Scientific reports of Bukhara State University
Volume 4
Issue 5 BSU 2020 (5)

Article 3

10-27-2020

LARGE VALUES OF THE TRANSVERSE MAGNETIC
RESISTANCEOF SINGLE CRYSTAL NICKEL FILMS
Khudoyor Omonovich Urinov
candidate of physical and mathematical sciences, docent

Adkham Kamolovich Amonov
candidate of physical and mathematical sciences, docent

Xakberdi Akhmedovich Jumanov
candidate of physical and mathematical sciences, docent

Ismet Shevkitovich Mujdibaev
candidate of physical and mathematical sciences, docent, Samarkand branch of TUIT named after
Mukhammad al-Khwarizmi

Follow this and additional works at: https://uzjournals.edu.uz/buxdu
Part of the Life Sciences Commons

Recommended Citation
Urinov, Khudoyor Omonovich; Amonov, Adkham Kamolovich; Jumanov, Xakberdi Akhmedovich; and
Mujdibaev, Ismet Shevkitovich (2020) "LARGE VALUES OF THE TRANSVERSE MAGNETIC RESISTANCEOF
SINGLE CRYSTAL NICKEL FILMS," Scientific reports of Bukhara State University: Vol. 4 : Iss. 5 , Article 3.
DOI: 10.52297/2181-1466/2020/4/5/3
Available at: https://uzjournals.edu.uz/buxdu/vol4/iss5/3

This Article is brought to you for free and open access by 2030 Uzbekistan Research Online. It has been accepted
for inclusion in Scientific reports of Bukhara State University by an authorized editor of 2030 Uzbekistan Research
Online. For more information, please contact sh.erkinov@edu.uz.

Urinov et al.: LARGE VALUES OF THE TRANSVERSE MAGNETIC RESISTANCEOF SINGLE CRYST

EXACT AND NATURAL SCIENCES
10. Huntul M.J., Lesnic D. Simultaneous determination of time and space dependent coefficients in a parabolic
equation. Communications in Nonlinear Science and Numerical Simulation, 33, 2016, 194--217.
https://doi.org/10.1016/j.cnsns.2015.09.008.\\
11. Ivanchov M.I., Saldina N.V. Inverse problem for a parabolic equation with strong power degeneration.
Ukrainian Mathematical Journal, 58(11), 2006, 1685--1703. https://link.springer.com/article/10.1007/s11253-0060162-x.\\
12. Hazanee A., Lesnic D., Ismailov M.I.,Kerimov N.B Inverse time-dependent source problems for the heat
equation with nonlocal boundary conditions Applied Mathematics and Computation, 346,2019, 800--815.
https://doi.org/10.1016/j.amc.2018.10.059.
13. Hazanee A., Lesnic D., Ismailov M.I., Kerimov N.B. An inverse time-dependent source problems for the heat
equation. Applied Numerical Mathematics, 69, 2013, pp. 13-33. https://doi.org/10.1016/j.apnum.2013.02.004.
14. Hazanee A., Lesnic D., Ismailov M.I., Kerimov N.B. An inverse time-dependent source problems for the heat
equation with a non-classical boundary condition. Applied Mathematics Modelling, 39(20), 2015, 6258-6272.
https://doi.org/10.1016/j.apm.2015.01.058.
15. Tanana V.P., Ershova A.A., On the solution of an inverse boundary value problem for composite materials,
Vestnik Udmurtskogo Universiteta. Matematika. Mekhanika. Komp„yuternye Nauki, 28:4 2018 , 474-488. (in Russian)
https://DOI:10.20537/vm180404.
16. Wu B., Gao Y., Yan L., et al. Existence and Uniqueness of an Inverse Memory Kernel for an IntegroDifferential Parabolic Equation with Free Boundary J. Dyn. Control Syst., 24, 2018, pp. 237-252.
https://doi.org/10.1007/s10883-017-9372-9.
17. Durdiev D.K., Rashidov A.Sh. Inverse problem of determining the kernel in an integro-differential equation
of
parabolic
type.
Differential
Equations,
50(1),
2014,
pp.
110-116.
(In
Russian).
https://doi.org/10.1134/S0012266114010145.
18. Durdiev D.K., Zhumaev Zh.Zh. Problem of determining a multidimensional thermal memory in a heat
conductivity equation. Methods of Functional Analysis and Topology, 25(3), 2019, pp.219-226.
19. Durdiev D.K. On the uniqueness of kernel determination in the integro-differential equation of parabolic
type J. Samara State Tech. Univ., Ser. Phys. Math. Sci.,19(4), 2015, pp. 658-666. (In Russian).
https://doi.org/10.14498/vsgtu1444.
20. Ladyzhenskaya A., Solonnikov V. A, Ural'tseva N.N. Linear and quasilinear equations of parabolic type.
Moscow: Nauka, 1967; English translation: American Mathematical Society, Providence, Rhode Island, 1968, 631 p.
21. Kilbas A.A. Integral equations: course of lectures. Мinsk: BSU, 2005(In Russian).
22. Kolmogorov A.N., Fomin S.V. Elements of function theory and functional analysis. Moscow: Nauka, 1972,
280.(In Russian)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
UDC: 621.78.011: 669.14
LARGE VALUES OF THE TRANSVERSE MAGNETIC RESISTANCEOF SINGLE
CRYSTAL NICKEL FILMS
Urinov Khudoyor Omonovich
candidate of physical and mathematical sciences, docent,
Amonov Adkham Kamolovich
candidate of physical and mathematical sciences, docent,
Jumanov Xakberdi Akhmedovich
candidate of physical and mathematical sciences, docent,
Mujdibaev Ismet Shevkitovich
candidate of physical and mathematical sciences, docent,
Samarkand branch of TUIT
named after Mukhammad al-Khwarizmi
Makhmudov Furqat Djumaboevich
teacher, academic lyceum under the Samarkand branch of TUIT
named after Mukhammad al-Khwarizmi
Abstract:
Background. The anisotropy of the transverse magnetoresistance of single-crystal nickel
films was studied in this work. The measurements were carried out on samples whose surface plane
coincided with the [001] plane. Studies of the magnetoresistance in a single-crystal nickel film have
shown the effect of tensile stresses acting on it from the side of magnesium oxide. The modification
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of the anisotropy of magnetoreflection of a film on a substrate as compared to a free sample is
apparently associated with a change in the shape of the Fermi surface of carriers.
In accordance with the technology the films were grown at a substrate temperature of
1000°C. The thermal expansion coefficient of nickel, αNi, exceeds the corresponding coefficient
αMgO for magnesium oxide. For example, at room temperature αNi = 12,5·10-6, αMgO = 11,2·10-6
deg-1. Consequently, upon cooling, the film, being bonded to the substrate, is subjected to in-plane
tensile stress, which leads to tetragonal deformation of the crystal lattice. This conclusion was
confirmed by comparing the crystal lattice parameters measured by X-ray diffraction at room
temperature Tk and T = 77 K.
Methods. The magnetoresistance was measured by an unbalanced double Thomson bridge
with an accuracy of the order of 10-6 Ohm. The magnetoresistance measurements were carried out
in the longitudinal and transverse directions of the external magnetic field, as well as depending on
the angle φ (between the [100] axis and the direction of the external field). In all measurements the
current passed through the samples remained constant 5 x 10-4 A. When measuring the
longitudinal and transverse magnetoresistance the external magnetic field varied from 0 to 21000
Oe. The effect measurements in our experiments were carried out with an accuracy of 2-4% on
average.
The measurement of the magnetoresistance as a function of the angle φ was carried out at
[100] ǁ i ǁ r ^ H = φ.
Findings. Oxidation of nickel films occurs through the transfer of electrons, nickel cations
and oxygen anions through the film. Annealing controls the oxidation process and film morphology.
According to the results of the analysis of this study we find that Ni films 50 nm thick are
almost completely oxidized at an annealing temperature of 700 ° C. It is assumed that tensile
density stresses transform the Ni/MgO film into a “strong” ferromagnet, characterized by a high
magnitude of magnetoresistance (up to 0.25% at low temperatures). In this work the anisotropy of
the transverse magnetoresistance of single-crystal nickel films was studied. The measurements were
carried out on samples whose surface plane coincided with the [001] plane. We used samples with
a thickness of d = 5.0 ± 0.5 μm with a ratio ƞ = 103.
Conclusions. The modification of the anisotropy of the magnetoresistance of a film on a
substrate as compared to a free sample is apparently associated with a change in the shape of the
Fermi surface of carriers. In this case, the volume occupied by carriers in momentum space does
not change that is indicated by the existence of a general universal dependence for the
magnetoresistance of films on a substrate and films separated from it.
The magnetoresistance in both longitudinal and transverse magnetic fields for all investigated
film thicknesses has a different course of curves: in the first case- with a positive value, in the
second-with a negative value of the effect magnitude.
The magnitude of the magnetoresistance at a saturation field of 5800 Oe depending on the
angle φ between the [100] axis and the direction of the magnetic field H shifts towards a negative
effect with decreasing film thickness and reaches zero at φ equal to 1450 and 1350 for films with a
thickness of 600 Ȧ.
On films with a thickness of 500 Å the magnitude of the magnetoresistance in the entire range
of angle variation has a negative sign of the magnitude of the effect.
With a decrease in temperature following the transition of the Ni/MgO film to the “strongly
magnetic” state a structural phase transition occurs in it.
Keywords: magnetoresistance, magnetoresistive element, singlecrystal films, transverse
effect, magnetic field orientation, film planes, relative magnetization.
Introduction. Thin films and structures based on them have a number of unique physical and
chemical properties not found in bulk materials [1–7], which makes them relevant the object of
experimental and theoretical research for more than a decade.
A special place in these studies is occupied by films of ferromagnetic 3 – d metals (FM) iron
(Fe), nickel (Ni) and cobalt (Co) - due to the possibility of their use in devices of solid-state
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electronics (devices for processing and storing information, band-stop filters and phase shifters), as
growth catalysts carbon nanotubes, orienting coatings for the growth of graphene films, films of
various metals, dielectrics and semiconductors, promising for use in devices of solid-state microand nanoelectronics on the principles magnonics and spintronics. Along with this, ferromagnetic
films and multilayer structures on their basis, they provide qualitatively new opportunities for
optimization and miniaturization of the component base of solid-state microelectronics and
development of sensors magnetic field, microwave current generators, spin transistors and other
solid-state devices based on spin transport.
However, each of the above potential areas of application of thin ferromagnetic films imposes
certain restrictions on the properties that they must have.
According to the structure of the crystal structure, films can be divided into 4 classes:
amorphous films, polycrystalline films, textured films (i.e. polycrystalline films with a predominant
crystallographic grain orientation in the selected direction) and epitaxial films.
Films of magnetically ordered substances (Ni, Fe, Co and magnetic alloys) occupy a special
place in the physics of films. This is due to the fact that they allow solving a number of fundamental
problems for "two-dimensional magnetism" as well as the fact that they have a number of specific
magnetic properties: a specific domain structure and the associated magnetic anisotropy, "ripple of
magnetization", etc. [8, 9] Recently, the phenomenon of giant magnetoresistance (GMR) has been
added to them that has attracted especially great attention to magnetic films and is now the subject
of comprehensive research.
The study of the properties of magnetic films is of particular importance due to their wide use
in modern microelectronics [10-12].
The choice of Ni films as objects of study was due to a number of reasons. First, Ni is an
excellent candidate for magnetic properties versus thickness because has the lowest Curie point
(Tc= 631 K) in the series of ferromagnetic metals (Fe, Co); over the entire range of thicknesses and
temperatures, Ni, in contrast to Fe and Co, does not have polymorphic transitions, retaining the fcc
lattice responsible for ferromagnetism. With an increase in the film thickness nickel demonstrates
both the dependence of the Tc on the thickness and the transition from two-dimensional "Ising"
magnets to three-dimensional "Heisenberg" ones [13, 14]. Second, Ni films, both in the bulk state
and in the film state [15], are the simplest, sort of “model,” for studying their properties; moreover,
to date, the electrical and, in particular, the galvanomagnetic properties of films have been little
studied.
The effect of the substrate and the dependence on the angle φ between the [100] axis of
single-crystal thin nickel films on the change in the electrical resistance of the films under the
influence of a magnetic field or magnetization (magnetoresistance) has not been studied by anyone.
Recently [9] reported on the technology of growing thick monocrystalline films by chemical
transport on a magnesium oxide substrate. The method makes it possible to obtain films with a
thickness of 2 μm ≤ d ≤ 15 μm, and they are characterized by a relatively high ratio of residual
resistance ƞ = ρ300 к/ρ4,2к, reaching a value of 103.
In accordance with the technology the films were grown at a substrate temperature of 1000°C.
The thermal expansion coefficient of nickel, αNi, exceeds the corresponding coefficient αMgO for
magnesium oxide. For example, at room temperature αNi = 12,5·10-6, αMgO = 11,2·10-6 deg-1.
Consequently, upon cooling, the film, being bonded to the substrate, is subjected to in-plane tensile
stress, which leads to tetragonal deformation of the crystal lattice. This conclusion was confirmed
by comparing the crystal lattice parameters measured by X-ray diffraction at room temperature
Tk and T = 77 K.
The aim of this work is to study the magnetoresistance and angular dependence as well as the
effect of the substrate and the dependence on the angle φ between the [100] axis on thin singlecrystal films 500-600 Ȧ thick at 295 K in magnetic fields up to 21 kOe.
Methods for measuring magnetoresistance. The magnetoresistance was measured by an
unbalanced double Thomson bridge with an accuracy of the order of 10-6 Ohm. The
magnetoresistance measurements were carried out in the longitudinal and transverse directions of
14
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the external magnetic field, as well as depending on the angle φ (between the [100] axis and the
direction of the external field). In all measurements the current passed through the samples
remained constant 5 x 10-4 A. When measuring the longitudinal and transverse magnetoresistance
the external magnetic field varied from 0 to 21000 Oe. The effect measurements in our experiments
were carried out with an accuracy of 2-4 % on average.
When the magnetoresistance was measured, depending on the angle φ, the saturation field
was equal to 5800 Oe. The directions of measurements of r, electric current i, external magnetic
field H with respect to the [100] axis had the following orientations: for the transverse effect, when
[100] ǁiǁ r ┴ H; for longitudinal [100] ǁ i ǁ r ǁ H.
The measurement of the magnetoresistance as a function of the angle φ was carried out at
[100] ǁ i ǁ r ^ H = φ.
The experimental part was carried out on thin single-crystal films obtained in vacuum
-4
(10 mm Hg) at a substrate temperature of 520 K for MgO. The film thickness was 5 μm; the film
was obtained by the method of chemical transport reactions. The samples were annealed at
temperatures of 300, 325, 350, 400, and 700° C in air. The deposition rate was maintained at
0.1 nm/s, and the thickness of the Ni films was measured by piezoelectric microweighing (quartz
microbalance).
Thermal oxidation was carried out at a heating rate of 2° C /min. Once the desired maximum
temperature was reached, it was maintained for 3 hours to allow oxidation and free diffusion of Ni
atoms on the surface. The cooling rate was set at 2.5° C / min.
It was assumed that the change in ∆ρ⁄ρ with a change in the shape of the film is associated
with the Hall potential difference [16]. The [001] plane of thin nickel films was checked in the
electron diffraction pattern.
Lead wires were fastened with a special solder consisting of pure elements (57% Ga + 23% In
+ 20 % Sn parts by weight), having a low melting point and ensuring contact reliability [17].
Results and discussion. A possible oxidation mechanism of a nickel film is schematically
shown in Figure. 1.

Figure 1. Schematic representation of the thermal oxidation process of a nickel film
Oxidation of nickel films occurs through the transfer of electrons, nickel cations and oxygen
anions through the film. Annealing controls the oxidation process and film morphology.
Photographs of Ni films on MgO substrates after annealing at 300, 325, 350, 400, and 700° C
are shown in Figure 2.
According to the results of the analysis of this study we find that Ni films 50 nm thick are
almost completely oxidized at an annealing temperature of 700 ° C.

BUXORO DAVLAT UNIVERSITETI ILMIY AXBOROTI 2020/5 (81)
https://uzjournals.edu.uz/buxdu/vol4/iss5/3
DOI: 10.52297/2181-1466/2020/4/5/3

15
4

Urinov et al.: LARGE VALUES OF THE TRANSVERSE MAGNETIC RESISTANCEOF SINGLE CRYST

EXACT AND NATURAL SCIENCES

Figure 2 Micrographs of nickel films on Si/SiO2 substrates at
different annealing temperatures
The results obtained for the longitudinal and transverse magnetoresistance as well as the
dependence of the magnetoresistance on the angle φ for single-crystal thin films of various
thicknesses, are shown in Figure 3, 4 and 5. In figure 3 shows the graphs of the dependence (∆ρ⁄ρ)
on H of films obtained during the same technological cycle on a MgO substrate. The direction of
the current during measurements was parallel to [100], the direction H was perpendicular, the
streamline was either in the plane of the film (∆ρ⁄ρ) ┴, or along its normal (∆ρ⁄ρ) ┬.

Figure 3. Graph of the field dependence (∆ρ⁄ρ) ┴ and (∆ρ⁄ρ) ┬ of a nickel film
on a MgO substrate. Film thickness 500 Ȧ
Films on a MgO substrate experience thermoelastic stresses of different sign which is
obviously associated with different dependences of their transverse magnetoresistance on the field
H. For a Ni / MgO film in a field of 20 kOe (∆ρ⁄ρ) ┬ reaches a value of 0.17 %, and (∆ ρ⁄ρ) ┴ values of 0.1 %.
It is assumed that tensile density stresses transform the Ni/MgO film into a “strong”
(according to Campbell, see Figure 4) ferromagnet, characterized by a high magnitude of
magnetoresistance (up to 0.25% at low temperatures). A well-known method of transferring nickel
to the state of a “strong” ferromagnet is the introduction of impurities (Fe, Co, Cu, etc.) into it. The
fact that large values of ∆ρ⁄ρ in Ni/MgO films are caused by mechanical stresses is evidenced by the
fact that these values decrease with repeated heating-cooling cycles [18].

Figure 4. Diagrams of the density of states of the d band of nickel (a),
“strong” (b) and “weak” (c) ferromagnets
When measuring the magnetoresistance, depending on the angle φ, a shift towards the
negative effect is observed with decreasing film thickness (Figure 5).
16
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Figure 5. Dependence of the magnetoresistance ∆ρ⁄ρ on the angle
φ = [010] ǁ i ǁ r ^ H in the field H = 5800 Oe
The method makes it possible to obtain films with a thickness of 2 μm ≤ d ≤ 15 μm, and they
are characterized by a relatively high ratio of residual resistance ƞ = ρ300 к/ρ4,2к, reaching a value of
103.
In this work the anisotropy of the transverse magnetoresistance of single-crystal nickel films
was studied. The measurements were carried out on samples whose surface plane coincided with
the [001] plane. We used samples with a thickness of d = 5.0 ± 0.5 μm with a ratio ƞ = 103.
Figure 6 shows the angular dependences of the transverse magnetoresistance (Δρ⁄ρ) (φ) of
such films at T = 4.2 K and the direction of the current along [110]. Here Δρ = ρ H - ρ, where ρn, ρ
are the resistivity of the sample in an external field H and in the absence of a field (H = 0). The
angle φ determines the direction H relative to the normal to the film plane (at φ = 900 H ǁ n). Curves
1, 2 show the dependences (Δρ⁄ρ) (φ) for a film connected to a substrate and, therefore, under the
action of tensile stresses, at H = 14 (1) and 21 kOe (2). Note that repeated cooling and heating of
the film on the substrate from Tc to T = 4.2 K did not change the (Δρ⁄ρ) (φ) dependence. Curve 3 is
a graph of (Δρ⁄ρ) (φ) at H = 21 kOe on the same film, but separated from the MgO substrate.

Figure 6. Angular dependences of the transverse magnetoresistance (Δρ⁄ρ) (φ)
of films at T=4.2 K and the direction of the current along [110]
After removing the film from the substrate the ratio decreased to ~ 870. As can be seen from
a comparison of curves 2 and 3 stress relief leads to a noticeable change in the angular dependence
of the transverse magnetoresistance of nickel films. It should be noted that at T = Tc and T = 77 K
the curves (Δρ⁄ρ) (φ) obtained by us coincide with the known (3) results for the anisotropy of the
magnetoresistance of bulk samples. Moreover, as it turned out, the separation of the film from the
substrate does not change the dependence (Δρ⁄ρ) (φ) at the indicated temperature values.
The angular dependence of the magnetoresistance of the film removed from the substrate at
T=4.2 K (Figure 6 (3)) generally corresponds to the graph (Δρ⁄ρ) (φ) of the transverse
magnetoresistance of a single-crystal nickel rod with ƞ = 2700 [11]. In this work the anisotropy of
the magnetoresistance was associated with the shape of the Fermi surface of nickel. In contrast to
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[9], the curve obtained by us does not have sharp minima for the H directions coinciding with the
crystallographic axes of the [111] type and the minima for H [100] do not reach the value noted by
the authors [11]. Such differences, in our opinion, are associated with the scattering of electrons at
the boundaries of the sample. In the magnetic field used to measure the magnetoresistance of nickel
films the cyclotron radius of conduction electrons is r ≥ d. Note that our data are closer to the curve
(Δρ⁄ρ) (φ) given in the work of Fossett and Reed than the results of [12] where measurements were
carried out on a massive sample with ƞ = 1000. As is known, the static resistance of films in a
magnetic the field is determined by the electron mean free path leff into which the carrier scattering
on the film surface contributes. At the same time, the samples contain electrons that do not collide
with the surface and have a mean free path l ˃ leff. Under the condition l »r, such electrons can
contribute to the film magnetoresistance determined by the shape of the Fermi surface, that is
observed experimentally.
Thus, the study of the anisotropy of the magnetoresistance of a nickel film on an
MgO substrate makes it possible to conclude that the shape of the Fermi surface of conduction
electrons is changed due to the tetragonal deformation of the crystal lattice of the deposited
material. As far as we know, such significant changes in Δρ/ρ under the action of external stresses
in nickel have not been observed previously [19].
It is noteworthy that the value of Δρ / ρ in the film on the substrate at Н ǁ n (φ = 900) is
greater than at Н in the plane of the sample, despite the lower value of the induction В in the first
case. Indeed, in a ferromagnetic film sample, magnetized to saturation, at Н ǁ n, the demagnetizing
field is Нrasm = –4πМ, as a result, В ≈ H. At Н in the film plane, В = Н + 4πМ. It is obvious that a
decrease in induction cannot explain the minimum in the dependence (Δρ⁄ρ) (φ) on a film removed
from a substrate at φ = 900.
When the current is directed along [100] (in this case, when H is in the film plane and when
H ǁ n, the magnetic field is applied along equivalent crystallographic directions) the study of the
dependence of Δρ⁄ρ on H showed that in fields greater than the saturation field the same values of
Δρ⁄ρ ρ for the above-mentioned mutually perpendicular directions of the field we obtain for H
differing by 6 kOe. This is approximately equal to 4πM in nickel. The dependence of Δρ⁄ρ on the
magnitude of the magnetic field in the region H <21 kOe for any φ is a monotonically increasing
function of H. kE. The exit of М in the direction n is facilitated by the induced perpendicular
anisotropy caused by the action of tensile stresses on the film.
As is known, in a number of cases, for example, when plotting the Kolerov curves [7] it is
required to know the resistance of a ferromagnet at B = 0. Due to the fact noted above that at M ǁ n
the magnetic induction of the film is B ≈ H the value of its resistance at B = 0 is by a simple
extrapolation of the dependence ρ(Н) obtained in the region of magnetic saturation of the sample at
Н ǁ n to the value at Н = 0. Using this procedure we obtained the dependences (δρ / ρ0) (Н) at Н in
the film plane and the measuring current directed along [100]. Here δρ = ρ в - ρ0, where ρв - the
value of the resistance of the sample with an induction field in it equal to В; ρ 0 is the resistance at
B = 0. The measurements were carried out on three samples on an MgO substrate differing in the
value of ƞ and in thickness. Two samples with d = 9 μm had ƞ = 800 (sample No. 1) and ƞ = 460
(sample No. 2), respectively. Sample no. 3 with d = 5 μm had = 380. Measurements (δρ / ρ0) (H) on
samples no. 2, 3 were repeated after separating them from the substrate.

Figure 7. Dependences of F = log (δρ/ρ) on γ = log (Bɳd*/d) of single-crystal nickel films
1-3 - films on a substrate; 4, 5 - films separated from the substrate
d (μm), ɳ: 1 - 9.800; 2 - 380; 3 - 9.460; 4 - 5.250; 5 - 9.380
18
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Figure 7 shows the universal dependence, δρ/ρ = f (Вƞd*/d) which obeys the
magnetoresistance of the studied samples; here d*= 9 μm. The possibility of representing the
magnetoresistance as a universal curve depending on the thickness of the sample indicates the
presence of a size effect the existence of which was assumed when discussing the results of studies
of the anisotropy of magnetoresistance.
Thus, we have demonstrated the effect of tensile stresses acting on it from the side of
magnesium oxide on the transverse magnetoresistance of a single-crystal nickel film.
Conclusions. The modification of the anisotropy of the magnetoresistance of a film on a
substrate as compared to a free sample is apparently associated with a change in the shape of the
Fermi surface of carriers. In this case, the volume occupied by carriers in momentum space does not
change that is indicated by the existence of a general universal dependence for the
magnetoresistance of films on a substrate and films separated from it.
The magnetoresistance in both longitudinal and transverse magnetic fields for all investigated
film thicknesses has a different course of curves: in the first case- with a positive value, in the
second-with a negative value of the effect magnitude.
The magnitude of the magnetoresistance at a saturation field of 5800 Oe depending on the
angle φ between the [100] axis and the direction of the magnetic field H shifts towards a negative
effect with decreasing film thickness and reaches zero at φ equal to 1450 and 1350 for films with a
thickness of 600 Ȧ.
On films with a thickness of 500 Å the magnitude of the magnetoresistance in the entire range
of angle variation has a negative sign of the magnitude of the effect.
With a decrease in temperature following the transition of the Ni/MgO film to the “strongly
magnetic” state a structural phase transition occurs in it.
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OPTICAL SYSTEM AND FLOW CELL FOR STUDYING THE POLARIZATION
SPECTRA OF SELF-ASSEMBLED MOLECULES
Astanov Salih Husenovich
professor of the department of physics,
Bukhara Institute of engineering and technology,
Kasimova Guzal Karimovna
basic doctoral student, department of physics,
Bukhara Institute of engineering and technology,
Tilloyev Lochin Ismatilloyevich
assistant, department of oil refining technology,
Bukhara Institute of engineering and technology,
Abstract:
Background. The authors developed, patented and applied a flow-through optical cuvette
that allows recording the polarization spectra of self-aggregates of vitamins and food dyes.
Equipment polarimeters and dyregrov flow-through cuvettes allows you to take spectra of linear or
circular dichroism. These spectra allow us to determine the fine details of optical transitions. And
also detect the hiding of a band of self-aggregated molecules, as in the case of
γ-formylmesoporphyrin, Riboflavin. They allow you to get information of a diverse nature. The
structure of self-assembled molecules is needle-like and they have optical activity in the
hydrodynamic flow.
The article reveals the relevance of the research and justifies the purpose of the work which is
to develop optical systems and cuvettes that allow increasing the sensitivity of optical devices as a
result of which conditions are manifested to register the weak polarization characteristic of
molecules.
Methods. The experimental method shows an optical system in the form of a double Fresnel
parallelepiped that increases the sensitivity of the optical device by two orders of magnitude and
also shows the optical devices used to remove the absorption and fluorescence spectrum. The use of
solvents in the study of vitamin preparations and certain food dyes is justified.
Results. The principle of operation that allows an optical cell of constant thickness to register
linear dichroism of weakly oriented molecules in a hydrodynamic flow is given. This section also
presents the spectra of negrotropic rotation of the polarization plane of the associates of
γ-formylmesoporphyrin and Riboflavin in a laminar hydrodynamic flow.
Results and discussion the results of studies on self-aggregation of vitamin B2 in a binary
mixture of water+dioxane solvents are presented. To remove the linear dichroism spectra of selfaggregated molecules, γ-formylmesoporphyrin, and vitamin B2, a constant-thickness flow cell was
used.
Conclusion. Thus, it is shown that polarimeters and dichrographs are equipped with a double
Fresnel parallelepiped that is installed in front of the pokkels cell with a KDP (KN2 PO4) crystal
and allow recording the spectrum of linear dichroism of weakly oriented molecules of food
pigments and vitamins. In this case, the sensitivity of the device increases by about two orders of
magnitude. The developed optical system is used to measure the linear dichroism spectra on the
polarimeter spectrum when the films are oriented with the axis of its extension at an angle of 40 0 as
the polarization vectors of the incident light. It is shown that the structure of self-assembled
molecules is needle-like and they have optical activity in a hydrodynamic flow.
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