
05oE.IU1HEHHbllit HHCTHTYT SlllEPHbiX HCCJ1EllOBAHHl1 
nABOPATOPVf.H .HLlEPHbiX nPOBnEM 
nABOPATOPVf.H BbiCOKVIX 3HEPrVfl/f 

10.¢. Bbl'IKOB, Vf.H. roH'Iapoa, B. VI. Ky3bMHH, M. nHTOMHCKHA, 
· Vf.C.Xyxapeaa 

CBEPXnPOBOJ].HlllYIE CBOHCTBA 
cnnABOB Nb - Zr 

Lly6Ha 1963 

1304 



• 

10.¢. Obi'IKOB, H.H. roH.'Iapos, B. H. KyabMHH, M. nHTOMHCKHlt, 
H.C. Xyxapesa 

CBEPXnPOBOJUIWHE CBO~CTBA 
cnnABOB Nb - Zr 

lly6Ha 1963 

1304 



B 1961 roay 6hlnH OTKphlThl He06hl'IHhle CBOACTBa HHTepMeTannuqecKOrO coeaHHeHHH 

Nb 
3 

Sn npu TeMnepaType 4,2°K B MarHHTHOM n one 88 Ks caepxnpoaoaHMOCTb He aapywanacb 
5 2/1/ 

npH nponyCKaHHH TOKa, nnOTHOCTb KOTOpOrO aOCTHrana 10 a/eM • 3TO OTKpblnO W!ipOKH e 

nepcneKTHBbi npHMeHeHHIO caepxnpoaoaHHKOB anH nonyqeH HH cHnbHbiX MarHHTHbiX noneA. Bnocnea­

CTBHH B peaynbTaTe HHTeHCHBHhlX nOHCKOB noao6Hhle CBepxnpOBOaHWHe CBOACTBa 6hlnH 06Hapy-
/4,7 I 

)!{eHbi y V 3 Ga V
3 

Si , cnnaaoa Nb-L.r , Nb- Ti , .lfo- Re • nocneaaue TPH cnnaaa 

anonae npHroaahl anH uaroToaneHHH npoaonoKH o6hl'IHhlM cnoco6oM. 

KaK HaaecTao, caepxnpoaoaHwue caoAcTaa cnnaaa Nb- Zr aaBHCHT oT uenoro pHaa 

-+- /2-18,29/ K 6 't'aKTOpOB , npe)!{ae BCero OT COCTaaa. HaCTOHWeMy BpeMeHH HaH onee nonHOMy Hay-

qeHHIO noaaeprnucb cnnaBbi, coaep)!{awue Menee 50 aT. npoueHTOB Zr. YcTanoaneno, 'ITO a nongx 

ao 30 KS HaH60nbweA KpHTH'IeCKOA nnOTHOCTbiO TOKa o6naaaiOT cnnaBbl C ManbiM coaep)!{aHHeM 
/20/ 

Zr . C apyroA CTOpOHbi, KaK 6bJno noKaaaHo B , KpHTH'IecKoe none II" (j .. 0) aoapacTaeT 

c yaenuqenueM coaep)!{aHHH Zr , aocTuraH MaKCHMyMa "' 125 KS B o6nacTH 65- 75 aT npouen­

TOB Zr, nocne qero 6biCTpo naaaeT. 

6 bJn0 ycTaHOBneHO, 'ITO npH aaaaHHOM BHeWHeM non;3~HT~'I~~~ag nnOTHOCTb TOKa jk 

nponopuuonanbHa cTeneHH xonoaHoA ae¢opMa!lHH MeTanna ' ' , npa STOM Ha xonoaHo-

KaTaHblX neHTO'IKax Ha6niOaanaCb 60nbWaH aHH30TpOnHH jk OTHOCHTenbHO yrna Me)!{ay Hanpaa-

neHHeM BHeWHero nonH j k H nnOCKOCTbiO npOKaTKH, a HMeHHO: npH yaenH'IeHHH yrna OT Q
0 

ao 

900 J'. nanano B 5-30 paa
13

•
91 

n A ..... peanonaraeTcH, 'ITO STO CBH3aHO C o6pa30BaHHeM B peaynb-

TaTe ae<i:JopM8!1HH cnnaaa TOHKHX CBepxnpoaoaHWHX nneHOK, llnOCKOCTH KOTOpb!X B OCHOBHOM COB-

naaaiOT C nnOCKOCTbiO npOKaTKH. 

/6/ 
Ca oAcTaa Nb- Zr cnnaaoa aecbMa cywecTBeHHO aaBHCHT OT TepMoo6pa6oTKH, B pa6oTe 

6bJnO noKaaaao, 'ITO KpaTKoapeMeHHbiA ( 15-30MuH) OT)!{Hr B aaKyyMe npoaonoKH HGNb.;-28% Zr 

npH 800°C npHaoaHn K yaenH'IeHHIO j" llO'ITH Ha nopgaoK (anewHee none 22 Ks). B 
191 

npH­

aeaeHbi KpHBbie aaaHCHMOCTH j" II H j "l ( T,e. nnoTHOCTeA TOKa, Koraa nnocKoCTb npoKaTKH 

napannenbHa H nepneHaHKynHpHa anewHeMy non10) oT TeMnepaTypbi OT)!{Hra o6paauoa H3 

Nb -25% Zr anuTenbHOCTb OT)!{Hra a aaKyyMe cocTaangna 3 qaca. VfaMepeHHH npoaoaHnHCb a 

none II ::23,5 KS npH T =4,2°K. KpHBbie j ~ell ·1 j l HMeiOT MaKCHMYM a o6nacTH 500-750°C. 

npu STOM llO'ITH HC'IeaaeT 3aBHCHMOCTb jk OT yrna Me)!{ay noneM H nnOCKOCTbiO npoKaTKH, 
/9/ 

'ITO llO MHeHHIO aBTOpOB , CBH3aHO C CyWeCTBe HHbiM H3M8HeHHeM xapaKTepa o6pa30BaHHA, llO 

KOTOpblM TeqeT CBepxnpoaoaHWHA TOK: 06paaoaaHHH ~nneHO'IHOro' THlla ycTynaiOT MeCTO 1 HHTe­

BHaHb!M ~. B sToA )!{e pa6oTe npHaeaeHa aaaHCHMOCTb j ad 1 H j ~<l oT cocTaaa cnnaaoa N b - Zt , 

OTO)!{)!{eHHbiX a TeqeHHe 3 qacoa npu 600-800°C. MaKCHManbHbie a6conJOTHbie aHa'leHHH 

i"(23,5 KS) nony'leHbi ang o6paauoa, coaep)!{aWHX 35-50% Zr 

Hy)!{HO OTMeTHTb, 'ITO KPHBbie aaaHCHMOCTH 

TenbHO paanH'IaiOTCH a pa6oTax paaHbiX aaTopoa. 

1101 
llpHaeaeM ony6nHKOB8HHyiO B xapaKTepHCTHKY 

0 
xonoaHoA ae¢opMa!lHH > 99%: npH T "'4,2 K - J,. 

3 

j" oT II aa)!{e ang oaHoro cocTaaa 3H8'1H­

B Ka'iecTae oaHoro Ha ny'IWHX peaynbTaToa 

npoaonoKH ua Nb -25% Zr co cTeneHbiO 
5 2 4 2 

(30 KS) •},5•}0 a/CM , jk (50Ks) =8•J 0 Et/CM 1 



a noene 60 K9 j" 
2 0 

pe3KO na.aaeT, TaK 'ITO jk (70 Ks)=80 a!CM . npH T=2, 24 K Bell KpHB8SI 

j"(H) e.nsHraeTell npHMepHo Ha 13 K 3 snpaso. Be e K3MepeHHSI 6htnH c.nenaHbi B none, nepneH­

.llHKynS!pHOM TOKY B o6pa3ue. 

I 14 1 
BeebMa o6Ha.ne)I{HBaJOWHM S!BnS!eTeSI p e3y nbT8T , npHse.neHHhil1 B pa6oTe .nn11 r.posonoKH 

H3 ennasa 25% Zr - 70% Nb -5%Ta : .aa*e B n one 90 K3 KpHTH'!eeKa SI nnoTHOeTb ToKa oeTasa-

4 ~ 
naeb He Hli)Ke 2·10 a/eM (eTeneHb .aecpopMaUHH 98% , 6e3 T epMoo6pa6oTKH). 

npH paeeMOTpeH HH ony6nHKOBaHHb!X .llaHHbiX BH.llHO , 'ITO esepxnpOBO.llS!WHe eBO HCTB8 

ennaBOB .na)l{e O.llHOro eoeTaBa 3 H8'IHTenbHO pa3nH'I8IOTeSI Bene.llCTBHe e HnbHOrO BnHSIHHSI pS!.£18 

MeT8nnyprH'!eeKKX cp8KTopos: MeT0.£18 Bb!fin 8BKH , co.aep*8HHSI npHMeeei1 , xapaKTe p8 H eTeneHH 

.aecpopM8UHH, TepM006p86 0 TKif H T,.£l, 0TIHC8Hbl B OCHOBHOM cnn8Bbl Nb- Zr , 6nK3KHe no COeT8-

sy K 25% :l.r , B TO speMSl K8K cnnaB bi e 6on bWHM co.nep)I{8HHeM Zr, o6na.n8JOWKe M8KCHM8nb-

Hb!MH Jlk , TIO'ITH C OBepw e HHO He HCcne.ll OB8Hbi, 

B H8eTOS1Weil p 86oT e 6binK Hcc n e.noB8Hhi cnnaBbi Nb -Zr , co.aep*awHe o T 0 .no 8 0 % Zr. 

HaH60nbwee BHHM8HHe 6bin0 y .neneHO cnn8B8M H8 OCHOBe Zr ( 65% Zr K BbiWe), KOTOpb!e K3Y'I8-

nHCb K8K B HeOTO)I{)I{eHOM COCTOS1HHH , T8K K nocne p83nH'IHOrO p0.£1 8 T epMH '!eCKii X o6pafOTOK, 

n pHrOTOBneHHe o6p83UOB H MeTO.£llfK8 H3MepeHHH 

Vf3BeeTHO, 'ITO ennaBbl HH06HS1 C UKpKOHHeM S1BnSIIOTCS1 nn8eTH'IHbiMH BO BC e i\ o6naCTK KOH­

UeHTpauHlt, ecnH HCXO.llHbie MeT8nnhi He co.nep*8T 6onbworo KOnK'!eC TB8 npliMeceil, oco6eHHO 

ra30BbiX. Bcne.neTBHe 9TOrO B Ka'IeCTBe HCXO.llHh!X M8TepH8nOB .llnSl npHrOTOBneHHSl o6p83UOB 

Mbl Kenonb30BanH UHpKOHHlt, no.nBeprHyThilt HO.llH.llHOlt p8cpHHHpOBKe, H HH06Hl!, O'IHWeHHblli 3neK-
- - 4 

TpoHao-nyqesoa nepennasKoll s B8KyyMe ( < 10 MM pT.CT.), CnHTKH Nb- Zr secoM 20 r 

BbmnaBnllnHCb B .nyroBOH ne'IH MVJ¢Vf-9-3 C Hep8CXO.£lyeMbiM BOnbcpp8MOBbiM 3neKTpO.llOM B aTMO­

ecpepe 'IHCToro aproaa. nn8BK8 npoH3BO.nHn8Cb H8 Me.aHoM , oxn8)1{.£l8eMOM so.aoil no.ay. HeKo To-

pbie enn8Bhr 113 Tex *e HCXO.llHhiX MaTepH8nos BhiiTn8BnS1nHcb B :?n eKTpoaHo-nyqesoa ne'IH, s sa-

KyyMe. DnSl .aocTH)I{9HHS1 r o MoreHHOCTH cnHTKH B o6o11x cny'i8S1X nepesop8'IHBenHcb 11 n e penn8s­

nS1nHeb oT 2 .no 5 p83. 

CnnaBbl Hccne.nos8nHCb B coCTOSlHHH 6eT8 TBep.aoro p8eTBOp8, K OTopoe B cnn8B8X, co.nep)I(8-

WHX Meaee 75% Zr , cpHKCHpOB8noc b B nHThiX o6p83U8X 38 C'!eT 6breTporo oxn8*.ll9HKS1 H8 Me.n­

HOM no.ny; B cnyq8e 6onbwero co.aep*8HHS1 Zr ( 75% H Bhiwe) .anSJ nonyqeH HSl 6eT8-cTpyKTyphr 

npi!XO.llHnOCb 3aK8nKB8Tb cnnaBbl 113 6eT8- o6naCTH B B OllY (eM. T86n11uy 1 ). roTOBble enHTKH 

o6Ta'IIiB8nHeb .llO 5 MM, 3aTeM npOK8TbJB8nHCb B neHTy. LJ:8CTb o6p83UOB ll0.£lBepr8nacb TepMK-

-2 
qeeKol! o6pa6oTKe. OT)KHr nposo.nHnCSl s 3anaSIHHhiX KB8pueshrx 8Mnynax (s8KYYM "' 10 MM pT.cT ), 

B KOTOpbi9 BM9eTe e o6p83U8MK llOMewancSl reTTep ( CTpy)KK8 HK06HS1) , 06p83Ubl 0T)I{Kr8nHeb 

nH60 B BH.lle n 9HTO'IeK TOnWHHOH "' J MM, KOTOpbie nocne 0T)KHr8 no.asepranHCb .llOTIOnHHTenb-

HOl! XOnO.llHOH .£l9cpOpM8UHH, nH60 B BH.lle TOHKOi\ cpOnbrH ( TOnWHH Ol! 0,03-0,05 MM), He llO.llBep-

r8BWeiteS1 nocne.nyJOwea MexaHH'leCKOH o6p860TKe. 

B K8'IeCTBe o6pa3uos Hcnonb30B8nHCb Y3KHe nonoeKK cp onbrH .anHHOl! 50-60 MM, WHpHHOil 

., 0,5 MM, TOnWHHOH 0,03 - . 0,05 MM. K KOHUaM TaKOi\ nonOCKH npHBSpHBSnHCb TO'Ie'IHOH CBSpKOJt 

4 



fiJlaCTHHKif lf3 HHKem!, K KOTOpblM npHnaHBanHCb TOKOBble KOHTaKTbl ( lfX COflpOTHBneHKe npH 4,2°K 

6binO :( 10-
5 

OM) • .[ln5l ocyweCTBneHHSl f!OTeHUHan bHblX KOHTaKTOB B cepe.UHHe o6pa3ua Ha paCCTOSl-

Hlflf 20 MM .Upyr OT .Upyra HaHOCifn i!C b 3neKTpOnHTH'leCKI!M nyTeM .UBe y3Kife f!OnOCKif Me.UH, K 

KOTOpblM npl! naHBanHCb f!OTe HUHanbHb!e npOBO.Ua. 

J.13MepS!nlfCb TeMnepaTypa CBepxnpOBO.USllllero nepexo.ua 1 k H KpHTif'leCKas:! nnOTHOCTb TOKa 

0 
j k B nonBx .uo 28 K3 npH TeMnepaType 4,2 K. T k onpe.uens:~nacb OT TeMnepaTypHol% 38BHCHMo-

CTH ConpOTHBneHHSl o6pa3UOB, KO Topoe lf3MepSinOCb ITOTeHUHOMeTpOM THna P-306 C TO'IHOCTbiO .UO 

0,002 OM llpH lf3MepHTenbHOM TOKe "' 0, 5 Ma, .[ln5l lf3MepeHH5l TeMnepaTypbl HCf!Onb30B8nC5l yrOnb­

Hb!J% TepMOMeTp conpOTHBneHHSI, H3roTOB.'1eH Hbii% B YIHCTHTyTe cPH3H'leCKHX npo6neM AH CCCP. 3a­

BifCH MOCTb C011pOTHBneHHs:! TaK n ro TepM OMeTpa OT TeMnepaTypbl ,UaeTCSl cPOpMynoJ%: 

fg R + ( E g R ) 2 = Ji. 
T 

K03cPcPHUHeHT 8 onpe.uen5lnCH B TO 'IKe KHITeHHSl }!(lf,UKOI'O renHSl ( 4 ,2°K) If B TO'IKaX nepexo.ua 

B csepxnpoBO.USlll.\ee cocTOHHHe 'IHCToro Pb ( 7,2°K) If Nb ( 9,5°K). 3a T k npHHHManocb 3Ha­

tteHHe TeMnepaTypbi, cooTBeTCTBy!Omee cepe.UHHe ceepxnpoBO.UBmero nepexo.ua ( R =0,5 R
0 

, r.ue 

R0 - ocTaTottHoe conpoTHBneHHe) • 

.[ln5l lf3MepeHH5l jk B M8I'HifT HOM n one HCITOnb30BanC5l MarHHT CO CBepxnpOBO.Uflll.\lfMH 

/21/ 
KOnbUaMH 1 aHanOrlf'lHbiJ% OITHCaHHOMy B pa6oTe , 3a30p Me}!(,Uy f!OniOCaMH COCTaBn5ln 2,5 MM 1 

.uHaMeTp noniOCOB - 3 MM . CBepxnpoBO.USllllHe KOnbua 6binlf H3rOTOBneHhi H3 cnnaBa NbZr 

(pH C. 1). 

8 o6pa3UOB BCTaBn5lni!C b B CITeUH8nbHYIO paMKY TaK, '!TO nnOCKOCTb npoKaTKif 6bina napannem:r 

Ha, a HanpaeneHHe TOKa B o6pa3ue nepneH.UHKyn5lpHO MarHHTHOMy ITOniO. 8 3TOJ% }!(e paMKe 6bina 

3aKpenneHa KaTylllKa .uns:~ H3MepeHHH nons:~. np11 nepe.UBif}!(eHHH paMKH B 3a3op Me}!(.uy non10caMH 

MarHHTa nona.uanH n116o O.UHH H3 o6pa3UOB, n116o lf3MepHTenbHa5l KaTylllKa. HanpSI}!(eHHe, B03HH­

Kal0lllee Ha f!OTeHUHanbH U X BhlBO.U8X o6pa3ua cPifKCHpOBanOCb MHnnHBOnbTMeTpOM ( .UO"' 0,2 MB) 1 

-7 
a B HeKOTOpblX cnyqa5JX- ranbBaHOMeTpOM C 'lYBCTBHTenbHOCTbiO 8• 10 B/ .uen. CneUH8nbH8SI CHCTe-

Ma pene npepbiBana TOK ttepe3 o6pa3eu npH nepexo.ue ero B HOpManbHoe cocTOHHHe ( np11 ITOSIB­

neHHH "' 10 MB). napannenbHO o6pa3UaM BKnl0 '18n i!Cb lllYHTbl 113 Me,UHOJ% npOBOnOKif /R (3Q0°K) 

"' 1 OM I. 

PE3Y !lb TATbl 

1. Csepxn poBO.USII.L\He CBOHCTBa HeOTO}!(}!(eHHbiX cnnasoB 

Ha p11c. 2 noKa3aHbi pe3ynbT8Thi H3MepeHHSI KpRTH'!ecKol% rrnoTHOCTH T OKa B 3aBHCI!MOCTH 

oT MarHHTHoro nons:~ .unH xono.uHo.ue¢opMHposaHHhi X o6pa3uOB pa3 Horo cocTaaa. CTeneHb .ue¢op-

MaUl!!! yKa3aHa B Ta6nHue 1. HaH6onbllll! e 3HaqeH n5l B none 28 K3 HMeiOT cnnaBbi , co.uep-

}!(alllne 10-30 % Zr • Ha 3TY )Ke o6nacTb KOHUeHTpauHH npHXO.UHTCSI MBKCHMYM KpHTI!'leCKHX 

TeMnepaTyp ( p!!C. 3). nonyqeHH ble B HaCTOSII.L\elf pa6oTe 3H6'leHI!SI 1 k HaXO.USITCs:! B XOpOllleM 

cornacHH c .uaHHbiMH XanMa 11 6nay .U:>h.epa
1 191 .uns:~ cnnaBOB c 10-60 % u!!pKOHHSI. Cxo.ucTBO 

KpHBblX 3aBHCI!MOCTif OT COC T8B8 cnnaea, no-B K.UH M OMY 1 yKa3biBaeT H8 rny6oKyrp 

BHyTpeHHIOIO CBs:!3b 3TI!X cPBKTOpOB. 

5 



.[lnSI HeKOTOph!X o6pa3UOB ( rnaBHhiM 06p830M OTO>IOKel!HhlX) OTM e'!anCSI Hepe rynSipHhlii pa3 -

6pOC j nplf nocTOSIHHOM ll . Ha pucyHKax 3 T OT pa3 6poc noKa3aH sepn!KanbHhiMH o Tpe3KBMH 
k 

Ha KpHBhiX j (H). 
k 

2. CsoiicTsa cnnasos 65-80% Zr noaseprHyThlX TepMoo6pa6oTKe 

Ha pRe. 4 npeacTasneHa 38BifCifMOCTb j k B none 27 KS 11 Tk oT TeMnepaTyph! oaHo-

qacosoro OT>Kifra anSI cnnasa Nb -80% Zr • B cny 'lae 65% Zr STif KpHBhie lfMeiOT TaKoii >Ke 

Blfa, oaHaKo MBKCifMYM caBHHYT B o6naCTb 6onee BhiCOKifX TeMn epaTyp (650-750°C). To, '-ITO 

191 6 . 6 6 B He H8 n10aanOCb B03 p8CT8HifSI J k nocne TepMOO pa OTKif neHTO'-!eK, coaep>K8WifX 

80% Zr, no-slfalfMOMy, 06bSICHSieTCSI CnHWKOM BhJCOKOil anSI STOii KOHUeHTp8UIIIf TeMnepaTypoii 

OT>Kifra. 

EhiJIO nposeaeHo peHTreHorpacpuqecKoe RccneaosaH He N b -80% J..r , OTO>K>KeHHoro np11 

0 
570 C B Te'-!eH!fe 1 qaca. CbeMKa senacb Ha CuXa - lf3nyqeHHII MeToaoM oTpa>KeHifSI OT nosepx-

HOCTif, Ha nosepxHOCTif neHThi 6hino o6Hapy>KeHo 3 cpa3hi: a - L.r , RcxoaHaSI (3 -cpa3a c 80% L.r 

If He6onbwoe KOnlf'-leCTBO {3 -cpa3hi c 15% Zr • Ha rny6aHe 0,02 MM KOJIH'leCTBO a - Zr pe3KO 

yMeHbW8eTCSI, 8 H8'llfH8SI C rny61fHhl 0,05 MM, a - cpa3a u TeM 6onee oooraweHHBSI Nb {3 -

cpa3a c 15% Zr He Ha6n!OaBIOTCSI soo6we. TaKWvl o6 pa30M, HOBbie cpa3hi s aaHHOM cnyqae 

o6p83YIOTCSI lllfWb B TOHKOM nosepXHOCTHOM cnoe • 

.[lnSI BbJSICHeHifSI BlllfSIHifSI cp830BOI'O COCT8B8 H8 CBepxnpOBOaSIWI!e CBOitCTB8 lf3MepS11I8Cb Kplf­

TH'-!eCK8SI nnOTHOCTb TOK8 06p83UOB nocne yaaneHHSI C neHT, OT>Kifi'8BWifXCSI B Te '-!eH!fe 2 '-!8COB 

npH 570°C nosepXHOCTHhiX CJIOeB p83HOil TOnWHHhl. EhinO yCT8HOBneHO, 'ITO uocne CHSITifSI C no­

BepXHOCTif CnOSI TOnWifHOii 0,1; 0,2; 0,3 MM jk npaKTH'!eCKJ1 He MeHSieTCSI (so BCeX cny'-18SIX 

o6p83Uhl lfMeJIIf oaHy If TY >Ke CTeneHb aecpopM8Uiflf), V13 STOI'O MO:iKHO 38KniO'llfTb, 'ITO B03pa-

CT8Hife j k nocne Henpoaon>KHTenbHOI'O OT>Kiff'8 o6ycnosneHO lf3MeHeHHeM CTpyKTyphl Ky61fqe­

CKOI'O o6beMHo-ueHTpRposaHHoro Tsepaoro pacTsopa, T.e. Ha'-!anoM peKpRcTannlf38UifH xonoaHo­

aecpopMRposaHHoro cnnasa, a He o6pa30B8HifeM HOBbiX pasHosecHhiX cpa3. nyTeM MeTannorpacpH­

qecKoro RccneaosaHifSI o6pa3uos c 80% Zr 6hino ycTaHosneHo, 'iTo nociJe oaHo'-!acosoro oT>KHra np11 
0 -3 

570 C 06p83YIOTCSI MeJIKife 38pOahiWif {l -cpa3hl, p83Mep KOTOpbiX COCT8BJISieT "' 10 MM; 
-3 

nocne 100-qacosoro OT>KHra lfX pa3Mep "' 3·10 MM. B o6o1~x cny'IBSIX TeKcTypa coxpaHSieTCSI. 

0 0 
0T>KIIr np11 800 C If 900 C npRBOalfT K nonHoil peKplfcTanni!38UHH cnnasa, If pa3Me p 3epeH 13 -cpa-

3hi B 3TifX cny'l8SIX COCTBBnSieT COOTBeTCTBeHHO 0,02-0,05 MM 11 0,1-0,2 MM. 

CMeweH!fe MBKCifMyMa B cTopoHy 6onee BhiCOKHX TeMnepaTyp OT>KHra npu yMeHbweHHH co­

aep>KBHifSI Zr oT 80 ao 65%, no-sualfMOMy, npoHcxoaHT scneacTslfe noBhiWeHifSI TeMnepaTyphi 

peKplfcTannlf38UifH {3 -Tsepaoro pacTsopa. Bo3pacTaHue j k y N b- 80% Zr nocne OT>Kifra 

0 
nplf 400 C, B03MO>KHO, cneayeT CBSI3h!B8Tb T8K>Ke C cy6MifKpOCKOfiH'-!eCKHMif BhiaeneHifSIMif MeTa-

CT861fnbH0$1 w -cpa3hi, o6pa3y10weiicS1 no sceMy o6beMy cnnasa If npRsOaSiwea, s cso10 oqepeab, 

K 6onbWifM lfCK8>K8HifSIM peweTKif. 4To6hi BhiSICHifTb snlfSIHHe w -cpa3hi, o6pa3Uhi Nb -80% Zr 

0 
OT>KHI'BnHCb IIplf 400 C B BRae TOHKOI\ cpOnbi'If If nocne OT>KHI'8 aononHI!TenbHO He aecpopMRpo-

B8nlfCb, KaK BlfaHO lf3 puc. 5, yBelllf'!eH!fe AnlfTenbHOCTH OT>KHI'8 IIplfseno K ClfnbHOMY pOCTy jk • 

3TO , IIO-BifalfMOMy, CBSI38HO C 06 p830B8HifeM W -cpa3hl , T8K K8K 110Cne npoaon>KifTenbHOI'O OT­

:iKifi'8 ( 10 If 60llbWe 'l8COB) npH 6onee Bb!COKOI\ TeMnepaType y o6p83UOB, He noasepr8BWifXCSI 
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aollOilHHT6IlbHOA necj:>opMBUIIII, Kpi!TII'l6CK 8SI r!IlOTHOCTb TOK 8 OK838Il8Cb Cyll.l eCTBeHJIO HI!IK E! , 'leM y 

06p83UOD C IlpOMe:rKyTO'IH b!M OT:ri< IirOM, J\", Q)KHO 11pennon ar8Tb 0 'ITO 3TO CBSI38HO C '18CTI!'IH blM 

YHII'ITO:rKeHI!6M BO Bp6MSI OT:rK I!ra Te KCTyp bl r!pOKBTKII, TeM 6onee 38MeTHbiM, 'leM npoaOil:rKHTenb­

Hee OT:rKHr (cp, KpHBbJ6 2,3 pHC, 6 I! Kpi!B bi6 4, 5 pi!C, 7). 

Y aenw'leHHe nnHTenbHOCTI! npoMe:r~<yTO'IHoro OT:r1<11ra Nb -80% L.r no 100-200 'lacoa npH 

570°C 11pHB6IlO K H6KOTopoMy CHH:rKeHHIO KpHTH'leCKOA IlllOTHOCTI! TOK8 llpH oaHOBpeMeHHOM C,Yll.le-

CTB6H HOM B03p acTaHHH T k (pRe. 8). 
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T a 6 n H u a 

CocTaB HccneaosaHHhiX B cocTORHHH {3 -Tsepaor o pacTsopa Nb- Zr -cnnasos, cnoco6 Hx 
npHrOTOBJieHif.ll, CTeneHb aecpopM8UHH npH npOK8TKe. 

Coaep)!{aHHe 
UHpKOHH.II, 
sec. % 

0 

10 

15 

26 

38 

50 

58 

64 

75 

80 

MeTOLl BhmnaBKH 

3neKTpOHHo-nyqesaR 
neqb 

Dyrosa.11 neqb 

3JieKTpOHHO­
Jiy'IeBa.ll ne'Ib 

3JieKrpOHHO­
Jiy'ieBa.ll ne'ib 

Dyrosa.11 neqb 

Dyrosa.11 neqb 

Dyrosa.11 neqb 

3JieKTpOHHO-Jiy'IeBa.ll 
ne'Ib 

Dyrosa.11 ne'Ib (nnasneH 
1'13 lliTa6HKOBOrO HH061fSI) 

DyroBaSI ne'Ib 

8 

TepMH'Iec KaR 
o6pa6oTKa 

rop.II'I8.11 KOBKa 
+ OT)!{Hr npH 1200°, 
3 'I., 6biCTpee ox­
Jia)!{LleHHe 

3aKaJIKa B BOLlY 
OT 900° 

-*-

00)!{8THe npH XOJIOLl­
HOlt npOKaTKe, % 

99,5 

98 

98 

98 

99 

99 

99 

98 

99 

98 



I I I 

0 10 2D 30 ...... 

PHc. t. 3ne KTpoM arHHT co csepxnposo.aHWHMH KOnbU8MH. 

-~ ~·~--~~~--~~~~~r---~ . ..._, 

• 

0 

PHc. 2.- j 1J H) HeOTO)IOKeHHbiX o6 pa3uos. 

Co.ae p)f{8HHe Zr ( %, n o secy) : 

1 ) 0 ;. 4) 50; 7) 80; 

2) 15; 5) 38; 8) 64· 
' 

3 ) 10; 6). 58; 9) 75. 
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~0 4ro 60 10 

PHc . 3 . 3aaHC IIM OC Tb j k H Tk o T KoHue ~ITpa t !IHI l..r 
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105" I ~·<: I (9,0 

1o 4 I I ! I .-.... I \: I I 8,5 

m31 I rz I I I I 8 0 
20.0 4oo 6oo Boo load 0 

t oe 

P11c. 4 . 3aBI1CIIMOCTb j 11 T k OT TeM I H? p a T y p bi 1-•Iaconoro OT)KHr a 

Nb - 80% .Zr • k 06o3HB'leHuH: + - h 
o - Tk 
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r------+----t-

PHc. 5. 3aBHCHMOCTb jk (H) .ans1 Nb -80% Zr rrocne 
oTrryc Ka n pH 400°C. 

N2 06o3Haqe-
Dm!TenbHOCTb HHe oTrrycKa 

HeOTO:>K • o6p. 

2 • 15 M HH 

3 0 35 MHH 

4 • 40 M HH B 8TMOCcpepe 
B03 .ayxa 

5 • 1,5 qac • 

6 t:l 10 qac. 
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-~ 

~ 

o\l 

--
to•f-- -

0 10 to !0 

H { 111) 

PHc, 6. 3asHCHMOCTb j 1,JH) LtnH N b-15% Zr 1 
OTO)!{-

)!{ eHHOrO npH 570°C. 

NQ 06o3aa- nnHTe1IbH, CTeneHb .llecp. 
qea He OT)!{Hr8 nocne OT)!{Hra 
----

HeOTO)!{, 

2 0 200 'l8C, 90% 

• 100 'IBC. 91 % 

/). 10 'IBC, OT)!{ ,cponbra 

3 • 10 'IBC, 89-92,5% 

X 1 qac . 89,5% 

4 D 2 qac. 88-91 % 
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- - -- --- ---

' 
s 

to•r-- - ---- +-

0 
20 JO 

PH c. 7. 38BHCHMOCTb j k (.'1) .ans1 Nb- 80% Zr 
OTO>IOKeHHOro !I pH 570°C 

M> 06o3na- .011HTel1bH. CTenf!Hb .a e cjJ. nocne 
'leHHe OT)!{Hra OT)!( Iira 

HeOTO)!{, 

2 X 100 '18C, 83-86% 

.3 + 200 '18C, 84 % 

4 • qac OT)!{ Hr Ul!t'S b cj:Jon bra 
5 • '18C 8.1,5% 

6 0 10 qar. 86% 
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