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BacHnes n. H AP· P8 - 12792 
MHKPOCTPYKTypa H CBepxnpOBOAR~e CBOHCTBa cnnaBOB 
Nb-~ nocne BHeAPeHHR renHR H TepM006pa60TKH 

HccneAOBaHW o6pa34W H3 cnnasa HH06HR C THTaHOM /He
CKOnbKO aT.%/, Hacw~eHHWe renHeM AO KOH4eHTPa4HH 
~ 8·10-2 aT.% H oTo**eHHWe 8 Te4eHHe 4aca npH 1000-1200°C, 
06Hapy*eHO, 4TO OT*Hr npH 1100-1150°C npHBOAHT K OC06eHHO 
CHnbHOMy noBWWeHH~ OCTaT04HOrO ·COnpOTH&neHHR Pn H naAe
HH~ KPHTH4eCKOH TeMnepaTypw Tc. npHBOARTCR pe3ynbTaTw 
3neKTpOHHO-MHKPOCKOnH4eCKOrO H3y4eHHR o6pa340B BO BCeX 
COCTORHHRX. 

Pa6oTa awnonHeHa 8 na5opaTopHH swcoKHx 3HeprHH OHRH. 

npenpBBT ~8ABBeBBOrO BBCTBTyTa RA8PBWX BCCR8AOB8BBI, ~y6aa 1979 

Vasllev P. et al. P8 - 12792 

Microstructure and Superconducting Properties of 
Nb-Ti Alloys after Implantation of Helium 
and Heat Treatment 

Samples prepared from niobium plus titanum alloy (a 
few at. percent) saturated with helium upto B.lo-2 at. per
cent concentrations and annealed during one hour at 1000-
-12000C are investigated. It has been discovered that an
nealing at 1100-1150°C leads to sharp Increase of Pn and 
lowering Te. The results of electromlcroscoplc investigati
on of samples in all states are given. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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BBEAEHHE 

HccneAOBaHHe BnHRHHR o6ny4eHHR HOHaMH HHepTH~X ra30B 
H OT*Hra /eo epeMR HnH nocne o6ny4eHHR/ Ha ceo~cTea Tyro
nnaBKHx MeTannoe H cnnaeoe RBnReTCR OAHO~ H3 ea*H~x 3aAa4 
¢1-13HKH paAHa4HOHH~x noepe*AeHH~. AaHHble TaKHx HccneAOBaHH~ 
HCnOnb3y~TCR, HanpHMep, AnR nporH03HpOBaHHR noBeAeHHR Ma
TepHanoe, KOTOPble npeAHa3Ha4eH~ AnR C03AaHHR yCKOpHTene~, 
RAePHbiX H TepMORAePH~X peaKTOPOB. 

C APYrO~ CTOpOHbl, ecnH cnnaBbl RBnR~TCR CBepxnpOBOARIJIHMH 
npH renHeBbiX TeMnepaTypax, TO yKa3aHH~e BbiWe B03Ae~CTBHR 

npHBOART K 3aMeTHOMy H3MeHeHH~ TaKHX napaMeTpoe, KaK KPHTH-
4eCKaR TeMnepaTypa T0 , ocTaT04Hoe conpoTHBneHHe Pn ,OTHO~ 
weHHe conpoTHBneHH~ R 3oo/Rn ,eepxHee KPHTH4ecKoe MarHHTHoe 
noneH 02 , KPHTH4eCKaR nnOTHOCTb TOKa jc HAP· /CM.,HanpH
Mep, 1

11 /. nocneAHH~ H3 nepe4HcneHH~x napaMeTpoe RBnReTCR 
HaH60nee CHnbHO 3aBHCRIJIHM OT MHKpOCTPYKTyp~ o6pa340B. nyTeM 
nOA60pa pe*HMOB o6ny4eHHR H TepM006pa60TKH MO*HO nony4aTb 
06pa34~ C 3aAaHH~M Ha6opoM Ae¢eKTOB KpHCTannH4eCKO~ peweTKH 
/nHHHHHr-4eHTPOB/, B TOM 4HCne AHCnOKa4HOHHbiX neTenb H raao
B~X nop 
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, KOTOPble OTnH4a~TCR npOCTO~ reoMeTpHe~ H HaH6o
nee ~OCTynH~ AnR on~CaHHR B TeopHH KpHTH4eCKHX TOKOB. B pa-
6oTe 

41 
npHBOARTCR peaynbTaTI>I TaKoro POAa HCCneAOBaHHR, Bbl

nonHeHHOrO Ha o6pa34ax 4HCTOrO HH06HR (R 3oo /R n -270), KOTO
Pble 6blnH HaC~IJieH~ HOHaMH renHR AO KOH4eHTpa4HH 0, 5 aT.%. 

Uenb HaCTORI!Ie~ pa6oT~ cocToRna e H3y4eHHH enHRHHR o6ny-
4eHHR a - 4aCTH4aMH H nocneAY~I!Iero OT*H ra Ha H3MeHeHHR MH Kpo
CTPYKTyp~ H CBepxnpOBOARIJIHX CBO~CTB cnnaeoe HH06HR, COAep
*aiJIHX HeCKOnbKO aTOMH~X npo4eHTOB THTaHa, B COOTBeTCTBHH 
C AHarpaMMO~ COCTORHHR TaKHe cnnaBbl AOn*H~ OCTaBaTbCR OAHO
¢a3H~MH npH OT*Hre. npeACTaBnRnOCb HHTepeCHbiM cpaBHHTb pe-
3ynbTaT~, nony4eHH~e Ha 3TO~ CHCTeMe H Ha 4HCTOM HH06HH. 

06PA3~ H METOAHKA 3KCnEPHMEHTA 

CnHTKH AnR HaroToeneHHR o6paa4oe e~nnaenRnHcb H3 wTa-
6HKoeoro HH06HR H HOAHAHOrO THTaHa B AYrOBO~ ne4H B aTMOC¢e-
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pe renHH npH ~aeneHHH 200-250 Top. C ~enb~ yMeHbweHHH 
3arpR3HeHHH o6pa3~oe e KaMepe ~roeo~ ne4H npe~eapHTenbHO 
pacnnaenRncH THTaHOBbl~ reTTep. Ka>K~bl~ cnHTOK nepennaenHnCH 
4 pa3a ~nH HCKn~4eHHH HeO~HOpO~HOCTe~ no COCTaBy. nony4eH
Hble CTep>KHH 0 -9 MM H ~HHO~ f - 100 MM no~eeprnHCb ~Byx
KpaTHOMy npOXO~y 30HHO~ nnaBKO~ B npOTHBOnonO>KHbiX Hanpae
neHHRX. 3aTeM xono~Ho~ npoKaTKO~ 6blna nony4eHa neHTa Ton
IJlHHO~ OKOnO 10 MKM, H3 KOTOPO~ fiblnH Bblpy6neHbl o6pa3~bl. 
nocne~HHe ~R CHHTHR 3ayceH~eB 6blnH npOTpaeneHbl B Te4eHHe 
HeCKonbKHX ceKYH~ e pacTeope HF-HC1 - H2 S0 4 . a 3aTeM pe
KPHCTannH3oBaHbl B BaKyyMe- 2 ·10-6 Top npH TeMnepaType OKO
no 1100°C e Te4eHHe 4aca. 

PaeHoMepHoe HaCbiiJleHHe Hccne~yeMbiX o6pa3~oe renHeM npo
eo~Hnocb Ha H30XPOHHOM ycKopHTene H~~ AH Ka3CCP ny4KOM 
anb~a-4aCTH~ c Ha4anbHO~ 3HeprHe~ 29 M3B MeTo~oM paeHoMep
Horo HOHHOro nerHpOBaHHH. 0~HOBpeMeHHO renHeM HaCbiiJlanHCb 
12 o6pa3~0B, C06paHHbiX B naKeT. ny40K anb~a-4aCTH~ BBO~HnCR 
B aTMOC~epy 4epe3 BblnyCKHO~ ~naHe~ H o6pe3anCH rpa~HTOBbiM 
KOnnHMaTOpOM C OKHOM 36x36 MM~ TeMnepaTypa o6pa3~0B B MO
MeHT o6ny4eHHH KOHTponHpoeanacb TepMonapo~, yKpenneHHO~ 
e naKeTe BHe 30Hbl o6ny4eHHH, H He npeBblwana 100 °C. KoH~eH
Tpa~HR BHe~peHHOrO renHH Bbi4HCnHnaCb HCXO~H H3 HHTerpanb
HOrO nOTOKa anb~a-4aCTH~ /onpe~eneHHOrO no H3MepeHHOMy TOKY 
co ecex o6pa3~oe H epeMeHH o6ny4eHHR/, 3~~eKTHBHO~ nnol!laAH 
o6ny4eHHH H TOniJlHHbl o6pa3~oe. B Hccne~yeMblx o6pa3~ax cpe~
HHH nO BCe~ nnOIJlaAH o6ny4eHHR KOH~eHTpa~HH renHH COCTaBnHeT 
3,7·10-2 aT. %. 06ny4eHHe eenocb pac~oKycHpoeaHHbiM ny4KOM. 
O~HaKo, KaK BbiHCHHnocb e npo~ecce H3MepeHHR Pn , R 3oo / R 0 

H Tc e~onb Ka>K~oro H3 o6pa3~oe, nnoTHOCTb ~03bl He 6blna 
o~Hopo~Ho~ no nnoiJla~H 36x36 MM 2, a na~ana no Mepe y~aneHHR 
OT ~eHTpa ny4Ka /pHC. 2/ . TaKHM o6pa30M, OKa3anOCb B03MO>KHbiM 
npocne~HTb 3aBHCHMOCTb HeKOTOpbiX napaMeTpOB OT ~03bl B HHTep
eane KOH~eHTpa~H~ renHH /2~8/.10-2 aT. %. 

06ny4eHHble o6pa3~bl no~eepranHCb nocnepaAHa~HOHHOMY OT>KHry 
e Te4eHHe o~Horo 4aca npH TeMnepaTypax 1000, 1100, 1150 
1200°C e eaKyyMe -10-5 Top. 

CTPYKTypHoe Hccne~oeaHHe o6pa3~oe npoeo~Hnocb MeTo~oM 
npOCBe4HBa~IJle~ 3neKTPOHHO~ MHKPOCKOnHH Ha MHKPOCKone 
JEN-lOOV npH ycKopH~IJleM HanpH>KeHHH 100 KB. 06pa3~bl ~R 
3neKTPOHHO~ MHKpOCKOnHH npHrOTOBnRnHCb nH60 MeTOAOM CTpy~
HO~ 3neKTpononHpOBKH / 5/ , nH60 3neKTpOXHMH4eCKHM npoTpaenHea
HHeM OTBepCTH~ B norpy>KeHHO~ B 3neKTPOnHT ~Onbre. 

H3MepeHHR p
0 

, R 300 / R n , T c /KoTopaH onpe~enHnacb no 
cepe~HHe nepexoAa R(T) I npoeo~HnHcb npH6opoM c MHO>KeCTBOM 
nOTeH~HanbHbiX npH>KHMHbiX KOHTaKTOB, pacnono>KeHHbiX Ha pac-
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CTORHHH 2 MM ~pyr OT ~pyra. TaKHM o6pa30M, H3MepHnHCb no
KanbHO yKa3aHHble napaMeTpbl no ace~ ~HHe Ka>K~oro o6pa3~a. 
npH H3MepeHHRX KPHTH4eCKOrO TOKa MarHHTHOe none H CBepxnpo
BO~RIJlero coneHoH~a 6blno HanpaeneHO ecer~a nepneH~HKynHpHo 
TOKY, a yron ¢ Me>K~Y H H nnocKoCTb~ o6pa3~a Mor MeHHTbCR 
nyTeM BpaiJleHHR WTOKa C o6pa3~0M. B OCHOBHOM H3MepeHHR ~ena
nH Cb B none, nepneH~H KynHpHOM nnOCKOCTH o6pa3~a ( cp .l ). 

3KCnEPHMEHTAilbHbiE PE3Yilb TATbl H HX 06CYJK,QEHHE 

A. MHKPOCTPYKTypa 

Ha pHc. 1a noKa3aHa cTpyKTypa Hcxo~Horo o6pa3~a, pe
KpHcTannH3oBaHHoro npH 1100°C e Te4eHHe 1 4aca. BH~Ho, 4TO 
OH HMeeT cpaBHHTMbHO 6onbWY~ nnOTHOCTb ~HCnOKa~H~, KOTOpble 
MecTaMH o6pa3y~T cnneTeHHR. BepoHTHO, 3TOT pe>KHM pe
KPHCTannH3a~HH /TeMnepaTypa H BpeMR/ 6bln He~OCTaT04HbiM 
~R nonHoro OT>KHra ~e~pMa~HOHH~ cTpyKTYPbl nocne xono~Ho~ 
npoKaTKH. 

nocne o6ny4eHHR anb~a-4aCTH~aMH e o6pa3~ax He Ha6n~~aeTCR 
KaKHx-nH6o cKonneHH~ pa~Ha~HOHHbiX ~e~eKToe. O~HaKo cne~yeT 
OTMeTHTb ~aKT HeKOTOporo yMeHbWeHHR HCXO~HO~ nnOTHOCTH 
~HcnoKa~H~. 

nocnepa~Ha~HOHHbl~ OT>K~r np~ 1000°C e Te4eHHe 4aca npHeo
~HT K nORBneH~~ 3Ha4~TMbHOrO KOn~4eCTBa ~HCnoKa~HOHHbiX 
neTenb H MenKHX Bbl~eneHH~, n04TH paBHOMepHO pacnpe~eneHHbiX 
no eceMy o6pa3~y. IlHwb e~onb rpaH~~ 3epeH ~ ~~cnoKa~~OHHblx 
n~H~~ ~Me~TCR 30Hbl, CB060~Hble OT H~X /p~c. 16/.WHp~Ha ofieA
HeHHO~ 30Hbl paSHa - 0,5 MKM. npe~enbHble pa3Mepbl . ~HCnoKa

~~OHHbiX neTenb ~ Bbl~eneH~~ COCTaBnRIOT- 200~800 ~' a HX 
cpe~HRR nnOTHOCTb- COOTBeTCTBeHHO 0,4·10 _15 H 0,1·10 15 CM-.8 

KpoMe Toro, o6Hapy>KeHbl MenK~e nopbl, paeHoMepHo pacnpe~eneH
Hble no eceMy o6pa3~y /nnoTHOCTb ~ pa3Mepbl nop noKa3aHbl 
e Ta6n. 1/ . 

B npo~ecce OT>K~ra npH 1100°C npoHcxo~~T ~anbHe~w~~ poeT 
~HcnoKa~HOHHbiX neTenb, pa3Mep KOTOpblx ~Hor~a npeeblwaeT Ton
lll~HY 3neKTpOHHO-MHKPOCKOn~4eCKOrO 06oeKTa. no3TOMy Ha npo
CMaTpHBaeMOM y4aCTKe o6pa3~a KPOMe ~HCnOKa~HOHHbiX neTenb 
Hepe~Ko Ha6niO~aiOTCR cerMeHTbl ~HcnoKa~~~. Ha6n10~aiOTCR TaK>Ke 
MenK~e Bbl~eneHHH. Ha ecex y4aCTKax e~~Hbl nopbl /p~c. 1e/, 
6onee ~nH MeHee paeHoMepHo pacnono>KeHHble no Teny 3epHa. 
Cne~eT OTMeTHTb, 4To Ha rpaH~~ax 3epeH nnoTHOCTb nop HaM
Horo BbiWe Cpe~He~ . npH 3TOM 6onbW~HCTBO nop HMeeT Kp~CTanno

rpa~H4eCKyiO orpaHKY, B OCHOBHOM Ky6~4eCKyiO . 
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P~c. 1. M~KPOCTPYKTypa o6pa340B: ,qo o6ny4eH~fl /a/, a TaK>Ke 
nocne o6ny4eH~fl ~ o,qH04acosoro OT>K~ra np~ 1000°C /6/, 
1100° C /s/ ~ 1200°C /r/. 
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Ta6m14a 1 

nnoTHOCTb ~ pa3Mep~ nop s o6pa34ax, HaC~llleHHbiX · ren~eM 
~ OTO>K>KeHHbiX B Te4eH~e 1 4aca 

TeMnepaTypa ,[\o3a o6ny- npe,qenbHble Cpe,qH~e Cpe,qHRfl 
OT>K~ra, 4eH~fl, pa3t;~ePbl, pa3t;~ep~, nnOTHOCTb, 

oc 1o-2 aT. % A A 1015 CM-3 

1000 3,5 20-100 50 0' 1 

4,5 30-150 75 0,7 
1100 6,0 > 50 80 0,9 

8,0 50-200 90 1 ,0 

2,0 - 53 0,9 
1150 

7,5 - 70 0,8 

1200 3,5 50-300 150 0,3 

0T>K~r np~ 1200°C np~BO,q~T K ynOpfl,q04eH~~ ,q~cnoKa4~0HHO~ 
cTpyKTYPbl: o6pa3y~TCR ,q~cnoKa4~0HHI>Ie ceTK~ /p~c. 1 r/. HapR
AY c 3T~M Ha6n~,qa~TCfl Bbl,qeneH~fl ~ npo~cxo,q~T ,qanbHe~wee 

pa3B~T~e ren~eso~ nop~CTOCT~: pa3Mep nop ysen~4~saeTcR, 
a nnOTHOCTb ~X HeCKOnbKO yMeHbWaeTCfl. npaKT~4eCK~ BCe nopbl 
~Me~T Kp~CTannorpa~~4eCKy~ orpaHKy ~ CBfl3aH~ npe~MYl!leCTBeHHO 

C ,q~cnoKa4~fiM~ ~ Bbl,qeneH~fiM~. nocne,qH~e B ,qaHHO~ pa60Te He 
6~n~ ~,qeHT~~~4~POBaH~. 

Cpa BH~Ten bHbl~ aHan~3 ~ ccne,qyeMbiX o6pa340B noKa3bl saeT, 4TO 
3apo>K,qeH~e nop~cTocT~ B csepxnpoBOAfll!leM cnnase Nb- Ti, Ha
CblllleHHOM ren~eM, B npo4ecce nocnepa,q~a4~0HHoro OT>K~ra Ha4~
HaeTCfl np~ t -1000°C. nocne 4acoeoro OT>K~ra np~ 3TO~ TeMne
paType oKono 1% BHe,qpeHHoro B o6pa3e4 ren~fl o6oe,q~HfleTCfl 
B nopbl. np~ 6onee BbiCOK~X TeMnepaTypax OT>K~ ra npO~CXOA~T 
3aMeTHOe pa3B~T~e ren~eso~ nop~CTOCT~, np~4eM Ha6n~,qaeTCfl 
npe~MYllleCT seHHoe pa3 B~T~e nop Ha rpaH~4ax, Bbl,qeneH~flx ~ ,q~c

noKa4~flx, T.e. 3apo>K,qeH~e nop ~MeeT reTeporeHH~~ xapaKTep. 
3Ha4~TenbHO ysen~4~BaeTCfl TaK>Ke OTHOC~TenbHOe KOn~4eCTBO 
ren~R, co,qep>Kal!lerocfl B nopax. 

HecoMHeHHO ~HTepeCHbiM npe,qcTaBnfleTCfl ~aKT OTCYTCTB~fl 
B~,q~MbiX CKOnneH~~ pa,q~a4~0HHbiX ,qe~eKTOB B o6pa34e, ~Ccne,qye

MOM cpa3y >Ke nocne o6ny4eH~fl, ~ ~x noRsneH~e B s~,qe ,q~cno
Ka4~0HH~x neT en b ~, B03MO>KHO, Bbl,qeneH~~ nocne OT>K~ ra np~ 
1QQQ°C ~ BbiWe. 3TO MO>KHO o6bfiCH~Tb, BepOfiTHO, 3~~eKT~BHbiM 
3axsaToM Me>K,qoy3en bHbiX aTOMOB np~MeCRM~ B npo4ecce o6ny4eH~fl, 
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4TO npen.ATCTByeT 1-1x o6oeAI-1HeHI-1~ B BI-1AI-1Mble cKonneHI-1.A. He-
6onbwo.:i pa3Mep A1-1cnoKa~I-10HHbiX neTenb, Ha6n~AaeMbiX B o6pa3~e 
nocne OT>KI-1ra np~-1 1000 °C, yKa3b1BaeT Ha TO, 4TO KOMnneKCbl 
Me>KAOY3enbHbiX aTOMOB C aTOMaMI-1 npi-1MeCI-1 CTaHOB.ATC.A AOCTaT04HO 
nOABI-1>KHbiMI-1 TOnbKO np~-1 6onee BbiCOKI-1X TeMnepaTypax. BaKaHCI-11-1, 
B03HI-1Ka~llll-1e B pe3ynbTaTe paA!-1a~J.10HHOH nospe>KAaeMOCTI-1 MaTepl-1a
na, BepO.ATHO, ynaBni-1Ba~TC.A aTOMaMI-1 reDI-1.A, ¢oPMI-1PY.A C HI-1MI-1 
CTa61-1nbHble KOMnneKCbl, KOTOPble B npo~ecce OT>KI-1ra o6oeAI-1H.A
~TC.A, o6pa3y.A renl-1eBble nopbl. 

MO>KHO O>KI-1AaTb, 4TO Ha OCHOBHble xapaKTep!-1CTI-1KI-1 CBepxnpo
BOA.AIJiero cnnasa, o6ny4eHHoro anb~a-4aCTI-1~aMI-1, MO>KeT oKa3bi
BaTb Bni-1.AHI-1e He TOnbKO BHeApeHHbiH ren~-1.:1 1-1 HenocpeACTBeHHO 
C03AaHHble B XOAe o6ny4eHI-1.A Ae~eKTbl ,HO 1-1 Bbi3BaHHble I-1M CTpyKTyp
Hble I-13MeHeHI-1.A, B03HI-1Ka~lll"'e e npo~ecce nocnepaA!-1a~I-10HHoro 
OT>KI-1ra. BKnaA Ka>KAOro ~aKTOpa onpeAen.AeTC.A I-1CXOAHOH CTpyK
TYPOH o6pa3~oe "' pe>KI-1MOM nocnepaA!-1a~I-10HHoro OT>KI-1ra. 

6. 0cTaT04Hoe conpoTI-1BneH!-1e 
1-1 KPI-1TI-14eCKa.A TeMnepaTypa 

06ny4eH!-1e a -4aCTI-1~aMI-1 "' nocneAY~Ilii-1H OT>KI-1r np~-1 TeMnepa
Typax 1000-1200°C npi-1BOA.AT K 3Ha41-1TenbHbiM I-13MeHeHI-1.AM OCTa
T04HOrO YAenbHOro conpOTI-1BneHI-1.A, OTHOWeHI-1.A conpOTI-1BneHI-1H 
/I-13MepeHHbiX np~-1 KOMHaTHOH TeMnepaType 1-1 np~-1 T > T c I, Kp!-1-
TI-14eCKOH TeMnepaTypbl 1-1 T.n. /CM. PI-1C. 2 1-1 Ta6n. Z/. 

noKa3aHHOe Ha PI-1C. 2 npocTpaHCTBeHHOe pacnpeAeneHI-1e A03bl 
paCC41-1TaHO I-1CXOA.A 1-13 I-13MepeHHOH cpeAHeH Beni-141-1Hbl 3,7·10-2aT.% 
1-1 Ha OCHOBe npeAnOno>KeHI-1.A 0 TOM, 4TO I-1MeeT MeCTO ni-1HeHHa.A 
3aBJ.1CI-1MOCTb /:lpn OT A03bl. 

06pa111aeT Ha ce6.A BHI-1MaHI-1e ~aKT Cl-1nbHoro pocTa Pn nocne 
OT>KI-1ra np~-1 1100-1150°C no CpaBHeHI-1~ C Beni-141-1HaMI-1, KOTOpbiMI-1 
xapaKTePI-13Y~TC.A TonbKO o6ny4eHHble o6pa3~bl. Bepo.ATHee scero, 
3TO CB.A3aHO C ropa3AO 6onee 3~~eKTI-1BHbiM pacce.AHJ.1eM 3neKTPOHOB 
Ha ny3blpbKax l 4/ l-1 Ha Bb1AeneHI-1.AX, 4eM Ha T04e4Hb1X Ae~eKTax, 
B03HI-1KWI-1X B pe3ynbTaTe o6ny4eHI-1.A /c y4eTOM TOrO, 4TO nnoT
HOCT b nocneAHI-1X AOn>KHa 6b1T b HaMHOrO BbiWe, 4eM nop/. XOT.A 
B pa6oTe / 4/ He npi-1BOA.ATC.A KOnl-14eCTBeHHble AaHHble 06 I-13MeHe
HI-1.AX Pn B pesynbTaTe OT>KI-1ra, HO, CYA.A no COAep>Kal!le~yC.A TaM 
3aMe4aHI-1~, TaK me, KaK "' y Hac, Ha6n~Aanc.A HeKOTOPbll-1 poeT 
ocTaT04Horo conpoTI-1BneHI-1.A. 

KaK BI-1AHO 1-13 Ta6n. 2, Kpi-1TI-14ecKa.A TeMnepaTypa B pe3ynb
TaTe o6ny4eHI-1.A 3aMeTHO nOHI-131-1naCb /B OTnl-141-1e OT AaHHbiX pa-
60Tbl / 4/ An.A 41-1CToro HI-1061-1.A, KOTOPbiH o6ny4anc.A a -4aC'TI-1~aMI-1 
C HI-13KOH 3Heprl-1eH/. Ha!-1HI-13Wero 3Ha4eHI-1.A OHa AOCTI-1rna B pe-

a 

• I 

P1-1c. 2.KoH~eHTpa~I-1.A BHeApeHHoro 
n"'" Ia! "' np1-1pocT ocTaT04Horo 
3neKTpoconpOTI-1BneHI-1.A !:lp /6/ 

re-

n 
pa3HbiX paCCTO.AHI-1.AX OT ~eHTpa 

Ha 
ny4Ka. 

~ 

tOr------~ 
Q) 

81-----

6 
06pa3~bl oTommeHbl np~-1 1000°C 
/Kpi-1Ba.A 1/, 11000C /Kp!-1Ba.A 2/, 
1150°C /Kp!-1Ba.A 3/ 1-1 1200°C /Kpi-1-
Ba.A 4/. 

~· 4 
.. t:J 

·~ 

i 

20 
Ta6m11~a 2 /';HH 

npeAenbHble 3Ha4eHJ.1.A Rioo_ ' p ' !:lp n 'Tc An.A I-1CCneAOBaHHbiX 
n n <l>t -2 

o6pa3~0B, HaCbiiJieHHbiX renJ.1eM AO KOH~eHTpa~l-11-1 <l>t -2-;.8 •1 0 aT. % 

06pa3e~ <l>t• Raoo Pn· !:lpn / <l>t • Tc . 10-2 aT. % -- M"K. OM. CM MK.0M.CM 
K Rn aT. % 

XOnOAHOAe-
<l><>PMI-1poeaHHbiH 0 8 2,3 - 9,45 
peKpi-1CTan-
ni-130BaHHbiH 0 21-24 0,8-0,9 - 9,2-9,3 
o6ny4eHHbiH 2-8 13-17 1,0-1,2 5-8 9,0-9,2 
o6n.+1000°C 2-7 12-14 1 ,2-1 ,5 14-16 9,0 
o6n.+1100°C 3-8 5-8 1 '7-3 ,5 30-35 8,6-9,0 
o6n . + 1 1 50 ° C 3-8 6-7 1 ,5-3 ,2 24-30 8,8-8,9 
o6n.+12-0°C 2-6 15-17 1 ,0-1 , 2 7-9 9,0 

--
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PHc. 3. 3aeHCHMOCTb CHn~ 
nHHHHHra OT BenH4HHbl Mar
HHTHOro nonA npH T =4, 2 K 
Afl.R o6pa3~0B, HaCbiU\eHHblX 
renHeM AD KOH~eHTpa~H~ 
I e 10 - 2 aT . %! : 1 - Heo6-
ny4eHHbl~; 2 - /2 73/, 3 -
/374/, 4- /475/, 5- /576/, 
/677/, 7- /778/. 

3ynbTaTe nocnepaAHa~HOHHoro oT~Hra npH -1100°C. /Ka4eCTBeHHO 
TaKoe ~e noeeAeHHe Tc e pe3ynbTaTe OT~Hra Ha6n~Aanocb H e pa-
6oTe141, TOnbKO 3<1><t>eKTbl TaM 6blnH Bblpa~eHbl ropa3AO cna6ee/. 
nHwb nocne oT~Hra npH 1200°C no.ReHnacb TeHAeH~H.R K 4aCTH4-
HDMY BOCCTaHOBneHH~ KaK TC, TaK H Pn. no HaWeMy MHeHH~, OTBeT
CTBeHHblM 3a TaKoe yMeHbWeHHe Tc .RBn.ReTC.R renH~ B Me~AOY3nH
.RX H renHeBble ny3biPbKH, a He nO.RBneHHe MenKOAHCnepCHbiX BbiAe
neHH~ /T.K. nocneAHHe He MoryT npHBeCTH K naAeHH~ TC HH~e 
BenH 4HH, xapaKTepHbiX An.R 4HCTOrO HH06H.R, ecnH nnOTHOCT b Bbi
AeneHH~ He 4pe3MepHO BbiCOKa/. 

KaK noKa3anH H3MepeHH.R Ha Heo6ny4eHHblX KOH~ax o6pa3~oe, 
KOTOpble nOABepranHCb nocnepaAHa~HOHHOMy OT~Hry ~enHKOM, 

nocneAHH~ caM no ce6e XOT.R H npHBOAHT K He6onbWOMy pOCTy Pn 
H yMeHbWeHH~ Tc,Ho 3TH H3MeHeHHR 6blnH HaMHoro MeHbwe, 4eM 
Ha o6ny4eHHO~ 4aCTH o6pa3~0B. npH 3TOM MenKHX BblAeneHH~ 
H AH CKnoKa~HOHHblX neT en b He 6blnO 06Hapy~eHO. 

B. CHna nHHHHHra H eepxHee KPHTH4ecKoe 
MarHHTHoe none 

CHna llHHHHHra Fp- jcH Afl.A HCXOAHoro H o6ny4eHHbiX AD pa3-
HbiX A03 06pa3~0B noKa3aHa Ha PHC. 3. TonbKO npH OTHOCHTenb
HO He6onbWHX AD3aX Ha6n~AaeTC.R HeKOTOpbl~ POCT F p , a TaK~e . 
10 

• 

H Hc 2 no cpaeHeHH~ c Heo6ny4eHHblM o6pa3UOM. Aanee eo3HH
KaeT nporpecc~eHoe naAeHHe MaKCHManbHoro 3Ha4eHH.R FP. 3To, 

no-BHAHMOMy, MO~HO o6o.RCHHTb nepecTpO~KO~ B npo~ecce o6ny-
4eHH.R AHCnOKa~HOHHO~ CTpyKTypbl, 0 4eM ynOMHHanOCb B pa3-
Aene A. nHwb npH MaKCHManbHO~ A03e- 8 ·10-2 aT.% He HaMe4a
eTC.R KaK 6yATO TeHAeH~H.R K HOBOMy B03pacTaHH~ F p /CM. KpH
By~ 7/. npH 3TOM He6onbWO~ 11 HannblB11 C npaeo~ CTOpOHbl OCHOB
HOrO nHKa Fp(H), yMeHbWa~~H~C.R c · pOCTOM A03bl OT 4 AD 
7·10-2 aT.%, BOBCe HC4e3aeT. 3TO npHBOAHT K BHAHMOCTH CKa4KO
o6pa3HOro yMeHbWeHH.R Hc 2 OT - 6,5 K3 AD -4,3 K3. 

CpaeHeHHe 3THX pe3ynbTaToe c AaHHblMH pa6oTbl 141 CAenaTb 
TPYAHO, T.K., C OAHO~ CTOPOHbl, TaM HCXOAHble o6pa3~bl HH06H.R 
HMenH 04eHb HH3KHe 3Ha4eHH.R CHnbl nHHHHHra BCneACTBHe TOrO, 
4TO OHH 6blnH nonHOCTb~ peKpHCTannH30BaHbl H n04TH He HMenH 
AHCnoKa~H~, a c APYro~ - npeAenbHble AD3bl cHnbHO pa3nH4a~T
C.R. B pa6oTe 141 Afl.A 4HCToro HH06H.R npH 0,5 aT.% He npH
BOAHTC.R o~eHKa Fpmax- 20 ·10 6 AHH/cM 3 , a y Hac AflA cnnaea 
npH 0,08 aT.% He Fpma:i2,5 .106 AHH/cM 3 . 

OT~Hr Nb-Ti o6pa3~oe npHBOAHT K cHnbHOMY eo3pacTaHH~ 
Fpmax no cpaeHeHH~ c o6ny4eHHblMH o6pa3~aMH /pHc. 4a/, 
npH4eM Afl.R OT~HrOB npH 1100-1150°C Ha Fp(H) Ha6n~Aa~TC.R 
4eTKO Bblpa~eHHble nHKH B o6naCTH MarHHTHbiX none~, 6nH3KHX 
K Hc2· 

10 

~ 9 .. 
~ 

ct 8 .. 
<::. 
.... 7 

i-
PHc. 4. a/Fp (H) npH T= 4,2 K 6 

Afl.A o6pa3~oe, HaCblU\eHHbiX re· 
nHeM AD /7 78/ · 10-2 aT. % 5 

0 H OTO~~eHHblX npH 1000 C 
4 

/KpHBa.R 1/, 1100°C /KpHBa.R 2/, 
1150°C /KpHea.R 3/ H 1200°C J 

/KpHBa.R 4/; 6/ TO ~e Afl.R 
o6pa3~0B, OTO~~eHHblX npH 2 

11 00° C nocne HaCbiU\eHH.R 
AD /475/- KpHBa.R 1; 
/6 77/ - KPHBa.R 2 H /778/ 
KPHBa.R 3 /e 10-2 aT.%/. 

lrit:"l 

2 

11 
II ., 
I I 
I I 
I I 
I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4 

tlJ ~ 

H.~rJ 

11 



3AKJ1104EHHE 

Ha OCHOBaHI-11-1 npoBeAeHHblX HaMI-1 i-1CCJleAOBaHI-1i1 MI-1KPOCTpyK
TYPbl, 3JleKTpoconpOTI-1BJleHI-1H 1-1 CBepxnpOBOAH~I-1X CBOJilCTB cnnaeoe 
HI-106i-1H c MaJlbiM COAePlKaHI-1eM TI-1TaHa I AO HeCKOJlbKI-1X aT. %/, 
KOTOpbie 6billl-1 HaCbl~eHbl re111-1eM AO 8" 1 o-2 aT. %, a TaKlKe noA
BeprHyTbl nocnepaAI-1a~I-10HHOMY OTlKI-1ry npi-1 1000-1200°C, MOlKHO 
CAeJlaTb CJleAYIO~i-1e BbiBOAbl. 

-2 1. Hacbl~eHI-1e I-10HaMI-1 relli-1H ennoTb AO 7 ·1 0 aT. % HeAo-
peKpi-1CTaJllli-130BaHHbiX o6pa3~0B npi-1BOAI-1T K yMeHbWeHI-110 nJlOTHOCTI-1 
A1-1CJlOKa~l-1i1 1-1, KaK CJleACT Bl-1e, K yMeHbWeHI-110 jc . B TO lKe BpeMH 
He3Ha41-1TellbHO noBblwaeTCH Pn "' naAaeT Tc. Bi-1AI-1MbiX paAI-1a~I-10HHbiX 
Ae$eKTOB He 06HapylKeHO. 

2. 0TlKI-1r o6ny4eHHbiX o6pa3~oe e I-1HTepeane 1000-1150°C npi-1-
BOAI-1T K nOHBJleHI-110 60JlbWOrO KOJll-14eCTBa A1-1CJlOKa~I-10HHbiX neTeJlb, 
Bb1AeJleHI-1i1 1-1 ra30BbiX nop. npi-1 3TOM Ci-1JlbHO B03pacTaiOT Pn , jc 
"' naAaeT Tc . 
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