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The theory of the conductivity in antiferromagnetic metal compounds is constructed on the basic of the fluctuational theory of
the magnetic superconductors. The superconductor in which there exist localized magnetic moments was considered. It is supposed
that magnetic moments are orientated antiferromagnetically in basis plane of the crystal. An estimation for the critical temperature was
obtained and necessary and enough conditions of the appearance of high-temperature superconductive phase in rare earth metal
compounds were got. The criterion of an appearance of the high-temperature superconductive phase in antiferromagnetic compounds
is found.
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J1o MIKpOCKOIIYHOI Teopli HAAMPOBIAHOI (pa3u B aHTUPEPOMATrHITHUX
METAJIEBUX CIIOJTyKax
M.A.CaBuenko?, O.M. CaBueHKO?

YUxaoemis inowceneprux nayx in. A.M. Ipoxoposa Ipecnencoruii éan, 19, Mockea, 123557, P
2Xapxiecoruil nayionanonuii ynieepcumem iveni B.H. Kapasina, m. Ceo600u 4, 61022, Xapxie, Yxpaina

Ha ocHoOBi ¢uykTyamiiiHOi Teopii MarHiTHHX HaAIPOBITHHUKIB MOOyZOBaHa Teopis MPOBITHOCTI B aHTH(EPPOMArHITHUX
CIIOJIyKaX MeTajiB. PO3MISHYTO HaJINPOBIIHUK, B SIKOMY iCHYIOTH JIOKaJTi30BaHI MarHiTHi MomeHTH. [lepenOauaeThes, 10 MarHiTHi
MOMEHTH CIPSIMOBaHI aHTH()EPOMarHiTHO B 0a30Biii TuIoNMHI KpucTana. OTPUMAHO OIIHKY KPUTHYHOIT TEMIIEPATYPH Ta OTPUMAHO
HEeoOXiIHI Ta JOCTaTHI YMOBH IOSIBU BUCOKOTEMIIEpAaTyPHOI HAaPOBiqHOT a3y B CIOJIyKaX PiAKICHO3EMENbHUX METalliB. 3HAHIEHO
KpUTEpill MOSIBU BUCOKOTEMIIEPATYPHOI HAIIPOBiIHOT (a3u B aHTH(EPPOMAarHiTHUX CIOJIyKaX.

Kuio4oBi c;10Ba: BUCOKOTEMIIEpaTYPHI HAMPOBIIHUKH, KPUTHYHA TEMIIEpATypa, HaMPOBIHICTh B aHTH(EppOMarHeTHKaX,
¢ykTyariiiHa Teopis MarHiTHUX HaIIPOBITHHKIB.

K Mukpockonuueckoi Teopuu CBEpXMnpoBosiieit (ha3bl B

aHTI/I(beppOMaFHI/ITHI)IX MCTAJINIMYUCCKUX COCINHCHUAX
M.A.CaBuenko?, O.M.CaBueHK0?

Y4xademus unowcenepnvix nayx um. A.M. Ilpoxoposa Ilpecnenckuii san, 19, Mockea, 123557, PD
2Xapwrosckuil nayuonanbulii ynueepcumem umenu B.H. Kapasuna, m. Ce0600u1 4, 61022, Xapvros, Yipauna

Ha ocHoBe (uyKTyanmMOHHONH TEOpPHH MAarHUTHBIX CBEPXIPOBOAHHKOB IIOCTPOEHa TEOpHsS IPOBOAMNMOCTH B
aHTH(beppOMaFHI/ITHbIX COCIUHCHUAX MCTAJIJIOB. PaCCMOT‘peH CBEPXIIPOBOJAHMK, B KOTOPOM CYLIECTBYIOT JIOKAJIN30BAHHBIE MAIHUTHBIC
MOMCHTHI. l'[peﬂ,nonaraeTCﬂ, YTO MAarHuTHbBIC MOMCHTBI ammbeppomamnTHo OPUCHTHUPOBAHbI B 0a3uCHOM IIJIOCKOCTH KpucTaJuia.
Honyqeﬂa OLICHKa KpHTH‘IeCKOﬁ TEMIIEPATYPbl U  IOJIYyYE€HBI HBOGXO)IHMI)IC U JOCTAaTOYHBLIC YCJIOBHSA BO3HUKHOBCHUSA
BBICOKOTEMIIEPATYpPHOU CBepXHpoBosiiei (a3bl B COCAMHEHHSX DPEAKO3EMENbHBIX MeTauioB. HaiinieH KpUTepuii MOsBICHHS
BBICOKOTEMIEPATypPHOI CBEPXIPOBOAALICH (ha3bl B aHTH(HEPPOMArHUTHBIX COSIUHEHUSX.

KiroueBble C€JI0Ba: BBICOKOTEMIIEPATYypHBIC CBEPXIIPOBOJHHUKM, KPUTHUYECKas TEMIIEPaTypa, CBEPXIPOBOAUMOCTb B
aHTH(eppOMarHeTuKax, (IIyKTyallnoOHHAs! TSOPUsI MATHUTHBIX CBEPXIIPOBOIHHUKOB.

in a paramagnetic state of this compounds. It was shown,
that the magnetoresistance depends on the addition to
conductivity of the system, which is defined by the

Recently the microscopic theory of the superconductive
antiferromagnetic metal compounds was constructed [1-3].
In the paper [3] we also considered the magnetoresistance
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quantum interference of electrons in states with momenta
Po (¥1) and —py(¥,) . This effect in paramagnetic phase
is possible because of the scattering of the conductive
electrons on spin density fluctuations of nonlocalized s-, d-
, - electrons and spin fluctuations of localized d-, f-
electrons, if in the system an appearance a long-range
magnetic order is possible. The scattering of electrons on
spin fluctuations can lead to a jump of an electron from the
state p,(¥;) to the state —p,(¥,) i.e. the electron

trajectory makes a loop. At the entrance we have a
momentum p, and at the exit we have —p,. An electron

. 1 1 .
spin relocates from the state 5 to the state—E, in the

course of time z, [3]. Thus, the magnetoresistance of a

paramagnetic phase depends on the spin-spin relaxation
processes of a conductive electrons. If a long-range
magnetic  order in the system is possible
(antiferromagnetic, for example), then there exists the
temperature of the magnetic phase transition T, . Near the

Ty spin fluctuations anomaly grows and their correlation

radius (r; ) >0, (r)=(re )z,

consider the superconductive rare earth metal compounds
the point Ty, may prove to be the transition temperature

= % (see [3]). Aswe

from the paramagnetic state to the superconductive phase,
as magnetic fluctuations suppress the Coulomb repulsion
of electrons and stimulate the effective electron-phonon
interaction. In the superconductive transition point the

resistance is equal to zero, i.e. the conductivity o — o, but x

o~1,

I=lyz™" or I:<rf> where |, is the electron mean free

where | is the electron mean free path, and

path far from antiferromagnetic transition point, at
T > T, . The resistance in a paramagnetic state depends

on the processes of spin-spin relaxation of electrons on
fluctuations as well, and it is proportional to

1
R=(T-Ty)2 (1)
How shall we consider the superconductor in which
there exist localized magnetic moments (antiferromagnetic
ordering)? We suppose that magnetic moments are
orientated in basis plane of the crystal. From the papers [1—
3] it follows that in the superconductive phase there exists
a field from the fluctuating subsystem of spins of
nonlocalized s-, d-, f- electrons [1-3]. The system of
electron spins, distributed randomly in space has SO(3) -

symmetry (SO(3)=SU(2)/Z,). Orientation of the spin

in a point with coordinates x, is defined by the axis with

direction n and turning angle ° around this axis, i.e. is
determined by turning angles 6%,a=1,2,3 in the spin
space. The state of electron with the spin s is given by two
own functions ¥,;. Now we shall define the wave

function of electron in the fluctuating field A,

Wis (x/T)= %T exp((ﬁrdxv AW, (X) )

%aAC‘, 7" are
SU(N) group generators, A, is the functional of a bent-
torsion tensor of the electron spin system and is considered
with the Yang-Mills field potential [5]. Now we can write
the hamiltonian of a system if there are localized magnetic
moments in the system.

NZ2-1
where N>2 (see [1, 2]), A =Za_1
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In the expression (3) p, =7V, —[Al,], e, arethe

At
unity vectors, g, (X) is an electron-lattice potential. by,

bis. are phonon operators, s is the parameter of
elementary cell, Aay (X) is a function which defines the
superconductive order

Q; (x):—jdx’J(x—x’), J(x—=x") is the exchange

parameter,

potential between localised moments. Sfx, ng are spin
operators of magnetic sublattices delivering to the
quantization axis 1 and 2¢ , which are orientated in the

basis plane along y-axis (x-axis is orientated along c-axis).

X . .
<S¢(Fj> is an average sublattice moment,

AS?X=S?X—<S(Z(%J>, a=(X,Y,Z). 1(x=x) is an

exchange potential between localised spins and spins of
nonlocalized s-, d-, f-electrons.

B(F)=%T exp(cj.)l_dvav). dS,, isan increment of I'

— contour area.

Using the microscopic theory of the superconductive
phase in rare earth metal compounds [1, 2] (see also [4])
we can write the condition of the appearance of a
superconductive  phase in an  antiferromagnetic

superconductor.
i (ke (205 [T | P, )>P(va) _
.[_w] @
T Ty
<T”3(Fx,f)> -1

y=¢e%, Cis Eiler constant. (wp) . s an average Debye

p(x)
energy.

(epn (205 [T [P, )>p(x,%> _
_ L;dgv on (¢ [T [P, )22 (g“))pzo — )

Ve (FX,T I 2pg )

Vo (¢ [Txc| Py ) = %[e(g)w(-g)](w B(Iy))
- d (6)
><<Ch(7r,€% P, )>p(Xon) -LF ﬁgéh

Vo2 (p)|_ s the electron velocity on the Fermi surface.
OF

(en(ze.p., )>p(xvm) - ﬁsh (7,p,,) is the

electron-phonon interaction intensification parameter.

<pph (§)> is an average phonon density of states.
Pig

Ve G; ] - <Tr B(FX‘T)>><

><J;_F | <V%0 (2p,: )>

Voe(p) o
<V,{0 (2pe )> is an effective Coulomb repulsion parameter

()

dog

p%o

renormalized by longwave fluctuations of a localized
spins. The condition (4) is nonsufficient for the appearance
the superconductive phase in rare earth metal compounds,
as it is in the low-temperature antiferromagnets. In order to
write the sufficient condition, we must calculate the
correction to the longitudinal sound velocity near the
superconductive phase transition point. Corresponding
calculations lead us to the following result [6,7].

<s-sn> -
S /i)

(®)

P, )<p;5h (§)>

o 86Von (¢

P

(ry)

V(&g ) is the average density of states on the Fermi

S-5, _ .
surface. is the averaging over space
nonr)

configurations. |AO (l"x,,) is the superconductive order

parameter.
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P X
Hy = ©)
X Zlue X 2
7 Xos t Xos pT
F
27

Yos = 1,9° <T|' B(Fx,r)>2 X

><<Ch(7r£%mo )>p(x,m0) V(ep)f,. (r)

Mo is Bohr magneton, g is Lande factor, g, isan electron
mass, g is the susceptibility of free electrons in the field
A(x) (that is an analog of Pauli susceptibility) (see [3]),
f.(e) is the Fermi distribution function, y is the
paramagnetic susceptibility. Near the transition points
2
M, =EF p—;i . Then, from the expression (8) the
PE Xos
condition for the temperature of the antiferromagnetic

instability follows:

2
Ty > e 0 L (10)
PE Xos

Substituting <rf > = <rf0 >r‘V (see the expressions (9),

(10) in the paper [3]) and R a—— , we have
Xos

Ty > | o | & (11)

(re)

The parameter can be estimated and it is of

2
(re)
order of 1072. Then, we get an estimation for the
Ty = T¢ >10%K, i.e. conditions (4), (10) are necessary

and enough conditions of the appearance of high-
temperature superconductive phase in rare earth metal
compounds.

The authors thank A.V. Stephanovich for participating
in the calculations.
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