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Scattering of spin waves and phonons on dislocations, in ferro- and antiferromagnets, is con-
sidered. It is shown that the mean lifetime of a spin wave is proportional, in a ferromagnet,

to £'1/2 T-3/2;

and in an antiferromagnet, to 5_1/2 T

2 (when T »>¢,): here T is the temper-

ature, £ is the dislocation concentration, and €, is the activation energy of spin waves. The
contribution to the heat conductivity by scattering of spin waves and phonons on dislocations
is estimated. The spin coefficient of heat conductivity kg is given by formula (3.4) in the
case of ferromagnets, and by formula (5.10) in the case of antiferromagnets. The phonon co-
efficient of heat conductivity is given by formula (3.5).

INTRODUCTION

IN the study of relaxational and kinetic phenom-
ena in ferro- and antiferromagnets in the low-
temperature region, the processes usually taken
into account are those connected with the interac-
tion of spin waves with one another, of spin waves

with phonons,“] of spin waves with conduction
[21

electrons, and also of spin waves with isolated
point defects'?? (chemical impurities and iso-
topes).

The present paper considers the scattering of
spin waves and phonons on dislocations in ferro-
and antiferromagnets. It is shown that the domi-
nant role, in the low-temperature region, is played
by the scattering of spin waves and phonons on the
deformation fields produced by the dislocations in
the body, and not on the cores of the dislocations.
The mean lifetime of a spin wave under these con-
ditions is proportional to £"1/2 T3/ in a ferro-
magnet, and to £~ 1/2T™% (when T > ¢p) in an anti-
ferromagnet; the lifetime of a phonon is propor-
tional to § -1/2p 2 (¢ = dislocation concentration,
€, = activation energy).

Scattering of spin waves and phonons on dislo-
cations plays a substantial role in ferro- and anti-
ferromagnets at low temperatures. It turns out
that in ferromagnets, the basic role in heat con—
ductivity is played by spin waves when T << ®D/®C
and by phonons when T >> ®D/®c (@p = Debye tem-
perature, ®c = Curie temperature). In antiferro-
magnets, the basic role in heat conductivity is
played by spin waves when ®y < ®p and € < T

(where ®y is the Néel temperature), and by pho-
nons when ® > Oy and T <€,

1. HAMILTONIAN FOR INTERACTION OF SPIN
WAVES AND PHONONS WITH DISLOCATIONS
IN FERROMAGNETS

We consider the interaction of spin waves and
phonons with dislocations in ferromagnets. We
represent the Hamiltonian of the system in the
form

%2,%5—{—‘7517-}‘:%’3:1"“%10[& (1-1)

where the terms on the right are the respective
Hamiltonians of the spin-wave system (/7g), of the
phonon system (.,,), of the interaction of spin
waves with dislocations (:7[’Sd), and of the interac-
tion of phonons with dislocations (-’//’pd).

The Hamiltonian /g determines the behavior
of the spin system in the undeformed lattice:

1 oM oM

o, =\ db{—a,k ———~[3(M11)~—MH}

1.2
ox d.ﬁl‘h ( )

Here ajk is the exchange-constant tensor, M is
the magnetic-moment density, 8 is the anisotropy
constant, and n is the unit vector directed along
the axis of easiest magnetization.

The Hamiltonian for the interaction of spin
waves with dislocations can be represented sche-

matically in the form
Hsa = HodD + Hsa™, (1.3)

where the first term, Jf(sfci, describes the interac-
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tion of spin waves with the deformation field pro-
duced by the dislocations in the body, and the sec-
ond term describes their interaction with the dis-
location cores. To calculate (sf(i, we shall start
from the Hamiltonian of magnetostrictive interac-
tion

oM oM
H g = S yir (M) eirdV + gymm(M)———— emdV, (1.4)
v’ .V 611 al‘h

where €ji is the dislocation deformation tensor,
and where vy (M) and yik iy (M) are the magneto-
striction-constant tensors; the first of these de-
scribes magnetoelastic effects under homogeneous
magnetization, the second under inhomogeneous.
In the isotropic case,

vir (M) = yoM: My, + viM253,
@Caz
p,]”o

Yisim (M) = [%ﬁi(ailahm + 8imbn1) + ﬁzﬁihﬁzm] (1.5)
where the constants v, vy, B, and By are of or-
der unity, M, is the magnetic-moment density at
saturation, a is the lattice constant, and p is the
Bohr magneton. It must be mentioned that in for-
mula (1.4) the integration is extended over V’, the
whole volume of the crystal with the exclusion of
the dislocation cores. An expression for the Ham-
iltonian J g(li) can be obtained by supposing that
near the axis of the dislocation, there is a region
with altered values of the exchange constants ozik,
but with ajp ~ o

aip ———dV; (1.6)

here the integration is extended over the volume
V,, of the core of the v-th dislocation, and the sum-
mation is over all the dislocations in the ferro-
magnet.

The Hamiltonian J¢pq in the expression (1.1)

describes the scattering of phonons on dislocations:

Ha =58 4V Ainimn eis tim g + Hpa®, (1)
v
where Aiklmnp is a tensor that describes the
anharmonicities in the crystal. The Hamiltonian
7 can be obtained by supposing that along the
axis of a dislocation, there is a region with con-
stant but somewhat altered density p’ and elastic

constants Ajizm (0 ~p, Agklm ~ Aikim)

1
Hpd 2 3, § AV (' i + Ak vin ). (1.8)

v v,

The tensor €ik(r)’ in the isotropic case, can be
represented in the form® 4!
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&in(r) = —2—5—"2 { (y*—1) & (8ip — 3niny) (b [n7]) R-2d!

v

+ (- % V& (0 b, -+ ma [eb) R2

/b,
1
+ 5@ (b [y + 0, [nels) R dl } (1.9)*
DV

Here the line integrals are extended along the dis-

location lines D; ") is the Burgers vector of the

v-th dislocation; R =r — r’ (¢’ is the position vec-

tor of a point lying on the dislocation axis);

n=RR7} 42 =n/(A+2n) (A and n are the Lamé

constants); T is a unit vector tangent to the dis-

location axis at the point r’. The Fourier trans-

form of €jx has the form

1 )
Sik(q) = —I—/ S €ir (1‘) e—iar 4y

= — poum(@) 3 bOTO@e e, (1.10)
Qirim (4°) = 2(y2 — 1) ¢:°¢r°¢n%etmn + /2 (€imign®
+ ernmdugn® + einmbrgn® + ermgi?), (1.11)
¢ — <§rie—m dl. (1.12)
B,
Here r'”’ is the position vector of the v-th dislo-

cation, q° = qq‘i, ek is the completely antisym-
metric tensor of third rank, and V is the crystal
volume.

We shall write the Hamiltonian (1.1) in terms
of the creation and annihilation operators aﬂ and
ax of spin waves with wave vector Kk, and of the
corresponding operators bfg and bgg of phonons
with wave vector f and polarization s. It is well
known (see, for example, [5]) that

uMo \'%, _ .
Mo (55 ) D loxe™ + ayt e-iv),

\

L uMo " . )

(1.13)
k
and
Mz = MO —_— &7'2 ak+ak, e‘i(k’—k)r
! kk’
1 €fs N X
() = — 3 O by it e hgre-it],  (1.14)

-Vsz s mes

*[nr] =nXr.
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where!’ wgg and egg are the energy and the polari-
zation vector of a phonon. On using formulas (1.2),
(1.3), (1.13), and (1.14) and retaining terms quad-
ratic in the spin-wave operators, we get

Hs = Dle(k)aytay, (1.15)
k

Hsa = Z (Dkk/ak'l'llk/ 4+ h. c. (1.16)
kkl

eI . (f)

Here q’kk’ =& £ kk’ ; kk’ and <I>(1?1;, have the

(1)
kk’ *
form

o i ~ )
D = - (Beahk gy + yuaMofss) ST, (q) et

v

(1.17)
a’Vy
O = 0.a 2k’ D) — 2 IV)(q) e-iar (1.18)
MY V
in which q = k- k’,
v, 1 l-(V)
16)(q) 175 dVe-ia
and the functions ?ip and (p]-p are
Pip = kkn®Pimip (q°), kO = ki,
9ir = {2[v* — 3(y* — 1) ¢:7]
X epq® + €pizq:® + e1p85:9°. (1.19)

The amplitudes @kk’ and (I)kk' in these formulas
describe the scattering of spin waves by the dislo-
cation deformation field and by the dislocation
cores, respectively. It can be seen from formula
(1.17) that when kR> 1 and ak<<1 (R =a charac—
teristic dimension of a dislocation loop), I<I> |
> I<I>(rll{) that is, the fundamental role is played
by the scattering of spin waves by the deformation
field produced in the body by the dislocations.
Similarly, by use of the expressions (1.6), (1.7),
and (1.14), we write the Hamiltonian f/[pd in the
second-quantization representation:

Hpa= D %ts 15 best bre+ hc. (1.20)
fsf’s’
here x = x‘f + x,
Xf();) frgr == ’C—V{;f—xw(f §) Ebj(V)Tp(v)(q)e—iqr(v): (1.21)
q v
—
ng’);,s, = _q;i\z xO) (£, 1) Vo IO (q) eiar (v), (1.22)

%

Dwe use a system of units in which Planck’s constant

h=1,

1
4()62 Almnqrtefs, n€irs’ nfmofqlo(Prtjp (q"), (123)

Xip =

’
AL
w —q, 2 4. ap =,
P

€fs, iCirs, lfh fm (1-24)
where q =f —{’, a; and a, are constants of order
unity, and ¢ is the speed of sound. We remark
that in formula (1.20) the amplitude x'P describes
the scattering of phonons on the deformation field
of the dislocations, whereas x"™ describes the
scattering on the dislocation cores. Terms corre-
sponding to phonon-phonon interaction have been
omitted.

The fundamental contribution to scattering
processes is made by phonons with energy ®paf
~ T, where ®p =c/a is a temperature of the order
of the Debye temperature. If af << 1, the scatter-
ing of phonons on the cores can be neglected. In
this case the Hamiltonian #,q has the form

Hoa = D A 1sbTbry + . c. (1.25)

fs, ’s’

2, KINETIC EQUATIONS FOR PHONONS AND
SPIN WAVES

If we know the interaction Hamiltonian in the
second-quantization representation,

Hint = Hsa + gfpd, (2]—)

we can determine the heat-conductivity coefficient
of the ferromagnet so far as it is due to scattering
of spin waves and phonons on dislocations. For
this purpose, we write the kinetic equations that
determine the distribution functions of the spin
waves nkand of the phonons Ngg in the presence
of a weak temperature gradient:

(e = D ewl (v, VT) = o St = Lyt {n),
NN + 1) 00T (e VT) = N5t = L2L(V),

where vj = 9€k/0k is the group velocity of a spin
wave, Cfg is the velocity of a phonon w1th polariza-
tion s and wave vector f, and n(l){ and NfS are the
equilibrium distribution functions of the spin waves
and of the phonons.
It is easy to determine the collision integrals

L, once we know the probabilities of scattering of
spin waves and of phonons on dislocations. We get

(2.2)

LKSd{T’L}— 2n s‘ ICDkk«| Izk/—nk)é(sk,—ek) (2'3)

£sP¢ {V}*‘2RS‘IXf s [2(Vry — Nig) O (00 — s),
" (2.4)



626 BAR’YAKHTAR,

where the line denotes an average over the random
distribution of dislocations in the body. The life-
times of a spin wave and of a phonon are, respec-
tively,

1/%¢ = 2n Z I(I)gg(',zé(ﬁk'— £x),
kl
1/74sP% = 2t 2 |ng) g57| 20 (05 — O1s5).
f's’
(We assume that the length of the free path I of a
quasiparticle is larger than the mean distance d
between dislocations.)
The averaging reduces to a determination of the
average of the expression

(2.5)

S 6B ST (@) T (@) exp {—iq (%) — 1)}

w’

= ;— 2 bR T (q) T () Bk (2.6)

v

The asterisk serves to denote the complex conju-
gate. For simplicity, we consider dislocations of
circular form. Then we find

1

T (q) Tm®™" (q) = 202RO2 (8, — gloqu)S J2(2gRz)dx, (2.7)
0

where R'Y is the radius of a dislocation loop and
J; is the Bessel function of second order. On us-
ing formulas (2.6) and (2.7) and supgosing that
kR > 1, we get for the values of e and T%’sd
1 b(v>R(v> 2
—— ~ B¢ (ak)? Z,LWL’

Tk v

b(v)]g(v) (2.8)

1 1
22 ~

TgPd TsPe

anZ

If the distance between dislocations is of the order
of the dislocation dimensions, then the expressions
(2.8) have the simpler form

1/n? & Oc(ak)¥%ha, 1/ur? ~ Op(af)2t'ha, (2-8)

where ¢ = (n/V)z/3 is the dislocation concentra-
tion; n is the total number of dislocations in the
volume of the crystal.

On averaglng 1/7 over the equilibrium distribu-
tion n’ No we find the mean lifetime of spin
waves and of phonons with respect to scattering of
them on dislocations:

104 = O¢(T | O¢)¥E%a, 1 /174 &~ Op(T | Op)2Eha. (2.9)

3. COEFFICIENT OF HEAT CONDUCTIVITY

We shall now proceed to the determination of
the spin (kg) and phonon (Kp) heat conductivities in
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a ferromagnet with dislocations. For this purpose
it is necessary to solve the kinetic equations (2.2).
We shall seek a solution of these equations in the
form

nk = nk® + nx®(nk® + 1)exG (ex) T2(kVT),

Np, = N§, + Npy (N§, + 1) o, F (o) T72(GVT).  (3.1)

The coefficients of heat conductivity are expressed
in terms of the functions G and F in the following
manner:

2 T
%"_?@ﬁgfﬂmww+nwmk
1 T Ofs \3
=Y N§ 0 (Ngs F(ois)df
*» 3(2n)3“g( ) Nt Ned + ) F (o)
s (3.2)
On solving Eqgs. (2.2) for the functions G(€) and
F(w), we get
G-1(ex) = E(ak)?,  F'(on) = E(af)2 (3.3)
Finally, on substituting (3.3) in (3.2), we find
O TNkt _ (3.4
%s=7 <(:)—C"/) Fg_ (WhenH = 0), )
=2 LY L (3.5)

a\0p a%’
The whole coefficient of heat conductivity of the
ferromagnet is
% = %s + %p.

From formulas (3. 4) and (3.5) it follows that at
temperatures T < @D/®C the heat is transported
mainly by spin waves, at T > ®D/®C mainly by
phonons. In a magnetic field, kg has the form

1 d T
PO
%= Qoka¥ o1 \ | (

z2dx

ex—1) (z — MH/T)'/T} i

WH/T

If the inequality uH > T is satisfied, then the spin
heat conductivity will decrease exponentially with
increase of the field H:

o 2 2¢ /uH) (TY“_‘?'ﬂ (3.7)
) a \T GC Ea?

This means that the fundamental role in heat-

transport processes will now be played by phonons.
We shall compare the heat-conductivity coeffi-

cient k thus obtained with the heat-conductivity

coefficient produced in a ferromagnet by umklapp

processes, and also by scattering of spin waves

and phonons on impurities. On the basis of the re-

sults of references '®! and [6], the heat conduc-

tivity will be determined by the following formulas.
A. Impurities paramagnetic: then
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C] T \3
hwhenft, >8> (- )¢, @< 00
12 @D

Op/ T\
P B 3.8
"= (@D) : (3.8)
2)when £a? > ( ); T> 0y 0
- 1 a
2. 3.9
a (GD/) g(l2 ’ ( )
Oc Jp\2Oc /T
3) when<é—Dl>C >§a2>( : ) (6 ) trand Op > O
we getx ~ 9’2<_) L (3.10)
a \Op/ E&a?
but if tq2=> (8c/Op)Lp, Op=>Oc,then
xzfﬁ(_T_)z, (3.11)
afp\ B¢/
Q¢
and 1f§a2<( ) ( \ép, ©p>6c
Op\
Oc )2 Oc (3.12)
i (112 dgp
B. Impurities diamagnetic: then
/ T 3 2
4) when §a2>(——) L, Op<®, TI< 2
@D ®C
c. T
~ =Sl (3.13)
: alg uM,
( VARG T
5) when §a2>\ ———) In—t ( ~———) ti, Op>0¢
@c H-MO
KN%( VA (3.14)
@c/ §a2

and if'gd%(;(éz; > In—t (H—TM;) <L << @ic') “(ﬁ) La,
T

0p>0Oc¢, then x~§iln( - (3.15)
Ca widy)’
Ty
whereas if (5 |ttt (- o 03 Octhen
@ ——)2—1. (3.16)
a \Op /' Ea?

In formulas (3.8) to (3.16) the following notation
is used: gp and ¢q are the concentrations of para-
magnetic and diamagnetic impurities, whereas ¢
is the total concentration of impurities with allow-
ance for atoms of the rare isotope; Ji, is the ex-
change integral between paramagnetic impurity
atoms and nearest neighbors of the basic material.

According to [6], the value of the heat-conduc-
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tivity coefficient produced by umklapp processes
is

% ~ 1fgmc2(Cp + 2Cs)2a’ exp (nOp/T), ©Op<< O,

0p>0;, (3.17)

where Cg ~ a™s (T/®C)3/2 and Cp ~ 51'3(T/®D)3 are
the heat capacities of spin waves and phonons, re-
spectively. On comparing the expressions (3.17)
and (3.4), one can observe that the scattering of
spin waves and phonons on dislocations plays a
fundamental role when the following inequalities
are satisfied:

% ~ (T/a) exp (20c/T),

a) if ©p<<{Oc, 7 >-02% /0O, then

PN 9.1)\ Op i _ﬂ@p . (3 18

;ll_>< me? (.'[’ ) exp( T )’ (3.18)
b) if Op<C O I'<<O%/6Oc, then

. e Bc B¢ \% nOp \
c) if  ©p>06c,then

o T \l/’ JTZG‘)C
Ea‘>‘(~6c" exp (— 7 ) (3.20)

4. HAMILTONIAN FOR INTERACTION OF SPIN
WAVES AND PHONONS IN ANTIFERRO-
MAGNETS

We shall consider the scattering of spin waves
on dislocations and shall estimate the spin heat
conductivity and relaxation time in antiferromag-
nets.

In a uniaxial antiferromagnet, whose ground
state in the absence of an external magnetic field
H is determined by two compensated sublattices,"
the magnetic moments M;(r) and M,(r) are anti-
parallel and are along the axis of easiest magneti-
zation. The Hamiltonian of the system of spin
waves, phonons, and dislocations has the form

Ho=Hs+ Hsa+ Hpa, (4.1)

where

= S GG+ (5 )]+

X (M) — P ((aM,)?

OM; M, 15

+ (nM,)?] — B’ (nM;) (nM,)

)\
- (N[l + M., H) J . (4. 11)

Here the constants «, a’, and 0 are connected
with the exchange interactions within and between
the sublattices of the antiferromagnet; § and S’
are magnetic anisotropy constants and are due to
relativistic interactions (spin-spin and spin-orbit);
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n is the unit vector directed along the z axis, the
axis of easiest magnetization. Furthermore

Hsa = %sd(‘f) + %sd(n),
where

.+ OM; oM

Q‘t’sd(f) = S A% [Yih (Mi, MZ) Eik + YthP
6.751 oz Tn
oM, \2 oM, \2
3 fav{gael(G )+ (5]
0x; + Bxi)
-l_Aa 0M1 NIZ

T2, oo T AS(MM,) }

esp] (4.2)
glf‘sd('n) —
(4.3)

As in ferromagnets, we shall consider the me-
dium isotropic in its magnetoelastic properties.
Then we get for the magnetostriction tensors

Vie (M, M2) = vy (My:Mp+ Mo;Mop)+ Yo (My:Mop+ My Msy;)
+ 0ir[8ys(MiMy) + yu (M2 + My?)],

Yi:'lz.;p = ¥ [1/2B1(8:is0rp + 8:pOks) + P2dirdsp), (4.4)

where o!! = o = oy, ol? = o?t = a{; the quantities
Yi» By and B, are dimensionless and have order of
magnitude unity; j, j’ =1, 2; ojk is the Kronecker
symbol.

We write the Hamiltonian (4.1) in terms of the
generation and absorption operators for the spm
waves, Ci ik and c; ik and for the phonons, bfs and
bfs. On gomg over from the sublattice magnetic-
moment operators to the Holstein-Primakoff
operators[“

M; %(— ) D lajxei™s + ajcte—ikr,

k

. Mo\
Myj = (—1) i+t i( ;TO) 2 [ajkefk' — ajk+e—ikl']1
k

sz =] (——1)j+1 [MO J— E Z ajk*}‘ajk,ei(k/*k)r]
ka,

(4.5)

(j =1, 2) and on using formula (1.14) and the ca-
nonical transformation

A1k = U1C1x + 012'0;, -k, G2k == UnpCox 021'c,,tk, (4.6)
where u and v have the form
Uy = Ugy = B
11 22_[B2_(A1_81)2]l/2’
U2t = Vjp = — 4 7k (4.7)
[B2— (A1 — &1)?]":
we get
‘%3 = Z ejkcjk+cjk1 (4.8)

ik
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L/jbttjsd - M]l/[() s
kjk’j

(‘Pkk +(Pkk Yexitewi 4+ h. c. (4.9)

here €; 5 = [®N (ak)? + €2]1/2 £ 4 H is the energy of
a spin wave ON = (uMy/a)[26(a - oz')li/2 isa
quantity of the order of the Néel temperature,
€y = uM,y[26(B — ﬁ’)]”2 is the activation energy of

a spin wave at H =0, and
Ay = pMy(ak? 40 + f — p’) + nH, B = pMo(a'k2 + 6).

The amplitudes ¥ and ¢ describe magnetoelas-
tic effects for inhomogeneous and homogeneous
magnetization, respectively, and have the form

Wi = Wi = (0 — ar’) kK’
X [Biki%x%ein (q) + B2 (k%K) £1::(q) ]
X[u" (k) (k') + 0" (K)o (k)]

Wi = Vi =0; (4.10)

o = Qe = Viler—(@)— e (@) Mu” (B u (K') + v* (k) o (k)]
+ v2{2u® (k) v (k") e+ (q) + [u" (k) u (k)
07 (B) 0 () e (0)) + 5 Syseae(@)l” () (1)

+ vt (k)v () + 2u* (k) v (k)]

Px = Pioxr="e-(q) {2y’ (k) v (k')
Fydut (k) u (k') 40" (k)v(K)]}.

Here q = k — k’; the symbols + and — designate
the circular components of the tensor € (ay

(axixa )/V2).

(4.11)

5. THE COEFFICIENT OF HEAT
CONDUCTIVITY

We now compute the spin coefficient of heat
conductivity and the mean relaxation times of the
magnetic moments of the sublattices. On following
the usual procedure for determining the mean re-
laxation time, we can find the change of the num-
ber of spin waves in unit time:

n%tyj = Lyj{n}, (5.1)
Ly; {n} = 27 (uM,)2 5‘ llykk +(Pkk |2
k’y
X (i — M) & (x; — exry). (5.2)

We consider the case in Wthh T > uM,; then
in formula (5.2), the quantity (pJJ kk’ can be neg-
lected, and we get for the lifetime of a spin wave
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the equation
1 1

Tik Tek

(5.3)

= 200 (WMo)? 2 Wt [26 (et — exc).
kl

On substituting the values of the amplitude \1’11{11{1

in the expression (5.3), we find

2
A _ M[u(k)z_*_ o (k)2 (a1 — ar') %k 3, ST0B,,

Tk 6
n=0 v
(5.4)
where I;V) is given by
i i
1o = dz § dy 1f2kROZ (4 — y) (1 — y)m-t. (5.5)
0 -1

The coefficients B, are of order unity.
On taking account of the relation (5.5), we can
write the value of 1/7k in the form

1 ~ On
[@ 2(ak)? + ]
For the mean time of scattering of spin waves on

dislocations, in the absence of a magnetic field,
we have

(ak)3E"a. (5.6)

Tik

32 Uy
E ~ On (-8—2-> (—T—) gha for pM,<T <<sep; (5.7)
T O On
2
i_z @N (l)g'ha for 80<T. (5.8)
T On

We shall consider the heat conductivity of an
antiferromagnet in a constant magnetic field
0 < H < Hy, where Hj = My[25(8 — g")] /2. Solution
of the kinetic equation.

i (i + 1) e T2(vi VT) = L {n}  (5:9)
leads to the following value of the coefficient of
heat conductivity kg (see the analogous calculation
for a ferromagnet):

®N ) 1( T \* uH) 1
s - —&o/T N B .
% (@N \®N> e ch( T ez’ T<<ey;

=S (LY
s @ @N ) gaz ’
As is seen from the expression (5.10), the heat
conductivity of an antiferromagnet increases with
increase of the field and reaches a maximum at
the phase-transition point of the first kind (H = Hy).
This is explained by the fact that on one of the en-
ergy branches there is a decrease of the activation

energy, which leads to an increase of the number
of spin waves participating in the transport of heat.

T> ¢ (5.10)*

*ch = cosh.

As in the case of a ferromagnet, we shall com-
pare the coefficients of heat conductivity «p and
kg determined by formulas (3.5) and (5.10) with
the appropriate coefficients of heat conductivity of
the antiferromagnet (see £s, 10]). Scattering of
spin waves and phonons on dislocations will make
the chief contribution to the heat conductivity if
the concentration of dislocations satisfies the fol-
lowing inequalities:

1) if the impurities are diamagnetic and €, < T,
®p > Oy, then

e 8 (T 5.11
Sa>@1\r( ®N> b3 ( )

2) if the impurities are paramagnetic and
€y << T, Op <Oy, then

£a?> (T [ ©p)*Cy; (5.12)
and if €, < T, ®p > Oy, then
6" J“G ( L) ke (5.13)
> Oy \Ox ) @’

where o is the value of the spin of the paramag-
netic impurity.

For umklapp processes we have:

a) if @y » Op, then

- ©p /0p )“ ( n@n) 1 (
2, 0 (7D — il 5.14)
fa* > pcz( T exp T a®
b) if ® < O®p and T > €, then
3

¢) if @y < ®p, T < ¢, and

Op T )‘/z ( g0 — wH
@N>(?O exp T )

2> {@D) [ & )’lz (\@7 exp{ _nGN_;EO_MH};

then

(5.16)
d) if Oy <Op, T < €, and

O < (L) e (28R,

o225 o -

oc?

then

pace )L_ (5.17)
T a®

In conclusion, the authors thank E. M. Pikaleva
for assistance in the research.
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