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0 B03H~KHOB€H~H DHK-3¢¢eKTa B CB€pXnpOBOUHHK8X BTOporO pona 

8 IIOCT8TO'lli0 KOHUeHrpHpOB8HHOil C~CTeMe OTIIOCHT€11bHO cna6LJX 

DHHHKHr-ueHrpoa DhK a611H3H Hc2 B noneaoil 3aBHCHMOCTH o6beMHOA 

CHI1U DHHHHHra DOHBI1H8TCB rorna, KOrna B cpeUHHX MarHHTHWX DOliHX 

( f':-18 3clJ¢JeKTHBI!hl8 MO:lyi1H ynpyr'OCTH peweTKii BHXpeBhlX IHlTeA M8KCH

ManbHW) ynpyrae B33HMoneAcraua Me~ny a~xpaMH cymecraeHHO noHH~a~r 
pe3yJihTHpy~ruy~ CHliY HX 3auenneHHa. Toraa IIHK Hanswrca pe3ynhraToM 

"nnaaneHHH" peweTKff BHXpeA npH B -.Hc
2 

Pa6ora BL!IIOI1HeHa 13 na6opaTOpl01 Bb!COKIIX 3HeprHA OIH!lf. 

IIpenpRHT 06 ... eABHeHHOro BHCTBTYT& •AepHWX BCCneAO&aHBI. Jly6H& 1977 

Goncharov I.N. P8 · 10498 
Origin of Peak-Effect in the Second Type 
Superconductors 

The macroscopic pinning force peak appears nearHc2 
when elastic interactions between vortexes appreciably 
decrease their connection with a concentrated enough 
system of relatively weak pinning centers in the middle 
magnetic field region (where effective moduls of the 
flux line lattice have a maximum value). In such a case 
the peak effect results from "melting" of the flux line 
lattice at B-.Hc

2
• 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 
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1. B HaCTO.ft~ee apeMs nony'IHJIH pacnpocTpaHeHHe ~aa 

OCHOBHbiX flO~XO~a K paclleTy 06'be~mOH flJIOTHOCTH MaKpo

CKOllHl.JCCKOH CHJlhi flHHHHHra F p , T. e. CHni>I 3aiJ;enneHH.R 

BHXpCBhiX HHTCH /BH/ na pa3JIH1.JHMX ,neliJeKTaX KpHCTaJI· 

JIHl.JeCKOH pemeT.KH • llHHHHHr- IJ;eHTpax/lli..V. 

A. B o,nHoM H3 HHX /1.2 I cu.:HTaeTcH, 1.JTO aa:xmym 

pom, B .RBJICHHR IIHHHHHra HrpaiDT ynpyrHe CBOHCTBa pe • 

meTKH auxpeahlx HHTeii I P RH/, KoTopwe onpe,LleJI.RIDT MaK • 

CBMaJILHhle CMCIIJ;CHIIJI U m IIHXp:' fil>IX HBTCH H3 paBHOBCC • 

HhiX flOJIO)I(eHHH B TpeyronhHOll pemeTKe llO,Ll ,Lle:iicnmeM 

TCX HJIH BHbiX JIOKaJibHhiX CHJI ll.IHIHHHra fp (b,t ), a TaK

)I(e ,naa»<ymux can. HanpuMep, a cny~rae TO'·L~'iHblx Ill( 
CHJIY flBHHHHl'a MO)I(HO npe,nCTaBHTb TaKHM o6pa30M: 

FA 
p 

f - · .. --JL ______ n f 
4 rr a 2 fL p r• a 

cp eff 9 

u.n n f 
p p /1/ 

r.D;e Il_p - 06'beMHaR llJ!OTHOCTb llll,, 8¢ - paCVfO.!l:HHe MC!ff• 

.ny BH, b = B/ Hc2 (T)- n~:mae.neHnaR HH.D;YKU:Hl'!:, t=- T I 'Ic 
llpHBeJJ,eHHa$1 TCMUepcnypa,, J.! eff • :J<f,.PeKTHBHhiH <.viO)lyJII, 

ynpyrocTH PBH. 
fipH TaKOM llO.IJ;XO,Lle .UJJJI pacqera f! eff HCllOJih3YJOTCH 

ynpyrHe llOCTOBHHhle Cii" ( b, t ), Bbi'IHCJieHHhle ,Il.JIJI UOeaJi b" 

HOU TpeyronbHOH PBH/t . BeJIB1.JHHa f /41T~fleff""um/ A¢ 

CJIY)I(BT Mepoii 3c~KlleKTBBHOCTB fil..(, y&BTbiBalO~eii ynpyrHe 

cunbl a pemeTKe auxpea. 3ro TaK naJbiBaeMoe "perneToq

Hoe" npH6JIH)KCBHe. 

G. B .npyroM no.nxo.ne 131, nao6opoT, C1.JHTaeTcg, qTo 
BHXpeaa.R pemeTKa TIOJIHOCTbl{} pa3pyweHa ,.QOCTaT01.JHO 

60JibWBMB CBJiaMB TIBHHHHra, TaK 1.JTO ee ynpyrBMH CBOHCT • 

BaMB MO)KHO npeHe6pe'"ih. llpH 3TOM Ka)l():\blH ITQ .]lellCT

syeT Ha PBH c MaKCBManLHoii cunoii fp /T.e. 3«W,leKTHB

nocTL pasHa 1/, H O.Ka3hiBaeTCJI l:J03MO)I(Jib1M Jlbi1.JBCJiHTL 
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06beMHYffi CHny nHHHHHra 

CTBHH OT ,ll;enLHhiX lliJ.: 

B 
F - n f 

p p p 

npHMhiM CYMMHpOBaHHeM ,ll;eii:· 

/2/ 

llpH cpaBHeHHH C 3KCnepHMeHTOM C,ll;enaTL Bhl60p Me)l(· 

,ll;y ,!J;BYMH IIO,ll;XO,ll;aMH B 6onLWHHCTBe cnyqaea O'leHL CRO)I(· 

Ho HJ- Ja TPY,!J;HOCTeii: B onpe,!J;eneHHH xapaKTepa, JOHhl 

,ll;eHCTBHH, 34MileKTHBHOH nnOTHOCTH lliJ. H T .n. qTO KacaeT

CH TeopeTH'IeCKHX 01\eHOK /1,4,5/ MaKCHManLHOH CHRhl nHH· 

HHHra F~f~ , KOTOpag onpe,!J;enHeT BepXHIOIO rpaHHUY 

npHMeHHMOCTH "peweTO'IHOro" npH6RH)I(eHHH, TO, BO·nep

BhiX, OHH C,ll;enaHhl TORLKO ,ll;RH paJpe)l(eHHOH CHCTeMhl TO· 

'le'IHhiX lllJ., a, BO-BTOphiX, 'IHCneHHhle JHa'leHHH HX paJ· 

RH'IaffiTCH 6onee 'leM Ha nopH,!J;OK /XOTH OHH npe,!J;CKaJhiBa· 

JOT O,!J;HY H Ty *e TeMnepaTypHyro JaBHCHMOCTL F:j~
-H2,5(T) /. 

C2 

2. llpOCMOTp BCeii: COBOKynHOCTH 3KCnepHMeHTanLHhiX 

$aKTOB yKaJhiBaeT Ha TO, 'ITO B uenoM pH,!J;e cnyqaea 

,ll;RJI Ja,ll;aHHLIX b H t CyiUeCTByeT 6onLWOH HHTepaan 

06beMHhiX CHR nHHHHHra, KOTOphlii: ne)I(HT Me)l(,ll;y 3Ha'leHHJI• 

MH F A1. ( b, t ) H .F B 1. ( b, t) , onpe,!J;enHJOIUHMH rpaHHUhl p 1m p 1m u 

npHMeHHMOCTH nepaoro H BTOpOrO nO,ll;XO,ll;OB, H KOTOphiH 

xapaKTepHJyeTCJI TeM, 'ITO B HeM ynpyrHMH CBOHCTBaMH 

PBH eiUe HenLJJI npeHe6pe'IL, HO y)l(e HenLJJI nonLJOBaTL

CJI ,ll;RJI paC'IeTOB H 34MileKTHBHhiM MO,ll;yneM ynpyrOCTH, 

pacc'IHTaHHhiM ,ll;RJI H,ll;eanLHoii: BHxpeaoii: peweTKH. B JTOM 

HHTepaane ynpyrHe CBOHCTBa BHXpeBOH peWeTKH MO)I(HO 

y'leCTL, HanpHMep, BBe,ll;JI J4>!l>eKTHBHhiH MO,ll;YRL, KOTOphlii: 

CaM JIBRJieTCJI HeKOTOpoii: 4JyHKUHeii: OT 06beMHOH CHRhl 

nHHHHHra lletf < FP) < lleff · Tor,ll;a c pocToM F P ( b =const, 

t = const) Bhlpa)l(eHHe /1/, B KOTOPOM BMeCTO /L e ff no,ll;

cTaaneH IL;ff (F P ) , HenpephiBHLIM o6paJoM nepeii:,ll;eT 

B /2/, KOr,ll;a /L :ff CHHJHTCJI HaCTORLKO, 'ITO ynpyrHMH 

caoii:cTBaMH PBH MO)I(HO npeHe6pe'IL. 3To MO)I(HO npe,!J;

cTaBHTL ce6e KaK npouecc nocTeneHHoro "paJMHr'leHHJI" 

H, HaKoHeu, "nnaaneHHJI" PBH. 3aMeTHM, 'ITO B ,ll;eii:cTBH

TenLHOcTH rpaHHUhl Me)l(,ll;y TpeMJI yKaJaHHhiMH HHTepaa

naMH, O'leBH,ll;HO, paJMhiThl. 
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J 
I 

T .K. J4>!l>eKTHBHhlii: MO,ll;ynL ynpyrocTH o6hl'IHO MaKcH

ManeH B o6naCTH Cpe,!J;HHX b , TO , HanpHMep, $opMa 

F PsKcne~1> ) 1 t 6y,ll;eT CHR!>Ho JaBHCeTL oT Toro, r,ll;e 

HMeHHO no OTHOWeHHIO K BhiWeyKaJaHHhiM rpaHHUaM OKa

)l(eTCJI HJMepeHHaJI npH 3THX cpe,!J;HHX b CHna nHHHHHra. 

EcnH F p ( b- 0,4 )< F~lim , TO no Mepe yMeHLWeHHJI flet£ c 

pocTOM b /a TaK)I(e npH b ... 0 I B KOHUe KOHUOB BOJHHKaeT 

CHTYaUHJI, KOr,ll;a PBH Ha'IHHaeT "nnaBHTLCJI", 'ITO co

npoBO)I(,ll;aeTcJI JaMeTHhiM pOCTOM CHn nHHHHHra/cM. puc.Jj: 

C'O 
O.J 

oCS 
~ 
:::1 
0 
CL 
c: 

~ 

_-.... r pacnn. 
/ ~ rp•• 

/ \ Fp" :Jkcnep. 

/ / ...... --~F'l'""Prj.ef/ J 
r pacnn. 

'-~,k---- r p' 

L' !kcnep. 
rp• 

F. meop. 1 ) 
I f -- " ... p' {}leff 
0 0.5 

B/Hca (T) 
1 

Puc. 1. Cxe~ta1/IU'ieCKUU euo KpU8biX F (b) It- const 0/IJI 
oeyx pa3/IU'iHbiX CUC1/IeM II~ /omMe'ieHf, OOHUM U/IU 08YMJI 
wmpuxaMu/, pacnpeoeAeHHbiX e ooHoM u moM JICe ceepx
npoeooHuKe. 

KaK CTaTH'IecKoii: F c "'~ B, TaK H ,ll;HHaMH'IecKoii: .F d ""j dB 
I j d onpe,!J;enBeTcJI JKcTpanonJIUHeii: K Hynro nHHeii:Horo 

y'laCTKa BORLTaMnepHOH xapaKTepHCTHKH/.3TO • TaK Ha-

3hlBaeMblH "BepXHHH" nHK / 6-8/. 06bl'IHO, ecnH t He O'leHL 

6nHJKO K e,ll;HHHUe, Ha nO,ll;beMe K HeMy BOJHHKaiOT J4>!l>eK-

5 



Thl /6,7~ noxo)l(Be ua cuuxpoHBJau;uro /cM.,HanpuMep, /9/ I
ua BAX BB)l(e nuueB:uoro yqacTKa noJIBJIJIIOTCJI uecTa6Bnh
HOCTB BJIB ,IJ;a)l(e BblrB6, C KOTOpbiM CBJI3aHO 3aMeTHOe 
llOBbiWeHBe KpBTBqeCKOrO TOKa B, COOTBeTCTBeHHO, CTa
TBqecKOH CBJihl llBHHBHra /BHOr,IJ;a B BB,IJ;e HeKOTOporo BC
Ka)l(eHBJI clJopMhl aepxuero nuKa, a uuor,IJ;a u a BB,IJ;e ,IJ;onon
HBTenbHoro - "BB:>KHero" - nuKa F ) . * llpaaee "aepx-c . 
aero" nuKa PBH nonuocTbiO "pacnnaaneua", u cuna nuu
HBHra cne,IJ;yeT B,IJ;Onh KpuaoB: Ffacns:x b) It , KoTopaJI JIB
nJieTCJI MaKCBMaJibHO B03MO)l(HOH ,IJ;JIJI ,IJ;aHHOH MBKpOCTpyK
Typhl o6pa3u;a. Mo:>KHO npe,D;nonaraTb, qTo a cpe,D;HBX Mar-

pacnn. HBTHbiX nonJix F P (b) HMeeT, KaK npaauno, Kynono-
o6pa3HYIO clJopMy, npuqeM pean~HaJI cuna nHHHBHra TeM 
6nu)l(e K ueB:, qeM 6onbwe F lF 1. . p p 1m 

Ha ocuoaauaa ablweaJno)l(eHHoro cTaHOBHTCJI Jicuo, 
noqeMy llHK·3cllcileKT, KOTOphlH ua6JIIO,IJ;aJICJI B oqeHb MHO· 
rax pa6oTax, ue CBJI3aH c KaKoii-na6o onpe,D;eneuuoB: MHKpo
CTPYKTypoB: H noqeMy OH Ha6JIIO,IJ;aeTCJI TOJibKO npH cpe,D;· 
HHX 3HaqeHHJIX CHJibl llHHHHHra /npaqeM, no-BH,II;HMOMy, 
CHCTeMa OTHOCHTeJibHO cna6b1X lll.J. ,II;OJI)l(Ha 6b1Tb ,II;OCTa
Toqao KOHUeHTpHpOBaHHOH/. 

B cne,IJ;yiOmeB: pa6oTe 6y,IJ;eT c,IJ;enau no,D;po6HbiH auana3 
3KCllepBMeHTaJibHbiX clJaKTOB, llO,II;TBep)l(,II;afOIUHX BbiCKa3aH
HYIO 3,IJ;eCb ranoTeJy, npaae.u.eabl ou;eHKH H coo6pa)l(eHBJ! 
no Bm6opy O,II;HOrO H3 Tpex HHTepBaJIOB, K KOTOpOMY cne
,IJ;yeT OTHOCHTb H3MepeHHYIO Ha OllbiTe CBJIY llHHHHHra, a 
TaK)l(e npoae,IJ;eHo cpaaueuue c anbTepuaTHBHbiMH MO~eng
MH a, a qacTHOCTH, c :Mo,IJ;eJibfO Kpa:Mepa /II/. 
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