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TIPH CO~~aHHH p8S~qHHX CBepXrrpOBO~X YCTpOaCTB, 

r~BHHM 06pa30M MarHHTHHX CHCTeM, BOSHHRaeT He06xo~

MOCTb COe~HRTb Me~ c060~ CBepXrrpOBO~e TORoHecy

n~ utae aJIeMeHThI,' HMeIOllUIe orpanaxesay» ,Il;JlliHY. TIpH aTOM 

~OCTaTO~HO ~acTO Tpe6yeTcH, ~T06H T8KHe coe~HeHHH 6H~ 

p8~60PHhlMH, 8 HX RpHTH~eCKHn TOR OhlJI He M8HhWe, ~eM y 

HCXO~Horo npOBO~Ra. HaH60~8e npOCTHMH H H8~e~HMH coe

,IUiHeHIl.f.l:lVlH, Y~OBJIeTBopmoUUIMH 8THM 'yCJIOBHílM, HBJIJilCTCH naa-, 

Hhle CThlKH, no~06HO HCCJIe~OBaHHh1e, HarrpHMep, B pa60Te/I / . 

UeJIb HaCTO~en pa60ThI - npe~CTa~Tb peSYJIbTaThI RCCJIe~OBa

HHH y~eHHHx DaRHHX COe,IUiHeHHn, ROTopHe npR TOn me ~JlH

He li rrpRMepHO Tex Ee norrepe~Hx p8SMepaX HMeIOT cymecTBeH

HO 60JIee HH3KHe 3HaqeHHH 8JIeRTpOConpOTHBJIeHHH Rjo1nt

B R8~eCTBe CBepxnpOBO~X TOKOHec~ 8JleMeHTOB 6h1

JlH B3HThI MHOr07!WJIbHH8 ROMIl03RTHHe llillHH ,IJ,BYX TRnOB, RMelO

mR8 0~H8ROBHe nonepe~Hh1e pa3Mephl 2x3,ô MM c HR06v.a-TR

TaHOBUMH HHTRMH RS CnJI8Ba HT-ôO ,IUiaMeTpOM 80-90 MRM B 

J ( M8,IUIOít MBTpRIte. lllaaa I conepaana 361 caepxnposonanyn HHTb, 

crpynITRpOBaHHhle B 19 RJI8CTepoB. cp8BHHTeJIbHO paBHoMepHo ~ 
pacnpe~eJIeHHHX no ce~eHHIO. illMH8 TI (60JIeen03,IUIero Haro

TOBJIeHHH, ~eM illHHa 1. H RMeBill8H 60JIee BHCORHa Rpv.TH~ecKHa 

TOR I ) co~eplK8Jl8 OROJIO 390 cBepxnpoBo~x HHTeít, paac 
Me~aBillRXCH o,IUIopo,nno no ce~eHRIO. HO T8R, ~TO IteHTp8JIbH8H 

SOHa illIDiH H eê H8PY1KHhln CJIOa - 0.3 MM 6HJm cB06ô,nHhI OT HHX. 

B HeRoTopRX C~8HX (RoTophle B T86JIHIte c pesYJIbT8T8MR B 

cToJI6ue "l1lopM8 IllHH B COe~HeH1m" 6YJIYT 0603Ha~eHH RaR 

"npoxar) 06a I\OHIta COe~IDIeMIlX UlliH na ,IJ;JlHHe nepexparza 

6HJlH npoR8TaHll BXonO~IO ~o p8sMepoB fx4.ô ~~ • 

r;;:----------  --~

n9b"Miníi1e'Uiihi~ i\Hcmyr 1
I t1i1oe;aiMX ~{C']~J10B1Un~m , 

l;~·1Sru., \~;TEHA 



B H8'tleCTBe npHnOeB dhIJlH HCnOJlbSOB8HhI JlHÓO CnJI8B 

Ag-95% in , HMeill~~ OCT8TO'tlHOe y~eJIbHOe CO

npoTHBJI8HH8 fn.-:=IO,7.IO-8 ll·cM c a8MeTHo:a S8BHCHMOCTbIO 

OT MarIDITHoro nona (npa B = 4 TJI H TI::, 4,2 K APh\ nopan

Ka 120 %/2/), JlHÓO CnJl8B Pb - 50% Sn , cBepxnpoBo~fi 
npa 4,2 K H HMeIOlIU1tt B nOJIe B :::s I 'I'JI p", ~ 60· ler8 Jl.CM. 

Coero~HeHHH d~JlM BUno~eHH CJIe~~ odp8aOM. C RO~OB 

ooe~HHe~ WHH H8 ~JlHHe HX nepeRp~THa y~aJlRJICH co BoeX 

OTOpOH M8X81lH'tleCRH OJloH Mü,!UII TOJIliumo:t1 - 0,15 MM (npa arox 

OdP81118JIOOb BHHM8HH8 n8 TO, 'qTOÓ~ OBepXnpOBO,lI,RlJ.tlie HHTH 118 

nOIIDl1JlHOl) H8 nOBepXHOOTH, T.R. ,B aTOM c.nyq8e as-sa HX nJIO

xoH OM8~B8eMOCTH npHTIOeM poaRO Boap8CT8JIO R jo1nt ) • 

S8TeM KO~ Od~lliB8JlHCb np~noeM, H8RJI8~B8JlMCb ~yr H8 

~yr8 BH8XJIeCT H Cn8HB8JlHCb npH TOM 11~ HHQM C~8THH. 

ECJlH BO BpeMR n8fu<H COa~aBaJIOCb Cne~8JIbHO ~OCT8TO'tlHO 

CHJI:bHOe C1K8THe lllHH ~JLfI yMeHbIlleHHJI TOJlll~HIJl OJIOJI npanoa 

MeHl)ille 0,1 MM, TO TaKHe OJIY'tlaH B TaÓJlHue OÓOaHa'tleHhI B 

oToJId~e "CTeneHb C1K8TM npH n8ttRe" RaK "CHJIbH."; B OcT8JIb

HhIX CJIyq8me, OÓOaHa'tleHHhIX K8R "CJl8ó!', TOJIlltHH8 npanoa Mor

JIa np8BhIW8Tb 0,1 MM. ITocJIe aToro OThIK Ha Boefi ~JlHHe OÓ

,N~ThIB8JIOH oo~eHH~1 MHOrOmRJIbHHM cBepxnpoBo~ npoBo~OM, 

~ 0,5 ~ , co~ep1K8lllHM 1045 IDIOOH~-THT8HOBhIX HHTen 0 10 MRM 

B M8~oA M8TpHUe,H Boe aTO npOn8I{BaJIOOb npHnoeM. B HeKOTe

pHX CJIyqaRX BMeoTO RpyrJIOrO npOBO~8 HCnOJIbaOBaJlH TOT 1Ke 

npoaon, npOR8T8HHhIfi ~O TOJIJJ.U!IHhI Ot 25 MM
I ) • 

O~H Ha cThIKOB (~ 6 B T80JlHue) OhIJI OÓMOT8H JIeHTO'tIKott H3 

Nb)sn, . nosepx xcropoã H8MOT8H KpyrJIbIlf nposon HT-50, 

o nooJIe~~e~ npon8ttKOa. K8K np8BHJIO, ~JlHH8 CThIR8 COCT8a

JI.lIJl8 2, 5+7 OM. 

I)rrpoK8TK8 He M8HHJI8 RpRTH'tleCKOrO TOR8 HpoBo~a. 

2 

lfaM8peHHH conpO'l'l1BJI8Hl1H CThIROB .dhIJIl1 C~eJI8HhI no M8TO~ 

onpeneaesaa rrOOTORHHOfi BpeM8HH 1:" a8TYX8HM aaaeneanoro 

TOK8 B KopoTKoaaMRHYTofi R8TymKe, l1arOTOBJleHHOfi Ha 38~8HHO~ 

WHHhI,co.n;ep1K81118fi O,nHO n8.fIHOe C08~HeHHe H norpY1KeHHott B ~,IJ;

RH~ reJlHtt. IToCJIe a8BepWeHHJi aKcnepHMeHTOB KaT~~KH p8ap8a8

JlHCb H HaMepJiJlMCb HX KoscMlmI,ReHThI C8MOHH~~ ( L:: 0,3+ 

+1,8 MKI'H). H8 OCHOB8HHH l1aMepeHHhIX 'í"" 11 L BhI'tlRCJlílJlOCb 

R :: L/'C' c OWHOIWfi ±I5%. Pe8JI:DHO HaMepeHHJI 1: npo
joint 

BO,miJlliC:D npa I <. O,8I ' Ilpa STHX YCJIOBl1JiX ne OhIJIO a8MeTHofic 
aaBHCHMocTH conpOTHBJIeHHH CThIK8 OT TOR8. PeaYJIbT8ThI H3Mepe

HHH conpOTHBJI8HHH CThIRO~, nepeC'tlRT8HHhIe K O~HOMY OM ero ,IJ;Jlli

HhI npe.n;cT8BJIeHhI B T8ÓJlHIJ;e. 

ITo~oe conpoTHB~eHHe coe~IHeHHH CRJI8.n;HB8~TCH rJI8BHHM 

oóp8aoM Ha' ,IU3yx KOMITOHBHTOB: Rjo1nt ARinterit~Raolder 

3,neclJ Rintern. - BHYTpeHHee oonpOTHBJIeHHe TOKY B nIHHe, 8 

TaK~e B CBepxnpOBO~HKe, ORPY1K8IDmeM CTUR,npR ero npOTeK8HHH 

Ma CBepxnpOBO~x !HJI 'tlepea MBTpHUY K npHnOID. OHO S8BRCHT 

OT reOMeTpHH npOTeKBHHH TOK8 B WHH8 H OT T8K H8ShIB8eMoro 

nOnepe'tlHOrO conpOTHBJI8HHR ROMilOaHT8 (CM., H8npHM8p,/3/) , 

xapaxrepxayeaoro a~eRTHBHoa BeJlli'tlllHott P.L • Ilccnenaee 3a

BHCHT OT .n;H8MeTp8 CBepxnpOBO.n;amRX HHTe~, cpe.n;HeM nJIOTHOCTH 

H reOM6TpHH HX p8CnOJIO~eHHH B M8Tp~e, nOBepXHOCTHoro d8p:O

ep8 H8 rpaHHIJ;e Me~ HHOOHfi-THT8HOM H ~e,nhID 11 T.n',T8H.n;eHuaa 

T8IWB8, liTO lieM MeH:DllJe ,D;H8Me'l'p HHTeM H OOJIbIIle me nJIOTHOCTb, 

TeM BHJDe pJ. . Pe8JIlJHO rrpa T :: 4,2 K p.L. MeHJieTCH OT ~oJIe~ 

y~eJIbHOrO 3JIeKTpOConpoTHBAeIPAH Me~ MaTpHIJ;hI ~o BeJIH'tlHHH, 

npeBhIlli8romeft nOCJIe~ID B HeCKOJIbKO p8a (~JlH ~8MeTp8 HHTe~ 

,."10 MI<M H RoatI$:II.U1eHT8 HX S8nOJlH8HHR ,... 50%). KaR BH,1J;HO 

H3 T86JlH~ peaYJIbT8TOB, BHYTpeHHee conpOTHBJIeHHe y WHHhI IT 

cymecTBeHHo óo~we, 't{eM Y WHHU I (cp. CTHR n 7 co CTUROM 

]i Ia npa O).Bex t= 

3 
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ConpOTHB~eHH8 C~OH npHnOH R S8BRCRT OT ero
soldar 

COCT8Ba R TOJIllUUlhI, 8 T8RlKe OT TOI'O, H8X0.IU1TCH ~. npanoã B 

OBepxnpOBo~eM R~ HOpMa~bHOM COCT~HHHH. ~ cp8BHeHHH YR811t8M, 

~TO c~ott npRnOR TO~Hott 0,1 MM R n~0~8~bro 10 MM X 3,5'MM 

RMeeT OCT8TO'qHoe conporasaesae B cJIY'l8e Ag-Sn ORO~O 3.10-9..n. , 
a B CJIY'l8e Pb - Sn ORO.71O 15' 10-912 . B T8dJl11Ue pesyas

TaTOB YK8S8HO, B R8KOM BHeIllHeM MarHRTHOM noae B 9xt npoaonn

JIRCb RSMepeHRR: npa Bext-1 TJI npHnoH Pb - Sn B 1I0pM8~bHOM 

COCTOHHRH, e npa B axt = O - B osepxnpoaonsnea. C~eJJYeT 

yqecTb, 'q'ro B HeRoTopblX CJlyq8mc: ~8>Ke npa = O R T =4,2 KB axt 
npanoã Pb - Sn MO>KeT OR8S8TbCH B necaepxnposonanea COCTOR

HHH (HanpRMep, a8 CqeT npoTeR8HHR TOR8, npeBblwaromero RpRTRqeC

Roe SH8qeHHe B M8rHHTHOM no~e, COS~8B8eMOM 8TMM TOROM). OTMe

TRM, RCT8TR, qTO B Tex CJIY'l8RX, Ror~8 CTUR' He OblJl OOMOT8H 

cBepxnpoBo~ROM, npHnOa c odeHX Top~eBblX nOBepxHocTeR WRH 

Y~8~CR, T.R. B npoTRB~OM cJIY'l8e nOJIyq8JIRCb RIme - do~ee 

HHSRRe - SH8QeHRR Rjo1nt 

PeSY~bTaTbl, npRBe~eHHble B T8ÓJlH~e, nosB~~T c~e~8Tb 

HeCRO~bRO Bbl~O~OB. Bo-nepBblx, ec~ coe~HeHHe H8XO~TCH B 

ycxoaarrx, xcrna npnnoã Pb-Sn OR8Shl:S8eTCH B aecaepxnposo

,Il;IIlJ.{eM COCTOHHHR, TO ~~ nOJJYQeImR oonee aasxoro RJo1nt 

npe.nrIOQ"l'RTe~bHee RcnO~llS0B8Tb npznoã Ag-Sn (cp , C,TblR 111 5 

R 111 8 npa B ext =1 TJI). Bo-BTOpblX, acnonssoaasae nonon

HHT8~llHOrO OOMaTblB8HHH CTblIta oaepxnpoaonaaxox npHBO~T R 

B8CllMB S8MeTHOMY CHHlKeHHID conpOTRB~eHHR (cp., H8npRMep, 

CTH~H ~ l, 111 2 R ~ 5) R8R S8 CQeT YBe~QeHHR nJlOma~ ROH

T8RT8, TaR R ae CQ8T YM8HllIlleHRH R1ntern ,CBRS8HHOro c 

HSMeHeHHeM reOM8TpillI npOTeRaHHR TOR8 B illHHe. Ilpn áTOM pe

SY~llT8Tbl OR8ablB8roTca ~yqme, ec~ BMeCTO Rpyr.71OrO npOBO~ 

(i, RCnp~llS0B8Tll npOR8T8HHbltt R, TeM ÓOJlee, ~O~llry. B-TpeTbHX, 

4 5 



eme donnmero CHH~eHlIa Rjo1nt MO~HO nOCTlltIn, eo~ rrpe~


BaplITe~nHO npOK8T8Tn COe~HaeMHe KO~ illllH (cp. CTUKll ~ I
 

II ~ 3, a TaK~e j 5 H ~ 6) , T.K. II B aTOM c~yqae nenCTBY


IOT ode BumeynOMHHy"'I'U8 rrp:tillliHU. OOQSTaHHe nocaemrax ,1J,Byx
 

MeTOnOB npllBo~T K MHHHManDHHM n~ rra~x eoe~HeHllt:! conpo


TllBneHMRM CTUKOB (n~ HecBepxnpoBo~ero nplInoa CM. CTUK
 

n 6). 

OcodeHHO 6onLllio~ awweKT CHll~e}rnH conpoTlIBnelllifl naRRoro 

CTUKa B03HMKaeT B cnyqae, ec~ npe~o~eHHH~ 3~eCn MeTOn rrpll

MeHHTn ~na coe~HeHHR KOYil103HTHUX CBepxrrpOBO~.TOKoHecy

~!X 8~eMeHTOB c KpyrnuM rrOrrepeqHUM CeqeHlIeM (HarrpHMep, Tpy6

~aTue rrpOBOnHllKH ~na coopymaeMoro B OMRM ~oTpOHa/4/). 

OTMeTRM, QTO rrp~lepHO Ta ~e Be~Ha corrpoTllB~eHHR rro

~yqaeTcR, ec~ OdMOT8HHUH BOKpyr CTHKa CBepxrrpOBO~HR paspe
saTn c 0nHO~ CTOpOllli B~O~n TüKoHecymero aneMeHTa TaK, qToda 

paspes OKa3a~Cfl B rrnOCKOCTlI CTUR8. TIplI aTOM rr~oma~n KOHT8K

Ta OKasliBaeTCR HelIsMeHHolt, XOTfl, paSYMeeTcsr, M8KCllMa~nHhIn 

CBepxnpOBO~~ TOK, KOTOpUlt MO~HO nponyCTlITn Me~ coe~H

HReMHMll npOBO~KaMll, óy~eT B 2 p83a MeHDille. TIocne~Hee oduQ~Q 

He éunaeT KPRTHqHHM, T.K.,HanplIMep, npll T = 4,2 K HcnO~nSo

BaHHU~ H8hrn npoBo~ ~ 0,5 MM B none2,5!n HM8eT Ic = ~40 A, 

TaR tITO aa xapaxrepaoâ ,1J.JIliHe CTURa - 5 CM Y~OlKHTCR $Po 50 

npoxaraaaax nposonoa c CYMM8pHHM KplITWIecKRM 'l'OKOM > Ia KA. 

YKasàHHoe OécToflTe~nCTBO MOmHO HcrrO~n30BaTn ~nsr cymecTBeH

Horo ynpomeHHH RsrOToB~eHHR MO,IJ.epHHslIpoB8HHoro coe,mfHeUIDI 

IrjTéM npenaaparemaoro ll8roTOB~eHIDI cnammoâ "TpyélGl" Ma 

npOBo~a, KOTOpaR paspesaeTCR B~O~ II 3aTeM HaKn8~BaeTCH 

Ha CTUK c noc~e,IJ.yIOlltet:! nponanKO:tt BllépaHHHM npllI10eM (npH He

oéxo~oa CTeU8HR C~aTHR). 
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~ onHoro lIS CTHKOB (~ 6) HaMH duna onpe~e~eHa saBH

Ck1MOCTn Rj01nt OT BHelllHero MarHHTHoro nOM <:. 6 'DI, 

npencraaneaaaa aa PlICYHK8. BeJrn'tlliHa scIxPeKTa MHoro M8Hnill8, 

tIeM M8rHeToconpOTllB~eHHe npHnofl Ag-Sn /2/ H conOCTaBllMB 
I, 
i c saBHCHMOCTDIO fl(B 

O 

HSytIeHHot:! B padoTe/3/ . ) , 

I, 
ft!
'l 

'	 40,,-------------.......
 
.\ 

-... 
'$.
-Q::
 
<, 20 
Q:: 

~ 

I 

lo 

2 I, 6 
BIT) 

SaBHClIMOCTn 0'1' MarHHTHOro nOJill OTHOCHTe~nHoro 

npHpOCTa conpOTllBneHHH cThIRa ~ 6 npH T = 4,2 K. 
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