
J. Appl. Phys. 109, 053711 (2011); https://doi.org/10.1063/1.3559303 109, 053711

© 2011 American Institute of Physics.

Low-temperature resistance and
magnetoresistance hysteresis in
polycrystalline (La0.5Eu0.5)0.7Pb0.3MnO3

Cite as: J. Appl. Phys. 109, 053711 (2011); https://doi.org/10.1063/1.3559303
Submitted: 22 September 2010 . Accepted: 24 January 2011 . Published Online: 11 March 2011

K. A. Shaykhutdinov, S. I. Popkov, S. V. Semenov, D. A. Balaev, A. A. Dubrovskiy, K. A. Sablina, N. V. Sapronova, and
N. V. Volkov

ARTICLES YOU MAY BE INTERESTED IN

Negative magnetoresistance and anomalous Hall effect in GeMnTe-SnMnTe spin-glass-like
system
Journal of Applied Physics 113, 063702 (2013); https://doi.org/10.1063/1.4790321

Fifty years of Anderson localization
Physics Today 62, 24 (2009); https://doi.org/10.1063/1.3206091

Low-temperature resistivity minimum in ceramic manganites
Journal of Applied Physics 88, 2578 (2000); https://doi.org/10.1063/1.1288704

https://images.scitation.org/redirect.spark?MID=176720&plid=1087013&setID=379065&channelID=0&CID=358625&banID=519992917&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=4b0cee398e0882d8e6fbc34bd2c841e21a6383ff&location=
https://doi.org/10.1063/1.3559303
https://doi.org/10.1063/1.3559303
https://aip.scitation.org/author/Shaykhutdinov%2C+K+A
https://aip.scitation.org/author/Popkov%2C+S+I
https://aip.scitation.org/author/Semenov%2C+S+V
https://aip.scitation.org/author/Balaev%2C+D+A
https://aip.scitation.org/author/Dubrovskiy%2C+A+A
https://aip.scitation.org/author/Sablina%2C+K+A
https://aip.scitation.org/author/Sapronova%2C+N+V
https://aip.scitation.org/author/Volkov%2C+N+V
https://doi.org/10.1063/1.3559303
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.3559303
https://aip.scitation.org/doi/10.1063/1.4790321
https://aip.scitation.org/doi/10.1063/1.4790321
https://doi.org/10.1063/1.4790321
https://aip.scitation.org/doi/10.1063/1.3206091
https://doi.org/10.1063/1.3206091
https://aip.scitation.org/doi/10.1063/1.1288704
https://doi.org/10.1063/1.1288704


Low-temperature resistance and magnetoresistance hysteresis in
polycrystalline (La0.5Eu0.5)0.7Pb0.3MnO3

K. A. Shaykhutdinov,1,2,a) S. I. Popkov,1 S. V. Semenov,1 D. A. Balaev,1,2 A. A. Dubrovskiy,1,2

K. A. Sablina,1 N. V. Sapronova,1 and N. V. Volkov1,2

1Kirensky Institute of Physics, Russian Academy of Sciences, Siberian Branch, Krasnoyarsk, 660036 Russia
2Siberian Federal University, Krasnoyarsk, 660041 Russia

(Received 22 September 2010; accepted 24 January 2011; published online 11 March 2011)

The behavior of temperature dependences of electrical resistance and magnetoresistance of

polycrystalline substituted lanthanum manganite (La0.5Eu0.5)0.7Pb0.3MnO3 at low temperatures was

thoroughly studied. A broad hysteresis was found in the field dependences of electrical resistance

in the low-temperature region. Above 40 K, no hysteresis feature was observed. The temperature

T¼ 40 K corresponds to the temperature of minimum electrical resistance and the temperature TN

to the antiferromagnet–paramagnet phase transition of the material of the intergrain boundaries. In

this work we propose a model which explains the observed features of the q(T) and q(H) curves at

temperatures below TN by the formation of a network of ferromagnet-antiferromagnet-ferromagnet

tunnel contacts. VC 2011 American Institute of Physics. [doi:10.1063/1.3559303]

I. INTRODUCTION

As is known, single-crystal, thin-film, and polycrystalline

manganite compounds R1�xAxMnO3 where R is a trivalent

rare-earth ion, such as La3þ or Pr3þ, and A is a divalent ion

(Ca2þ, Sr2þ, Ba2þ, or Pb2þ) exhibit colossal magnetoresist-

ance making these materials promising candidates for practi-

cal applications. Upon optimal doping, La0.7Ca0.3MnO3 single

crystals reveal the maximum magnetoresistance near the Cu-

rie temperature Tc, which almost coincides with the tempera-

ture Tp of the metal-dielectric transition. The maximum

magnetoresistive (MR) effect is obtained in magnetic fields of

several Tesla. In polycrystalline R1�xAxMnO3 samples, the

maximum magnetoresistance observed below the temperature

of the magnetic phase transition depends on various factors,

such as grain size, the presence of impurities, and technologi-

cal conditions.1,2 The minimum resistance of the polycrystal-

line manganites is observed at low temperatures;3–11 the value

of the MR effect below the minimum resistance is comparable

to, or even exceeds, that observed in the region of the metal-

dielectric transition. In addition, in the low-temperature region

the presence of a broad hysteresis in the temperature depend-

ences of magnetoresistance and electrical resistance in applied

magnetic fields was reported for these materials.2,3,6,7,10 The

origin of the minimum low-temperature resistance and the

hysteresis in the R(H) dependences still has been unclear. In a

number of studies,3–5,7,12 the low-temperature behavior of

electrical resistance was explained by spin-dependent tunnel-

ing of charge carriers via dielectric spacers separating ferro-

magnetic grains. The authors of the studies reported in Refs. 8

and 9 analyzed the q(T,H) dependences within a model

including the electron-electron interaction and spin-dependent

scattering, similar to that observed in the Kondo effect during

the interaction between spins of conductivity electrons and

localized electrons.

Thus, the low-temperature behavior of electrical resist-

ance and the hysteresis feature observed need detailed exper-

imental study. We propose the following approach to solving

the problem. Manganite single crystals are taken as a basis.

Their magnetotransport characteristics are thoroughly inves-

tigated. Then, the initial single crystals are subjected to

grinding, pressing, and annealing to obtain polycrystalline

samples in which the crystallites possess properties of the

initial single crystals and all the effects typical of the initial

single crystals occur at the intergrain boundaries formed dur-

ing synthesis. As an initial single crystal, we chose a sample

with the (La0.5Eu0.5)0.7Pb0.3MnO3 composition that was syn-

thesized and studied previously.3,13,14

In recent work14 the influence of Eu ions on the A-sites

on transport and magnetic properties of the series of

(La1�yEuy)0.7 Pb0.3MnO3 crystals (y¼ 0–0.6) have been dis-

cussed. The europium ion is of particular interest because it

can reveal mixed valence, Eu2þ and Eu3þ, in oxides. The tri-

valent ion in ground state 7F0 (J¼ 0), has no magnetic

moment (except for the excited state). If some Eu ions in the

doped manganite crystals are in divalent state possessing the

spin-only moment 7mB (8S7/2), these ions can couple with

one another or with Mn spins. Thus, physical properties of

the manganites doped by Eu ions can essentially differ from

those of the crystals doped by other rare-earth ions, reveal-

ing, as a rule, 3þ valency in the manganite. However, it

turns out14 that the effective magnetic moment (meff) for all

the samples (La1�yEuy)0.7Pb0.3MnO3 remains approximately

constant at doping by Eu ions. Indeed, the (meff) values of

the samples obtained from the Curie–Weiss fit are

meff¼ (4.37–4.45)mB per formula unit that is very close to

spin-only value meff¼ 4.62mB calculated for free Mn3þ and

Mn4þ ions on the assumption that their ratio corresponds to

the formula (La1�yEuy)0.7Pb0.3[Mn3þ
0.7Mn4þ

0.3]O3. This

suggests that europium ions in the manganites under investi-

gation are in the trivalent state and do not contribute to the

magnetic moment of the samples. Substitution of europium

ions with a smaller ionic radius for lanthanum ions induces
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local distortions of Mn-O-Mn bonds in the crystal, which

causes random distribution of the value and sign of the

exchange interaction over the crystal volume. The competi-

tion of exchange interactions leads to the occurrence of inho-

mogeneous magnetic states in the manganite samples doped

by europium ions. The Curie temperature Tc decreases and

the area of the inhomogeneous state existence broadens with

increasing Eu concentration. For all the samples, in the area

of the inhomogeneous state the colossal magnetoresistance

effect is observed. For the crystals with x¼ 0–0.5 both above

and below the temperature of the magnetic phase transition,

the paramagnetic phase with polaron conductivity coexists

with the ferromagnetic phase with metal conductivity. The

sample with x¼ 0.5 at T<Tc is in the inhomogeneous state

where two ferromagnetic phases with different conductivity

coexist. The coexisting phases are observed as spatially sepa-

rated as a result of frustration of the antiferromagnetic and

ferromagnetic interactions at the interface between the

phases. The sample with x¼ 0.6 does not exhibit the maxi-

mum resistance at the temperature of the metal-dielectric

transition; its resistance grows with decreasing temperature.

Correspondingly, the sample with x¼ 0.5 is at the substitu-

tion series edge where the metal-dielectric transition is still

observed but the magnetoresistance (MR) effect is maxi-

mum. We chose this sample for the measurements of magne-

totransport properties.

II. EXPERIMENTAL

As an initial single crystal, we chose a sample with the

(La0.5Eu0.5)0.7Pb0.3MnO3 composition that was synthesized

and studied previously.3,13,14 In order to prepare polycrystal-

line (La0.5Eu0.5)0.7Pb0.3MnO3 samples, the initial single crys-

tals were ground in an agathic mortar, tableted, and annealed

for six hours at a temperature of 600�C. The obtained sam-

ples possessed sufficient mechanical strength to bear the

magnetotransport measurements.

Transport and magnetic measurements were performed

on a PPMS–6000 facility and vibrating sample magnetome-

ter at temperatures from 1.9 to 300 K in magnetic fields from

0 to 9 T. Temperature dependences of resistivity q(H) of the

polycrystalline (La0.5Eu0.5)0.7Pb0.3MnO3 samples were taken

by a standard four-probe method using samples of

3� 3� 0.1 mm in size.

III. RESULTS AND DISCUSSION

Scanning electron microscopic (SEM) study of the

annealed samples showed an average size of the crystallites

of about 1–2 lm. High-resolution transmission electron

microscopic study of the grains (Fig. 1) revealed the pres-

ence of a 2–3 nm thick surface layer whose structure differs

from the structure of the internal volume of the grains. Thus,

the surface layer formed during the synthesis serves as an

intergrain boundary.

The temperature dependences of resistivity q(T) of poly-

crystalline (La0.5Eu0.5)0.7Pb0.3MnO3 for different applied

magnetic fields are given in Fig. 2. The inset in the figure

presents the temperature dependences of the MR effect

Dq/q(0) for several values of the magnetic field. The q(T)

dependence of single-crystal (La0.5Eu0.5)0.7Pb0.3MnO3 was

reported in Ref. 3. It is noteworthy the q(T) dependences of

the single-crystal and polycrystalline samples are different,

as it was mentioned earlier.15 First of all, there is a shift to-

ward lower temperatures in the metal-dielectric transition for

the polycrystalline samples and the difference in absolute

values of electrical resistivity related to the presence of the

intercrystallite boundaries. In addition, below �40 K the pol-

ycrystalline sample exhibits the minimum resistivity; after

that, resistivity starts increasing and at helium temperatures

reaches values comparable with those for the metal-dielectric

transition. The values of the MR effect within the range

2–100 K are practically the same, which is not observed in

the case of the single crystals. It should be noted that the

shape of q(T) of (La0.5Eu0.5)0.7Pb0.3MnO3 (Fig. 2) is similar

to that of observed for La0.77Ca0.23MnO3.16 Such a form of

q(T) (Fig. 2), down to the temperature of low-temperature

resistivity minima, can be successfully fit in the frame of the

classical model developed in work reported in Refs. 17 and

FIG. 1. High-resolution transferring electron microscopy images of poly-

crystalline (La0.5Eu0.5)0.7Pb0.3MnO3. Arrows show the surface layer cover-

ing the grains.

FIG. 2. (Color online) Temperature dependence of resistivity q(T) for poly-

crystalline (La0.5Eu0.5)0.7Pb0.3MnO3 sample in different external magnetic

fields. Insets show the temperature dependences of the MR effect.
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18. However, in the present work we focus attention on the

peculiarities of low-temperature magnetoresistance, which

is, in our opinion, determined by spin-dependent tunneling

of carriers via intergrain boundaries.

Figure 3 demonstrates the q(H) dependences for the poly-

crystalline (La0.5Eu0.5)0.7Pb0.3MnO3 sample in a wide temper-

ature range, including the temperature of the metal-dielectric

transition and the low-temperature region. The q(H) depend-

ences for the single-crystal (La0.5Eu0.5)0.7Pb0.3MnO3 sample

are not presented here; note, however, that they are typical of

the single-crystal lanthanum manganites15 and have no fea-

tures in the low-temperature region. The main peculiarities of

the q(H) curves (Fig. 3) are the following. First, in the mag-

netic field H � 3 kOe in the range 2–120 K the R(H) depend-

ence changes; then, resistivity uniformly decreases up to 9 T

with no saturation magnetization observed. Second, in the

range 2–30 K, i.e., below the temperature of the minimum

electrical resistivity, the q(H) curves reveal hysteresis with a

width decreasing with increasing temperature. The direction

of the magnetic-field scan is shown by arrows in Fig. 3 (top).

Above the temperature of minimum resistivity, no hysteresis

features are observed.

Figure 4 depicts the detailed experimental hysteretic de-

pendence of magnetoresistance for the sample under study

taken at the temperature T¼ 4.2 K and the measuring current

I¼ 0.1 mA. In the completely demagnetized state upon zero-

field cooling down to room temperature (point A in Fig. 4), the

q value is maximum. Portion AB in the figure reflects the mag-

netoresistance from the completely demagnetized state of the

sample to the maximum applied field Hmax¼ 60 kOe. With a

decrease in external field down to zero, the q(H) dependence

shows a noticeable hysteresis with the q value at H;¼ 0 (point

C in the figure), much lower than that in the initial demagne-

tized state. Upon scanning the field to Hmax¼�60 kOe and

back again (H;¼ 0), which corresponds to portion CD, the hys-

teresis becomes narrower as compared to that in portion ABC;

at point C the resistivity values coincide. With a further

increase in field up to Hmax¼þ60 kOe, portion CB of the q(H)

dependence is symmetrical to negative branch CD. Upon field

cycling to the same value Hmax¼660 kOe, the corresponding

q(H:) and q(H;) dependences are symmetrical relative to the

ordinate axis.

The hysteretic dependences of magnetoresistance shown

in Fig. 5 were taken under the following conditions: zero-field

cooling ! field scanning to Hmax ! decreasing the external

field down to H;¼ 0! increasing the external field up to the

next Hmax value, again without taking out the magnetic pre-

history ! decreasing the external field down to H;¼ 0.

These measurements were performed at Hmax¼ 10, 20, 30,

40, 50, and 60 kOe and the transport current I¼ 1 mA. The

presented data show that upon field cycling as H¼ 0! Hmax

! H¼ 0 ! Hmax at constant Hmax the q(Hmax) value is the

same; i. e., with an increase in the external field between

Hmax¼ 10 kOe and 20 kOe, 20 kOe and 30 kOe, etc. up to

Hmax¼ 60 kOe the set of q(H:) portions coincides with the

initial magnetoresistance curve.

FIG. 3. (Color online) Field dependences for the polycrystalline (La0.5

Eu0.5)0.7Pb0.3MnO3 sample at different temperatures. Arrows point in the

direction of motion by the magnetic field H.

FIG. 4. (Color online) The q(H) dependence for the polycrystalline

(La0.5Eu0.5)0.7Pb0.3MnO3 at T¼ 4.2 K.
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The effect of the thermomagnetic prehistory on the q(T)

dependence is illustrated in Fig. 6, which depicts the q(T)

dependences taken at temperatures up to 60 K upon zero-

field cooling and after increasing/decreasing the external

field up to 60 kOe at T¼ 4.2 K. One can see that the thermo-

magnetic prehistory manifests itself during the resistivity

measurements at temperatures up to � 40 K.

The behavior of the hysteretic q(H) dependences shown

in Figs. 4–6 implies that the sample remembers its magnetic

state determined by the maximum applied field. Magnetore-

sistance is sensitive to the magnetic state. To follow the cor-

relation between the behavior of magnetoresistance and

magnetic properties of the sample, magnetization was meas-

ured in a way similar to the q(H) measurements.

Figure 7 shows the temperature dependence of magnet-

ization of the (La0.5Eu0.5)0.7Pb0.3MnO3 sample. As is seen

from the M(T) curve, the Curie temperature M(T) is nearly

215 K. One should note that at T¼ 40 K the M(T) curve has

a feature corresponding to the magnetic phase transition.

This feature is clearly seen in the temperature dependence of

the derivative dM/dT (inset in Fig. 7).

The results of the measurements of low-temperature

heat capacity Cp(T) are shown in Fig. 8. The feature in the

Cp(T) curve at T¼ 40 K is related to the second-order phase

transition occurring in the sample.

The M(H) dependences taken at temperatures of 4.2 K,

30 K, and 50 K are shown in Fig. 9. At the temperature

T¼ 4.2 K, the M(H) dependence demonstrates a sufficiently

small hysteresis (left inset in Fig. 9; field region near H¼ 0).

The M(H:) and M(H;) dependences in the strong-field

region will be shown below. At the temperature T¼ 30 K,

the M(H) hysteresis becomes almost indistinguishable within

the experimental error; at T¼ 50 K, the M(H) hysteresis is

absent (right inset in Fig. 9). Such a behavior is consistent

with the previously discovered fact3 that the q(H) hysteresis

FIG. 5. (Color online) The q(H) dependences for (La0.5Eu0.5)0.7Pb0.3MnO3

for different values of maximal field Hmax.

FIG. 6. (Color online) The effect of the thermomagnetic prehistory on the

q(T) dependence for the (La0.5Eu0.5)0.7Pb0.3MnO3.

FIG. 7. (Color online) M(T) dependence for the (La0.5Eu0.5)0.7Pb0.3MnO3

samples.

FIG. 8. Temperature dependences of Cp for the (La0.5Eu0.5)0.7Pb0.3MnO3.
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is maximum at T¼ 2 K and vanishes at T � 40 K. The latter

temperature coincides with the Neel temperature of an anti-

ferromagnetic phase (AFM) in the sample that occurs, as

was supposed,19,20 at the grain surface in the sample. There-

fore, the temperature regions of existence of the magnetic

and magnetoresistive hysteresis nearly coincide. Disappear-

ance of the thermomagnetic prehistory effect at T > 40 K is

confirmed also by the q(T) measurements in zero external

field (Fig. 6).

Portions of the hysteretic dependences of magnetization

taken at T¼ 4.2 K are shown in Fig. 10. The dependences

shown in Figs. 10 and 5 were taken under similar conditions.

The prehistory of the M(H) dependences (Fig. 10) was as fol-

lows: zero-field cooling ! increasing the field up to

Hmax¼ 20 kOe ! decreasing the field down to H;¼ 0 !
increasing the field up to Hmax > 20 kOe. One can see that

upon this variation in the external field the M(H) dependences

coincide at the point Hmax¼ 20 kOe; i. e., the M(H) curve

coincides with the initial magnetization curve at the point of

the maximum field applied prior to that. The same measure-

ments have been made for Hmax¼ 20 kOe, Hmax¼ 30 kOe,

Hmax¼ 40 kOe, and Hmax¼ 50 kOe. Comparing this with the

data in Fig. 5, one may conclude that the behavior of the

M(H:) and M(H;) dependences for different Hmax values is

similar to that of the analogous q(H) dependences. The

“heights” of the magnetization and magnetoresistance hystere-

sis DM¼ |M(H:)�M(H;)| and Dq¼ q(H:)� q(H;) at

H:¼H;, grow with Hmax.

It is interesting to compare the DM and Dq dependences.

These are shown in Fig. 11 for different Hmax. In Fig. 11, the

thermomagnetic prehistory for the magnetic and magnetore-

sistive data is the same. A comparison of Figs. 11(a) and

11(b) reveals the correlation between dependences: steep DM

and Dq growth is observed in the small-field region. How-

ever, comparing DM and Dq behavior at a certain value of

the external field, one can see that the Hmax value affects the

DM(Hmax) and Dq(Hmax) dependences differently. The insets

in Figs. 11(a) and 11(b) show the DM(Hmax) and Dq(Hmax)

dependences at the fixed fields H¼ 0 and H¼ 5 kOe. The

“height” of the M(H) hysteresis changes slightly with increas-

ing Hmax, at least, starting from Hmax¼ 10 kOe, and the

DM(Hmax) dependence has negative curvature, whereas the

“height” of the q(H) hysteresis grows with Hmax fairly fast

and the Dq(Hmax) dependence has positive curvature.

Thus, despite the fact that hysteretic dependences of

magnetization and magnetoresistance are qualitatively iden-

tical, parameters DM and DR characterizing the hysteresis

FIG. 9. (Color online) The M(H) dependences for the (La0.5Eu0.5)0.7

Pb0.3MnO3 at temperatures T¼ 4.2 K, 30 K, and 50 K.

FIG. 10. (Color online) Portions of the hysteretic dependences of magnet-

ization taken at T¼ 4.2 K.

FIG. 11. (Color online) The “heights” of the magnetization and magnetore-

sistance hysteresis (a) DM¼ |M(H:)�M(H;)| and (b) Dq¼q(H:)�q(H;)

at H:¼H;.
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are nonlinearly dependent. In addition, as was mentioned

above, the M(H) hysteresis is rather narrow, while the R(H)

dependence exhibits pronounced hysteresis.

Now, let us analyze the results obtained. It was reported

previously3 that the M(H) hysteresis of initial single crystals

of this composition is considerably lower than that of the

polycrystalline sample under study. The antiferromagnetic

phase with TN� 40 K forming at the grain surface3 cannot

contribute to the hysteresis. This means that a small amount

of one more “magnetic phase” arises in the polycrystalline

sample, which causes a relatively small yet observable M(H)

hysteresis and is responsible for the hysteretic behavior of

magnetoresistance.

We propose the following model for description of the

R(H) and M(H) hysteresis. A grain core remains ferromag-

netic (measuring temperature is much lower than Tc), while

at the grain surface the AFM phase forms. Since the grain

size, according to the SEM data, is � 102–103 nm, a linear

size of the AFM spacer is estimated as � 2–3 nm. The re-

minder of the grain core volume is sufficient for the forma-

tion of a domain structure. Therefore, the FM phase has the

domain structure; the domains neighboring the AFM phase,

hereinafter referred to as N-domains, may be exchange-

coupled with both this phase and FM domains composing

the grain core. For the domains neighboring the AFM cover-

ing, the exchange interactions with AFM and FM phases

may compete. The exchange with the ferromagnetic phase

favors rotation of the magnetic moment with the field, while

the exchange with the AFM phase may prevent ordering.

As a result, the energy of the magnetic moments of the

N-domains may have local minima points as in spin or spin-

cluster glass. Obviously, an increase in the external field

facilitates hopping over potential barriers and, upon cycling,

the hysteresis is observed. Narrowness of the M(H) hystere-

sis says that it is formed by a small fraction of the ferromag-

netic phase. According to the M(H) data (Fig. 9), the fraction

of the N-domains is only � 5%, which yields a linear size of

the N-domains of about 10 nm at a grain diameter of 1 mm.

The proposed model may explain the R(H) hysteresis if

magnetoresistance is considered to be caused by tunneling

carriers via dielectric spacers. Tunneling of electrons via the

AFM spacer and magnetoresistance is determined not by ori-

entation of the magnetic moments of grain cores but by mu-

tual orientation of the magnetic moments of the N-domains.

The change in R(H), similar to the change in M(H), is

maximum from the completely demagnetized state with the

maximum resistivity in weak fields (up to � 5 kOe), but in

the field region 20–60 kOe magnetoresistance is also consid-

erable, whereas the M(H) dependence grows slightly in this

region. The contribution of the N-domains to the resulting

magnetization of the sample is relatively small (total mag-

netization is apparently determined by superposition of

the contributions of the FM and AFM phases and the

N-domains). Therefore, the processes of alignment of the

N-domains along the field determine the behavior of the

R(H) dependence. The narrow M(H) hysteresis is revealed in

the considerable magnetoresistance hysteresis. Above we

demonstrated the correlation between the R(H) and M(H)

hysteretic parameters and the behavior of the R(H) and

M(H) dependences at the magnetic prehistory. The positive

and negative branches of the magnetoresistance hysteresis

(CB and CD in Fig. 4) are symmetrical because in the

magnetic tunneling processes the states with positive and

negative residual magnetization are identical.

IV. CONCLUSION

Thus, this proposed model explains qualitatively the

low-temperature behavior of the temperature dependences of

electrical resistivity and magnetoresistance of polycrystalline

(La0.5Eu0.5)0.7Pb0.3MnO3 by the formation of a network of

ferromagnet-antiferromagnet-ferromagnet tunnel contacts in

the low-temperature region.
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