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The potential of magnetic dipol-dipol interaction of magnetite nanopaticles has been described by expression:
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systems of magnetite nanoparticles has been obtained. Magnetisation and magnetic susceptibility curves determined by experimental and by
means of obtained equations are good agree. Initial magnetic susceptibilities determined by numerical differentiation of experimental mag-
netisation curve and by means of obtained equations are 0.112, 0.0945 correspondingly. It has been established, that magnetic dipol-dipol
interaction help to formation of chains of magnetic nanoparticles, along external magnetic fields line and magnetisation occurs by the method

"paralle]" mechanism magnetisation of chains.

1. INTRODUCTION

Investigation of the magnetisation of samples -I and -II
(samples -1, -II are medium of magnetite nanoparticles with
average geometrical size of nanoparticles 9.48 nm and 7.77
nm correspondingly) obtained from the experiments and cal-
culated by means of Langevan equation showed, that at mag-
netisation region H=0-300 kA/m they don't agree and value
of (Mexp. ~Mineor.) /Mexp, =AM/M,,,, changes in interval
0.945-0.055 and 0.458-0.056 for samples -1, -II correspond-
ingly. The dependence AM(H) on tension magnetic field has
been investigated by means of the square root method and it
has been shown, that at weak magnetic field it increases, at
middle field it is hyperbolic correlation and it increases with
decreasing of magnetic field. The dependence AM(H) on
concentration of magnetite nanoparticles is parabolic. Ex-
perimental and calculated initial magnetic susceptibilities of
samples -I and -II at magnetite nanoparticles concentration
0.007, 0.0047 correspondingly are equal to 0.112, 0.0423 and
0.0102, 0.00011. Maximum magnetic diameter of nanoparti-
cles of sample -I calculated by means of experiment is
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ceptibilities obtained from expressions of the difference
geometrical size and nonmagnetic layer (d=d,-0.839 nm) are
17.569, 8.0303, 16.73 correspondingly.

The correlation of energies of external magnetic fields
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radius of nanoparticles, r is distance between centres of mag-
netite nanoparticles) E4.4=En-y and it is sufficient at weak
and middle magnetic fields. Numerical analysis of correlation
of energies of external magnetic field and magnetic dipol-
dipol interaction of magnetite nanoparticles at changing ten-

sion of external magnetic field in 0-300 kA/m has been car-
ried out. It is established that at weak and middle magnetic
fields magnetisation occurs by the expense magnetite
nanoparticles in large size and shown, that at weak and mid-
dle magnetic fields the correlation value is significant and
equal to 11.24, 2.57 correspondingly for medium-I at concen-
tration of magnetite nanoparticles ¢,= 0.007, 0.0048.

Numerical calculation of magnetisation and initial mag-
netic susceptibility of our mediums on the base of expres-
sions indicated in [1-3] showed, that these value is essential
less than (0.04235) [1] or more than (0.194) [2].

2. RESULTS AND DISCUSSION

Taking into account the results of analysis of experimental
and calculated magnetisation we established, that magnetic
dipol-dipol interaction of magnetite nanoparticles and the
magnetic dipol-dipol energy depend on the orientation of
magnetic dipoles, which depend on external magnetic field
value. We suggested, that dipoles of all magnetic nanoparti-
cles are oriented to along external magnetic field line even at
weak magnetic fields and the dependence of energy magnetic
dipol-dipol interaction of magnetite nanopaticles on the orien-
tation of particles and of external magnetic field values in
first approximation is determined by Langevan equation:
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This expression has been substituted in statistical sum of
system of magnetite nanoparticles, that statistical sum consists
from the production of two statistical sums. The first part of
statistical sum is statistical sum of noninteracting magnetite
nanoparticle system, obtained by the Langevan equation.
Second part of statistical sum is:
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The second part of statistical sum has been expanded in
Taylor’s set and taken into consideration first two terms. Af-
ter integration over all volume and consideration the integral
for two interacting particles, we take into account, that num-
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Last configuration integral has been taken in the centre of
one of interacting nanoparticles and use following formulas
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s X20 =

and ¢,=NV, for obtaining following expressions for addi-
tional terms of the magnetisation and initial susceptibility of
| interaction of medium of magnetite nanoparticles:
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In fig. The magnetisation curves obtained by 1 - experi-
ment, 2 - Langevan equation and 3 — considerated additional
term are presented. Numerical analysis of magnetisation ex-
pression showed, that at changing magnetic field in 0-
300kA/m, AM/M,,,, changes at 0.836-0.026 and 0.109-0.058
for samples -I and -II correspondingly. Additional term of the

|magnetisation is sufficient at weak and middle magnetic fields

and at large magnetic fields it leads to zero. Initial magnetic
susceptibilities are determined by above mentioned expres-
sions are 0.0945 and 0.0189 for samples -I and -II corre-
spondingly. The suggested model is the generalisation one of
models of pair sphere [1], effective volume [2].
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Fig. Magnetisation curves of sample-I obtained by 1 - experiment, 2 - Langevan equation and 3 - additional term.
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The maximum of the additional term of the magnetisation
has been determined by Nuton method and it has been shown,

mH
that at x=1.566 (x = -———) the additional term of mag-
kT

netisation has maximum. The value of maximum is linear

magnetic nanoparticles taken part in magnetisation increase.
Certain section of magnetic susceptibility curves of magnetite
nanoparticles is responsible some size or near size of magnet-
ite nanoparticles. Decreasing part of curves is characterised
by small size magnetite nanoparticles in magnetisation. Mag-
netic dipol-dipol interaction assisted to formation of chains,

function of magnetic moments and parabolic function of con-
centration of magnetite. The values of experimental and cal-
culated magnetic field corresponding to maximum for sam-
ple-I are 1.19-10* A/m and 1.25-10* A/m correspondingly.
Analysis of curves of magnetic susceptibility of medium
obtained by numerical differentiation of experimental curves
of magnetisation and by analytical differentiation of expres-
sion obtained by us correspond with each other. Analysis of
this curves showed, that magnetisation don't occurs uniform,
that it's related with dispersity of system or magnetic dipol-
dipol interaction of magnetite nanoparticles. At initial part of
magnetisation average value of magnetic moment is maximal
and at magnetisation it is approach to average value of mag-
netic moment of medium. At magnetisation time quantity of

of magnetic nanoparticles which construct along external
magnetic fields line and consequently magnetisation of me-
dium occurs by the "paraliel” mechanism method of the mag-
netisation of chains.
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R.O. 9li-zads

MAQNIT DIPOL-DIPOL QARSILIQLI T9’SIRDO OLAN NANOOLCULU MAQNETIT ZORROCIKLIORININ
DISPERS SISTEMLORDO MAQNITLOSMoS1

Nanodlgiilii magnetit zorrociklarin dipol-dipol qarsihiglt te 'sir potensiali
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tonliyi vasitasilo ifade olunmugdur. Magqnit dipol-dipol garsthgh te’sirde olan maqnetit nanozerracikler sisteminin maqnitlesme ve
magqnit hessash tonliklori alinmigdir. Eksperimental ve bu tenliklorden alinmig magnitlesme ve maqnit hessashi eyrileri yaxs
uygunlagirlar, Eksperimental maqnitlogsme eyrisinin ededi differensasiyasinda ve bu tenliklerden alinmis sistemin baglangic maqnit
hassaslifi uygun olaraq 0,112 ve 0,0945 beraberdir. Gésterilmisdir ki, maqnit dipol-dipol qarsiligh te’siri magnetit nanozerracikler
zoncirinin xarici magnit sahesinin qiivve xetleri istigametinde yénelmesine komek edir ve magnitlogme nanozerreciklarinin
“paralel” maqnitlosme mexanizmi ile bag verir.

P.A. Anun-3ane

HAMAFHPI‘HIIBAHPIE HAHO‘-IACTI/II.I MATHETHUTA C JUIOJIb-IAIIOJbHBIM B3AUMOJENCTBHEM B
JAUCHEPCHBIX CPEAAX

[MoreHuuan MarHUTHOTO JUNOL-AUIIONLHOrO B3auMOAeHCTBHS HAHOYACTHUI[ MArHETHTA ONHMCaH BBIPAXCHUEM
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TonyueHs! ypaBHEHHS HaAMarHWYMBAHUA U MArHHTHOM BOCIPUMMYHMBOCTH CHCTEM HAHOMACTHI MarHETHTA ¢ MArHMTHBIM JHIOIb-IH-
TIONBHBIM B3auMozeiicTBieM. KpHBbie HAMarHMYMBaHHUA ¥ MArHUTHOM BOCIIPHMMYHMBOCTH, ONPEACICHHBIE DKCIIEPUMEHTAIBHO M C MOMOUIBIO
NOTYYEHHBIX YpaBHEHHH coryacyiorcs. HauanbHblie MarHHMTHBIC BOCIPHMMHYMBOCTH, ONpeAeNeHHBIC YMCIeHHON auddepeHunauueis
IKCICPHMEHTANBHOM KPHBOI HAMarHMYHBAHUSA H C MIOMOINBIO MOJYYEHHBIX ypaBHeHuii pasHbl 0,112 u 0,0945 coorBercrBenno. [lokasaHo,
YTO MarHWTHOE AMIOJIL-ANIOJBHOE B3auMoaclcTBue moMoraer o6pa3sOBaHMIO LEMOYEK HAHOYACTHMI[ MArHETHTa BAOJb CHIOBBIX JIMHMIA
BHELIHEro MarHUTHOTO M0/ ¥ HAMarHHYMBaHHE MPOHCXOANT N0 "MapauiesbHOMY" MEXaHH3MY HaMarHUYHBAHHSA LIEMOYeK.
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