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1.nOCTAHOBKA3AnAQH 

CTaUHOHapHbIe COCTOHHIDI B O,lUlOMepHOM .n)k03e<PCOHOBCKOM nepexo

.ne ,ll,JIHHbl 2R C O,lUlOH MHKpoHeO,lUlOpo.nHOCThIO B cepe.nHHe X=:O OnH-

CbmaJOTCH <p1l30H .p ( :It), RBJIHlOmeHCH peWeHHeM HenHHeHHOH rpaHH'lHO~ 
38,1l;a'IH 11-4,1 : 


-.p" + jo (x) sin ¢ + yO, (1.1) 


¢'(±R)=h ' (1.2)
O 

r.ne J (x) - TOK .ll)k03e<PcoHa, a WTpHXOM 0603HaqeHO .nHcpcpepeHUHpoBa
o 

HHe no 38.BHCHMOH nepeMeHHoH x ~ [ - R. R] (Bce BenH'lHHbl 6e3P1l3MepHbl, 

o Bbl60pe cooTBeTcmYlOmeH CHCTeMbl e.nHHHU CM., HanpHMep, CTaTLlO Ill) . 
.lInH aHanHTHqecKHx pacqeTOB y.n06HO npHHHTb Mo.nenb TOqeqHOH Heo.nHOo 

po.nHOCTH, lITO .nonycTHMo, ecnH none ¢(x) .nOCTaTOqHO Mano H3MeHHeTCR 

Ha npoTH)keHHH Heo,lUl0PO,lUlOCTH. B YKa3aHHOM cnyqae peweHHe cpopManb

HO BbWHCbmaeTCH qepe3 3nnHnmqeCKHe CPYHKUHH I 1/. PeanbHble HOO,lUlOPO.n

HOCTH, O,lUlaKo, Bcer.na HMelOT KOHe'IHble pa3Mepbl, lITO cne.nYeT yqmblBaTb 

npH 'lHcneHHbLX pacqeTax. B HacToRme9 pa60Te, KaK H paHee 12-41 ,HOO.n

HOpo.nHOCTb Mo.nenHpyeTcH rna,nKOH cpYHKUHe9 

J (x) ., 1 - sech2 [ ~ ],o 

r.ne 1-'- wHpHHa HOO,lUlOPO,lUlOCTH. BHewHHH TOK Y Ha npaKTHKe cymeCT

BeHHO MeHHeTCR TonbKO B6nH3H KOHUOB nepexo.na, BBHAY qero B nepBOM 

npH6nH)keHHH ero MO)kHO CqHTaTb nOCTOHHHblM. BenHqHHa ho npe.nCTaBnHeT 

C060H 3HaqeHHe MarHHTHOro nonH Ha KOHUax nepexo.na• 

• npH CPHKCHPOBaHHblX 3HaqeHHHX "TeXHOnOrHqecKHX" napaMeTpoB 

R H I-' 3a,naqa (1.1), (1.2) HMeeT HecKonbKo HeTpHBHanbHblx peWeHHH, 

'lHcno H BHA KOTOPbIX 3aBHCHT OT "IPH3HqeCKHX" napaMeTpoB ho H y, T.e. 

¢ - ¢ ( x • bo • y) • 

B Mo.nenH C TOqe'IHOH Heo,lUl0PO,lUlOCTbIO 'lHcno peWeHHH aCT!> qHCno KOP

HeH HenHHeHHoH cHCTeMbI, nonyqaeM09 H3 06mero peweHHH YPaBHeHHH 

Ha OTpe:ucu [-R.0) H (0. R] C yqeTOM rpaHuqHbLX ycnOBHH, a TaK)ke C 

yqeTOM HenpepblBHoCTH IPYHKUHH ¢(x) H ycnOBHH CKaqKa npoH3BO,lUlOH 

'-'(x) B TOqKe x = O. 
OrMemM, lITO peweHHH ypaBHeHHH (1.1) 06n8,ll;aIOT cne.nyIOIUHMH 

CBOHCTBaMH CHMMeTp8H. 5GB' ¢'mKl'l!.~ J,..h ,r) peweHHe, TO 
,_'" . "." ..,~.,.,~ . _ 0 ..Vllii'h. i<ll1...,J 1>1-1, y, 

U"'!"liWl f!t~ ;;tl?();;:":W'":~ 
SWSJlIr!-')T2:Ht 
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-~(x.-ho.-y)nlIOKe ecTb peWeHHe. )lanee, q,YHKUHH ¢(x,-ho'y) H 

-¢(x.hO'-y) RBJUIIOTCR peWeHHRMH 3a.u;a'IH (1.1) C rpaHHtlHbIMH YCJIOBHR

MH ¢'(±R) =-h • HaKOHeII, eCJIH ¢O(X)ecTb pellleHHe, TO o 

¢ = ¢ + 2 ..t • rAe k 0, ±1, ±2, ••• ,
k 0 

TalOKe ecTb pellleHHe 3a.u;aqH (1.1), (1.2). 
~nlOKcoHHbIe COCTORHHR B 6ecKOHe'IHbIX nepeXOA8X HCCJIeAOBaHbI 

AOCTaTO'IHO nOApo6Ho (CM., HanpHMep, MOHorpaq,HH 16,11 ). B KOHe'IHbIX 

H HOOAHOPOAHbIX nepexoA8X () q,nIOKcoHe MO>KHO rOBopHrb nHwb B TOH 

CTEmeHH, B KaKOH MO>KHO npelie6pelfb BnuRHHeM Ha Hero rpaHHI.l, a TaK)I(e 

HeoAHOPOAHOCTH H BHeWHero TOKa y qepe3 nepexOA. YcnOBHMCR Ha3b1BaTb 

q,JlIOKCOHOM nlO60e peweHHe, AnR KOToporo npoH3BOAHaR ¢' (x) 2: 0 
npJl x ~ [ _R. R ]; BBKAY OTMeqeHHOH CJlMMeTpHH, cyw;eCTBYeT TaK)I(e pewe

HHe C ¢'(x) SO, KOTopoe 6YAeM Ha3b1BaTb aHTHq,nIOKCOHOM. 

YCTOHqHBOCTb HnH HeYCTOH'lHBOCTb HeKOToporo peweHHR ¢(x,ho'Y) 

HenHHeHHOH rpaHH'lHOH 3a.u;aqH (1.1), (1.2) onpeAeJIReTCR 111 3HaKOM 

MHHHMWIbHOro C06cTBeHHOrO 'lHcna nOpO)I(AeHHOH 3TJlM peweHHeM 3a.u;a'IH 

IDTYPMa - nHYBHnnR 

-I/!'''+U(x) r/J""Al/J, (1.3) 

I/!'(±R) = 0, (1.4) 

C nOTeHlU!WIOM U = j D(x) cos ~(x) . IlpH ,\ min> 0 peweHHe YCTOHqHBO, 

npH < 0 - HeYCTOHqHBO. Cnyqai{Amln 

A min (ho ' y) .. 0 (1.5) 

COOTBeTCTBYeT 6Hq,YPKauHH peWeHHR. C q,H3HtlecKOH TOqKH 3peHHR ycno

BHe A min > 0 (YCTOH'lHBOCTb) BbIPruKaeT Tpe60BaHHe MHHHMaJIbHOCTH 
"cBo60AHOH" 3HeprHH nepexoAa 

o = & - ho 6. ~ • (1;6) 

rAe 6. ¢ = ¢ (R ) - ¢( - R) ecTb nonHbIH MarHHrHbIH nOTOK qepe3 nepexoA, a 

R 1 2 
~= r [ 2' ¢' ( x ) + j 0 ( x ) (1 - cos ~ ( x» + y ¢ (x) ] dx - (1.7) 

-R 

- :meprHR nepexoAa. 

KaK nOKa3aHO B pa60T8X 18,41, C YBeJIHqeHHeM TOKa y o6naCTb CY

w;eCTBOBaHHR no ho cY:>KaeTCR. 3HaqeHHe Yo' npH KOTOPOM COCTORHHe Pa3

PywaeTcR, T .e. npoHcXOAHr 6Hq,YPKauHR, Ha3bIBaeTCR KpHTHtleCKHM. Hccne

AOBaHHR 3aBHCHMOCTH Y C (h ) KPHTHqecKoro TOKa OT MarHHrHOrO nonR o 
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RBnReTCR Ba>KHOH npaKTHqecKOH 3a.u;aqeH. rnaBHbIH KaqeCTBeHHbIH 3¢$eKT, 

nonyqeHHbIH B YKa3aHHbIX pa601'8X 13,41 , COCTOHT B nORBneHHH Ha rpaq,HKe 

Ye (ho ) xapaKTepHbIX KpeCTOO6pa3HbIX CTpYKTyP, COOTBeTCTBYIOUJ;HX YCTOH

'lHBbIM q,nIOKCOHY H aHTH<PnIOKCOHY, nOKWIH30BaHHbIM Ha HeOAHopoAHOCTH. 

Hau60nee RPKO 31'0T q,nIOKCOH-aHTHq,nIOKCOHHbIH KpeCT BbIpIDKeH B TOqKe 

ho == 0; B 60nbwHx nonax BnHRHHe MHKPOHOOAHOPOAHOCTH OCJIa6eBaeT. 
qHCneHHbIH 3KCnepHMeHT B pa60T8X 18,41 npoBOAHnCR B CJIe.t\ylOw;eH 

nOCJIeAOBaTeJIbHOCTH. )lnR q,HKCHPOBaHHbIX 3HaqeHHH ho H y, Hcnonb3YR 
HenpepbIBJJbIH aHWIOr MeTOAa HblOTOHa (HAMH) 17,81 C OmHManbHblM 

warOM 101 H CMaHH-Pa3HOCTHYIO cxeMy /101 nopRAKa O(h2 ) Ha paBHOMep

HOH ceTKe C warOM h, OTblCKHBaJIH peWeHHR HeJIHHeHHOH rpaHH'lHOH 

3a.u;a'IH (1,1), (1.2). )lanee, MeTOAOM Hrep8UHH nOAnpocTpaHCTB (CM., Ha
npHMep, 111 I) BblqHCJIRnaCb BeJIHqHHa A COOTBeTCTBYlQw;aR Ka)I(AOMY

mln 
, 

H3 06HapY)l(eHHbIX peWeHHH. )lnR YCTOHlfHBblX peweHHH CTPOHnHCb rpaq,H

KH q,YHKI:(HH Amin (ho )' IlpeHMyw;ecTBo TaKoH MeTOAHKH 3aKnIOqaeTCR 

B B03MO)fQ{OCTH nonY'lHTb nonHYIO KapTHHY COCTORHHH B nepexoAe, Bblpa

)l(aeMyIO <PYHKI:(HeH AmiD (ha) I 21; K HeAOCTaTKaM CJIeAYeT OTHecTH ee 

6oJIbWYIO rpYAoeMKOCTb. Il031'0MY npeACTaBnReTCR UeJIec006Pa3HbIM pa3pa

60TaTb HHOH anrOpHrM, n03BonRIOW;HH HenOCpeACTBeHHo nonyqHrb HCKOMYIO 
3aBHCHMOCTb. 

2. qHCnEHHblA AnrOPIITM 

3aq,HKcHPyeM BeJIHqHHbI Y H A H nocTpoHM q,YHKUHIO 

- ¢"+J (x) sin ¢+ y.o 

¢'(± R) - ho ' 

F(z) - "'''+ (J 0 (x) cos ¢ - A) '" , (2.1) 

Ib'(± R) , 

rAe nepeMeHHaR Z = ( ¢. l/J, ho ). OCHOBHaR KAeR 3aKnIOqaeTCR B paCCMOT
peHHH ypaBHeHHR 

F(z) =0 (2.2) 

KaK HenHHeHHOH 3a.IJ;a'IH Ha co6crBeHHble 3HaqeHHR co CneKTpanbHbIM napa

MeTpoM ho· BYAeM HCKaTb peweHHe z* (2.2) B KJIaCCe q,YHKJ.U!H, YAOBneT
BOPRlOUJ;HX YCJIOBHIO HOPMHPOBKH: 

R 2 
<Ib, t/I>= J t/I (x) liz = 1. (2.3) 

-R 
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npennonO)J(HM, 'ITO TaKOe pemeHHe cymecTByeT H RBruteTCR H30nHpoBaHHb1M, 

T.e. HMeeTCR OKpecrHOCTb Ilz-II"'1I <E, B KOTOPOH F(z) I:. O. 
,llnR OTblCKaHHfI Z'" 6yneM HCnOnb30BaTb HAMH. CYTb 3TOrO MeTOna, KaK 

H3BecnIO, 38.KJIIOliaeTCR B napaMeTpH3aI{HH ¢lYHKUHH Z HenpepblBHbIM na

paMeTpoM t c; (O. +..,) ("BpeMfl") C nocnenyromeH 3aMeHOH CTauuOHap

HOro ypaBHeHHfI (2.2) 3BonlOUHOHHbiM npo~eccoM 

.~ 

F'(z(t» dz(t) + F(z(t» ",0, 
dt 

(2.4){ 
z (0) = EO • 

rne 1IE!pe3 F' ( z) 0603Ha"leHa npOH3BO,ltHaJ1 Cllpeme, a Zo eCTb Ha"laJIbHOe 

npH6nH'lreHHe K HCKOMOMY pemeHHIO. YpaaHeHHe (2.4) HMeeT nepBblH HR

Terpan F ( z) = e-t F ("0) , H3 KOToporo npH nOnOnHHTenbHbIX ycnoBHRX 

HenpepbIBHoCTH q,yH~H F(z) H F'(z) , a TaK)lCe OrpaHH"IeHHOCTH F'(z)-1 
B HeKoropoH oKpeCmocm TO"lKH z"', BbITeKaeT 17 .81 CxonHMOCTb npH 

t ..... + coo HenpepblBHOH TpaeKTOpHH z( t) K TO"IHOMY pemeHHIO. 

,[(nR "IHcneHHoH peanH3aI{HH HAMH Heo6xonHMa nHCKpeTH3aI{Hf1 ypaa

HeHHR (2.4). B pa60Tax 18.1121 AJlR 3TOH ~enH npe.nnO)lCeH H 060CHOBaH 

MeTon 3nnepa, KOTOPbIH H Hcnonb3YeTCR B HaCTORIneH pa60Te. Ha npyrHe 

B03MO)KHOCTH YKa3bIBaeTCR B /13: 

BBe.IleM , Boo6me rOBopR, HepaaHoMepHyro ceTKY C marOM rk ; Torna 

Ha Ka)IC.r(OM cnoe tIL (Ha Ka)lCJtOH HTepaI{HH) HMeeM nHHeiiHylO nH¢l¢lepeu

~HaJIbHylO 3a,D,aqy 

F ' ( Z k) wk + F (z k) = 0 (2.5) 

OTHOCHTenbHO npHpameHHfI 

Zk+l _zk Zk+l _ zkk Azt 
'III' "'_ 

Atlt t k +1 
-t

k 
r
k 

Cne.IlYlOmee npH6nH)lCeHHe HaXOnHTCR no ¢loPMYne 

z k +1 ... zk + r 'It' k • 
II. 

B cny"lae rk = 1 MR Bcex k 
KOroPbIH MR MaTpH"lHblX 

BaJICR, HanpHMep, B/14/. B 

(2.6) 

Mbl npHxonHM K 06bl"IHOMY MeTony HbIOToHa, 

HenHHeHHblX CneKTpaJIbHblX 3Ma"l paccMaTpH

HacTORmeH pa60Te, KaK H~aHee/2"'1, npHMe

HReTCR Bbl60p HTepaI{HOHHOrO mara, npe.nnO)ICeHHbIH BI !. CyTb ero 3aKJIlO

"IaeTCR B annpoKCHMaI{HH HeBR3KH 

B(r) =IIF(zt+ rkw lt)11 2 

KBMPaTH"IHbIM no r nOnHROMOM, TO"lKa MHRHMYMa KOToporo onpe.nenR

eT OnTHMaJIbHbIH mar: 

8(0) 
r (2.7)
opt B(O) +8(1) 

HCHo, no r oj)t l; [O,lJ H npH r opt > 0,5 HMeeT MeCTO CXonHMOCTb npo

~ecca. Bo H30e)ICaHHe cnHUIKOM MeJ:~neHHOH cxonHMOCTH BBonHTCR OrpaHH

"IeHHe ropt 2: 0,1. B pa60Te !7! nOKa3aHO, "ITO B6nH3H npocToro H30nHpo

BaHHorO KOpHR CXOnHMOCTb HTepaI{HH (2.6), (2,7) RBnReTCR KBMpaTH"I

HOH. HH)lCe npHBe.IleHO "IHcneHHoe HCCnenOBaHHe MeTOna B npHMeHeHHH K 

KOHK~!THOH 3a,D,a"le. 

npHBe.IleM nonp06HYlO 3anHCb COOTHOmeHHH (2.6), npH 3TOM npHpa

meHHe 

k d k d k dk k k k 
'III' = ( .- <f; ,- t/! • - ho ) = (a ( x) • b (x), c )

dt dt dt 

(nnR ynpomeHHfI 3anHCH HRneKC k HTepaI{HH onycKaeM) : 

-a"+jo(x) cos ¢a-<f;"+Jo(x) cos ¢+y=O, (2.8) 

a'(±R)-c+¢'(±R) ho=O, (2.9) 

- b"+ U (x) cos ¢ - A) b + J (x) sin <f; t/! a o o (2.10) 
-t/!"'+(jo(X) oo8¢-.\) t/!=O. 

b'(±R) +r/J'(±R) =0.· (2.11) 

ClOna Ha,D,O no6aaHTb TaK)lCe COOTHomeHHe OpTOrOHaJIbHOCTH 

<r/J.b>=O. (2.12) 

BblTeKaIOmee H3 ycnOBHfI HOpMHpOBKH (2.3). 
,[(nR pemeHHR CHCTeMbl (2.8) - (2.11) BOCnOnb3yeMcR "MeTonoM OKaHM

neHHfI" - 6yneM HCKaTb pemeHHe B Bune 

a (x) a (x) + C a (x) •
1 2 

(2.13) 
{ b(x)=b (x) +cb 2 (X)1 

rne a1' a~, b.t., bJ! - (3.6)HOBbie HeH3BecTHbie ¢lYH~HH. nOnCTaBnRR B 

(3.1) - (3.5) H BblfiHPaJ1 K03<P<P~HeHTbl nepen C paBHblMH HYnIO, nony"IHM 

4: 
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(2.14)a~' - j 0 (x) cos I/> a l ,.. j D (x) sin I/> + y - 1/>" , 

(2.15)a ~ ( ± R) ,., ho - 1/>' ( ±R) , 

(2.16)a 2' - j 0 (x) oos ¢ a2 .. 0 • 

(2.17)&2(±R)=1, 


bi' - (Jo (x) oos • - ).) b l .. 

(2.18) 

.. - j 0 ( x) sin ¢ I/J a 1 + (j 0 (It) cos I/> - ).) I/J - I/J" , 

b;(±R) =-I/J(±R), 

b2'-U (X) oosl/>-).) b2o 

be(±R),.,O, 

c - <b ,I/J > / <b2 ' if, > • 1 

TaKHM 06P830M, 3aMeHa 
npHpau..teHHH cpYHK~ K 

(2.19) 

-1p (x) sin ¢l/Ja2 , (2.20) 

(2.21) 

(2.22) 

(2.13) n03BOnReT CBecTH sanaqy 0 Bbl'llHCneHHH 
peweHHlO qeTbIpeX rpaHH'llHblX sana'll C nonapHo 

OAHHaKOBblMH )lH<p<pepeHUH81IbHbIMH onepaTOpaMH H p83HbIMH npaBblMH 
qaCTRMH. YKa)ICeM, 'liTO AnR nHHeHHblX cneKTpam,HblX sana'll 3TOT nO)lxOA 
060CHOBaH B /11/. npHpau..teHHe HeHSBecTHOrO ho onpeAeruIeTcR no cpOPMY

ne (2.22). 

3. qMCnEHHAJI PEAnM3AQl1H Anf'OPHTMA 

.1181Iee paccMoTpHM nHHeHHOe AHcp<t>epeHUHam'Hoe YpaBHeHHe 

y"-q(x)y=r(x), x~{-R,R], 

C rpaHH'llHblMH ycnOBHRMH HeHMaHa 

y'(±R)=s. 

(3.1) 

(3.2) 

K aH81IOrH'llHOMY BMY nyTeM npoCToro npeo6p830BaHHR npHBomrrCR mo
6aR H3 rp8HH'IIHbIX sana'll (2.14)- (2.21). ,llruI qHcneHHOrO peWetlHR BBe,neM 
Ha HHTepBalIe {-R, R 1 paBHOMepHyIO CeTKY 

GII=lx 1 , i=O,1,2, ••• ,N; xo .. -R, xN=Ri 

c warOM h = 2R/~ , a TaJ<:)ICe ceTKY 6), KOTOpaR nonyqaeTCR Ao6aBneHHeM 

K GIl )lBYX TOqeK x _~ = I: a - h H X 14 + I = X 14 + b • ,llruI npoH3BOJ1hHOH 
<PYu1CQHH f(x)Ha [-R-h, R+h1 nOnO)ICHM f 1 ""f(I:I)' 

6 

,UnR annpoKcHMaL\HH ypaBHeHHR (3.1) B Y3nax CeTKH GIl npHMeHHM 
cpopMynbl HeRBHOrO 'llHcneHHoro.)lHcpcpepeHUHpoBaHHR 

" _(2) 4 
Yl ",DYI-TMi+O(h), (3.3) 

r)le 

(2) 1 

D Yt =b2(Yl-1 -2Yt +Y 1+ 1 ). 


1 
1 

TY1 = 12(Y1-1 + 10Yt + Yt + 1 ), 

f'paHH'llHbfe ycnOBHR (3.2) AnR 'llHcneHHoro peweHHR 3aMeHHM B TOq
Kw[ Xo H xN npH nOMOllUl <PopMyn 

h2(1) 4 
Y; D(Y1 ---M )+O(h), (3.4)

tS 

r)le 

( 1 ) 	 1 ( 

D .. 2b Yt+ll -Y t - 1 ). 


B npaBblX 'llaCTRX <PopMyn (3.3), (3.4) M 1 HaiiAeM H3 paueu.CTBa 

Mt - q l Yt=r t • 

KOTopoe C'lHTaeM CnpaBe)lJlHBblM BO Bcex TOqKax CeTKH ;;; • 
npoBe)leHHaR annpoKCHMauHR HMeeT qeTSepTbIH nOpJl)lOK no wary 

CeTKH. 
MTaK, nocne )lHCKpeTHSaUHH sa.n;a'IIH (3.1), (3.2) npHXO)lHM K CHCTeMe 

JlHHeHHbIX YPaBHeHHH OTHOCHTeJlbHO HeH3BeCTHbIX Y-1' Yo' y 1 ' Y2 , .. " Y14 -1 ' 
Y14' Y14 _ 1 . MaTpHll,a nonyqeHHOH CHCTeMbl TpeXD.H8I'OHaJIbHa 3a HCI<JIJ01Ie
HHeM nepSOH H nocne)lHeH crPOKH, BblTeKaJOIUHx H3 rpaHH'llHLIX ycnOSHH 

(3.2), nOcKOnbKy B HHX SlWD.RT K03<l>CPHUHetlTbl npH 11 H '14-1' Ho nerkO 
HCI<JIJO'lHTb '1 H3 nepsoro ypaaHetlHR CHCTeMLI, pacCMOTpeS COBMeCTHO 
C HHM STOpoe ypaBHeHHe, annpoKcHMHpyJOll\ee (3.1) S TOqKe xa AHano
rH'llHO npH nOMollUl npe)lnocne)lHero ypaBHeHHR nHHeHHOH CHCTeMLI HCI<JIJO
qaeTCR HS nOcne)lHero YPaBHeHHII Y14 -1 ,H MaTpHll,a CHCTeMLI CTaHOSHTCR 
TpeXD.H8I'OH81IbHOH. 

.llHCJCpeTHsHpoSaHHble rp8H8'1Hble 3aD.a'IIH (2.14) • (2.21) SbII'O)lHO 
pewaTb LU-pasnO)ICeHHeM, TaK KaK Y 3aD.aq AnR & l' & 2 H b .1' b 2 MaTp~ 
nHHeHHbIX CHCTeM OD.HHaKOBbl, a OTnH'IaJOTCR nHWb CSooo.IUILte 'llneHL)' 

T.e. )lnR 'leTblpeX Sanaq Heo6xO)lHMO TonbKO D.Ba LU -pa;3nO)lCeHHII. 
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AnH 38,ll;8HHoro A ~ 0 aJIropHfM He 06H3aTeJlbHO CXO,l(HTCH K peWeHmo 

C A"" Amin . EcJIH Amin <0, TO npH H3MeHeHHH napaMeTpoB 38,lUl'IfH MOryT 

npoHcxo,n;Hfb 6H¢lYPKau;HH HeYCTOH1HIBbIX peweHHH B HeYCTOH'lfHBbIe. B 3TOM 

CJIy"ae 06pamaeTCH B HOJIb HeKOTopoe Bblcwee COOCrBeHHOe 3HaQeHHe, HO

Mep n KOToporo (npH ). 1 = Ao) onpe,n;eJlHeT nopH,n;OK TOIIKH 6H¢lypKa
m n u 

UHH ( KOHKpeTHbIe npHMepbl peWeHHH, nOJIYlleHHblX lIHCJleHHblM nYTeM 

H HMelOlIlHX TO'lKH 6H¢lYPKanHH nOpH,lJ;Ka n 2: 1, npHBe,n;eHbI B /21) • B PaM

K8X npe,!1;JIaI'aeMOrO aJIrOpHfMa npoMeMa BbI,lJ;eJleHHH TOlleK 6H¢lYPKau;HH 

YCTOji'IfHBbIX peweHHH pewaeTCH npow;e Bcero npH nOMOW;U OCu,H.I1JlHt:(HOH

HOH TeopeMbI ,lJ;JIH 3a,n;a'lH illTypMa - JlHYBHJlJIH /11/: ecJIH peweHHe <b(x) 
YCTOji'IHBO, TO 'lfHCJlO Y3JIOB co6cTBeHHOH ¢IYHKt:(HH ",(x) PaBHO HYJIIO, T.e. 

Amh, = A. 

4.HEKOTOP~EqHCnEHH~EPE3YnhTAT~ 

KaK OnHCaHO B n.3, Ha KIDK.Il.OH HfepanHH BbI60p OnTHMaJIbHOrO wara 

ocyw;eCTBJI.HJlCH no aJIrOpHfMY, npe,!1;JIO>lreHHoMY B f 9/. bbIJI npoH3Be,n;eH 

paC'leT, no,n;TBep)f(,lJ;aIOW;HH aCI>¢IeKTHBHocTb TaKoro no,n;xo,n;a. B 3TOM MO)IQIO 

y6e.n;HThCH, paCCMOTpeB CXO,n;HMOCTb 38,lUl'lH (2.4) K KaKoMY-JIH60 KOH

KpeTHOMY peWeHHIO, Ha pHC. 1 nOK83aHa 3aBHCHMOCTb HeBH3KH 8 OT wara 

r ,lJ;JlH HeKOTopblX 3HalleHuH HOMepa HTepIU1;HH. BH,lJ;HO, 'ITO 3aBHCHMOCTh 

B( r) MH3Ka K KBa.n;paTHlIHoH, H Bbl60p OnTHMaJIbHoro wara ropt OCY

W;eCTBJIHeTCH BMHSH BepWHHbl napa60JIbl, annpoKcHMHpYIOw;eH HeBH3KY. 

no,n;po6Hbl.H aHaJIH3 IIH-

Niter 4; 5; 6; 7 CJIeHHblX 3KcnepHMeHTOB C 

TO'lKH SpeRHH ¢IH3HKH .IIB
0.040 

JIeHHH B ,n;'lC03e¢lcoHoBcKHX 

nepexo,n;ax 6y,n;eT npoBe,n;eH 

B OT,n;en:bHOH pa60Te. 3,n;ecb 
0.030 B Ka'leCTBe HJlJIIOCTpanHH 

npHBe,n;eM JIHWb HeKOTO
........ 

::> pbIe peaYJIbTaTbI paCqeTOB.o 
t:. 0.020 B xo,n;e HCCJle,n;OBaHuHo 
~ 

6blJlH nOJIyqeHbI p83JIH'lHble'0 
o 

KaK YCTOH'lHBbIe, TaK H 

HeYCTOHQHBble peWeHHH. 

Ha pHC. 2 n0K838Hb1 HeKO

TOPbIe HeyCTOH'lfHBbIe pe

WeHHH¢(X) H COOTBeTCT

0.010 

0.000 
BYIOW;Ue HM cOOCrBeHHbleQ.O 0.2 0.4 0.6 0.8 1.0 

T(lU ¢IYHKUHH r/I ( x). HaA,n;eHHbIe 

0- (Topt.Delto(Topt» npH ,lJ;JIHHe nepexo,n;a 2R =J. 0 
H p83Mepe HOO,lJ;HOpo,n;HO

Puc.] CTH B cepe,n;HHe 11 == 1 ,2. 
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2R 10,I\Iu 0_2 
2.0 

2.0 -I \ fA \ / ~ 1.5 

.. 
~ ~ .. ';; 10 i
n. 

CI...if ,; 
'to 

/
" 0.5 
~ "~ ~~ 33.. ;;:o.o~""'"n. ." 

0.0 

-1.0 I , I I I -0.5 
-5.0 -2.5 0.0 2.5 5.0 -5.0 -2.5 0.0 2.5 5.0 

" 
Puc. 2 

2R - 10."u - 0.2 

2.0 

1.0 

" ~ 0.0,!,
c:: 
." 

-1.0 

-2.0 

¥ 
0- P1I!(,,) 

Puc. 3 

2R - 10.Mu - 0.2 

0.0 

-0.5 

'to " 
~ 
,!, -1.0 
c:: 
." 

-1.5 

-2.0 
-5.0 -2.5 0.0 2.5 5.0 -5.0 -2.5 0.0 2.5 5.0 

" " 
Puc. 4 Puc. 5 

Cpe,n;H B03MO)lQlbIX peweHuH CTaBHJIOCb UeJlblO HCCJle,n;OBaTh TaK H83bI

BaeMbIe MeHccHepoBcKHe peweHHH - TaKHe pacnpe,n;en:eHHH MaI'HUTHOrO 

[lOTOKa, Kor,n;a MaI'HHTHOe nOJIe npoHHKaeT B nepexo,n; TOJIbKO Ha ,lJ;JIHHy 

nOpH,lJ;Ka JIOH,lJ;OHOBCKOH ,lJ;JIHHbl, a TaK>Ire peweHHH THna "¢IJl1OKCOH", Kor,n;a 

MarHHTHOe nOJIe JIOKaJIH30BaHO Ha MHKPOHeo,n;HOPO,lJ;HOCTH, KOHKpeTHble 

npHMepbl YK838HHbIX peweHuH B OKpecTHOCTH TOIIKH 6H¢lypKIU1;HH H30
6p8'ICeHbI Ha pHC. 3. 

bblJla nonyqeHa 3aBHCHMOCTb KpHTH'leCKOro TOKa Y, OT MarHUTHoro 

nOJIH Ha KOHU8X nepexo,n;a ho ,lJ;JIH MeHccHepoBcKoro pedieHHH, ¢IJIIOKcoHa 

H aHTH¢lJIIOKcoHa, a TaK'lCe H3MeHeHHe nOJIHOrO MarHHTHOrO nOTOKa l'l9 
B,lJ;OJlb KpHBbIX "c (h ) H 3HeprHH &, COCpe,n;oTolleHHoH BHYTPH nepexo,n;a.o
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2R - 10.Mu- 0.2; OA.; 0.8; 1.2 2ft - lo.Wu- 0.2; 0.4; o.a; 1.2 

0.20 0.20 

0.15 0.15 

~ 
E 
8 0.10 

~ 
8 0.10 

0.05 0.05 

0.00 I" ,II 
-2.0 -1.0 0.0 

He 
1.0 2.0 

0.00 I , "">'»~ I 
-1 

Puc. 6 

J 7 
Enerc;ry 

Puc. 7 

11 15 

Ha pHC. 4 nOK!13aHO pa3BHTHe $nJOKcoHa Bnonh KPHBOH 'Y (h
o
)'Ha pHc.5 _ c 

npe.nCTaBneHO H3MeHeHHe MeHccHepoBcKoro peweHHR. 
npoBe.f(eH aHaJlH3 BnHHHH1f pa3Mepa MHKPOHeo.f(HOPO.f(HOCTH f1. Ha 

3aBHCHMOCTh KpHTHtfeCKOrO TOKa yc OT MarHHTHOrO nonH h o ' oKa3aJIOCh , 
1fI'0 KPHTHtfeCKHH TOK nnH $JIJOKCOHa npH O.f(HOM H TOM)f(e MarHHTHOM none 
60nhwe Mil nepeXonoB C 60nhwHM pa3MepoM HeonHoponHoCTH (pHC. 6). 
Ha MeHcCHepoBcKHe peWeHH1f pa3Mep Heo.f(HOponHoCTH cYlIleCTBeHHoro 
BJIHRHHH He o Ka3b1BaeT. li3MeHeHHR KpHTH1IecKoro TOKa npH H3MeHeHHH 
p. Bbl3b1BaJOT, O'leBRnHO, H3MeHeHHR 3HeprHH nepexona. 3TOT $aKT OTp8)KeH 
Ha pHC. 7. 

5. YTO'llHEHHAH MO.llEJIb 
.ll)K03EcIJCOHOBCKOrO nEPEXO.llA 

.llJIII CpaBHeHH1f 'lHCJIeHHbIX pe3ynhTaToB C peaJIhHblMH nX<03ecpcoHoB
CKHMH nepeXOnaMH MO)f(eT OKa3aThCH cYlIleCTBeHHoH Heo.f(HOPOJUlOCTh 
Bnonh nepexona BHeWHero TOKa y • n03TOMY paCCMOTpeHa MOneJIh, B KOTO
POH BBe.f(eHa 3aBHCHMOCTh BeJIH'lHHbI Y OT KOOpnHHaTbl x, HMeJOl1l8.H BRn 

2RyO 2 2 2 -L 12 
y(x).. (R +8 -I: ) • 

8 
'IT - 2arcsin -

R 

(5.1) 

rne B - napaMeTp, 8 «R; Yo - cpenHRH nnOTHOCTh TOKa '1epe3 nepeXon. 
.llJIH IlHCJIeHHOH peaJIH3aLlHH H3MeHeHHOH MOneJIH 6bIJI H3MeHeH TatOKe 

cnoc06 annpoKcHMaLlHH rpaHHlIHbIX YCJIOBHH: (3.4) • .llJIII Toro, 'IT06b1 He 
HcnonL30BaTh TO'lKH ~ CeTKH x -1 ..  R - Z H Z I; + 1" R + b, nepBaR 
npoH3BOJUlaR 6blJIa 3aMeHeHa npH nOMOlIlH $oPMYn 

10 

m(O) /8(0) Y '" Const 

h 
h 
h 
h 
h 

0,2 
0,1 
0,05 
0,02 
0,01 

s(O) 

h = 0,2 
h .. 0,1 
b .. 0,05 
h 0,02 
h 0,01 

m(O) 

h = 0,2 
h = 0,1 
h .. 0,05 
h .. 0,02 
h = 0,01 

21,53 
26,21 
26,10 
26,10 
26,10 

y = Const 

0,0454 
0,0375 
0,0375 
0,0375 
0,0375 

y .. Canst 

0,9774 
0,9839 

. 0,9785 
0,9785 
0,9785 

CnY'IaH 2R = 10, Ii." 0,2 

y=y(z,B) 

0,02 0,05 
[) 

0,1 

13,73 
14,18 
14,50 

CnY'IaH 2R '" 10, Ii. '" 0,2 

0,02 

0,0572 

y=y(x,8) 

0,05 

0,0556 
0,0540 

[) 

Cny'laii 2R =10, p. =0,2 

y=y(x.8) 

0,02 0,05 
8 

0,7887 
0,7849 0,7835 

14,34 
14,74 
14,82 

0,1 

0,0557 
0,0535 
0,0529 

0,1 

0,7890 
0,7885 
0,7842 

Ta6.tlul4a 1 

0,2 

14,79 
15,10 
15,15 
15,14 

Ta6tlul4a 2 

0,2 

0,0547 
0,0523 
0,0523 
0,0521 

Ta6tlul4a 3 

0,2 

0,8092 
0,7992 
0,7917 
0,7890 
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y' =_1_(_25Y +48y -36y + 16y -3y ), 
o 12h. 0 1 2 3 4 

y~ '" l!h (25YN - 48YN_l + 36YN_2 -16yN_ S + 3YN_ 4 )· 

Tenepb M8TpHll8. AHCKpem3HpoBaHHOH 38.,ll8.llH npHBOAHTCH K TpeXAHaro

HMbHOMy' BHAY CJIe,Il;YIOIUHM 06Pa30M: COBMeCTHO C nepBblM YpaBHeHHeM 

CHCTeMbl, BbrreK8IOIUHM H3 nesoro rpaHHtlHoro YCJIOBHH, P8CCM8TPHB8IOT

CH nOCJIe,Il;YlOllUie TpH ypasHeHHH, H npH H~ nOMOIUH H3 nepBoro yp8BHe

HHH HCKJIIOqaJ()TCH "HeHY)KHble" HaM Y2' Y ' Y4; 8HMorHllHO npeo6p83Y
3 

eTCH nOCJIe,Il;Hee ypasHeHHe CHCTeMbl. 

Corn8CHO (5.1) nnOTHOCTb TOKa B6nH3H KpaeB nepexoA8 CHnbHO MeHfl

eTCH. AnH KoppeKmOCTH llHCJIeHHOrO 3KcnepHMeHTa ecTecTBeHHO nOTpe

6oB8Tb, trr06bl H8 yqaCTKaX HaH60nhwHx fpa,.l;HeHTOB y (It) H8 HHTepsan 

W1THAecHmnpOueHTHorO H3MeHeHHH nnOTHOCTH TOK8 nOn8.ll:8J1H no KPaHHeH 

Mepe ABe TOlfK:H ceTKH. OrClOAa nonYQ8eTCfl YCJIOBHe ,Il;nH wara ceTKH h< 
<O,58«R. 

KaK BblRCHHnOCb, pacnpeAeJleHHe TOKa OK83blBaeT cymecTBeHHOe 

BnHHHHe Ha KpHTHlfeCKHe KpHBble. Pe3ynbTaTbi paCQeTOB npHBe,Il;eHhl B Ta6

m{Uax 1, 2, 3, rAe npHHHTbl CJIeAYIOIUHe o603HaQeHHH: 8(0), m(O) - KpH

THQecKHH TOK B HYneBOM MarHHTHOM none AnH c:pnIOKCOH8 H ,Il;nH MeHCCHe

POBCKOfO peweHHH COOTBeTCTBeHHO. 

AsTOPbl BblPa:JK8IOT 6naroAapHOCTh 10 .C.r8JIbnepH I A.T.~HnHnnOBY H 

B..fI.ronb.ll:HHY 38 ueHHbIe 06cY)I(,lI;eHHH. 
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PyKOnHCb nOCTynHn8 B H3A8TeJlbCKHH OTAeJl 
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6oftAlKH811 T .n., ntiUlOR .A.B., nY3bIHHH H.B. 
IhIOTOH08CkHA MropmM BWIIHCJleHlIII KPHTHfleckHlI: IlapaMeTpoB 
B OAHOllUlpHOM H80AHOPOAHON lllItO~HOBCICON nepexOAe 

raccMaTpttBaeTCli CKCrnIMa 

PU·88-409 

~H.JD(I) 11111,11+,.(1" ,'(-k.lll. <Io'(:tRl-bo ' (1) 

""'.[JD(s)ooa,,-A],p. t/I'(±Il) .. O. (2) 

rAe JD (II) H y(s) -- 3aAaHHLle rna.ttkHe 4!YHIl;UHH. YpaBKeHHe (1) OflHChlBaer. B flaCTHOCTH, 
CTIQHO",pHLle COCT08HHR .(s. Y.IIo) B OAH~pHON HeoAHOpoAHOM )l.lKO:Je4leOHOI:ICICOM 

nepell:OAIlJUlHHOH 2R C BHeWHHM TOlCON y .. (y(:r.) 4I/2R. 3HalC NHHHMILQJ.Horo co6cTl:lett
",R

HOl'O 3H4f1eHHII AmIn 3a.tta'IH IIITypNa - JIHYBJIJlJlll (2) onpe.lleJIReT yCTOH'IHDOCTh H1IH 
HeyCTOH'IH80CTJ. pewettllll <10 B CMblClle NllJIblJ: B03"l)'meHHH. ,llnR BblflHCJleHHR TOfleK 6H
4!ypl"l.:lQHi Ye (11 ) CHCTeMa (1). (2) p8C(!MaTpHBaerCR npH A-O ICaIC HeJlHKeHHllR 31i\1.1alla0
Ha C06cTllIeHHble 3HafleHHII co CJleKl'panhHblM nap8MeTpoN ho' flHClleHHaR peanH3~ ICOTO
pol n~OAHTCA: npH IlONOIQH HenpepLIBHoro &HllJIora NeTO)l.a HioIOTOHa H cnnaiiH-pa3HOCT
Hoi cxeMbi nOplIJl.Ka 0(11'). 

PafiQTa I:IblllOJtHeHa B JIa60paTopHH 1:IJ.lflHQJlHTenJ.HOH TeXHHKH H aBTOMaTH3IQHH OHRH. 

COO6WeHHe O61.el{HHellHoro HHCTHTyTa lIAepHblJ: HCCJle;AOa3HHA. .lly6Ha 1988 

nepellO)l. O.C.BHHorp8AOBoH' 

Boyadjiev T.L., Pavlov D.V.,Puzynin I.V. Pll-88-409 
Newton'a Algorithm for Calculation of the Critical Parameters 
In Que·Dimensional Inhomogeneons Josephson Junction 

Thesyatem 

,,".,o(:r.) atn.+y(:r.). ll'iI-R.Rl. ~'(:tll) abo' (1) 

t/I" .. [.O (s) C08 .-AI,p, t/I'(+R) -0, (2) 

for the real functions </I and t/I is considered. Here '0(s) and y( 1) are given amooth tunc
ilona. Equation (1) describes, In particular, the atatic distributions </I(s. y,lIolln one.dimensi. 
onal .jnh0mogeneoull Josephson junction of length 2R, the external Curn!nt belD, equal to 

,... ( y( s) ds/2R • The sign of the minimal eigenvalue Alliin of the Sturm -- Liou~1Ie prob.

lem ~2) decides whether or not the IOlution is .stab)e under amalI perturbationa. In order to 
calculate the bifurcation polDtI yc(b ) the system (I), (2) for A .. O ia reprded .. a nonlio
near eiaenvalue problem with 8pectral parameter 110' Numerical calculationa are fulfilled using 
the contlnioU8 analog of the Newton'a methnd and apline-difference scheme of order 0 (b "l. 

The investigation baa been perfoIlDed at the Laboratory of Computinl Teehniquea 
and Automation. nNR. 

Communication of the .Joint IDltiWte for Nuclear BeI8an:b. Duboa 1988 
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