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In this article, the effect of deformation on the Landau levels of electrons and holes in quantum semiconductors is considered. The
effect of deformation on the temperature dependence of quantum oscillation effects in small-sized semiconductors obeying the
quadratic dispersion law has been applied. Also, the dependence of the surface density of states on temperature and magnetic field for
semiconductor heterostructure materials is theoretically explained. A new analytical expression is proposed to calculate the effect of a
magnetic field on the surface density of states at the semiconductor-dielectric interface. A mathematical model is developed to
determine the effect of a strong magnetic field on the temperature dependence of the surface density of states in semiconductor
heterostructures. As a result, the separation of continuous energy spectra measured at room temperature under the influence of a strong
magnetic field into discrete levels at low temperatures is explained on the basis of the proposed model.
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INTRODUCTION

The electronic, optical, and magnetic properties of quantum-scale semiconductor materials are being systematically
studied by many scientists, including the effects of deformation, temperature, and volume pressure on these
semiconductors, in terms of their different sizes and structural geometries. One of the main features of nanostructured
semiconductors is that they can dramatically change the physical, thermal, electrical, optical, and magnetic properties of
these materials by doping them with different concentrations [1-5]. That is, dopants radically change the energy band
structure of quantum-scale semiconductors, which can be observed in the changes in the electronic, optical, and magnetic
properties of the quantum well. In addition, it is possible to observe the formation of new energy levels (doped levels) in
the band gap of the quantum well. Based on this, it is clear that the inclusions are used to tune the optoelectronic properties
of quantum-walled semiconductor structures [6-11]. At the same time, controlling the inclusion binding energy is
important for ensuring the stability and durability of quantum-scale heterostructure materials. In conclusion, it can be said
that the susceptibility (resistance) of inclusion quantum-structured materials to external factors (hydrostatic pressure,
deformation, magnetic fields) indicates that the study of such materials is relevant both from a theoretical and practical
point of view.

MODEL
Explaining the dependence of the quantum band gap on deformation by means of the Schrodinger equation
The effect of deformation on the basic parameters of quantum well materials has been theoretically considered. The
Hamiltonian equation for the effect of volumetric deformation and magnetic field on the allowed band of a quantum well
can be written as a function of H(7,¢) using the effective mass approximation as follows [1]:
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where, p is the momentum of the electron, 2(;) is the vector potential of the magnetic field, which is applied

perpendicular to the direction of magnetic field growth (z-direction), i.e., the magnetic field and vector potential have the
forms B = (B,0,0) and A= (0,B.,0), and c is the speed of light.

The effective mass m" (&,T) and the dielectric constant &' (&,T) are functions of the distance between the electron

and donor particles in the XOY plane, expressed by » = \/ (x—xl.)2 +(y— yl.)2 +(z —zl.)2 . z and z; are the coordinates of

the electron and donor. The effective mass for charged particles as a function of deformation and temperature was found
by scientists in [12-18]:
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where m, is the free electron mass, F [f =7.51eV is the energy associated with the momentum matrix element for T=0,
A, is the spin-orbit splitting. For Gads, the spin—orbit splitting parameter is Aso=0.34 eV [20]. And E ; (e,T) is the
deformation and temperature-dependent energy band for the quantum well in units of I'-eV, which was found by scientists

in works [19-24]. Here, I'-eV denotes the deformation- and temperature-dependent energy shift of the band edges
expressed in electron-volts.

E, (&.T)=E, (0,T)+1.26*107¢-3.77*10" ¢’ 3)

Here, E; (0,T)=1.519—(5.405%107'T%) /(T +204)eV’

Deformation and temperature (K) depend on the static dielectric constant [19-24].
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However, these derived equations do not consider the dependence of the energy density of states of a quantum well
on deformation and magnetic field.

The effect of deformation on the cyclotron frequency of charged particles in a quantum well
One of the physical effects that depends on the change in the energy spectra of charged particles under the influence
of deformation is the cyclotron frequency. The cyclotron frequency is a quantity that depends on the energy of the Landau

1
levels of charged particles: E, =hw, (N . +5) . That is, the cyclotron frequency is represented by the electron spectrum

in a strong magnetic field. To calculate this spectrum, it is necessary to solve the Schrodinger equation in a quantizing
magnetic field.

(H(K)+Hg—E)F =0 (5)

where, K =k + ih A is the total momentum, H=rotA; the wave function in the F-effective mass approximation [25].
C

In the effective mass approximation (5), it is sufficient to restrict the expression H(K) in the Schrodinger equation
to quadratic terms in K, and it is not necessary to take into account the dependence of the g-factor on K. In addition, in
the approximation in (5), the cyclotron frequency is the same for all charged particles, which indicates that the spin effect
can be ignored. In this case, the Schrodinger equation (5) reduces to the following expression for the effective mass tensor
in the principal coordinate axes:

i ml‘

(Z ;’2 K’ —EJF =0 (6)

If equation (6) is applied to the quantum field and a solution is found, then Ey will have the following form:

1 =°n
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m
It is known from work [26] that the cyclotron effective mass varies with deformation. For example, in work [26],
the graph of the . (¢) function is presented (Fig. 1).
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Figure 1. Cyclotron mass dependence of p-type silicon on deformation [26]
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This figure shows the dependence of p-type germanium on (e) is

m
linearly dependent on strain (¢) at large strains.
It can be seen from this figure that the Landau levels of the quantum wells are significantly affected by large
deformation.

Dependence of the forbidden band width on the density of states in the conduction band of a quantum well

Various experiments are being conducted to study the influence of pressure, deformation, and temperature on
quantum oscillation effects in new types of bulk and quantum-based semiconductors, and new scientific and practical
results are being obtained. For example, the fact that the oscillation processes of the energy density of states lead to
oscillations of all quantum effects was shown in these works [27-39] proposed a new model of the temperature
dependence of magnetoresistance, magnetic absorption and quantum Hall effect oscillations of bulk and nanostructured
semiconductors. In this work, theoretical mechanisms for the temperature dependence of magnetoresistance and magnetic
absorption oscillations were developed, taking into account the thermal expansion of discrete Landau levels. However, in
these works, the dependence of the energy density of states, magnetoresistance and magnetic absorption oscillations on
deformation for parabolic dispersion laws was not considered at all.

The main purpose of this work is to theoretically determine the method for calculating the effect of deformation on
Landau levels in the conduction band of quantum-enclosed semiconductors.

Let us consider the effect of temperature and strain on the Landau levels in the conduction band of a rectangular
quantum well for the parabolic dispersion law. Here, the magnetic field induction is directed along the Z axis, parallel to
the thickness of the quantum well, perpendicular to the XOY plane. Let us choose the ceiling of the valence band of the
quantum well as the starting point for the energy spectrum of charge carriers. In this case, the energy spectra of free
electrons and holes under the influence of a quantizing magnetic field are calculated by the following equations:

2d _ 2d 1 °n 2
E(B,N,,n.,d)=E, +(NL+E)hw”+—2m FE n; )
24 1 T’ 2
E“(B,N,,n_,d)=— (NL+E)ha)v+2m PE n; (10)
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For the quadratic dispersion law [40]
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In previous works, the equation for the temperature dependence of the density of energetic states for the parabolic

dispersion law of a quantum-walled heterostructure has been presented. In this case, based on condition (9), the density
of energetic states can be written as follows:

222 2
E-|EX+ NL+l hao, + ”hznf
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N*(E,B,T,d)=
s ) NZ wh kT (kT)’

(12)

The difference between equation (12) and the previous equations is that the two-dimensional density of states
depends on the band gap of the quantum well.
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The effect of deformation on the energy density of states of a quantum well.

Now let us consider the effect of deformation on the energy density of states in the conduction band of a quantum
well. It is known that when a semiconductor structure is subjected to deformation, its resistance changes. The resistance
that changes under the influence of this deformation is called the tensoresistance. The tensoresistance effect divides the
types of elastic deformation into 2 classes, mainly depending on the change in the symmetry of the crystal lattice of
semiconductor structures. The symmetry of the crystal lattice of semiconductors practically does not change due to the
overall deformation. Therefore, the fact that the crystal lattice remains unchanged from a symmetrical point of view
cannot change the resistance component of any material when this deformation is applied. Usually, when the effect of
deformation is applied to semiconductor structures, volumetric (all-round) compression is considered [41]. Under the
influence of volumetric deformation, the deformation tensor (u;;) of the crystal lattice becomes a scalar (u), and the lattice
constant changes as follows:

a =a(l-u), (13)

where a ' is the lattice constant after deformation, a is the lattice constant before deformation, u is the relative deformation.

A decrease in the interatomic distance of semiconductor structures increases the degree of “coverage” of the wave
functions of charge carriers. This, in turn, leads to a change in the interatomic interaction potential energy W(a) of the
crystal lattice of the material. If the W, (a) =W (a,) condition is introduced, then the value of the potential energy W
should also increase in the special limits a<ay and a>ay. A change in the interatomic potential energy W of the crystal
lattice of semiconductor structures leads to a shift in the allowed boundary zones of the quantum well. This, in turn, causes
a change in the forbidden band width of the quantum well.

That is, in this [41] work:

o= _L_aA_SO_ (14)
Ag, OP
Then
Ag(P)=Ag,(1-aP). (15)

The change in the forbidden band width of the quantum well under the influence of volumetric deformation is formed by
the shifts of the bottom of the quantum well conduction band E. and the ceiling of the valence band E,.
Under the influence of weak deformation

E(6)=E.(0)+Ae¢

. (16)
E(e)=E (0)+A ¢
Using the condition E,(¢) = E_(¢€) - E, (¢) and according to (16), the following equation is derived:
E (6)=E,(0)+Ae, (17)

where A, and A, are the deformation results in the conduction and valence bands of the quantum well.

One of the main components of volumetric deformation is the compression (stretching) of the crystal lattice from
all sides. Therefore, a change in the concentration of electrons and holes associated with volumetric deformation must be
observed in all cases. A change in the concentration of charge carriers n(g) leads to a change in the energy density of
states of this quantum well. Then, substituting (17) into (12), we obtain the following N‘(E,&,B,T) :

2d ( p2d 1 T°n 2 ’
E—(Eg (E (0)+A€)+(NL+2]ha)c+2m L n

= eB 1
N*(E,B.T.e,d)= S 2. . _ ¢ 18
s ) NZ an kT P (kTY’ (18)

Thus, a new analytical expression for the dependence of the energy density of states of a quantum well on B, T and
d under the influence of volumetric deformation was derived.

According to the new analytical expression (18), one can see the graph of the dependence of the oscillations of the
density of states in the conduction band of a quantum well on deformation (Fig. 2). Fig. 2 shows the effect of deformation
on the states in a GaAs quantum well. Here, Eo(0)=1.52 eV [42-43], B=7 T, ¢=0.001. With these parameters, the
N2(E,B,¢) under the effects of e=0 and £=0.001 are compared. As can be seen from the graphs in this figure, a slight

shift of the discrete Landau levels to the right is observed under the influence of deformation. This, of course, reflects the
effect of free electrons on the energy spectrum.
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Figure 2. Effect of deformation on the density of states in a GaAs quantum well according to the parabolic dispersion law
Dependence of deformation on quantum oscillation effects in quantum-walled semiconductor structures

Oscillations in the magnetoresistance and magnetoreductive effects arise when the energy density of states in
quantum well heterostructures changes. Using equation (18), we determine the dependence of the oscillations in the
magnetoresistance and magnetoreductive effects on the overall deformation. The dependence of the Fermi level on the
overall deformation can be written as follows:

EF(S,T)=—Eg(8)+§kT1n(m’1J, (19)
2 4 m,
E| ~E8E) 3 [ ™
2 4 m,
€
*P kT
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E—(— f +len[’;D
2 4 m,
I+exp
kT

The dependence of effective masses on deformation can be expressed as follows [44-45]:
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Using (18), (19), (20), (21) and the p;*(B,T) and y;’(B,T) mathematical models in [46-47], the following

expression is derived:
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If the deformation is equal to or greater than the critical value (& > €k), then the Landau levels begin to shift towards
the edges of the conduction band. Using equations (23) and (24), we obtain graphs of the magnetoresistance and
magnetoresistance oscillations of the quantum well. Fig. 3 shows the dependence of the magnetoresistance and
magnetoresistance oscillations of the GaAs quantum well material on the overall deformation. As can be seen from this
figure, the appearance of the oscillations of charged particles changes significantly with increasing deformation.
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Figure 3. Oscillations of p(B,T,¢) in a GaAs quantum well at various deformations

Figures 4 and 5 show three-dimensional images of the magnetoresistance and magnetoresistance oscillations of the
GaAs quantum well at various deformations. As the strain in a GaAs quantum well increases to 0.004, a slight decrease
in the number of discrete Landau levels of free electrons is observed in the magnetoresistance and magnetoresistance
effects at a constant low temperature.

Using equations (23) and (24), it is possible to calculate both deformation and temperature effects of p*/(B,T,€)

and y**(B,T,&) of quantum coils subject to the law of parabolic dispersion at the same time.
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Figure 4. The dependence of the magnetoresistance of a Figure 5. Dependence of magnetic susceptibility of a GaAs
GaAs quantum well on deformation p(B,7,¢) quantum well on deformation y(B,T,e)

CONCLUSIONS
Based on the results of this study, the following conclusions were drawn:
1. The dependence of the energy density of states in the conduction band of quantum well semiconductors subject
to parabolic band dispersion on deformation was introduced.
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2. A new analytical expression was found that determines the dependence of the energy density of states of a
quantum well on deformation (N sS(E,B,T ,8)) )

3. The quantum oscillation effects of a quantum well were studied theoretically using the proposed analytical
expression.

4. Methods for calculating p**(B,T,e) and y*/(B,T,e) of a quantum well using N{‘(E,B,T,c) were
developed.

ORCID
U.Sh. Turdiev, https://orcid.org/ 0009-0009-7808-4113; ©M.G. Dadamirzaev, https://orcid.org/0000-0003-0756-8275
U.L. Erkaboev, https://orcid.org/0000-0002-6841-8214; ®R.G. Rakhimov, https://orcid.org/0000-0003-0850-1398
M.M. Tursunov, https://orcid.org/0009-0000-0222-951X; ©®Q.A. Temirov, https://orcid.org/0009-0008-9339-1202

REFERENCES

[1] E. Kasapoglu, Opt. Quantum Electron. 57, 85 (2025). https://doi.org/10.1007/s11082-024-08000-3

[2] U.L Erkaboev, R.G. Rakhimov, U.M. Negmatov, N.A. Sayidov, and J.I. Mirzaecv, Rom. J. Phys. 68(5-6), 614 (2023).
https://tjp.nipne.ro/2023 68 5-6/RomJPhys.68.614.pdf

[3] G. Gulyamov, U.I. Erkaboev, and N.Y. Sharibaecv, Mod. Phys. Lett. B, 30(07), 1650077 (2016).
https://doi.org/10.1142/S0217984916500779

[4] U. Erkaboev, R. Rakhimov, J. Mirzaev, U. Negmatov, and N. Sayidov, Int. J. Mod. Phys. B, 38(15), 2450185 (2024).
https://doi.org/10.1142/S0217979224501856

[5] G. Gulyamov, M.G. Dadamirzayev, M.O. Qosimova, and S.R. Boydedayev, AIP Conf. Proc. 2700(1), 050013 (2023).
https://doi.org/10.1063/5.0124926

[6] T. Burgess, D. Saxena, S. Mokkapati, Z. Li, R.C. Hall, J.A. Davis, Y. Wang, et al., Nat. Commun., 17(7), 11927 (2016).
https://doi.org/10.1038/ncomms11927

[7] D. Luo, L. Wang, Y. Qiu, R. Huang, and B. Liu, Nanomaterials, 24, 1226 (2020). https://doi.org/10.3390/nano10061226

[8] U.L. Erkaboev, N.A. Sayidov, U.M. Negmatov, R.G. Rakhimov, J.I. Mirzacv, E3S Web Conf. 401, 04042 (2023).
https://doi.org/10.1051/e3sconf/202340104042

[91 U. Erkaboev, R. Rakhimov, J. Mirzaev, N. Sayidov, U. Negmatov, and M. Abduxalimov, AIP Conf. Proc. 2789(1), 040055
(2023). https://doi.org/10.1063/5.0145554

[10] G. Gulyamov, M.G. Dadamirzaev, and S.R. Boidedaev, Semiconductors, 34, 555 (2000). https://doi.org/10.1134/1.1188027

[11] M. Ahmetoglu (Afrailov), G. Kaynak, S. Shamirzaev, G. Gulyamov, A. Gulyamov, M.G. Dadamirzaev, S.R. Boydedayev, et al.,
Int. J. Mod. Phys. B, 23(15), 3279 (2009). https://doi.org/10.1142/S0217979209053084

[12] A. Sali, and H. Satori, Superlattices Microstruct. 69, 38 (2014). https://doi.org/10.1016/j.spmi.2014.01.011

[13] K. El-Bakkari, A. Sali, E. Iqraoun, A. Rezzouk, N. Es-Sbai, and M.O. Jamil, Phys. B, 538, 85 (2018).
https://doi.org/10.1016/j.physb.2018.03.010

[14] H. Ehrenreich, J. Appl. Phys. 32, 2155 (1961). https://doi.org/10.1063/1.1777035

[15] U.I. Erkaboev, N.A. Sayidov, U.M. Negmatov, J.I. Mirzaev, and R.G. Rakhimov, E3S Web Conf. 401, 01090 (2023).
https://doi.org/10.1051/e3sconf/202340101090

[16] S.H. Shamirzaev, G. Gulyamov, M.G. Dadamirzaev, and A.G. Gulyamov, Semiconductors, 43, 47 (2009).
https://doi.org/10.1134/S1063782609010102

[17] G. Gulyamov, M.G. Dadamirzaev, and S.R. Boidedaev, Semiconductors, 34, 260 (2000). https://doi.org/10.1134/1.1187967

[18] M.G. Dadamirzaecv, M.O. Kosimova, S.R. Boydedayev, and A.S. Makhmudov, East Eur. J. Phys. (2), 372 (2024).
https://doi.org/10.26565/2312-4334-2024-2-46

[19] E. Kasapoglu, H. Sari, and I. S6kmen, Surf. Rev. Lett. 15, 201 (2008). https://doi.org/10.1142/S0218625X08010440

[20] B. Welber, M. Cardona, C.K. Kim, and S. Rodriquez, Phys. Rev. B, 12, 5729 (1975). https://doi.org/10.1103/PhysRevB.12.5729

[21] A.S. Puzanov, S.V. Obolenskii, and V.A. Kozlov, Semiconductors, 49(1), 69 (2015). https://doi.org/10.1134/S1063782615010224

[22] Y. Tokura, K. Yasuda, and A. Tsukazaki, Nat. Rev. Phys. 1, 126 (2019). https://doi.org/10.1038/s42254-018-0011-5

[23] R. Macaluso, H.D. Sun, M.D. Dawson, F. Robert, A.C. Bryce, and J.H. Marsh, Appl. Phys. Lett. 82, 4259 (2003).
https://doi.org/10.1063/1.1583865

[24] M.S. Aghaei, I. Torres, and I. Calizo, Comput. Mater. Sci., 138, 204 (2017). https://doi.org/10.1016/j.commatsci.2017.06.041

[25] G.L. Bir, and G.E. Pikuc, Symmetry and deformation effects in semiconductors, (Nauka, Moscow, 1972). (in Russian)

[26] J.C. Hensel, and G. Feher, Phys. Rev. 129, 1041 (1963). https://doi.org/10.1103/PhysRev.129.1041

[27] C.P. Herrero, and R. Ramirez, J. Phys. Chem. Solids, 171, 1100980 (2022). https://doi.org/10.1016/j.jpcs.2022.110980

[28] S.V. Gudina, A.S. Bogoliubskii, A.S. Klepikova, V.N. Neverov, K.V. Turutkin, S.M. Podgornykh, N.G. Shelushinina, et al.,
J. Low Temp. Phys. 45(4), 412 (2019). https://doi.org/10.1063/1.5093521

[29] V.IL Litvinov, V.K. Dugaev, V.L.V olkov, and M. Oszwaldowski, Inorg. Mater. 33(2), 203 (1997).

[30] E.A. Neifeld, KM. Demchuk, G.I. Kharus, A.E. Bubnova, LI Domanskaya, G.D. Shtrapenin, and S.Yu. Paranchich,
Semiconductors, 31(3), 261 (1997). https://doi.org/10.1134/1.1187122

[31] Ul Erkaboev, and R.G. Rakhimov, e-Prime - Adv. Electr. Eng., Electron. Energy, 5, 1000236 (2023).
https://doi.org/10.1016/j.prime.2023.100236

[32] U. Erkaboev, R. Rakhimov, J. Mirzaev, N. Sayidov, U. Negmatov, and A. Mashrapov, AIP Conf. Proc. 2789(1), 040056 (2023).
https://doi.org/10.1063/5.0145556

[33] D.S. Abramkin, and T.S. Shamirzaev, Semiconductors, 53(5), 703 (2019). https://doi.org/10.21883/FTP.2019.05.47569.9018

[34] U.L. Erkaboev, R.G. Rakhimov, J.I. Mirzaev, U.M. Negmatov, and N.A. Sayidov, Ind. J. Phys. 98(1), 189-197 (2024).
https://doi.org/10.1007/s12648-023-02803-y



325
Influence of Deformation on Quantum Oscillations in Low-Dimensional Semiconductor EEJP. 1 (2026)

[35] B.P. Koman, Semiconductors, 48(5), 659 (2014). https://doi.org/10.1134/S1063782614050091

[36] D. Slobodzyan, M. Kushlyk, R. Lys, J. Shykorjak, A. Luchechko, M. Zytka, W. Zylka, et al., MDPI Materials, 15, 4052 (2022).
https://doi.org/10.3390/mal15124052

[37] Y.N. Qiu, and J.M. Rorison, Appl. Phys. Lett. 82, 081111 (2005). https://doi.org/10.1063/1.2034103

[38] U. Rani, P.K. Kamlesh, T.K. Joshi, R. Singh, S. Sharma, R. Gupta, T. Kumar, and A.S. Verma, Comput. Condens. Matter. 36,
00835 (2023). https://doi.org/10.1016/j.cocom.2023.e00835

[39] Y. Joseph, H. Mehdi, A.M. Brenden, M. William, C.D. Matthieu, S. Kasra, S.W. Kaushini, ef a/., Phys. Rev. B, 101, 205310
(2020). https://doi.org/10.1103/PhysRevB.101.205310

[40] IM. Tsidilkovskii, Electrons and holes in semiconductors. Energy spectrum and dynamics (Nauka, Moscow, 1972). (in Russian)

[41] P.I. Baransky, V.P. Klochkov, and 1.V.Potykevich, Semiconductor electronics (Naukova Dumka, Kyiv, 1975). (in Russian)

[42] R. Pissler, Phys. Stat. Sol. (b), 236(3), 710 (2003). https://doi.org/10.1002/pssb.200301752

[43] R. Péssler, Phys. Stat. Sol.(b), 216(2), 975 (1999). https://doi.org/10.1002/(SICI)1521-3951(199912)216:2%3C975::AID-
PSSB975%3E3.0.CO;2-N

[44] A.L. Polyakova, Deformation of semiconductors and semiconductor devices, (Energy, Moscow, 1979). (in Russian)

[45] G. Gulyamov, M.G. Dadamirzayev, K.M. Uktamova, and B.Z. Mislidinov, AIP Conf. Proc. 2700(1), 050007 (2023).
https://doi.org/10.1063/5.0126516

[46] W. Zawadzki, A. Raymond, and M. Kubisa, Phys. Status Solidi B, 251(2), 247 (2014). https://doi.org/10.1002/pssb.201349251

[47] U. Rani, P.K. Kamlesh, T.K. Joshi, S. Sharma, R. Gupta, S. Al-Qaisi, and A.S. Verma, Phys. Scripta, 98, 075902 (2023).
https://doi.org/10.1088/1402-4896/acd88a

BILJIUB JJE®OPMAIIIT HA KBAHTOBI KOJITMBAHHS B HU3bKOBUMIPHIX HATIIIBITPOBITHUKAX
V.II. Typaies!, M.T. lanamip3zaes?, V.I. Epka6oes?, P.I'. Paximos?, M.M. Typcynos?, K.A. Temipos?, LII.X. YTkipos!
! Tawkenmcoruii ximixo-mexnonoziunuii incmumym, @inis Snziep, 121001 Cupoap's, Ysbexucman
2Hamanzancokuii Oepacasnuti mexuivnutl ynisepcumem, 160115 Hamanean, Ysbexucmarn

V wi#t crarTi po3risaaeTses BIUMB AedopMaii Ha piBHi JlaHnay eneKkTpoHIB Ta JipOK y KBAaHTOBUX HAIIBIPOBIIHUKAX. 3aCTOCOBAHO
BIUTHB JedopMaiii Ha TeMIepaTypHy 3alIeKHICTh KBAaHTOBHX KOJHMBAIBHUX €(EKTiB y MaJOpO3MIpHHX HAIliBIPOBIIHHKAX, IO
HiIIOPSAIKOBYIOTECS KBaIPATHIHOMY 3aKOHY Aucrepcii. Takox TeopeTnvHO MOsICHEHO 3aJIe)KHICTh MOBEPXHEBOI T'YCTHHH CTaHIB Bif
TEMIIepPaTypPH Ta MarHiTHOTO TOJIS IS HAIMIBIPOBIIHUKOBUX T€TEPOCTPYKTYPHHUX MaTepiaiiB. 3allpOIIOHOBAHO HOBHUH aHAIIITHYHHUN
BHpA3 IS PO3paxyHKy BIUIMBY MarHiTHOTO ITOJISl HA IOBEPXHEBY T'YCTHHY CTaHIB HA MEXi HaliBIPOBITHUK-AieNeKTpUK. Po3pobieHo
MaTeMaTHYHy MOJIENb IS BH3HAUCHHS BIUIMBY CIJIBHOTO MAarHITHOTO IIOJISI Ha TEMIIEpaTypHY 3aJIeKHICTH ITOBEPXHEBOI I'yCTHHHU
CTaHIB y HaMiBIPOBIIHUKOBHUX T'eTEPOCTPYKTypax. B pe3ynbrari, Ha OCHOBI 3alpOIIOHOBAHOI MOJEII IOSICHIOETHCS PO3IUICHHS
HETIePepBHUX CHEPreTHYHUX CHEKTPiB, BUMIPSIHUX NPU KIMHATHIH TeMmeparypi IiJi BIUIHBOM CHJIBHOIO MAarHiTHOIO IOJS, Ha
JMCKPETHI PiBHI IIPH HU3BKUX TEMIIEpaTypax.

KurouoBi ciioBa: nanienpogionux,; npogionicms,; K6aumosa Ama, MazHimoonip, Mazximmue noje





