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1. IIocTauooKa Ja):la'IH 

Hacromnm1 pa6oTa nocomneua <IJICJieHHoMy HCCJie.n:ooamno 
CT8LUIOHapm,1x npocrpauCTBeHHo-nepHO)Ul'leCKHX COCTOfillllli M8nnITIIOro 
IlOTOKa B O.D:ffOMepHOM ,z:ol(03e'1JcouoBCKOM KOHTaKTe, npe.n:craomuomeM 
co6oii perneTKy H3 pe3HCTHBHI,IX ueo.D:H0PO.D:HOCTeii KOHe'Illoro pa3Mepa. 
Pa6oTa HBJUieTCH pa3BHTHeM HcCJie.n:ooaHHii aoTopoo no YK83aHHoii 
TeMaTHKe, uaqaTbIX B [I]. 

MaTeMa~ecKaH M0,ll;eJib T8K0ro K0HTaKTa CBO,ll;HTCH K pernemno 
rpaHH'IHOH Ja.n:a<IJI ,II,JUI uemrneiiuoro ypaoueHHH 

-cpxx+ jn(x)sincp+y =0, x e[-R,R] (I) 
c neptto.D:HqecKHMH rpaHH'IllhIMH yCJIOBHHMH 

cp(-R) = cp(R), cp x (-R) = cp x(R) . (2) 

3nech jv(x) - 3aii;aHHaH nepno)Ul'lecKaH '1JyttKLUIH (cM. HH)l(e), 
Mo.n:em1pyromaH pacnpenerreHHe aMnmrry.D:bI ToKa ,[()l(o3e4Jcoua o.n:o~ 

perneTKH, 2R - .z:r,mrna npocrpaucroeHHoii BOJillbI, y - BHeIIIHHH TOK. 

KaK o6bl'1HO [2], 6y.n:eM roo,opHTh, qyo perneHHe cp(x) HBIDieTCH 

ycroiiqHBhIM, ecJill MHHHMaJlbuoe co6CTBeHHoe Juaqenne A.min Ja.n:a<IJI 

, lllTypMa-JIHyoHJJIDI , 

C IlOTeHLUiaJIOM 

-'I' xx + q(x) 'I'= A.\j/' 

'l'xC±R)=O 

q(x) = jv(x)sincp(x), 

nopo)l(AeHHbIM 3THM perneHHeM, HBIDleTC}I IlOJIO)l(HTeJibHbIM. 

(3) 

(4) 

(5) 

OcrauoBHMCH 6orree no.n:po6no na Bb16ope 38BHCHMOCTH}n(x). ,[(IDI 

O.D:Hopo.D:Horo KoHTaKTa JD(x) = I. B neo.D:Hopo.D:HOM KoHi'aKTe '1JyttKLUIH 
JD(x) onpe,ll;eIDieTC}I IlpHHHTOH MO,ll;eJiblO HeO.D:HOPO.D:ffOCTeii H HX KOJIHqeCT

BOM [2 - 5]. B npe,ll;JiaraeMOH pa6oTe Mhl HCilOJlb3yeM MO,ll;eJib 
ueo.D:Hopo.D:Hocreii o onne paono6e.n:peHHoii TpaneLUIH (cM. pnc. I). B 
paMKaX TaKOH MOJJ:emI e.D:HHH'IH8}1 CHMMeTpH'IH8}1 HeO.D:ffOPO.D:ffOCTb 
,z:oKo3e4JcouoocKoro TOKa xapaKTepmyercH ,lI,BYMH reoMeTpnqecKHMH 

napaMeTp8MH - IIIHpHHOH HH)l(Hero H oepxnero OCHOB8HHH Tp8IleLUIH, 

µ H cr = mµ cooTBeTCTBeHHo, r.n:e m ~ l - napaMeTp. Bo ocex ~aHx 
BhICoTa TpaneLUIH B 6e3pa3Mepm,1x e~ax [2] paoua I. 

Ilpn m = l neo.D:ffopo.D:ffOCTb npe.n:craBIDieT co6oii npHMoyroJlbHHK 

C 0CHOB8HHeM µ. liorree peaJillcrnqeCKHMH HBIDIIOTC}I HeO.D:ffOPO.D:ffOCTH, ,II,JUI 

K0TOpbIX napaMeTp m > l. l13MeueHHe 8MilJillTY,ll;bl TOKa ,[()1(03e4Jcoua C } 
,ll;0 O B T8KOH He0.D:HOPO.D:ffOCTH npOHCXO,ll;HT Ha HHTepBaJie .z:r,mrnoii: 

m-1 
6=--µ, 

2 
388HCHJneH OT KOHKpeTHoro 3HaqeffHH IIIHpHHI,I µ. 
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EOJiblilllHCTBO Bhl'IlICJieHHii B 3TOH pa6oTe npOBO,lUIJIOCh Will 
JHaqeIDUl m = 1.5,T.e. napaMe-.rp 8 = µ / 4. 

AHaJillTIIqecKoe Bbipa)KeHHe Will aMITJIHT)'JJ,I,I jD(x) B KOHTaKTe C 
O)];IIOH Heo)];llopo)];IIOCTbIO C QeHTpOM BTO~e Xj, HMeer BH,ll; 

in(x) = l-11 (x,xj,µ,m), 
r,n;e <l>YHKIUrn 

11 (x) 

µ{l+m) -(x-xj - µ) +(x-xj -...!:..) 
. 2 + . 2m + 

3!!!__[(x-xj + ;,) + -(x-xj +i. )-+]• 

a qepe3 x+ o6oJuaqeHa e,n;IiHHqffa.sJ crynemaTa.s1 <l>YHKWIH X3BHcaii,n;a: 

I

x, x~O; 
X -

+ - 0, x< 0 · 

"EeCKOHequa.s1" peIIIeTKa H3 HeO)];IIOpO)];IIOCTeii )'K33aI-rnoro BhIIIIe 
BH,IJ;a xapaKTepmyerc.s1 pacCTo.sIHHeM A Me)K,ll;y u:eurpaMu 

HeO.lUI<?PO.lUIOCTeii. BerruqHHhI A, µ H m CB.sI3aHbI oqeBH)];llbIM 
A 

HepaBeHCTBOM µ s; - , 06ecneqIIBaI-011U1M HenepeKphITH.ll HeO)];IIOpO)];IIOC
m 

Teii Ha ypoBHe jD = l. ,ll;JI.sI npHHHToro HaMu :rnaqeHHH m = 1.5 3To 
OJHaqaer, qTo µ s:: 2 A/3. 

PemeTKa HBJI.sierca CHMMeTpmecKoii, ecrru A - cr = µ, oTKy,n;a 

A 
µ=--. 

l+m 
Ilpu m = 1.5 wrn CHMMeTpffqffoii pemeTKH HMeeM ycrroBue µ = 0.4 A. 

l1o.n;po6Hoe onucaHHe arrropuTMa u qucneHHoro Mero.n;a pemeIDUl 
Ja,n;aq (I) - (4) npIIBe,n;euo B Hameii He,n;aBuoii pa6oTe [I]. ,ll;JI.sI HeJIHHeiiHoii 
KpaeBoii Ja,n;aqu (I), (2) HCITOJib30Barrc.s1 HenpephIBHhiii aHarror MeTo,n;a 
HhIDTOHa [6] c OITTHMallbHhIM IIIaroM [7]. Ha Ka)K,ll;oii HTepaQHH 
coOTBeTCTBYJ-OIIIaa JIHHeiiHa.s1 KpaeBa.s1 Ja,n;aqa pemarracb npu ITOMOIIJH 

cnrraiiH-KOJIJIOKaWJOHHOH cxeMhl BToporo nop.sI,n;Ka TOqHOCTH Ha HepaB
HOMepHoii CeTKe, CrYIIJaIDI1Ieiic.s1 B OKpeCTHOCTH H~O.lUIOPO.lUIOCTeii. 

2. 06cya..n;ett11e pe3yJihTaTOn 'llICJiemmro 3KcnepHMeHTa 

Jlro6oe perneHHe cp (x, A,µ, N1, y) KpaeBoii Ja,n;aqu (I), (2) JaBHCHT 
OT reoMe-.rpw1ecKHx napaMe-.rpoB A, µ u N1, a TaK)Ke u OT cpu3uqecKoro 

napaMe-.rpa y. 3.n;ech BeJIHquHa N1 npe,n;CTaBJI.sieT co6oii KorruqeCTBo 

HeO)];llopo)];IIOCTeii, oru6aeMbIX O)];IIOH BOJIHOH cp(x), .n;JIHHa KOTopoii 

2R = NI A. Ka)K,ll;oii TaKoii BOJIHe MO)KHO ITOCTaBHTb B COOTBeTCTBHe 
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KOHeqHbIH KOHTaKT C Ni CHMMe-.rpuqHo pacnoJIO)KeHHblMH OTHOCHTellbHO 
IIeHrpa KOHTaKTa HeO)];IIOpO.lUIOCT.llMH H CHMMerpnqecKHMH rpam1qHblMH 
ycrrOBH.llMII HettMaHa: 

<p i±R) = ho, (6) 

r.n;e DOCTO.llHHa.ll ho HMeeT CMbICJI nanp.sI)KeHHOCTH Marmnnoro DOJI.ll Ha 
KOHIIax KoHTaKTa. B 3TOM CMbicrre nerruqnHy 2R MO)KHO HaJBaTb )J.JillHOH 
KOHTaKTa. 

B cnrry <t>opMyllb1 (5) noTemurnn: Ja,n;aqn illTypMa-JlnynnJIJI.sI (3), . 
(4) H, CJie,n;oBaTellbHO, · COOTBeTCTBYJ-OIUHe co6ci:BeHHhie 3Haqemrn: H 

co6crBeHHhie <l>YHKIUIH, TaK)Ke :iaBHCHT OT napaMerpoB A, µ n N1• TaKHM 
o6pa30M, ycroiiqHBOCTb COCTO.llHHH MarHHTHOro DOTOKa B perneTKe 
.llBJI.lleTC.ll <l>YHKQHeii )'Ka3aHHblX napaMeTpOB. 

OTMeTHM, qTo npn HyrreBoM BHernHeM ToKe y Ja,n;aqa (I), (2) wrn 
Bcex N1 HMeeT "BaKyyMHb1e" (MeiiccueponcKHe) pernemrn BH.n;a 

cp(x) =·kn, k = 0, ± I,± 2, ... (7) 

Ilpn 3TOM pernemrn nn.n;a (7), cooTBeTCTBYJ-OIIUie uyrreno~y Hm1 qerHoMy k 
ycToiiqHBbI, a COOTBeTCTBYJ-OIIIHe ueqeTHOMY 3Haqeumo k - ueycroiiqHBbl 

(cM. <t>opMyrry (5) wrn noTeHQHarra :rnuaqH illTypMa-JlHyBHJIJI.sI). 
PaccMOTpHM cHaqarra Bmrnm1e reoMerpHqecKHX napaMe-.rpoB Ha 

B03M0)l(Hble COCT0.llHH.ll Marmnuoro DOTOKa B perneTKe. 

B K0HTaKTe c N 1 = I npH 2R = A < 2n MbI uarnrru T0JibKO .n;Ba 

nepHo,lUiqecKHX pernemrn Ja,n;a qH (I), (2) - ycroiiqnnoe H ueycroiiqHBoe 
MeHCCHepOBCKOe. TaKOH KOHTaKT crre.n;yeT paccMaTpHBaTb KaK 
"KopoTKnii" ro:rn nepHo,lUiqecKHX perneHHH, O)];llaKO, OTMeTHM, qTo B 
KOHTaKTe C e,lUIHHqffOU Heo.n;uopo,!I,1-IOCTbID H rpaunqHblMH ycJIOBH.llMH 
BH,IJ;a (6) npH )'Ka3aHHOH )J.JilIHe HMeIDTC.ll [8] HeTpHBll8JibHble ycToliqHBbie 

uenepHo,lUiqecKHe perneHHH (ua pnc. 2 npomno)];llaa cpx(x) o)];lloro m 
TaKHX pemeunii OTMeqeua CHMBOJIOM "◊"). Ilpn JJ:OCTaToqno 60JiblIIHX 3Ha

qeun.s1x pacCTO.llHH.ll A B KOHTaKTe po)K,ll;aIOTC.ll HeTpHBHaJibHbie 
tteyCToiiqnBbie nepno,lUiqecKne pernem1a. Cpe.n;n nnx uan6onee HHTepec
HhIM npe,n;CTaBJI.sierca pernem1e, npomno)];llaa KOToporo OTMeqeHa 

C.HMBOJIOM "A" ua pnc. 2. BBHJJ:Y ero <t>opMbl, 3TO pernem1e MO)KHO ycrronuo 
Ha3BaTb COJIHTOHOM. Otto OCTaeTC.ll ueyCToi,iqnnhIM B oqenh IUIIJJOKOM ,u,na

na3011e H3MeHeIDUl nerruqnn A u· µ, 'ITO .n;eMOHCTpHpyerca na pnc. 3 n pnc. 

4. BTopoe neyCToiiqnBoe pernem1e (on1eqeuuoe CHMBOJIOM "□" m1 pnc. 2) n 
peaJibHOM KOHTaKTe C O)];IIOH HeO)];IIOJJOJJ:IIOCTbl0 cyu\eCTBy1.-·T TOJibKO npH 
6oJibIIIOM none ho Ha KOHIIax. 

B crryqae N1 = 2 n pemeTKe noanJI.sierca nepno,n;nqecKHii 
yCToiiqnnbIH COIDITOH (Ha3bIBaeMbIH .n;anee "ocnonHbIM" COJIHTOHOM) 

MarHHTHoro DOTOKa. 3To pernettne OTMeqeuo CHMBOJIOM "o" ua }JHC. 2 n 

pnc. 5. Ilo-BH.UHMOMY, nepHo,u:nqecKHH MarHHTHbIH DOTOK cp(x) n peaJihIIOM 
KOHTaKTe C JJ:BYM.ll pacnOJIO)KeHHblMH CIIMMe'f}JHqJw OTHOCHTeJlhIIO 
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cepe)lHHhl KOHTaKTa Heo.zu10pom10cTHMH MO)l(HO paccMaTpHBaTb KaK 

peJyJibTaT "nJaHMO)leIICTBHH" JlBYX 11enepuo.zu1qeCKHX yc-roiiqHBblX 

COCTOllHHH - cpmoKCOHa H aHTH!pillOKCOHa, KOTOpbie JIOKamnoBaHhl Ha 

cocemmx HeO,ZUIOpO)lHOCTllX npH )lOCTa-roqHo 60JibllIOM paCCTOllHHH ,1 

Me)l()ly HHMH. B TO )Ke BpeMll HeycroiiqHBble pellleHHll B c~ae Ni = l 
HBJifilOTCll peJyJibTaTOM "BJaHMO)lettCTBI-rn" neycTottqHBhlX cpmoKCOHOB, 

OTOpBaHhlX OT ueo)lHopo)lHOCTH. 

YKaJaHHble coo6pa)l(etnrn, BOJMO)l(HO, no3BOJUIIOT C)leJiaTh 

npe)lnOJIO)l(e1rne, 'ITO B CJiyqae N 1 = l ypanuem1e (I) ue HMeeT HeTpHBHaJib

HhIX nepuo.zu1qecKHX ycrouquBblX pellleHHH [9]. 
PellleHHe Ha })HC. 5, OTMeqeHHOe CHMBOJIOM "\7" (BTOpuqHblH 

COJillTOH), llBJilleTCll npHMepOM CJia6oycTOHqHnoro COCTOllHHll _(c 

ne6oJibllIHM Amin), o6Jianaromero ropa3)lO 6oJiblllett (npuMepuo B qeTbipe 

pa3a) :rneprueu, qeM OCHOBHOH COJIHTOH. TaKoe pellleHue cymecTBYeT B 

orpa,mqeHHOH o6JiaCTH HJMeHeHHll napaMeTpOB pellleTKH, n qacTHOCTH, 

npH fiOJibllIHX .1 H µ. O60HM pellleHHllM CO.OTBeTCTBYIOT TaK)l(e pellleHml, 

CHMMeTpHqHhle HM OTHOCHTeJibHO OCH X, KOTOpble Mbl Ha3bIBaeM 

(OCHOBHhIM H BTOpHqHhIM) aHTHCOJIHTOHaMH. OcraJibHble )lBa pellleHml Ha 

puc. 5, OTMeqemihle COOTBeTCTBeHHO CHMBOJiaMH "□" u "◊", HeycrouqHBhl 

()lJill )THX pellleHHH Amin < 0). 
Ha puc. 6 noKaJaHbl rpacpHKH 3aBHCHMOCTH MHHHMaJibHbIX 

co6crnem-11,1x JHaqenuu Amin(µ) Ja)laqu illTypMa-JlttyBHJIJill (3), (4) )lJ1ll 

JlBYX ycrottqHBblX COCTOllHHH B pellleTKe C Ni = 2 npu pa3HblX 3Haqeum1x 

paCCTOHHHll ,1 H nyJieBOM BHellIHeM TOKe y. Ba)l(HO OTMeTHTh, IlO nee 

KpHBhie HMelOT xopolllo Bblpa)l(eHHbIH MaKCHMYM B HeKOTOpOH TO~e 

µc(L'1), JaBHCllllU1H OT KOHKpeTHoro pellleHHH. 3To OJHaqae-r, qTo B pellleTKe 

C <pHKCttpoBaHHhIM paCCTOllHHeM ,1 Me)l(ey HeO)lHOJ)O)lHOCTHMH, rimpuHa 

KOTOpbIX panHa µc, COOTBeTCTBYIOLUHH neptto)lHqeCKHH COJIHTOH MarHHT

noro noToKa HBJilleTCll Hau6oJiee ycrouqttBhlM (MaJioe HeCTaI..I,HonapHoe 

no1Mymentte ·TaKoro COJillTOHa 1a-ryxae-r Hatt6oJiee 6hICTpO, CM. 

ocuononoJiarammyro pa6oTy [2]). I10JIO)l(eH1-1e TO~H MaKCHMYMa µc ,lJ,IDl 

OCHOBIIOro COJIHTOHa HeJHaqHTeJibHO 3aBHCHT OT BeJIHqHHhl .1 tt' HMeeT 

nptt6m1)1(eHuoe 11mqeHue µc:::: 1.3. 
B peaJibHOM KOHTaKTe C JlBYMH HeO)lHOpO)lHOCTHMH B HyJieBOM 

MarnttTHOM noJie ho Ha Konu;ax (cM. yCJioBHH (6)) KpOMe neptto)lHqecKoro, 

paccMoTpeunoro Bhillle, ecrh TaK)l(e H neneptto)lHqecKue ycrouqttBhie 

COCT051HH51 MarmlTHOro noTOKa. Ha puc. 7 noKa3aHbl npOH3BO)lHbie <px(x) 
TaKHX pemeHHH (pacnpe)leJieHHe MarHHTHoro noJill B)lOJib KOHTaKTa) )lJ1ll 

111aqeuuii napaMeTpOB R = 6, N1 = 2, ho = 0, y = 0 (pellleHHH, 

CHMMC'rpnqecKHC OTHOCHTeJibHO KOOp)lHHaTHhIX oceu, He npHBe)leHhI). 

CoCTOllHHC, OTMeqeHHOe CHMBOJIOM "o" (cM. TaK)l(e pHc. 5), llBJilleTCll 

nepuo;01qecKHM, a OCTaJibHble HeT. 3neprHH "CJIO)l(HhIX" COCTOHHHH, 

JIOKaJIHJOBaHHbIX Ha 6oJiee qeM O)lHOH HeO)lHO})O)lHOCTHX (H, n qaCTHOCTH, 
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nepHo)lHqecKoe cocromme), cymecrneHHO 6oJibllle no cpaBHeHHIO c 

"npoCThIM" COJilITOHOM (oTMeqeHHbIM CHMBOJIOM "\7"), KOTOpbIH CB513aH 

TOJibKO C o.zuiou neo)lHOpO)lHOCThIO. Hao6opoT, MHHHMaJibHOe co6CTBeH

noe 1naqeHHe· )lJ1ll "npocroro" coJIHToHa 6oJibllle no cpanueHHIO co 

"CJIO)l(HblMH" COJillTOHaMH. 
ITpencraBIDieTCll na)l(HbIM oTMeTHTh, q-ro KpHBhle JaBHCHMOCTH 

Amin(µ) K3K }I.llil neptto)lll'IeCKHX, TaK H }I.llil Heneptto)lll'IeCKHX COCTOfillHH 

HMeIOT (cM. pHC. 8) crpornii MaKCHMYM, 3HaqeHHe KOTOporo µc :::: 1.3 He 

JaBHCHT oT Tttrra 'pellleHmI. ,Ll;IDI cpanHettm1, Ha pttc. 8 npHBe)leHa TaK)l(e H 

KpHBall Amin(µ) ( oTMeqeHHaH CHMBOJIOM ''◊") }I.llil ycrownmoro !pJIIOKCOHa B 

peain,HOM KOHTaKTe C O)lHOH HeO)lHOpO)lHOCTbIO. 

KpHBbie JaBHCHMOCTH Amin{.1) )lJ1ll perneTKH c N 1 = 2, µ = 2.4 nptt 

uyJieBOM BHellIHeM TOKe y ,lJ,IDl ycroMqHBbIX H HeKOTOphIX HeyCTOH'IlIBhlX 

pelllemrn n perneTKe )leMoHCTpttpyroTcH Ha puc. 9. B -ro~e 6ml>ypKaUHH Bo 
ocHoBHOe HeTpHBHaJibHoe ycrownmoe perneHHe (comrrou) nepexo)lHT B 

neycroiiqttBoe (on.ieqeHHoe cHMBOJIOM "□" ua pttc. 5) H Hao6opoT. ,Ll;Jlll 
CTOJib "yJKHX" HeO)lHOpO)lHOCTeH BTOpOH COJilITOH 51BJilleTC51 Heycrou~

BhlM. To~a Bi HBJilleTCH To~oii 6ml>ypKaUHH 3Toro Heycrownmoro 

perneHHll B .npyroe Heycroii'llmcie (oTMeqeHHoe cHMBoJioM "◊" Ha piic. 5) -
B HyJib o6pai~aeTCll BTOpOe co6CTBeIDIOe 3HaqeHHe Ja)la~ (3), ( 4). 
YneJIHqeHtte UIHpHHhI µ Heo)lHopo)lHocreii "no)lHHMae-r" KpHBYIO A-mm(L'1) 
BBepX, Bblllie HeKOTOporo Kp~ecKoro 3Haqettml µ , BTOpoii COJillTOH 

CTaHOBHTCll ycTOH1lllBhIM. 

PaccMOTpHM Teneph BJIHfillHe BHellIHero TOKa y Ha COCT0fil1H51 

Marmrruoro noJill B perneTKe. KaK mneCTHo [IO, l I], B Heo)lHopo)lH0M 

KOHTaKTe nptt yne]Il(qemrn a6coJIIOrnoro JHaqeHmI BHernHero TOKa 

ycroHqttBbJe' COCTOSIHIDI B KOHequoM HTOre TepllIOT ycroifqttBOCTh. B 

neptto)lHqecKOM ~ae cHTyaUH51 aHaJiorttqtta - npou;ecc "pa3pyrnettm1" 

TOKOM MarHHTHOro noJill xoporno npoCJie)l(HBaeTCH Ha pttc. I 0. BH)lHO, IlO 

noJI0)KHTeJil,Hble 3HaqeHH51 TOKa y "c)KID,talOT
11 

noJie K u;eHTpy Me)K)ly 

JlBYMH ueo)lHOpO)lHOCTHMH, a· OTpttu;aTeJibHbie y - Hao6opoT, 

"Bb1TaJIKHBaIOT11 noJie K coce)lHHM He0)lH0p0)lH0CTHM perneTKH (B 

peaJibH0M K0HTaKTe C )lB)'Mll He0)lH0p0)lH0CTHMH - K rpaHHD;aM KOHTaKTa). 

Ha pttc. 11 .n;eM0HCTpttpyroTcH JaBHCHM0CTH A-min(y) ,lJ,IDl ncex Haif.: 

)leHHbIX (KaK ycrownmhIX, TaK H HeyCTOH1lllBhlX) COCTOfillHH B 

)l)l(03ecpcoHoBcKOH perneTKe c napaMeTpaMH N1 = 2, A = 6, µ = 2.4. 
rpacpHKH, orneqaroUU1e ycroifqttnhIM perneHH51M, cHMMerpWIHhI 

ornocHTeJibH0 npHMoii y = 0. KaK H Bhlllie, qepe3 Bo 060JHaqem1 To~ 

6ttcpypKaUHH perneHHH, cooTBeTCTBYIOUU1e perneHH51M ypanHeHHH A-min(y) = 
0. 

ITyCTb Ya H Yb - K0pHH 3T0r0 ypaBHeHH51 ,lJ,IDl 0CH0BH0r0 COJilITOHa 

(aHTHCOJilITOHa) (Ha pHC. 11 )'Ka3aHHbIM K0pHHM orneqaroT TOqKH Boa H 

Bob). Pa3HOCTb · 
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l!y = Yb-ya 

6y.u;eM Ha3bIBaTb HHTepBaJIOM (30HOH) YCTOH'IlIBOCTH OCHOBHOro COJIHTOHa 

no BHCIIIHCMY TOKY y. B o6II(eM crryqae BCJlWIHHa l!y l!BIDICTCll cpyHKUHeii 

napaMCTpOB µ H 11. Ha pHC. 12 ,ll;CMOHCTpHpyroTCll KpHBhIC 3aBHCHMOCTH 

l!y(µ) ,u;IDI HCCKOJihKHX qJHKCHpOBaHHbIX 3HaqeHHii pacCTOl!HHa 11. Bo BCeii 

qJH3H'ICCKH CyII(CCTBCHHOH o6rraCTH H3MCHCHHa nepeMeHHOH µ 3TH KpHBhIC 

xopomo annpoKCHMHpyroTCll Ky6H'ICCKHMH noJIHHOMaMH C K03qJqJHUHCH

TaMH, 3aBHCaII(HMH OT 11. To<JKH MaKcHMyMa µ, onpe,u;eIDIIOT ,u;IDI 3a,u;aHHO

ro 11 Ty lllHpHHY Heo.u;ttopo.u;ttoCTeii, npH KOTOpoii OCHOBHOM nepHO,ll;lf'ICC

KHii comrroH B pemCTKe HMeeT HaH6oJiblllHii HHTepnarr l!y yCToii<JHBOCTH 

no TOKyy. 

OTMCTHM, 'ITO rpacpHK 3aBHCHMOCTH µ,(/1) C X0pomeii TO'IHOCTblO 

MO)KHO paccMaTpHBaTb KaK npl!MYJO µs(l!)=al!+b (CM. pHC. 13, 
. ~ 

HH)KHIOIO npaMyro, OTMC'ICHHYJO CHMBOJiaMH "o"). <l>HTHponaune .u;aHHhlX 

'IHCJieHHoro 3KcnepnMeHTa ,u;IDI µ, (11) ,u;aer crre,u;yroII(He 3Ha<JeHna ,u;IDI 

napaMCTpOB: a ~o.254, b ~ -8.5 10-3_ 

Ha OCHOBe norryqeHHhIX pe3yJibTaTOB MO)l(HO CKOHCTpynpoBaTb 

"omHMaJibHblM" KOHTaKT, ,u;IDI reoMCTpH'ICCKHX xapaKTCpHCTHK KOTOporo 
BhillOJIHCHO ycrroBHC . 

µc = µs(l!opt) · 

OTcro,u;a B crryqae N1 = 2 IlpHXO,u;HM K cpopMyrre !!opt ~ 4µc. TaKHM 

o6pa3oM, "onTHMaJibHoe" pacCToaHHe MC)l()zy tteo.u;ttopo.u;ttoCTaMH !!opt ~ 
5.2. 

Ilone,u;eHHe ocHOBHoro coJIHToHa, orn6aroII(ero N 1 = 3 Heo.u;tto

po.u;ttocTeii, npH H3MCHCHHH napaMCTpOB 3a,u;a'IH Ka<JeCTBCHHO HC 

OTJIWiaercl! oT paccMorpeHHoro crryqall N1 = 2. MarHHTttoe none cpx(x) 
3Toro COJIHTOHa CKOHQCHTpHpoBaHO Ha "nepnoii" H "rperheii" 

Heo.u;ttopo,u;HOCTl!X. KpHBbIC Amin(µ) HMCIOT BH,Zl;, aHarrorH'IHbIM ITOKa3aH

HOMY Ha pHc. 6, npH'ICM .TO'IKH MaKcHMyMa µc napbHpyroT n HHTepBarre OT 

µc = 1.288 ,u;IDI 11 = 6 ,u;o µc = 1.323 ,u;IDI 11 = 9, T.e. TaK)Ke KaK u Bblllle, 

MO)l(HO npHH51Tb µc ~ 1.3. Ha puc. 13 MCTKaMH "11" ,ll;CMOHCTpHpyercl! 

npaMall 3aBHCHMOCTH µ, (11) (cOOTBCTCTB)'IOII(He K03qlqJHUHCHThI npaMoii 

HMeIOT 3Ha<JeHHa a~ 0.255 H b ~ 0.145). Crre,u;o~aTeJibHO, "onTHMaJibttoe" 

pacCTOaHHC Me)l()zy HCO,ll;HOpO,ll;HOCTaMH n crryqae N, = 3 npHMepHO paBHO 

!!opt~ 5.8. 

3. 3aKJUO':ICIIHC 

IloKa3aHo, 'ITO B ,ll;)K03CqJCOHOBCKHX pemCTKax H3 pe3HCTHBHbIX 

HCO,u;ttopo,u;ttoCTeii CyII(CCTByroT YCTOH'IHBbJe nepHO,ll;II'ICCKHC COCTOl!Hlrn 

6 

._, 

l' 

Manmnrnro IlOTOKa, KOTOpbIC JIOKailll30BaHbl Ha HCO.u;IIOpO,ll;HOCTllX H 

HMCIOT HCKOTopyro MHHHMaJibH)'IO ,!I,JIHHY BOJIHbl •. Hccne,u;onario none,u;eHHe 

YCTOH'IHBblX COCTOllHHii npH H3MCHCHHH pacCTOSIHml 11 Me)l()zy ueHTpaJ',IH 

ueo.u;ttopo,u;HOCTCll H HX lIIHpHHhl µ. B <JaCTHOCTH, KpHBall Amin(µ) ,u;IDI KOHK

peTHoro pacnpe,u;erremrn MarHHTHOro IlOTOKa npn 3a,u;aHHOM 11 HMCCT B 

HCKOTOpoii TO'IKC µc MaKCHMYM, T.e. B TaKOH . pemCTKe .u;aHHoe 

pacnpe,u;erremIe l!BllileTCll uan6orree ycTOH'IHBbIM. Hccrre,u;onaHa TaK)Ke 

3aBHCHMOCTh llIHpHI-ihl o6rracTH l!y J13MCHCHHll BHemnero TOKa y, B 

KOTopoti cyII(eCTByroT yCToH'IHBhie pememrn, OT napaMCTpa µ. Ilpu onpe

,u;erreHHOM COOTHOllICHHH MC)l(}zy mnpHHOH 11eo.u;ttopo,u;HOCTCH H pacCTOllHH

eM MC)l()zy HX UCHTpaMH, COCTOllHHll MarHHTHOl'O ITOTOKa B KOHT3KTC l!Bllll

IOTCll uau6orree YCTOH'IHBhIMH, HMCll npn 3TOM uan60JibllIHH HHTepBaJI l!y 
,u;onyCTHMOro H3MCHCHHll BHCllIHero TOKa. 

ABTophI Bbipa)l(aroT 6rraro,u;apuocTb npocp. H.B. TTy3hIHHHY n 

npocp. C.H. ,lJ;HMOBOH 3a ueHHhIC 3aMe<JaHHll. 
3Ta pa6oTa cpnHaucnponanacb qaCTn•mo Mm-mcTepcTBOM 

o6pa3oBaHHll, HaYKH H TeXHorronm EorrrapHH no ,u;oronopy MM-425/94, 
a TaK)Ke qaCTH'IHO cpon,u;oM FRO JO)l(Ho-AcppHKaHCKOH Pecny6mIKH. 

cr= mµ 
. 

lo 

:a~• 
I µ 1-

8
1 

xj - µ/2 xj + µ/2 

1. reoMCTpH'ICCKal! MO,ll;CJib pe3HCTHBH0ll HCO.u;IIOpO)l.1!0CTH 
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Reisistive Lattice 
Parameters: µ = 1.3, y = 0 

2.0 ~-------------------rn 

>< 
~ 1.0 

-0 
Q) u:: 0+I'. ~--:::-: 
(.) 

:.:; 
Q) 
C 

g'-1.0 
2 

~A= 12, A,,;.= 0.357 
BBB A= 12, A..,= -0.024 
-Mrfr A= 12, A,,.;.=-0.094 
-A= 6,A,,.;.=0.302 

-2.0 1 ' ' I I ' I ' I ' I I I ' I I I 
-27t -7t 0 7t 27t 

Length of Junction 
2. HeK0Topb1e pacnpe.n:erremrn MarHHTuoro noIDI cpx(x) a,n:oJib peIIIeTKH m 

neo;urnpo.n:nocrei1. PerneuHe "◊" - ycToi1qHBhIH ueneptto.n:uqecKHH co
mnon ManmTuoro norm npH N1 = l, perneumi: "O" H "l!." - ueycToi1-

qHBbIe neptto.n:uqecKHe (N1 = I), "o" - ycroi1qttaoe nepno.n:uqecKoe (N1 

= 2) 

3. 

Resistive Lattice 
Parameters: N, = 1, µ = 1.3, y = 0 

0 ~ □ B 
C 

E 
~ 

~ -0.25 
cu 
> 
C 
Q) 

.Q> -0.5 
w 
ctJ 
E 

. :~ -0.75 
2 

-1.0 +--r--r-r-,m-r-r..-,--,m-r-r.,-r-,c-r-,-,-,--m--.-....-,-,--,r-,-r-r"T""T"".......-r-1 

21t 37t 47t 

Distance between Inhomogeneities .1 
fpacpHKH 1aBHCHMOCTH MHHHMaJibHOro co6CTBeHHOrO 3HaqeHmI Amin 
1a,n:aqH lliTypMa-JlHyBHJIJlil (3), (4) OT pacCTOHHHH I!,. Me)l(Jzy tteo,n:uo

po.n:11OCTHMH .D:IDI perneHHH "□" H "!!,." C pttc.2 

8 

i_J 
1\ 

j_,1 

1) 

5. 

Resistive Lattice 
Parameters: N, = 1, .1 = 12, y = 0 

0 1-....,,_□ D D D ~ I 
.5 
E 

<'<! 

~ -0.25 
ctJ 
> 
C 
Q) 
0) -0.5 
uJ 
ctJ 
E ·c -0.75 

~ 

-1.0 l , ,, 
0 1t/2 1t 31t/2 21t 

Width of Junction µ 

'4. fpaqnnq1 3aBHCHMOCTH MHHHMaJibuoro co6craeHHoro 3uaqeum1 Amin 
3a,n:aqtt lllrypMa-JIHymm.IDI (3), (4) OT urn1nnlh1 µ ueo,n:uopo.n:irncreii: 
.D:IDI perneHHi1 "□" H "!!,." c pttc.2 

Resistive Lattice 
Parameters: /':1 = 9.5, N, = 2, µ = 2.4, y = 0. 

47t 1e-e-e i._ = 0.192. E = 5.886 
l~v "-, = 0.085. E = 2. 

......... 
X 
-; 31t 

;:: 
0 

IT: 
(.) 21t 

:.:; 
Q) 
C 
0) 

ctJ 7t 
2 

01~ ~ '(., 31t I I I I I I lj I I I I I I I I I I I "';;" ........ """~ 
-27t -7t O 7t 27t 37t 

. Length of Junction 

HeKoTophle YCTOHqttBbie ("o" JI "V") H tteyCTOHqttBhie ("◊" H "O") 
pacnpe,n:erreHHH MarHHTHoro noWI cpx(x) a,n:oJib perneTKH H3 ueo,n:uo
po,n:uocrei1 npH N 1 = 2, /':1 = 9.5, µ = 2.4, y = 0 
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Resistive Lattice 
Parameters: NJ = 2, y = 0 

0.4 -r-------------------, 
C 

E « 
a> 0.3 
:J 
ro 
> 
C 
~ 0.2 
jj] 

ro .s 0.1 
C 

~ 

-trfr/s 6 = 6 (Main Soliton) 
-see- 6 = 9.5 (Main Soliton) 
..i;;u.u.,. 6 = 9.5 (Second Soliton) 
-eaa- 6 = 12 (Second Soliton) 

0 l ,1 

0 µc 2.0 4.0 6.0 
Width of Junction µ 

8.0 

6. rpaqmK 3aBHCHMOCTH MHHHMaJibuoro co6crneuuoro 3uaqeum1 A.min 

3a,n:aqn lllTypMa-Jinynmum (3), (4) OT 111Hpmn,1 µ ueo,n;uopo,n;uocrett n 
pemeTKe c N1 = 2 .IT.IDI ycroj:iqnnb1x pemeHHH c pnc. 5 ripu·pa3HhIX 3Ha

qemrn:x paCCTOfilimI A Me)K)zy ueo.n;uopo,n;uocrm.m. Toql(a' µc COOTBeT
CTBYeT oIITHMaJibHOH mHpHHe, npn KOTopott cocromne HBIDieTCH uau-
6orree ycTOttqnBhIM 

......... 2.0 
~ 
~ 

"O 1.0 
Q) 

u::: 
(.) 

:;::; 0 
Q) 
C 
0) 
ro 
2 -1.0 

Two Inhomogeneities 
Parameters: 11 = 6, N, = 2, µ = 1.3, y = 0, h0 = 0 

).,.., = 0.330, E = 5.20, 6q, = 5. 
J..,,., = 0.320, E= 10.48, 6q, = 11.60 
J..,,., = 0.302, E = 10.30, 6q, = 0 ~ 
J..,,., = 0.105, E= 21.08, 6q, = 17.52 

-2.01, I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ' ' ' I 
-27t -7t 0 7t 27t 

Length of Junction 
7. Ycroj:iqnnble COCTOfilIBH MarHHTHOro DOIDI q,x(x) n KOHTaKTe c lJ:BYMH 

ueo,n;uopo,n;HOCTHMH u rpaHWIBbIMH ycrroBHHMH BH,lJ;a (6). 3uaqeHHH 

napaMerpon: A = 6, N1 = 2, µ = 1.3, y = 0, ho = 0. BeJIHqnua 
Acp = q> (R) - q> (-R) - noJIHhrn MarmlTHhrn noToK qepe3 KOHTaKT 
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Two Inhomogeneities 
Parameters: A = 6, N, = 2, y = 0, h0 = 0 

0.33 
·n Stable Flux, ~. 

·~ 
« 
Q) 

~ 0.34 
~ 
C 
Q) 
0) 

jj] 
ro 0.30 
E ·c 
2 

I 
I 
I 
I 
I 
I 
I 

0.26 I,,,,,,,,,,,,,,,,,,,,,,,, I,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,;,, ,1 
0.8 1.0 1.2 1.4 1.6 1.8 2.0 

Width of Inhomogeneities µ 
8. rpaq>HK 3aBHCHMOCTH MllHHMaJibHOI'O C06CTBeHIIOI'O 3Haqemrn A.mm 

3a,n:aqn lllTypMa-JiuymmIDI (3), (4) OT UIHpHHhl µ m:o.unopo,n:HOCTeii B 
KOHTaKTe C O,n;HOH H ,n:ny~rn Heo.n;uopO,ll,IIOCTllMH H rpauuqHhIMH ycrro
BHHMH (6) .IT.IDI ycTotiqHBhIX pemeHHll C pnc. 7 npH pa3llhlX 3Haqemrnx ' 

paccTOHHHH A Me)K)zy Heo,n;uopo,n;HOCTHMH. Kpy)l(J(aMH "o" BhI,lJ;eJieHO 

9. 

nepuo,lJ;HqecKoe pemem1e 
Resistive Lattice 

0.5 
C .E 
~ 

Q) 
:J 
ro 0 
> 
C 
Q) 
0) 

jj] 

ro -0 5 

Parameters: NJ = 2, µ = 2.4, y = 0 
Stable Meissner Solution 

~olilon 

-f:, -b 

.s . 

.s 
2 u I 'IJSfcJbJe . ---. _____ ~.__ 

4-te,ssner Solution ....-~. -
-1.0 i • • • I • I I 

2n 21t 31t 4n 
Distance between Inhomogeneities 11 

3aBHCHMOCTH MHHHMaJibHOI'O co6crnemrnro 3Ha•IeHHH A.min Ja)Ul'IH 
lllTypMa-Jiuynumrn (3), (4) OT paCCTOHHHH A Me)K)zy HCO,ll,l!OpO)UIOCTH
MH. B TOql(C Bo npOHCXO,lJ;HT 6mpypKaUHH ycTol!qunoro pcmemrn n IIC
ycrottqnnoe, n TOql(e Bi - 6mpypKaUHH 11cycT011•mnoro pememrn B m:-
ycT011qunoe 11 



Resistive Lattice 
Parameters: NJ = 2, I!:.. = 6, µ = 2.4 

1.4 

-~ 
9- 0.7 

"O 
Q) 

u:: 
(.) 

:;:; 
Q) 
C 

0 

g>-0.7 
2 

frt'r6. )' = 0.124 
~)'= 0 
~ )' =-0.124 

-1.4 +r-,......-...-r-1-.-r--r-r,......-...-r-1--r,-.-r--.-,-.--r-,--.--r...-r--r-r-,.--r-T-,-,-..,.......T"°M 

·27t ·7t 0 1t 21t 
Length of Junction 

I 0. ,UecfwpMaLUUI ycroiitJHBOro COJillTOHa B p~rneTKe c Ni = 2 npH HJMeHe

HHH BHeiimero TOKa 'Y· IIapaMeTphl A = 6, µ = 2.4 (cHMMeTpHtJeCKaSI 

perneTKa) 

C 

E 
,<! 

en 
Q) 
::, 
co 
> 
C 
a.> 
0) 

Resistive Lattice 
Parameters: NJ = 2, I!:.. = 6, µ = 2.4 

0 .4 -i stable Meissner Solution 

0 

iii -0.4 
co 
E 
C 

2 
-0.8 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

-0,5 -0.25 0 0.25 0.5 
External Current y 

11. 3aBHCHMOCTh MHHHMaIThHoro co6CTBeHHoro JHatJeHHSI Amin Ja)I;atJH 

WTypMa-JI1-1yBI1JIJUI (3), (4) OT BHern1-1ero TOKa 'Y qepe3 KOI-ITaKT. TotJKH 

Bo SIBJUUOTCSI TO'IK3MH 6wt,ypKaLUIH )1.IUI MeiiccHepOBCKOro perneHHH, 

Boa 1-1 Bob - JJ.JUI nepHO)I;HtJeCKOfO COJillTOHa c pHC. 7 

12 

,1J1 

Resistive Lattice 
Parameters: NJ = 2 
Main Soliton 

0.6-r------------------~ 

~ 
£ 0.5 

:.a 
co 

ci5 0.4 .... 
0 

co 
C: 
a> 0.3 
c 

-ee& l\ = 6 
-88& l\ = 7 
~l'.=8 
....,,.,..._ ['. = 9 

0.2111,, II Ii 1,, ,i 1,, 11, II I ii iii, 1 Ii, 1, 1, ii, 1, 1,,, ii,,'',,,,,,,, 
1.0 1.4 1.8 2.2 2.6 3.0 

Width of Inhomogeneities µ 

12. HHTepBaJI ycroiitJHBOCTH Ay = y b - ya no TOKY y KaK <l>YHKLUIH IillipH

HhI µ HeOJ:I;HOpOJ:I;HOCTeii npH pa3I-lhlX 31-!atJeHHSIX paCCTOSIHHSI A. TotJKa 

µ, onpeJ:I;eJIHeT IillipHHY HeOJ:I;HOpOJ:I;HOCTeii, npH KOTopou HHTepBaJI 

YCTOH'IHBOCTH SIBJISleTCSI HattfiOIThlllHM 

:12.4 
en 
~ 
"ii> 
C: 
~ 2.0 
0 
E 
0 
.c 
C: 

0 1.6 
.c 
:§ 
~ 

Resistive Lattice 
Parameters: y = 0 

~ 'l ', 
r;;::,>r,.'-), \ 

1,'-)b l>.,.. ..._\ 'l 1, 
✓-\)• '- , ... , 

v,/•' \) ~l;)'ti-', 

1,'°)r:.. l>.,.. 
,-,:\)• 

'y'Sr 

1.2 ;-r--.,.-,-,-.,.......,-.-,-.,...-,--,.-,--,r-r-.-.-r,-r-r-r-,-..--r-.,....,--.-.-I 

31t/2 21t 51t/2 37t 
Distance between Inhomogeneities A 

13. fipHMhle JaBHCHMOCTH IillipHI-lhl µ., COOTBeTCTBYJOID;eU HaHfiOIThllleMy 

HHTepBarry YCTOH'IHBOCTH, OT pacCTOSIHHSI A Me)l()JJ' 1-1eoJ:I;HopoJ:I;HOCTH

MH JJ.JUI Ni = 1 1-1 Ni = 2 
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