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Beryn

Bopunu nepexiiHUX MeTaiB 3HAXOJATh LIMPOKE
3aCTOCYBaHHS B MPOMUCIIOBOCTI 3aBISKU TXHIM (hi3HKO-
MEXaHIYHMM BJIACTUBOCTSAM 1 3JATHOCTI 30epiraT i
BJIACTHBOCTI TIPM BHCOKHX TemIeparypax. [lmiBkoBi
TTOKPHUTTS TYTOIUIABKHX 3'€JHaHb OOPHIIB 1 OOPOHITPHIIB
mepeximaux MetaniB (Ti, Cr, V, Ta, Zr) modamn
BHBYATHCSA TIOPiBHAHO HENAaBHO, TICIsA  pPO3pOOKH
¢ismgEMX MeTonmiB iXHBOTO oxep)kaHHSA. HanOimpmm
BHBYCHHMH 3 IIBOTO KJACy 3'€qTHAHb € IUTIBKH OOpHIB
tutany [1-5], y mMeHmomMy cryneni mupkoHito [6,7] i
xpomy [8-10]. SIx moka3ye aHami3, yMOBH, NPH SKUX
BiIOYBA€ThCS CHHTE3 IUIIBKOBUX 3'€HAaHb, ICTOTHO
BIUIMBAIOTh Ha IMpouecH (a3oyTBOpEHHs, IO JOCHTh
YacTO IPUBOIUTH JO HEBIANOBIJHOCTI OAEPKYBAaHUX
Ppe3yJbTarTiB.

v JlaHif poborti JIOCITIIKeH1 npouecu
(a30yTBOPEHHS 1 CTPYKTypa ILIIBOK OOpHIIB TaHTaly i
BaHail0. [HTEpec N0 KX 3'€IHaHb BUKIMKAHUH THM, IO
mo-Tiepiie, BOHM B IUTIBKOBOMY CTaHI Majo BHBYEHI,

poboru [11-13], a mo-mpyre, niarpamm  (asosoi
piBHOBaru Ta-B i V-B myxe cxoxi B 4aCTHHI YTBOPEHHS
oopumaux ¢a3 MesB,, MeB, MesB;,, MeB,,
BIJIPI3HSAIOYHCH TUIBKHA UIUPUHOIO obnacrei
romoreHHocti [14]. Buxomsum 3 1pOro, MoOXKHa

NPUIYCTUTH, 0 (Aa30yTBOPEHHS 1 CTPyKTypa OOpHIiB
TaHTaJdy 1 BaHAJiI0, KOHACHCOBAHUX IPH aHAJIOTIYHUX
YMOBax, MOXXYTh MaTH CIUIbHI 3aKOHOMIPHOCTI, IO Y
CBOIO 4Yepry, JOMOMOXE TOSCHUTH OCOOJHMBOCTI
(hazoyTBOpPEHHA IUTIBOK OOpHUiB TepexigHux MeTaiiB [V
iV  rpyn. OCKUIBKH KpHCTaliyHa  CTPYKTypa
MMO3HAYAETBCA Ha  aHi3oTpomii OaraThox  (i3HKO-
MEXaHIYHUX  BJIACTUBOCTEH  (TBEPAOCTi,  MIITHOCTI,
MJIACTHYHOCTI 1 iH.).

I. 3pa3ku i MeTOAHKA TOCTITKEHD

[TmiBku OOpUAiB TaHTANY 1 BaHAMI0 ONEP)KyBalM Ha
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ycranoBui YBH-75P3 wmeromom BU-marnerponHoro
posmminenns (13,56 MI'm) wimeneir TaB, i1 VB,.
MMigxmagkamu Oymu craneBi 3pasku (Ct.3, cramp 45,
ctap 40X13),a takox curtan i Si. ToBIIMHA TUTIBOK
3MiHIOBaJlach BiJ wYacy HammmoBaHHSA (Bim 200 1o

3000 M) i KOHTPOJIFOBAajIacs METOJIOM
6aratonpomeneBoi iHrepdepometpii (MII-4). dasoBwuii
aHaj i3  IUIBOK  JIOCHI/KYBaBcS 32  JIOLIOMOTOIO

pentreniBebkoi audpakromerpii (JPOH-3, JIPOH-2 y
Cu-Ka Ta Co-Ka BunpomintoBanui). Crpykrypa i
(ha3oBHit CKIIA TOCHIKYBAIKCSA METOAAMHU EIEKTPOHHOT
mikpockonii (JEMM-200). EnemeHTHuMil aHaii3 IuiBok
JIOCITIZKYBABCs 3a JIOIIOMOT'OI0 BTOPMHHOI 10HHOi Mac-
cnekrpomerpii  (MC-7201). Konnenrpauiiiui mpodisui
po3MoIily eeMEeHTIB 10 TIMOMHI TUTIBKK OyayBasics 3a
CTaHIAPTHOIO METOJIMKOIO.

II. Pe3yabTaTu eKcliepuMeHTy Ta Ix
00roBopeHHA

Jnst po3nuiieHHsT BUKOPUCTOBYBAIKMCS MIIIEHI, 10
cknanaothes 3 Ga3 TaB, 1 VB,. [Iudpaxromerpuuni
mocmimxerHs y Cu-K, ta Co-K, BumpomiHroBanHi
MMOKAa3aJi HAsBHICTh BCIX OCHOBHUX JTiHIH, 0€3 HAABHOCTI
SKUX-HEOyah Jmomimok. OJHaK, aHANI3YIOYH CKIAJ
MOPOIIKIB MimieHeW 3a momomororo BIMC, BumHO
NPUCYTHICTH ~ OKPEMHUX  Mac  OKCHIIB  METaliB,
aHAJIOTIYHUX 1O CBOIH ¢i3muHill mpuponi. Ha man. 1 a, 6
MIPHUBEJICHI Mac-CIEKTPH MOPOUIKiB Mimenerd VB, i TaB,
BIIITOBITHO.

3 MaJltOHKa BHUJHO, 110 KPiM OCHOBHHUX €JI€MEHTIB V
(1) i B (11) y mimeni VB, € mpucyTHiM miK, II0
BignoBigae kmactepy VO (67), a B mimeni TaB, kpim
ocHoBHux enemeHTiB Ta (181) i B (11) mpucyrhiii mik,
mo Bigmosigae kmactepy TaO (197). Ockinbku
penTresorpadiuno ¢azu okcuaiB BaHAJIIO 1 TaHTaly He
BUSBJISIFOTBCS, MOYKHA TIPUITYCTHTH, IO IXHS KUTBKICTB Y
MIIIICHI HE BEJIHKA, IPOTE JOCHTH BEIMKA IHTCHCUBHICTh
MKIiB 3B'sA3aHa, HA HAIl IOIJISA, 3 OKHCIIOBAaHHSIM
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Mau. 1. Mac-cniektp a — mimens VB,, 6 — wmimieHs
TaBz.

MOPOIIIKIB MIllIEHEH B aTMOcdepi.

[Ipu po3nmieHHI MilIeHeH B aproHi MPH THX CaMHUX
ymoBax — Tucky 0,32 ITa i moTyxHOCTI reHepaTopa Bix
200 mo 600 Bt — Ha BCiX MiIKIamKax YTBOPIOBAIUCS B
ocHOBHOMY ¢a3u  MeB,. Cnocrepiraiaucs  nesiki
ocobumBoCTi y (hazoyTBOpeHHI IUTiBOK y cuctemi Ta-B i
V-B. Ha mai. 2 npezcrasieni audpakrorpamu IUTIBOK,
OTPUMaHUX Ha CITAJNOBIM MiAKIagui. 3 HHOrO MOXKHA
3pOoOHMTH BHCHOBOK, L0 Ha Mmiakiganii (opmyerscs B
OCHOBHOMY crexiomerpuyna ¢(aza MeB,. Ha man.2a
BHJHO, IO KpiM ciabkux pediekciB miHid dazu VB,
CIIOCTEPIraloThCs JOCUTHh iHTeHCHBHI JiHIT V,03 d4
(I=100) i dzp; (I =90). Lle nos's13aH0, Ha HaII TOTJISI 3
THM, IO TOHKA IUTiBKa OOpUAY BaHAIII0, 3HAXOAIIUCH B
aTMocdepi, TOCUTh IIBUAKO OKHCIISETHCS.

Ha wmam. 2 6 mpencraBneHa aupakrorpama IDIiBKA
TaB,, 3 sK0i BUAHO, IO Mae Micle clabKko BHpa)KeHa
akciajgpHa TekcTypa B HanpsiMky <001> ta BuIHI miKK
JmiHiM, 1o BignoBimatote ¢azi  TaB,: dgy = 3,24
(dTaﬁn = 3’228) (I = 39)9 d101 = 29063 (d'ra6n = 2506)
(I=100) i dog, = 1,61 (dya5, = 1,61) (I =10). IIpu 11pomy,
minis (001) myke CHIBHO pO3MHTa, IO BKa3zye Ha

HaHOKPUCTATIYHICTb ¢azm. Januii ¢axt
M ATBEPIKYETHCS TaKOX i €JIEKTPOHHO-
MiKpOCKOTIIYHUMHI 3HIMKaMH{ MIKpOCTPYKTYpH

CHHTE30BaHMX IUTIBOK (Mai. 3 a,6). 3 mpencTaBIeHUX
3HIMKIB BHJHO, IIO TIPH [IOMY pO3Mip 3epHa ¢a3u TaB,
ckmagae 10-20uM, a ¢azu VB, — 20-50 um. Kpim
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TOT0, IPUCYTHI 3epHa i apyroi dasu — V,0; [13].
Ax  moBimommstocs  pamime  [10,15,16] mpum
KOHJEHCamii IUTiBOK OOpWAIB TEpexifHUX MeTaliB

(TMTaHa i XpoMy) crocTepiramacsi akciadbHa TEKCTypa,
NpU [IbOMY HAMPSIMOK TEKCTYPU B 3aJISKHOCTI BiJl YMOB
oJlepKaHHs 3MiHIOBaBcs. HasBHICTH TEKCTYpH 1CTOTHO
3arpynHsie ineHTudikamito $pazoBoro ckiiaay riiBku [16].
BusiBumocst, 1Mo CTpyKTypa MiAKITaAKA Maja BIUTHB Ha
CTYMiHb TEKCTypOBAaHOCTI IUIIBKM, IO paHille He
BimsHavaiocs  [10,15], xoya  ocoOmuBOCTI, IO
CIIOCTEPIralThesl, MAIOTh KOHICHCALiHY npupoay. Ha
Man. 4 a,0 mpencraBieHi  ITUQpaKTOrpaMH  IUTIBOK
O6opuaiB BaHanito (a) i TaHTanmy (0), oTpuMaHMX Ha
kpemHieBiid Si (111) i cranesiii (CT.3 i3 mIaCTHHYACTHM
MEPIITOM) TiAKIAAKAX.

Mau. 3 MikpocTpykrypa mwiiBok a) VB,, 0) TaB,
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Man. 4. [udpakrorpamu  IIiBOoK  OopHIiB

BaHamito (a) 1 Tanramy (0), oTpuMaHMX Ha
KpPEMHIEBIH 1 cTaneBid migKiaaKax

3araJbHUMH XapaKTEPHUMHU PUCAMH TaHUX TUTIBOK €:
1) HasBHICTH aKCiaJIbHOI TEKCTYpW B HampsMky <001>,
2) acumerpis ¢opmu mikiB st ainid (001) i (002).

Po3xo/mkeHHs K moJsirae B TOMY, IO Uil OOpHIIB
BaHAIII0 O3HAYCHA aCHMETPis Mae Micie 3 OOKy Maimx
KYyTiB, a a1t OOpHIIB TaHTalTy — 3 OOKy BEIHMKHX KYTiB.
Jns Gopuny TaHTaldy XapakTepHE 3MIILEHHS MIKiB JIHINA
(001) i1 (002) y6ik mamux KyTiB, IO TOBOPUTH IIPO
30uTpmeHHs Tapamerpy dypg. Jas OopumiB  BaHamiro
TaKOXX XapaKTepHE 3MIMICHHS IMiKiB JIiHiH yOiK BETUKUX
KYyTiB, ajie B MeHIoMy ctyneHi. [Ipu 1pomy mae micue
3pOCTaHHs IHTeHCHBHOCTI mikiB V,0; (Mam la i
Mai. 2 a).

3a3HaueHa acumerpis Qopmu mikiB JiHii (001) i
(002) (man. 4 6) mo3BoJisie 3pOOMTH MPUITYLICHHS IPO
HasIBHICTD Y CKJIafl IUTBKHM JIBOX (ha3: CTeXiOMETPUYHOI
TaB, (doo; =3,228; do, =1,61) i HecTexioMeTpidyHOT
¢bazu (dgo; = 3,284; dyop = 1,65). OnHak, BKa3aHi BiJICTaHi
OCTaHHBOI JyKe ONMM3BKI MO BENWYHHI A0 BiATIOBIAHUX i
s ¢asu Ta;B,. Ha xame, TeKCTYpOBaHICTh OTPHUMAaHUX
IUIIBOK ~ HE  JO3BOJMJA  HPOBECTH  OCTATOYHY
izeHTudikamiro 3azHaueHHX (a3. XapaKTepHO, M0
0COOJIMBOCTI, IO CIOCTEPIraloThCs, MaIH MICIEe 1 ISt
OopuiB BaHAJiI0, OJHAK y MEHIUI Mepi, TOMYy IO
IUTIBKM MaJIi BEJIMKY KUIBKICTh OKCUIHUX (a3.

Juis  mepeBipku ¢axkry HasgBHOCTI JaBOX (a3
BUKOpHCTOBYBaBcsi wmeron BIMC i3 mobynoBoro
KOHLIEHTpaLiHUX NpodiiiB mo rimouHi. Sk MoKazyrTh
JNOCTDKCHHS, Ha  PI3HUX  IIKIaJKaX  BEIUKUX
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Mau. 5. TlomapoBuii eIeMEHTHHI aHAai3 IUIIBOK
OoopuiB Banafmiro (a) i TaHtany (0), OTpUMaHUX
Ha CTaJIeBIN IMiAKIAIII.

BiIMiHHOCTEH y BigHomieHHI B/Ta He BHSBISIETHCA.
AHamnoriyHa KapTHHA CIIOCTEPIracThCsl 1 ISl IUTIBOK
O0opuiB  BaHaiil0, 0 TOBOPUTH NP0 NOAIOHICTH
(hi3MYHMX MPOIIECIB, 110 BiIOYBAIOTHCS MPH KOHICHCAITIT
IUTIBOK 3a3HaueHHWX OOpWAIB MepexitHux MeTaniB V
TpyIIN.

Ha wman. 5a0  mpencraBneHuii  momiapoBuid
eJIeMEHTHHH aHalli3 IUTIBOK OopwIiB BaHamifo (a) i
TaHTany (0), OTpUMaHMX Ha CTajeBi migkmammi. Y
BUTAJIKy IUTIBOK OOpHIy TaHTaly BiICYTHS aHOMAIIbHO
mupoka (~200 HM) pocToBa MOBEPXHEBA 30HA, SIKA MA€E
Mmiclie y BUNajaKy O0opuaiB BaHaito [13], mo mos's3aHo 3
iX BHCOKOIO JI0 OKHCICHHS akTuBHicTIO [17]. VY
CTaOUIbHIN 30H1 VIS TUIIBOK OOpPW/IIB BaHAMII0 1 TaHTAILY
BCl €JIEMEHTH PIBHOMIPHO DPO3MOALIEHI MO riuOuHi. Y
nepexiaHiii 30Hi (~100 HM) crocTepiraeTbcs IUTaBHUIN
cran Oopy B NOpIBHSAHHI 3 DPI3KMM CIIQJIOM METaliB i
OKCHJIB, IO J03BOJISIE TOBOPUTH Hpo Horo nudysio B
MTOBEPXHEBI MApH METAJICBOI ITiIKIaIKH.

PoGora Oyme wmatu mopambine MPOAOBXKEHHS B
obmacti mocmimkeHHS (pa30yTBOpEeHHs IDIIBOK OOPHIIB
MEPEXiTHUX METAIB.

Bucunoskn

3pobieHo cnpoOy BCTaHOBIEHHS MMOMIOHOCTI 1
PO3XOIKEHHS  (I3UYHUX TporeciB  (Ha30yTBOPEHHS
TOHKHUX IUTIBOK OOpHIIIB MEpeXiqHuX MeTaiiB V rpynu —
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BaHaMit0 1 TaHTaimy. CHHTE30BaHi TUTIBKH CKJIAAIUCS 3i Me;B, a6o MeB; i Manu sickpaBo BHpaKeHY akcCiallbHY
crexiomerpuynoi (asu MeB,; i HecTexiomeTpuyHOi (azu TEKCTypy B HanpsMky <001>
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Processes formation of phases films of borides the transitive metals of the fifth group — vanadium and a tantalum
are featured.

75



