 | 10,56 10
13 | 2800 | 600 | 10,78 21
14 [ 2840 | 1500 | 39,2 30,4

Tabnuis 4.18. 3Ha4eHHsT THCKY Mapu JJISI 3HEBYTJICIILOBAHOTO CTaHy (3pa3ok

Ne 2 monokpucramy Ne2).

Ne |T,°C| t,¢ | Am-10°%r | P-10°, Topp
1 | 2830 | 780 18,04 27,1
2 | 2810 | 600 13,2 25,6
3 | 2780 | 960 15,84 19,2
4 | 2780 | 960 14,08 17
512760 | 960 10,56 12,7
6 | 2750 | 1200 13,2 12,6
7 | 2700 | 1200 7,48 7,11
8 | 2670 | 1920 10,12 6
9 | 2600 | 4800 11,88 2,78
10 | 2560 | 5400 9,24 1,92

OTpuMani  pe3yiabTaTH  3a  mapaMeTrpamMu  cyOmimamii ~ OCHOBHHX
KpucTasiorpagiyHUX rpaHed MOHOKPHUCTANIB 3 PI3HUM BMICTOM BYTJCIIO CB1IYaTh
o . 3
MpO CKJIAJHUNA XapakTep BIUIMBY Malux JAoMimoKk Byriemto (~ 107 Bar.%) Ha

cyOumiMariiiiHi BIacTUBOCTI BOJIbGpamy.
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Jl;st 3HaYeHb TEIUIOTH CyOJiMallii CoCTepIracThCsl 3HAYHE PO3XOKCHHS IS
pizHuXx rpaHeil. OcoO0JMBO BENMKUN BIUIMB BYTJELb CHPAaBIs€ HA IIBUAKOCTI
BUIIAPOBYBAHHS, BEIMYMHHU SKUX B 3aJIEKHOCTI BiJi MOTO KOHIIEHTpALll MOXYTb
3MIHIOBATHCS B KUJTbKA pasiB.

BigzHauumo, mnepm 3a Bce, 1[0 3a3HAauY€HI BIJIMIHHOCTI B IlapaMeTpax
cyOmimamii Uit pi3HMX TpaHed He TOB'SI3aHI 3  KOHLEHTPALIMHUMU
HEOJHOPITHOCTSMH BYIJICIIO Y BUBUEHUX MOHOKpHcTanax. lle miarBepmxyeTbes
pe3yJbTaTaMu, OTPUMAHUMU JIJIS PI3HUX 3pa3KiB 3 OJHOTO 1 TOTO K MOHOKPHCTAIY 3
OJIHAKOBUMHU TPaHsIMH 1 OJJHAKOBOIO OPIEHTAIIIEIO 1100 BIC1 POCTY, SKi, SIK MIPABUIIO,
y3ro/KYIOTBCS MK COO00 (EKCIIEpMMEHTAIbHI 3HAaUCHHS YKJIaJIal0ThCS Ha 3arajibHy
3aJIeKHICTh). 3 yCIX BUBUEHHUX 3Pa3KiB TUIBKUA B OAHOMY BUMHAJAKy (3pasku Ne 1 1 3)
OyJ0 OTpUMaHO HE3HAYHE PO3XOKEHHS (3a BHCOKMX TEMIIepaTyp) B Mapamerpax
cyOmiMariii 7y BUXIHOTO CTaHy, III0 MOXKE€ OyTH BIJIHECEHO 3a PaXyHOK JIESKOl
HEOHOPITHOCTI PO3MOALTY BYTJICITIO 0 MOHOKPHCTAJIAX.

B pe3ynbrari TpUBaJIOro BHUCOKOTEMIIEPATYpPHOTO BiANally MOHOKPHUCTATIB 3
HEBEIHKMM BMicToM Byriemio (5-10° Bar.%), Gynu 3'sicoBadi mesiki 0cOGIMBOCTI
BIUIMBY 3a3HadyeHOi KoHieHTpamii C Ha cyOmiMarito BosibGpaMy 1 MOXKJIHUBOCTI
3HEBYTJICIIOBAHHS TAKHUM CIIOCOOOM.

Kinetuka cybmimMariii mpu 130TepMidHOMY BiJmaii, oTpuMaHa ais 3pa3zka Ne 1
MoHOKpuctasty Ne 1 (puc. 4.2), CBIAUMTH MPO CKJIATHUN XapakTep Mpolecy
(dbopMyBaHHS CKJIaay 1 CTPYKTYPH MMOBEPXHEBOT'O IIapy 3pa3ka Mpy BUMIAPOBYBaHHI.

Pi3Hunss B 3HAayYeHHSAX MIBUAKOCTEH BUIIAPOBYBaHHS, OTPUMAHHUX IS
aHAJIOTIYHUX 3pa3KiB, 110 MPOMILIM pi3HY MOIMEPEIHI0O TEMIEPaTypHY OOpPOOKY,
BKa3zye Ha Te, II0 BUCOKOTEMIIEPATYpPHHM BIINAJIOM MOXKHA JIMIIE YacTKOBO
3MEHIIUTH BMICT BYIJICII0 B MOHOKpUCTaJIaX BoJibppamy. [l BUXiAHOTO CTaHy
3paska 3 5-107Bar. % C 3HaYeHHS MIBHAKOCTEH BUIIAPOBYBAHHS iCTOTHO MEHIII, Hix
s 3paska 3 1-107°Bar.% C, me J03BOJISIE CTBEPUKYBATH, WO NPH KOHIEHTpALi
Byrienio 5-107Bar. % BHCOKOTEMIIEPATYPHMM BiJNAJIOM HNPAKTHYHO HEMOXKIHBO
3HU3UTH KOO BMICT JIO TaKOTO PIBHS, SIKWW OM HE BILIMBAB iICTOTHO Ha CyOJIiMaIliitHi
BiacTUBOCTI. Lle moB'sa3aHo 3 TUM, M0 A1 €(EeKTUBHOTO BUIIAPOBYBAHHS BYTJIEIIO 3
MmoBepxHi BoJibPpamy HeoOximHi Bucoki Temmeparypu (~3000°C), a 3a Takux

112



TEeMITepaTyp MIBUIKICTh BUTIAPOBYBAHHS CAMOTO BOJIb(PpaMy CTa€ iCTOTHOIO.

binbmr  edekTuBHY  OYMCTKY  BiJ  BYIVICIIO B TOPIBHSAHHI 3
BHCOKOTEMIIEpATypPHUM BiAMAJIOM JIa€ BiAnaa B aTMocdepi KUCHIO, 1€ TPU3BOIUTH J10
pe3yNbTaTiB, M0 30iraloThCsl 3 JAHUMU JAJIS BUXIJHOTO CTaHy MOHOKpucTamy Nel
(1-10° Bar.% C). Onnak, Ii AaHi BiJHOCSTHCS 1O Takoi KOHLEHTPALil BYIICLIO B
BOJIb(pami, sika 3HAYHO BILJIMBAE HA TEIUIOTY CyOJiMaIlii.

TakuM 4YWHOM, aHali3 OTPUMAHMX JaHUX JUIS BCIX 3pa3KiB Ja€ MiJCTaBy
TIPUITYCKATH, IO [P BUXiZHOMY BMICTi Byriero B Boabdpami 5-107 Bar. % HaBiTh
3HEBYTJICIIOBaHHS B aTMocdepl KHUCHIO HE MPHU3BOAUTH JI0 TOBHOTO OYHIICHHS
MOBEPXHEBOTO MIAPY Bl TOMIIIKU BYTJIEIIO.

JlaHi, oTpuMaHi JjIs 3HEBYTJIELLOBAHOTO CTaHy 3pa3KiB MOHOKpucrtamy Nel
MOKa3yl0Th, IO MOBHICTIO (10 PIBHS BIJICYTHOCTI BIUIMBY Ha edekTu cyOmimarii)
OUMCTUTHU BOJIb(PpaM BiJ BYTJIEHIO MOKIIMBO JIUIIE 32 KOHIIEHTpAllli OCTAHHBOT'O HE
6inbwe 3a 1-10” Bar. %.

BB Byriento Ha mapameTpu cyOiaiMaliii BoJibppamy pi3HUN B 3aJ€KHOCTI
BiJl oro koHIeHTparii. Tak, Hanmpukiaz, BCi 3pa3ku MOHOKpucTary Ned 3 BMicTOM
Byrnemio 5-10”Bar. % mokasyioTh 3Ha4He (B 2—3 pa3u) 3MEHIIEHHS MIBHAKOCTEH
cyOmimarii [js BHXIJHOTO CTaHy B TOpPIBHAHHI 3 MOHOKPHUCTaJIaMHd 3 MEHIIUM
BMIiCTOM ByrJjeito. [le 6€3cyMHIBHO CBIIYUTH MPO T€, IO 3a TaKOi KOHIIEHTpAIlii
ByrIeno B inTepBani temmeparyp 2800—3000°C 610kyeThCs mporiec cyommartii.

3HauyHMI BIUIMB BYIJICLIO HA TEIUIOTY CyOJiMallii CIOCTEPIraeThCs 38 MEHIIUX
KOHIIEHTpAIii ByrJiem. AHalll3 OTpUMaHUX pe3yJbTaTiB sl MOHOKpHcTairy Nel 3
BMicToM Byrytero 1-107 Bar. % mokasye, 110 B ZOCTiIKEHOMY iHTEpBaIi TeMIepaTyp
(2500-2950°C) npucyTHICTh BYTJICIIO 3MEHIIYE BUIKICTh CyOmimMarii Ta 3011bIIye
TEIUIOTY cyOmimanii Ha ~ 25 KKaJl.

BigzHauumo, 1m0 MexaHi3M BIUIMBY BYTIJICIIO Ha TMOBEPXHEBI BIIACTHUBOCTI
CKJAJHWH, a BIJJOMOCTEH 3 IILOI'0 NUTAHHS SBHO HENOCTATHHO IS MO0 YiTKOTO
OTHCY.

OTtpuMaHi pe3yJbTaTH Ui 3HEBYIJIELIbOBAHOTO MaTepially J03BOJISIOTH OLIbIII
KPUTUYHO TOCTAaBUTHUCS N0 paHilie OmyOliKOBaHMX IJaHUX IO BHUIIAPOBYBAHOCTI

BoibGdpamy [131, 140], Tak sk B HmUX poOOTaX OYHUIIEHHS BIJl BYIJCIIO HE
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MIPOBOAMIIOCS.

JInst BUSIBIIGHHSI KpUcTaorpadgpigyHoi aHi30TpoIIii cyOIiMaIliiHuX BIIaCTUBOCTEN
BOJIb(PpaMy MOPIBHIOBAJIUCS TPaHi 3 PI3HUMU 1HAEKCAMHU OJTHAKOBOI Opi€HTAIlli 111010
BiCl pOCTY MOHOKpHCTAJA.

Jls moHOKpucTamy Ne4 3 BMicTom Byrnero 5-107Bar. % ne Gymu rpasi (100),
1(110); (3pasku Ne 9 1 10), a nus moHOKpucTary Nel (1-10” Bar.%) — rpami (1 10); 1
(111); (3paskn Ne 211 5).

Hus rpaneii (100); 1 (110); B moyaTKOoBOMY CTaH1 3pa3KiB CIIOCTEPIra€ThCs
3HaYyHa aHI130TPOIis MBUAKOCTEN 1 TemtoT cyoOmimanii. [IBuakocTi cybmimarii Buri
B KuIpka pasiB y rpasi (100);, Hixx y rpani (110); B mmpokoMy TemrepaTypHOMY
1HTEepBaJll BUMIPIOBAaHb 1 TUIBKU 3a BUCOKUX TemmepaTyp (~ 3000°C) 1 pi3HuULs cTae
He3HayHOW0. TernoTu cyOmimarii A7 3a3Hau€HUX TpaHed TaKoX PISHATHCS 1
BEJIMYMHA aHi130Tporii carae ~ 20%.

BigzHauumo, 110 BiAMIHHICTH TapaMeTpiB cyOJiMarii Jjis pi3HUX TpaHei
METaJIeBUX MOHOKPHCTAIIIB paHilie HE crocTepiraimacs abo, y BCSKOMY pasi, HE
NepEeBUIIyBaJIa MOXUOKK BUMIPIOBAHb.

CroctepexyBaHa aHI30TpOITIS CyOIIMaIIiHUX BIACTUBOCTEH MOHOKPHUCTAIB
BOJIb(paMy Moke OyTH 0OyMOBJIEHA PI3HOIO aICOPOIIMHOO 3IaTHICTIO OTO IrpaHeH.
AJnicopbaToM y TakOMy BUMAJKY € BYIJICIb, BIH TU]YHIYE 3 00’ €My 1 HAKONTUYYETHCS
Ha TOBEPXHI, SK TMOKA3aHO EKCIEPUMEHTAIbHO [52] B KITBKOCTAX, SKI 3HAYHO
MEPEBUIIYIOTh HOTO KOHIICHTpAIliI0 B 00’ €Mi.

Pesynpratu nmapamerpis cyoaimanii quit rpanei (100), 1 (110)), orpumani micns
3HEBYIJICLIOBAHHs, 301raloThCsi, 110 Ja€ TiACTaBy TMOB'A3YyBaTH HASIBHICTD
KpuctanorpadidyHoi aH130TPOITii B TOYaTKOBOMY CTaHi 3 JOMIIIKaMH BYTJICIIIO.

Ile miaTBEepMKYETHCA pE3yJibTaTaMH, OTPUMAHUMH [IJII HAWYMCTINIOTO 3
nocimmxeHux MoHokpuctamiB Nel. Tak, mma rpamenn (110), 1 (111); anizorpomii
cyOJIiMaIliiHUX BJIACTUBOCTEN B MMOYATKOBOMY CTaH1 HE CITIOCTEPITa€eThCsI.

Jlnst 3HEBYTJICIIbOBAHMX CTaHIB 3pa3KiB € IE€BHA pPI3HUIL B IapameTpax
cyomimarrii. Jns rpani (111) mBuakocti cyOmiMariii MeHI, a TemioTa cyOaiMariii
Oinpma, HiK 178 rpai (110). L pi3Huns, BoueBuab, 00yMOBIEHAa O0COOIMBOCTAMU

cTpyktypu Tpani (111), sika, sax Bigomo, B OLIK-rpaTiii € O611bII MyXKOK TPAHHIO B
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MOPIBHSHHI 3 MITbHOYTakoBaHuMu rpansmu (110) 1 (100).

BmiivB aTOMHOI CTPYKTYpH MIAKJIAIKA TpU aACcOpOIii eNeKTPONO3UTUBHUX
METaJliB Ha 3a3HAUYCHMX BUIIE TPaHIX KpucTajia Bojab(pamy Bigomuii [24]. Ha rpansx
(111) 1 (112) Bonbppamy eHepris ancopOuii MOBUIbHINIE cHanae 31 301IbIICHHAM
1011 MOKPUTTS, HiXK Ha rpadsax (100) 1 (110).

B3aemoniss Mk aacopOOBaHMMHM YaCTHMHKaMH Ha IMX TPaHSIX HOCUTH PI3KO
BUPa)XCHUN aHI30TPONHUN XapakTep 1, MaOyTbh, BIAPI3HAETHCS MiABUIIIEHUM BHECKOM
KOBAJIEHTHOI CKJIQI0BOI B MI>KATOMHHUX 3B'sI3KaX.

VY wnamomy Bumanky rpanb (111) Bigpi3HSE€TbCS Bif I1HIIMX JOCIIIHKECHUX
rpaneit (110) 1 (100) 61l BUCOKOIO CTIMKICTIO /IO BIUIMBY KUCHIO y TTOpiBHSIHHI 3 C.
Sk yxe 3rajgyBayiocsi paHille, HEOJHOPa30Be 3HEBYTJICIIOBAHHA B aTMOc(hepl KUCHIO
HE TMPU3BOAUTH 10 3MiH CyONIMAaliifHMX BJIACTUBOCTEH, OTPUMAaHUX IS 1HIIUX
rpaHeit. [le Moxe OyTH TOB'SA3aHO 3 OCOOIMBOCTSMH MiKaTOMHOTO 3B'SI3KYy BYTJICITIO 3
BosIb(ppamomM Ha rpani (111).

[TopiBHSHHS JaHUX ISl €KBIBAJICHTHUX I'paHEd MOHOKPHUCTAIIB BOJbhpamy,
1[0 BIAPI3HAIOTHCS HAMPSMKOM IMOAO BICI POCTY, MOKAa3ye€ HAsBHICTh aHI30TPOIii
napamMeTpiB cyOimariii, BeIHMYMHA SKOi 3aJIeKUTh BiJ KOHIICHTpAIlli BYTJICHIO B
MOHOKpHCTanax. Jms MoHokpuctamy Ne 4 3 BMmictom Byrmemo 5-107 Bar. %
BEJIMYMHA aHI30TPOMii CyONiMaliifHUX BIACTUBOCTEN HaWOLIbIIA, 31 3MEHUICHHSIM
BMICTy ByIJIEII0O BOHA 3MEHIIYeThCS i 3a Horo KoHmenrtpamii y 1-10° Bar. %
PAKTUYHO 3HUKAE.

o crocyeThCsi HU3BKUX 3HAYEHDb TEIUIOT CyOiMallli, OTpUMAaHUX JIJIsl TpaHen
(110) monokpuctaiy Noe 4 B MOpIBHSHHI 3 1HIIMMHM MOHOKpPHCTajaMH, TO BOHH,
WMOBIpHO, TIOB'sI3aH1 3 PI3HUMM MEXaHI3MaMHu CyOJiiMaIliid 3a HU3bKUX 1 BHUCOKHUX
TeMIlepaTyp BUMIpIOBaHb. Tak, 3a HH3bKHX Temmeparyp (~ 2600°C) Ha moBepxHi
3pa3ka YTBOPIOIOTBCS KapOlau, IO MPU3BOAUTH 1O 301IBIIECHHS IIBUAKOCTEH
cybmimartii, Toai sk 3a BHcokux Temmeparyp (~ 3000°C) BHacaigoK 301IbIICHHS
PO3UYHMHHOCTI BYTJICLIO HA MIOBEPXHI 3pa3ka YTBOPIOETbCS TBEPAUI pO3UHH BYTJICLIIO B
BOJb(Ppami, 10 MPU3BOJAUTH JO 3MEHIICHHS IIBUAKOCTI cyOmiMariii. CymapHuit
e(eKT X JBOX MPOIIECIB MPU3BOIUTH O 3MEHIICHHS 3HAYCHb TEIUIOT CyOJiMaltii,

III0 BU3HAYAIOTHCS 1X €KCIEPUMEHTAIbHUMH JIAHUMU B 1HTEpBaJil Temieparyp 2520—
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3060°C.

BigzHauumo, 110 3HUKHEHHS BIJMIHHOCTI B HIBHUJKOCTSX cCyOmimartii s
rpaneii (100). 1 (100); 3a Temneparyp ~ 3000°C mMoske OyTH MOSCHEHO 301IbIIEHHAM
PO3UYMHHOCTI BYTJIELIO B BOJb(pami 3a BUCOKHUX TEMIEpaTyp 1 HOT0o MepexoioM 3
MOBEPXHi B 00'eM.

Y THX MOHOKpHUCTaNax, /¢ BIAMIHHICTh BJIACTUBOCTEH ISl BUXITHOTO CTaHY
3pa3KiB CIIOCTEPITa€ThCA JOCUTh YITKO, MICJS BUIAJICHHS BYIJICIIO IIs1 BIIMIHHICTb
3HuKkae. lle nmae miacTaBy NPUIYCKaTH, IO HAsBHICTH BYIVIELIO, B OCHOBHOMY,
3YMOBIIIO€ BIIMIHHICTh Y BJIACTUBOCTSIX Ul €KBIBAJICHTHUX I'paHEd, OpIEHTOBAHUX
MO-P13HOMY 1O BITHOIIIEHHIO JI0 BiCl POCTY MOHOKPHUCTAITY.

Jlis TOSCHEHHs BUSBJICHOTO SIBUINA aHI30TPOMIl MapaMmerpiB cyOiMarii
€KBIBAJICHTHUX TpaHEe MOHOKPHCTAJIB BOJb(ppaMy NOTPIOHI JAaHI 3a IHIIUMHU
BJIACTUBOCTSIMH ITUX TpaHeld. bkl neTaibHe BUBYCHHS MEXaHI3MY BIUIMBY BYTJICITIO
Ha BIJIACTUBOCTI MOHOKpPHCTAJIB BOJb(pamMy 13 3adydyeHHSM IHIIUX METO/IB

JOCIIDKEHHS OyJie pO3TJISTHYTO B HACTYITHOMY Haparpadi 1iboro po3aiiy.

4.4 AmnizoTpomis aToMHOI OyI0BH Ta eJEKTPOHHHMX BJIACTHBOCTEH

MOHOKPHCTAJIB BOJb(pamy

AHi3oTpornis (pi3MYHUX BIACTUBOCTEH METAJIEBHMX MOHOKPHUCTANIB Ha PI3HUX
KpuctasiorpagiyHUX TpaHIX 3arajbHOBIIOMA. 3 TOYKU 30py Teopii MetamiB [143] mi
0COOJIMBOCTI B psiAl BUMAJAKIB MOXYTb OyTH TOB'sI3aHI 3 aHI30TPOMIE€I0 MOBEPXHI
depmi, siKa 0OTHO3HAYHO OIMKCYE MOBEAIHKY €JIEKTPOHIB B METAaII 1 3aJICKHUTh B1JI HOTO
KPUCTAIIYHOI CTPYKTYpH. ICTOTHUM MpU LbOMY € T€, IO JOCKOHAJIMM KpPHUCTal Mae€
OJIHAKOBI1 BJIACTMBOCTI B €KBIBAJEHTHUX IUIOMMHAX 1 HampsMmax. OmHak, sk Oyjae
nokazaHo Hmwxk4de, B Mmetami 3 OLIK-rpatkoro Moke BUHUKHYTH CHUTYaIlisl, KOJH
OJIHAKOBICTh BJIACTUBOCTEH B €KBIBaJICHTHUX HAIMpPsSMax B KPUCTaAJ TOPYIIYETHCSI.

[Ipy mociiPKeHH1 €KBIBAaJEHTHUX TpaHe MOHOKpPUCTAIIB BosibhpaMy (JIMB.
po3ain 4.3) Oyna BUSIBJIEHA aHI30TPOIis MapaMeTpiB BUITAPOBYBaHHs. ICHyBaHHS 1€l
aH130TpOMIl MOB'A3YBajOCAd 3 HASBHICTIO JOMIIIOK BYTJIELO. 3 METOIO 3'sCyBaHHs

MeXaHiSMy BIINIMBY BYIJICOIO BHBYABCA KOMILICKC BJIACTUBOCTEH JJIAA piSHI/IX
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€KBIBaJICHTHUX 1 HECKBIBAJICHTHUX TPaHE MOHOKPHCTAIIIB BOJIb(Ppamy.

His JOCHIKEHHS aTOMHO1 CTPYKTYpH BUKOPHCTOBYBABCS
PEHTTEHOCTPYKTYpHUN MeToa. Jlis mocmimkeHHsl aHi3oTporni nmoBepxHi depmi B
CKBIBAJICHTHUX KpucTajorpadiuHux HampsMmax OyB 3aCTOCOBaHHH  METOJ
MO3UTPOHHOI aHiruiamii [144], a TepMoauHAMIYHI BJIACTMBOCTI E€KBIBAJICHTHHUX 1
HECKBIBAJICHTHUX TpaHel KpHCTajla BOJh(paMy BHUBUYAIUCS 3 BUKOPUCTAHHSM BKE
OIHCAaHOTO BUILE METO/ly BUMIAPOBYBAHHSI 3@ BUCOKHX TEMIIEpaTyp.

CyKyInHICTh 3a3Ha4€HUX METOIB JI03BOJIMJIA OTPUMATH 1H(OpPMALIiIO SK PO
aTOMHY CTPYKTYpY 1 €JIeKTPOHHI BJIaCTUBOCTI, TaK 1 MPO MapaMeTpH BUIIAPOBYBAaHHS
JUISL OTHUX 1 TUX CaMMX JOCTIIKYBaHUX KPUCTAIB.

BuBuanucs BIacTUBOCTI MOHOKPHUCTANIB BOJIb()paMy 3 OpIEHTYBaHHSIM BicCi
pocty [100] 1 [110]. 3paskm [ [OOCTIKEHHS TIEPEIIYCHUMH METOJaMu
BUTOTOBJISUTUCS €JIEKTPOICKPOBOIO Pi3KOI0 MOHOKpHUcTaiB o miommHax (100) 1 (110)
3 TOYHICTIO +20°, OPIEHTOBAHMX NEPHEHIMKYIAPHO (L) 1 MapasensbHo () BICI pOCTY.
Jlo BEMIpIOBaHb 3pa3KH BigmamoBaau mpu Temmeparypi 2900°C B Bakyymi 5-107°
TOpp MpoTsroM 1,5 roauHu. Y IUX yMOBax 3 KpHCTanda BUIASIFOTHCS BCi JOMIIIKH,

KpiMm Byriiento. [TouaTkoBHil BMICT BYTJIEIIO B 3pa3Kax HaBeAeHO B Ta0. 4.19.

Tabmuns 4.19. ITloyarkoBuWii BMICT BYTJICII0O B 3pa3kax MOHOKPHCTAJIB
BoJb(pamy 3 opieHTyBaHHsM Bici pocty [100] 1 [110], a Takok mapameTp IpaTkKw,

JlaH1 MO3UTPOHHOI CIIEKTPOCKOITIi Ta 3HaYEHHS TEIJIOTH CyOIiMaltii.

Bice Ha 25 3g4arTi
Kpuc- Bwmicr N(O (@)
OpienTanis | pocty fo= L do, A napy >
Tal BYTJICIIIO N(]‘O) KKaJI/MOJTb
[HKL] N d, A
(110)+ 5.8 3,1663//2 - 170+3
1 [110] | 6-107
(110)) 6,6 3,1679/2 - 200
(100)L 3 5,55 3,1681 | 5,52 | 3,1670 18543
2 [100] 5-10
(100) 6,2 3,1643 6,3 | 3,1640 160
185
(110)x 3 5,33 - - Eﬂ
3 [110] 1-10°
185
(110)y 5,43 - - —
175

[Ipumitka. B rtpadi Qs y «3HaMEHHHKY» HaBOJIWUTHCS 3HAYCHHS IIICIS JIOJATKOBOTO
SHCBYTJICHIFOBAHHAL.
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4.4.1 Ilo3uTpOoHHA AHITVIALISE B MOHOKPHUCTAJIAX BOJIb(pamy

Jia  pocmipkeHHs  aHizoTpomii  moBepxHi ®depmi B €KBIBAJICHTHUX
KpUcCTamorpagiyHUX  HampsiMax  OyJo  3aCTOCOBAaHO  METOJ  MO3UTPOHHOI
cnektpockonii [144]. Tpamumiiini (pe30HAaHCHI) METOAW BU3HAYCHHS (HOPMH
noBepxHi depmi 0a3yloTbcs Ha BUMIPIOBaHI MapaMeTpiB, IO 3ajekaTh BlJ 4acy
penakcaillii eJIeKTPOHIB, a TOMY BIAMOBIAHI €KCIEPUMEHTH MOTPEOYIOTh HHU3BKHUX
TEMIIepaTyp, BEJIMKUX MAarHiTHUX TIOJIB Ta BHUCOKOi YHCTOTH 1 JOCKOHAJIOCTI
MOHOKpucTamiB. Ha BiAMiHY Bl HHUX, pe3yJIbTaTU METOAY IO3UTPOHHOI
CIIEKTPOCKOTIT HE 3aJie)aTh BiJl 4acy pesakcailii eJIeKTPOHIB, a TOMY JTO3BOJISIOThH
BHMBYATH HE TUIbKM YUCTI METalM, a W CIUIaBU, Ta HE MOTPeOYIOTh NepepaxoBaHUX
BUIIIE YMOB eKclepuMeHTy. OcOoOIMBICTIO 3a3HAYEHOTO METOIy € HOro BHCOKA
YYTJIMBICTH JI0 3MIHU CTPYKTYpH [144].

BumiproBanHss KyTOBOro posnojuty adirumsimgiiaux ¢otoHiB (KPAD)
MPOBOAMIIOCS Ha ycTaHOBI Y A-64 3 kyroBum posmnoaiiom 0,9 mpan. s mionux
(100)y 1 (110)] mampsM pOCTy MOHOKpHMCTama 30iraBcsi 3 BICCIO, IO 3'€IHYE
nerektopu, a ausg meperuHiB  (100)r 1 (110)r wHampstm  Bici pocty OyB
MEePHEHANKYJISIPHUM JI0 BiCi, [0 MPOXOAUTH Yepe3 AeTeKTopu. BumiproBamocs
criBBigHomeHHs fo = N(0)-N(10), ne N(0) 1 N(10) — mBUAKOCTI paxyHKY CITIBIIa/IiHb
(ToOTO YacTOTH peecTparii aHITUIAIIAHAX TaMa-KBAaHTIB, MO0 PO3JITAIOTHCS) TPH
0=016 = 10 mpan, ne 6 — BiAXWUJIEHHS KyTa MK HampsiMaMH poO3JLOTy Tama-
KBaHTIB BiJl 3HaUeHHA y 7 pajl. [Toxubka y BuMiproBaHH1 cTaHOBuUIA 2%.

PesynbraT, HaBeaeH1 B TabJ1. 4.8, 4ITKO BKa3ylOTh Ha Te, 110 BEJTUYWHA fo IS
3paska 3 rpanHio (110)L, Bupi3aHOr0 NMEPIEHIUKYIAPHO BICl POCTY, MEHIIA, HIXK fo
nns 3paska 3 rpansio (110)), Bupisanoro mapanenbHO Bici pocty, Ha 12%. [lns
3paska 3 opienraniero (100)L fo mMenma, HbK g 3paska 3 opientauiero (100)) na
11,6%. HeoOximHo Bim3HAUWTH, IO 3a3HAYCHUN €(GEKT HE 3MIHIOEThCA SK Yy
BUXI1JIHOMY CTaH1 3pa3KiB, TakK 1 MICJs BiANATY 32 BUCOKHX TeMIIEpaTyp.

Ile Bka3zye Ha BIACYTHICTh BIUIMBY Je(EKTiB, Tak AK 3a3BUYail 3POCTaHHS

BEJIMUMHU f, criocTepiraiocs panime [145] B 3B'S3ky 3 YTBOpEeHHSIM Je(eKTIB 1
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0OyMOBJICHO 3aXOIICHHSM HUMH MO3UTPOHIB. OCKIIBKU TYCTHHA TUCIOKALIA POCTY
B JIOCHIIJDKEHUX KpHUCTalIaxX IyKe€ Malla, a CIOCTEpeKyBaHa 3MiHA BEIUYUHU f
BI/IMOBIIaa O 3MIHU T'YCTHHHM JUCIIOKaIi mpubin3Ho Ha 4 nopsanku [144], to, mis
auciokanii abo Bakauciit Ha popmy KPA® B nanomy Bumnanky Bukimodaerscs. 1o
CTOCYEThCSl JIOMIIIOK, TYT CJiJl MaTH Ha yBa3l BIUIUB aTOMIB BYIJICIIO, SKi, fK
MOKAa3aHO BHILE, YK€ BAXKKO BUAAIAIOTbCA 3 TyrominaBkux kpucrtaiiB 3 OLK-
rpaTkamMu (quB. TakoxX [146]). SK0 NpUITyCTUTH, IO ATOMHU BYTJICIIO 3aXOIUIIOIOTh
MO3UTPOHU, TO JUIS 3a3HAYEHOI KOHIICHTpAIlli BYTJICII0 BCl aKTH aHITUIALIT MarOTh
BiI0OYBAaTHCA Ha LIEHTPAX 3aXOIUICHHS 1 BUMIPIOBAaHI AHITUIAMINHI XapaKTepPUCTUKH
MarTh JaBaTu 1HQOpPMAIli0 TUIBKK MPO 11 LEHTPU 3aXOIuieHHs. Tojl aHITIAIIiH]
XapaKTEPUCTHUKY JJII €KBIBAJICHTHUX TUIONTUH HE TIOBUHHI BIPI3HATHCS.

CrocrepexyBaHa 3MiHA BEIIMYWHU fy JJII €KBIBaJCHTHUX IUIONIWH, TOOTO B
3QJIEKHOCTI BIJI OpI€EHTAIll KpUCTajla BIJHOCHO HOTro BICI POCTYy, MOXe OyTH
oOyMoBIIeHa 3MiHOI0 caMoi noBepxHi depmi gocaimKyBaHuX kpucrtatiB. Lle o3Hauae,
0 PO3MOALT EJEeKTPOHIB 3a IMIyJbCaMU, SKHUH PEECTPYEThCS SK PO3IMOILT
AHITITIOIOYHUX TMap MO Z-KOMITOHEHTI iX MOBHOIO IMITYJIbCY, TAKOXK BIAPIZHAETHCS IS
3a3HadeHuX BunaakiB. lle mepembavae, 10 MDKIUIOMMHHI BifAcTaHl dy B
€KBIBAJIECHTHUX JUIsI JOCKOHAJIOrO KpUCTAlIy HampsiMax IIOBHHHI B peajbHUX
KpHUCTaJIaX BIAPIZHATUCA MIXK COOOI0.

Jlis mepeBipKd MOXKIIMBOTO BIUIMBY KOHIIEHTPAIIMHUX HEOIHOPITHOCTEH B
PO3MOIIl JIOMIIIOK HAa aHITUIAIIAHI XapaKTePUCTUKU 3pa3KiB 3 €KBIBAJICHTHUMU
miomuHamu (100)| Oyu MOBTOPHO BUMIPSHI BENMYUHHY fi TICISA 3HATTS TPABICHHAM
mapy 3aBTOBIIKK 25 MKM. JlaHi, HaBeneHi B Taba. 4.19 mokasyroTh, 110 1CTOTHUX
3MIH f; TICHS 3HATTS IIapy HE CIOCTEPIraeThbcsi, TOOTO MPUUMHOIO PO301KHOCTI
3Ha4YeHb fj 7151 €KBIBAJCHTHUX rpaHe 3pa3kiB Ne 1 1 2 € HEOAHOPIIHICTH PO3MOILITY
JOMIIIOK B 00’€Mi MOHOKPHCTAIIB, a HE B iX MPHUIIOBEpXHEBUX Iapax. [Ipu npomy
3pa3ku kpucTana Ne 3, siKi Majau HU3BKUW BMICT BYTJICINIO, Ay OJM3bKI 3HAYCHHS
napameTpa fo 1 ekBiBaneHTHUX rpanei (110)L1 (110)) (Tabmn. 4.19).

Takum 4MHOM, 3arajbHUIl BUCHOBOK 3 PO3TJISIHYTHX (DaKTIB MOJSATAE B TOMY,
mo 3miHa cmiBBigHOmEHHS f = N(0)/N(10) B 3aJeXHOCTI BiJl OpPIEHTYBaHHS

€KBIBAJICHTHUX IUIONIMH KpHUCTajla MO BIAHOIICHHIO J0 BiCi POCTy, 3yMOBJICHa
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BIJIMTOBITHUMH 3MiHAMU (CTIOTBOPEHHSMH ) CUMETPii BChOTO KPHUCTAITY.

[Topsim 3 UM CJTijl 3a3HAYMTH, 110 XO4ya 3MiHA BIJHOIICHHS f/ HE BigoOpaxae
0e3nocepelHbO B3aEMO/IT MO3UTPOHIB 3 JOMIMIKaAMU ab0 iX pO3MOJAUTY B KPHUCTAaI,
OCTaHHI{ Tpa€e BUPILIAIBbHY POJib Y (OPMYyBaHHI IUCIOKAIIIHOI CTPYKTYpHU MIPH POCTI
KpHUCTaly, sSIka Ma€ Ba)XJIMBE 3HAYCHHS y BH3HAYCHHI TOHKOi CHMETpii KpucTana. 3
iHIIOro O0OKy, MOXXHa BBaXaTH, IO 1 B3aEMOMIS JOMIMIOK 3 POCTOBUMH
JUCIIOKAIIsSIMU, TaK CaMo SIK 1 caMma JUCIOKallliiHa CTPYKTYpa, M0 POPMY€ETHCS MPH
[[OMY, BU3HAYa€ KiHIICBY BEJTMYUHY CIIOTBOPEHb CUMETPIi KpUCTAIY.

Posrnsimatoun  B3aemo3B's30k  BumiproBanoi BenmuwuuHH  f=N(0)/N(10) 3
napaMeTpamu, IO XapaKTepU3yITh CTPYKTYpYy KPHUCTATIYHOI IpaTKh, MOXKHA
BU3HAUMTH, MPUHAMMHI fAKICHO, B SKIH Mipi BenuuuHa [ BigoOpa)kae 3MiHY

napaMeTPUYHUX XapaKTEPUCTUK KPUCTAIIYHOI IPATKHU.

—_

Sx BimoMo, B MOl HE3aJSKHUX YACTHHOK PO3MOAT IMITYJIbCiB P
aHITUTIOIOUKX Map (BiH K€ CyMapHHM IMITyJIbC aHITUISIIHHUX TaMa-KBaHTIB) JA€TbCs

BHUpa3oM [144]:

p(P) = S f- (), (D | i Py e~ Prar| (4.4)

ae f_ (E) [t (7(7) — WMOBIPHICTh aHIrUIALIl elekTpoHa (+) 1 MO3UTpoHa (—) B CTaHaX 3
XBHJILOBUMH BeKTOpamu k i k Binmosizwo, a Py (7) i l/),t, () — xBUIBOBI QyHKIIT
MO3UTPOHA 1 EJIEKTPOHA B IIUX CTaHaX. 3a KIMHATHOI TeMIIEpaTypy TEPMalli30BaHUI B
KPHUCTaJIl TIO3UTPOH 3HAXOIUTHCS MPAKTUYHO B OCHOBHOMY CTaHi 3 k' - 0, a iioro
OoJpIIMaHIBChbKa (DYHKIIIS po3moairy f, (F) =) (F), byHKIisg K Depmi eIEKTPOHY
f- (ié) ciabo Bizpi3HsA€eThCA Bl 1 B Mexkax moBepxHi Pepmi 1 Big 0 mo3a HEwO, TOMY

MOKHA HaItucaTtu:.
- N e _iB2 2
p(P) = 25 [ wi PywE PeFrar|” . (4.5)

-
ne Y¢ () — nosurponna xeunboBa (ynkuis mpu k' = 0, a cyma Geperhbes 1Mo BCix

craHax (k) enekTpoHiB ycepeanHi noBepxHi depmi. MHOKHUK 2 BpaxoBYE, 110 CTaHU
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AB1Y1 3aiHATI €IEKTPOHAMU 3 PI3HUMU CIIHAMH.
KpuBa KyTOBOi KOpEINAIii BiJi MOHOKPHUCTATy, BUMIpsSHA B HAIIOMY BHUIIQIKY
CIIEKTPOMETPOM 31 CTaHJApPTHOIO JIOBIOIIMJIMHHOIO T'€OMETpPi€r0, BIAMOBIIAE

MJIACKOMY MEPETUHY B PO3MOIiII IMITYJIbCIB:
N(O)~N(P) = [[” p(P)dPydPy = 2r [, p(P)pdp , (4.6)

ne P, = mc6 — z-KOMIIOHEHTa IMIYJbCY €JIEKTpOHa, 10 aHirumoe B crani P=hk 3
mc 2 2 2 . .
kz= TQ’ p~ = (Px)” + (Py)", m — Maca CIOKOIO €JIEKTPOHY, ¢ — IIBUJKICTh CBITJIA. 3

BukopuctanHiaMm Dyp'e neperBopeHHs Bupas (4.6) Mmoxxe OyTH NpEACTaBICHUH SIK:

-

S 2 > -
Ag(K)| 6(P/h—k-G), (4.7)

p(P) =V Zge

ne V* — 00’em obepHeHOI IpaTkH, G — BEKTOp OOEpPHEHOI IPATKH, Ag(E) — Dyp'e

KOMITOHEHTa, 1110 JOPIBHIOE

Az (k) = [ e~ CPTyr @) g (FdF | 4.8)
Ph-k=6G 6==2, (4.9)
dg

-

TYT d; — BIACTaHb MK IUIOIIMHAMU MPSMOi I'PATKU, AK1 3aJal0ThCS BEKTOpoM G, a
iHTerpan y (4.8) Oeperbcs 3a 00’€eMOM elleMEHTapHOI KOMIpkH. Toxi po3mojii

IMITYJTbCIB (4.6) MOXHA TIOJIATH TaK:

N() o [[° dP,dP, % Az (F)| 8(B/m—k —G) . (4.10)

-

Lle#t Bupa3 mokaszye, 10 KOXEH €JNEKTPOH 3 XBHJIEBHM YHCIOM k J1a€ BHECOK B
. . - — o - - - - .
aHirwsiuio He Tiibku npu P/h =k, a it npu P/h =k + G (G # 0) 3 BIAHOCHOIO
N
Baroo |A5(k)| :
OCKIZTbKM TEpMalli30BaHI TO3UTPOHM TMOBHHHI OyTH NPaKTUYHO Yy CTaHl
cnokoo (P; — (), To KyTOBUH PO3MOJLN Y-KBaHTIB BioOpakae PO3MOILT IMITYJIbCY
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€JIEKTPOHA B TBEPAOMY TUIl TMEpen aHITUIAIie0. SKIo KpuBYy KyTOBOi KOpeIsmii
IPEACTABUTH SIK CYNEPIO3UIIII0 aHITISAIINHUX BKJIQAIB B/l €JIEKTPOHIB MPOBIHOCTI 1
CJIEKTPOHIB MOHHOTO OCTOBY, TO i =0 moxna 3amucath N(0)=N,(0)+N,(0), ne
1HACKCH p 1 g BIAHOCATHCS A0 IMITYJIbCHOTO PO3MOUTY JJI €EKTPOHIB MPOBIAHOCTI 1
MOHHUX OCTOBIB BIJIIOBIIHO.

bepyun no yBarm, mo mpu #=10 mpan BenuunHa N(10) BU3HAYAETHCS TIIBKA

BHECKOM B1J] €JIEKTPOHIB HOHHUX OCTOBIB, OTPUMAEMO:

N(0) _ Np(0) Ng(0)
N(10)  Ng(10) = Ng(10)

4.11)

[le BigHOIIEHHS ICTOTHO 3aJICKHUTh BiJ MapameTpiB rpatku d (nuB. (4.9)). 3
aHanizy Bupasy (4.11) BumuBae, mo npu aedopmaiili rpatku 0e3 MOPYIICHHS
ATOMHOI TEPIOUYHOCTI 3MIHIOIOTHCS SIK 00°€M 00€pHEHOT IpaTKH, TaK 1 BIAMOBIIHI
BEKTOpH 00epHEHO1 rpaTku. Lle moBUHHO PU3BOAUTH 110 3MiHM (hopMu KpuBoi N(6),
OpUYOMY BEJIMYMHA 1i€] 3MIHU AJI1 PI3HUX KpHUCTaJorpapiyHUX TpaHed MOBHHHA
OyTH pPI3HOI 1 BU3HAYATHCSA pealbHOIO (HE B HAOMIDKEHHI Cla00 B3a€MOIIOYMX

€JICKTPOHIB) TOIOJIOTIE€0 TTOBEepXHI Depmi.

4.4.2 ITapameTpu PUCTAJIYHOI CTPYKTYPH BoJIbdpamy

JIy1st BU3HAYCHHS TTapaMeTpiB I'PaTKW MOHOKPHUCTAIIB BOJIb(paMy 3 BUBEICHOIO
IJIONIMHOK  BUKOpUCTOBYBajacsi ycrtaHoBka J[POH-1 3 MoHOXpoMartuyHuUM
BUMIPOMIHIOBaHHSIM Mo 1 wMoHoxpomartopoM 3 kpuctama LiF. KaniOGpyBanns
nudpakToMeTpa MPOBOIUIIOCS 32 MOJOKEHHIM BIAOUTTS Bii MOHOKPHUCTAITY KBapIia.
[Tapamerpu rpatku ans rpanedt kpuctainy W(110) Bu3Havanucs 3a TpETIM MOPSIAKOM
BiIOUTTSA, a mns rpanei kpuctamy W(100) — 3a moctum mopsakoM. I[loxuOka
BUMIpIOBAaHHsA HapaMeTpa Ipatku craHosuna £0,0002 A. Haseneni B Tabmumi 4.19
BEITMYMHU MDKIUIONIMHHUX BiJCTaHen (d,) N €KBIBaJEHTHUX IUIOMIMH KpHCTaja
MOKa3yl0Th, 110 BOHHU BIAPI3HAIOTHCA OAHA BiA OAHOI. Lle y3romkyeThcst SIKICHO 3
MIPOTHO30M, 3p00JICHUM Ha OCHOBI JJAaHUX IO 3MiH1 aHITUIALIMHUX XapaKTEPUCTHUK.

[cToTHOIO, ONMHAK, TyT € Ta OOCTaBWHA, IO BIAMIHHOCTI B aHITUISAIIHHUX
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napameTpax Jyisi €KBIBAJICHTHHX TIJIONIMH BiJIMOBIIA€ BIIMIHHICTD 1 B MIKIUTOITUHHUX
BiJIcTaHsAX. MakcUMalibHa KyTOBa BiJICTaHb MDK AU(GPAKIIHHUMU MaKCUMyMaMU JJIsI
ekBiBaneHTHUX miomwuH  (110)r i (110)] cramosure A =0,14° (s
BuripoMiHioBanHs K,Mo). HamiBmmpuna 1ux MaKCUMyMIB OJHAKOBa 1 JTOPIBHIOE
bir = b| = 0,10°. 3 ypaxyBaHHsIM KyTOBHUX IOJIOXE€Hb MaKCUMyMIB JUISl IHIIMX JBOX
exBiBameHTHUX TMomuH Tuny (110) moxnHa ouwikyBatu, mo uminis (110) Bixg
MOJIIKPUCTAIYHOTO 3pa3ka BoJibpamy Oyae ICTOTHO posmupeHoro. /JlilicHo,
HamiBupuHa g BiOUTTS (110) BiAg MOMIKPUCTAIIYHOTO 3pa3ka, BUTOTOBJICHOTO
IUIAXOM TOApIOHEHHS MOHOKpHCTany 3 mnojanpmuMm BignaioM npu 1500°C
npotsrom 0,5 roauau, BusiBuiiacs pisHoro 0,32°, To6To Oibiie cymu Ap+2b=0,24°.
Ile BKka3ye Ha MPUYHHY TOrO, YOMY Y BCIX MOMEPEIHIX CTPYKTYPHHUX JOCITIIKEHHIX
MOJIIKPUCTANIB BOJIb(hpaMy 3a3HayCHI BUIIE CIIOTBOPEHHS IPATKU HE CIOCTEPIraucs,
Xo0u4a 111 00'€KTH O€3CYMHIBHO MICTHJIM BYTJICIb B SIKOCTI IOMIIIKH.

Jlani, HaBeneHi B Tabn. 4.19, cBimuaTh NpoO CKIATHUN XapaKTep CIOTBOPEHb
KPUCTAIIYHOI IpaTKu BOJb(pamy. 3aBASKM BIAMIHHOCTI B 3HAUCHHSX d JJIs JIBOX
€KBIBAJICHTHUX 1 B3aeMoMNeprneHAUKYIIpHUX 1iomuH tumy (110) oxHa rpaHs kyOa
3a3Ha€ POMOIYHOTO CIOTBOPEHHS, a 3aBISKH BIAMIHHOCTI B d JJs JIBOX
EKBIB&JICHTHUX 1 B3a€EMOINEPNCHAUKYJSIpHUX rpaHed Tumy (100) BUXOIUTH
TeTparoHajbHe croTBOopeHHs. CriibHEe Al LUX JBOX THUIIIB CIIOTBOPEHb OOYMOBIIIOE
POMOIYHO-TETparoHAJIbHE CIIOTBOPEHHS KyO14HOI IPaTKH BOJIb(pamy.

3aznauene Bumie crnotBopeHHs moBepxHi depmi ([ID) npuHIMIIOBO
BIJIPI3HSIETHCS BiJ CIIOTBOPEHHS B cIulaBax Tumy 3amimienHs o-Cu-Al [145]. B
OCTaHHhOMY BUTIAAKy nomaBanHs Al ngo Cu He mnpu3BOAUTH 10 J0IATKOBOI
aHI30TpoOMii Il €KBIBAJICHTHUX HANpsAMIB B KpucTadi. s po3riasHyTOro TyT
BUTIAAKY 3 BOJb(PpPaMOM XapakTepHe CHOTBOpeHHs [ID BHKIMKAaHO BTIICHUMHU
aToMaMH BYTJIEIIO 1 €, IMOBIPHO, HACTIAKOM aHI30TPOIHOIO XapakKTepy B3a€MO/Iii
aTOMIB BYTJIELIO 3 aroMamu Bojbppamy. lle sKICHO TMOKa3aHO TIPHU JOCIIIKEHHI
TEIJIOTH CyOIiMallli A1 PI3HUX THUIIIB €KBIBAJICHTHHUX IUJIOLIMH KpUCTaa.

CnotBopenas popmu 1D mae mpuBecTH 10 aHOMaANIBHOI 3MIHHM (DI3UYHUX
BracTuBocTell. Tak sk 3MmiHa BiactuBocTtedd uepe3 anizorpomito [ID 1o

€KBIBaJICHTHUM HampsiMaM TMOBMHHA HOCUTH aHI30TPOITHUN XapakTep, TO, MepIl 3a
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BCE, JOIUIbHO JOCHIKYBaTH TOBEPXHEBl BJIACTUBOCTI, MOB'S3aHI 3 OKPEMHUMH
€KBIBaJIECHTHUMU T'paHSIMHU KpucTaidy. BigoMo, 110 eneKTpoHHa CTPYKTypa KpUcCTaly
CYyTTEBO BIUIMBAE Ha MDKATOMHI 3B's3kh. ToMy crmOTBOpeHHs ToBepxHi depmi B
3B'SI3KY 3 11 aHI30TPOIMIEI0 B EKBIBAJICHTHUX KpUCTAJIOrpadiuHUX IIIOMIMHAX MAa€E
BIUIMHYTHU HE€ TIJIbKM Ha OO'€MHI BJIACTUBOCTI, ajie ¥ Ha CcyOiiMalliiiHl BJIaCTUBOCTI
MOBEPXHI JIOCIIKYBAHOTO KPUCTAJIa.

[Tepmr 3a Bce BiA3HAYMMO HASBHICTH aHI30TPOMIl TEIJIOTH CyOIiMaIlii s
€KBIBAJICHTHUX aTOMHMX IUIOIIMH, NMPUYOMY TeIUIoTa cyOsimariii OiibIna s Tiel
rpaHi, IS SIKOT MIPKaTOMHA BIJICTaHb OLIbIIIA.

Kpuctan Ne 3 nns rpaneit tuny (110) He MOXke BUSBUTH Takoro e(heKTy, TOMY
IO BMICT BYTJIEII0O B HbOMY 3HAQYHO MEHUIIMM, HDK B IHIIUX KpHUCTaJlaxX, a MiCHs
nonatkoBoro 3HeByrnentoBanHsa npu 1900°C B motorni kucHio [147] mpotsrom 20
rojl. 3HaueHHs (Js 3HU3WIIOCS, aje 3aJIUIIUIIOCS OJHAKOBUM JJI E€KBIBAaJEHTHUX
IpaHen.

Xouya caMm (akT aHI30TpOMii BJIACTUBOCTEH B CBITJl BHKJIAJECHOTO HE €
HECIIO/IIBAHUM, TPOTE, 3a3HAUCHA SKICHA KOPEJAIis MK eHepriero cyOmimarii 1
MDKIUIOIIMHHOIO BIJICTAHHIO HA MEPIIUI OIS 3JA€THCS MapaJ0KCaIbHOO.

JI1s1 MOSICHEHHS 1IbOTO OYJIeMO BUXOJUTH 13 CIPOIIECHOT MOJiesl MeTamiB [148],
3TiJHO 3 SIKOI0 d-CMyTa MEPEXIAHOr0 METally CKJIAJAEThCs 3 IBOX d-MIJACMYT, OJHA 3
AKUX ONHUCYEThCS AUPY3IMHUMH  (QYHKUISIMH  (3B’S3yIOUMMH), a I1HIIA —
JIOKaJI130BaHUMHM (aHTHU3B’ SI3YIOUMMU ) XBUJICBUMH (QYHKITISIMH.

MoskHa BBa)kaTH, 1110 €HEprisi MIKATOMHOTO 3B'A3KY JIJISl MEPEXiAHUX METaliB
BU3HAYAETHCS PIZHUICIO YHCIIA E€JICKTPOHIB B 3B S3YIOUMX IIIJICMyrax, MpUYoMy B
OLIK-rpatiii el1eKTpOHHW, MI0 3HAXOMATHCA B CHOJYyYHUX CTaHaX, YTBOPIOIOTH
KOBaJICHTHUM 3B'A30K 3 CyCiIHIMH atroMamMu. KOBaJeHTHUH 3B'SI30K 3MIHIOETHCS 31
3MIHOIO MI>)KaTOMHOI B1JICTaHI.

VY gucriit OLIK-rpartiii 3011bIIeHAS] MIKIUIOITUHHOL BIJICTaH1 /IS 3a7]aHO1 TpaHi
KpHUCTaJla Ma€ BIJIMOBIAATH OCIA0JICHHIO MIDKaTOMHOTO 3B'SI3KYy, TOMY IO CTYITiHb
HAaCUYEHHS KOBAJICHTHOTO 3B'I3KY 3MEHITY€eThCsl. OHAK, el «1eeKT 3B'I3KY» MOXKE
OyTH CKOMIIEHCOBaHWW a00 HaBITh TMOCWJICHHWH, SKIIO B MDKBY3JIAX TPATKH

BIIPOBAJAUTH BIJNOBIAHUI aTOM, SKUH MOXXE CBOIMH €JIEKTPOHAMHU YTBOPHUTH
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«IOMATKOB1» KOBAJEHTHI 3B'A3KU. Buxoadum 3 B3aeMoail MK JOMIMIKOBUMHA
aToOMaMM BTUICHHS 1 d-TiepexifHUMU MeTajaMud MOKHa mpunyctutu [148], mro
3a3HAYCHWM BHUMOTaM 3aJI0BOJILHSIOTH aTOMH ByIUIento. OcTaHHI MOXYTh 3aiiMaTH
abo oxrtaeapuuHi, abo TerparoHanbHi mo3uilii B rpatmi OI[K-meraniB. 3a3HadeHa
aHI30TPOINISI CTPYKTYpU (ATOMHOI Ta €JIEKTPOHHOI) CBIIYUTH IPO aHI30TPOIIiIO
€JIEKTPOHHOIT KOH(ITrypaIllii aToMiB BYTJIEIIIO.

Ha ocHoBI1 oTpuMaHuX pe3ybTaTiB MOKHA 3pOOUTH HACTYIHI BUCHOBKH.

AHizoTpomisi moBepxHi depmi B EKBIBAJICHTHUX IUIONIMHAX OOyMOBJICHA
aTOMaMH BYTJICIIO 3 aHI30TPOMHOIO €JIEKTPOHHOIO KOH(piryparieio. 3 1uM mMae 0yTu
MOB'I3aHO  BIIOPSIKOBAHE PO3TAlIyBaHHS AaTOMiB BYIJICHIO. 3 JBOX MOXKIUBUX
MOJIO)KEHb aTOMIB BYIJICHIO B MIXKBY3JISIX I'paTKU BOJIb(PpaMy IepeBara BiIJa€ThCs
TeTpacAPUYHUM IOJIOKEHHSIM, PO MO CBIIYUTH 3MiHA MIKIUTOIIMHHNX BIJICTAHEH SIK
qutst otomuH (100), Tak 1 s (110) [149].

Bigznaunmo Takoxk, 110, KpiM BHIIEONMMCAHUX EKCIIEPUMEHTAThHUX (DAKTIB,
criocTepirajacss TaKOX 3MiHAa €MICIMHMX 1 aJcopOIifHUX BJIACTUBOCTEH IS

€KBIBAJICHTHUX TPaHEH OCTIHKEHUX KpucTaiiB [37].

4.5 BmiuB JeryBaHHsi PpeHieM Ha cyOJgiMamiiHi  BJIACTHBOCTI

MOHOKPHCTAJIB BOJbpamy

Bigomo, mo neryBanHs Re BrinMBae Ha (hi3WyHI BIACTUBOCTI MOHOKPUCTAITIB
[150-152]. OxpimM Toro, Ha MoHOkpucTtanax W 3 Bmictom (10°-10") ar.% C
BCTAHOBJICHO 3B 30K MK 00’€MHHMHM Ta MOBEPXHEBUMHM BJIACTUBOCTIMU [S1], a mpu
nociipkeHHi ctany C BctaHoBlieHO [57], mo ocHoBHuM BIMB C 3IICHIOE Yy
po3urHEHOMY cTaHi B IpatHulll W. IcHye aymka mpo 3poctaHHsi po3dnHHOCTI C B
OLK tyromnaBkux Metanax VI A rpynu (Hanpukian, W) y npucytHocti Re [153].
BpaxoByroun BmimB C Ha BuUmapoByBaHHS W, MOXKHA OYIKyBaTH MOCHJIEHHS I[HOTO
BIUIMBY B W, jeropanomy Re. 3 11i€t0 MeTor0 B JaHiii poOOTI BUBYEHO CyOJIiMalliio
MoHokpuctainiB W—Re 3 pizaum BmictoM Re 1 C.

Ockinbky OyJi0 BUSIBICHO BIAMIHHICTh IapaMeTpiB cyOiiMalili MOHOKPHUCTAIIIB

W B ekBiBaJICHTHUX KpUcCTaIorpadiyHUX Hampsmax [57], mo-pi3HOMY Opi€HTOBaHHMX
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BIJTHOCHO BiCli POCTy, B JaHiil poOOTI TakoX BHBUajiacs cyOmimariis 3pa3kiB W—Re,
BUpI3aHUX MO oAHakoBuX IomuHax (100), mo nepneHauKyJIsIpHI Ta MapayielbHi
HanpsMaM pocTy. Taki JociiKeHHs BUKJIMKAIOTh HAYKOBUN 1HTEPEC Ta JO3BOJISIOThH
JaBaTH MPAKTHUYHI pEeKOMEHAAIlli BITHOCHO MOBEAIHKHU JIETOBAHUX MOHOKpHUCTaNB W
3a BUCOKHX TEMIIEPATyp Y BaKyyMi.

Bupuanucs monokpucranu W—Re 2-x mapriii, OTpUMaHuX Ha OCHOBI XIMIYHO
guctoro W (99,98 % Bar.) 1 W (99,92 % Bar.), mo BiApi3HAIOTHCS KUIBKICTIO

JIOMIIIIOK BTIJIEHHS.

Tao6ming 4.20. OpienTaniiiii Ta cyOommaliiifdi XxapakTepucTuku 3pa3kiB W—Re,

KOHIICHTpAIIil B HUX PEHIIO 1 BYIJIELIIO.

o Opien- Konnentpamisi | Konuenrpauis | Temmora cyOmimarii
na:. P Talis C, ar.% Re, at.% AH (xJ1>/Monb)
pTii | 3Ka

1 | (001), 4610 2,6 8508
1 2 (001), 4610 3.8 840+8

3 | (001), 1,5-10" 0,1 575+12
2 | 4 | (001), 1,510 42 705+12

5 (100), 1,5-10" 4,2 620+12

Monokpuctanu opientaiii [001] (£1°) BupoinyBain eI1eKTPOHHOIIPOMEHEBOIO
0€3TUreIbHOI0 30HHOI0 IJIaBKOIO B OJHOKOBHUX YMOBaX. 3pa3Kd BHUTOTOBJISUIU
€JIEKTPOICKPOBOIO PI3KOK0 MOHOKPUCTAIIB 3a pi3HUMH TutoiuHaMu {100} 3 TouHICTIO
20’, a came, NEPUEHAUKYIAPHUMU (L) Ta MapaieabHUMM (||) HAIpsMy pocTy (puc.
4.16). 3pasku ABIIM 0000 JUCKK aAiamerpoM 10 MM 1 3aBTOBIIKH 2 MM.
OpieHTaliitHi xapakTepucTuku 3pa3kis, BMIicT C Ta Re HaBeaeno B Tabmui 4.20. s
BUJANECHHSA Ne(OpPMOBAHOTO IIapy MOBEPXHI 3pa3KiB HUTIQyBaIM MEXaHIYHO Ta
MOJIIPYBaJIM €IeKTpoJiTUYHO. Ilepen BHU3HAYEHHSM IIBUJIKOCTI BHUIIAPOBYBAaHHS,
3pasku BigmamoBamy 3a temieparypu 3170 K y Bakyymi 107 Ila mpoTsrom Kiltbkox

roauH. Jlomimku BTinenHs O, H, N B mporieci Binany BUAQISIIACS, BHACTIIOK YOTO
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MIBUAKICTh cyOmimarii crabimizyBanacsi. KoHTponb 3a 3HErakyBaHHSM 3pa3KiB

31MCHIOBABCS 3a JOMOMOrow Mac-criekrpomerpy AIIJIM-1 1 BBaxkaBcs 3aKIHUCHUM,
o . . . o 7

KOJIM 332 HaWBUINOI TeMIlepaTypu Bifmaly BakyyM y Kamepi OyB He Huxuuil 3a 10

I1a.

Puc. 4.16. CyberpykTypa MoHOKpHcTany W—Re, BupizaHOTO neprieHAuKyIspPHO

(a) 1 mapanensHO (6) BIC1 POCTY.

[[IBuakicTes cyOsiMaliii BH3HAYald METOJOM BHIIAPOBYBAHHS 3 BIAKPUTOI
MOBEPXHI B BaKyyMl 3 MIKpOTpaBITAIIHHUM KOHTPOJEM KIJIBKOCTI PEUYOBUHH, IO
BurmapoByBaiacs (nus. [50] Ta po3nin 2).

3aliexKHICTh TUCKY Napu BiJ Temmeparypu ais 3pa3kiB Ne 1 1 2 crumasiB 3 1
napTii, mo MicTITh MeHmy KinbKicTh C (Tabm. 4.19), Bkadye Ha 3HAYHWI BIUIUB
neryBanHs (puc. 4.17). IIpu Bwmicti Re Ha piBHI 2,6 Bar% MIBHAKICTH cyOmimariii
3pocTae BABiul y MOpiBHAHHI 3i mBHaKicTio amst W 3 1,5-107 Bar% C [57], a mpu 3.8
Bar. % Re — y miicte pasiB. OCKUIBKM 3pOCTaHHS IMIBHAKOCTI IS KOXKHOTO 13
CIJIaBIB OJTHAKOBE Yy BChOMY TeMIIEpaTypHOMY I1HTEpBaJl JOCIIKEHb, TEIUIOTa
cyOmimanii Hy TakoXX OJHAKOBa 1 CHIBMAAA€ 3 €KCHEPUMEHTATbHUMH 3HAUCHHSIMU
terioTy At W. 3pocTaHHs HIBUAKOCTI cyOiManii MOHOKpucTaiiB W npu JieryBaHHI
Re 3ymMoBIieHO 0111 BUCOKHM piBHEM BUITapoBYBaHHS Re uepes Te, o mpu 3000 K
NPYXHICTh HOTO Tapy Maibke Ha MOPSAIO0K BHILA 3a MPYKHICTH mapu W [81].

3HaueHHs mapameTpiB cyomimaii ansa 3pas3kiB Ne 3—5 3 [l maptii 3 BUCOKUM

BMicTOM C ICTOTHO BiAPI3HSIOTHCS BiA Takux ais naptii .V Bcix 3paskiB maprii 11
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CIIOCTEPITa€ThCSl 3HAYHE 3HIDKCHHS IMBUIKOCTI Ta TETUIOTH cyOmimarii (puc. 4.17—
4.19, ta6x. 4.20). 3a remnepatypu 3200 K mBuakicTs cyomimarii ais 3pa3kiB Ne 3, 4
BJIBIY1 MEHIIIA 3a MBUJKICTh cyOmimarii W, 1y 25 pa3iB MeHIIIa 3a JaHi JJis 3pa3KiB
Ne 1, 2 W—Re. 3 niBUILIEHHSM TeMIIepaTypH BIAMIHHICTb y MIBUJIKOCTSAX CyOmimariii
JUIsl CIUTaBiB pi3HOTO ckiany 3a Re 1 C 3poctae gk MK coO0r0, Tak 1 y OPIBHSIHHI 3
guctuM W. SIK pe3ynbTaT, 3MIHIOIOTHCS HAXWIU MPSIMHUX TEMIIEPATYPHOI 3aJIeKHOCTI
tucky napu /gP—1/T, a Takox eHeprii cyOuiMallii, 1110 BU3HAYAIOTHCA 3 IIUX HaXUJIIB.
Jlns 3pazka W 3 1 Bar.% Re Ta 3 6i1b11 Bucokum BMicToM C MIBHAKICTH CyOiMariii

3HAYHO 3HUIKYETHCA.

3 3.2 34 3.6 33 3 3.2 34 36 38
10%T°K 10%TK
Puc. 4.17. TemnepaTypHa 3aJleXHICTh TUCKY Hapu ciuiaBy W—Re 3 BMicToM
Byriento 4,6:10° ar.% mns rpaneii (001)L (3paskm Ne 1 — iBopyu, Ne 2 —
npaBopy4): A — W-2,6 at.%Re, 0 — W-3,8 at.%Re, ), 0 — W-0,1 at.% Re micns

Bianainy mpu 2900°C Brnpogosx 0,5 4; - - - — guctui W.

Panime 3pocranHs crpuMyrodoro BBy C 3 KoHueHTpamiero Bix 1:107 mo
5-10” Bar% Ha mpomuec cy6miMarii 6y10 BUSBICHO HA MOHOKpHcTanax W (auB. [57]

Ta MOYATOK AAHOTro po3ainy). Lleit BmauB 3ymMoBieHuid migBuUiieHHSM BMicTy C y
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po3unHeHoMmy cTaHi B rpatmi W. Tomy miacuieHHs eQekTy CTpUMYBAaHHS
cybmimaniiaux mporeciB B 3paskax Ne 3, 4 W-—Re y nopiBusaHi 3 W MOXHa
OB’ s13aTH 3 MIJBUIIEHHAM KoHIeHTpallii C B TBepJIOMYy pO3UMHI IpH JieTyBaHHI Re.
B sxocti omocepeaKOoBaHOrO EKCIEPUMEHTAIBHOTO MIATBEP/HKCHHS 3POCTaHHS
posunHHocti C y W y mpucyrHocti Re MokHa HaBectu naHi po6otu [110].
BuBUeHHSI KOHIIEHTpAIIHHUX 3aJIeKHOCTEH BHYTPIIIHBOTO TEPTS B MOHOKpHUCTAJIaX
Mo—Re (0,1-5,0 at.%) moka3zaio, mo 3pocTaHHs KigbkocTi atomiB C B aTmocdepi
Kortpenna ta cTyneHs 3akpirjieHHs JUCIOKAIlIM 3 MiJBUIICHHSM KOHIIEHTpallii Re B
po3umHi cmija ouikyBaTtd U s MoHokpuctamiB W—(0,1-4,2)ar.%Re. 3poctanns
CTPUMYIOUOT0 BIUIMBY po3dumHeHoro C Ha cyOmimaliiro MoHOkpucTtaimB W-Re y
nopiBHAHHI 3 W NPOSBISIETbCA B 3HIKEHHI IMIBUAKOCTI CyOIiMallil Ta HaXWITy MPsSMUX

3aJIeKHOCTI TUCKY MapH BiJ TeMIepaTypu (TemioTu cyOmimariii).

=2

3 32 34 36 38
10%/TK

Puc. 4.18. TemmeparypHa 3anexHICT, TUCKy mapu cruiaBy W-Re (3paskum
Ne 3, 4): 0 — W—0,1 ar. Re (1,5-10"a1.%C), 0 — W-0,1 a1.% Re miczs Bignany mpu
2900°C Bnpoaosxk 0,5 49; - - - — yuctuit W.

XapakTep 3aJeXHOCTI TUCKY IMapu BiJ Temiiepatypu y 3paskax W ta W-Re,
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o MicTaTh C, BU3HAYAETHCSA BIAMIHHICTIO HOTO CTaHIB 3a pi3HUX Temieparyp. [Ipu
M1JBUIICHH] TeMIepaTypH 301IbIIIeHHs KOHIIeHTpallii C B TBEpAOMY PO3UMHI Ta HOTo
Nepepo3noIil MO MDKBY3JUIAX TIPAaTKH TPU3BOIATH 1O 3MEHIICHHS IIBUIKOCTI
cyomimaii. lle moxe cBiAUMTH Npo 30UIBIIEHHA €Heprii 3B’sA3Ky aTomiB W, Mo
BUMNAPOBYIOThCA. [Ipu 3HMKEHHI TeMIepaTypu NepexiJ YaCTUHH BYTJIEII0 B KapOiau
3 OLIBII BUCOKOIO MPYXKHICTIO Mapyd Ma€ MPHU3BOAUTU 1O MIJABHUILEHHS HIBUAKOCTI
cyomimarii [53]. B pe3ynbraTi aii IMX JBOX KOHKYPYIOUHX (DaKTOPIB BiIOYBa€eThCs
a00 3MeHIIeHHS Haxuiay npsamux lgP—(1/T) (Ta BeIWMYWHU TEIUIOTH CyOJiMariii),
otpumanux mist W 3 7,6:107ar.% C B [57], abo 31am npsamux, sk B [53] i mamiii
po6orti st W—Re Il maprii.

-2

3 32 34 3.6 338
10%TK
Puc. 4.19. TemnepatypHa 3aj€XHICTh TUCKY MapH JIJsl €KBIBAJICHTHUX TpaHe
MoHOKpucTaniB crutasy W—4,2 at.%Re (1,2-10™at.%C) (3pasku Ne 4,5): 0 — (001) 1,
0— (100); - - - — umcTuii W.

[TopiBHsHHS mapameTpiB cyOaiMariii 1js 3pa3kiB 3 pi3HUM BMicToM C Mokasye,
10 WOTO BIUIMB NPU3BOJAUTH JO 3MEHILIEHHS TEIUIOTH CyOmimariii 31 30UIbLICHHIM

koHneHtpari. Ile#i BB HaiOUIBII momiTHUN miusa 3paska Ne 3 W-0,1 at.%Re
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(tabn. 4.20). 3menimenHs koHueHTpaiii C B 3pa3Ky HUIIXOM BiANady 3a TEMIEpaTypu
2900°C mpoTtsirom 30 XB IpHU3BOJUTH /10 30LJBIISHHS MIBUIAKOCTI BUMIAPOBYBAHHS 3a
BHCOKHUX TeMIIepaTyp Ta ii 3MEHIIEeHHS 32 HU3bKUX (puc. 4.18), 1o 3011bl1ye HAXUI
3anexuocTi 1gP—(1/T).

AHay3 oOTpUMaHUX pe3ynbTaTiB s 3pa3kiB Il  maptii Bkazye Ha
HEBI/IMOBIIHICTh MDK BEJIMYMHAMH TEIUIOTH 1 MIBUAKOCTI cyOmimariii (MeHImM
3HAQYCHHSAM TEIUIOTH BiJIOBiJa€ OUIbII HHU3bKa, a HE OLIBII BHCOKA IIBHJKICTD).
Tomy Ttemnora cyOmimanii B 3pazkax W Ta W-Re, mo wmictare C, € TNeBHOIO
«e(heKTUBHOIO» EHEPTi€l0, 10 XapaKTepu3ye KyT Haxwuiy 3anexsHocti 1gP—(1/T), 1
BEJIMYMHA 3MIHU TEIUIOTH Bija BMIcTy C sKICHO XapakTepizye BIiuB C Ha mpoliecu
cyOmimariii. XapakTepUCTUKOIO, 10 OUIBII TOYHO BiAOOpa)kae 3MiHY €HEPrii 3B 3Ky
aTOMIB B TIpaTHHI 3 TEeMIIepaTypolo, € MBHAKICTb cyoOmiManii. IlopiBHAHHSA
IIBUJIKOCTI cyOimartii B 3pa3kax Ne 3, 4 W—Re 3a olHaKOBHUX TeMmIlepaTyp JA03BOJIsE
CTBEPKYBATH, 110 3MEHIIEHHS MIBUAKOCTI PH MiABHUIIEHHI BMICTY C CBIAUUTH MPO
3pOCTaHHsl €Heprii MIXATOMHOIO 3B’si3Ky. BoHO Moke BiOyBaTHCS 3a paxyHOK
30UIBIIIEHHS! KOBAJICHTHUX 3B’SI3KIB aTOMIB B IpaTHUIl W, 3yMOBJICHUX MPUCYTHICTIO
BYTJICIIO B TBEPIOMY PO3UHHI.

[Ilomo 36inbIIeHHS MBUAKOCTI cyOmiMariii 3pazka Ne 4 y TOpiBHSHHI 31
3pazkoM Ne 3, To BOHO MOB’si3aHO HE JMie 31 MeHIIUM BMicToM C y HbOMY, ajie 1 3
OupLIO0 KoHLEeHTpauieo Re. 3menmenns BMicty C 30UIblye HaXMJI TPSIMOi IS
3pa3ka Ne 4, a 3poctaHHs BMicTy Re malixke oHakoBO 3Milye 3ayexHICTh 1gP—(1/T)
Bropy MPOTATOM YChOT'O JOCIIIKYBAHOTO TEMIIEPATyPHOIO 1HTEpBAYy.

TobTo Mae wmiclie KOHKYpeHTHUH BIUIMB AoMmimok Re 1 C Ha cyOmimariitHi
BJIACTUBOCTI MOHOKPHUCTAJIB BOJIb(PpaMmy, a came, 30UIbIIEHHS KOHIUEHTpAIlll PEHI0
OPU3BOAUTH JO 3pPOCTaHHSA, a 30UIBLICHHS KUIHKOCTI PO3YMHEHOTO BYTJICLIO [0
3MEHIIIEHHS IIBUJIKOCT1 BUMApOBYBaHHA. 3a MEHIIUX KoHIeHTpalii C (10 3-107 Bar.
%) mepeBaxkae edeKkT, OOyMOBJICHHMHA [OJaBaHHSAM pEHIIO, a 3a OUIBIINX
KOHIICHTpAaIli# (B 8107 Bar. % C) BU3HAYaJILHUM CTa€ BILJIUB BYTJICITIO.

CrnioctepiraeTbcsi BIAMIHHICTH B MapameTpax cyOsiMarili sl eKBiBaJECHTHUX
kpuctanorpadpiyaux rpaneir {001} 3paskiB Ne 4, 5 W—4,2%Re pi3Hoi opieHTarii

BIJIHOCHO Bici pocty (puc. 4.19, Tab6iu. 4.20). BiiMIHHICTh B MBUIKOCTI 3aJICKUTh BiJl
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TeMIlepaTypu 1 30UIBIIYEThCS 31 3pOCTAHHSAM OCTaHHBOI. TemroTa cyOmimarii s
rpani (001)L nma 8 x/Dx/mMonb Oinbia, Hix mia rpani (100)) [111]. Anizorpormis
nmapaMmeTpiB cyOJiiMarlii B €KBIBaJE€HTHUX Kpuctajorpadpiyaux Hampsmikax {001}
crocTepiraiach paHinie Ha MOHOKpHUcTanax unctoro W [57]. [lopiBHSHHS 3HA4YCHb
edpeKTHBHOI TemnoTn cyGmimMarii 3paskiB W—Re (8:107 Bar. %C) i3 Takumu x mis W
(5:10 Bar.%) mokasye, 1o B 3paskax W—Re Bona MeHia, Hix y W, 1€ /U1 IUIOLMHA
(001)r H=T775 x[lx/Monb, a nna mnomunn (100)) H=687 xJlk/Momb, 1m0
3YMOBJICHO Ou1bIll BUCOKOI KoHIeHTpariero C y W—Re. AHi30Tpomis mapameTpiB
cyOmimMariii B €KBIBAJICHTHUX HAaNpsMax, MO-pI3HOMY OpIEHTOBAHMX IO BiC1 POCTY
MoHokpuctanie W-4,2%Re, sk 1 B MoHokpuctamax W [57], moB’s3aHa 3
aHI30TPOITIEI0 €Heprii MiXKAaTOMHOI B3aeMoil (3a paxyHOK po3umHeHoro C) dyepes
aHi3oTporito po3noauty C 3a MiKBY3/IIIMA TpaTku. Cyasian 3 BETMYUHU IIBUIKOCTI
cybmimanii 3paskie Ne 4 (001)L Ta Ne 5 (100)| (puc. 4.19), eneprisa B3zaemonii B
HaAmpsIMi POCTy MEHIIIA, IO MiATBEPKYEThCS JAaHUMH 3 aHI30TPOMiT MIKPOTBEPAOCTI
B mux Hampsmax [111]. Anizotpomis posnominy C BHHHMKAaE B MPOIECI POCTY
KPUCTAIB Ta, K BUJIHO 3 PE3YJIbTaTIB 1aHOI pOOOTH, CTIHKa 32 BUCOKHX TeMIIEpaTyp.
Ll ani3oTpoIis, a TAKOXK aHI30TPOIHUN PO3MOALTY JOMIIIOK Re Ta maucmokariiHoi
CTPYKTYPH BHUKJIMKAIOTh POCTOBY aHI30TPOINII0 Pi3HUX BiactuBoctei [154], y Tomy
YHCIIl, aHI30TPOMI0 CyOiimarlii, 0 CHOCTEPIraeThecsl B AaHii poOOTI (IMB. TaKOX
[57D).

Bapto BigMiThTH, 1110, XO4Ya BIAMIHHICTh B Haxwiax npsmux lgP—(1/T) nns
3pa3kiB W—Re Taka cama, sik 1 B 3pa3kax W, 11 npsiMi IEPETUHAIOTHCS MK CO00I0 3a
pizHux temmeparyp — 2630°C mans W—4,2%Re ta 3030°C g uuctoro W. MoxkHa
NPUITYCTUTH, 10 3HWKEHHA Temnepatypu nepetuHy Ha 400°C moB’si3aHo 3
MEHIIMMH PO3MIPOM Ta KUIBKICTIO 4YacTok KapOimiB [155] B W—Re, ik y W 3
O0mm3skuM BMicTOM C (8-10'3 Ta 5-10° Bar.% BIIMOB1AHO). TakuM YMHOM, OJTHOYACHO
3 migBuieHHsIM po3unHHocTi C y W—Re, peHiii cipusie TakoMy po3noJilty Horo 3a
MDKBY3J1aMH, SIKHM 3a0e3rneuye MiJBULICHHS MIIHOCTI MIXATOMHOTO 3B’SI3KYy 3a
PaxyHOK 301JbIIIEHHS] KOBAJIECHTHO1 CKJIaJ0BO1 3B SI3Ky aTOMIB B I'paTHMIN. B mMeHmin

Mipi 1e BinOyBaeTbesa y W 3 5—10 Bar.% C [51].
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BucHoBKkH 3a po3aijiom

1. OTpuMaHO HaaliiHI €KCIIEpUMEHTalbHI JIaHl MO TapaMeTpax BHUIIAPOBYBAHHSI
Bosb(Gpamy B TemmeparypHomy iHTepBam 2500-3000°C. 3icTaBiaeHHS OTPUMaHUX
JAHUX 3 JITEPATYPHUMH IOKa3ye, M0 MPEICTaBICH] Y OUIBIN paHHIX poOOTaxX IHIIMX
aBTOpIB IMapaMEeTPU BHUIIAPOBYBAHHSA BOJb(paMy BIAHOCATHCSA 1O MarTepiamiB, SKi
MICTSTh IOMIIIIKA BYTJICITIO.

2. BusiBieHO 1CTOTHUM BIUIMB JOMIIIOK, IO MICTATBCSI B MOHOKpHCTaax
Bosib(Ppamy (uuctotu 99,98%) Ha nmapamerpu BunapoByBaHHs. Hali011b1110T0 BILTUBY
JOMIIIKH 3aBJIal0Th HE TEIUIOTI CyOsiMallii, a IBUJIKOCTI BUTIAPOBYBAaHHS, BEIUYMHA
AKO1 MO>Ke 301IbIIYBAaTUCS B KUJTbKA Pa3iB 3aJI€KHO B1J IX KUTBKOCTI.

3. Briepile BCTAHOBIIGHO BILIMB HEBEJIMKHUX KilbKOCTEH JoMilok Byryero (107°—
10 Bar.%) Ha mapamerpu cyGmimanii BoibbpaMmy. 3aleXHO Bil KOHIEHTpaLl
BYIJICHIO TI€H BIUTUB HOCUTH PI3HHWIA XapakTep. BMicT Byriemro 102 Bar.%
OPU3BOJUTH 10 3POCTAaHHS IIBUAKOCTEN BHUIIApOBYBaHHS BOJb(paMy 3a paxyHOK
YTBOPEHHSI Ha MOBEPXHi KapOifiB. 3a koHueHTparii 5-107 Bar.% HaHGIIBII YiTKO
MPOSIBIISIETHCS  MIOTO CTPUMYIOYMH BIUIMB Ha TPOIECH CyOmiMarlii: MIBUIKICTH
BUIIAPOBYBAHHS B I[bOMY BHUIMAJKYy 3MEHIIYeThCs B 2—3 pa3u. TemnoTa xx cyOmimMartii
MaKCHMAaJIbHO 3pOCTae Ha 25 KKa/MoJIb 3a KOHIeHTpawii Byriernto 110~ Bar.%.

4.  BusBneno kpucrajorpadiuHy aHI30TpOMil0 CyOmiMaIiiiHUX BJIACTUBOCTEH
BOJb(PpaMy, BeIWUYMHA SKOi 3pOCTae 31 30UIBIIEHHSM KOHIIEHTpAIlli BYIJICIIIO.
[IIBuaxocTi cyOaimanii Bumil B Kiabka pasiB y rpani (100), mix y rpani (110) B
IIUPOKOMY TEeMIIEpaTypHOMY 1HTEpBajl BHUMIpPIOBaHb 1 TUIBKA 32 BHCOKHX
temnepatyp (~3000°C) ns pi3HULS CTa€ HE3HAYHOIO. AHI3OTPOINiS TEIUIOTH
cyOmimarii 711 3a3Ha4eHnX rpaHei carae ~ 20%.

5. Brnepiie BUsIBJI€HO 3HAYHY aHI3OTPOMIIO €JIEKTPOHHOI KOHQIryparii aTtomiB
Byraeio B OLIK-rparui Boibdppamy, sika 00yMOBIIOE aHI30TpoIi0 noBepxHi depmi
JUTSI €KBIBAJICHTHUX HAIpsMIB B KpucTaii. Lle sBuiie, oueBUIHO, € XapaKTEPHUM IS
OLK-meraniB, MO0 MICTATh BTUICHI aToMU ByTJeHip. IcToTHUM € Toil (akT, 110
3a3Ha4YeHa aHI30TPOMIisl TOEAHYETHCA 3 AHAJIOTIYHOIO aHI30TPOIEK AaTOMHOI

CTPYKTYpPH, IO CBIAYUTH MPO YHOPSAIKOBAHE PO3TAIIYBAHHS MDKBY3/10BHX aToMIB C
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nepeBakHO Mo TeTpaeApudHUM mojoxkeHHsM OLIK-rpatku Bonb¢pamy. 3a3zHadeHi
edexTr aHi30TpoIrii OOYMOBIIOIOTH 3MIHY psAay I1HIUX (I3UYHUX BIACTUBOCTEH
KPUCTATIB JIJIsl €KBIBAJICHTHUX HAIMPSIMIB, HAIPUKJIIAJ, CyOIIMAIIMHUX, aJICOPOIIIAHUX
Ta eMICIHHHX.

6. BcranoBneHo koHKypeHTHUM BIUIMB jaoMimok Re 1 C Ha cyOmimariiiHi
BJIACTMBOCTI MOHOKpPHCTAJIB BOJb(ppaMy, a came, 30UIbLICHHS KOHIEHTpALli peHito
OPU3BOJUTH JO 3pPOCTaHHS, a 30UIBLICHHS KUIBKOCTI PO3YMHEHOTO BYTJICLIO [0
3MEHIIIEHHS IIBUJIKOCT1 BUTIAPOBYBAHHSI.

7. IIBuKicTs cy6nimartii MoHOKpucTanis W—2,6 Ta 3,8 Bar.%Re 3a Bmicty 3107
Bar. % C Bumia, HDK Yy W, a eexTrBHA TemoTa cyoimariii Taka cama. [ligBuieHHs
MIBUAKOCTI cyOmimanii 3 BMicTOM Re BinOyBaeThcsi 3a paxyHOK OiIbII BHUCOKOT
BUIIapOBYBaHOCTI Re.

8. [IBuakicTe cyomimariii moHokpuctainisB W—0,1 ta 4,2 Bar.%Re, 1m0 MiCTUTh
1:107 1a 8107 Bar. % C Huxua, Hix y W. Hali6GinbImmii epeKT 3HMKEHHS MBUIKOCTI
3 MIABUIIEHHSIM TeMIeparypu pocsaraetbcs s 3padka 3 0,1%Re. 3pocranns
ctpumytouoro BrumBy C Ha cyOdiMalio TOB’s3aHO 31 30UIBIICHHSAM HOTO
PO3YMHHOCTI Ta IEPEPO3NOALTIOM B Iparii W, YoMy cripusie JieryBaHHs Re.

0. [Tapametpu cyOmimanii moHokpuctainie W-0,1 ta 4,2% Re pi3HsThcsa s
exBiBaneHTHUX Tpanen {001}, mo nepneHauKyasIpHi Ta mapajiebHl HAIPSIMY POCTY.
AHI30TpOIIIA MMapaMeTpiB MOB’s3aHa 3 aHI30Tpomieo posnoAury C Mo MIXKBY3IIIAX

Kkpucrany W.
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Pozpnin 5 METOJ OJHOYACHOI'O BHU3HAYEHHSA KOHCTAHT
BUITAPOBYBAHHA I PYXJUIMUBOCTI

Sx Bimomo [112], 3HanHa napameTrpiB audy3ii J03BOJISAE SIKICHO CYAUTH MPO
BEJIMYMHY MIXKATOMHOi B3aemoii B Meranax 1 cruiaBax. [lopsin 3 uum, 3HaHHS
TEPMOJMHAMIYHUX BJIACTUBOCTEHl CIUIaBiB, TMOB'A3aHUX 3 BHUIIAPOBYBAHHSIM
KOMITOHEHTIB, JO3BOJISIE OTPUMATU 1HIIMHA KUTbKICHUM KPUTEPii OI[IHKK MI>XaTOMHOI
B3aemomii. OOuaBa 3a3HadyeHl KpUTEpii TMOB'A3aHI 3 EJIEKTPOHHO-CTPYKTYPHUMH
XapakTepucTukamu cruiaBiB [156]. Ha sxanp, 70 TenmepiliHbOTO Yacy BaXKIMBa POJb
€JIEKTPOHHOTO (haKTOpPy B MeXaH13Mi, 1110 OOYMOBJIIIOE PYXJIUMBICTh aTOMIB B CIJIaBax,
3'sscoBaHa HEIOCTAaTHBO.

JIsi mojanbIioro JOCHIDKEHHS 1€l mpoOiieMyu HeoOXigHI HOBI JaHl TIPO
XapaKTePUCTUKN TEPMOJIMHAMIYHOI CTa0lIbHOCTI cruiaBiB. Lle mepenbavae, nepir 3a
BCE, PO3BUTOK METOJIB OJHOYACHOTO BHMBYEHHSA AUQPY31MHOI pPYyXJIMBOCTI 1
MIBUAKOCTEH  BUIIAPOBYBaHHS TOTO YW IHIIOTO KOMIIOHEHTa CIUIaBy B
KOHTPOJIbOBAaHUX YMOBaX, 1110 3a0€3MeUyI0Th BUCOKY YUCTOTY €KCTICPUMEHTY.

Meton omHOYacHOTO BHW3HA4YeHHs KoedimienTa Audy3ii 1 IpyKHOCTI mapu 3
BUKOPUCTAHHSAM PAJI0aKTUBHUX 130TOMIB PO3IIIAHYTO B poborax [157-159]. Lleit
METOJI BHMMAara€ HasBHOCTI BIAMOBIIHUX paAiOi30TOMIB 1 NPUTOTYBaHHS JIBOX
aOCOIIOTHO OJHAKOBHMX 3a CKJIQJ0M 3pa3KiB JaHOTO cCIulaBy. B ganuii yac num
METOJIOM OTpUMaHO Jayke wMajo pesyapTariB [160]. KpiM TOro, OCKUIbKH
MPUTOTYBaHHS CIUIaBIB TPOBOAUTHCS B IHIIMX YMOBAaX, HIXK CaMe€ IPOBEICHHS
€KCIIEpUMEHTY, HEMa€ TapaHTii, 10 BCl E€KCIEPUMEHTaJbHI YMOBHU JOTPUMAaHI 3
JI0CTAaTHHOIO YUCTOTOIO.

3 iHmoro OOKy, BUBYEHHS au(]y3ii METOJOM BHUMAPOBYBAaHHS MONEPEIHHO
IPUTOTOBAHOTO CIUJIABY 13 33/1aHOI0 KOHIEHTPALIIEI0 JIETI0OUOTro KoMrnoHneHTa [112] ne
BpPaxOBY€ PI3HOMAHITTS YacTO 3yCTPIYAIOUUXCS B MPAKTUIHUX 3aBIaHHSIX BapiaHTIB,
MOB'SI3aHUX 3 MIOYATKOBUM PO3MO1IOM I[LOTO KOMITOHEHTA.

B po6ori [46] nana 3arajibHa Teopis BUBHAYEHHS MIBUAKOCTI BUMAPOBYBAHHS 1
mudy3ii B cmiaBi. Po3rismaroThCs pi3HI TMPAKTAYHO Ba)JIMBl BapiaHTH, IO

BPaxOBYIOTh PE€ajJbHO MOXJIMBI KOHLEHTpALidHI PO3MOJAUIM KOMIIOHEHTIB CILJIaBy.
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Teopetnunuit aHamiz A0BeACHUM 10 (QOpMyJN, IO AO3BOJSIOTH AHATITHUYHO
pPO3paxoByBaTH MIBUAKICTh BUMAPOBYBAHHS J1aHOTO KOMIIOHEHTA 1 MIBHIKICTH HOTO
nudy3ii B cIuiaBi.

OnuH 3 BapiaHTIB TeOpil BUKOPUCTAHUHN I TOCIIHPKEHHS TEPMOIMHAMIYHUX
xapakTepucTuk cmiuaBy Pt-Fe ekBiaromHoro ckmany. OTpumani pe3ynbTaTu
OOTOBOPIOIOTHCA B 3B'SI3KY 3 TPHUPOAOID MIKATOMHOI B3a€EMOIl B 3a3HAYCHOMY

CILIABI.

5.1 Teopis metony [46]

PosrnsinemMo BumapoBYBaHHS JIETYIOUOTO €JIEMEHTA, 1[0 MA€ BITHOCHO BHUCOKY
NPYXHICTh Tapy MPH HarpiBaHHI CIUIaBY B BakKyyMi. Y 3pa3Ky, SIKUH BBa)KaTUMEMO
HaIMBHECKIHYUCHHUM T1JIOM, Oy/ie CTBOPIOBATHUCS T'PAJIEHT KOHIICHTpAIlili JIETYI0UOTO
€JIeMEHTa 1 1Ieil elleMeHT OyJe BHUIIapOBYBAaTUCS 1O Mipl JOCTaBKH HOTO IUIIXOM
nudy3ii 70 MOBEPXHi.

MaremaTnyHO 3ajadya 3HAXOKEHHS KOHIICHTpAIll JIETYIOUOrO elieMeHTa B
3paszky C(x,f) Mmoxke OyTu chopMysibOBaHa TAKUM YHHOM: TTOTPIOHO 3HANUTH PO3B’ 30K

PIBHSIHHS M (Y3ii HA HANIIBHECKIHYEHHIN PSAMIN:

L pix (5.1)
3 BpaxyBaHHSAM I10YaTKOBOI YMOBH

C=f(x), t=0 (5.2)
Ta rPaHUYHOI YMOBHU

ac _ _a

—~=aC,x=0,a=", (5.3)

7e o — Koe(DIIeHT BUMApOBYBAHHS aTOMIB JIETYIOUOTO eleMeHTa, D — KoedirmieHT
nu@dy3ii THX camMux aTtoMiB. BumapoByBaHHS aTOMIB MOXKE PO3IIISAATUCA K XIMIYHA

peakiliss TepIIoro TMOpsaKy, sSKa BIiJOYBa€TbCs Ha TOBEPXHI TBEPAOro TiJa.
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Koopaunary 6ynemo BigpaxoByBaTu Bia moBepxHi (x*=0) Brimmb 06’emy. B npomy
BUMAAKY JTU(PY3HUNA TOTIK CIIiJT BBOKATH MO3UTUBHUM, SKIIO BIH COPSIMOBaHMM B 01K

HEraTHBHUX 3HAY€Hb X, TOOTO MPUNHATU MPABWIIO 3HAKIB, 3BOPOTHE 3BUYANHOMY
. ac :
Jj ZDE. ['pannuna ymoBa BimoOpaxae 3aKkOH 30€peKEHHS Macu JETryr4oro

CJICMCHTAa Ha HOBCpXHi TBCPAOT'O TLIA: KIJBKICTh PCUYOBHUHHU, sKa BHUIIApYBAJIACA 3

noBepxHi aC, JOPIBHIOE KITBKOCTI PEYOBHUHHU, IO MPUHECEHA HA TMOBEPXHIO
- ac
audy3iiHuM OTOKOM D .

B 1upomy wMeromi [46] BHUKOPHCTOBYETHCS TpaaulliiHEe HAOIMIKEHHS
He3anexxHocTi D Big koHueHtpamii. CrnpaBemmmBicTh yMoBH (5.3) mepeBipsuiacs
EKCIIEPUMEHTAJIBHO.

ExcniepyMeHTanbHO OUIBII 3pYyYHO BUMIPIOBATH KOHLEHTpPALIIO TU(YHIYIOYOT
PEUYOBHMHU Ha MOBEPXHI 3pa3ka, a 3arajibHa KUIbKICTh MPOAU(PYHIAOBAHOI 3 00’ €My B

BaKyyM pPEYOBHHHU 3a 4ac ¢ JA€TbCSI BUPA3OM:
t aC t
Q(®)lx=0 = J, D~ e dt = o [ Cly=odt . (5.4)

Bracnigok 0e3nepepBHOrO BUMAPOBYBAHHA TU(YHAYIOUOI pEYOBUHHU y BaKyyM
il KIJTBKICTh JIETKO MOXE OYTH BUMIpPSHA 3BaXKYBAHHSM MIIlIE€HI, PO3TAIllOBAaHOI B
BaKyyMi, 10 BUMIAPOBYBAHHS 1 Yepe3 yac ¢ Miciis MOYaTKy BUMIApOBYBAHHS.

[lepeTBopennsm Jlamnaca MOXKHa OTPUMATH:

QD=0 = QO,0) = [["F(&) [erfC 7o — e** < PerfC(; =+ aVDD) | dé.  (5.5)

[ToyaTkoBU PO3MOIT KOHIICHTpAIll JIETYIOUOTO €JIEMEHTa CTBOPIOETHCS
nonepeHIMUA HAMOPOIIEHHSIM 1 BiAMAJIOM 3a JeaKkoi (DiIKCOBaHOI TeMIlepaTypH 1 Mae

Burisin [112].

_Q p = o
JaD*t, 4D*ty

f(x) = Ce ™, ¢, = (5.6)

ne (y — KUTbKICTh HamopoOIIeHOi pedoBUHHU, D — koediuieHT audy3ii HanopomeHnx

aTOMIB 3a TEMIIEPATyPH BiJMAIYy, fy — 4ac BiAMAIYy.
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[TincraBnsroun (5.6) B (5.5) 1 BUKOHYIOUM BIAMOBINHI TIEepeTBOpeHHs [46],

MO>KHa OTPUMATH B OJJHOMY 3 IpaHUYHUX BUNAJKIB (aV Dt « 1) Bupa3 s 3arajabHoi

KUIBKOCTI PEYOBMHH, BUTIAPOBYBAHO1 y BakyyMi 3a vac Bif 0 110 ¢
Q(O,U = aCth = QCOt . (57)

Ak BurummBae 3 Gopmynu (5.7), mOYaTKOBI CTajli KIHETUKU BUIAPOBYBAHHS
aTOMIB JIETYIOUOTO €JI€MEHTa B BaKyyMi SIBJISIOTH COOOIO MPSMOIIIHINMHI IIJITHKA Ha
kpuBux 3anexHocTi O(0,7) BiA t, 3 SKUX JIETKO MOXKe OyTH 3HajaeHUN KoediIlieHT
BUMAPOBYBAHHS JIETYIOUMX aTOMIB O, a OTXe, 1 KOe(DIIIEHT TEePMOJAMHAMIYHOI

AKTUBHOCTI Y IIUX aTOMIB B TBEPJIOMY PO3UMHI 31 CIiBBIAHOIICHHS [46]:

_ ., Wov
a=y= (5.8)
7€ My — MIBUIKICTb BUIMAPOBYBAHHS YHCTOTO JIETYIOUOTO €JeMEeHTa B Bakyymi, M —
Horo aToMHa Bara, v — MOJISIpHUN 00'eM criiaBy. [[ist 1IbOro HEOOX1THUI TOAATKOBHIA
EKCIIEPUMEHT, KUl BHU3HAYa€ MOYATKOBY KOHIIEHTPALIO JIETYIOUOI'O €JIEMEHTa Ha

noBepxHi Cy 1b (abo D).
5. 2 EkcriepuMeHTAJIbHA NepPeBipKa MeTOAY

B peanbHuX BHNajKax pO3MOIiNT KOHIEHTPAIlS JIETYIOUOTO €JIEeMEHTY Micis
BiJIIAly MOXKE HE omnucyBatucs ¢opmyioro (5.6), Tak sk 1ug GpopMmysia HE BPaXOBY€
BUIIAPOBYBaHHS aTOMIiB, 10 BIJOYBAa€ThCS MPHU BIJAMAIl OJHOYACHO 3 AUPY3I€I0.
TeopeTnune BpaxyBaHHS I1i€l 00CTaBUHU MPU3BOJIUTH /10 BIJIMIHHOTO BiJ IayCOBOTO
PO3MOIiTY KOHIEHTpALIi micis Binaty, Tak U0 BiH XapaKTepU3y€eThCS MAaKCUMYMOM
Ha JIesIKiM TIMOUHI 3pa3Kka, MICis YOoro €KCIOHEHIIMHO Crajae mo Mipi IpOCyBaHHS
BIUO 3paska. He 3ynuHsAIOUMCh Ha OTpUMaHHI IHOTO PO3MOJALTY, BIIMITUMO JIMLIE,
II0 HaBEACHI HWXKYE EKCIIEPUMEHTaJbHI pe3ylbTaTh MIATBEPDKYIOTh BKa3aHHIA
XapakTep Po3MOAiTy KOHIIEHTpAIIT IMiCs BIAAIY.

OCKIJIbKH pO3MOJI1T KOHIIEHTPAIIN MICHs BiNANy Y BUIJIAI, IO BU3HAYAETHCS

dbopmysnoro  (5.6), BUKOPHCTOBYBaBCS B  METOJaX  BU3HAueHHS  Jaudy3ii
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BUIIAPOBYBAHHSM y BaKyyMi Ta B METOJIl PaJl0aKTUBHUX 130TOMIB, Ti pe3yNbTaTH, y
AKUX TUQy31dHUN BiAManl CyNMpOBOKYBABCS 1CTOTHIM BHUITAPOBYBAHHSM OJIHIET 3
KOMIIOHEHT, MalOTh OyTH MEePETISTHYTI.

SIk mokaszaB eKCHEPUMEHT, y BUMAJKY BiAMaly B BaKyyMi 3alli3a, HAHECEHOTO
Ha TUIACTUHKY 3 TJIATUHM, KOHIEHTPALIMHUN pO3MOJUT Ha ACSAKIN MIMOWHI MOOIU3y
MOBEPXHI MAa€ BUTJISJT PO3MUTOTO HEBEIIMKOTO MAaKCUMyMYy, a Jaji BiH BUXOAWTH Ha
eKCIIOHEHIIIHe crnafanHs. Lle 3yMoBieHo TuM, 1o miA Yac Bianainy 3a (ikcoBaHOI
TEMIIEpaTypy YacTHHA 3aj1i3a 31 CIIJIaBy BCTUTAE BUITAPYBATHCH.

Burmnsn KoHIIEHTpaIifHOTO PO3IMOALUTY 3aJIeKUTh Bl TapaMeTpiB AuQy31HHOTO
BNy (4acy 1 TemrnepaTypu) 1 MOKe 3HAYHO BIAPI3HATHUCS JJISI OJHAKOBUX CILIAaBIB
3a pi3Hux mapamertpiB. Ha puc. 5.1 (a, 6, 6) HaBeAeHO 3MiIHM KOHIICHTpAIIIi 3aji3a 3a
rimbuHOoI0 y ciaBax Pt—Fe, orpumani 3a pizHux Temmneparyp 1 4aciB nudysiitHOro
Bignamy. AHali3 IUX Pe3ylbTaTiB JIO3BOJISIE CTBEPKYBATH, IO KOHIICHTPAIIMHUN
pO3MoLI, OJU3BKHIA IO TayCOBOTO, BHUSIBISIETHCS JIMIIE 32 TOPIBHSUIBHO HU3BKUX

temnepatyp Bianany (y sunajaky ciiaBy Pt—Fe umxkue 1000°C) (puc. 5.1, a).

1000°C, 20 roauH 1200°C, 5 roguH 1300°C, 3 roauHm
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Puc. 5.1. Po3nominu koHueHTpauii 3amiza 3a rauOuHOIO y cruiaBax Pt—Fe,

OTpUMaHI1 3a PI3HUX TEeMIIepaTyp 1 4aciB qudy3iiHOrO Bignamy.

3a O1IbIII BUCOKHMX TEMIIEpaTyp KOHIICHTPAIIHHUI pO3MOI1T MOOIN3Y TOBEPXHI
3pa3ka 3HAYHO BIJIPI3HAETHCA BiJl raycoBoro posnoaury (puc. 5.1 6, 6). Ilpupoanbo
OUlKyBaTH, 1110 aHAJIOTIYHA CHUTyallisl Oyie peaii3oByBaTHCS W JUIsl CIUIABIB 1HIIUX
METaJliB, a BIAMIHHICTH OyJ€ MOJAraTd JHUIIe B TEMIIepaTypi BiAmaly, 3a SKOi

HEOOX1/IHO BPaxOBYBAaTH BUIIAPOBYBAHHS JIETYIOUOTO €JIEMEHTY.
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Po3paxyHku 3a eKkcriepuMEHTaIbHUMHU JAaHUMHU TOKAa3yI0Th, M0 KOE(IIEHTH
nudys3ii, Mo BU3HaA4YeH1 0€3 BpaxXyBaHHS PEaIbHOTO PO3MOJILTY KOHIIEHTpallli, MalOTh
3HAYHO 3aHIDKEHI 3HAYCHHS.

Tak gk po3MOALT KOHLEHTpAIil MCIs BiANATy Ma€ BEIbMH HE3pYUHUH AJis
aHali3zy  BUIJSNA, BUKOPHCTOBYETHCS  CKCIEPUMEHTAJIBHHA  PO3MOMALI,  IIO

alpOKCUMYETHCSL HACTYIHOIO (POPMYJIOKO:

Co, 0<x<1u

—hy2 2
Cie %", x >u, C; = Cye’®

fe =1 , (59)
7€ u — KOOpJAuHAaTa, 10 KOi MO>KHA BBa)KAaTH KOHIIEHTPAIIIIO CTaJIOl0, TapaMeTp b, 110
BU3HAYa€ CHaJaHHs KOHLEHTpalli, IErko Moke OyTH 3HaleHuil JorapudmyBaHHAM
eKCIIEPUMEHTAJILHOI KPUBOI1 Ta ii MPeICTaBICHHSIM B 3aJI€KHOCTI BiJl apryMeHTa X’

CrpaBesIuBICTh MPHUMHATOI anmpoKcUMallii Moxke OyTH mepeBipeHa aajii npu
CITIBCTaBJIEHH1 OTPUMAHOT0 BUpasy s O(?) 3 eKCIIEPUMEHTOM.

3nadenHs o 1 D 3 piBHsSHHA (5.5) BU3HAYAOTHCS 3a JOMOMOTOIO TMOPIBHIHHS
EKCIIEPUMEHTaJIbHOI KpuBOi () 3 TEOPETUYHOIO KPHUBOIO, SKY OAEPXKYIOTb,
MPUITYCKarouu, 10 f(£) 3anaeTscst Bupa3om (5.9).

AHami3 po3’si3aHHs piBHAHHA (5.5), mpoBeneHuid B poborax [46, 112],
J03BOJISIE OTpUMATH (HOPMYJIM, IO OMHMCYIOTh KIHETHKY BHUIIAPOBYBAaHHS aTOMIB
JIETYIOUYMX €JIEMEHTIB B BAKyyM Ha PI13HUX CTaisIX BUIIAPOBYBAHHS Ta 3a PI3HUX YMOB
EKCIIEpUMEHTY. BoOHM MOXyTh OyTH BHUKOpPUCTaHI JJs EKCIEPUMEHTAIBLHOTO
3HAXOJKEHHsI IIBHJKOCTI BUIIApPOBYBaHHSA o Ta koedimieHTta maudysii D aTomiB

JIETYIOUOTO €JIEMEHTY.

5.2 Bu3HaYeHHH XAPAKTEPUCTHK BHUIAPOBYBAHHA | PYXJIMBOCTI IS

ciiiaBy Pt—Fe

MeToauka BUBYEHHS BUIIAPOBYBAHHS 3 BIJKPUTOI NOBEPXHI B ONHUCAHOMY
BUILIE BapiaHTi (IUB. IJ1. 2) MOXe OyTH 3aCTOCOBaHa JUIsl OJIHOYACHOTO BU3HAYEHHS
AUQy31IHHOT PyXJIMBOCTI 1 MIBUAKOCTI BUAPOBYBAHHS JIETYIOUOTO €JIEMEHTa, 10 Ma€

O1IBIII BUCOKY NPYXKHICTh Napu MOPIBHSHO 3 MaTepiajioM OocHOBU. OCTaHHS yMOBa
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BUKOHYETHCA ISl IIIJIOTO PsIIy METAJIEBUX CHUCTEM, B MEpIIy 4epry, IJid CIJIaBiB Ha
OCHOBI TYTOIJIABKUX MEPEX1THUX METaiB.

Enepretnuyni mnapamerpu mnpoueciB  audy3ii 1 BUIAPOBYBaHHS JalOTh
MO>KJIUBICTh CYJIUTH MPO BEIMYMHY MI)KATOMHOT B3a€MOJI1 B IUX CIUIaBaxX, a BIJITaK 1
po iX TePMIUHY CTAOLJIbHICTb.

BuxopucTtoBytoun oauH 3 BapiaHTIB Teopli, OyJ0 BUBYEHO TEPMOJMHAMIYHI
XapakTepucTuku ciiaBy Pt—Fe meromom BumapoByBaHHS B BakyyMi, SKHM IS
3a3HAYCHOT0 BUIIE 3aBJaHHS € HAMOUIbII MPUUHATHUM. EKCriepuMeHTalIbHI IepeBaru
Oo0OpaHOro METOAY MOJSITraJd y MOMIUBOCTI B MaKCUMAaJIbHO YHUCTHX YMOBaX
OTpUMATH CIJIAB METOJOM HAMOPOIICHHS OJHI€I 3 KOMIOHEHT 1 MOJaJbIIOro
auQy3iiiHOro BiAMany, a MOTIM MOCTIIOBHOMY JOCHIDKEHHI B THX CaMUX YMOBax
cyOmimarii ta gudysii.

Jlnst  BurotoBiieHHs cmiaBy Pt-Fe BUKOpHCTOBYBanuCs MOMIKPUCTAIIYHI
3pa3ku mIaTuHu guctotu 99,8 1 3amiza wucrotu 99,98. Jlns mux meTamiB paHimie
OyJM OTpUMMaHI MapaMeTpu BUIAPOBYBAHHS, 3HAHHS SIKUX JO3BOJIUJIO PO3POOUTHU
TEXHOJIOT1K0 BHUTOTOBJICHHSI CIUIaBY METOJOM HamopoiueHHs. [IpyxHocTi mapiB
IUIATUHU B BUKOPUCTAHOMY B Jlociijax TemrepaTrypHoMy aianasoni 1100-1400°C na
I'STh MOPSJIKIB MEHIIN, HIK Yy 3alli3a, sSIKe € JIeryrouuM ejaeMeHToM. Lls oOcraBuHa
JI03BOJISIE HE BpPAaxXOBYBAaTH BUIIAPOBYBAaHHS IUIATMHU TMPH BCIX TPOBEACHUX
eKCIIEPUMEHTAJIbHUX MPOLEaypax.

Heo0xiaHo Takok BiJI3HAYUTH, 1110, 3TiAHO Jlarpamu ctaHiB [161], crutaBu Pt—
Fe sBas110Th cO0010 HEmepepBHUN psii TBEpAUX po3uMHiB. Lle 103BossIE OTpUMyBaTH
PO3MOJII KOHIIEHTpAIlli micias BiAmamy, SKUM omucyeTbcsi piBHsAHHIM (5.9). Ha
BIJIMIHY BiJl IbOTO BUMAJKY, €KCIIEpUMEHTH 31 cruiaBoM Mo—Fe, sikuii mae oOmMexeHy
PO3YMHHICTD 3aJli3a B MOJIIO/IeH1, moka3zanu [161], mo npu HaHeceHH!1 1mapy 3ajii3a Ha
MOII0IeH 1 moaanbiioMy audysiiiHoMy Bianam 3a Temreparypu 1030°C mo Bciit
rinbuH1 (6 MKM) YTBOPEHOTO CIUIaBy KoHIeHTpauid Fe € mocriiiHoro 1 gopiBHioe 37,4
Bar.%. O0poOKa ekCcriepuMEHTaIbHUX PE3YyJIbTaTiB B IIbOMY BUIIAJIKY YCKJIaJHEHA.

ExcniepuMeHTanbHe BUBYEHHS MapaMeTpiB Audy3ii 1 BUIIApOBYBaHHS CILJIaBIB
Pt—Fe nmpoBoauiiocs 3 BUKOPUCTAHHSAM arapaTypu, OMUCAaHOI B pO3/Iiii 2.

KoHcTpyKIliss BUMIpIOBAIBHOT KaMepy J03BOJIMIA 3a OJIMH UK BiJKauyBaHHS
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MIPOBOJIUTH TaKi Omeparii:

a) BUTOTOBJICHHS 3pa3KiB cIjiaBy Pt—Fe MeTo/10M HanmopomeHHs;

0) npoBeieHHs AU Y31MHUX BIITIANIB;

B) BUBUCHHSI BUTIAPOBYBAaHHSI TOTOBOTO CILJIABY.

3pa3ku crmiaBy Pt-Fe BurotoBimsiin 0Oe3nocepeqHb0 B Kamepl mepen
IPOBEICHHSAM eKcnepuMeHTiB. Lleil mporec mossrae B HACTYMHOMY: Ha MOBEPXHIO
PETENhHO 3HETAXEHOTO MUIIXOM BHCOKOTemmeparypHoro mporpiBy (1600°C
MPOTATOM OJIHIET TOJIMHM) 3pa3ka (/) 3 IMIaTHHHU (J11aMETPOM 8 MM 1 TOBIIIMHOKO 2 MM)
HaAIMoOpOITyIOTh map 3amiza. Jlkepenom mapiB 3amiza OyB muck (2), oOMeXeHHIA
nmiadpparmoro (3) s popMyBaHHS IydKa aTOMIB MOTPiOHOT reometpii (puc. 5.2).
Jlxepeno (2) mepea BHUKOPUCTaHHSIM TPEHYBaJocs (HArpiBaHHA €JIEKTPOHHOIO
rapmaroto (6)) 3a remneparypu 1400°C st BumaneHHs pO3UMHEHHX Ta3iB Ta IHITUX
neTkux nomimok. Ilpoiec 3HeraxyBaHHSI 3pa3KiB 1 JpKepena KOHTPOJIOBAaBCS 3a
J0TIOMOTOI0 Mac-CIIEKTPOMETpA.

JInsi BUKJIIOYEHHS B3a€MHOTO 3allOpOIICHHS 3pa3KiB 1 JDKEpesia MK HUMHU
pO3TalllOBYBaJIacsl Mar”iTHO-MexaHlyHa 1mrTopka (5). BzaemHe postamryBaHHs
BUIIE3TAJ]aHUX €JIEMEHTIB TIOKa3aHo Ha puc. 5.2.

[licns HamopoIleHHsl 3aji3a, MIap SKOro CTaHOBUB KUJIbKAa MIKPOH, 3pa3oK
nepecyBaBcs B poboue mosiockeHHsA (puc. 5.2), ne miggaBaBcs audysii 3a
temneparypu 1100°C ta Biamamy npotsrom 10 rogun. BumapoByBaHHS BUBYAIOCS
caigoM 3a Iudy3iMHUM BIANAIOM, JJiS YOro 3pa3Ku MifgaBajucsi 130TEPMIYHUM
BuTpuMKaMm. [Ipu ibomy 117151 KOKHOI TeMrnepaTypu OpaBcsi OKpEMUI 3pa3oK.

KinpKicTh HamopoIIeHoro KOHJEHCATy BH3Hauajacs 3BaKYBaHHSM MillICHEH
(4) Ha ynpTpamikpoaHamiTHuHKX Barax BJIY-100 Mr 3 uytmusictio 4,4 107'T.

3pa3ku 1 JpKepeno 3aji3a  HarpiBaiMcs 3a JOMOMOTOI0  CIICIIaIbHO
CKOHCTPYMOBAHUX €JIEKTPOHHUX Tapmar, i SKUBJICHHS SKUX 3aCTOCOBYBAJIOCS
BHUCOKOCTaOLTi30BaHe Jpkepeno. Bce 1e 103BOMSUIO  MIATPUMYBATH TOCTIHHY
TEeMIIepaTypy 3pa3KiB MPOTITrOM TPUBAJIOTO Yacy.

Temneparypa 3pa3kiB BUMIpIOBajacs 3a JOIMOMOTOI0 BHUCOKOTEMIIEPATYpHOTO
ontuyHoro Mikpomipomerpa OMII-043 M 1 migTpuMyBasacs MOCTIMHOIO 3 TOYHICTIO

He ripie + 5°C.

142



Jlis ~ MOAENIOBaHHA  BHUIIPOMIHIOBAHHS ~ YOPHOTO  Tila B 3pa3kax

€JIEKTPOICKPOBUM criocoOboM mpobuBaBcs oTBip aiamerpoMm 0,35 MM 1 riamOuHOIO 5
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Puc. 5.2. Cxema ycTaHOBKM [JJs BHBYEHHS mapamerpiB audysii 1

BHUITAPOBYBAHHA CILIaBIB.

Po3nonin 3amiza mo riuOWHI, OTpUMaHUN BHACHIIOK Audy3iiiHOrO Biamary,
BUMIPIOBABCS 3a JOIMIOMOI'0I0 €JIEKTPOHHOI'O0 MIKPO30OH/IA.

Zanexuicte C = C(x) (puc. 5.3) anpokcumyBanu a0 u = 20 mxm miniero C = Cj,

X

. —b 2 o . e
a npu x>u — Qyukuiero C = Cie , e b — mapameTp, BU3HAYCHHU 3 Ii€l

. o . 5 ) .

3aNIeKHOCTI, sIKUM BusiBUBCS piBHUM 1,52:10° cm™; Cy B ibOoMY BUTIAAKY OyJIO pIBHUM
3 . . .

4,42 r/cm’. KpuBi KIHETMKM BUIIAPOBYBAHHS Ul PI3HUX TeMIIEpaTyp HaBEICHI Ha

puc. 5.4.
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X, pm

Puc. 5.3. Konnenrpariiiinuii po3mo1ia 3aji3a 3a ramonHoro B cruiaBl Pt—Fe.

AHani3 eKClepUMEHTAJbHUX PE3yJIbTaTiB IMOKa3aB, L0 ISl BUKOPUCTAHOTO
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1HTEpBally TeMIiepaTyp 1 4aciB au¢y3iiHOTO Bianaiy i3 3araiabHOro Bupasy (5.5) 3a

ymoBu  (5.6) wMoxxkHa oTpuMatd  GOpMyJdy, IO  3aJOBOJIbHSE  HAIIUM

eKCIIepUMEeHTaIbHUM yMoBaM (av Dt K 1, 2vbDt > 1, ZL\/E K 1):

t (Zu ebuzerfCu\/E> 1 (5.10)

t) =alyy ==+

Q) 01\ b \vm Vb 2bD
SIxa no3Bonsie BU3HAUUTH KoediuieHT audy3ii D. 3 miHIHHOT YaCTUHU KOKHOI

KpUBOi 3a MajuxX 4YaciB BHUIApOBYBaHHSA (puc. 5.4) Bu3HauaBcs KOEDIIIEHT

BUIAPOBYBaHHS aTOMIB JIETYIOUOT0 eJieMeHTa 3a popmyroro (5.7)
a=-L, (5.11)

ne () — KUIbKICTh PEYOBHMHHM, KA BHUMAPYETHCS 3 OMWHUIN Tuiomil 3a 4dac ¢, Cy —
MIOBEPXHEBA KOHIICHTPAIIISI JIETYFOUOT0 €JICMEHTA.

Heo0xigHo BIA3HAYUTH, IO IMIBUAKOCTI BUIIAPOBYBAHHS YMCTUX KOMIIOHEHTIB
JOCTIKYBAaHOTO CIUIaBY BIAPI3HSIOTBCS Ha JIEKUIbKa MOPSAIKIB, TOMY MOXKHA

BBAXKATH, 110 KOE(DILIE€HT O B IIbOMY BUIAIKy BU3HAYEHO JOCUTH TOYHO.

7
6
—0—1200
=0=—1250
4
—0—1300
-1330
2
—@— 1400
- @
: W -
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0

CmA-2)-1073
i
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=]

Qf

t, x8.

Puc. 5.4. KpuBi kiHeTMKM BumapoByBaHHs ciuiaBy Pt-Fe nns pizHux

TeMIIepaTyp.

[Tonanbiia 0O0poOka eKCIepUMEHTAIBHUX KPUBHX J03BOJISIE 32 3a1E€KHICTIO (O
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Bin ¢ (puc. 5.5) BuzHauntu Koedimientn audysii. Pesymbratu oOpoOKM HaBeIEHO

B Ta0mm 5.1.

—1200
=] — 1250
—1300

-1330
— 1400

vt

Puc. 5.5. 3anexHICTh KUIBKOCTI PEUYOBMHH, IO BHUIIAPOBYETHCS, BiA Yacy

EKCIIEPUMEHTY (XB.).

Tabmuns 5.1. Koediuientn nudysii Ta BunapoByBaHHS 3a pi3HUX YMOB.

T, °C o, cM/C D, em°/c
1200 1,4:10” 3-107
1250 3,3-107 8,3-107

3anexxHocti lga Ta lgD Bim oOepHeHoi TemmepaTypu (puc. 5.6) narTh
MO>KJIUBICTh BH3HAUUTH €HEprii akTuBalli LUX ABOX mporeciB. EHepris aktuBarii
nudy3ii 3aii3a B IJIaTHHI BUSBHWIAcS PiBHOW (p = 92 KKai/MOJb; IS TEIUIOTH

BUIIAPOBYBaHHS OTpUMaHO 3HaueHHs O, = 125 kkan/Mob.

-5,5

-6,5

-9.5

T, K! '

Puc. 5.6. 3anexnocri lga 1 1gD Big 06epHEHOT TeMIepaTypHu.
145




PiBHsiHHSL 1151 TeMmepaTypHOI 3aIeKHOCTI KoediieHTa audy3ii 1 MBHAKOCTI

BHUIIAPOBYBAHHA MAarOTb BUIJIAI:

92000 125000

D=16-10% &/, a=2-101e " &r . (5.12)

Tennora BumapoByBaHHs 3aii3a 31 ciiaBy Pt—Fe na 30% Oinbpina BiAmoBigHOT
BEJIMYMHM JJISI YUCTOTO 3a1i3a. 3BepTae Ha ceOe yBary TakoK JIOCUTh BHCOKa €HEpTis
aktuBauli nudys3ii 3amiza B JOCHIKYBaHOMY cIuiaBi. MaOyThb 1€ TOB'SI3aHO 3
XapaKTEPHUMHU OCOOJIMBOCTAMHU OJEPKYBAHOTO cruiaBy. OTpuMaHi JaHi BIAHOCATHCS
1o crutaBy 3 33 Bar.% Fe, 1110 BimoBi1a€ €KBIaTOMHOMY CKJIafy.

Sk Oyno 3ragaHo BHWIIE, BCl 3pa3KH CIUIABY OTPUMYBAIUCS TIPU AUQY31HHOMY
Bianani npu 1100°C npotsirom 10 roaus. 3a 1iei TemmnepaTypu, 3rigHo [161], cruas
Pt-Fe B o0nacti €KBIaTOMHOTO CKJIaJly NOBUHEH MepeOyBaTH B YMOPSJAKOBAHOMY
CTaHi.

[IpuponHo  ouwikyBaTH, 110 BCl  CGHEPreTMYHl  XapaKTEePUCTHUKH
TEPMOJUHAMIYHUX BJIACTUBOCTEH IHOTO CILJIaBY (BUMApOBYBaHHS, MU(Yy3ii) MOBUHHI
OyTH MiJBUILEHI, TUM OUIblIe, IO TeMIepaTypH, 3a SKUX BUBYANacid KIHETHKA
BUITAPOBYBAHHS, JIE)KATh B 00J1aCTI BIOPSAIKOBAHUX CTaHIB.

Mo>kHa MpUIyCKaTH, 110 HaBITh 3a HAWBHUIOI TEMIIEpAaTypU EKCIEPUMEHTY
(1400°C) me 30epiraBcs 3HayHUM OMMDKHIN TOpsiiok. ToMy oTpuMaHi BiIHOCHO
BEJIMK1 3HaUYEHHsI €HEPreTUYHUX MapaMeTpiB MpolieciB BUNapoByBaHHs 1 1udys3ii (O,
= 125 xkan/monb, QOp= 92 Kkan/MoJib) CBiAYaTh NPO BEIHMKI €Heprii MIKaTOMHOI

B3a€EMO/Iii B IIbOMY CILJIaBi.

BucHoBku 3a po3aiyiom

1. Po3BUHYTO METOJ OJHOYACHOTO BH3HA4YEHHsA KoediuieHTa audysii 1
MPY>KHOCTI mapu 6€3 3aCTOCYBaHHS Pal0aKTUBHUX 130TOIIIB.
2. IlpoananizoBaHO pi3HI MPAKTUYHO BAXIMBI BapiaHTH, M0 BPAXOBYIOTbH

pealbHO MOKJIMBI KOHIEHTpALIHI PO3MOJUIM KOMIIOHEHTIB cIutaBy. OTpuMaHO
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dbopMyInH, 10 OMHUCYIOTh KIHETUKY BHUIIAPOBYBAaHHS aTOMIB JIETYIOUOTO €JieMEHTa B
BaKyyM Ha PI3HUX CTaJisX BUIIAPOBYBAHHS 1 32 PI3HUX YMOB €KCIIEPUMEHTY.

3. ExcrnepuMeHTaabHO MiATBEPXKEHO BIIMIHHUN BiJ T'ayCOBOTO PO3IMOILI
KOHIEHTpalli micis AuQy3iiiHoro Bianamty, 3yMOBJICHUN BUMIAPOBYBAHHSM Yy BaKyyM
OJIHOTO 3 KOMIIOHEHTIB CIUIaBy, II[0 paHillle HE BpPaxOBYBaBCS B IMOIIOHUX
eKCIIEPUMEHTaX.

4. TlpoBeneHO MAOCHIIKEHHS TEPMOJAMHAMIYHUX XapaKTEPUCTUK CIUIaBY
IUTaTUHAa—3aJ130, OAEPKAHUX B MAaKCHUMAJIbHO YHCTUX YMOBaX 3 BHUKOPHUCTaHHSIM
METOJly BUIAPOBYBaHHS 3 BIAKPUTOI MOBEpXHI B BakyyM. OTpuMaHl 3HAYCHHS
CHEePreTUYHUX TMapaMeTpiB MpoleciB BUMapoByBaHHS 1 Audys3ii B cruiaBi Pt-Fe
€KBIaTOMHOTO CKJIaJy CBIYaTh MPO BEJIHMKI €HEprii MI>KaTOMHOI B3a€MOJII B LbOMY
CILJIaBI.

5. Pesynbpratd mpoBeneHOi poOOTH  103BOJISIIOTH PEKOMEHIYBAaTH IPH
BUKOPUCTaHHI METO/IB BHU3HAauYeHHS KoediieHTa audy3ii BUMIAPOBYBaHHSIM Y
BaKyyMi BpaxOBYBaTH BHIIAPOBYBaHHsS 3 TIIOBEPXHI KpPUCTANIiB aTOMIB JIETIOYO]

KOMIIOHEHTH, SIKE€ BIIOYBA€ETHCS MPU TUQPYy31HHOMY BiAmami.
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OcCHOBHI pe3yJIbTAaTH Ta BUCHOBKH

B poOoti BcTaHOBIEHO, 110 JTOCTOBIPHI JaHl LIOJO MapaMmeTpiB cyOnmiMarii

TYrOIUIaBKUX TNEPEXITHUX METaNIB Ta iX CIUIaBIB MOXKHA OJEpKaTH JIMIIE 32 YMOB

HAJIBUCOKOTO  BaKyyMy (10-11 Topp). bymo  po3pobGneHo 1 CTBOpEHO
HAJBUCOKOBAKYYMHY YCTAaHOBKY 3 0Oe3MacisiHUMU 3aco0aMH  BiJKaykh, Mac-
CHEKTPOMETPUYHUM KOHTPOJEM CKJIaTy 3aJMIIKOBOI atMocdepu 1 Tra3oBUILICHb
JOCHIPKYBaHUX OO'€KTIB, sIKa JI03BOJIIE MPOBOJUTH iX 3HEraxyBaHHA, y T. U.
3HEBYIIICIIOBaHHS B armocepi KuCHIO. Bu3HaueHO eKclepUMEHTalbHI YMOBHU
(BakyyM, YUCTOTa OO'€KTIB, IHTEPBAJIN TeMIIEpaTyp MONEPETHIX TEPMIUHUX 0O0pOOOK
Ta 1H.), HEOOXigHl JJI OTPUMaHHs HAMIWHMX JIaHMX II0A0 MapaMeTpiB
BUIIAPOBYBAHHS TEPEXiJHUX METalliB Ta iX CIUIaBiB 3 BUKOPUCTaHHSIM METOIY
JlenrMropa. 3 ypaxyBaHHSM LIMX BUMOT BIleplle¢ OTPMMAaHO JOCTOBipHi JaHi 11010
napaMeTpiB cyOiaimManii psiqy nepexiiHux, y T. 4. TyromiaBkux, Mmerajis (W, Mo,
Re, Ir, Os, Pt, Fe) ta onep>xaHo HacTymHI pe3yabTaTH, 110 PO3KPUBAIOTh MEXaHI3MH
cyOuimMarii 3a3Ha4eHUX MaTepiaib.

1. HaiiGinpmr  cyTTeBMH BIUIMB Ha MapaMeTpu cyOmimamii  MOHO- Ta
MOJIIKPUCTATIYHUAX TIEPEXITHUX METaJiB CIPUUYUHAIOTH nomintku BriieHHs (N, H, O
Ta ocobmuBo C), siki HaBiTh 3a Manux KoHueHTpamuii (10°-107 Bar.%) MOXyTh Ha
JECSATKU BIJICOTKIB 3MIHIOBATH 3HAYEHHS €Heprii cyOmimailii, a 3HaYeHHsI IBUIKOCTI
BUIIAPOBYBAHHS — Ha MNOPANOK BenuuuHU. l[lokazaHo, mo Ans AOCHIIKEHUX
KPUCTAIIB TYTOIUIABKUX METAJIIB, 10 MICTITh JOMIIIKH, BEJIMYHHY MIiKaTOMHOTO
3B'SI3KYy OLIBIII TOYHO XapakTepu3ye HE TEIUIOTa, a YyTJiMBa JI0 MEXaHi3MIB
BUMAPOBYBAHHS IIBUAKICTh CyOgiManii — TOCHJICHHS MDKAaTOMHOTO 3B'SI3KY
BI/IMOBIIa€ 3MEHIIICHHIO IIBUAKOCTI CyOiMartii 1 HaBIaKH.

2. BcraHoBieHo, 10 JUIsl 3HETa)XXyBaHHS MOHOKPHUCTAJIIYHUX 3pa3KiB MOJIOIEHY
HEOOX1HO MPOBOJUTH BiAMal HE MEHIIE rOAUHU 3a TemnepaTtyp He Huwkue 2400°C.
[TopiBHSIHHS MIBUAKOCTEH 1 TEIUVIOT BUMAPOBYBAHHS MOHO- Ta MOJIKPUCTAIIYHOTO
MOJIIOACHY  MOKa3ajlo, M0 4Yepe3 CYTTeEBY  3a0pyIHEHICTh  JIOMIIIKaMH

MOJTIKPUCTAIIYHUX 3Pa3KiB, ISl HUX CHOCTEPIrarOThCsl Ha MOPSIOK BHUIII IIBUAKOCTI
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BUIIAPOBYBAHHS, HIXK JJIS1 BIANAJIEHOTO MOHOKpHUCTay Mo. VY To# ke yac, CyTTeBOI
PI3HUIII B BEJIMYMHAX TETUIOTH CyOIiMallii HE CIIOCTEPITaeThCsl.

3. [Toka3aHo, 1110 OCHOBHUH BILIUB Ha CyOJiMaIliiiHl BIACTUBOCTI MOHOKPHUCTATIB
PEHII0 YMHSATH JOMIIIKM BYIJICH0. BusBIeHO HasBHICTh KpHcTagorpadiuHoi
aH130TpoIii cyOmiMaIifHuX BJIIACTUBOCTEH OCHOBHHUX I'paHEel MOHOKPHUCTAIIIB PEHIIO:
MIBUIKICTH CyOimartii 3 rpasi (OITO) oinpma, HiX 3 Tpani (0001); 3 miaBUIICHHSM
TeMIepaTypu 1Sl pi3HULIS 3pocTae. 31 301IbIICHHAM KOHIICHTpAIlil JOMIIIOK JJIsI TpaHi
(0001) mpomec cyOmimariii 3Ha4HO TMPHUIIBUANIYETHCS, a JJIs TpaHi (0110) HaBmakw,
JCTIO YIOBITHHIOETHCS.

4. OpnepxaHo HaJIMHI €KCIIEPUMEHTAIbHI JaHl M0 IMapaMeTpax BUIIAPOBYBAaHHS
nomkpucTamyHux 3pas3kiB Ir Ta Os. CTabiibHI 1 BIATBOPIOBAHI 3HAYEHHS IIIBUIKOCTI
cyOsiMarrii moiKpUCTaIIYHOTO IPUIII0 MOYKHA OTPUMAaHI JuIIe micias Tpusaiaoro (15
roj.) Bignany 3a Bucokoi temnepatypu (1940°C) B atmocdepi kuchto. LLIBUAKICTH
BUTIAPOBYBAHHS IpUIII0 MiCIsl 3HEBYIJICHIOBAHHS 3pOCia MPUOIM3HO B 2 pas3u, IpH
[[bOMY BEJIMYMHA TETUIOTH BUIIAPOBYBAHHS 3AJUIIMIIACS TAKO¥O XK, 5K 1 IS BUX1THOTO
CTaHy. AHAJIOT1YH1 pe3yJIbTaTh OJEP>KaHO I OCMIIO, 3 Ti€l0 pi3HHULEH, o Os Mae
HAa JIBa MOPSAKN MEHII 3HAYEHHS MIBUIKOCTI BUMIAPOBYBaHHs, HiX Ir. 3Ha4HO MeHIIIa
MIBUIKICTh CyOJIiMaIii Il BUXITHUX 3pa3KiB MOB’si3aHA 3 YTBOPEHHSM Ha YaCTHHI
MOBEPXHI IIapiB BYIJIEIIO, SIKI CTBOPIOIOTH JOJATKOBUI eHepreTuyHuil Oap'ep s
BUIIapOBYyBaHHs aToMiB Ir Ta Os.

5. BcraHoBieHO, 110 HAaWOUIbII ICTOTHUN BIUIMB HA CyOJiMalliiiHI BJIacTHBOCTI
MOHOKPHUCTAIIB BOJb(paMy MarOTh JTOMIIIKH BYTJICIIO, IKUX HE BIA€THCS TOBHICTIO

1mo30yTHCs 3a OyAb-SIKUX 00poOOK. BoHM KOHTPOIIOIOTH MexaHi3MH cyomimaliii W: B

Jiana3oHl MaJMX KOHIIGHTPAIllid BYTJIEIIO (1'10_2—1-10_3 Bar.%) CIIOCTEPIraeThCs
CTPUMYIOUUHN IIBUJKICTh CyOmimallii BIUIMB pO3uMHEHUX aromiB C, K1 yTBOPIOIOTH
TBepAUi po3urH 3 W, a 3a OUIBIINX KOHILIEHTpAIH BYIVIEIIO 3pOCTaHHS IIBUIKOCTI
cyGnmimarii 06yMOBIIEHO YTBOPEHHSM KapOixiB Bomb(pamy. 3a koHueHTpamii 2107
Bar.% C cnoctepiraeTbcsi 3MiHa KOHTPOJIIOIOYOTO CyOIIIMaIlil0 MeXaHi3My y Ipolieci
3MIHM TeMIIepaTypu B OKOJI TEeMIEpaTypu po3drMHEeHHS KapOinmy W. 3a mpoMiKHUX
KoHIeHTpaii (6ist 5-107 Bar.% C) crocTepiraeThcs CTPUMYIOUMIA BIUIUB BYTJICIIEO

Ha MPOIECH BUMApOBYBaHHA (YIOBUIbHEHHS B 2—3 pa3u) uepe3 YTBOPEHHS HUM Ha
149



gacTuHi oBepxHi W 6ap’epHOTO T1apy.

6. Busineno anizorponiio cyOmiMaiiiHUX Ta aacopOIiHHUX BIIACTUBOCTEN
MOHOKpUCTaTiB W Pi3HOI YUCTOTH B Pi3HUX KpucTanorpadiuHux HampsiMax. Takox
BCTAHOBJICHO aHI30TPOMII0 CyOIiMaIifHUX BIACTUBOCTEH /IJIs1 €KBIBAJICHTHUX TpaHeit
MOHOKpHCTaliB W B 3aJIe)KHOCTI Bl iX opieHTaIli (MepHneHIUKYIIpHO abo
napayieJIbHO) BITHOCHO BICi pOCTy KpucTaidy. B o0macTi HOCHIPKEHUX KOHIICHTPAIIIH
C BenuuMHA YCiX CIOCTEPEKYyBaHMX B poOOTI e(eKTiB aHi30Tpomii 3pocTae 3i
30UIBIIIEHHSIM BMICTY BYTJICIIO Y KpUCTAJIaX TYTrOIMJIABKUX METaJliB.

7.  BusBieHo aHI30TPOMNiI0 EJIEKTPOHHOI KOH(Irypamii JOMIIIKOBUX aTOMIB
pyriemo B OLK-rparmi W, sika oOyMoOBiO€ aHi30Tpomito moBepxHi depmi B
€KBIBaJICHTHUX HamNpsiMaxX HECIIOTBOPEHOTO Kpuctany. Lle sBuIe € xapakTepHUM IJis
OLIK-meTaniB, 1110 MOXYTh MICTUTH BTUIEHI aTOMHU BYTJICIIO B OKTa- ab0 TeTparnopax,
1 € HacHIJIKOM PI3HOi 3MIHM JIOMIIIKOBUMHM aTOMaMH 3 CHJIbBHUMH KOBaJE€HTHUMH
3B’A3KaMU MDKAaTOMHHUX BIJACTaHEW B HamnpsMax, SKI € CKBIBAJICHTHUMH B
HECIIOTBOPEHIM IpaTiii. 3 ABOX MOXJIMBHUX IOJIOKEHb aTOMIB BYIJICIIO B MIXKBY3JISX
peurTKki BoJib(paMy MepeBary MaroTh TETPACAPUYHI MOJIOKEHHS, 10 BKa3ye Ha
MIEBHY yMOPSIKOBAHICTh B PO3TAIIyBaHHI IIUX JOMIITKOBUX aTOMIB.

8. BCTaHOBIIGHO KOHKYPEHTHHIA BB gomimok Re (0.1-4.2 at.%) i C (1,5-107'—
4,6:107 ar.%) (1-10°-3.10" Bar.%) Ha cyOGniMauifiHi BIACTHBOCTI MOHOKPHCTAIIB
BoJIb(ppaMy: 3OUIbIIEHHS KOHLIEHTpAlli pEeHil0 NPU3BOAUTH A0 3pOCTaHHS, a
30UIBIIEHHS!  KUJIBKOCTI PO3YMHEHOTO BYIJICHIO JO 3MEHIICHHS IIBHIKOCTI
BUIAPOBYBAHHS. 3a MeHIIMX koHuentpauii C (1o 3-107 Bar. %) mepeBakae eexT,
00YMOBJICHHH JTOJIaBaHHSM PEHII0, a 3a OUIBIITUX KOHIICHTpaIlii (BiA 8107 Bar. % O
BU3HAUaJbHUM CTa€ BIUIMB BYIUICII0. BcTaHOBIEHO, IO IMIBUIKICTH CyOaiMariii
MoHokpuctanis W—2,6 Ta 3,8 Bar.% Re 3a Menmoro Bmicty Byriero (3-107 Bar. %
C) Buma, Hix y uuctoro W, a s moHokpuctainie W—0,1 ta 4,2 Bar.% Re, mpo
MiCTSITh GiNbllle PO3UMHEHOTO y TBEpAOMY po3unHi Byriemo (1-107 ta 8-107 Bar. %
C), € HUXKYOIO, HIXK y unucToro W.

0. BcranoBneno, mo mnapamerpu cyoOsiMaiii  MoHokpuctamiB  W—4,2%Re
pi3HATbCA Uil ekBiBajJeHTHUX TpaHeil (001), mo mepneHAUKYIspHI Ta MapaleibHi

HampsiMy poOCTy. AHI30TpOMisl MapaMeTpiB TMOB’si3aHa 3 PI3HOK CTPYKTYPOIO
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moHokpuctainy W—4,2%Re B HanpsiMax B310BX (BOJIOKHUCTA CTPYKTYypa) 1 BIIOMEPEK
(KkoMipuacTa CTPYKTypa) OCl POCTy, IO MPU3BOAUTH A0 aHi3oTporii po3noauty C 1o
00’eMy pPI3HUM YMHOM OPIEHTOBAHUX KPUCTAJIIB.

10. 3acTtocoBylOUYHM OpPHUTIHAIBHY METOJIMKY OJHOYACHOTO BH3HAUYEHHS AUQPY31HHOT
PYXJIMBOCTI 1 IIBUJKOCTEH BUIIAPOBYBAHHS JIETYIOUUX €JIEMEHTIB 0€3 BUKOPHCTAHHS
panioi30ToMIB, 3HAWIEHO 3HAUEHHS €Heprii akTUBAIli MPOIECiB BUIAPOBYBaHHS 1
audysii Jeryrodoro enemenTa y ciiasi Pt—Fe, sxuil yrBoproeTbest npu nudysiiHomMy
BIAMAJII IIapy 3aji3a Ha IUIaTUHOBIM OCHOBI. Benuki 3HaYeHHS  IUX
TEPMOJUHAMIYHUX XapaKTEPUCTHK CBIAYaTh IMPO BEIHMKI €Heprii MIXaTOMHOI
B3a€EMOIT B IIbOMY CIUIaBl, XapaKTepHI [JI1  BIOPSJIKOBAaHOTO  CTaHy.
ExcriepyMeHTanbHO  MIATBEP/DKEHO  BIAMIHHICTD  BiJ] TayCOBOTO  PO3MOJALTY
KOHIEHTpaLli JOMIIIKA Micast Tudy31HHOTO BiAmany, oOyMOBIEHY BUIIAPOBYBAHHSIM

MEHII 3B’S3aHOTO KOMITOHEHTA CIUIaBY, IO PaHille HE BPaXOBYBAIOCH.
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IlepeJiik yMOBHUX MO3HAYEHD

TEII — TepmoemiciiiHuil mepeTBOpIOBaY

XY — xiMiyHa YKuCTOTA

KPA® — kyToBuil po3moais aHITUIALIKHUX (POTOHIB

[1® — noBepxHst Depmi

o — KoediieHT Jlenrmiopa (KoeilieHT BUIapOBYBAHHS )

T — remneparypa

G — MBUJKICTH BUMIAPOBYBaHHS

P — tuck napu

M — monekynspHa Maca

R —ra3osa crana

m — Maca peyOBHHH, [0 BUTIAPYBajach

S — mIomia BUNapoByBaHHSA

! —4ac BUIIapOBYBAHH:

() — yacTKa BUIIPOMIHIOBaHHS, 1110 ITOTpamnuia Ha MIIICHb

k — KOeQIIeHT, MO 3aJIEKUTh BiJI B3AEMHOTO PO3TAlllyBaHHA 3pa3ka, Aladparmu i
MIIIICH]

R, — BITHOCHH 3aJTUIITKOBHM OITIp

AHt — Tennora cyOmimMarrii

0 — KyT M)XK aHITUTAIIHHUMY raMa-KBaHTaMHU

N(0) — MBUIKICTh paXyHKY CHIBIAIiHb

f- (E) 1f, (E’) — WMOBIPHOCTI aHITUIALIT €IEKTPOHA 1 TO3UTPOHA B CTaHI 3 XBUIILOBUM
BEeKTOpOM k i k

Ui (F) 1 Y (7) — xBuneBi GyHKUi{ MO3UTPOHA 1 eeKTpOHa
p(ﬁ) — PO3MO/IJI MOMEHTIB aHITUTIOIOYHX TIap

C — KOHIIEHTpAIlis JIETYIOUOTO €JIeMEHTa

D — xoedimieHT nudysii

0(0,f) — KIIBKICTh PEYOBHHH, 10 BUMIAPOBYETHCS
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