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Ibe cument i-ncreaae of i-nterest in atufu of layered aulnrcondrctora 1o

related nreirrly to tle fact that a@e of t&e hrd r" surrcrcodrctoro
(e-a- r Bi-ca-sr-{r-o) are rayered cqpornds- Beeidea, tbe o'l4reealon of
the order lnraneter at trinniqg planea [1] or at planea with orygen
deficiency allors one to consider a augnrconarctor with a regular aet of
euch praneo a.s a syatem of artemating s and N (or r) layera- Ife call
uuch aystens with the Joselhson i-nteraction betneen s-rayera ao {s,N} or
{s,r} syeteDa (N and r are layera of tho normar a.d iaoulating !basoa)-
lbe {S,N} or {S,I} systema caa be nade also artificially t2l-
If the alplied nragnelis field Hu erceedg a threshold value Hry the
Joaefhoon vorticea (J-vorticeo) begfn to penetrate i-uto the oysten-
their centera are praced at the r-rqyera (for definiteueoo, ne nirl
consider the {S,I} systen)- At He>>H,l a denge lattice of the J-vortices
(J-lattice) is forDed i:r the olmten_ If H" erceeda a threshold valuo

{r, tnr'eU"ikosov vorticea (A-vorbicea) deforrniae tbe J-Iattice
penetrate i-nto the s-rayera tHfr.airrera fron the rower criticar value
H., for a bulk aupercondrctor: Hrr>Hrt>>H.lt)- Ia thig neDort sone
properties of vortex lattieeo in the {s,r} systen wirl be analyzed; in
rnrticular, ne will carculate the alnctnm of J-Iattiee oacirlatlons and
study the interaction of the A-vorticee irersed tnto the J-rattice-
2- surEDse tbat one A*vortex is aituated at tbe poirt (0,0) (see trtg-l),
and thene ie an arbitrary nr.rnber of the J-vortices ia the oyst€r- lbe
olntial dependence of the field H(r) directed aloag the y ari6 is given
by formrla t3J

H(r)=K*{r)+{L/,)E

Fig- 1

difference

rdk[dilt=t]* n**t:L_ ^/r-\r tu- exp(ikx e(k) lz-zrl ) {1)

llere 4mgnetic field and treqgth arne me{rsur€d

i.o units e o/(znxz) and \ (x is q" rondon
penetration leqgth); p(k) = {t+ U?}I(Z
tdr(x)lf. is the Fourier couu)onent of the
furnction o' (x) = ae/ox, d* is the phane

at the l--Iayer- If there are Inariy A-vortices, the UacDonatdm
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fimction Ko(r) should be

the Jooephson and lda:rsell

and the magnetic field i-n

replaced for the sum over aII A-vorticeg- Fr.om

equations orle can obtai-a the relation between O

tlre n-th l-layer, Ho= H(xr ro),

H; = ra3l-1roi.uco *.io * ';2 o"l e)
rere trJ ie the dioensionleas Jooefhoou length, z = lt/(2eti"), .3=
Zei"/QtC); R,C and i" * the resi"stivif, calncitance 'nd critical

cnrrent of the Josephson junctiono S-I-S (per rmit aqlrare), lo = aL1/at-
Uahing use of Bea-(l) ".1 (2.), ne congider tbe ca.ge when the aeniiE of
the J-lattigs ls hiFh- llren- d can be represented in +ne foro Co= .[k +
rn r V/o* ur= ol")* uo, wbere 

t*1"' 
au*"liu"u tbe rmrprburbed J-rattice in

quasistatic alproximatiou, and the fLaoe Bo determi-ues defomations of
the J-lattice- Tbe arylitude of the functiou rZo oocillati"q *ith period
bt/H is aeeumed to be s"alI, end tbe constant .g is related to the field
H" and nagnetic i-ndqctiou of the J-lattice, B'

_Lr= B,:p =2tanh(a/2) He (1- f), f = $n)V^fetanh(a/2)l -(( 1, (3)
nhere a ie the thickneao of the S-Ialrers- B:eeuditg ai"ndo ln Vo and

averaging (2) over J-lattice period, one can obtai-n an equation for 8n,
,..-,)rj E9re:w[-aln-ml] =-I*'[sin(9o*1€o) + ai-n(9o_1oo)] + zgo+ r,r- '9,,,(4)

,rniJn is valid provided

1.o1.uo)2< tfr, t .. fgcoah(*(Il)). (b)
Here \= ?IlIJla'lnh(6,o(II))/p(II)f-' - is a ratber large length- Be-(4)
degcribee the dynarnice of J-Iattice deforuationo-
3- Uaking use of ee-(4), we can atudy of long wave oscillatlons of the
J-lattice (qa, k aa 1)- Line6l.ising eS-(4) for 1nr{urbationa 69o*
explicot-ilx-iqzl (here z = na), we get for the spectnn of oscl.llationa
.2 = "Inz 

* "2f a"# f "fz) Er+ ( qa/z)z J / wan* 612) + ( qafz)2 J + 1o ( rcoo ) - ( 6 )
Here vr= .o/IH ie the velocLty qf "rne€tnetic sowd" propgatiqg acnoaa

the layerg; v = Xrroo,/tarh(a/2) Ls the velocity of oocillations
prof4ating along the layera- In the first ea.6e the oacillationg ane uot
acconpani-ed by the variatious of the J-vortex densif; they correopondo

to the shear oecillationa of a cryatall lattlce- If IkL, (hrt couditiono
(5) hold), the prolngation velocity of this node dininighes with H- like

_1 e
t-r- Hu '- lbe oecillationa propgating along the layera changes tbe
J-lattice density-lhe conoidered oecillationa will be weakly danped at
frequenciee co > coo? which are not too high in the cage of the tS,I)
systen at low teniratures Hhen . - n 1- erp(-Al[)-
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Tlre J-rattice oscirratious ca! be excited by an exteruar alternating
perturbation- For exanple, in the ca.ae of ac cument floni.g along the
Iayera with freguenclr co , u/Lx (L* ia the aanple length along the x
axes), the apatial distribrtion of the current density j(z) wiII be
determiiied by J-lattice defor.nationg- Then, the nicronave abaorption ae
a firnction of Hu nuet bave eharp peako when the condition (o = vrbtn/L,
(u = 1,2,3---) is fulfilled t4l- At lf<1 the digtance betneen afiacent
psakq ia nearly_constant and esuals 6He = @/2)(ao/ot)a{ili[a
(\Jlztanh(e,/z))-' fre Deaks obgeryed i-n rnicronave absor?tlon iu
Y-Ba-ctr-o 6'ingre cr:rstallg [2,5] geen to be asgociated Jnst with these

4- The deformation of the J-rattice nEJZ appear also rlhen the a-vortices
trtenetrate into the s-layera- Each A-rrortex defoms the J-lattice
creati-ug a long-range field,ho= GnEASdlAx e4r(-alnal), which is
negative in g@ regiona and leads to mrtual attraction of the
a-vortieeg gituated in different s-layero if the diatance between theu
is not too Iarge (lxA- xA-l<lo,*lo=]glg)tSl- Ihrs,if the denoity of the
A-vortices is lo'r (i.e-,O<Hu- H;1<<H;1),the A-vortices wlrl ri.e up in
cheinn perpendicular to t'be ra:rera- Fron (6) one can obtain an eguation
for the fierd of a cbain,hn, the,eolution of which in tbe stationary caae
looko rike the z-cmponent of electrLc fleld of f,fos !-din.dipore the
leugth of which eguala the oue of the cbaLn- Haki"g uoe of the
correaponding exrrreaaions for the therno&nanic pteutial a.d for ho, ne
can deteruine the contrihrtiou of cbains forred by the A*vortices i-Bto
tr[s na€rnetic iaductioa B,
B(Hu) = Br+ Bn, Be- (%#r)exp(-a,r2)(n - {r$tu; {r), (z)o
where s(x) = 1 at *1, tnia the chain leneth- lfith increa.eing Hu 15"
distance between chai-uo,L, dirninieheg, and at L*S 1 tbe A-vorticeo begi-u
to i-nteract directly- Hence, at H"= H* the A-vortex Iattice is
reconstrrrcted frm a aet of shainn into tbe triangular rattice- The
evalnation of H" givee H; {r= ewcanr@/Z + rrlo)-1 (bere,a ia
assuned to be large: a>>1)- one can eee that it ie easier to obaerve tbe
influence of tbe J-vorticeg on the A-vortex lattice i-u aanpreo rith a<<1-
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