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Xopomo waMC'l'ao, 'l'I'O JtpKTI ... cUII unOTBOC'l"'o CJMipXllpoBOAIIIllaro TOJta BMS"It'l'CSI 

C'l'p)'XTYJIROqyBCTU'rem.JihiM CIIOICTBOM: ee MU"'BBY MOJitBO pe8lt0 R8M8BII."l''t Icy"''9M IUIAC'l'R
/1 2/ 

'lecltoil Ae4lopwann • TepMK'lecJtol o6pa6oTJtB cnnaBOB ( cw., aanpBMep, • ) , B pB.Qe pa
l~/ 

60'1' paaBRBa8TCll T80peTB'18CitAII MO.Q81Do fOp'repa-A.Ji.QepcoBII , ltOTOp8SI CBSI3hllllle'l' ;rllll-

AB'I8BB8 ltpwTB'lecJtOI nnOTBOCTB TOit8 C Bani'IB8M paaaoro po.Qa BecoBepmeBCTB pemeTJtB: 

/8/ 17/ /8-tO/ 
AKC~OitaiiBI 1 B801U!Opo.liBOCTel COCT8111l , nop , llnB 81tCil8pBM8B'l'a.IDoBOI 0Jl8BitB 

BnB!IBBSI p83nB'IRhiX A8oP81:TOB aeo6XOIIHMO C03A8BaTit B CBnaBB.X B8COISIIpmeBCTB8 OABOrQ. on

peAeneBBoro po.na, 'l'I'Oflhl a:x aojlojlei:T ae MaCitBpoBancB, 

B aaCTOstmeA pa6oTe npe,llnonaranoc• a:ccneAOBa'l'lo BsMeHeue peltpBCTanniiSOIIIlBBhiX 

cnnaBOB r.Jt -( 75 - SO)% z,... npB nocne.QyJOmel aaJtanJte 0'1' .llhiCOitB.X TeMnepaT:rp 

( f000-J.4()()°C) 
1 

B pesyn&Ta're ltOTOpOI AOruKIIO yB&nR'IRB8TioCSI ltOnH'I8CTBO TO'l8'1BhiX ,lleojlei:

TOB, a Tal:lK8 !tpH nocneAyJOIII8M BR31tO'reMnepaTypBOM OTnyCit81 BO Bp8MSI ltOTOporo Bhlli8AII

JOTCB M8nltOABCnepcBhl8 '18CTRnhl W- BAR cf... -ojla3hlt ofln8A8IOIIIB8 nnoXHMII C.llepXIlpOBOAH-

IIIBMB CIIOilcTBaMR ["f.: ( U) -ojlaahi ) ~ .f0 K, k ( cJ... -ojlaabl ) ~ 1°K]. 

KpoMe roro, B pa6oTe Ray'IMOCJo BnHHBBe aa je sapOAhimea pa!tpHCTanusanaa:, 

o6pasyJOIIIRXCll BO Bp8MSI OTlKBra aenerHpOBaiiBOrO RH06RB npR T8MnepaTypaX DlK8 TeMne

paTyphl peltpiiCTannR381lBHo llnst onp8A9A8!IRB CTp)'XTypBhiX R3M8R8BRI1 UpoHCXOABIIIBX llpB 

T8pMH'I9CitOil o6pa60Tit91 B8pBl1Y C peBTr9BOBCUM H M9TannorpaojlK'I8CKHM MeTOA8MH IIC

Il0Ab30B8ARCb R3M8p8BKB T8pNoaneltTpoABRlKYIII81 CHAhi - oPR3R'I8CKOro CBOiiCTBa1 p831t0 sa

BHCBillero oT <jlasoBOro cocTaBa, a T8ltlK& a:swep11llRCJo MBKpoTBapnocTit ( Hv ) • anecTpo

conpoTRBneaae ( .P ) • 

nparOTOBneBR8 oopa3UOB H M8TO.IliiK8 R3M8p!BRil 

8 Ka'I9CTB8 HCXOIIBOrO MaTepH8A8 .!lAB RCCA8Jl0B8HRSI opanaCb XOAO.IlRO,Il9ojlopMBpOB8B

R811 c 6on~omoil cTeneHJoJO oolKaTHII npoBonoJta as cnnaBoB Nb- 80% Zr , tJb- 75%lra 

R3 RBOOH!I llR8M9TpOM 0,15 + 0,25 MMo 
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0pHM9HBnOCb TpR BRJ:ta TepMRqecKolt oopaOOTKB. 

1) 06pa3llhl npoBOnOKB J:tnBaOII 15 CM R3 CnnaBa Nb - 75% lr nOJ:tBepranBCb 

MY oxnaJK.QeHRIO OT TeMilepaTyphl 000, 100Q,1200 B 1400°C. npoaonoB:a llarpesanacb 
-5 

KyyMe 8 -i- 5 X 10 MM pTyTBOro CTonoa Ha YIIRBepcanbHOM BaKyyMIIOM paCUb!nHTene 

Ob!CTPO• 

8 sa-

nyTeM uponycKaiiRK qepea Bee sneKTpaqecB:oro TOKa, O~:taoBpeMeaao c o6pa3UOM Barpeaana 

TQM JK9 CnOCoOOM J:tO 1800°'C reTTep-llRpKOHReByJO neRTy TOnlllRHOit 1 MM, nocne 20-MRByT-

aolt Bblltep~R npa 3aJ:taBBOlt TeMnepaType cne~:toBano ObiCTpoe oxnaJK.Qeaae, KoTopoe J:tocTara

nocb OTKnJO"leBHeM TOKa R UpRMeaeiiR&M MaCCHBHbiX TOKOnOJ:tBOlt081 8 KOTOpb!X OhlnR 3aJKaTbl 

KOBUbl npoBOnOKR, 

2) npoBOIIOKa R3 /IJ/, - 80% Zr R Nb-75%Zr-ttoJ:t8epranacb 3aKa/IK8 c 000°C B so-

J:ty nocne 8blltep~• B TQqesae 1 qaca, 3aTeM o6pa3Ubl J:tnRIIolt 00 eM noJ:tBepranRc& oT

nycxy npH 450°C B Te'leiiRe 1,5 R 20 'laCOB C OX/IaJK.QeJIReM B BOAe BMeCTe C KBapnesolt 

KOnoolt. 

8) XonOASOAe4lopMRpOBaBHaH RROOR8BaH npoBOnOKa nOABepranacb OTJKHry npR TeMne -

paTypax 500-000°C B Te'I811Re 1 'laCa C OX/18JKA8HReM B BOAe, 

HH3KOTeMnepaTypshle OTMRrR npoXOARIIR B asaB:yapoBaBHolt K8apuesolt Kon6e, 3anon

BeHaolt reTTepoM-cTpy*XOII R3 IIROORH, 

KpRTR'IecKHe TOKR B o6paauax R3MepHnR~ 8 uonepe'IIIOM MariiRTHOM none J:to 80 ~:rc, 

co3AasaewoM B MarSBTe co csepxnpoBOAHIIleA ooMOTKolt, H3MepesBH senacb npa TeMnepa

Type JI<BltKOrO renHK (4,2°K), B KA'I9CTB8 KpBTepRH nepexoAa B3 C8epxnp080AKIIlero B Hop

Manbsoe cocTosaae upa nponycKaiiBR qepea o6pa3en aneKT?aqec~:oro Toxa upaaBManocb 

no!IBneHHe"lla ero KOHU8X pa3HOCTH •nOTeBUR4nOB 0,02 - 0,05 MB, 

TepMosneKTpoABRJKylllaH ·cana o6paanos B nape c MeAbiD H3MepHnacb HR3KOOMHhiM no-

TeauoMeTpou c TO'IIIOCTbJO ±. 0,002 MB. B Ka'lecT8e '+' npBHHMancB 3HaK 

qacToro saooaH B nape c MeAbJO,' '-' - a11a1: T,a.A.c, t:/..- U B nape c MeAbJO. KoBUbl npo

sonoKR 3aJKRManRCb B MeAHblX ono'IKaX; OABH 113 HHX onyCKanCB B JKRAKHII a30T0 Apyrolt 

HaXOAHnCK npR KOMHaTaolt TeMnepaType. 

BenR"lBHa MHKpoTBepAocTR onpenenanac& sa upa6ope n~T-8 upa aarpy3Ke 50 r aa 

aeTpasneBHblX mn~ax. KaK noKa3ana B&MepeaaH, TpaBneHae no'ITR ae snaHeT 11a sena'laay 

MRKpOTBepAOCTR BcneACTBRe BbiCOKOII TBepJ:tOCTB o6paanoB R ManoA CKnOS110CTR K 11a1:neny, 

C~MB:a peaTresorpaMM senac& aeuocpaAcTsesao oT npoaonoK 11a nRnRBApBqecKyJO 

nnes~:y B pesTreaosc~:olt KaMepe PK.n. 
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Pe3yn&T&Tb1 accaeAOBAIIRH R RX o6cyJK.QeiiRe 

BnRBIIBe aa:w:aa~~:• OT B blCOitR.X TE'MUepaTyp sa CBOICTBa cunasa 

rJb .. 78'1. Zr 

Hawepena xpRTR"lecltolt unoTaocTR TO:w:a uo:w:a3ana, qTO c yaenaqesKeM TeuuepaTypbl 

8AltMO BAOKJOA48TCK T&HAeBUBB It pocTy jc , BellK'IKSa jG B MaJtCHMallbHOM none AnB 
0 • 

cJUJ:aB&f. a.u:aneuoro OT 1400 C, 6.11113lt4 1t 3Jra"lesRID Jc MB xonoAaonQ(jlopMHposassoA 
4 2 

llpOIIOliOD T0r0 M8 C0CTAB8 ( - 10 a/eM ), B TO BpeMH J:81t AnB cnnaBa, 3aKaneasoro C 
0 • 2 2 . 

1000 C, BeliR..._.. Jc cocTaB/IHeT scero 4 x 10 a/ cu ( pac. 1). H3Meaeaae Jc co-

uposoliCilanOC& R8M8SUR8M CTPyltTYPbl Cnnasa, C UOBbllllQIIRQM TeMnepaTypbl aaltanXK yse

IIR"lRMn:CK p&3Mep 3ep118 B CUIUlM OT 0,03-0,04 MM npK 900°C AO AHaMeTpa npoBOnoltK 

(0,25 MM) upa 120Q-1400°C (pHC, 2), nRIIRR SA peSTresorpaMMaX npOBOnOK 0 3alta.lleSBbiX 

C TeM118paTyp 1200 R 1400°C, CTaBOBKTCH npepb!BKCTbiMR, KpoMe TOro, Ba peiiTresorpaM

MaX. cllliTbiX OT uposonox, aaxaneBBbiX c 1200 • 1400°C, qeTJ:o pa3A8/IHeTca Ay6neT sa 

liRSKBX UOA ISOllblllKMR yrnaMR, 3TO CBJIA8T8llbCTBY8T 0 TOM, qTO C ysenR'I811R8M TeMne

paTypbl 3UanKR caMH aepsa CTaSOBliTCH 00.1188 COBepm8BSb1MB0 a MKKposanpBJK8BHll B IIRX 

cBRMaJOTCK. Ha pesTreBorpaMMax nposonox, aa:w:aneHBhiX B YBP c Bhlconx TeMnepaTyp, 

ltpoMe liRBKit BCXO.IIBOro oeTa-TBepAOrO paC'I'IIOpa, "l8Tit0 BHAHbi llHSD KapoHAa UHpKOIIBB 

ZrC . JIJIBKR ZrC senpepb!Bsbl, 'ITO cBBAeTenbCTByeT o ToM, 'ITO paaMep 'laCTRil Zr C 
-5 

onBao:w: 11: 10 cu, 06paaoB811He xapoK.Qa AKPltOHBB o6ycnoBlleao B3aRMoAelcTBHeM c uapa-

Mll All#yaaouoro Mac.na. noHBn811Re xap6na up• Bb!CoxoTeMnepaTypSblx OTJKHrax npaao- . 

AJ(T It UOBbllllQHRIO MBitpoTBepAOCTR UpOBO.IIOJ:R1 a T,S,A,C, Upll aTOM llO"lTR se R3M8Bli8TCK, 

Mo:lKIIO obiJio OlKRJUITio, qTO so apeMH BblcOJ:oTeMnepaTypaoro OTJKIIra STRX nposonox 6yAeT 

o6pa30BbiB8TbCll CTAOK/IRSHpoBaBBaK ltRC.IIOpoAOM am.4Ja-<jlaaa aa CqQT oo.rf'&moro CpOACTBA 

/11/ l 
ARPJ:OIIRll lt ltHC.IIOpOAY , 0ASaJ:O OTCyTCTBJIQ nKIIKA J..- i K S83Ba'SHT8/IbS08 K3M8B811K8 

T,8,.1{0 Co CBH.Q8TenloOTBy8T 0 TOM, 'ITO B AaSSOM CUilABQ ltO/IR'IQCTBO STOlt opa3bl 3lla'IHTenb

BO Mem.me ltO.IIIf"lecTBa 2r C • 

TAJ:RM o6paaoM, 8 Aa~BoM cnyqae BbiA8liKTb BnRliSKe TO"l8'1Hb1X AeojlexToB sa jc ae 

:YlUinOCb; T.X. UOBbiMQIIRQ Jc UO-BJIAHMOMy0 UOqTH n•nKKOM UpOKCXOilRT 3a C'IQT llOBB/18-

IIRK ARCllepcllbiX Bbiltel:teiiRA Z.,..C 1 KOTOPb18 KrpaiOT pOIIb aojlojleKTRBIIbiX nesTpOB nassKB
/4,5/ 

ra , 

BaRilBKe OTIIYCita H a CBOitCTBa aaxaneBBbiX /Jb·Zr cnnaBOB 

HaaeCTBo1 "'TT 8blltene11Re Menxo.~~:•cnepcaoA w -<!Jaabl npB pacna.~~.e j1 -TBepAoro 

pACTBOp& II llpOII8CC8 OTUyClta XOilOABOAeojlOpMllpOB8HHbiX "'b -l i npoBOnOK upRBOilHT J: 
. /2/ . 

3Ba'IHTellbSOMY poCT'f Jc • npeACTaBliBilO BBTepec BbiHCHBTb, KA1t08 B/IBBBJI8 sa Jc 

oUabiJIAeT pacuan j3 -TsepAoro pacTBOpa up• oTnycxe aaxaneBBbiX, BO Be Ae.PopMKpOBaB
awx CIUIAJ!IOJ!I, 
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Kax noxaaaao aa pae. 3 H 4, Je BOspaeTaeT no Mepe yBenaqeaaa npouomKnTellb

aoeTH eTapeBHSI npll .450°C noene saJta.nxa oT 900°C ennaaoa /lib e 80 H 76% Zr . PoeT 

Jc BU&T nap~nllellbHO e B03paeTaBil8M MBitpO~BepuoeTil ennaBOB, 

TepMoaneKTPOUBHJKymaa eana unR sa~:aneaaoro Nb- 76% 1.r ennaaa eoeTaBnReT 

0,172 MB, BospaeTaa!le T.a.u.e. uo saaqeaas 0,226 MB B enyqae ouaoqaeolloro eTapeBilSI 

eBnueTenbeTIIyeT 0 BwueneBHH ~ ~asw, BcneA sa MaB:eHMYMOM aa6niDua&TeR yM&Bb

meHH8 senH'IHBbi T.a.u.e., 'ITO rosopaT o paenane uJ ~asw 11 upespameaaa ee a d
~asy. Aaanorn'IBwM o6pasoM nsMeBR&TeR B aneKTpoeonpoTBBneaae aTOro ennaBa, IIpB pae

naue } -Tsepuoro paeTBOpa, KpoMe W ~83br1 o6pasyeTeR o6orameBB8SI Bllo6aeM 

j3' ~asa. C yB81IH'I8BH9M llpOUOliJKilTellbBOeTil eTapeHHSI BOSpaeTaeT ee KOliR'I&eTBo, 0 

qeM esnueTenbeTByeT yBeliH'I&BHe T, ennaBa ( Tc J3 '. ~asw 6onbme, 'I&M T.: aexou

aoA j3 - ~asw). 

BospaeTanne MRKpOTBepuoc.TB Hv ennaBOB e ysenaqeaaeM upouonJKHTenbHOeTB eTa-

peHHSI TaKJKe KOeBeHHO eBHUeTellbCTBYeT 06 yBenH'I&BilB KOliB'I&eTBa UHenepeBWX ~as, 

Ha onTnqeexoM MHKpocxone ne ynanoc& o6aapy1KRTb ~taxax-na6o swueneaaA, T.e. ns

MeaeHnR, npOBeXOURillBe B Cll118B8X UpH HX eTapeBHR, BOeRT ey6MilltpOeKOUil'l&eKBA xapax

Tep, Ooene 20- 'ISCOBOJI BbiUepJKKH B8 peHTreBorpSMMSX 6blllH BHUBW liBBilB rJ. ~8Shlo a 

npH 6onee KOpOTKHX BWU9pJKK8X HOBbiX ~aS 06HapyJKeBO He 6blll0, 

Kax '-" -, Tax n J.. ~asbr RBliSIIDTeH npaKTB'IeexB aeesepxnposouRmRMR, n ysenn

qenne HX KOllH'IeeTBS B eBepxnpoBOUHrneA'MaTpnne- j3 -TBePUOM paeTBOpe, llO-BHUHMO

My, H llpHBOUHT K B03paeTaBRID Jc • 

l1saecTao, 'ITO paenau fi -TBapuoro paeTBOpa II X01IOUHOJla~opMHpOB8HHbiX errnaBax .•. 
C yBeliH'IeHHeM llpOUOliJKHT&llbHOeTR OTJKBra J, UOeTRraeT MaKeRMyMa llpll BWUepJKKaX 

nopRJlKe onaoro ann aecxollbxllx qaeoa, rrocne qero aa6niDuaeTeH crran J~ aeneACTIIne 
!21 . 

xoarynRnnn uncnepeHblX ~as • B enyqaa sa~taneaabrX cnnaaoa Jc aospaeTaeT saa'lll-

Ten&no Meuneaaee, fipB BWU8PJKK8X II Ta'I&BHa 20-qaeOB liCe eme UpOUOliJKaeTCSI MOHOTOH

HOe B03paeTaHHe Jc ,n B03MOJKHO UOeT&lKeBHa 6onee BhleOKHX SBa'leBHJI KpHTH'IaexoJI 

llllOTHOeTR TOKa llpH 6onee UliRTellbBblX OTlKBraX, 

BospaeTaane xpHTH'Ieexoro Tolta nocne HHSKOTeMrrepaTypaoro oTrryexa saxaneaaoro 

·'' 7 /12/ errnaaa f"'O - 86% c.. r aeuaaao aa6niDuanoe& B pa6oTe KJiara 11 up. : e ysennqeaneM 
o · I 

JlliHTenbHOCTI'I OTI!yelta npn 400 C UO 166 'laeoB Jc MOHOTOBHO B03paeTaliO OT 6 X 10 
4 2 

UO 10 a/eM B !10119 26 K9. no MHeHHID aBTOpOBo TSKOe B03p8CTaBHe KpHTRqeCKOrO TOKa 

eBSIS8HO C AHenepeHblMH Bb!Jl81IeHHSIMH OMera~a3hl0 o6paSOB8BWeJieg UH~~ySHOHHWM nyT&M, 

B TO BpeMR KaK uJ - ~a381 06pa30B8BW8ReSI llpH 3aK811Ke STOro CllllaBa 6&3UR~Y3HOH

Hb!M llyTeM He npHBOJlH118 ][ nonyq&HHID BbieOKHX SHa'I&BilA j, . no HaWeMy MB&HBID, p83-

liH'IH9 B CB&pXllpOBOUSiillHX eBOJieTBSX S8Kaneaaoro B OTllymeBHOl'O Cllll8Ba 11/b - 86% lr 
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BW3B8HO Be eTOllbKO p831IH'IBeM B M8X8BilSM9 o6paSOB8HHH ~ ~SSW llpB SAK8lllt8 B OTnye-
/18/ 

1ta0 eJI:OllbltO pA31IB'IB9M B lt011B'IeeTBe (,A,) ~83hl B p83BWX COCTOSIIIBSilC I:Ait BSIIeeTBO 0 

B SAitaneBIIOM ennaBe e 85% Zr- liBHBA lA) ~a3hl 119 o611apyJKHBa8TCH ( T,e, ee O'I:&Bb Ma

~o), a npa oTnyc~:e BX HRT&BcHIIIIOeTb CTaaoBBTeR 3118'1BTenbBoA. IIpB epaBII&IIIlB pesyn&Ta-
/12/ 

TOll Ka11ra B up. e pasyn&T8TaMB1 IIOliY'f&IIIIWMH HSMB, lleo6XOABMO Y'I:BTWBaT&, 'ITO 

nponeee paenaua .ft -TMpnoro pacTIIopa B ennaae e 85% Zr nueT cymecTBallao 6weTpee, 

'19M paenan B ennaeax e 80 B 79% z~ , TaK K8K e YBel1B'I8HB9M eouepJKSIIBH BB06HR B03-

paCTaeT eTa6an&~oeTb 6eTa-Taepuoro paeTBOpa. 

BnllHIIB& OTJKBra BBJKa TeMnepaTyphl peltplle'l'annBsan•• aa 

eBoJieTBa IIII06BH 

HceneuQBBBBa npOBOAiliOCb 118 npoaono~:e as ano6nR usyx BIIUOB, pasnaqaamnxeR q:ne

TOToA, Bonae 'IHeTaB UpOBOliOI:a B XOJlOUHOU~OpMBpOBSBIIOM coeTOSIHHB HMena ~ •9,45°~ 

H 2 2 
C._ • 8 KS ( llpH TOKe 2 X 10 a/ eM ) 0 9119KTpoeonpOTHBll811H8 17 MHKpOOM,eM llpH KOM-

0 2 
llaTIIOA TeMnepaType H 2,8 MHKpOOM,eM llpB 10 K, MHKpOTBepuoeTb 280 xr/MM npB uaa-

, 2 
M9Tpe rrpOBOllOKH 0 1 16 MM B 230 xr/MM UpH UBaMeTpe llpOBOliOKB 0 03 MM, fipOBOllOK8 e 

6ollbWBM eonepJKaiiH&M llpBMeceA B XOliOAIIOUe~pMHpOBaBHOM COeTOSIHHH BM&lla Tc •8,2°K, 
2 2 He.., • IS xa (npa TOKe 2:Xl0 a/eM ), oeTaTO'IIIoe eonpoTBBneiiBe 12 MBKpoOM,eM, oT-

IIomeBHe 9ll8KTpoeonpOTRBlleHBSI npB KOMBaTIIOA TeMI!epaTypa K oeT8TO'IIIOMY 9ll9KTpoeonpo

TBBneiiR10 paBIISiliOeb 2,4 B MBitpOTB&pAOCTb-390 KrfMM
2

• CyuR !10 BaliR'IBB8 Tc 
1 

.Pn II 

no ysenH'I&IIHOMy aa 0,8% napaMeTpy pemeTKR, so BTopoA npoBOnoxe eonep~anocb oKono 
/14/ 

1-2 aT,% xaenopona • IIpeunonaranoe& oueaaTb BliHRHne sapouhrmea pexpHeTannHsannn, 

o6pasyiDrnRxeB llpR OTJKHre HB06RH IIB~e T&Mrrep8Typbl peKpHeTannHSaURB ( 61IHSKOA K 1000e) 
o r • 

118 KpBTB'I&eKHA TO][, 0TJKBrH nepBOJI llpOBOliOKH npH 500, 600, 700 C npRBaUR K eHR~eHHIO ~ 

(6 xre) llO ep8BHeiiRID e XOliOAHOUe~opMRpOBaBHWM o6p83UOM (pRC, 5), lis 9THX Ollb!TOB 

eneuyeT, 'ITO IIPOReXOUHW9e npH OT~Hre yM&HbilleHne HallpHJKeHRA B pemeTxe • 0 '18M eBHAe-

T&llbeTBy&T eHR~eHRe OCT8TO'IHOrD COllpOTHBlleHHH H yMeHbW&HHe P83Mb!TRH peHTreHOBeKHll 

UIIBRJI e llOBbiW&HReM TeMnepaTypbl OT~Hr8 - llpHBOUIIT K CHH~&BHIO Jc. 0 a sapoUblillll 

peKpHeT&liUBSaURB BH06BR, 06p8SYIDWBeeR B npoueeee BOSBDBTa Cp8BHBT8UbHO 'IHCTOrO Me

Tanna, flO-BHARMOMy, lie BliBS!IDT Ha J~ . 8TO eornaeyeTCSI e TeOpeTR'IeCKHMB npeucTaB

li&HBS!MB: Me)KJly eaepxnpoBOURWBMH eBOi!CTBaMB 38p0Ublmeft peKpHeTBllliH38llHB HR06HS10 o6-

paSyiDrnHXeR •lPH B03BpaTe, H eBofteTB8MH HH06R&BOi! MaTpHUbl HMeeTCSI llHillb Ha60llbillOe 

pa31IB'I:H9, !109TOMy OHH He OK8SbiBaJOT eTa6HliH311pyiDmero uefteTBBSI 118 llRIIHR MarHHTHOrD 

nOTOKa. fip11 OT~Rre BTOpOA llpOBOliOKH e 60UbillRM eouep~aiiHeM llpRMeeeft KHenopoua, B. 

OTllH'I:He OT BbiWeorrRe8HHOrO, H86liiDU8liOCb llOBbiill&HRe KpBTH'IeeB:oro TOKa B 2-3 pa38 noe

ne 1-~aeoaoro OT~Hr8 XOliOUHOAe~OpMHpOB8HHOn llpOBOllOKH npn 500-600°C (pHC, 6). noc-
• 0 

ne OTJKHra llpH 900 C KpHTHqeeKHll TOK B none 6 Kre yMeHbillRliCSI no cpaBH91!HID C XOllOUHO-

U9~0pMHpOB8BHb!M o6pa3UOM B 3,5 p83B. flHHHR HR06HR Ha peHTreHorp8MM8X, P83Mb!Tbl8 B 
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CJIY'I88 HCCli8J:lOBABRSI XOIIOJ:lBOJ:te410pMHpODaBHOit UpODOll01tH1 C UODbiW8BR8M TeMnepaTypH OT

JKBra CTaBODSITC!I cymeCTDGBJIO 601188 pesltBMR - npOHCltoJ:lHT CJIKTR8 RCJtaJK8BHit B peme'!"J[8 

BR06HR. 0J:tBODp8M8BBO UOSIDJUIIOTCSI cna6bl8 p8SitR8 IIIIHBB HOBblX ljlas • AJbO R "'"2. 0 'l'.e; 

D MaTpBJl8 UOIIMlllOTCSI J:tBCil9pCBhl8 '18CTlJID,I ODC.IIOD Do6p, XOT0pbl8, D8pOB:TRO, R CUOCOCI

C'l'ByJOT UOBbiW8HBD J~ llO cpaBR9HBD C XO.ItOAli~PMHPODABRblM o6pasnoM~ YuenmeaRe 

xpHTH'IeCJtoro TOEa nocne o'l'..ra npR 900°C o6ycno:aneao, c OAROA C'l'Opoabl1 npotteccoM 

p9ltpHCTallnRS81lHB 1 a C npyrolt - yJtPyiiR8HB8M OltRCBblX 'IAC'l'Ril llpH YB8.1111'18HBR .,.MnapaTy

pbl OTJKRra (XoTII o6mee XOnR'I8CTBO OJtRcliOB B 9TOM cnyqae R Bblme). 

noHRJKeHBe oC'l'aTO'IS:oro conpoTHDn9RRH npoaonoxa nocne OTJKHra npR 550-800°C R 

aospacTaRRe Tc , no-BHJ:lBMoMy1 cusaao c yMea~omeRReM coneP'lKaau xxcnopona D T:aep

noM. pacTBope sa c'leT a~o~neneawsr oJtHcaoll «Pashl. nocne oTJKRra np• BblCOitHX TeMnepaTypax 

(900°C) P, R "fr_ npR6nHJKAIOTCSI X SB8'18BHHM aTRX BeliH'IRR, xapaltT8pRbiX Ami XO.ItOJt

ROAeljlopMHpOD8HBOII npOBOIIOitB. He RCK.Iti0'18H00 'ITO 9TO HM!IeTCII peSyllb'l'aTOM nornOIII8RBB 

npoaonoxoll nononHBTenbRblX xo.nK'Iec'l'D x~rcnopona .mapeMII OTJKBra. 

3 a x n 10 'I e a B e 

1. B p11ne cnyqae:a aospacTaase !tpB'l'R'!ecxoro Toxa npoxcxoAB'l' np• yMeSbmeBRH xc

xaJKeaaocTB pemeTXR • BbiSblDaeTcR o6pasoD&HB8M nscnepca~o~x a~o~neneaslt c nnoxHMH caepx

npo:aonlllllBMR CBOACTDaMBo 

2. Ha6.niOna:ameec!l npR noBhlmeaHB TeMrrepaTyphl saKanKB oT 900 no 1400°C yDenne-

HBe Jc CU118B8 (1/b - 75% lr 06'&1!CHSI8TCK Bblll9119IIH8M B TB9pll0M paCTBOpe '18CTllll z:ap-

0Bil8 -.t~pltOHBSir OOp8SOB8DWBXCII Sa C'18T B38RMOJt91tCTimSI C U8p8MR nsljxjlysHOHHOr'O M8Cll8. 

8. B pexpHcTannRsoD&HHbiX cnnaaax Nb - 80% 'lr- H ltlb - 75% Zr- , saKaneaabiX 
0 0 • 

c 900 C, a nponecce BX ~neny10mero oTnycxa npx 450 C npoxcxonxT aoapacTaHHe Jt . 
Tax JKe, xax ll npB oTnycxe xononaoneljlopMBpOBaHBbiX o6pasnoa, no oO'&IICHIIeTca pacna-

llOM jJ -'l'BepllOro p8CTBOp8 C o6paSOB8HB9M llHCnepCHbiX Bbill8119HHJI W -ljla3bl B t:J.. -

cP83blo 

4. 0TJK11r XOIIOilHOileci>OpMRpOB8HHOII npOBOIIOKH H3 'IBCTOrO HROOHH llpB T8MnepaTypax 
0 • 

500-700 C ('ITO HBJK9 T9MnepaTypbl pez:pBCT8llliii38JlHR) UpHBOilBT K llOHHJK91lHIO Jc r T.e. 

llHCil9pCilb19 38POilbiWB peltpHCT8.1t.ltHS81lliB B9 ll0BbiW810T 1tpHTII'19CKOr'O TOK8 1 8 .OTJKBr npo-

BOIIOO C OOllbWHM COil!'P8lKABH8M npHM8Cell KHCnopona llpHBOilBT Jt UOBblW9HBIO Jc 
cqeT o6paso:aallHII nxcnepca~o~x Bbllleneaxlt fllbO 11 Nb,O. 
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Pac, 5, H3Meaeane cBoficTB nposonoEH B3 qacToro HBo6HH B 3&BHCBMOCTB OT TeMnepaTyphl 
OAHoqacosoro OT*Bra. 
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Pac, 6. H3Meaeane csoacTB aao6aesoa nposonoEB, 3arpH3Heaaoa xacnopoAoM, B 3&Bacn
MocTa OT T8MnepaTypb1 OAHoqacOBOl"O OTlKHra, 
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