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I Syx 10 •• B•~nwxak H.H. 9 · 8605 11 
PeHTreHOBCKHA aHanH3 CBepxnpOBOAHmHX TOHKHX nneHOK 

Ha OCHOB9 HH06HH 

npHBOAHTCH peHTreHOBCKHA aHanH3 CBepxnpOBOAHmHX nneHOK HS OCHOB9 

HH06HH, nony'leHHblX MeTOAOM aneKTpOHHQ-ny'leBOrO nnaaMeHHOrO HCnapeHHH 

B BaKyyMe, 

Coo6meHHe 061.eAHHeHHOrO HHCTHTyTa H,!tepHblX HCCJie,ltOBaHHI 

,lzy6aa 1975 

B OHMY npo.noiDKaiOTCH pa6oThl no yaenH1.feHHIO .no-
6poTHOCTH CBepxnpOBO,Z:(Hil{HX /ell/ pe 30Ha TOpOB KOJibiJ,e
Tpoua /1/. B o.nuoM H3 aapHaHTOB KOHCTPYKU.HH peJonaTopoa 
pa6oqas noaepxuocTb coJ.naeTCH nyTeM 3JieKTpouuo-nyqe
aoro nJia3MeHHOrO HallbiJieHHH Ha Me,Z:(HYfO OCHOBY en TOHKHX 
nJieHOK Ha OCHOBe HH06HH H ero CllJI8BOB C THT8HOM. He
KOTOpble CBOHCTBa 3THX UJieHOK npHBO,Z:(HTCH B pa6oTe/2~ 

eaepxnpoao.nsmHe caoiicTBa 38BHCHT oT MHOrHx liJaKTo
pOB, cpe,Z:(H KOTOpbiX CTpyKTypa nJieHKH HBJIHeTCH OC060 
B8)1(HOH. Hccne.nooauHe H auanH3 CTPYKTypuoii 3aBhCHMOCTH 
en CBOHCTB - 3TO He06XO,Z:(HMaH OCHOBa pa3pa6oTKH OllTH
MaJibHOH TeXHOJIOrHH noJiy1.feHHH Tpe6yeMOH en pa6o'leH 
llOBepXHOCTH pe30HaTOpOB. )l.JIH 3TOH IJ,eJIH 6hiJI HCUOJib30BaH 
peuTreuo.nHiiJpaKTOMeTp MapKH ZEISS . e'beMKa npoH3Bo
,Z:(Hnacb B CuKa -H3Jiy1.feHHH c ,Z:(JIHHOH BOJIHbi A~· 1,5418) 
H B MoKa - H3Jiy1.feHHH c ,Z:(JIHHOH BOJIHbi A = 0,7107A. 
)l.JIH llOJiy'leHHH MOHOXpOMaTH'IeCKOrO H3Jiy1.feHHH H OT
liJHJibTpOBKH CuK f3_ _ HJIH MoK ,g-H3Jiy1.feHHH Mbl HcnoJib30BaJIH 
TOHKHe Ni HJIH Zr liJHJibTpbl cooTBeTcTaeuuo. PerHcTpa
U.HH peliJneKCOB OCyiiJ,eCTBJIHJI8Cb nponopiJ,HOHaJibHbiM C'leT-

1.JHKOM C 3all&Cbl0 Ha 6yMary. JiWJJO RCCJJe,Z:(OBaHO HeCKOJibKO 
cepHii o6pa3U.OB H3 Nb H NbTi TOHKHx nneuoK, uaueceu
HbiX Ha Me,Z:(Hble UO,Z:(JIO)I(KH npH KOMHaTHOH TeMnepaType. 

PeuTreuo.nHiiJpaKTorpaMMa nneHKH Nb npe.ncTaoneua 
ua puc. 1. nneuKa 6blna cusTa uenocpe.ncTaeuuo c Me.nuoro 
peJonaTopa H uaKneeua ua cTeKnsuuyro no.nJIO)I(Ky. PaccqH
TaHHble peliJneKCbl COOTBeTCTBYIOT 06'beMHOIJ,eHTpHpOBaHHOH 
Ky6H1.fecKoii peweTKe Nb. nocTosuuas peweTKH nneuoK /Bbl
'l&cneuuas npH 6onbWHX 6per~OBCKHX yrnax/ H3Meusnacb 
B npe.nenax a= 3,305-'- 3,310 A. BhiCOKHH ypoaeub cnnow
uoro 4Joua ua peuTreuo.nHiiJpaKTorpaMMe B03HHKaeT acne.n
CTBHe ,I:(HiiJpaKIJ,HR OT aMopliJHOH CTeKJIHHHOH llO,Z:(JIO)I(KH. 
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Ha puc. 2 B 3 npaae,IJ;eHbl peHTreHo.IJ;BI}lpaKTOrpaMMbl 

nJieHOK, HaHeCeHHbiX Ha Me,IJ;Hble nO,IJ;JIO>KKB C pa3JIB'IHbiM 

CO,IJ;ep>KaHBeM Ti B nneHKe. TaK KaK TO.JIIUHHa en nneHOK 

He npeBbiWaeT HeCKOJibKBX MKM, BHTeHCBBHOCTb pel}lneKCOB 

OT nO,IJ;JIO>KKB BeJIBKa, B MO>KHO O,IJ;HOBpeMeHHO aHaJIB3HpOBaTh 

nJieHKY H nO,IJ;JIO>KKy. liOJibWBHCTBO Me,IJ;HbiX nO,IJ;JIO>KeK BMeJIO 

nonBKpHcTaJIJIB'IecKyro CTPYKTYPY c npeHM~ecTBeHHoii 
opBeHTaUBeii B aanpaaneHBB 1220 I, xoTH B HeKOTOpblx cny

qagx Ha6JIIO,IJ;anacL· opHeHTBPOBKa a HanpaaneHBB 120 0 1 
J'UC. 3/. 

TineHKH NbTi c co,IJ;ep>KaHBeM TBTaHa 6onLwe 200/o BMeJIB 

Bblpa>KeHHyro cTpyKTYPY a HanpaaneHHB lllO I I puc. 2 B 41. 
Onpe.D;eJIHH nono>KeHBe OT,IJ;eJILHbiX pel}lneKCOB B napaMeTpbi 

peweTKH, MO>KHO ci<a3aTL, 'ITO TBep,IJ;biH pacTaop NbTi 

KpHCTaJIJIB3yeTCH B o6beMHo-ueHTpBpOBaHHOH I<y6B'IeCI<OH 

peweTKe Nb • IlocToHHHaH peweTKB B3MeHHnacL B npe,IJ;e

nax a= 3,288 7 3,30 l. EcnH C'IBTaTL, 'ITO ee B3MeHeHBe 

npB o6pa30BaHHB TBep,IJ;biX paCTBOpOB npOBCXO,IJ;BT B COOT

BeTCTBBB c JaKoHOM Berap,IJ;a, no peHTreHoCTPYKTYPHbiM 

,IJ;aHHbiM MO>KHO onpe.D;eJIBTb OTHOCBTeJibHOe CO,IJ;ep>KaHBe 

Nb B Ti a nneHKax. 0Ho c TO'IHOCTLIO ± 50/o coana,IJ;ano 

C 3a,IJ;aHHbiM TeXHOJIOrH'IeCKBM pe>KBMOM BO apeMH BCnape

HHH. IlpB CO,IJ;ep>KaHBB B nJieHKaX HeCKOJibKHX npoueHTOB 

Ti TeKcTypHOCTh He Ha6JIIO,IJ;anacL, nneHKB 6biJIB nonH

KpHcTaJIJIB'IeCKBMH C He60JibWHMH pa3MepaMH KpHCTaJIJIH

TOB. fiOCTOHHHaH peweTKH 3Ha'IHTeJihHO OTJIH'IaJiaCh OT no-

CTOHHHOH ,IJ;JIH npe,IJ;bi,IJ;YIUHX nneHOK B npe,IJ;eJiaX a 

= 3,271 7 3,282 A. TaKoe HCKa>KeHHe nocne,IJ;Heii npH MaJILIX 

KOHUeHTpaUHHX Ti MO>KeT 6b1Th o6oHCHeHo 3Ha'IHTeJIL

HbiMH reTTepHbiMH caoiicTBaMH Ti . Bo apeMH HcnapeHHH 

H KOH,IJ;eHCaUHH Ha nO,IJ;JIO>KKe nO'ITH Ka>K,IJ;biH aTOMTi pearH

pyeT C MOJieKyJiaMH OCTaTO'IHblX ra30B B KaMepe, o6pa3yH 

coe,IJ;HHeHHH THna Ti02 , TiO , Ti2 <Ja, TiC , TiH , TiN H 

,IJ;pyrHe, KOTOpble MOryT npHBO,IJ;HTb K TaKOMY cymecTBeH

HOMY HCKa>KeHHIO nOCTOHHHOH peweTKH. 

Ha peHTreHO.IJ;HI}lpaKTorpaMMax nneuoi< c co,IJ;ep>KaHHeM 

Ti 6onee 400/o Ha6nro,IJ;aJicH ,IJ;ononHHTeJILHblii pel}lneKc, Ko

TOpblii COOTBeTCTByeT ,II;HI}lpaKUHH OT nJIOCKOCTH (011) reK

caroHaJibHOH nnoTHO ynaKoaauuoii peweTI<B I puc. 41. Mo>KHO 

CKa3aTb, 'ITO 3TOT pe$JieKC o6yCJIOBJieH o6pa30BaHHeM TBep-
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A Oro paCTBOpa Ha OCHOBe a-Ti I a - clla3a/' KOTopwi KPH
CTannH3yeTCJI B rllY-pemeTKe. 

TaKHM o6pa3oM, 6wna oTpa6oTaHa peuTreHOAHcllpaKUH
ouuas C"beMKa TOHKHX Cfi rrneHOK Ha MeAHbiX IIOAllO:>KKaX. 
RccneAoaauue YA06uo aecTB B MoK a - B3nyqeuuu, TaK 
KaK B 3TOM cnyqae BClleACTBBe HH3KOrO ypOBHJI clloua IIOBbl
waeTCJI pa3pewaiOIUaJI crroco6uocTb. Bo3MO:>KeH OAHOBpeMeH
uwii auanu3 CTPYKTYP rrneHKB B rroAnO:>KKH. 

llneuKa Nb - rronuKpHcTannB'IecKaJI 6e3 rrpeBMYIUeCT
aeuuoii OpBeHTHpOBKB. fiOCTOJIHHaJI peweTKB B3MeHJillaCb 
B rrpeAenax a = 3,3057 3,310 X. 

IlneHKB NbTi c coAep:>KaHBeM Ti B rrpeAenax 20740tfo 
TeKcTypuw B uarrpaaneuuu 1110 1 B KpBcTannB30Banucb 
B peweTKe Nb. llpu COAep:>KaHHB Ti B rrneHKe 6onee 40tfo 
OH BWIIaAan CaMOCTOJITellbHO B CBOeH rllY-peweTKe KaK 
a- Ti 

llpu Tomuuue NbTi rrneHoK rropJIAKa 1 MKMHa6nroAanocb 
BllBJIHBe IIOAllO:>KKH Ha HapacTaHBe KpBCTanllBTOB /reTepo-
3IIBTaKCBJI/. IlneHKB TeKcTypuw B uarrpaaneHHH 1110 I . llpu 
6onee TOllCTLIX IIneHKaX BllHJIHBe IIOAnO:>KKB MeHee 3aMeTHO. 

llneHKB NbTi c ManwM coAep:>KaHBeM Ti /uecKonLKO 
IIPOUeHTOB/ BMeiOT CBllbHO BCKa:>KeHHYIO IIOCTOSHHYIO p~
WeTKy. Oua B3MeHseTcs B rrpeAenax a = 3,271 _,_ 3,282 A. 
IlocneAHee MO:>KeT 6WTb 06"bJICHeHO reTTepHbiMH CBOHCTBaMH 
Ti B o6pa3oBaHBeM coeABHeHBH Tuna TiO , TiO , Ti 0 , 
T ·c T. T. 2 2 3 1 , iH , tN H APYrBX. 

B 3aKniO'IeHBe aaTopw 6naroAapsT COTPYAHHKOB 3R 
CAH B lipaTucnaae JI.lliHMepa u cl>.3axapa 3a rrpeAOCTaa
neuue B03MO:>KHOCTH IIpOBeAeHBJI HCClleAOBaHHH H 3a IIOMOIUb 
IIpH CHJITBB peHTreHOABcllpaKTOrpaMM. 
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