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The results of a study of the deformation characteristics of polycrystalline films from the (Bi0.25Sb0.75)2Te3 solid solution at one-sided 
cyclic alternating mechanical stresses is presented. The films were obtained on a polyamide substrate by the method of thermal vacuum 
condensation of molecular beams and had a columnar porous structure with the dimensions of individual crystalline grains of 2.0-2.5 µm. The 
effect of static and cyclic deformations on the electrical resistance and volt-ampere characteristics of strain gauge films was studied in order to 
manufacture strain gauges for fatigue damage accumulation on their basis. It was shown that at room temperature such films have an 
abnormally high static strain sensitivity G ≈ 103 arb. units and a significant hysteresis of their resistance change was detected at small numbers 
of alternating deformation cycles. As a result of N = 5∙105 deformation cycles, the linear section of the volt-ampere characteristic expands 
from (0-5) V at N = 0 to (0-12) V. And the temperature coefficient of resistance in the range of 293 K-Tmin changes from 

3 15.6 10 Kα − −= − ⋅  to 4 12.5 10 Kα − −= − ⋅ . Thecharacteristic value of Tmin, at which α = 0, increases with the growth of N. The studied
strain gauge films can be successfully used as a sensor of fatigue stress accumulation in the temperature range of T = 273-413 K and the
value of N = 0 – 5∙105.
Keywords: Narrow-gap semiconductor (BixSb1-x)2Te3; Porous polycrystalline films; Strain sensitivity; Cyclic alternating strain;
Hysteresis of changes in electrical resistance with strain; Strain gauge of fatigue damage accumulation
PACS: 62.20.fg, 73.50.Dn, 77.84.-s, 85.50.-n, 91.60.Ba

INTRODUCTION 
The strain gauge method for studying the properties of semiconductor materials is one of the most common and 

informative methods for studying thin-film structures, which are widely used to manufacture electrical sensors [1-4], 
pressure and displacement sensors [5-7]. From the point of view of the technical application of thin semiconductor films 
as a strain-sensitive element, the current-voltage characteristic (CVC) plays a special role, in particular, it allows us to 
judge their energy capabilities and suitability for strain gauge measurement. An important parameter is the maximum 
permissible power consumption of the strain gauge under specified operating conditions. This is due to the fact that 
semiconductor films are very sensitive to various types of radiation and temperature changes, and when passing high 
currents through film samples, their excess Joule heating may occur, which is reflected accordingly in their operating 
parameters. Thus, it can lead to a nonlinear CVC and, thus, to an increase in the error in the instrument readings. In 
addition, to ensure safe operation of structures such as aircraft and prevent their destruction during operation, it is 
necessary to know the number of deformation cycles that a given structure has experienced. In this regard, film strain 
gauges of fatigue damage accumulation (FDA) based on narrow-band semiconductors [5-10] are successfully used, 
changing their characteristics with an increase in the number of deformation cycles acting on them. 

As is known [7-11], the main electrophysical characteristics of strain gauges are the initial values of electrical 
resistance 𝑅଴, strain sensitivity 𝐺଴ and their changes under the influence of external factors, such as cyclic mechanical 
deformation , temperature Т, frequency of the supply alternating voltage 𝑓 etc. Recently, due attention has been paid to 
the study of the features of low- and high-cycle fatigue of strain gauges made of low-dimensional structures at different 
deformation amplitudes [12-16]. It should be noted that the authors and their colleagues have recently obtained interesting 
results in the study of the strain gauge properties of thin polycrystalline films of narrow-band semiconductors [17-21]. 
Although it has been shown [9-11] that the nature of the anomalously high strain sensitivity 𝐺  104 𝑎𝑟𝑏.𝑢𝑛𝑖𝑡𝑠. of porous 
films ሺ𝐵𝑖௫𝑆𝑏ଵି௫ሻଶ𝑇𝑒ଷ is associated with the formation of microcracks at high deformation amplitudes 𝜀10ିଷ , however, 
the mechanisms of cyclic deformations at arbitrary amplitudes and amounts of stresses still remain unclear. 

This work is devoted to the study of the influence of the number of cycles 𝑁 and the amplitude 𝜀 of alternating 
deformation on the characteristics of films from a solid solution ሺ𝐵𝑖௫𝑆𝑏ଵି௫ሻଶ𝑇𝑒ଷ according to the change in the value of 
its electrical resistance and the strain gauge coefficient (SGC), determined by the expression 𝐺 = ௱ோோబ⋅ఌ , (1)

where 𝜀 = 𝛥ℓ/ℓ଴ and 𝛥ℓ = ℓሺ𝜀ሻ − ℓ଴ are the values of relative and absolute strain, 𝛥𝑅 = 𝑅ሺ𝜀ሻ − 𝑅଴, and 𝑅଴  are the 
electrical resistance of the sample at 𝜀 = 0. 
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The current-voltage characteristic and temperature dependence of the resistance of ሺ𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହሻଶ𝑇𝑒ଷ strain gauge 
films under the action of static and cyclic alternating deformations (CAD) are considered with the aim of manufacturing 
FDA based on them. It is shown that as a result of the action of 55 10N = ⋅  strain cycles, the linear section of the current-
voltage characteristic expands from (0-5) V at 0N =  to (0-12) V. The studied films can be successfully used as FDA in 
the temperature range of 273 413Т K= −  and the value of 55 10 .N ≤ ⋅  

 
TECHNOLOGY AND MEASUREMENT METHODS  

Polycrystalline films of ሺ𝐵𝑖х𝑆𝑏ଵିхሻଶ𝑇𝑒ଷ with an area of 5 × 20 𝑚𝑚ଶ were obtained by thermal evaporation in a 
vacuum with a residual vapor pressure of ሺ1 − 3ሻ ⋅ 10ିଶ 𝑃а from a mixture of powders 𝐵𝑖ଶ𝑇𝑒ଷ and 𝑆𝑏ଶ𝑇𝑒ଷ in a ratio of х и ሺ1 − хሻ 𝑚𝑜𝑙 %. The temperature of the substrate made of polyamide PM-1 varied in the range of Тௌ = 323 − 423 𝐾, 

and the growth rate of the films was − 𝑊 = 150 − 450 𝐴଴ 𝑐ൗ . The most strain-sensitive ሺ𝐺 ≈ 10ଷ 𝑎𝑟𝑏.𝑢𝑛𝑖𝑡𝑠. ሻ films with 

optimal performance characteristics were obtained at thicknesses of 𝑑 ≈ 3 − 5 𝜇𝑚, Тௌ = 363 𝐾, 𝑊 = 200𝐴଴ 𝑐ൗ  and at a 
value of х = 0.25. The method for measuring the deformation characteristics of the films was chosen in the same way as 
in [1, 7-9]. The samples were not subjected to preliminary heat treatment. The freshly prepared films had an unstable 
SGC, caused by the presence of strong nonequilibrium internal mechanical stresses (IMS) [11]. With an increase in the 
N number of CAD, the value of G decreases monotonically, which indicates the possibility of using the manufactured 
films as FDA. Electron microscopic and X-ray structural studies [3, 7] showed that the grown ሺ𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହሻଶ𝑇𝑒ଷ layers 
had a polycrystalline columnar and porous structure. The sizes of individual crystalline grains were 2 − 2.5 𝜇𝑚. 

To measure the deformation characteristics (DC), the studied films from ሺ𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହሻଶ𝑇𝑒ଷ were glued to a beam 
of equal resistance made of titanium alloy. The deformation of the films was carried out by bending the beam. In this 
case, the value of the relative deformation ε was calculated by the magnitude of the bending of the cantilever-fixed beam 
according to the known expression [1] 

 𝜀 = 3𝑎𝑏𝑥/ℓଷ, (2) 

where a is the distance from the neutral axis of the cantilever beam to the film, b is the distance from the point of 
application of the force to the middle of the film sample, Δx is the bending of the free end of the plate at the point of 
application of the force,   is the length of the plate between the support point and the point of application of the force. 
The deformation value varied in the range from ε = +2.10-3 to ε = -2.10-3 arb. units. 

Strain measurements were made at different temperature ranges of the environment. In order to reduce the 
measurement error, it is necessary to manufacture strain gauges with minimum temperature coefficients of resistance and 
strain sensitivity. 

 𝛼 = 𝑑𝑅/𝑅଴𝑑𝑇, 𝛼ᇱ = 𝑑𝐺/𝐺଴𝑑𝑇, (3) 

where 𝑅଴ and 𝐺଴ are the resistance and SGC at a temperature of 𝑇଴ = 273଴ 𝐾 in a given mechanical state of the films. 
The study of these parameters of semiconductor strain gauges will to a certain extent help to explain the nature of the 
physical processes occurring in such a heterogeneous structure as a porous polycrystalline film subjected to mechanical 
deformation [7, 8]. 

The temperature dependence of the tensometric parameters of the films ሺ𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହሻଶ𝑇𝑒ଷ produced was 
investigated in the range 293-455 K. It turned out that at high substrate temperatures 𝑇௦ ≈ 413 𝐾 and high condensation 

rates 𝑊400𝐴଴ 𝑐ൗ  denser films with a small SGC are obtained. The resistance of such films has a metallic dependence 
with temperature (𝛼 = 0.85 ∙ 10ିସ𝐾ିଵ) and it remained practically unchanged after exposure CAD. 

 
RESULTS OF THE EXPERIMENT AND THEIR DISCUSSIONS  

1. The region of small values of N.  
Here we first present the results of the study of the absolute 𝛥𝑅 = 𝑅(𝜀) − 𝑅଴ and relative 𝛥𝑅(𝜀)/𝑅଴ changes in the 

resistance of freshly prepared samples with a small number of cycles of mechanical loading with a change not only in 
value but also in sign. For example, at the first stage, we will consider the region of tensile deformation from 𝜀 = 0 to 𝜀 = 𝜀଴, at the second stage we will obtain in the direction of deformation removal, i.e. when changing 𝜀 from 𝜀଴ to 0, at 
the third and fourth stages we radiate the region of compression deformations, first from 𝜀 = 0 to 𝜀 = −𝜀଴, and then from 𝜀 = −𝜀଴ to 𝜀 = 0 and complete one cycle of alternating deformations. The strain-sensitive films made from (𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହ)ଶ𝑇𝑒ଷ withstood quite large numbers CAD before noticeable mechanical destruction. It is obviously of 
interest to study DC films in extremely small and large quantities N CAD. 

Fig. 1 shows DC at small values of N, and here the change in R film was first studied only at 4-х cycles of tensile 
deformation (0 ≤ 𝜀 ≤ 0.9 ⋅ 10ିଶ𝑎𝑟𝑏.𝑢𝑛𝑖𝑡𝑠. ), and then at 4-х cycles of compressive deformation (−0.9 ⋅ 10ିଶ ≤ 𝜀 ≤ 0). 
It is seen that when we first smoothly increase the load to 𝜀଴ and then also smoothly remove it to 0, we observe a residual 
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change in the relative resistance of 𝛥𝑅௥௘௦଴ (𝑁)/𝑅଴. This value is different for stretching and compression, which reflects 
the presence of IMS in the film. It is seen that in this case IMS is negative (compressed 𝜀଴ < 0), in addition, it decreases 
monotonically with the growth of N. 

Thus, in films (𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହ)ଶ𝑇𝑒ଷ, a significant hysteresis of resistance change 𝑅ே(𝜀) is observed with one CAD (𝑁 = 1) with an unclosed end. The following hysteresis loops directly continue the previous one and shift to the region 
of large values R, and the absolute value of the vertical displacement 𝛥𝑅 for the next loop decreases monotonically 
(Fig. 2). 
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Figure 1. Deformation characteristics of freshly prepared film (𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହ)ଶ𝑇𝑒ଷ under 4-х cycles of tensile deformation 
(curves 1-4 with arrows indicating the direction of loading) and 

compression (curves 1′-4′) at room temperature 

Figure 2. Hysteresis of the change in resistance of the film 
from (𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହ)ଶ𝑇𝑒ଷ under the influence of CAD. The 

open hysteresis with dashed lines corresponds to the second 
CAD (N=1) 

Fig. 3 shows the dependence of the change in resistance and SGC on the number CAD in the region 1 ≤ 𝑁 ≤ 4. It 
is evident that the value of G decreases sharply, and R increases, with an increase in the number CAD at low N, and then 
passes to a smooth monotonic decline. Apparently, the initial sections of the dependence 𝑅ఌ(𝑁) and 𝐾ఌ(𝑁) are due to 
strongly nonequilibrium IMS films (𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହ)ଶ𝑇𝑒ଷ without preliminary heat treatment. 

2. The region of large values of the number of deformation cycles. Stabilization of the strain gauge parameters 
of films. 

Figure 4 shows the static deformation characteristics of the films before and after exposure to cyclic alternating 
loads in large quantities (𝑁 ≫ 1). It can be seen that before exposure to deformation cycles, the film resistance increases 
almost linearly under the action of tensile deformation, while the dependence of the resistance on compressive 
deformation is nonlinear, and the value of the strain-sensitivity coefficient under compressive deformation is noticeably 
less than under tensile deformation (curve 1). 
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Figure 3. Change in resistance R and SGC with the growth of 
the number CAD in the area of 1 ≤ 𝑁 ≤ 4 

Figure 4. Deformation characteristic of the relative change in 
resistance of films from (𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହ)ଶ𝑇𝑒ଷ before (curve 1) 

and after (2) cyclic deformation. For curve 𝑁 = 5 ∙ 10ହ 
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After exposure to deformation cycles (𝑁 ≅ 5 ∙ 10ହ), the nonlinearity of the static DC film decreases, its strain 
sensitivity increases during compression deformation, and decreases during tension (curve 2), i.e. the asymmetry 
practically disappears. 

Fig. 5 and Fig. 6 show the dependence of the relative change in resistance ∆𝑅/𝑅଴ and the strain-sensitivity 
coefficient G on the number of deformation cycles at different deformation amplitudes 𝜀. It is evident that with an increase 
in the number of alternating deformation cycles and its amplitude, the relative change in resistance increases, while their 
strain-sensitivity G decreases, and at values (𝑁 = 5 ∙ 10ହ) in the dependences 𝑅(𝑁),𝐺(𝑁), a tendency toward saturation 
is observed. 
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Figure. 5. Relative change in the resistance of strain films (𝐵𝑖х𝑆𝑏ଵିх)ଶ𝑇𝑒ଷ from the number of cycles of alternating 

deformations N, at different deformation amplitudes ε .10-3: 
I - ± 0.25, II - ± 0.5, III - ± 0.75 and IV - ± 1.0 

Figure 6. Dependence of G films on the number of 
deformation cycles at relative deformation amplitudes of 

ε .10-3: I - ± 0.25, II - ± 0.5, III - ± 0.75 and IV - ± 1.0. 

In our opinion, the experimental facts obtained here can be explained on the basis of a model of the film as a system 
of microcontacting conducting grains, the dielectric gap between which changes with deformation. Indeed, after the action 
of the required number of cycles of alternating deformation, the width of the gap between the crystalline grains increases 
as a result of abrasion of the contacting surfaces of the grains, leading to an increase in the film resistance and the removal 
to one degree or another of the preliminary IMS. The latter, in turn, determines the tendency toward a linear and 
symmetrical form DC of the film under the action of deformation cycles. 

Therefore, it can be assumed that in the manufactured films (𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହ)ଶ𝑇𝑒ଷ, high values of resistance and strain-
sensitivity coefficient are correlated with the value of IMS, the dielectric gap and the size of the crystallites. The action 
of CAD leads to an increase in the change in the value of resistance and strain-sensitivity coefficient under compression, 
and to a decrease in the value of G under tension, as well as a change in the shape of the static deformation characteristic. 

3. Effect of cyclic deformations on the temperature dependence of film resistance. 
The temperature dependence of the electroresistance of the polycrystalline film (𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହ)ଶ𝑇𝑒ଷ and the influence 

of the current CAD can be qualitatively described on the basis of the linear model of microcontacting [7,8,11,21], 
according to which the resistance of the film is represented as the sum of the connected resistance of the intercrystalline 
interface .por iR  and the individual crystalline levels .cr iR  

 ( ). .film cr por cr i por i
i

R R R R R= + = + . (4) 

Here crR  is the film resistance due to the volume of crystalline grains and depends on the temperature as 

 ( )0
01cr cr crR R Т Тα = + −  , (5) 

characteristic of metal resistors made of massive monocrystalline material, 0
crR - the resistance of a dense film at 

0 273Т К= . We believe that the film resistance, caused by the presence of pores (interface potential barriers), will change 
with temperature as 
 ( )0

por por porR R ехр Е kТ≈ ⋅ , (6) 

where 0
porR  is some characteristic resistance of the porous film, weakly dependent on temperature, porE  is the height of 

the micropotential barrier, 𝑘 is the Boltzmann constant. 
Then, for the temperature coefficient of electrical resistance of the porous film, from (3-6) we obtain the 

phenomenological expression 



194
EEJP. 1 (2025) Rustamjon U. Siddikov, et al.

 
( )0

2

0 0

por
cr cr por

film
cr por

Е
R R Т

kТ
R R

α
α

⋅ − ⋅
=

+
. (7) 

From this it is clear that if at the value T T ′=  the condition ( )0
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Е
R R Т

kT
α ′< ⋅

′
 is satisfied, then the porous film 

initially has a negative value of the temperature coefficient of resistance and at some minT T T ′= >  it turns to zero, and 
then changes sign (i.e. acquires a metallic character of electrical conductivity). From (7) we find that minT  can be roughly 
estimated by the formula 

 
( )0

min 0
por por

cr cr

E R Т
Т

k Rα
= ⋅ . (8) 

In practice, it can be assumed that porЕ , crα , 0
crR  weakly depend on CAD, and the interface resistance ( )0porR Т  

increases with increasing N, then in accordance with formula (8), the value of minТ  grows like ( )min 0 ,porT R Т N∼  and 

at large 55 10N ∼ ⋅  experiences a tendency to saturation, which is observed in the experiment [11]. 
4. Effect of cyclic deformations on the current-voltage characteristics of films. 
The effect of static deformation on CVC films was studied by us [13] in the range of relative deformation values up 

to 0.9 ∙ 10ିଷ𝑎𝑟𝑏.𝑢𝑛𝑖𝑡𝑠., the corresponding curves are shown in Fig. 7. They show that CVC of the samples is linear in 
the region of low stresses. With increasing stress, the linearity of the current-voltage dependence is disrupted, which 
occurs, for example, in the undeformed state at U=5 V (curve 4). This stress, at which nonlinearity CVC occurs, depends 
significantly on the sign and level of deformation. 
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Figure 7. Volt-ampere characteristic of film (𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହ)ଶ𝑇𝑒ଷ 
on polyimide substrate ПМ-I, under the action of static 
deformation: ε=0 (curve 1), ± 0.3.10-3 (2,2′), ± 0.6 (3,3′), ±0.9 
(4,4′). Curves 2-4 were taken under compression, and 2′-4′- 
under tension 

Figure 8. Volt-ampere characteristic of film (𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହ)ଶ𝑇𝑒ଷ 
after exposure to 𝑁 = 5 ∙ 10ହ cycles of alternating loading. 
Curves 1-4 and 2′-4′ correspond to curves 1-4 and 2′-4′. 

Studies of the current-voltage characteristics (CVC) of films (𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହ)ଶ𝑇𝑒ଷ subjected to CAD are shown in 
Fig. 8. It is evident from the figure that the CVC of the film change significantly after exposure to cyclic deformations (= 5 ∙ 10ହ). All curves taken at different values of relative deformation  clearly reflect increases in film resistance. The 
action of 𝑁 = 5 ∙ 10ହ cycles of alternating deformations leads to an increase in the voltage drop across the film with a 
constant source of almost 10 V, i.e., two-fold. 

Since the distances between them increase under the action of cyclic deformations as a result of abrasion of the 
contacting surfaces of the crystalline grains, this leads to the expansion of the linear section CVC of the film. It is known 
that strain gauge measurements must be made in the linear region CVC. In this case, it is necessary to take into account 
the possibility of an error associated with the fact that a fairly large current can flow in the devices, which heats up the 
strain gauge and also causes the appearance of a nonlinear section CVC. In this case, not the nominal resistance is 
measured, but the static resistance corresponding to a certain point CVC. To reduce the current through the strain gauge, 

ε
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an additional resistance can be included, previously measured with sufficient accuracy. The measuring current through 
the strain gauge in this case should be an order of magnitude lower than the current causing a change in the electrical 
conductivity mechanism in the film or heating of the strain gauge body. The magnitude of this current can be roughly 
determined by CVC. Usually this is the current value where CVC begins to deviate from the linear dependence. 

 
CONCLUSIONS 

The changes in the resistance value of SGC porous films with increasing number of deformation cycles can be 
explained by the growth of the dielectric gap between crystallites and micro-wear of their contacts. The model describing 
the electrical conductivity through micro-contacting surfaces of crystallites, based on the theory of percolation, explains 
the high values of SGC films and the nonlinearity of their static deformation characteristics. The polycrystalline films of 
narrow-gap ternary compound (𝐵𝑖଴.ଶହ𝑆𝑏଴.଻ହ) studied here, obtained by thermal evaporation in a vacuum at the above-
mentioned optimal process parameters, can be successfully used as FDA for testing and monitoring the parameters of 
aircraft structures in the temperature range of 273 413Т К= −  and the value of CAD 55 10 .N ≤ ⋅  
 

ORCID 
Rustamjon U. Siddikov, https://orcid.org/0009-0009-8324-1275 
Husanboy M. Sulaymonov, https://orcid.org/0000-0003-0790-1584 
Nosirjon Kh. Yuldashev, https://orcid.org/0000-0003-0226-3528 

 
REFERENCES 

[1] E.A. Abdullaev, and N.Kh. Yuldashev, The effect of piezoresistance in lead and bismuth chalcogenides, Part 1, (“Fan”, Tashkent, 
1989). 

[2] I.H. Kazi, P.M. Wild, and T.M. Moore, “Characterization of sputtered nichrome (80/20 wt.%) films for strain guage applications,” 
Thin Solid Films, 515(4), 2602-2606 (2006). https://doi.org/10.1016/j.tsf.2005.10.077 

[3] I.M. Pazukha, Z.M. Makukha, Y.M. Shabelnyk, and I.Y. Protsenko, “Tensoresistive properties of thin film systems based on Ag and 
Co,” Journal of Nano- and Electronic Physics, 4(3), 3020 (2012). https://jnep.sumdu.edu.ua/en/component/content/full_article/826 

[4] A.Yu. Gerasimenko, L.P. Ichkitidze, V.M. Podgaetsky, and S.V. Selishchev, “Layers with the Tensoresistive Properties and their 
Possible Applications in Medicine,” Materials Physics and Mechanics, 37, 153-158 (2018). http://dx.doi.org/10.18720/MPM.3722018_7 

[5] L. Elbrecht, and J. Binder, “The Mechanical Properties of Thin Polycrystalline Silicon Films as Function of Deposition and 
Doping Conditions,” Sensors and Materials, 11(3), 163-179 (1999). https://sensors.myu-group.co.jp/sm_pdf/SM363.pdf 

[6] O.O. Mamatkarimov, S.Z. Zaynabidinov, A. Abduraimov, R.Kh. Khamidov, and U.A. Tuychiev, “Dynamic strain gauge 
characteristics of Schottky barrier diodes under pulsed hydrostatic pressure,” Semiconductors, 34(1), 67 (2000). 
https://doi.org/10.1134/1.1187960 

[7] E.A. Abdullaev, and N.Kh. Yuldashev, Effect of piezoresistance in lead and bismuth chalcogenides, Part 2, (Technika, Fergana, 
2008). (in Russian) 

[8] H.M. Sulaymonov, “Effect of cyclic deformation on the electrical conductivity of p-(Bi0.3Sb0.7)2Te3 films on alternating current,” 
Journal of Technical Physics, 87(3), 471-472 (2017). (in Russian) 

[9] S.Sh. Abdullaev, N.Kh. Yuldashev, Kh.M. Sulaymonov, “Tensoresistive Properties of Thin Polycrystalline (Bi0.3Sb0.7)2Te3 Films 
at Static and Cyclic Deformations,” International Journal of Modern Physics and Application, 3(4), 52-56 (2016). 

[10] H.M. Sulaymonov, M.G. Umarov, and N.Kh. Yuldashev, “Tenzochuvstvitelnost polikristallicheskix poristix plenok”. Aktualniye 
problemi sovremennoy nauki-Rossiya, (4), 149-151 (2015). (in Russian) 

[11] H.M. Sulaymonov, and N.K. Yuldashev, “Effect of internal stresses on the static strain characteristics of p-(Bi0.3Sb0.7)2Te3 
composite films,” Journal of Surface Investigation. X-ray, Synchrotron and Neutron Techniques, 10(4), 878-882 (2016). 
https://doi.org/10.1134/S1027451016040364 

[12] Z. Xu, C. Huang, C. Tan, M. Wan, Y. Zhao, J. Ye, and W. Zeng, “Influence of microstructure on cyclic deformation response 
and micromechanics of Ti–55531 alloy,” Materials Science and Engineering: A, 803, 140505 (2021). 
https://doi.org/10.1016/j.msea.2020.140505 

[13] C. He, Y. Wu, L. Peng, N. Su, X. Li, K. Yang, Y. Liu, et al., “Cyclic Deformation and Correspondent Crack Initiation at Low-
Stress Amplitudes in Mg–Gd–Y–Zr Alloy,” Materials, 11(12), 2429 (2018). https://doi:10.3390/ma11122429 

[14]  P. Wang, T. Takagi, T. Takeno, and H. Miki, “Early fatigue damage detecting sensors. A review and prospects,” Sensors and 
Actuators A: Physical. 198, 46-60 (2013). https://doi.org/10.1016/j.sna.2013.03.025 

[15] A.A. Koryakin, E.D. Leshchenko, and V.G. Dubrovsky, “Effect of elastic stresses on the formation of axial heterojunctions in 
three-component AIIIBV nanowires,” Physics of the Solid State, 61, 2437-2441 (2019). (in Russian) 

[16] I.P. Buryk, S.I. Vorobyov, and L.V. Odnodvorets, “Strain resistive properties of film materials based on Ni and Mo or Cr,” PSE, 
7(1,2), 115 (2009). http://dspace.nbuv.gov.ua/handle/123456789/7962 (in Russian) 

[17] N.K. Yuldashev, D.T. Mamadieva, O.R. Nurmatov, T.I. Raxmonov, and X.M. Sulaymonov, “The effect of mechanical 
deformation on the photovoltaic properties of semiconductor polycrystalline film structures CdTe: Sn,” Scientific-technical 
journal, 23(3), 9-14 (2019).  

[18] Kh.M. Sulaymonov, and N.Kh. Yuldashev, “The deformation properties of films under the influence of unilateral cyclic sign-
variable pressure,” in: The Third European Conference on Physics and Mathematics, 12th September, (Vienna, Austria, 2015). 
pp. 1926. 

[19] T.I. Rakhmonov, “Photosensitivity Spectra of Thin Films from a CdSexS1-x Solid Solution,” Journal of Applied Mathematics and 
Physics, 10(12), 3676-3683 (2022). https://doi.org/10.4236/jamp.2022.1012245 

[20] T.I. Rakhmonov, D.T. Mamadiyeva, and N.Kh. Yuldashev, “Photoelectric phenomena in thin Polycrystalline CdTe, CdSe, CdS films 
under mechanical deformation,” European Science Review, (11-12), 40-49 (2021). https://doi.org/10.29013/ESR-21-11.12-40-49 



196
EEJP. 1 (2025) Rustamjon U. Siddikov, et al.

[21] O. Nurmatov, T. Rahmonov, Kh. Sulaymonov, and N. Yuldashev, “Phototenzoelectric properties of polycrystalline films of 
chalcogenides of cadmium and zinc, produced by portional evaporation in vacuum,” Euroasian Journal of Semiconductors 
Science and Engineering, 2(5), 40-45 (2020). https://uzjournals.edu.uz/semiconductors/vol2/iss5/10/ 

 
ТЕНЗОРЕЗИСТИВНІ ВЛАСТИВОСТІ ПЛІВОК (Bi0.25Sb0.75)2Te3 ПРИ ОДНОСТОРОННІХ ЦИКЛІЧНИХ 

ЗНАКОЗМІННИХ ДЕФОРМАЦІЯХ 
Рустамжон У. Сіддіков, Хусанбой М. Сулаймонов, Нозіржон Х. Юлдашев 

Ферганський політехнічний інститут, Фергана, Узбекистан 
Наводяться результати дослідження деформаційних характеристик полікристалічних плівок з твердого розчину 
(Bi0,25Sb0,75)2Te3 при односторонніх циклічних знакозмінних механічних напруг. Плівки виходили на поліамідній підкладці 
методом термовакуумної конденсації молекулярних пучків і мали стовпчасту пористу структуру з розмірами окремих 
кристалічних зерен 2,0-2,5 мкм. Вивчався вплив статичних та циклічних деформацій на електричний опір та вольт амперні 
характеристики тензорезистивних плівок з метою виготовлення на їх основі тензодатчиків накопичення втомних ушкоджень. 
Показано, що при кімнатній температурі такі плівки мають аномально високу статичну тензочутливість G ≈ 103 відн. од. і 
виявляється суттєвий гістерезис зміни їхнього опору при малих кількостях циклів знакозмінних деформацій. В результаті дії 
N = 5∙105 циклів деформацій лінійна ділянка вольтамперної характеристики розширюється від (0-5) при N = 0 до (0-12) В. 
Температурний коефіцієнт опору в інтервалі 293 K-Tminзмінюється від 𝛼 = −5,6 ∙ 10ିଷ𝐾ିଵ до 𝛼 = −2,5 ∙ 10ିସ𝐾ିଵ. Характерне 
значення 𝑇௠௜௡, при якому 𝛼 = 0, збільшується зі зростанням 𝑁. Досліджені тензорезистивні плівки з успіхом можуть бути 
використані як датчик накопичення втомних напруг в інтервалі температур 𝑇 = 273 − 413 𝐾 і значенні 𝑁 = 0 − 5 ∙ 10ହ. 
Ключові слова: вузькозонний напівпровідник (BixSb1-x)2Te3; пористі полікристалічні плівки; тензочутливість; циклічна 
знакозмінна деформація; гістерезис зміни електричного опору з деформацій; тензодатчик накопичення втомних ушкоджень 


