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JInst co3aHus CBEpXIPOBOJISIIEro pe3oHaropa st MexayHapoaHoro nuHeitHoro kosmaiinepa (ILC) otpa-
OOTaHbI U ONTHMU3UPOBAHBI PEXKUMBI HIIEKTPOHHO-Iy4eBOM CBapKH 0CO00 YMCTOrO JUCTOBOrO HHOOMs. Ompe-
JIeTIeHBI 0COOCHHOCTH ()OPMHUPOBAHUS CBAPHBIX COSAMHEHHH, U3Y4eHbl HX MUKPOCTPYKTYPa U MHKPOTBEPIOCTD
C y4eToM HeoOXOAMMON reoMeTpun MIBOB. JlaHHbIE HU3KOTEMIIEPATyPHBIX SJEKTPHIECKUX U3MEPEHUH B MarHuT-
HBIX TOJIIX 10 2 TJI TO3BOIMIIN ONpPENEeINTh KPUTHUIECKHE IapaMeTphl CBEPXIIPOBOIIIETO Iepexoaa B obracTu
CBapKU. BBIIBIEHHOE HE3HAYMTENBHOE YXYIUIEHHE XapaKTEPUCTHK JUCTOBOTO HHOOHS B OOJACTH TEPMHUYECKUX
Bo37eiicTBHI (B cpenHeM okoino 10%) sBsieTcsl HeNpUHIMITHAIBHBIM ¢ TOUKH 3PEHHS CBEPXIIPOBOISIINX CBOHCTB
pe3oHaropa.

JIn1st cTBOpEHHST HaAIIPOBITHOTO pe3oHaTopa i MixkHapoaHoro JiHiiiHOro Komnainepa (ILC) BigmparpsoBaHo
Ta ONTHMI30BaHO PEXHUMH EJICKTPOHHO-IIPOMEHEBOTO 3BapIOBaHHs OCOOJIMBO YHCTOrO JIMCTOBOrO Hiobito. Bu-
3HaUCHO 0COOIMBOCTI (OPMYBAaHHS 3BApPHUX 3’€IHAHb, BUBUCHO iX MIKPOCTPYKTYPY Ta MIKpPOTBEPIICTh 3 ypaxy-
BaHHSIM HE0OXigHOI reometpii mBiB. J[aHi HU3bKOTEMIIEPATYPHUX EIEKTPUYHUX BUMIpPIB y MAarHITHUX HOJIX 10
2 Tn 103BOJIMJIM BH3HAYMTH KPUTHYHI TapaMeTpH HAIIIPOBIIHOTO IEpexony B 00JacTi 3BaproBaHHs. BusiBicHe
HE3HAYHE MOTIPLICHHS XapaKTePHCTHK JIHCTOBOrO HioOi0 B obiiacTi TepMivHUX [Iiif (B cepeAHbOMY OJIM3BKO
10%) € HENPHUHLMIIOBUM 3 TOYKH 30pY HaJIPOBIAHHUX BIACTHBOCTEH pe30HATOpA.

PACS: 07.20.Mc KpuoreHHast TeXHHKA; XOJIOJUIBHIKH, HU3KOTEMIIEPATYpHbIE AETEKTOPEI U IPYroe HU3KO-
TeMIIepaTypHoe 000pyIOBaHHE;
29.20.Ej Jluneiinble ycKOpUTENH;
74.25.-q CaoiicTBa CBEpXIIPOBOHUKOB,;
81.20.Vj CoenuHenue; cBapka.

KirodeBslie coBa: cBEpXIMPOBOISIINIA PE30HATOP, 0COO0 YUCTHIN HHOOHHA, FNEKTPOHHO-ITy4eBas CBapKa, TeMIIe-
paTypa U IIUpUHA CBEPXIIPOBOAILErO MEpexo1a, KpUTHIECKOEe MArHUTHOE IOJIE.
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BBenenue

Co3nanue nueeitHoro kosuaiinepa ILC (International
Linear Collider) [1] BaxHO Kak jyisi OATBEPKIACHUS TEO-
peTHYecKnX HapabOTOK B 00JaCTH (DHU3UKHU DIEMEHTAPHBIX
yacTtull [2], Tak U Ui HENOCPEACTBEHHOIO MPUMEHEHHUS B
o0acTi MaTepHaNoBeACHUS, MEOUIMHBI, XUMHHU, OHOJIO-
ruu ¥ apyrux Hayk [3]. OCHOBHBIM KOHCTPYKTHUBHBIM JJIe-
MeHTOM komnaiiaepa ILC crtanyT aBa 11-kunomeTpoBBIX
JMHEHHBIX YCKOPUTENS (AIs1 BCTPEUHBIX MYYKOB 3JIEKTPO-
HOB U TIO3UTPOHOB), B KAXKIOM M3 KOTOPHIX OyaeT npuou-
3utenbHO 1Mo 7400 cBepXIpOBOIAIIUX PE3OHATOPOB U3
0c000 YHCTOTO HHUOOWS, KOTOpblE B pabodyeM pexume
JOJDKHBI HAXOAWTHCA B CBEPXIPOBOJAIIEM COCTOSHUH TIPH
Temneparype >kuakoro renust [4]. Co3manne pe3oHATOPOB,
ynoBieTBopsitonmx TpedoBanwsM ILC, sBiseTcs BechMa
HETpoCTOi 3a/ayeli, MOCKOJBbKY CYIIECTBYET MHOTO (haKTo-
POB, MPHUBOMANINX K YXYAIICHUIO UX pabOuuX XapaKTepH-
ctuk. OTHOHM M3 TEXHOJIOIMYECKUX OIeparuii, TpeOyIomux
0co00ro BHUMaHHUS, SIBJISETCS CBapKa OTAEIBHBIX JJIEMEH-
TOB PE30HATOPA, TAK KaK HEYJAOBIETBOPUTEIHHOE KAYeCTBO
CBapHOTO COEAWHEHHSI MOXET INPHBECTH K JIOKAIEHOMY
HarpeBy M BBIBOJAY pE30HATOPAa W3 CBEPXIPOBOSIIETO
cocTostHMA. Tak, M3-3a IUIOXOTO KauyecTBa AJIEKTPHUIECKHIX
COEJIMHEHUI MEXy CBEPXIIPOBOSIINMHU JIeTAIIMU boib-
LIOr0 a/IPOHHOTO KOJUIaiiiepa NMPOM3OLLIA €ro I0JIOMKA,
YCTpaHCHUE TOCICICTBUN KOTOPOH 3aHsUIO OOJbBIIE roja u
MPUBEJIO K MHOTOMUJTMOHHBIM 3atpartam [5,6].

B mocnegaue rofp! CBEPXIPOBOASAIINE PE30HATOPHI W3
0c000 YHUCTOTO HHOOWS W3TOTABIMBAIOTCS HECKOJIBKUMHU
¢upmamu, B gactHocTH s crposimerocst B DESY (I'ep-
MaHus) jaepa Ha CBOOOMHBIX dnekTpoHax XFEL [7-9].
OmHako peanu3oBaTh CTOJh MACIITA0HBIN IPOEKT, Kak
ILC, BO3MOXHO TOJIBKO NpPU B3aUMOAECUCTBUU CHEIHANIU-
CTOB U3 Pa3HBIX CTpaH. J{J1d penieHus TaHHOH poOIeMEI B
pamkax cotpynamdectBa Jlyona—bemapycs B 2010 . Hava-
Ta JEATENFHOCTh TI0 CO3JaHHUIO CEPHUH OTHOSYECUHBIX
CBEPXIPOBOAANINX HHOOMEBBIX PE30HATOPOB ISl YCKOPH-
teneit anexTponos [10,11]. OxHolt U3 perraeMbIX B paMKax
JAHHOTO COTPYAHMYECTBA 3ajad SABISETCA ONIpeAeieHHe
BIUSHHS TEPMHYCCKOTO BO3JCHCTBUSA U CBAPKHU JIHCTOBOTO
HUOOUS Ha €r0 KPUTHUYCCKUE CBEPXIIPOBOJAIINE XapaKTe-
pUCTHKH (KPUTHYECKOE MArHUTHOE IIOJIE, TeMIeparypa u
IIMPUHA CBEPXIPOBOISIIETO IIEPEX0Ia).

IMonyyeHue cBapHbIX COeTUHEHUIT 0000 YHCTOrO
HHOOUSA

B HacTosilieM HCCIIEIOBaHUM HCIOJIB30BAIKCH JIHCTHI
0co00 umncroro HuoOus (mpousBonctsa ¢upmer Ningxia
OTIC, Kwuraif) TommmHOH 2,8 MM, MOIYy4aeMOro ITyTeM
MHOTOKPAaTHOTO 3JICKTPOHHO-Ty4eBOr0O MeperuiaBa B BBICO-
KOM BakyyMme. B cOCTOSHMM MOCTaBKM HMOOMI MMeeT mo-
JMKPUCTAIUTMYECKYIO CTPYKTYpY ¢ pazMepom 3epeH 30-50
MKM H cojepkaHueM npumeceil menee 100 ppm mis me-
TaIoB ¥ MeHee 20 ppm [yist JierkoieTy4ux KoMmoHeHT O,
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C, N. OTHomeHHE COTPOTHBIECHUS HUOOUS NPH KOMHAT-
HOHM Temmeparype K conpotuBienuto npu 4,2 K B Hop-
MQJIBHOM TIPOBOJSIIIIEM COCTOSIHMM MeETaula, COTJIACHO
MIACTIOPTHBIM JIAHHBIM JINCTOBOTO HUOOWSA, COCTaBJISLIO
RRR = 300. I3 ucxoaHbIX JUCTOB MPHU MOMOILU THIbOTH-
Hbl OTpyOayin 1uacTuHbl pazMepoM 70x25x2.8 Mm mms
cBapku 1 70x50x2,8 MM — JuIs UCClieOBaHHS Mapamer-
POB HCXOAHOTO Marepuana (KOHTPOJIbHBIE 00pasIpl) H
Marepuasna, MOJBEPTHYTOr0 JJIEKTPOHHO-TY4YeBOMY BO3-
JEUCTBHIO C TIOJMHBIM IpoIUiaBieHneM. KpoMku ruracTuH
o0OpabatbiBay Ha ()pe3epHOM CTaHKE.

[Nomydenne Hepa3bEeMHBIX COCAMHEHMH IUIACTHH HUOOUS
TIPOBOAMIIM C TIPAMEHEHHEM 3JIEKTPOHHO-JIyYeBOW CBApKU
(DJIC) B Bakyyme [12]. JIaHHBII METOJ, B OTIHYHE OT BCEX
OCTaJIbHBIX CYILECTBYIOIIMX BAapUAHTOB CBapKH, MO3BOJISIET
COXPaHUTh YHCTOTY METAJlIa B 30HE PACIUIABICHUS U TEPMHU-
YECKOTO BIIMSHUSI HA YPOBHE MCXOJIHOTO Marepuaja 3a CyeT
paduHUpYIOIIEro AeHCTBUS BEICOKOTO BaKyyMa M MPOILIECCOB
BBITECHCHHUS TIpUMeECe MpH 30HHOW IEepeKpUCTAINTU3AINN
npu 3arBepaeBanny Mertawia [13]. DJIC mpoommnack Ha
000pyIOBaHUH JTS SIEKTPOHHO-ITyIeBOH 00paboTKU Ha Oase
sHeproonoka DJIA-15 («Cammu», CyMbl, yCKOpSIOIIEEe Ha-
npspkerre 60 kB, MakcumanbHas MOIIHOCTE jyda 15 kBT,
ocratounoe gasnenue 2-10  ITa).

OO0pasiiel Iyl U3yYeHHs CBEPXIIPOBOMIAIINX XapaKTepH-
CTHK BBIPE3aJIM U3 TUIACTHH METOJIOM JJIEKTPOIPO3UH TAKUM
o0pa3oM, YTOOBI 30Ha NPOIUIABJICHUS OBbLIA IOCEPEIHHE
obpasua. [loxyuenHble oOpasmpl uMmenu (GopMmy MpsMo-
YTOJNBHBIX MapajuIe]enuIeoB ¢ pazMepamu 40x2x2,8 MM.
Jnst ymanenust oOpa30BaBIIMXCSI B pe3yiabTaTe PE3KH Je-
(heKTOB M 3arpsi3HEHHI C MX IHOBEPXHOCTH CTPABIMBAJICA
MTOBEPXHOCTHBIN CJION TONMIUHON ~ 40 MKM B CMECH KHUCJIOT
HF, HNO3, H3PO,. IlonpobHO MeTomwka W pe3yibTaThl
TpaBJICHUsI TIPEACTABIICHBI B Halleit pabote [14].

Amnanuz pador [15-21], B KOTOpBIX aBTOpaMu OBLIH I10-
Jy4eHbl CBAapHbIE COEIMHEHHs 0c000 YHCTOro HHOOMS C
TIOMOIIIBIO AJIEKTPOHHO-JIY4E€BOH CBApKH, CBHECTEIHCTBYET
0 CyLIECTBOBAaHHWHU 3aBHUCHMOCTH MEKAY TOJIIMHOW CBa-
pHBaEMOT0 MeTala S W BBOAMMOM IPH ITOM JHEPTHUEH,
HEOOXOUMOM TSI TIONYdeHHs] TpeOyeMOl TeoMeTpuu M
Ka4yecTBa CBApHOTO IIBa. [IpuMBOAMMBIE B yKa3aHHBIX JIU-
TepaTypHBIX HWCTOYHHMKAX IapaMeTpbl CBapKH CBEJCHBI B
Tabn. 1. Beomumoe B mpomecce DJIC KOMUYECTBO TeIuia
IPUBOIUTCS K IIOTOHHOU 3Hepruu cBapku E;, onpenense-
MOH KakK KOJMYECTBO DHEPTHH, KOTOpas BBOIAMTCS B €/IH-
Huny 1uHEsl cBapHoro 1msa (TOCT P UCO 857-1-2009):

Ej = Uge lw/Viy- 1)

Hcnonb3oBanne E;j 3a cuer npuseneHus Kk obuieMy 3HaMe-
HAaTeNI0 TAKWX TapaMeTpOB CBApPKM, KaK YCKOPSIOLIEEe Ha-
npsikeHne Uy, Tok |y, 1 ckopocTs cBapku Vy, MO3BOJISET
CPaBHHMBATh KOJHMYECTBO TEIUIA, BBOJAMMOIO TIPH DIIEK-
TPOHHO-TTy4EBOM BO3JEHCTBHH Ha Pa3IMIHBEIX YyCTAHOBKAX.

B pabote [17] mpennaraercs ais MpeaBapUTEIBHOTO
MOJIOTPEBa MaTepHaga W OYUCTKM MECTAa COEMHEHHUS 3a
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Tabmuua 1. ITapamerpsr DJIC ocobo uucroro HuoOuUs (JiuTe-
paTypHBIC JaHHEIE)

[Tapametpsl pexxuma DJIC
Simm | Uy, [ Vi E, HcTounuk
kB MA cM/MuH | Br-mun/cm
15 50 35 45 38,9 [15]
1,6 50 30 45 33,3
[16]
1,6 50 22 30 36,7
1,6 50 37 46 40,2 [17]
1,7 150 13 36 43,3 [18]
2 50 46 30 76,7 [19]
2 120 19 30 76
[20]
2 60 40 30 80
2,75 50 53 25 106 [21]
3 50 43 15 143,3 [19]

CYET BBITECHEHHUS IpUMecel Ipu 30HHOM NepeKpucTa-
JIU3alUU Tepe]] CBapKOW MPOBOAUTH BO3AEHCTBUE 3IIEK-
TPOHHBIM JIY4OM C SHEpIrHed MEHbIIEeH, YeM NpHU CBapkKe.
Tak, ucnons3zyemsle B paboTe IHEPreTHUECKUE TapaMeT-
pol myda (Uy. = 150 B, I, = 7 MA, V,, = 36 cm/MuH)
MO3BOJIMIIN TIOJyYUTh HPOIUIABICHHE MaTepuana TOJIIHU-
HOH 1,7 MM mpHMepHO Ha MOJIOBHHY, Ipu 3ToM Ej cocTas-
mima 29,2 Br-mun/cMm. [peaBapuTesbHBINA TOJOTPEB MO-
3BOJIJI HECKOJBKO YMEHBIIUTH KOJIWYECTBO BBOJMUMOI
IIpU OCHOBHOM IIPOXOJE 3HEPruH, OAHAKO MOIY4YECHHBIE
HCCIIeIOBAaTENsIMH 3HaueHUs mapamerpoB pexkuma JJIC,
HEOOXOAMMOro Ul TOJHOTO NPOIUIABJICHUs Marepuana
TOJIIMHOW 1,7 MM, HE BBINAZAIOT U3 OOIIEH TEHIECHIIMH.
3aBUCHMOCTD BBOJMMOW IMOTOHHOM 3Hepruu Ej oT Tommu-
HBI CBapMBAaEMOT0 MaTepHuaia S mpuBeeHa Ha puc. 1.
3HadeHne TOTOHHOM SHepruit cBapku 11 DJIC mcToBoro
HHOOMS TONIIMHOM S = 2,8 MM ONpenensyii Ha OCHOBaHHU
aNmpOKCUMAIMK JAHHBIX, IIPUBEACHHBIX Ha puc. 1, o MeTo-
Jly HAaUMEHBIIUX KBaJpaToB. Benuuuna £j = 124 Br-Mun/cMm.

160

Il L Il L Il L Il L L Il L L | - Il L
14 1,6 1,8 2,0 2,2 24 2,6 2,8 3,0 3,2
S, MM

Puc. 1. 3nayeHre TOTOHHOM SHEPTUM CBApKH, UCIIONB3YeMOH Ui
3JIC nuctoBoro HHOOMS (COCTABJICHO MO JaHHBIM Ta0L. 1) nuTepa-
TypHbIC IaHHBIC (®), Ej, MOIy4eHHOE B Pe3yJbTaTe alpOKCHMALUH
(W), E;, ucnions3yemoe B paGote (A), anmpoxcnmanust (—).
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[IpoBeneHHast B HOCIEAYIONIEM CEPUs SKCIIEPUMEHTOB ISt
YMEHBIIEHUS! 30HBI TEPMHYECKOTO BIIMSIHUS IO3BOJIMIIA
cHI3UTh Ej 1o 106 Br-Mun/cM. Takasi BenmunHa BBOAUMOM
MOTOHHOU PHEprun 00ecreunBanach Mpy CIESIYIOIUX PEKU-
max DJIC: yckopsitomiee HanpsbkeHne — 60 kB, Tok cBapku
— 53-55 MA, ckopocTth cBapku — 7—10 mm/c. Dto obecrie-
YMBAJIO TOIYy4YEHHE CBAPHOTO INBa C IMHPUHOW 4-5 MM
y BXoJ1a JIy4a, 3—4 MM — y KOPHS IIIBa ¥ IPOBHCAHHUE CBa-
pouHOit BaHHEI — He 6oee 0,5 MM.

MHuKPOCTPYKTYPAa H MUKPOTBEPAOCTh CBAPHBIX
coeTHHEHMI

HccnenoBanne MHUKPOCTPYKTYPHI M MHUKPOTBEPIOCTH
CBapHOTO IIBa, W3yYCHHE CBEPXIPOBOSAIINX XapaKTEpH-
CTUK COEIMHEHMs IPOBOAMIOCH HA TPEX CepHAX 00pa3LoB:
KoHTpoNbHBIE (cepusi 0, BeIpe3anyd W3 Marepuaiga B CO-
CTOSHMU IIOCTaBKH, HE IIOJBEPraBLIErocs TEPMHUECKOMY
BO3ACUCTBHIO); MPOIUIaBICHHBIC (cepus |, momBepraimch
TEPMHYECKOMY BO3IEHCTBHIO 3JICKTPOHHBIM JIy4OM IIO
LEHTPY CILIOMHOTr0 00pasla NepreHuKyISIPHO ero JIHH-
HOW CTOPOHE JUISl ITOJy4YEHHS 30HBI MIPOIIABICHUS Ha BCIO
TOJNIIMHY oOpasla); cBapeHHbIE (cepus 2, MOJydand Io-
cpencteom DJIC aByx miractun). CxemaTHdecKoe M300pa-
keHue U poTorpaduu 00pas3oB NPeACTaBICHbI Ha PUC. 2.

40 (a)

0.1,0.2

Puc. 2. ObOpasupl A8 U3y4SHUsI CBEPXIIPOBOIAIINX XapaKTepH-
CTHK: cxeMarndyeckoe u3obpaxenue (a); obuuii By (0).
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Puc. 3. CTpyKTypa CBapHOrO COCIMHEHHUs (a); pacrpeierncHue
MHKPOTBEPIOCTH B CBAPHOM COCIMHEHHH HUOOHS, OIyICHHOM C
nomoiieio DJIC (6).

Ha momepeyHOM cedeHHH CBapHOTO COCIWHEHHUS
(puc. 3(a)), momyuennoro ¢ momouipto IJIC AByx mia-
CTHH HHOOWS, BHJIHO, YTO 30Ha TEPMUYECKOTO BO3JECHCT-
BUs cocTaBiseT ~10 MM ¥ B Hell HaOIrOmaeTCs WHTCH-
cuBHbIl poct 3epHa: 30-50 mxkM B obmactH, He
MOABEPTABIICHCS TEPMUIESCKOMY BO3JEHCTBHIO (PaccTosi-
Hue Oonee 5 MM oproroHanbHO mBY); 100-200 MxkM B
30HE TepMHUYECKOTO BIHSHUA (0T 2 mo 5 mm); go 1000
MKM B CBapHOM HiBe (70 2 MM).

W3MmepeHne MUKPOTBEPAOCTH CBapHBIX COEAMHEHHUH
npoBoauiId Ha MukpotBepaomepe [IMT-3 B cooTBeTCTBUI
¢ 'OCT P UCO 6507-1 2007 «/3mepeHne TBEPAOCTH IO
Buxxkepcy». Harpyska cocraBusina 100 r, BpeMs mpuioxe-
Hus 10 c. AHanM3 U3MEHEHUsI MUKPOTBEPIOCTH BIOJb 3a-
JAHHOW JIMHAW HE BBIIBUI CYIIECTBEHHBIX H3MEHEHUI
TBEPJIOCTH CBAPHOT'O COEOMHEHHUS 10 OTHOUICHHWIO K He
MOJBEPTraBIIEMYCS] TEPMHIECKOMY BO3ACHCTBHIO METAJLTY
(puc. 3(6)). 3HaueHMs] MHUKPOTBEPIOCTH B 00JacTH, He
MOJIBEpraBIleiicss TEPMUIECKOMY BO3JECHCTBHIO M B 30HE
TEPMUYECKOTO BO3ACUCTBHS, HaXoAsATCs B mperenax HV
60-70, mis meramia ceapHoro mBa — HV 60-75. s
CIUTOITHON IITACTHHBI IOCNE BO3ACHCTBHS AJIEKTPOHHBIM

Puc. 4. Cxema pacnonoxeHuss UHIUEBBIX KOHTAKTOB Ul U3yde-
HUS CBEPXIPOBOISAIINX XapaKTEPHUCTHK. 1, 6 — TOKOBBIC KOHTaK-
ThI; 2—-5 — NOTEHIMATbHBIC KOHTAKThI; / — 30HA MPOIUIABKH WIIH
CBapHOI'0 COEJAMHEHUS.
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Jy4OM JI0 HOJIHOTO HPOIUIABJICHUS IOITy4eHHOE paclpe-
JeJICHHE MUKPOTBEPAOCTH UMEET aHAIOTHYHBII XapakTep.
[TomoGHBIN XapakTep pachpelneieHHs MUKPOTBEPIOCTH B
CBapHOM COCAWHEHHH OBbLT IMmonydeH B paborte [17] mms
JIMCTOBOTO HUOOWS TOJLIMHON 2 MM mpou3BoAcTBa (up-
mbr Tokyo Denkai LTD (Slnounust) — koneGaHus 3Haue-
HHUI MHKPOTBEPIOCTH METaJlla CBAPHOTO IIBa ¥ OCHOBHO-
ro MeTajuia HaxoITcs B mpeaernax 5—10 HV.

CBepxnpoBojsiiie XapaKTePUCTHKHA CBAPHOIO
coequHEeHH s

V3ydeHne KpUTHYECKUX CBEPXIPOBOASAIINX XapaKTepH-
CTHK 00pa3noB MPOBOAMIN NPH M3MEPCHUH MX PE3HCTHB-
HBIX XapaKTEPUCTHUK, B TOM YHCIIE B MAarHUTHOM T1ojie. J{is
3TOTO Ha IMOBEPXHOCTh HUOOHMEBBIX 00pAa3IoB MOCPEACTBOM
YIBTPa3BYKOBOW MalK{ WHIMEM HAHOCHIIM TOKOBBIC M IIO-
TEeHIMAJIbHbIE KOHTAKTHbBIE IUIOMIAIKH paMepoM ~1 MM2, K
KOTOPBIM MOJIBOAWIA MEAHbIE 3IeKTpoapl. Cxema pacroso-
JKEHUsI KOHTaKTOB IIpescraBieHa Ha puc. 4. Takoli crnoco0
TIO/IBEZICHHS! DJIEKTPOJIOB O0ECIICYNBAI MEXaHMYECKH MpOd-
HBIH M OMHYECKHH KOHTAaKT ¢ 00pasloM JiaXXe B YCIIOBHUSIX
TEpMOLMKIINpOBaHKs B MHTepBajie Temmeparyp 2-300 K
U TIPY BO3JIEHCTBUHM MarHUTHOTO TIOJISL.

W3mepenne 3meKTpOYU3NUECKUX XapaKTEPUCTUK B
IMIMPOKOM HHTEpBajle TEMIICpaTyp W MAarHUTHBIX IIOJICH
MPOBOJIMIIM HA PE3UCTUBHOW BCTABKE YHUBEPCAIbHOMN H3-
mepurensHOR cuctemsl «Liquid Helium Free High Field
Measurement Systemy» ¢upmbl «Cryogenic Ltdy. Cuctema
COJIEP’KUT KPHOCTAT 3aMKHYTOT'O IUKJIA, TPECTaBIISIOIINHA
co00if BaKyyMHYIO Kamepy, B KOTOPO HaXOIUTCSl BCTaBKa
¢ 00pa3loM, ¥ CBEPXIPOBOJSIINN MarHUT COJICHOUIAJIb-
Horo tumna. [loje ycTaHaBIMBAIOCH U CTAOMIIN3UPOBAJIOCH
NpU TIOMOIIM OTKAJIMOPOBaHHOTO HCTOYHMKA Toka Cryo-
genic Power Supply ¢ Touroctsto 10 10 MT.

OxnaxaeHre oOpasloB IPOBOAWIIN INIPU T0Jade TI'eus
Yyepe3 UroJibuaThli KiamnaH B M3MEPHUTEIbHYIO SMEeHKy aep-
xKarenst. 11 peryJnupoBKH M cTaOwmIM3auy HeoOXoquMoi
TEeMIIEpaTypbl HCIIOJIb30BAJIM JIBAa HAarpeBaTels, OIWH M3
KOTOPBIX pacrojiarajicsi HermoCPeJICTBEHHO B W3MEPHTEINb-
HOU stuelike BOIM3M o0Opasma, a BTOPOH — B TEIUNIOOOMEH-
HHUKE, HAaXOJSIIIEMCS MEXAYy HIOJbYaThiM KJIallaHOM H
JepkareseM. Temneparypy KOHTPOJIMPOBAIHN MOJTYIIPOBOI-
urkoBbiM GaAlAs-natuukom dupmer Lake Shore Cryogen-
iCS, uMeroIuM cTabmIbHOCTh + 5 MK U KanmuOpoBaHHBIM C
TOYHOCTBIO He Xyxe + 15 MK npu 7 < 20 K + 50 MK B un-
tepBasie Temmeparyp T = (20-50) K u £+ 110 MK 10 Temre-
paryp T = 300 K. KaiuOpoBka BBIMOJHEHA C YYETOM HH-
OYKIMH MarHUTHOTO TIOJiI BO BCEM JMala3oOHEe ero
U3MEHEHHSL.

[Ipu npoBeneHNN M3MEPEHUI MOCTOSHHBIA TOK Ha 00-
pasen NoAaBay IPH MOMOLIM U3MEPHUTEIHLHO-TTUTAIOIIETO
ycrporictBa «Keithley 2400», kotopoe oOecmednBaio
BO3MOXKHOCTH 3a/laBaTh TOKH OT | HA C MOTPEIIHOCTBIO
0,5% mpu MakcuManbHOW BBIXOMHOH MomrHocTH 100 BT.
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s perucTpanuy 3HaYeHUN NAJCHAS HAMPSOHKEHUS TIPUMeE-
HSUIM  3JIeKTpOHHBIH HaHoBosbTMeTp «Keithley 2182Ax,
MO3BOJISIIOIUI H3MepsITh HanpsbkeHus oT 1 HB ¢ morpem-
HocThIO 0,5%.

H3MmepeHus npoBOAMIN YETHIPEX30HIOBBIM METOJOM B
pEKHMME MOCTOSHHOTO TOKa ¢ KOMMYyTallMeH €ro Harpas-
JICHUSI U1l NCKIIFOUCHHUS BIUSIHUS aCUMMETPHYHOCTU KOH-
TaKTHOTO CONPOTHBJICHUS U TapasuTHeIX Tepmo-DJIC.
BennunHa TOKa, Ha3BIBAEMOTO «M3MEPUTENBHBIM», COCTa-
Bwia | = 0,2 A n Obuta BeIOpaHa SKCIEPUMEHTANIBHO, HC-
XOJsl U3 KPUTEPHUS €ro MHHUMAJIBHOCTH. JTO TO 3HAYCHHE,
IIpU KOTOPOM C JAOCTaTOYHON TOYHOCTBIO PETUCTPUPOBA-
JOCh TaJieHUE HaNpsDKEHHS Ha MOTCHINAIbHBIX KOHTaK-
TaX, a TOK MPaKTHYECKU HE BIUSIT HA UCTHUHHYIO BEITMUNHY
TEMIIEPaTyphl U IMHUPHUHBI CBEPXIIPOBOAAIIETO MIEPEX0a.

BrusHre BeIWYMHBI TOKAa Ha KPUTHYECKHE CBEPXIPO-
BOJAIINE XapaKTePUCTHUKH OOpasloB HE W3Yy4alH, IO-
CKOJIbKY M3BECTHO M OYEBHJIHO, YTO HOBBIIMIEHHE IUIOTHO-
CTH TOKa, BIUIOTH JI0 KPUTHUYECKUX 3HAYCHUH, IPHUBOIUT K
MOJJABJICHUIO CBEPXIPOBOAUMOCTH W €€ Ppa3pyLICHHUIO.
Kpome Toro, 3HaueHHss 0ObEMHOMN INIOTHOCTH TTOCTOSIHHO-
TO TOKa HE MPHUHINIHNAILHBI, IOCKOJIBKY CBApHONW HHOOME-
BBI pe30HATOp B pabodeM pexume OyAeT (HyHKIMOHHPO-
BaTh MPH T'eJINEBBIX TemnepaTypax Ha gactore 1,3 ['Tm. Ha
TaKUX YacTOTaX TIIyOWHA CKHH-CJIOS COCTaBISIET BCETO
yuib 0,9 MKM [pH TOJNIIKMHE CTEHOK pe3oHaTopa 2,8 MM.
CooTBeTCTBEHHO, | HE MOXKET OKa3aTh BIMSHHUE HA TEMIIe-
parypy mnepexona. TemrepaTypHble 3aBHCHMOCTH COIPO-
tuBieHuss R(T) wccienoBanm B pexume HENPEPHIBHOTO
OXJIKIEHUS cO CKOpocThio 1 K/MuH, moctaTodHOW [jist
TOTO, YTOOBI OTKJIOHEHHE TeMIIepaTyphl OT 3aJaBaeMOi B

MoMeHT m3Mmepenus He npessimano 0,1 K. Kputnueckue
MarHUTHBIE TOJIS M3Y4YaJld IIPU 3HAUYEHHUAX BHELIHETO Mar-
HUTHOTO oS ¢ mHAyknued B mo £2 Tn (mar 0,05 Tm),
OPHEHTHPOBAHHOTO IapaJUIEIbHO IIOBEPXHOCTH CTPYKTY-
PHL M, COOTBETCTBEHHO, HaIlpaBicHUIO Toka pu 1 = 4,2 K
C TEpMOCTaTUPOBAaHHEM B TEUEHHE ToJlydyaca Iepe]] Hayda-
JoM wusMepeHuid. IIOHATHO, YTO BIIMSHUE IIONEPEUYHOTO
MarHUTHOTO MOJISI Ha MPOLECCHI 3JIEKTPOIepeHoca B 4HC-
TBIX METaJUIaX CYLIECTBEHHEE, YeM IMPOJOJIBHOTO, MPEXIe
BCET0 C TOYKH 3pEHUs] MarHUTOPE3UCTUBHOTO 3>(QeKTa.
OnmHako B JaHHOM HCCIEJOBAaHWM HE CTaBMJIACH Takas
Llenb, U BOT modeMy. Bo-mepBeix, Nb nmeer 3aMkHyTYIO
nmoBepxHocTh PepMu, W NP YHCTOTE METalula, COOTBET-
ctBytomeil mapamerpy RRR = 300, B MarHuTHBIX MOJSAX
10 2 T MarHUTOCOMPOTUBJICHHUE OyIeT MPaKTHUECKH Hy-
JeBbIM. BO-BTOpBIX, B 00JIACTH TEMIIEpaTyp CBEPXIIPOBO-
JSILIETo Iepexofa Takou apdeKT mpocTo OTCYTCTBYET U3-3a
WCUE3HOBEHUSI CBOOOIHBIX AJICKTPOHOB C «(HEPMHEBCKON)
CTaTHUCTUKOM.

[epeuens 06pa3IOB U IUTAH IPOBEICHNS UX H3MEPEHUH
TIPUBEICHEI B Ta0I. 2.

Ha puc. 5(a) mokasaHsl XapaKTepHbIC TEMIIEPATYPHBIC
3aBHCUMOCTH JJIEKTPOCONPOTHBICHHUS B WHTEpBajie 4—
300 K nuist 06pasioB Beex cepuii. B obnactu remneparyp
40-300 K, rae conpoTHBIEHUE ONPEALNAETCS B OCHOBHOM
paccestHueM JICKTPOHOB Ha KOPOTKOBOJIHOBBIX (DOHOHAX U
CTaTHYEeCKUX Ae(eKTax, HabitomaeTcsi JHHEHHOE YMEHb-
HIeHne R ¢ MOHIKEHHEM TeMIIepaTyphl, T.€. UMEET MECTO
XapaKTepHBIH MeTalnIHIecKuil Tun mpoBoaumocTH. Oco-
6ennocThio 3aBucuMoctel R(T) B aHHoO# obnactu Temiie-
partyp SBISIETCS TO, YTO 3JEKTPOCONPOTHBICHUE MOIBEPT-

Tabnuua 2. [lepeueHs U MIaH OPOBEICHUS UCIBITAaHNI 00pPa3LOB, HE MOABEPraBIINXCs TepMudeckomy Bosaeiictauio (0.1, 0.2), mo-

ciie TepMoo6paboTKU ANEKTPOHHBIM JiydoM (1.1, 1.2) 1 cBapHOTO COEAMHEHHsI ABYX IUIACTHH, TOIyYeHHOTO ¢ momoipto DJIC (2.1, 2.2)

15t -
Ne Howmep o6paszua SMEpAEMAT XapaKtept [TapameTpsl n3MepeHuit
CTHKA
T=4-300K;1=0,2A; B=0;0,5 T,
! 01 R(M) T=2-12K;1=0,2 A;
R(B) B=0-2Tn; T=4K;1=0,2 A; war 0,05 Tn
T=4-300K;1=0,2 A;
2 02 R(M T=2-12K;1=02A,;
R(B) B=0-2Tn; T=4K;1=0,2 A; war 0,05 Tn
T=4-300K;1=0,2 A;
3 11 R(T ! e
M T=2-12K;1=02A;
R(B) B=0-2Tn; T=4K;1=0,2 A; mar 0,05 Tn
T=4-300K;1=0,2 A,
4 12 R(T) T=2-12K;1=0,2 A,
R(B) B=0-2Tn; T=4K;1=0,2 A; war 0,05 Tn
T=4-300K;1=0,2 A;
5 2.1 R(T ! e
M T=2-12K;1=02A;
R(B) B=0-2Tn; T=4K;1=0,2 A; war 0,05 Tn
T=4-300K;1=0,2A; B=0;05Tn
6 22 R(M) T=2-12K;1=0,2 A;
R(B) B=0-2Tm; T=4K;1=0,2 A; mar 0,05 Tn
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Puc. 5. (Omnaitn B nBere) TemmeparypHble 3aBUCHMOCTH DJIEK-

TPOCONPOTHBIICHHS] KOHTPOJIbHBIX 00pa3LoB (cepusi 0) Ha KOHTAKTax

2-5 (em. puc. 3) B unTepBaie Temreparyp 4-300 K (a); 2-11 K (6);

MAarHHTOIOJIEBBIC 3aBUCUMOCTH 3JIEKTPOCONIPOTHUBICHHS (B).

IINXCSl TEPMUYECKOMY BO3ACHCTBUIO 0OPa3LIOB HECKOJIBKO
HIDKE, 9€M y KOHTPOJIBHBIX, YTO MOXET OBITh CBSA3aHO C
YBEIMYCHHEM pa3Mepa 3€peH MeTaia MpH TEIIOBOH 00-
paboTKe ¢ yMEHBIIEHHEM BKJIaJa UX TPAHUI] B PACCESIHHUE
HOcHUTeNeH 3apsa.

B unrepBane Hinke 40 K, BIoTs 10 TeMmepaTypsl cBepX-
npoeogsiiero nepexoaa (~9 K), saBucumoctu R(T) umeror
CTereHHOH Xapakrep (3akoH brnoxa—I pronaiizena [22]) ¢ mu-
HUMAJIbHBIM Pa3JIMYueM B SJIEKTPOCONIPOTHBIICHUH 00pa3IoB
pa3MuHBIX cepuii (BcraBka K puc. 5(a)). Manoe pasinune
CONIPOTHBIICHUSI O0pa3LOB M3 Pa3IMUHBIX CEPHH SBIACTCS
CIIEZICTBUEM TOTO, YTO IIPU JAHHBIX TEMIIEPAaTypax OCHOBHOH

676

BKJIaJ B R BHOCHTCS 3a cueT MaJIoOyrJIOBOTO PAcCesiHUs HIICK-
TPOHOB MPOBOJUMOCTH Ha JUTAHHOBOJIHOBBIX (POHOHAX.

Hdnst obecrieyeHUs] BBICOKOH TOYHOCTH H3MEPEHHUS
KPUTHYECKHX TapaMETPOB CBEPXIPOBOASLICIO Mepexo/a
JononHuTeNnbHO TpoBoaunu uzydenune R(T) B obnactu
TEeMITEpaTyp CBEPXIIPOBOJAIIETO Tepexoaa (B MHTepBale
2-11 K, puc. 5(6)). AHanu3 3aBHCHMOCTH TTO3BOJIHJI OII-
penenuTh TEMIIEpaTypy OKOHYaHUSA CBEPXIPOBOASIILETO
nepexoxna 7. = 8,8 K u ero mmpuny A7, = 0,55-0,6 K nmus
00pa3LoB HUOOUS B HCXOJHOM COCTOSIHHH, HE MOJBEpPraB-
LIMXCSl TEPMHUYECKOMY BO3AeiicTBHIO. Pe3ynmbraThl M3Me-
PCHUS MAarHUTOINOJEBBIX 3aBUCHMOCTEH COMPOTHUBIICHUS
R(B) mpu T = 4,2 K (puc. 5(B)) HMO3BONUIN OMpPEACITUTH
BJIMSHHE MAarHUTHOTO MOJsS Ha KPUTHYECKHE XapaKTepH-
CTHKU CBEpXIPOBOJHUKA M YCTAaHOBHTH BEJIMYMHY Mar-
HUTHOTO TIOJS, OPU KOTOPOM METAUl MEPeXOIUT B
HOpManbHOe cocTosiHue (B, = 0,5 Ti), a Takxke IUPUHY
JaxHoro nepexoga (AB, = 0,15 Tn).

AHaNOrHYHBIE U3MEPEHHs U1l 00pa3LOB, MPOILIABICH-
HBIX DJICKTPOHHBIM JIy4OM MOTEpeK ruiacTuHbl (cepus 1),
nokaszaiu, uto 3aBucumoct R(T), m3MepeHHble Ha pas-
JIMYHBIX Mapax MOTEHIUAIbHBIX KOHTAKTOB, HMEIOT MOXO0-
xkuii xapakrep (puc. 6(a)). MaeHTHYHOCTh KPHTHYECKHX
cepxmpoBouinux mapamerpos (7, = 8,6 K, AT, ~ 0,7 K)

3.0 (a) Cepus 1 KOHTaK.TLI 2-5
= L
220
“\’O I
<10
OHTAaKTHI 2, 3|
0F
1 L 1 1 1 L 1 1 1 1
2 4 6 8 10
T.K
(©)
3,0F
M f
L . L
32.0f "
s . -
S -
S 1,OF
- ]
i | ]
or L

P N R T NS ST NN S T N '

-2,0-1,5-1,0-0,5 0 0,5 1,0 1,5 2,0
B, Tn

Puc. 6. TemneparypHble 3aBHCUMOCTH 3JIE€KTPOCOIIPOTUBIICHHS

MPOIUIABICHHBIX 00pa3oB (cepusi 1) Ha KoHTakTrax 2-5 u 2, 3

(cm. puc. 3) (a); MAarHUTOIOJICBBIC 3aBHCHMOCTH 3JIEKTPOCOIPO-

TUBJICHUS Ha KOHTakTax 2—5 (0).
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Puc. 7. TemneparypHble 3aBUCHUMOCTH 3JIEKTPOCONPOTHBIECHUS
CBapeHHBIX 00pa3uoB (cepus 2) Ha KOHTakTax 2-5 u 2, 3 (cM. puc. 3)
(a); MarHUTONOJICBBIE 3aBHCHMOCTH 3JIEKTPOCOIPOTUBICHHUS Ha
KoHTakTax 2-5 (0).

CBUJETENBCTBYET, YTO TPOIUIABICHUE SJICKTPOHHBIM IIy-
YOM HE BHOCHT OIIYTHMBIX M3MEHEHHUH B M3ydaeMBbIe Xa-
PaKTEepPUCTHKH HUOOMEBBIX 0OpPA3IOB, NPHUBOJIS JHUINb K
HEOOJIBIIOMY TOHIDKCHHIO TEMIIEPaTyphl OKOHYAHUS
CBEPXIIPOBOJISIIETO MEPEX0/ia U YBEIUYCHHUIO €ro IINPH-
HBI 110 OTHOIIICHHUIO K KOHTPOJIBHBIM 00pa3iam. He3snauwn-
TEJIbHOEC YXY/IICHUE XapaKTEPUCTUK UMEET MECTO TaKKe
¥ B MarHUTHBIX IOJIX: KPUTHYECKHE 3HA4YeHUs B, yMEHb-
marorest 1o 0,4 Tin, a mupuHa nepexona AB,. Bozpacraer no
0,25 Ta (puc. 6(8)). Ha puc. 7 npuBeIeHsl pe3yabTaThl HC-
CIIeIOBaHUi 00pa3IoB, MPEACTABIISIONINX COO0H Hepa3beM-
HOE COEJMHEHHE JBYX IUIACTHH, IIOJYYECHHOE METOJIOM
OJIC. 3HaueHns Temmeparypsl nepexonga I, Kak J0 30HBI
CBapKH OT/CIBHBIX YaCTEH, TaK U MOCIIEC HEE COOTBETCTBYIOT
MPOIUIaBJICHHBIM (pHC. 6). AHaNOTMYHAsl CUTyalus UMEEeT
MECTO U JUIsl KPUTHYECKOTO MAarHUTHOTO TI0JIs1 B, ¥ IIMPUHEI
mepexoJia ATUX 00pa3I0B B MAarHUTHOM TIOJIE.
WneHTndHOCTh  NEKTPOPHU3NUECKUX XapaKTEPUCTUK
MPOTUIABJICHHBIX M CBAPEHHBIX 00Pa3IlOB CBUACTEIHCTBYET
0 TOM, YTO CBEPXIPOBOJIINEC CBOHCTBA HUOOHEBBIX 00-
Pa3loB 3aBUCAT OT YCJIOBUH TEPMUYECKOTO BO3IACUCTBUS,
KOTOpOC M3MCHSET MUKPOCTPYKTYPY (B YACTHOCTH, MpPHU-
BOMAT K YBEIMYCHHUIO pa3Mepa MOTUKPUCTAIUTHICCKIX
3epeH) u He 3aBucAT oT mapamerpoB DJIC. HecmoTpst Ha
MPOIIECCHl PEKPHUCTANIM3AINNA B 00JACTH TEPMUYECKOTO

Low Temperature Physics/Fizika Nizkikh Temperatur, 2015, v. 41, No. 7

Tabmuua 3. Kpuruueckue XapakTepHCTHKH CBEPXIIPOBOJIS-
mero Iepexoja (TeMIepaTypa OKOHYAHHS CBEPXIIPOBOMSIIETO
nepexona (7,), mupuHa TemneparypHoro nepexoza (AT,), kpu-
THYECKOE MarHUTHOE 110Jie CBEPXNpoBoAHHKa (B,), mupuna mar-
HuTHOTO nepexozna (AB.)) oOpasloB, He MOABEPraBIIUXCS TEpP-
MHUYECKOMY Bo3zeiictButo (cepus 0), mocie TepMooOpabOTKU
JIEKTPOHHBIM JIy4oM (cepust 1) M CBapHOTO COEOUHEHHS IOBYX
IUTACTHH, NoTydeHHoro ¢ nomomsio DJIC (cepus 2).

ITapamerpsl
O06pa3sipl
T,K AT, K B, Tn AB,, Tn
Cepus 0 ~8,8 ~0,55-0,6 ~0,5 ~0,15
Cepus 1 ~8,6 ~0,65-0,7 ~0,4 ~0,2-0,25
Cepus 2 ~8,6 ~0,65-0,7 ~0,4 ~0,2-0,25

Bo3AeicTBH, 10% yXyaAlleHne KpUTHYECKUX CBEPXIIPOBO-
JSIIIUX CBOICTB €CTECTBEHHBI, TaK KaK B 00JIACTH TepMO-
00paboTKN MeTaluT CTAHOBUTCS OoJiee NeEeKTHBIM 3a CUEeT
KOHIEHTPAI[MH TIPUMECHBIX JIEMEHTOB B 30HE MPOIJIaBa.

Jnst Oonbliiell HArMSHOCTH CPaBHUTEIBHBIC XapaKTe-
PHUCTHKH KOHTPOJBHOTO, MPOIUIABIEHHOTO M CBAPEHHOTO
00pa3IoB MpUBEACHBI B Ta0II. 3.

3akiaouenue

IlokazaHo, 4TO MpH BHEIOPAHHBIX PEXHMAaX AIIEKTPOHHO-
Jy4eBOW CBApKH 0COO0 YUCTOTO JINCTOBOTO HHOOMS TOJIIIIN-
HoM 2,8 MM (yckopsitoriee Hampspbkenue 60 kB, Tok cBapku
53 MA, ckopocth cBapku 10 MM/C, OCTaToOuHOE IaBIICHHUE
5-10_3 ITa) monHas 30Ha TEPMHUUYECKOTO BO3JICHCTBHUSA, CO-
ctaBsronas ~10 MM, IPEeBOCXOOUT B 2,5 pasa IIUPUHY
30HBI NporuiaBieHus.. HaOmomaeTcst yBenmdyeHne cperHero
pasMepa noJukpucTaumyeckoro 3epa ot 30-50 MxMm Ha
rpaHulie 30HbI TepMuyeckoro Bozaeiicteus 1o 1000 MM B
30HE IPOIUIABICHHU. YBEIMUEHHE Pa3MepOB 3epeH IPUBO-
OUT K YMEHBIICHHUIO AJIEKTPOCONPOTHBICHHUS HUOOHWS B
uatepBaie temreparyp 40-300 K ¢ yMmeHbIIEHHEM 3IIEK-
TPOHHOTO paccesHus Ha MeEX3epeHHbIX rpaHumnax. [Ipm
temneparypax Hmwke 40 K 3to pasnuune HUBETUpyeTCS.

[IpoBeseHHBIE HCCIENOBAHUS KPUTHUSCKUX IapaMeTPOB
CBEPXIIPOBOJISILETO HUOOWS CBHUJECTENBCTBYIOT O HE3HAYH-
TEJIBHOM YXYAIICHUU CBEPXIIPOBOISIIMX CBOMCTB JIMCTOBO-
ro HHOOMS TpU TepMHUYECKOM o00paboTke. YXynmieHue
CBEPXIIPOBOJISIINX CBOWCTB MPOIUIABICHHBIX W CBaPEHHBIX
00pa3noB Mo CpaBHEHHUIO C 0Opas3lamu, He IOJBEPraBIIIH-
MHCS TEPMHUYECKOMY BO3IEHCTBHIO, 00YCIOBICHO MOBBIIIE-
HHEM KOHIICHTPALMH NPHUMECHBIX 3JIEMEHTOB B 30HE MPO-
TUTABJICHVIS.

HccnenoBanne BBIIOIHEHO B paMKax KoHTpakTa ¢ OMAN
Ne 200/1130 ot 19 anpenst 2011 r. B pamkax temsl B OMSN
02-0-1067-2007-2012 «MexayHapOIHbIH JIMHEWHBIH KOJI-
naigep: yckopuresnbHas (u3nka u TexHuka» (¢ 2013 r.
tema 02-0-1067-2007/2015, «WccnemgoBanuss B 00macTu
e+e—JIMHEeNHHBIX YCKOpPUTEJIeH U KOoJUIaiiiepoB HOBOTO IMOKO-
TeHus U1 PYHIAMCHTANBHBIX U IIPUKIIATHBIX IICIICH»).
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Superconducting characteristics of ultra-pure niobium

welded joints

S.E. Demyanov, E.Yu. Kaniukov, I.L. Poboal,
S.V. Yurevich, M.A. Baturitsky, G.D. Shirkov,
Yu.A. Budagov, D.L. Demin, and N.S. Azaryan

To produce a superconducting resonator for Inter-
national Linear Collider (ILC) the modes of electron-
beam welding of ultra-pure niobium sheets have been
developed and optimized. The characteristic features
of welded joint formation have been determined. Their
microstructure and microhardness were investigated
with due account of the required geometry of the weld
seam. The results of the low-temperature measurements
of electrical characteristics in magnetic fieldsupto 2 T
have made it possible to determine the critical parame-
ters of the superconducting transition in the weld area.
The observed insignificant degradation of the sheet nio-
bium superconducting characteristics in the region of
thermal action (on the average about 10%) is not of fun-
damental importance from the standpoint of supercon-
ducting properties of the resonator.

PACS: 07.20.Mc Cryogenics; refrigerators, low-tempe-
rature detectors, and other low-temperature
equipment;
29.20.Ej Linear accelerators;

74.25.-q Properties of superconductors;
81.20.Vj Joining; welding.

Keywords: superconducting resonator, ultra-pure niobi-
um, electron-beam welding, temperature and width of
the superconducting transition, critical magnetic field.
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