
0- () '~3 I .D .. ;;<, .. : ' 

t '· ·~ 

- OT LIEn. HOBbiX METOLIOB .YCKOPEHH.H 
/ 

~ 1 ,' ' 

P8 ··- 4785 

· H.H. Py6HH, A.A. Caoaes,. IO.H~ .CM:Hpuos, 
• I· u:c.xy·xape~~>. s.r. :ma6paTo~ _. .. · ·· · 

·< 

. HCCJIE~OBAHH\K ,, 

·· UOBEPXHOCTHOrO . CB1J-COUPOTJ1BJIEIBUJ 
·· ·._ · CBEPinPoso~HHKOB.II: Po~A 

. .. ; ' ' 

.· 

.. . ' ,. 

\. 



P8 • 4785 

H.B. Py6HH, A.A. Ca6aea, IO.H. CMHpHoB, 
H.C.XyxapeBa, B.r. ma6paTOB 

HCCJIE,l\OBAHHE 
llOBEPXHOCTHOrO CB'I-COllPOTHBJIEHHH 

CBEPXllPOBO,l\HHKOB II PO,l\A 

~~oum~"-"~e~.m~tu m"l,e:.T;ti'?.' t! ~.IJ~ ..., I, 

grt~r~ DtcJ.:eno:Ji'm~ r,:: 'i · 

· · ~.~<JG.nll'J(t.rn::::~{:., __ r 



. Mcnonb30BBHH9 B yCKOpHTenbHOH TBXHH~e 3BMe~aTenbHOI'O CBOHCTBB 

CBBpXrrpOBOAHHKOB - HX ~pe3Bhl~afiHO Manoro COI1pOTHBnBHHH - rrpeACTaBnAeT 

~onbwofi np~KTH~ecKufi HHTepec, B pHae pa6oT/1-7/ ony6nuKOBaHhl peaynb

TaThi HCCnBAOB8HHH BblCOKO~aCTOTHblX CBOfiCTB CBepxrrpOBOAHHKOB anH IIpH

MBHBHHA HX B pe30H8HCHb!X YCKOpH!OWHX CHCTBMBX, llocTaTO'IHO rr_OliHO, B llill

pOKOM nuan.aaoHe qacToT ( oT c 0 TeH Mru no necATKOB Tru) uccneaoBaHo 

IIOBepXHOCTHOe COI1pOTHBnBHH9 CBHHUa ll HH06HH, 8 HaCTOHlUBB BpBI\IH pa6oTa

eT KpHOI'BHHhlll nHHBHHhlll yCKOpHTBnb, p930HBHCHBH CHCTBMB KOTOporo Bhl

rronHeHa ua CBHHua/5,6/, 

K COJKaneHHI01 HH3K09 3HB'l9Hll9 KpHTH'IBCKOI'O MBI'HHTHOI'O rronH CBepx

rrpOBOAHilKOB 1 poaa, K KOTOpbiM OTHOCHTCA CBHHBU 1 He II03BOnHeT HCIIOnb-

. 30B8Tb HX B pe30HBHCHbiX CHCTBMBX, HBXOAHIIli!XCA B 3HB~HT9llbHhiX MBI'HHT

:·:biX l101IHX1 B 'IBCTHOCTH, B KOnneKTHBHOl\1' yCKOpiiTBliB IIOHOB-KOJlbUBTpOHe 18,9'f, 

YcKopH!OIUaH CIICTeMa. KOnbi:teTpoHa co~eTaeTCH c npononb!IhiM MarHHTHhiM 

rroneM,. HB06XOAHMbiM anH. l10AA9p1KHBBHHA BpBIUBTenbHOI'O ABHIKBHHH 91IBKTpo-

' HOB B KOnbUB, BenuqllfiB 1\cBI'HHTHOI'O rrOnR AOCTHI'BBT 3H8~9Hllll 20-30 K9, 

'Mcrronb3oBaHue cBepxnpoBOAHIUHX MaTepuanoB nnH coana!IHH CB1.{-9neMeH

TOB KOllliBKTHBHOI'O yCKOpHT9115I CyiUeCTBBHHO CHH3HT IIOTpeoneHH~ BbiCOKO

~aCTOTHOfi MOIUHOCTH H l103B01IHT yny~WHTb pa60~He xapaKTepHCTHKH 9THX 

aneMeHTOB u, cneaoBaTenbHO, ycKopuTenH. TaKHM o6pa3oM, npu npoeKTupo

BBHHH CBY-cucTeMhi KonbueTpona KaJKeTcsr paayM!IhiM ucnonb30BaTb CBepx

npoBOAHIUue MBTepHBllbl .c BbiCOKHMH KpHTH~BCKHMH l10115IMH 1 T.e: CBepx

rrpOBOAHHKH 2 pona. 
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I1MeJO!IlHXCS! peaynhT8TOB onhiTOB no H3y'leHH!O Bb!COKO'IaCTOTHbiX CBOHCTB 

cBepxnpoBO.OHHKOB 2 pona/10/ HenocTaTO'IHO nnst Bhl6opa MaTepuana peaoHa

TopoB KonhueTpoHa ua-aa oTcyTCTBHSI naHHbiX o n6BeneHHH.cBepxnpoBO.OHHKOB 

BO BHeWHHX M8I'HHTHbiX nonR:K, OoaTOMY aBTOpaMH 6bJnH npennpHHS!Tbl cne

UHanhHhie HccnenoBaHHSI uoBepxHOCTHoro CBl.J-conpOTHBneHHSI paanH'IHbiX 

CBepxrrpoBO.OHHKOB 2 pona B CHnhHbiX Mai'HHTHbiX nonstx. HeKOTOpbie nepBbre 

peaynhT8Tbl no H3MepeHH!O noBepXHOCTI!OI'O conpOTHBneHHSI' CBepxnpOBO.OSI!IlHX. 

cnnaBOB THUa HH~6Uii-UHPKOHHH, HH06HH-THTaH, noMe!IleHHhiX . BO BHeWHee 

M8I'HHTHOe rrone, .[10 40-50 Ka, npe.[lCTaBneHbl HHJKe, l13MepeHHSI npOH3BO.OH-' 

nHCb npH HH3KOM ypoBHe Bl.J-MO!IlHOCTH. • 

P11c. 

MeTonuKa aKcrrepuMeHTa 

" 

2 

J,3Kcneplo!MBHTBnbHhlA pB30HB
TOp, I, 06pa3eU cBepxnpo

BOJlHHKa, 2. MeanaH rpy6a. 
3, .LlWolnBKTploi'IBCKHA CTBpiKBHb, 

4. KoaKC11BnbHbiB nHHHH, 

5, Tpy6Ka noaBeca. 

llnSI OUbiTOB 6bin Bb!6paH K08KCH

anbHhiH rronyBOnHOBOH pe30H8TOp (pHC, 't), 

BHeWHHM npoBO.OHHKOM peaoHaTopa cny)lmna .· 

MenHaSI Tpy6Ka C BHy~peHHHM .OHaMeTpOM 

28 MM H 'nnHHOH 350 MM. 0pOBOnO'IKH H3 

cBepxnposonSimero cnnaBa nnHHoii: oKono 

300 MM HCnOnb30BanHCb KaK BHyTpeHHHH 

npo5onHHK peaoHaTopa. OpoBonot~Ka nonBe

uuBanach BHyTpH Me.[lHOii Tpy6bi Ha .ouaneKT

pH'IeCKHX CTeplKHSIX (rronHCTHpon), feoMeT

pHSI pe30H8TOpa n03BOnstna nei'KO H 6biCTpO 

CMeHHTb H nonrOTOBHTb K HCnhiT8HHSIM o6-

pa3Ubl, H a BepxHeii: TopueBoii: KphrwKe pe-

3i>HaTopa HMenOCh .[lBa OTBepCTHSI .[lnSI K08K- ·• 

CH8nbHblX .nHHHH, OK8H'IHB8101IlHXCSI W;'blpSI

. MH CBSI3H, 0nHa n!!HHSI HCIIOnb30B8ll8Cb 

nnst Boa6yJKneHHSI peaoHaTopa, npyr'aSI npu

coenHHstnach K HSMepuTenhaoii: annapaType. 

HapylKHbiii: rrpoBO.OHHK KOaKCHanbHb(X nHHHii: 

BbiiiOnHeH H3 TOHKOCTeHHbiX HeplKaBeJOIIIHX 

"-'; 
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TpyooK tHWMeTpOM 6 MM. B STM TpyOKM BCTaBminaCb M9AH8SI IIpOBOJlO'iKa 

c nonnaTnneaoBofi ooono'lKofi (ncnonbsoBancSI Kaoenb MapKn PK:-75-7-11, 

C KOTOpOI"'O CHMM8Jl8Cb M9AH8SI OIIJ19TK8). Pe30H8TOp IIOAB9IIIHB8JlCSI K <iJnaH-
1 . . 

uy KpHOCT8T8 Ha · TOHKOH Hep)K8B9!01ll9H Tp_YOKe, KoaKCM8Jlbl 'iepes BaKyyMHhie 

yiiJlOTHeHMSI BbiBOAHJlHCb M3 KpMOCT8T8, 0)KM!{8Jl0Cb 0 'iTO B9JlM'iM_Ha AOOpOT

HOCTH pe30H8TOpa IIpM M3MeHeHMM T9MIIepaTypbi OT KOMH8THOH AO re,nMeBOH 

.B03p8CT89T Ha HeCKOJlbKO IIOpSIAKOB. f1 OSTOMY. AJlSI TOI"'O 'ITOObl M3MepeHMSI 

n<;>6poTHOCTH pesoHaTopa Ohino B03MO)KHO npoBOJlHTh npH cnaoofi CBSI3H c reae

paTopoM BO BC9M HHTepBaJle T9MIIepaTyp, IIpeAyCM8TpHB8Jl8Cb perynMpOBK8 

B9Jlli'IHHbl ,C~SI3H nyTeM H3MeHeHHSI l"'JlYOHHbl IIOI"'py)KeHHSI lliTbipefi CBSI3M B pe

SOHaTop. PesoHaTop IIOM9lll8JlCSI B B8HHY 

c )KHAKHM renHeM. ITpohonhHOe BHelllHee 

M8l"'HHTHOe none C03A8B8Jl0Cb C IIOMOillb!O 

CBepxrrpoBOJlSIIllero coneaoHna H 6hmo no-

CTaTO'IHO O)lHOpOJlHbiM (10%) Ha JlJlMHe 
. ' 

9-10 eM. TeMrrepaTypa HH)Ke 4,2°K .JlOCTH-

ranacb nyTeM OTKB'IKH rrapoB rennSI. Cxe

Ma ycTaHOBKH npHBeneaa aa pHc. 2. 

Pac'ieT MOillHOCTefi. noTepb ' 

B SJleMeHT8X pe30H8TOp8 

B pe)KMMe BhlHY)KJleHHhiX Kone6aaufi 

P,930Ha TOp, CBSI38HHblll C IIH T8!01llHM !"'eHe

__ paTOpOM H H81"'py3KOll 0 IIpHHSITO X8p8KTe

pH30B8Tb "aarpy)KeHHOfi"· )lOOpOTHOCTb!O 

Pac. 2. CxeMa ycTaHOBKH. 1. Peaoaa~ 
TOp, 2,ConeHOHJl, 3, )KHJlKHfl 
renafl, 4. )KaAKHfl aaoT. 

Q = 
H.• (1) 

rne W 0 - sarraceHHaSI aaepl"'HSI B pesoaa

Tope. 

5 



- Y'IHThiBast, 'ITO noTepn o5bi'IHO . Manhi, pac'IeT W 0 · nponoiuiT B npen-

nono)KeHim iiaonnponaHHOCTii cncTeMbi/11 I. 

l 2 
W =-f "" dv. o 2 r m 

vo 

(2) 

II m- MIU'HHTHaH KOMnoHeHTa !JOnst, dv - aneMeHT o5'beMa, MoulHOCTb no-

Tepb : P nnH Harnero peaoHaTopa MO)KHO paanenHTb Ha cnenyiOIIIHe 'IacTn: 
n -~ . 

p_ = p" + p + pn + pi"· + p ' n . - _c M n (3) 

p M H p C j - llOTepH Ha BHyTpeHHett noeepXHOCTH Me.llHOtt Tpy5hi 

If llOTepll Ha llOBepXHOCTII npOBOnO'IKH CBepxnpOBOJ::;IiHKa COOTBeTCTBeHH0 1 

P lJ. - noTepn a nnaneKTPH'IeCKHX noneecKax, Pr - noTepn ~ _ cpene )KifJl

Koro rennH, PH - noTepn Ha nany'IeHne, o5ycnoeneHiU>Ie a.rieMeHTaMH eagan. 

J1ocne llOJlCTBHOBKH ypaBHeHHH (3) B (l) nony'IaeM: 

l l l l l l 
--'-=-+-+ -+-+ -· ; 
Q -H Q M Q C . Q Jl Q I" Q If 

w 
0
.W ~ - , w0 W 0 Q M= -. --- ' "'' Q If= --f:p-___;;._ 

- PM !3 

(4) 

B HaiiiHX aKcnepnMeHTax noTepSIMH a nnaneKTpH'IeCKHX noneecKax, )KHJlKOM 

remm n aiieMeHTax .CBH3H Mhi npeHe5peraeM -na-aa nx ManocTn/10/. 
. ' . . 
SKcnepnMeHTanhHOe onpeneneHne a:rnx ann on __ noTepb ipe6yeT nocTaHOBKH 

0 TOHKHX'', Ollb!TOB 1 a )lnH aHanHTH'IeCKOI"O Bbi'IHCneHHSr He_05XOJlHMO peiiiHTb 

CpaBHHTenbHO cnOJKHhie aneKTpOJlHHBMH'IeCKHe 38J:l8'IH, 

J109TOMY npHHHMaeM Q = Q If 
H np 

_l_ =-1- + _1_, (5) 

Qnp Q M Q c 
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. " 

TaKIIM o6pa30M, c y"'eTOM Bbllli9CK838HHOI'O, no6pOTHOCTb pe30HaTopa orrpe

nenHeTCH TOnbKO IIOTepHMII 1 o6ycnoaneHHbiMII TOK8¥11 1IpOBOJliiMOCTH Ha no

BepXHOCTII MeTanna. 

f1oTepn B MeTannn"!eCKHX npOBOJlHHK8X Bbi"'HCnS:UOTCSI no <!JopMyne 

P ~~I H 2 .ds, 
np 2 s m 

I'Jle IIHT9I'pllp0B8HIIe npOBOJliiTCH no IIOBepXHOCTHM npOBOJlHIIKOB 1 a 

(6) 

R - nos 
aepxaocTaoe conpoTuaneane MeTanna aa CBt:[, .Un.11 KOaKcuanhaoro pe3oHaTopa 

Mai'HHTHa.II KOMnoaeaTa TEM- non.II paBHa' 

I m • ' 217 
SIR"- Z, II 

m 2rr r A 

I'Ae ,\ - nnnaa aonHbi B pe3oHaTope R
1 
~r:::;R 

2 

npoaonotJKu, R 
2

- paAnyc pe3oHaTopa, 0< z < L 

Im - aMnnnTyAa TOKa B ny"'HOCTH. 

(7) 

, R -
1 

- paAnyc aayTpeaaeii 

L - Annaa pe3oHaTopa, 

CTpyKTypa non.11 nonyaonaoaoro KOaKcnanbaoro pe3oHaTopa noKa3aHa 

aa pnc. 3. 

~J ~~ ~Ill .. : .. . . . 1!\(ii .. z 

Pnc.3, CTpyKTypa nonH a+pe3oHaTope. CrrnowHbie mui1111 - aneKTPH'lecKaSI KoM
noaeaTa IIOillil1 , -Mai'HHTHSS! KOMllOH9HT8 nong, 

Ha ocaoaaanH (2), (6) n (7} aaxoAnM: 

l 2 ...1.. Im 2 R W ~-I 11 II d v ~ fl rr L ( -) En --nA-
0 2 m 2 2rr n! 

vo 
(8) 

(1,2) 

1 1.z> R 8 
P -~ r np -2- s· 

I'AS IIHASKCY 1' COOTBeTCTByeT MOillHOCTb IIOTepb Ha IIOBepXHOCTll CBepxnpOBO

AS!IllSH npoaono"!Kn 

(9) 
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8 ,lfHU9KCY 2 COOTB9TCTByeT MOIIlHOCTb llOTepb Ha BHyTpeHHefi. llOBepXHOCTH 
" . . 

MenHofi Tpy6bi peaoHaTopa 

M 

p =~(~)2"L. 
M 2 2rr R 

2 

( 10) 

l1cnonbay~ ypasHeHHe (1 ), onpenenSieM 'IaCTH'IHbte·ao6poTHOCTH 

Q=l.w RnR c Rc 0 /L 1 m-2, 
s R1 

(11) 

l . R 
Q = -.4J p. R £n . 2 • 

M RM 0 2 R 
s 1 

( 12) 

nnSI Bbi'IHCneHHSI llOBepXHOCTHOPO COllpOTHBneHHSI CBepXllpOBOUHHKa HC

nonbayeM ypasHeHHSI (5), (11) H (12): 

c 
R =w p.R 

S 0 I 

·R ( 1 rn-2 -
Rl Qnp 

_1_). 

QM 
(13) 

l13 ljJopMynbi ( 13) BHllHO,. 'ITO nmr onpeneneHHSI llOBepXHOCTHOI"'O COllpOTIIB

neHHSI csepxnposonHHKa Hy)KHO liaMeprrTh nosepxHocTuoe conpoTnsnenHe MenH 

R;: npH naHHOfi TeMnepaType H no6poTHOCTb cocTasuoro peaoHaTopa Q 
M np 

Boo6me rosopSI, R 8 MO)KHO paccqrrTaTb no ljJopMynaM nnSI KnaccH'IecKoro 

CKHH-CnOSI nprr llOCTOSIHHOM TOKe, 

/12/ " 
OnHaKo, KaK 6bmo noKa3aHo B , nosepxu_ocTHOe conpoTHBneHHe Me-

Tannos, II3MepenHoe npH HH3KHX TeMnepaTypax, B HecKonhKO paa 6onbllle 

paCC'IHT8HHOI"'O no KnaCCI!'IeCKl!M ljJOpMynaM, 3TO SIBneHl!e H83biB89TCSI 8HOManb

HbiM cKuu-aljJijJeKTOM H .nonpo6uo rrayqeHo B pa6oTe/13/, CnenyeT OTMeTHTh, 

'ITo ljJopMynbi nnSI pac'IeTa nosepxuocTHoro conpoTrrsneHHSI MeTannos c yqe

TOM aHoManbHoro CKIIH-a<jJ<jleKTa oTcyTCTBYIOT, noaToMy R
8 

l T, w) npH HH3-

KHX TeMllepaTypaX MO)KHO Ollpenenl!Tb TOnbKO 9KCllepHMeHTanbHO, 

8 



-.LlnSI pac'!~Ta noBepxHoCTHoro conpoTnBneHnSI MeJln R ~ no aKcrrepnMeH-

'I'anbHbiM JlaHHb!M BOCnOnbayeMCSI BblpaMeHUeM ( 13) 1 nOJlCTaBHB B Hero 3Ha
C M 

'leHne QM na (12) n saM~HUB R5 _, R8 
nocne npeo6paaoBaaug nony'lnM, 

R 
w 11 en __z. R 
_o _ _fu_:_ ( --- ) . 

( 14) 

Qnp l + ~ 
-~ 

Q - H3Mep5IeMa5I Jl06pOTHOCTb 
np -

COCT8BHOI'O.pe30HaTOpa, 

'B KOTOpOM KaK BHeliiHHH, TaK H BHyTpeHHHH npOBOJlHHKH BbiiiOnHeHbl H3 MeJlH, 

no STOll <j:JopMyne MO~{HO paCC'lHTaTb H R c ' ecnn KOaKcnanbHb!H pes 
soHaTop uennKoM BhmonHeH ns CBep,xnpoBOJlSIII!ero MaTepHana. 

3aMeTnM, 'ITO npn- O'leHb Manon Benn'lnHe R 0
- aHa'leHne ( _l __ _ l_) 

. S Q~ QM 

6nnsKo K Hynro n pac'!~T no <j:JopMyne (13) MOMeT JlaTb 3Ha'lnTenbHyro omn6Ky. 

BbiCOKo'IaCTOTHbie f!3MepeHiui 

.Llo6poTHOCTb peaouaTopa co CBepxrrpoBOJlSIII!eH rrpoaono'!KOH orrpeJlenSinacb 

no nsMepeunSIM JleKpeMeHTa aaTyxaunSI Kone6aunfi. Ecnn nsMepSieTCSI oTpeaoK 

apel\leun !l t , B Te'leune KoToporo rrpoJleTeKTnpoBaHHaH aMnnnTyJla H3MeHH-

eTCSI B JlBa pa3a, TO Q np HaXOJlUTCSI H3 cneJlyiOII!ei'O COOTHOllieHnSI: 

Q ,9.f./lt 
np 

-( 15) 

9Ta <j:JopMyna npnro~::tHa npn KBaJlpaTn'!Hoi! xapaKTepncTI!Ke JleTeKTopa. O'!eBnA

uo, _'ITO- JlnSI nony'!eHHSI npaBnnbHbiX peaynbT8TOB paC'l~Ta He06XOAHM01 'IT0-

6b!'/l t 6binO 6onbll!e nOCTOSIHHOI! JleTeKTOpa, 

¢yHKUHOHaJ'ibH85I CXeMa- H3MepeHH5I AeKpeMeHTa npe.QCTaBneHa Ha pnc, 4, 

B ycTaHoBKe 6hrn ncnonbSOBaH cTaiJ:JlapTHhiH reHepiuop Tnna rLJ-37 A B peJ!m

Me nMnynbcHoti MoJlynsmnn. feHepaTop 6brn nOJlCOeJl'nHeH K peaoHaTopy 'lepea 

ocna6nTenb MOII!HOCTH KOaKCnanbHOM Ka6eneM .QnHHOH "'.10 M. 8biCOKO'laCTOT-

9 
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P11c. 4, EnoK-cxeMa H3MepeHHSI . ..J:teKpeMeHTa 3aTyxa
HHSI, 1 •. feHepaTOp BbiCOKO'laCTOTHbiX KOne6a
HHSI, 2. MonynSITOp. s. ATT9HIOaTop. 4. neTeK
TOp, 5, OcuHnnoi'paq,, 6, Pe30HaTop, 

Hbl9 KOneoaHIHI IlOnH B pe30HaTope !l8T8KTilpOBanllCh KpllCTa~nl!'l8CKilM A8T81\

TOpOM, 0I'Il08IOUia.H BbiCOKO'IaCTOTHbiX KOneoaHIJ:ii Haonm,nanacb Ilpll IlOMOIIIH 

ocunnnorpa¢a, sarrycK pasBepTKH KOToporo cnHxpoHH30Banc.H sa.nHnM ¢poH

TOM nMrrynbca Mo.nyn.Hunn B4-reHepaTopa. Bemi'IHHa CB.H3H pesoaaTopa 

c reHepaTopoM n .neTeKTopoM yMeHhmanacb .no Tex rrop, rroKa He o6Hapy*n

Banoch, 'ITO aanhHeHmee ocnaoneHne CB.H3H He Bnn.HeT Ha rronyqaeMyiO ¢opMy 

ornoaiOUieH KoneoaHHH, 

Dn.H nsMepeHn.H .noopoTHOCTH pesoHaTopa, rronHoCThiO BhmonHeHHoro ns 

. M9.0ll 1 IIpH HH3KHX T9MIIepaTypaX HCIIOnh30BanC.H M9TO.O II3MepeHII.H IIOnOCbl 

IIpOIIyCK8HII.H2~ f Ha ypOBHe 0,707 pe30HaHCHOH KpiiBOH, 8TH II3MepeHII.H 

Heo6xo.nnMhi .nn.H pac'IeTa R ~ 

Pe3ynbTBTW H3MepeHHA c rrpoBono~KBMH 

Dn.H 6rrpe.neneHn.H saBncnMOCTn IIOBepXHOCTHoro corr~oTnBneHn.H Me.nn 

OT TeMrrepaTyphi 'B rrepBbiX OIIhiTax cBepxrrpoBO.O.HIIIa.H rrpoBonoqKa Ohina saMe-
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ueua Meauoli. Bemi"IHHa R ~ pacC'lHTbiBanach no 4JopMyne ( 14). Pe3yJ;IhTaTbi 

paC'leTOB llpHB8.1l8Hbl B Ta5nnue 1. 

Ta6nuua 1 

T [•K] JOO 78 '1,2_ 

Rt11 
fo11l 1,1·10-3 J, 1·10~1 ~1/1·10-J 

Dpn TeMnepaTypax HHlKe renneBoli (no 1,6°K) yM.eHhllleHH.II R ~ He o5-

aapylKeHo. Do <jlopMyne ( 12) .. H8ll.ll8M 'l8CTH'lHYIO .ll05pOTHOCTh pe30H8TOpa, 

onpeaen.HeMyiO noTep.IIMH ua noBepxaocTn BHelllHero Meauoro ppoBO.IlHHKa. Dpn 

T = 4,2 -+ 1 ,8°K Q M = 1 ,67 • 106. 0Tcroaa cneayeT, 'ITO MaKcnManbf!a.H 

Benn'lnHa .ll05pOTHOCTH, KOTOpyiO MOlKeT HM8Th COCT8BH0ll pe30H8TOp . ( BHyTpeH

HHll npOBO.IlHHK- CBepxnpOBO.Il.lllU8.11 npOBOnO'lKa), paBH8 STOll Benn'lHHe. 

8 OllbiTaX CO CBepxnpOBO.Il.lllllHMH Ma TepnanaMH, HH05Hii:-unpKOH~ll, HH05Hli-
C 

THT8H H HH05Hii: Mbl HCCne.llOBanH B.nH51HHe Ha BenH'lHHy R s MBrHHTHoro non.11, 

l!allp51lK8HHOCTh!O .llO 40-50 K8, H. 38BHCHMOCTh llOBepXHOCTHOro c;onpOTitBneHH.II 

OT TeMnepaTypbl B HI!TepBane 4,7 -+ 1 ,8°K. CBepxnpOBO.Il51ll1Hll pe30H8T0p llpH

H51TO xapaKTepH30BaTb Kos<jJ!lJuunenTOM yBenn'leHn.II ao5poTHOCTH F , paBHbiM 

OTI!OilleHHIO ''- nonaoii:" ao5poTuocTn nro5oro cBepxnpoBO.Il.HLUero pe3oHaTopa "Q: c 

K ao5poTHOCTII auanorniiuoro Meauoro pe3o!i:aTopa Q M npu KOMHaTHOli TeMne

paType 

F 

M 

Rs 

Rc 
s 

npn 

0 
rae TKK- KpnTH'leCKa.II TeMnepaTypa. Pe3ynhTaTbi aKcnepnMeHTOB H pac'le-

TOB npnBe.lleHhi B Ta5nuue 2 H 3. 

Ha puc. 5 H 6 noKa3al!hi aKcnepnMeHTanbuo nony'leHHhie 38BHCHMOCTH !lJaK

Topa yBenn'leHH.II no5poTHOCTH F (H) npn T=4,2°K n F(T) npn H =25 KaB nn.11 nc-

cnenoBaHHhiX CBepxnpOBOllHHKOB. 
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TaaAuu,a 2. 
(/• i1.2•KJ 

D IIO,Sjl,l6j6t2 l~9l1,26j586l9,7 jf,26IS63II0,7JO,*SI'TSO 

10 I 1,7 I {,ss I36S I 7,7 12,03 j3so 10.7 j2,5 128'1 I s,o 18,38 I 85 

20 18,231.2,20 1320 17.2 12,29 1310 l.f,SJI J,5 1202 

30 17,80 j2,1t8 1286 16,3 12,86 j2.V8 IS,OSI '1,0 I (71 

'ID 17.10 l3,o512U ls,2 j3,B2 j/86 l.tt,6j'{,srl155 

705Auqa 3. 

(H=25'K3) 

r N6-'i\ ( 116- 7oY.l #6-2;. (N&-SoY.J 118-7i ( /16- S07. J I 
Qnp. 

("K} 
R' F Q,p. R!.' F Q,p. . R!. F I :t ID-'1 ~ ~ to·l( 1/0slDM] Jl./0-1( ! t 10 (oM] 1/0 {oM] 

tt,2 8,2'!> 2,2. 320 6,8 2,5'1 280 s,os 11,0 /77 

~0 9,6 (,5{ if10 8,5 1,68 '123 7,2 ~31 JOB 

1,8 /0,8 1,06 670 .9,9 1,26 586 8,8 '1,57 'ISO 
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• 

F 

T= "'2 11K 

fOD 

0 L...------.,D~....;..-2D-:----:!JIJ:-----:",,:---. ~5o=--- 1/(n) 

Pno. 5, 3aencnMOCTb tflaKTOpa yeenn'leHilH ao6poTHOCTI1 OT 

BH9UJH8I'O M8I'HI1TIIOI'O nonS! anSI pa3.Hb!X M8T8plla-

F 

nOB npn T = 4,2°K, 1, :"ib- Zr ( Nb - 70%), 
2, Nh-Zr (.:'-1(,-50%),3, Nh-T;(Nh-50%), 
4, Nh (99,8%}, 

H= 25o 

Pnc, 6, <l>aKTOp ynennq'ennSJ ao6poTHOCTI1 B 3annC11MOCTII 

.; "' OT TeMnepaTy'pbi np.n II = 25 Ka, 1 ,2 ,3.- KpllBhie, 

.,. • ·. COOTB9TCTBY!OlUil9 pa3n!l'lllbl M · o6pa3U8M ( CM, 110}:1-

llllCb K pnc. 5), 
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06cy~aeHHe peaynhT8TOB 8KCllepHMeHTa 

Ba)KHbiM, Ha Hall! asrn.HJl, peaynhTaToM aKcnepnMeHTOB .HBn.HeTC.H To, 'ITO 
0 I 

npu none H "' 20 K9 u T = 4,2 K KoaljlqmuneHT yaenn'IeHHH no6poTHOCTH F 

Jln.H HCCne)lOB8HHbiX CBepxrrpOBOil.Hll!HX crrnaBOB CHH)KBeTC.H ITO Cp8BHeHHID CO 

cny'IaeM HyneBoro nonsr MeHee, '!eM B 2 paaa; B To. *e.~peMsr nepexon 
0 . . 

K T = 1 ,8 K yBenn'IHBaeT ljlaKTop F . TaK)Ke npnMepao ri 2 paaa. TaKHM 

o6paaoM, rrpu nepexone oT 

xone OT T = 4,2°K K T = 

~pHMepHO CBOe 3H8'19HHe 

H = 0 K H = 20 K9 rr OJlHOBpeMeHHOM nepe-
o " 

1,~ K ljlaKTOp yBenn'!eHusr no6poTHOCTH coxpaH.HeT 

. F = 600 -+ 700, 

.llo6poTHOCTh H3Mep.Hnach eme nn.H HecKonhKHX o6pa~uoa npu uanp.H)KeH-

HOCTH·nonsr JlO H 13 K9, 3Kc Tpanon.HUHR nony'IeHHhiX Bemr'IHH nn.H saa'!e

HHS! H = 20 K9 npu o T = 1,8 K nana F = 800 -+ 900. 

HeJlOCTaTKOM onrrcaHHoro MeTOJla rrsy'!eHnsr noBepxHOCTHoro conpoTHB

neausr , CBepxnpOBOJlHHKOB nBn.HeTC.H Heo6XOJliiMOCTh npHMeHeHH.H " COCT8BHOI'O~ 

pe30H8TOpa, l13 rrprrBeJleHHbiX Ta6nrru BHJlH01 'ITO B o6naCTH Mli'HHTHb!X noneii 
0 0 

JlO 5 K9 nprr 4,2 K rr H = 25 Ka npu T = 1 ,8 K H3MepeHHa.H Jl~6poTHOCTh 

6mi3Ka K 3H8'IeHHID Q M 1 'IT0 1 KaK 6binO yKa3aHO Bblllle 1 MO)KeT npHBeCTH 

c 
K saa'!rrTenhHbiM norpell!HOCT.HM B onpeneneHim R s , .llmr CHH)K9f!H.H Oll!H6Kn 

HSMepeHH.H noTepb B cna6&IX M8I'HHTHbiX non.HX npu TeMnepaTypax B o6naCTH 
0 0 

4,2 K unn B cnnhHhiX MarHnTHhiX non.Hx npu TeMnepaTypax HH)Ke T = 1,8 K 

B Jl8nhHellll!HX OnhlT8X MeJlH85! Tpy6a 6yJleT 38MeHeHa Tpy6oii H3.CBepxrrpOBOJl

HHK8, 

KpoMe Toro, npu pac'IeTax He y'IHTh!Bannch BbiCOKo'IaCTOTHbie noTepn 

B renuu, aanonH.HIDll!eM BHyTpeHHnii o6beM peaonaTopa, B JlH9neKTPH'IeCKHX 

nonaecKax H aneMeHTax CB.H31I, 0'IeBnJlH01 'ITO npu aTOM pacc'!nTaHHbie aa oc

aoae 9KCnepHMeHTOB 3Ha'IeHHS! noaepXHOCTHOI'O conpOTHBneHHS! 3aBblll!eHbl no 

cpaBHeHIIID C HCTHHHbiM, 

ITpn o6c'!eTe aKcnepuMeHTanhHhiX JlBHHhiX no ·onpenenemuo R ~ npenno

naranoch, 'ITO aneKTpH'leCKHe XapaKTepHCTHKH npOBOnO'IKH. 0JlHH8KOBbl no BCeii 

JlnHHe, 8 Cuny TOI'0 1 'ITO He BeCb pe30H8TOp nOMemanC.H BHyTpli coneHOHA8
1 

CBepxnpOBOJl5llli8S! npOBOnOKa H8XO)lHnacb B HeOJlHOpOJlHOM M8I'HHTHOM none 

u, cnenoaaTenhHo, 9TO ycnoane He Bhmona.Hnocb, OnaaKo npoaeneHHhiil: pac'!eT 
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orrpaanaH, T,K, B ueHTpanbaofi 'iaCTII rrpoaonoKn, rne non~ onaoponao, cocpeno- • 

TO'ieHO He MeHee 80% .IIOTepb p C , , 

B aKcnepuMeHTaX ucnonb30Banucb o6pa3Ubi, noaepxHOCTH KOTOpbiX He 

IIO)lBep~anHCb TepMH'ieCKOll ll, XHMHqeCKOll 06pa60TKaM, fl 0 Jl8f!HbiM/ 10,14/, 

, aneKTpononupoaKa rroaep~HOCTH KOMMep<ieCKoro Nb H OT*Hr ero npu Bbi-

coKofi TeMnepaType ll rny60KOM BaKyyMe yMeHhWaeT IIOBepXHOCTHOe. COIIpOTHB

. neHue 6onee, '!eM. Ha nopSIJlOK, 

Mbl nonaraeM1 'ITO y'ieT BCeX BH)lOB IIOTepb MOIIIHOCTH IIpH paC'ieTaX 

R~ It o6pa6oTKa noaepxaocTH caepxnpoaonHHKa no3aonHT nony'IHTb Ko-

a<jJ<jlnuueHT yaenuqeHHH no6poTHOCTH "' 104 npu T = 1,8°K u H = 25 Ka, 

AaTOphl 6naronapSIT uauuuaTopa pa6oT B.n.C~paHueaa 3a nonnep*KY 

11 IIOCTOSIHHblll HHTepec K naHHbiM HCCnenoBaHIISIM, ABTOpbl 6naronapHbl A,r,3enb

)lOBII'IY1 H.H.foH<iapoay 11 H.H.BanaHJliiKOBY 3a opraHII3aUIIID KplloreHHhlX pa-

6oT H npenocTaaneHIIe o6pa3UOB caepxnpoBOJlHIIKOB, a TaK)I(e B,4yMaKOBY 3a 
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