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fi. P,INAEJIb, B. KPEX

MOA EJI I4 PO BA H I,I E tI POU.ECCO B N EP E KJI ruq EH I,I,
AXO3EOCOHOBCKIIX NEPEXOAOB B PAMKAX TEOPHI,I

BEPTXAMEPA
B pan'txax MoAenH BepT xauepa KoJIItqecrBeHHo tcc,reÄylorcfi ArrHaMr4qecKlie xapaK-TepI'lcrI{Kr'I 4xoseQcoHoncKl'Ix ryHHeJIbHbrx nepexoÄoe c co6örsessoä euroc*,rc. B .racr_Hocrir' npoBoAI'ITcs qlcJ'IoBoIl pacuer oTKJII,IKa Harrpfl>r(_eHr.rfi ua 6ltcrpoe BxJrroqeHr{e rr BbI-xflloqeHrie roKa.B cJryqae 60rlu,ax r.r MaJrbrx s'a.{eHuü napaMerpa ,tra*_r<a*oepa;;;;;-Äaercfi B'lIHfiHIze 3anagÄblBa*vfi Ha r4HeprHoc"b a oueHrzeaercr npel"rrr,no AonycrrMa,qacrora' AuaJIus ÄoIIoJIHflercs licc,regoraHlzeM rroBeÄenuff nepeKJIIoqeHI,rr nepexo.4a S-lVTI,INA.

BseÄeuue
I4cno,'rrsoea'r4e AxoseÖcoHoBcKr'x TyHHe,rrbHbrx nepexoÄoB e qaepoeux

sJICMCHTAX NAMflTH LITIH T\rlfl COsAAHI]' IIIIKOCCKYHAHUi AUNYNICOA iPC6YCrKoJIlIqecrBeHHoro onpeÄer'reHr{tr r4x AHHaMHqecKrzx BpeMeH [epeKJrrcqeHnq. Oruceoläcrsa cyrqecraeHuo nao4zQaUzpyrorcs Apyf1rMr4 BK,rrrcrreHgbrMlr B rlenb rrac-CI4BHbIMH SICMCHTAMH (CONPOTUE,TCHN'IMU, CMKOCTflMA, I.iHAYKTIZBHOCTAUN).
IiT: rll orpaHr.rq'n4c fr Jrr4rJtb ceoräcrsaMa orÄe,,rbHofo repexo^a r.r Hcc,,reÄyeMTO,IIbKO B/THflHHC CO6CTSCHHOI1 CMKOCTII B CTYqAC NHTAHH,T TOKOM. E PAOd<AXMo^e'rrlr Beprxalrepa It'21 Ans pasHocr' Qgä .p a"v" puua"r."nor* oapoepä,cBepxnpoBo.4HHKOB cnpaBeÄ,'[rBo ue,rznefinoe rznreipo-arzs$epeHu"äroio;
ypaBHeHHe

i(s):$F"Ot')+
n?tti

-TJ ds'[r(s')sin j tv(s-s') f q(s)l *
0

J-wt')-

so (s') sin ] t* tr - s,) -,p(s)ll (l)
c 6eapasuepurru speueHeu .f : (Ar * An)-lihl nprrBeÄeHHbrM roKor\4 i (s) :: I (t)ll,,u nomos'uoä ? : (Ar + [n)&Rr4". p ii) nJ;; : sHepferuqecKrze
5:rr, o6orzx ceepxnpoBo4nrzKoB npu T - Ci. l.l'^p"iro"i,.rof, ,ön A*är",p-coua (raNxe npu I : 0); Rar - coripol.r.rBJreH,e ,'pH HopMaJrluoü npono4rro.i,
ryHHerlbHofo nepexoÄa; p" : 2el 

"QlyC lh - napaMerp Mar-Karv6epa, flponopuuo_uannnsrü' xontaxrnorl euxocrz C.B cnyvae no.to3ll:lo_-Bo BpeMeHl perxeHrrq cp (s) = cpo (craquoHapuuriaQseNr,fixoseÖcona) c',paBeÄ,rr,rBo coor'ollesae i: irsin cpo.'e "ti"r"r'."y:uae i (s) = in) i" c,re4yer oxr.iÄarb B KaqecrBe acaMlrorr.rqecKofo perueHrzflneproÄaqecxyto Qyuxrluro cp (s) (HecrauuouapHurä ssseNr flxoslrpcona), npzuen.{rq olpe4e-reHHbrx sHa.ieHHrä io{ i, Mox{er BosHrrKHyrb raKxe'6ucrä6uÄunuütpexnu [3-51.
3alas4uaanulrze SyHr<uwu p (s) H q0(s) colep)Kar reHÖopuaqrzrc o ceoücreaxMaTepl{a,'Ia fiepexoÄa. !,"1a ceepxnpoBoÄur.{Ka B paMKaX reopr.rn EKtil np" ,.nn_



Modetupoeanue npoqeccol nepeßtwqent a nepexodoa

neparype ? : 0 elpaBeArLIBbI coorHoluenlrq [u]

./.r- ALAR nlr('L^ \y/,'o, \-rl'4, \r^l,,'1o,)-l,p (s) : (^, + 
^RF 

z lr' \n;;7;/ r 0 \Ä;+ ^; ). 
u o t,a-;7;,l' o \r.l 4o,r1'

(2)

-n,-\ araR "lrlsaR \.r/ tA, \rr/ tar t 'sa^ \-l
s-(s, : z' [/'(o;ä;/r'lo;il + IL(^;T7;] r'(qfr;11'

rge J,I/n-QynrUuz Eecce.ns n-ro nopflÄKa llepB.oro Iz Broporo po4a coor'
sercrBeHHö' cauuerpuuttsrü ronrarr [pI] ar : aR npuBoÄI4r K LI3BeCTHOMy
perxeHr.rrc fappnca [2]; K?K \ CJreAOBa,lO ox(H4arb, sar]a34brBarouue QyH.1,;
IIHu flpu saMeHe I4HAeKcoB L n R ocralorct LIHBapHaHrHltilru. Zs ypasneHran (2)
c,'reAyer

p(s< rI = A,b+rlns; s0(s< I) =-+#+#; (3)

p (s ) r) = -qo(s > r) = $. * *=;r,
r4e p(s), qo(s)- MeAJIeHHo 3aryxaoque ocunJl'InpyK)ulrae $ynrunü, rpl{ 3roM
ÄJrr 

' s': 0 oco6eunocrlro p (s) flBJrflercfl norapz$vuuecxal pacxoÄI4Mocrb.
B ypaeneuna (l) eu4e;rplM cl4HfyJlapHyto qacrb n Ann tg l nonyuul't

,,2 .' 2^r^p,"ft-c*ln2(^tl1l:)'lsinq(.g-i(s)-f,F,,bt') +;aG)*rG;ffi, L r(a1ap),,.1

7(tl
- Jrr' {rG').in } to(s-s') * q(41 * qo(s')sin } lv(s-s')-'P(s)1}, (4)

T

rle C - nocroflHH an eünepa. Tperle cJraraeMoe rlpeÄcraB,lfler co6ofi Bilrin:Hre
cr,rHfytflpHbrx rrJreHoB B p (s) u upueoalar.K r.rsBecrHoMy IUIeHy sin q (s) $eHoue-

"oroi"oö"noü 
pesucrunuofi uo4envt [7]. 3ror qr'IeH Mo;11Ho raK>Ke 'lerKo no'Ty-

qarb c rroMolllblo agua6aruuecxoro npn6ilvx<e1I4fl' us ypaBHegl4fl (l) [8]'
EclH ocun,lr'Iupymqafl 4>r<oeeScouoBcKafl Sasa q (s) cyulecrneHHo l4gMeHflerct
TO,'rbKO qepeg TaKI4e I4HTepBaJIbI BpeMeHLI' B KOTOpbIX BJII4fiHIIe 3alaSAbIBanUII'iX
fiAep p (s)'u qo(s) 6o,trlrue ue oulyrqäercR, ro B yKasaHHCu npuo;laxeHlla cnpa-
BeA,'rIZBa pe3I,ICTHBHafl N{OAeJIb

u2^.,,. 1,
I (s) : ä P",i,(t) + -; A (s) -f sin e (s)'

fipa 3TOM, rIO OnpeAeJIeHViO, IzcnoJlb3yercfl Bblpa)KeHue

fl
J dsp(s)

Llelr <xopoue naMflTb) uout"n"r"" Beprxairaepa, tel'I 6olee BbIcoKI,e qac-
.,orot rä.yt tioito " "opou,ar 

npa6.ruxeHll1u o'1ucaHbl B paMKax pesucr4sHoü
MO.I.CJIV.

Cneqaa.nr,ssIü cnyuaü HeCLIMMeTpI4qHOTO 4x<OSeQCoUoBcKoro S"leMeHTa

npelcraBrrne'r co6oü repexol Me)KAy cBepxnpoBoÄHI'IKoM " "?py:1:.111Y.193.,uäAnrno, (nepexo4 S-y'y' rana). Sror c.nyuari ro,'tyqaercfl I.I3 ypaBHeHAfl \tl
rpu A1* 0:

p (s) = 0, qo (s) : -J, (s)/s (6)

A6conrcrnoe 3HaqeHr4e $asu ue BJruffer Ha roK, IIaMflTb llepexoÄa yMeHbua"
ercn (go (s) - s-e/21. ,

(5)
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Xora craqao'apHbrü oQÖeKT.(xoseQcoua 6on'ue He BoeHHKaer, ocraercspelxarb ue.nuseüHoe uHrerpo-4z$sepesquantnoe ypaBHeHr4e A./rfl [aAeH vfl Ha_npflxeHrzfl Ha repexo4e o (s) = rp (s)12:

ssio : f-ß.ü(s)f o(s)- [ ar,4r-Jrtnf I ds,u(s,\l. (T\T 2', \/ ' -\../ ]_-" 5_5, '.,, 11.*"", ,l \.,f

C nontoqrrc MeroÄa BosMyrr{eHr4li [e] lroxHo noKa3arb, rrro ypaBHeH ue (T) e acvtttt_nroruqecKoM npeÄeJles +oo nMeer ro./I[,Ko craq]ioHapHoe pelxeHae ao.'Orsuue-cKH 3TO OTpaxaer ror Qaxr, qro B [epexoae s-1/ rrana ae Mo)Ker Bo3Hr4KHyrb
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- PIs)

--- q"(s)
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Puc. 1. 3anas4unarcque
eynr{rrrfl _p_!9 , qo (s)
B MoAeJrn EKIII nou ? :: 0: ArlLo - t 1a1;
0,5 (6); 0,05 (a); 0 (a) (ne-

pexo4 S-.V rana). ..-S

HecrauroHapHurä e$sexr AxoseÖco'a. lloerouy H3 ypaB'enua (7) crreÄyer Hs-BecTHafl BOTTbT-aMrrepHar xapaKrepucTHKa .

+ :,,-ir,+sin oos: { ä; - r1uz,l:) i. (8)

flnn unnrccrparlnu Ha pnc. I npnee4eHu sana3^brBaroque q^pa AJfl pagür.rqHHxsuaqeuürä Ltl Ln B saBracuMociz or apryMeHTa s.
{ncnoeoe MoAeJlnpoeaHue npoqeccoB neper(JrroqeHne

Bpeuerruöe 3alasÄbrBaHr..re B ypaBHeHHn (l) os'aqaer, qro A.lfl Bo3Mox'ocraorpeÄeJreHr4r g(s * as) c rroMorrlbro qnc.[o'aori flpoueAypbr' AoJr)KHO 6nrrr.r3Becrgo r.r nporrHTerpfipoBago pelxeHlte q (s, S s)-x nro6omy rporxeÄrxeMy
MOMeHTy BpeMeHH. 3ro osHa.raer r{peSBbrqaülro eHcoxhe rpe60eauufl KaK B OT-HorrreHrzt4 KOJIHqeCTBa Ueo6xoÄsusrx flqeeK raMsrr4, Tar< 14 c roqKa SpeHr.lffrpoÄoJrMr4reJrbHocrH er'lqzcneHr.rü [10]. lioeronay A.[s o[peÄeJreHr.rs crauHoHap-Hofo noBeAeHHf ÄXosescoHoBcKoro ryHHeJrbHoro nepexoÄa 60.nee y406rioflepeBecr]4 ypaBHeHI4e (l) e npocrpaHcrBo tlacror rz rarurr,r odpasou c rroMorubro[oÄcraHoBKl.r nepr4 oAAqecKoro pe[reHrzfl upeo6pasoearl n se"taserinyrc czcrenrya.rreöpauvecKr.rx ypaBHe\rfr [t' a,n]" rlpa accre4o}aHr4n npo,IeccoB nepeKrotleHr4fl He yÄaercfl o60üracs 6es qr{cJreHHofo perxeHHF noJrHoro ypaBHeHrzflBeprxauepa (l). M' 6yaelr paccMarpr4Barb 3ro ypaB*eHr.re KaK Ar'aM'irecKoeypaBneHr4e Anfl q (s) c uauanbnbrM ycJroBrzeM g(rt < O):0. flpz s:0 roxnpl4 BKJIrOqeHrZr4 Hapacraer HerrpepbrBHo Or i:0 ao l: l: nocne roro KaKHaflpqxeHrie r]a KoHraKre u(s): q(s)/2 üphMepHo AocrHraer ro.ne6arenlsoropexaMa' ToK BbIKJIIoqaercg. flpa erou B 3aBrlci.rl,locrl{ or eMKocrr4 KoHTaKTageo6xoÄzuo lrcc,'Ie4oBarb ABa lrpaHuz[Ha,rILHo pa3/]rr4qHblx c,ryrrafl TRc ( To
,r, fiRC) Ta. Orgoueuue nocrotuHblx BpeMeHr4

{Rc : RuC, ra,: h (Ar * An)-l (g)



M oö e lup o a auue np otle c c o 6 ne pe K,xtoqe Hun ne p e x o ö o a 4l

O6a cnytag npeÄCraBJrenbr Hr>xe Arq cr.rMMerpr{qgoro repexoÄa EKIII npa
T : 0 (y : nl\ Ha npaMepe 13" : 0,5 n 10,0. Bsaqane npeÄcraBJreHa oKcrepu-
Mer{TaJrbHafl cHTya.rl,Hfl 6ucrporo BKJrroqeHr.rfl H BbrK,/rnqeHut (puc. 2).

orpeÄeflqer Berrzrrr.rHy rrapaMerpa Max-Kau6epa
, nrl"o: y9rlz.

L tsJ
1

v(sl o
I

o

\

iltil\/ll/I/vln^ k-1-tvv--- -

(10)

.-5

Puc. 3. Boarpaqe-
HI4C B HAqAJIb HOE
ccoTofiHne nepexo-
aa, noKa3aHHOfo Ha

puc.2, 6"

Puc. 2. flpoqeccn ne- ol
peKrroqeHr{r B cHMMer- -l
pr.rrrHoM nepexo4e EI([I 1 l.
npu 7 : 0: P": 6,5 1o; 0[u 10 (6); ryHxrüp - L
pelilerfie pesucruauoä 0 707035

MOAenI,r.

orrnur Hanpfi>r<eHlrfl r{a pr4c. 2,6 npu BKJrroqeHuu KaqecrBenno coBnaraer
B xoporxeM npz6naxeur4u c .r<pl'1^Boft sapxgt<u KoHÄeHcaropa (nocroruHafl Bpe-
MeHI{ TRC); Ha puc. 2,a npeolnaÄaer KoHcraHra r^. Brrdpob Harrpflx(eHr.ra roc,,re
Qpoura BKJrroqeHHfl flBJrflercfl Tr.r[r4qHbrM eQ0eNrovr sa[asAErBaHHs. flocre eH-

a o

&f \^/r,*s^

l_J

=ff'^

L(sl 2
1

v(s/ 0
3

Puc. 4. flonepenaeu. 4
HOE BKJIIOqEHI,IC NE. _2
pexoÄa, noKaSaHHO-
ro Ha puc. 2: pr:
:0,5 (o) n t0 (6).

700 35 79
+S

35 700 35 70

-S

35

KJrrorreHr4fl, KaK 3To HH CTpaHHO, nepexoÄ C 60nSmOü eMKOCTbIO He flOKtr,{aer
cTaBIIee secra6n.nrublM pe3I4cTIiBHoe cocToflHüe. Bpeueua6e garraBAbrBaHrze
Bbr3brBaer eQQexrarnoe yBeflHqeHr{e uHepTHocTr4 cHcTeMbr; AJrfl cpaBHeHHfl IIpI.I-
BeAeM llpoqecc BbIKJIIoqeHLIq B pegHCTHBHori nrO4enu. ,Il.na rOrO rrTodbr B TeqeH[e
KoporKoro BpeMeHI4 tsblBecrl4 nepexo4 rrg 3roro cocroflHxg, ueo6xo4llrr,mr orpu-
qareJrbHbre HMnyJrbcbr roxa (pzc. 3).

1

t
E

I
0

tlro6u oIIeHLrrb MaKcr4rvraJrbHo BosMoxHylo rpaul4rrHyro qacrory, xoropoü
Mox(er c./re1oBarb cpe4Hee Hanpq)KeHire flepexo4a, 6srl uo4eJrnpoBaH [poqecc
nonepeMeHHoro BKJrrorreHHfl (przc. 4).

?ra qacrora nopflÄKa (Ar* LR)l2}hx%)A ffu (Ar*An*u 2,5 rraeB
A/'rfl ryrrHeJrbHbrx adrreMenroe S-Iy' rr.rna). [.nr nepexo4a rra pwc. 4,6 qacrora
nepeK,'rrcqeHrra v>xe c,'rr4ruKoM BbrcoKa. I4s cparueHr4fl o6owx [epexo4oB MoxHo
cae,rraTb BbIBoA, uro 4xose${_'oHoBcKHM TyHHeJIbHbrM nepexoaaM c MaJrbIM
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1

rrapaMerpoM Max-Karra6epa p, npr4 Hcllo.rrbsoBaHHr.r e qrzQpoeux 3reMeHrax
nepeKJror{eHr4fl 14 flaMflTr4 ffBHo CJrenyer orÄarb npeÄlorrreHr4e, TaK KaK KOpOTKOe
BpeMq ycraHoBJleHun h tra,anstü. rr'Icrepeslic roxa o6ecneqrzBaroT xopo[rue VcJro-
BLrtr r\nfl AI{HaMHqecKLrx pexHMoB nepeK,rrcqeHuq. vqer ceoräcrs^ speueHHdro
3a[aSAbIBaHLIfl cyl{ecrBeHHo ycrrJrrrBaer sror BbrBoA, xoroprrri KaqecrBeggo Mo}K-
Ho 6uno c,qeJrarb yN<e r4s pe3rrcruBHorä nro4e,nH.

B HecllulrerpaqHbrx ryHHe.rrbHbrx lepexo4ax (Ar < An) no/ryqa]orcfl aHa-
JlofnqHbre pesyr'rbrarbr. B npe4enbHoM cryqae flepexoga S-/y' ruua (Ar: 0)

o6a 4xose$coHoBcKux eS-
QeNra HCiregator, ocraercfl
TO/'rbKO Tr4 rII{!IHOe AJrf sallas-
AbIBaHr{g IIOBeAeHr4e, KOTO-
poe Mbr rrpr4BoAHM E\nfl ilOlr-
Horbr Kaprnnsr (puc. 5).

AcuunroraqecNoe sHa-
qeHr4e HopMr4poBaHHofo Ha-
I]pflx<eHr.rs npI.I BbrKJrrolreH-
HOM TOKC B COOTBCTCTBI{IZ C
ypaBH€Hr.reM (B) ,rexar iraex-
Ay -l H + 1 H 3aBr.rcr.rr or
rofo, KaKIM o6pasou nepe-
xo4 BbrK,'tlolraercfl. Sxcue-
pHMeHraJrbHo e$$extr sary-
XAHHfl HflI4 KOHCIIHAfl TCMNC-
parypa rpaBoAflr x us6H-
ToqHbrM ToKaM e o1nacru

+s
Puc. 5. flore4eune nepeKJlloqerl.ra nepexo,4a S-ly'
(npu T:0): ror (a); nanpaxenue B": l/n(6) n:20/x (e).

70

TIINA
F":

35

rqeJrr.r cTarlnoHapHoü Bo/'rbT-aMrlepuoft xaparTepl4cTr.rKr{, TaK qTo HaIIpflx{eHrie
BCerAa crlaÄaeT Ao HyJIfl.

M. RIEDEL and V. KRECH
MODELLING OF SWITCHING PROCESSES OF JOSEPHSON

JUNCTIONS WITHIN THE FRAME OF THE WERTHAMER THEORY

The dynamical behaviour of Josephson tunnel junctions with intrinsic capacitance
is investigaled quantitatively within the frame of th-e Werthamer model. In pärticular,
the voltage response to the rapid current switching-on / off is calculated nümerically
in the case of large and small McCumber parameters. The inertia effect of the retarda-
tion is discussed and the limit frequency is estimated. The investigation of the switching
behaviour of S1/ junctions completes the considerations.

LIST OF SYMBOLS. rp, Josephson phase of the tunnel junction; l:, reduced current
bias; Br, McCumber paramater; Är, An, energy gap aI T:0 for the left and the right
superconducting electrode, respectively; s, normalized time; Rr, ohmic resistance of the
tunnel junction; 1", critical Josephson current for ?:0; p, pair retardation function;
q0, quasiparticle retardation function without ohmic part; ir, reduced critical current
r,, reduced voltage; to", characteristic RC relaxation time; to, charecteristic gap time.

FIGURE CAPTIONS. Fig. 1. Retardation functions p(s) and q0 (s) wiihin the BCS
model for T:0:ArlAR: I (a);0.5 (6); 0.05 (e); 0 (e) (SA/ tunnel junction).

Fig. 2. Switching processes in the summetrical BCS tunnel junction for 7:0:
0":0.5 (a) and Pc: !0 (6); dotted line-solution of the RSJ model.

Fig. 3. Return to the initial state of the junction shown on Fig. 2.
FiA.4. Alternatingswitchingof the junctioirshownonFig.2:$r-:0.5(a)and l0(6).
iig.S. Switching behaviour of the Sly' junction (7:0): current (a); voltage

012)F,: tln (6) and (y/2)F":20ln (e).
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Cexnus d'usuxu
Vn-ra r.rrr.i. <Dprz4praxa Illun.nepa,r. lÄesa, fÄP

Iloay,reno 24.04.86

l'ÄK 537.312.62

B. r. rtEpKAcoBA, JI. n. TI,UIIEHKO, H. fl. @OrEJIb

PA3MbITI,IE, PE3I,ICTI,IBHbIX NEPEXOÄOB TOHK''IX
CBEPXNPOBOAqIIIHX TIJIEHOK NEPEXOAHbIX IVIETAJIJIOB

B NAPAJIJIEJIbHOM /TIAIHHTHOM NOJIE

I4cc,rleÄosaHrr pe3Hcrr4BHbre nepexoÄbr roHKr.rx cBepxnpoBoAffrrllix IIJTeHoK nepexoA-
Hrrx lrera,rr,ros (sauanuü, nuo6nü) B napaJl'reabHolr lrainurnoM no,'Ie s o6racrü crrJrtrHbrx
Q,ryxryaqufi napaMerpa nopq4Ka. O6napy>xeno, uro r,6augu T"o rnrapuHa nepexo4oB
yMeHbrrJaercs c rroHr4)r{eHneM reMneparypbr no gaKoHy L H I -(1-T/Trol-u2, a Marulrr-
Hoe qucrro laus6ypra Gia,, : IH-Hcll (Tl / H"n (T), xapäxrepusyroqeeErr{pr.ruy Kpurr.r-
qecroü o6"lacrvr nJrs Qasonoro nepexo4a B fiapaJrJredrrbuoM no,rre, nponopqüonanrHo o6par-
sorl AnuHe cso6oÄuoro npo6era 3JIeKTpoHoB. floryuenuue pe3y,'rhrarbl o6rscHgrorcq B
paMKax Qnyxryaqzounoü reopuu ÄJrrr AByMepHbrx cBepxnpoBoAHr{KoB.

BeeÄeHr,re

B nocneÄsr,re roÄbl Bce 6o,'rbruee BHkrMaHrire npaBJreKaer r{3yqeHue Qasonsrx
nepexoÄoB B AByMepHbrx cBepx[poBoÄH[Kax. I4Hrepec K 3rr4M o6r,eKraM cBfl-
saH c BO3Mo>KHOCTbTO npOBepKH TeOpHH TOnOflOfilqeCKOrO QaSOBO|O nepexoÄa
B ÄByMepHbIX cBepx[poBoAHHKax [1-3], uccneÄoBaHllfl BJrHrHLrfl JroKa[rvsavr4
3JTeKTpOHOB Ha CBepxnpOBOAflUIHü nepeXOA [a], Ha6nrOÄe1rrtr Kplrrr4qecKr,rx fB-
Jrenr.rri, o6yc,'roB.leuHbrx Q,'ryKryar\r4rMr4 napaMerpa rropflAKa [5-8j.

Kax 6u,no noKasaHo paHee [5'61, xapaxrep p*i.rcrr4BHbrx flBJreHuft s1nusu
rorIeK oa3oBoro nepexoÄa B [JreHKax nepexoÄHbrx MeraJrJroB onpeÄeJrflercrr
crr./rbHbrMrr BsaHMoÄerzcrByroqr4Mr.r s,ryxryaqurnru IIapai\,rerpa nopsAKa. 3ro
c[paBeA,rIr.IBo KaK ArTfl p$|4CTI,IBHbIX [epeXOAOB B OTCyTCTBAe BHeII]HefO Mar-
HHTHOIO ll}ilfl, TAK W F,ilSt nepeXOAOB B MafHItTHbrX rIO,'IflX. lIpU erOlt BecbMa
cyqecTBeHHa v BeJrLrqHHa rlpu/'IoxeHHoro MafHrITHoro roJrtl, 14 ero opHeHTar{Hfl
Iio 0THOIIIeHHIO K BbIAe"IIeHHoMy rcOMeTpI4eIi I]rTeHKr,r HanpaB.rieHHro. Pe3LICTLTB-
HbIe l{epexoÄbr [Jr€HoK BaHaAwf, B [ep[eHÄizKy,rrflpHoM rro/'re noÄpo6uo uccneÄo-
BaHbr B pa6orax 17'el. Bu,ru no,ryqeHbr 3aBzcr.rMocrrz rzg6brror{Hori rrpoBo4r4Mo-
cTri o': 6 - 6, (on- y4enrHafl rrpoBoÄHMocrb B HopMaJrbHoM cocTorrHHr4)
OT TeMnepaTypbl Ir MaTHHTHOTO IIOJIfl B IIIUpOKOM HHTepBaJIe nOJreIi, BK,lroqarl
ci{,lbHble Iro,/rfl , fÄ,e cTaHoBHTcq cyü{ecTBeH HbrM KBaHTOBaH He Cne KTpa Ö,'IyKTya -
utll? napaMerpa rropflAKa. Ebr,rttr olpe4e,'reHbr 3HaqeHr.rff TaK Ha3brBaeMoro (Maf-
HHTHO|O) rrr4cfla faH36ypra Gis, e o1ilacrLr AByMepHbrx s,rymyauuü,3aBhrcl4-
MOCTb efo oT TeMrrepaTypbr r4 AJraHbr cBo6oÄHofo lpo6era s,rreKrpoHoB.

floeeÄeHue u36blrorrHoä npoBo4l4Mocrr.r rrJreHoK BaHa1r4tr B cli,TbHbrx napail-
.ne'rlbHbrx no_Jtflx B yc/ToBtJflx KBaHTOBaHHR CneKTpa Q,ryNryauzü H3yqa,rocb
B pa6ore [tol. B Hac;oflqer? pa6ore npuBoÄrrcfl pe3y,rrbrarbr rrcc,,reÄoBaHr.rfl pe-
SHCTHBHbIX nepexoÄoB TIJIeHOK BaHaAr4r, H HLlo6Htr B cJra6brx flapa,q,'re,'rbHblx ilO-
nfl.x, .!,Jrfl r{oropbrx aSöeKTbr KBaHToBaHr.rfl Hecyü{ecrBeHHbl.
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