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CrrnaBbt CHCTeMbt Nb- Zr B lliHpOKOM HHTepBane KOHU9HTp8UHH !Ip9UCT8Bl1H~T HHTe-

pee K8K CBepxrrpOBOUHUll!i! M8T9pll8fl C BbiCOKHMH 3H8'19HHHMH KpHTH'I9CKOI! !IflOTHOCTH TOK8 

j 
0 

H aepxHero KpHTH'IeCKoro MarHHTHoro rronst Hr • OpH aToM MaKCHManbHbtMH KpH-

/1-3/ 
TH'IeCKI!MH rromtMH o6naua~T crrnaabt c 6onhWHM couep>t<aHHeM UHPKOHHst (pH c. Ia). 

0UH8KO B XOl10UHOU9<jJOpMHpOB8HHOM COCTOSIHHH OHH HMe~T 3H8'1HT9flbHO 6onee HH3KH9 j 0 
/ 3-5/ 

B cpeuHHX rron11x, qeM crrnaBbt c 25-33% Zr (pHc. 16), acneucTBHe qero rrvcneuHHe 

l10Up06HO HCCl19UOB8flHCb BO MHOrHX pa60T8X H llillpOKO HC!I0flb3Y~TCII UflSI H3rOTOBnepHS1 

CBepX!IpOBOUIIUlliX ConeHOHUOB C liOfliiMII no 60 Krc. 

/5-7/ 
B orry6nHKoBaHHbtX HSMH paHee pa6oTax coo6manocb, 'ITO c rroMOUlb~ TepMoo6pa -

6oTKH !Ipll 450°-55Q°C B CO'IeTSHHH C XOflOUHOII ue<jJopM8UH9H MO>KHO yaenH'Il!Tb KpHTH'19CKy~ 

rrnoTHOCTb TOKa a crrnaae Nb - 75% Zr 6onee qeM Ha rropstuoK (uo 10
5 

a/cM
2 

B none 

• 30 Krc), T.e. MO>KHO cuenaTb aToT cnnaa rrpHrouHbtM un11 HaroToaneHHst coneHoHuoa. Cne -

uyeT liOU'I9pKHyTb, 'ITO qeM HH>Ke TeMnepaTypa OT>KHra, T9M MeHee Bbtpa>KeHbl T8K H83biB89-

Mbte •a<P<!>eKTbt uerpauaUHH• KpHTH'IeCKOrO TOK8 B CO/l9HOHU8X, T.e. YM9HbllieHH9 ero !IO Cp8B­

H9HH~ C j
0 

B KOpOTKHX o6p83U8X. OoaTOMy !Ipll HC!I0flb30B8Hllll CBepxnpOBOUSIUlel! !IpOB0/10-

KH Uml H3rOTOB/l9HHSI coneHOHUOB 06bt'IHOrO THna, B KOTOpbtX CBepxnpOBOUSIUlHH MaTepH8/l H e 

38lliYHTHpOB8H 0'19Hb 60/lblliHM KOflH'IeCTBOM M9UH, !IpHBOUIIUlel! K liO/lHOH CT86H/lli38UHH/S/ , 

rrpi!MeHSI~T HH3KOTeMrrepaTypHbtl! OT>KHr ( • 500°CI Ua>Ke Uflll Cl1/l8BOB C COUt.jl>K8HIIeM Ullp-

KOHIIII < 75%. 3TO !IpHXOUHTCII uenaTb HeCMOTpSI H8 TO, 'ITO M8KCIIM8/lbHbl9 j 0 B KOpOT-

KIIX o6p83U8X H3 3THX Cl1/l8BOB rronyqa ~TCSI !IpH 3H8 '1HTe/lbHO 6onee BbiCOKHX TeMnepaTypaX 

( B!IIlOTb UO 700-800°C) /e-ll/. Heyuo6CTBO 38Kn~qaeTCII B TOM, 'ITO He3HB'IIIT9/lbHbte KO/le-

6al!HII TeMrrepaTypbt OT>Kl!ra OKOflO 500°C !IpHBOUSIT B Cnyqae 3TIIX Cl1l18BOB K 60/lbllil!M H3-

, 11 rro aToMy TpyuHo uo6HTbCII cTa6HnbHbtX peaynbTSTOB. B aTOM CMbtcne 

cnnaa Nb - 75% Zr o6nauaeT TeM rrpeHMymecTBOM, 'ITO M8KCHM8/lbHbte j
0 

rronyqa~T 

CSI !IpH 5()()
0 

+ 50°C H H960nbWHe Olliii6KII B TeMrrepaType M8/l0 CK83btB8~TCII Ha peaynbTa-

Tax. 

B HacTollmel! pa6oTe noupo6Ho HccneuoaanHcb BllHstHHe unHTenhHOCTH OT>KHra npH paa ­

HbtX TeMnepaTypax ( 400- 550°C) H BnHstHHe CTeneHH xononHol! ue<PopMaUHH nocne npoMe>t<y­

TO'IHoro OT~Hra H8 KpHTH'I9CKYID nnOTHOCTb TOK8, 8 TBK>Ke HB upyrHe <jJH3H'IeCKHe CBOHCTBB 

H1 B qaCTHOCTH 1 HB ITn8CTHqHQCTb npOBOnOKH H3 Nb - 75% Zr 
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Hccne noe8m!cb TpH cep1111 npoeono K, x8p8KTepHCTHK H KOTOpbiX npneeueHhi e T 86n Hu e . 

0 n 8CTH q JIOC Tb Cllll8B8 Nb - 7 5% Zr T 8 KOB8 , 'ITO OH, B OTnJ.PJHe OT cnna BOB C nOHH >KeH HblM 

coueplKBHHeM Zr , ll03BOn>Ie T llOnyq8T b MenHOe llOKpb!TIIe noCT8TOqHOlt TOil !Ili!Hbl 

( 0 , 05 - 0,07 MM) MeTOilOM llll8KIIpOB 8 HHS1, T,e, n y TeM npOTSl>KKII n pOBOilOKJI B MeUHOM ' q y n Ke' , 

DpH aTo M oTna n8eT Heo6 xouHMo C T b e p11ne TpynoeMKHX onep8UHl'l' ( o qi<cTK8 11 aneKTp onHT II ­

qecKo e MenHeHHe) . KpoMe Toro , aTo n o a eonHeT npoeouHTh npoMe~cyToqHbi l'l' OTlKHr npoeonoKH 

B a pro He ( q eM UOCTHr8e T CS1 Bb!COK 8!1 OllHOpOU HOCTb T eMne p8Ty pb!) 6ea npellB8 p11 TellbHOil oqHCT-

KH , npHtt8M 3 8 r p SI3H8HH e n pOBOn OKH P838MH n pBKTHt.IeCKH H C Kn iOttaeTCH . 

BnHHHHe nni<Ten b HOCT H OT >KHr& H8 caollc Tea Nb- 75%Zr 

H 8 pH c . 2 n oK838HO HaMeHeHHe j 
0 

Ha Mepelllml'l' npH 4,2° K ll n o nepe q u oM n one 

27 KrC , 8 T 8 K >K8 nnaCTH 'IH OCTH, N '· OT AnHTenbHOCTH OT>KHP8 

6 os c neperR6ow B 8 + OOQ no paa p ymeBHM n poaonoKH ; 

N o6oan8qaeT q11c n o rH-

p anRyc K p H BH3 11bl npu 

Jl3 rH6e 3 MM) , 113 p11CYIIJ[A BHAIIO, 'ITO BpB yaenH'I911BB epeMe HR OTlKHr8 AO T p ex 

q 8COB j 3a MeTHO flO HH3HilOCb TOilhKO B c n yqae OKO H qaT e llb HOrO OT lKHra llpll 5 50° C. B T O 
0 

>Ke e peMH n ocne 6onee unHTe nhHo r o OTlKHr 8 nn8CT H'IHOCTb, o ueHHB8B WBH C!1 no peayn bTGT aM 

I!Cilb!T8HI!l'l' 118 n e p e M e HHbl l! 11 3 r116 , 6blll8 a u a q HT e llbHO Hl!)l(e 0 q e M llpll Kp8 T KOBpe M e HHOM OT-

>KHre . 

/ 5 , 6/ 
Opoeeu e HHbi e H8MH p8Hee HCn bi T8HHH neHToqJibiX o5paau oe nocne OT>KI!ra e Teqe-

HHe nnHTenbnoro e p e M e HH (ennoTb no 200 q 8 coe) npu 570°C c nocneny~mel'l' xonouHo A ue­

IjlopM8UHeli T BKlKe flOK 8381lH 0 qTO Kp8 TKOBpe MeHHb!e OTlKHrH llpi!BOnH T K CymeCTBe HHO 60nb-

W e My llOB b!WeHI!~ j 
0 

, , q e M lllli!Te llbllb! e , num b llpll Cp 8 BHHTe llbHO HH3 KOI! TeMnepa T ype 

( • 400° C ) y eenH'IeHHe nnHTe llbHOCTII CT 8 p e HHS1 n o 10 qac , npHBOnHilO K M OHOTOHI!OMy B 03 -

p8CT8HH~ j
0 

T 8 Ko e noee nen11 e j 
0 

c e11aan o c Ha M e u eHHHMH np11 OTlKHre MHKpo c T pyKTypbi 11 Ijl8ao ­

eoro COCT 8 B 8 , KOTOpb!l! onpenell!lllCSl C llOMO!Ub~ peHT reHorpa ljJH q eCK I!X M e T OilOB ll nyT eM 

Ha yqenHH KHHeTHKil HaMeHe HH H IjJHaHqecKHX c e o l!c T e , B n pou ecce oTn ycK a npu 400-500°C 

npOHCXOnHilO o 6 p 8 30B8 Hile o qeJib M e llKHX ll n8lKe c y6MHKpOCKOlll!q ecKI!X BbineneHHl'l' W - ll 

a - Ijl83bl 0 o6n a n 8 !01Ili!X HH3KHMH T0 H H 0 (eM, p u c , 3; Dw /D f3 II Da / D{3 o6o -

3JI8q8~T KOnHqecTB8 w - H a - Ijla abi OTHOCHT enb HO u c x onHoll f3 -Ijl8abd. Dpu 500° C 

W -Ijl838 cymeCTBOB81l8 lli!Wb 118 Jl8q81lbllblX CT8nHHX p8Cil8U 8 llpH K p 8TKOBpe MeHHOM OT-

lKHre, KonuqecTeo p8BHoeecHoli w -Ijl83 bl MOHOTOHHO eoa p 8CT8eT c y eenuqe l!l<eM epe MeHH 

OTlKHr8, npuqeM onHoepeMeHHO yeenuqHB8~TC!1 11 p83Me pbl aepen. D o Hene HH e a -<!>aabi M O-

JKeT 6 biTb ne T OilbKO p eaynbT8 T OM p acn 8 ua f3 -Tee pnoro p acTeo p a , 110 11 peaynbTa T oM 

CT86Hil1!38UIIII KI!CilOpOUOM UllpKOHil!l 113-38 6onbmorO cponcTBa ero K KI!Cilopony/!
2/ 

Kpo Me Toro, He HCKn~qeHo, qTo onpeneneHHbii! BKn8 n e y eenH'IeHue j 0 npu OTJKHre 
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BHOCHT nos!BneHHe 38p01lbi!Uel! peKpHCT8ITITH38UHH. 3TO CneayeT, BO - nepBbiX, 1!3 T oro, 'IT O 

TeMnepaTypa peKp11cTannH31lUHH cnn aooa CIICT e M bi Nb- Zr 

COilepJK8HIIil UHpKOHIISI, II I!MeHHO TBKIIM JKe o6pa30M yaenii'IIIBBeTCSI OflTIIMBITbHBSI T eMnepa ­

Typa OTJKI!ra, np11 KOTOpol! HB6niOil8IOTC51 MBKCIIMBnbHbie j 0 • Bo-BTOpbiX, Mbl yCTBHOBIIITII 

npS!MbiMII 113MepeHH51MII, 'ITO npll HeKOTOpblX TeMnepaTypaX OTJKIIPB, MeHblUIIX TeMnepaT ypbl 

peK p11CT8ITITII38UIIII, H86ITIO/l8eTC51 CytueCTBeHHOe flOBbi!Ue HHe j
0 ll.B>Ke B T8KHX C HC T eMBX, B 

KOTOpbiX Bbi/leneHI!e HOabiX <f>a3 ao06111e He llOITJKHO npOHCXO/li! T b ( fl0/lp06Hbie pe3yiTb T 8 T bl 

6y/lyT ony6ni!KOaBHbl fl03/lHee) • 

!13 npl!ae/leHHbiX HB p11C. 2 H 3 /lBHHbiX al!/lHO, 'ITO 113MeHeHI!51 <f>a30BOPO COCTaaa npH 

OT>KMre COnpOBO>Kll8€TCSI He TOnbKO H3M€H€HHHMH j
0 

, HO H pe3KHMH H3MeHeHHSIMH T8KHX 

caollcTB, KBK T 3llC, y/lenhHoe 3neKTpoconpoT I!aneHHe H aHyTpeaaee Tpe1111e . BaH/lY T oro, 'IT O 

3TH CBOACTB8 MO:>KHO H3MepHTb llpH KOMH8THbl X H JlH, BO BCSIKOM cnyqae1 He llpH renHeBbiX 

TeMnepaTypax , y/l06HO H uenecoo6pa3HO npi!MeHHTb H3MepeHI!e 3THX CBOHCTa /liTSI KOHT pOnSI 

KB'IeCTaa caepxnpoBO/lSIII!ell npoaonOKH no /lnHHe . 

BnHHHHe xo nonnott ne<bopMBilHH nocne npoMe?KyTO'-IHoro oT>KHra Ha caoHcTea 

npoaonoKH 

4T06bi abiSICHHTb, KBK 113MeH51eTC51 j
0 

OT CTeneHI! XO ITO/lHOl! lle<f>opMBUIIH nocn e npo-

MeJKyTO'IHOPO OTJKI!ra, 6bmH 113roToaneHbi o6pa3Ubi npoaonoKII ( cep1151 III) /lliBMeTpoM 1,35 ; 

0 , 8 ; 0,4 MM. nocne OTJKHra HB 3TOM /lHBMeT pe np11 500 °C a Te'!eHii e I 'IBCB ace n po a o n o -

K if 6binl1 n pOT SIHYTbl /lO ~ 0 , 2 MM ( abiTHlKKii paaHbl 45 I ; 1 6 : I; 4 : I cooTaeTc T aeaa o) . 

KaK a li/l HO 113 p 11 c . 4 , KpiiTii'!ecKa<~ nnoTHOCTb TOKa a cpe/lHii X non<~x Mano 3aa!1CHT OT c T e ­

n e Hii XOITO/lHO ll lle<f>opM8UH11 nocne O T JKiiPB . 0/lH B K O C y a e n li'IeHiieM n o nS! pa3ITI1 '!11 e n p0 51an 51 -

e T C51 ace CliiTbHee: o6pB3Ubi, flO}laeprHyTbie n poM eJKyT O'IHO M y OT JKI1P y 1 I!MeiOT Cyll!eCTae H HO 

6on ee abiCOKII e j 
0 

, '!eM T il, KO T Opbi e no/laepranliCb OTJKiir y HB KO He 'IHOM /lliBMeT pe. H a 

p11Co 5 npellCT B Bne H bl pe3ynbTilTbl 113MepeHI151 a flOITSIX /lO 8 0 KPC HeC K OITbKiiX nap o6pa3UOa 

113 p83H biX cepHA . fl e rK O B H.09Th , 1.fT0 1 H9C M OTpH HB O T HOC HT€ JlbHO H € B biCO KH9 C T e n e HH XO -

n O/lHOl! lle¢opMaUH11 nocn e n poMeJKyT 6 '!Horo o T JKiira ( abiTSIJKK H nop<~/lKB 4: I), y 3 TI1X 

o6p83UOB 1 .li 81.JH H8 SI C H € KO T Opbi X nonet\ , B H9CKO J1bKO pa3 6onbwe , tte M y T 9 X 1 KOT Opbl € llOJl.-

aepr 8 11HCb OK OH1.J8T € JlbHOMy O T >KHry. 

TaKHM o6pa3oM, y'lliTbiaa <~ , 'IT O n n acT ii'IHOCT b n po a o noKii C Hii JKaeT CSI n p 11 3 H il '111Te nbHOl! 

C T e n e HH XOITO il HOI! lle<f>o pMilU1111 ( p 11C o 4) , M O JKHO C'II1T8Tb, 'ITO /l iTSI nony'IeHHSI a biCOKiiX pe -

3 YITbT8 T Oa /lOCTBTO'IHO npoaO/lliTb npoMe JKyTO'IH bll! OTlKiiP npoao nOKii HB /lli llMeTpe, a 2 -

3 pa3 a npe a bitulliOII!eM KOHe '!Hbi ll /lliB MeTp roToao l! c aepxnpo a O/l SI II!e ll npo a o noKii 113 

Nb- 75% Zr . 
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06cy~eaHe peaynbTaToB 

B aacToHmel! pa6oTe aeaasacHMbiMH H3MepeHHHMH noATBep JKileH caenaHHbii! HBMH pa-

17/ 
aee BbiBOil 0 TOM, 'ITO CHnbHOe yaenH'IeHHe j 0 !lpH OTJKHre Nb - Zr cnnaBOB HB OCHO-

Be Zr CBSI38HO He C yaenH 'IeHHeM 'IHCna !lHHei!HblX H!lH TO'Ie'IHblX ne<jJeKTOB, 8 C Me!lK OilH C-

nepCHbiMH BbJileneHHSIMH HOBbiX <jJaa C !l!lOXHMH CBepxnpOBOilSilllHMH CBOI!CTB8MII H, B03MOJKHO 

C !lOSIB!leHHeM 38POilbJ!Ilel! peKpHCT8!l!lH38UHH B fJ - TBepaoM pacTaope.( 3To c neayeT H3 

Taro, "'TO B COCTORHJIHX C BbfCOKHMU nnoTHOC THMH TOKS ynenbHOe 3neKTpOCOnpOTHBJI9HUe H 

- I 
BHyTpeaaee. TpeHHe, Q , 38 BHCSIIUee COOTBeTCTBeHHO OT KOHUeHTp8UHH B8K8HCHI! H !l!lOT-

HOCTM llHCnOK S UHti, He TOnbKO .He yBeJUtt-IH BSIOTCR , HOt HS060pOT 1 3H8t.J:H T9nbHO YM9HbW8lOTCSI'-

/13 14/ p~<c. 4). TaxaSJ I<a pTaaa cornacyeTcH c Moaenblo Aa11epcoaa ' , cBH3biBBJOIIIel! y-ruPte-

HHe j 0 CO CTa6HnB38UHel! nRHHI! MaraHTHOrO !lOT01<8 B CBepxnpoBOilBHX8X II pOllS p83-

nH'I1' JMH ne<jJei< TSMH !<pHCT8fl!lH'19CJ<O I! p91!l 9TXH. 

2 e3ynhToS;Tbi 1 OTHOCHJllH9C51 K BllHRHHlO HB j 0 rrpOMeJKyTO'IHOrO HflH OKOH'18Te!lbi!OrO 

OTJKI!ra, HYlKHO, !10-BHilHMOMy, 06'bSJCHS!Tb p83flii'!HeM B MHKpOCTpyKTypax o6pa3UOB, T,K . 

<!>aaoBbtl! cocTaB npH xononHoll ne<!>opMaUHH nocne OTJKHra He MeHH!lCH. Ha pac. 6 npeacTaa­

neHbt MHKpocTpyKTypbi cnnaaa , OTOJK>Keaaoro npH 500°C,( 1 qac) 6ea nocnenyJOmel! ue<!>opMa­

UHH H C nocnenyJO!Ileil npOTSilKK Oii OT (6 1,35 llO ~ 0,2 MM. HenocpellCTBeHHO nocne OTJKHra 

-5 
06pa3yJOTCS Cp8BHHTe!lbHO paBHOOCHbte '18CTHllbl a -<!>a3bl p83MepoM-IO CM C paCCTOH-

HHeM MeJKily HHMH nopHilK 8 10-4 CM . npH rrocnellyJOtlleM BO!lO'IeHHH MHrKHe Bblll9!l9HHSI a -

<jla3bl ( nO'!TH 'lHCTbU1 UllpKOHHil) Bb1Tl!rl!B8JOTCSI BllO!lb H8!1p8B!l9HHH !lpOTHJKKH H HX norrepeq-

~ -4 
Hbiil paaMep yMeHblllaeTcH no - 10 eM, a anHHa soapacTaeT ao w 5.10 eM. PaccToHHHe 

-5 
Me~y 'IBCTHUaMI! CT BHOBHTCH - 2. 10 eM. TaKHM o6paaoM, xonouaoue<!>opMI!poaaHHbtl! noc-

ne OT>t<Hra CrTil3B, o6nB.QBIOUlHA" BbiCOKHMH j 0 B 50ilhWHX fl01lSIX 1 C0Jl9p)KHT 3H8t:fHT91lbH09 

KO!lH'IeCTBO BO!lOKOH HeCBepX!lpOBOil>Jl!lel! <jJ83bl 0 BbiTHHyTbiX BllO!lb npoBO!lOKH H CpllBHHTe!lbHO 

paBHOMepao pacnpeaeneHHbiX no ce <JeHHJO. npH 3 TOM B n106oM nonepe'IHOM ceqeHHH npoao no­

KH KO!lH'IBCTBO HBCBepxnpOBOilSilllHX BK!lJO'IeHHil H8 ellHHHUy llOBepXHOCTH BO MHOrO pa3 Bbl­

!Ile, '!eM y npOBO!lOKH, !lOilBe prHyToi! OKOH'l8Te!lbHOMy OTJKI!ry H COileplKS!Ileil nlllllb 0 T il9!lb-

Hbte, peax o pacnonoJKeHHbte aepaa. MoJKao rronaraTb, 'ITO pa3!lll 'llle B j
0 

CTBHOBHTCSI 

OC069HHO 38M9THblM B 60ilblUHX llOilHX nOTOMy, '-ITO .,)K9CTKOCTb' peweTKH llHHHA: MBrHHTHO-

ro nOTOKB BOapaCTBeT C yaenH'-IeHHeM ITOnH H 3AeC b CTBHOBUTCH BB>KHbiM yaep>KBHHe HX HB 

B03MOJKHO 60!lbllleM 'lHC!le ueHTpOB rrpHBSI3blB8HH5! ( "ITHHHHHra •), pacnO!lOJKeHHbiX HB p8CCTOSI­

HHHX, ITO nopS!IlKy BeiTH 'IHHbl 6!lH3KHX K paCCTOSIHHSIM Me JKUY BHXpeBbiMH !lHHIISIMH d (H). 

/ 15/ 
nocneaHee MOJKHO oueHHTb cneuyJO!IliiM o6paaoM. Ecnu pellleTKa nRHHI! TpeyronhHBH , TO 

!l!lOTHOCTb !lHHHil n = 4/,/Sd~ . C Upyroil C")'OpOHbl , B peay!lbTBTe TOrO, '!TO K8lKil8SI BHX­

peBBSJ !liiHHSI COileplKHT OlliiH KB8HT M8rHHTHOrO nOTOKa, ¢ 0 = 2,01.10-7 
rC.CM

2, H nona-

= n<f>o rast, ttTO B 6onhlllHX ITOnHX B 1111H 
-----

5 
BHeliJH 

d • v'~/y3R~(3, 5 - 2) 10- eM. T aKHM o6paaoM , npn rrpoMeJKyTO'IHOM OTJKHre aeAcTBRTenb -

, rrony'lHM ll!lSJ rronell 50-80 xrc : 

6 
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HO C031l8JOTC!I yCIIOBHSI pacrrpeaeneHH!I ueHTpOB IIHHHI!Hra, 5IIH3KHe K OIITHM8IIbHb! M, He HC-

KnJO'IeHO T8K)Ke 1 tfTO 6onee BbiCO KHe j0 rrpH rrpoMe~yTO'IHOM OT~~re IIOIIy'IBIOTCSI H H3-38 

HeKOTOporo yBeiiH'!eHH!I KOIIH'!eCTB8 IIHHeaHbiX ae~eKTOB rrpH IIOCII81lYJOilleA XOIIOilHOit ae~OpMa-

UHH, 

CneayeT OTMeTIITb, 'ITO MenKOill!CrrepcHbiA xapaKTep Bbiil8II8HHii B cnnase Nb - 75% Zr 

IIpH HH3KOTeMnepaTypHOM OT~Hre npHBOilHT K IIO'I1'H IIOIIHOMY OTCYTCTBHIO <><P<I>eKTOB aerpa ­

.ll8UH H TOK8 B coneHOHJl8X1 H3T"OTOBneHHblX H3 STOrO Cll1l8B8. TaK, HanpHMep, B ConeHOHJl9 

HB 62 Krc
1 161

, H3rOTOBII8HHOM H3 IIpOBOIIOKH II C8pHH 0 OTHOWeHH8 KpHTH'I8CKHX TOK OB B 

KOpOTKOM o5p83U8 K KpHTH•reCKHM TOK8M B COII8HOHile He 1Ip8BbiW8IIO 1,2 - 1,3 ll8~8 B He-

6onblliiiX IlOIISIX, 

Ma acero BbiWeH.3nomeHHOro cneuyeT, qTo npoaonoKa H3 cnnasa Nb- 75% Zr , I!Oil--

BeprHyTaSI rrpoMe~yTO'IHOMY OT>KHry ( Ha llH8M8Tpe, B 2 - 3 p838 IlpeBbl W8JOilleM KOHe'!Hbiit) 

rrpH 450-500°C B TeqeHHe KopoTKoro speMeHH ( • I qac) o5naaaeT o'!eHb xopowHMH csepx­

npoBOil!!IliHMH csollcTBBMH, BbiCOKoA rrnacTH•tHOCTbJO H npo'!HOCTb!0/
7 1• BBHilY aToro, a TIIK­

>Ke Y'IHTbiB8>1 50IIbWY!O CT85HIIbHOCTb nony'!eHHbiX CBOiiCTB H8 p83HbiX rrapTHSIX rrpOBOIIOKH, 

Te~UOJTOT"Ht.IHOCTb H 3KOHOMH9'HOCTb 1 MQ)KHQ nonar£1Tb, qTO llpOBOJTOK8 H3 Cfi1l8B8 Nb -75%Zr 

HaA/leT WHpOKOe rrpHMeHeHHe llpH H3rOTOI>neHHH CBepxrrpOBOil!l lliH X COIIeHOifllOB .llli<I C031l8HII!I 

noJteA, npeBbllllBtolliKX 50 - 60 Jtrc. 

Ta5JtHua 

XapaKTepu cTHKa u ccneaoBaHHbiX nposonoK 

Cep'"' npoM,OT- KoHe'-!Bbtil T eMnepaTy- flnHTBIIbH , TonmnHa YcnoBH!I 

>KHr H8 (A, 
~,MM 

pa OT>KHra, OT/KHT"8 1 Me.llHOI"O 

"qynKa; 
0 T)f{HT"8 

MM oc 'IBC 

MM 

I a 0,5 0,25 400 , 500,570 BaKyyM 

15 0 , 265 400 ,450, 500 BaKyyM 

fla 0,7 0,33 475 0,07 aproH 

i!5 0,29 500 0,05 apron 

Ill 0 ,4;0, 8 ; 
0,2 

400,450,500 1,3,10 BBKyyM 

1,35 

VICXOilHblil llHaMeTp - 5 MM. 
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H 111rc 
(o) 

p II C, ], BniiSIHIIe COCTBBB HB BepXHee KpiiTII'!eCKOe MBI'HIITHOe none Hr II j 
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(H) B 
nonepe'!HOM none LlnSI xonollHOlle¢opM11poBaHHhrx cnnaBoB Nb- Zr . 

1
.
1 KpHBbre(a):l-Rr ,113MepeHHoe np11

2
1, 2°K 11 j =lOalcM2 (no llBHHb!M pa6oTbr 1 J; 

2- Rr (4,2°K; l alcM ) ~3 12~ 
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a/eM ) 11;/3 / 
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6 
om*wa , ¥OC . 

fO 

P H c. 3. KHHeTHKa H3M&B8BIIH npH OKOH'<BTenbHOM OT>KHre: coaep>KaHHH "' -<!>aabi 

( Dcu / D {3 ) H a -<!>a3bl ( Da0 / Df3 ) ; TepMoaneKTpOilBH>KY!IleA CHnbi Nb-Zr B 
na8e c MellbiO ( KOHTBKT npH 78 -~); yaenbHoro aneKTpoconpoTHaneHHH npH 
78 K; BHyTpeHHero TpeHHH, Q npH 3QQ°K. 

II 



... 
t 
~ 
0 

' . ...... 
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~ 

100<: 

80; 
E 

60 g 
:t 

o1'ro 5 o E 
z.o 0 

0 ""' 10~ o~. e;-~o~.~~--~--~----~~~--__j ~ 
1,i f.~ 0,6 0,8 1,0 

; npoMe* - om:>/CuiQ 
1 

,.,,., 

p H C o 4, 3aBHCHMOCTb j 
0 

( 27 KI'C) H nnaCTH'IHOCTH OT CTeneHH XOliCJ::HOl! ue<i>opMaUHH 

nocne npoMeJKyTO'IHOI'O OTJKHra (npOBOTIOKa Ill cepHH i KOHe'!Hb!l! ~ 0,2 MM), 

)J ~ ~~ 'i--,t J.l"tt'Pr ~! 

'[- -~----t """"::-·-- ll ... ....... 1' 
- ~u ------ . U 1.. ~-----
~u u ~ 

1 
10 e JO .0 SD 10 10 

p H c, 5, j 0 (R) npH 4,2°K ATI!I npOBOTIOK C npoMeJKyTO'IHbiM (KpHBbie C HHAeKCOM (a)} 

H OKOH'IaTenbHbiM ( KpHBbie C HHAeKCOM ( 6)) OTJKHI'OM, BHH3y OTHOilleHH!I 

j
0 

OltOH'I. I j
0 

cooTBeTCTByiOmHx nap, I H 3 - nposonOKH cepn n 
npoM. ( d 

2 - cepHH If i 4 - CepHH Ill C npoMeJKyTO'IHbiM OTJKHI'OM Ha ~ 0 ,5 MM) , 
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(a.) 

(b) 

P H c . 6. MnKpocTpyKTypa npoaonoKH cepHH !II, nollBeprnyTol! npoMe"'YTO'IHOMy (a) H 
OKOH'IaTenbHOMy (6) OT)f{Hry (yaenaqeane x 23000). 
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