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Pa6oTa noceR~eHa HccneAOBaHH~ e3aHMOCBR3H MemAY ceepxnpoeo
AR~HMH xapaKTepHCTHKaMH H MHKpocTpyKTypo~ nneHOK cnnaea Nb-Ti 
pa3HOro COCTaBa /c COAepmaHHeM Ti OT 30 AO 66 aT.%/. 

nneHKH npHroToenflnHcb coeMeCTHbiM eaKyyMHbiM HanblneHI1eM Nb 
11 Ti 113 OTAenbH,IX: 3neKTPOHHo-ny4eBbiX 11cnap11Tene~ B BaKyyMe 
P< 6 .lQ-5 na /·<_r; •10-7 MM pT.CT./ CO CKOpOCTb~ 0,1 MKM/MI1H. 
B Ka4eCTBe nOAnOmeK HCnOnb30Bani1Cb MeAHafl ~onbra TOn~I1HO~ 
10 MKM 11 MOHOKpi1CTann KpeMHI1fl C nneHKO~ TepMI14eCKO~ OK11CH 
KpeMHI1R TOn~I1HO~ 1 MKM. TeMnepaTypa nOAnOmeK BO epeMR Hanbr
neHHfl 6brna pasHa 350°C, TOn~I1Ha nneHOK Nb-Ti COCTaBnflna 
0,8-1,5 MKM. 

CTpyKTypa nneHOK HccneAOBanacb c noMO~b~ TpaHCMI1CCI10HHoro 
3neKTPOHHOrO MI1KpOCKOna JEM-7. Hx COCTaB 11 paBHOMepHOCTb era 
pacnpeAeneHI1fl no TOn~I1He nneHKI1 onpeAenflni1Cb MeTOAOM ynpyroro 
paccef1HI1fl 4aCTI1l.\ 3 He c 3Heprl1e~ 3 M3B 111 • 

CeepxnpoeoAfl~He xapaKTepHCTI1KI1 ns:r_~HOK (T k.' j k'Bk2 ) 113MepRni1Cb 
pe311CTI1BHbiM MeTOAOM. C l.lenb~ npoeepKH OAHOPOAt-IOCTI1 COCTaBa 
nneHKH _11 Hilni1411R APYri1X ceepxnpoBOAf1~11X ~a3, KPOMe OCHOBHO~, 
KPI1TI14ecKaR,TeMnepaTypa Tk o6pa3l.IOB OAHOBpeMeHHO onpeAenR
nacb Ht-IAYKT~BHbiM MeTOAOM/2/ /c T04HOCTb~ t-re xyme 0,05 K/. Kp11-
TI14eCKH~ T~K I k H Bk2 113MepRnl1cb Ha o6pa3l.\aX e B11Ae nonocoK 
Wl1pi1HO~ 1 ·MM, pacnonomeHHbiX nepneHA11KynRpHO BHeWHeMy MarHI1T
HOMY non~. Kp11TI14eCKI1~ TOK. o6pa3l.\OB H3MepRnl1 npH TeMnepaType 
6 K B ceepxnpoeaAR~eM coneH011Ae c MarHI1THO~ 11HAYKL\11e~ AO 7 T 
B. MOMeHT. nORBneHHR Ha nOTeHL\11MbHbiX KOHTaKTaX HanpRmeHI1R 
10-6 B. none Bk2 onpeAenRnl1 no KPI1BO~ 3aBI1CI1MOCTI1 conpOTI1Bne
HI1R nOnOCKI1 OT MarHI1THOrO nanR np11 nOCTORHHOM ManOM 113Mepi1-
TenbHOM TOKe /100 MKA/ H pa3ni14HbiX TeMnepaTypax 3~CTpahonRL\11~~ 
n11He~HO~ 4aCTH Kpi1BO~ K Hyn~. 

AnR BCeX 11CCneAOBaHHbiX nneHOK xapaKTepHbiM RBnReTCR cpeAHH~ 
pa3Mep 3epHa. ,1 0()7 250 HM. nnoTHOCTb Ha6n~AaeMbiX Ae~KTOB /rpa
HI1l.\bl 3epeH,. Bb1AeneHI1R, AHCnOKal.\1111/ Cl1nbHO 3aBI1CI1T OT COCTaBa 
o6pa3l.\a. CTPYKTypa nneHaK, HanblneHHblx Ha MeAHY~ naAnamKy, 
OTnH4aeTCR OT CTPYKTYPbl nneHOK,. HanbrneHHbiX Ha KpeMHI1~, B oc
HOBHOM /np11Qn113H~enbHO Ha OOPRAOK/ 6onbwe~ nnOTHOCTb~ AHCno
Kal.\11~. BepaRTHO, 3TO ,CBR3aHo c paanl1411eM K03~~11l.ll1eHTOB ni1He~
Horo pacw11peH11R Cu H Nb-Ti, 

Y nneHOK c coAepmaHI1eM Ti 6onee 60 aT.% Ha6n~Aa~TCR Bbi
AeneHI1R ~a3bl. a:... Ti /pa3MepOM OKOno 100 HM/, KOTOpble HaXOARTCR 
e HeKOT·O.pbiX TPOHHbiX T04Kax CTPYKTYPbl /Ha cTbiKe Tpex rpaHI1l.\ 
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PHc .1. MHKPOCTPYKTypa Nb-Ti 
nneHOK pa3HOrO COCTaBa: 
a/ 66 aT.% Ti , 6/ 40 aT.% Ti, 
e/ 34 , 5' aT.% Ti. 

3epeH I - pHc. la~ 3epHo no4TH 
CB060AHO OT AHCnOKa~HH, HO 
B HeM HaXOA.RTC.R BbiAeheHH.R 
pa3MepoM- 50 HM, CTPYKTYPY KO
TOPbiX onpeAenHTb He YAanocb. 

An.R nneHOK c coAepmaHHeM 
47--60 aT.% Ti xapaKTepHa Ma
na.R nnoTHOCTb AHcnoKa~HH 
I -1 0 7 eM - 2 I H cpeAHHH pa3Mep 
3epHa 2307250 HM. C pOCTOM 
coAepmaHH.R Nb nnoTHOCTb 
AHCnOKa~HH noe~waeTC.R H 8 
CTpyKType nO.RBn.R~TC.R AHCnOKa
~HOHHble neTnH. HanpHMep, y o6-
pa3~a c 40 aT.% Ti nnoTHOCTb 
AHCnOKa~HH paBHa 1 , 5 ·1 Q1° CM -2 
/pHc. 16/. B nneHKax c coAep
maHHeM Ti < 38 aT.% noHHma
eTc.R cpeAHHH pa3Mep 3epHa H e 
CTPYKType Ha6n~AaeTC.R 6onbWOe 
KOnH4eCTBO AHCnOKa~HOHH~X ne
Tenb AHaMeTpOM 10-15 HM. 
nnoTHOCTb A~cnoKa~HH - nop.RAKa 
1011 CM - 2 /pH C. 1 B/. 

npH H3MepeHHH KpHBOH nepe
XOAa /c 4,22 AO 10 K/ Ha6n~
AaeTC.R TOnbKO OCHOBHOH nepe
XOA, 4TO CBHAeTenbCTByeT o6 
O~HOPOAHOCTH nneHKH. 3TO noA
TBePAHhOCb H HCCneAOBaHHeM 
3neMeHTHOro COCTaea· nneHOK 110 
TOhlliHHe. nepeXOA C>T. Ha6n~Aae
M~X BbiAeneHHl1 a ·-Ti, BHAHMO, • 
Haxo.QHTc.R· HHme 4,2 'K 131• B' Ta6-
'nH~e npHBeAeHbl 3Ha4eHH'.R t<pl1..: 
~CKOH TeMnepaTyp~ H WHPHHa 
nepeXOAa HeKOTOPbiX xapaKTepHbiX 

·· o6pa3~oe/ Pe3ynbTaTbl i.13MepeHHH 
. j k /npw T= 6 K/ H Bk2 noka-;' 
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Ta6nH~a 

N' o6pa3~a 1 2 3 4 5 

CoAepmaHHe 
Ti /aT.%/ 66 62 51 34,5 31 '5 

Tk /K/ 8,80 8,94 9,62 9,57 9,42 

~Tk /K/ 0,11 0,08 0,04 0,05 0,05 

Fpmax /H/Ma/ 2' 12 2,26 2,7 1 ,86 1 ,24 

10 _g 

3aHbl Ha pHc.2. TaM me AaHbl KPHBble 3aBHCHMOCTH cHnbl nHHHHHra 
F p OT np;ee,qeHHOH MarHHTHOH HHAYK~HH b..,. 8/Bk2 /pH C. 2e/, 1!13 
XOAa KOTOp~X BHAHO CMel!leHHe HX MaKCHMyMa OT b=0,31 AO b=0,39 
c yMeHbWeHHeM coAepmaHH.R Ti. CornacHo pe3ynbTaJar HccneAoBaHH.R 
CTPYKTYP~ 11 c y4eTOM AaHHblx An.R KPHBbiX FP = f(b) 4 3TO MomHo 
o6o.RCHHTb cneAY~IliHM o6pa30M: 

1. nHHHHHr e·o6pa3~ax c COAepmaHHeM Ti 66760 aT.% OCYI!IeCTB-
n.ReTC.R Ha BbiAeneHH.RX a-Ti 11 rpaHH~ax sepeH. TaK KaK nnoTHOCTb 
BbiAeneHHH a -ct>a3bl MeHbWe nnOTHOCTH rpaHH~ 3epeH, nHHHHHr Ha 
BbiAeneHH.RX HMeeT MeeT a npH MeH bWHX non .Ax I F P max np11 b = 0, 32/. 

2. nHHHHHr Ha rpaHH~ax sepeH ocyllleCTBn.ReTc.R e nneHKax c co-
AepmaHHeM Ti 45755 aT.%, TaK KaK 8 HHX B~AeneHH.R a-$a3~ He 
Ha6n~AanHCb H nnoTHOCTb AHcnoKa~HH HH3Ka I -10 7 CM-2 I. 

3. An.R nneHOK c COAepmaHHeM Ti MeHee 40 aT:% nHHHHHr 
OCyl!leCTBn.ReTC.R Ha rpaHH~ax 3epeH H AHCnoKa~H.RX /MaKCHMYM CMe
l!leH K 0 ,,39/. C111na nHHHHHra yMeHbwaeTc.R H3-'3a H3MeHeHH.R xapaK
TepHbiX riapaMeTpoe TeepAoro pacTeopa Nb -Ti, npemAe ecero co-
OTHoweHH.R pasMepoe { IAnHHa KorepeHTHOCTHf. H 'Ae<t>eKTOB. . 

· Ha1116onee BbiCOKHe 3Ha4eHH.R j k AOCTH rHyT~ 'AnR nneHOK Nb- Ti 
c coAepmaHHeM THTaHa 45 7,55 aT.%. AanbHeHwee noeblweHHe h eos
MOmHo OCyl!leCTBHTb nyT,eM nOBbiWeHH.R nnOTHOCTH Ae<!>eKTOB 8 nneHKaX 
/Hanbine~He Ha xonC>AHYlO nOAnOmKy, yeenlil.leHHe' CKOPOCTH KOHAeH:'· 

· ca(ll-1~~ o6J1y4eH~-te, ',eeeM~~-t~ 'np~<tMece~ '111 ·T.A;l, _ · ~ · · . '·,. 

AeTopb1'6naroAaPRT cOTPYAHHKa 3U' CAH /4CCP/ UJ.6eH.R4KY sa no-· 
MOI!Ib npH:paspa6oTKe'HHAYKTHBHOrO MeTOAa H3MepeHH.R Kplt1TH4eCKOH 
TeMnepaTypbl. 
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P~c.2. a/ 3ae~c~MOCTb Kp~T~-
4eCKOH nilOTHOCT~ TOKa jk OT 
MarH~THOH ~HAYKLt~~ B; 6/ 3a-
B~C~MOCTb Bk2 OT TeMnepaTyp~ 
T; e/ 3ae~c~MOCTb F P OT 
np~BeAeHHOH MarH~THOH ~HAYK-

lt~~ b. + -1 ' ll -2 ' • -:-3' o-4, 
•-5. 
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