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III. CONCLUSIONS 

Thus, the comparative analysis of optimized methods and technological regimes for improving the electrical 
insulation strength of anodic Al2O3 in vias of double-sided alumina bases for potential use in power multichip 
modules were discussed. 
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I. INTRODUCTION 

Polymer materials have several of advantages over traditional products [1]. The mechanical properties of 
composites can change at high strain rates and after irradiation with high – energy particles [2 - 4]. Such 
materials will also vary with increase of the load. This makes it possible to take into account changes in the 
design and operation of structures operating in harsh conditions [5, 6]. This work is devoted to a 
comprehensive study of various types of unirradiated and irradiated Plexiglas, which are tested for plane 
straight bending under the influence of temperature. 

II. RESEARCH METHODS  

Two types of smooth and corrugated plexiglass (pyramids and stripes) were taken as the materials under 
study. Specimens of smooth plexiglass had thickness (h) of 1 mm and a width (b) of 5 and 10 mm and with 
different working lengths (L) – 20, 30, 40, 50, 60 and 70 mm. The experiment was carried out at temperature 
of 20, 25 and 50 °С. Electron irradiation of corrugated plexiglass samples was carried out on an ELA-6 linear 
accelerator with an energy of 2 MeV in air. The radiation dose was 100 kGy. For bending tests under various 
load conditions, a BI (bursting installation)-50 tensile testing machine was used. It is a setup consisting of a 
loading device, a control panel and rods connecting the loading device with a control panel. On the bottom of 
the device were a force sensor, a temperature chamber, and various supports. 

III. RESULTS AND DISCUSSION 

As a result of the experiments carried out on testing samples of smooth plexiglass of various sizes for a flat 
straight bend, the dependences of deformation on stress were obtained. From the data obtained, the 
dependence of deformation on stress for unirradiated samples of smooth Plexiglas 5 mm wide and of various 
lengths at 20 ° C (room) temperature is satisfactorily described by a linear model for all sizes. Moreover, the 
maximum deformation of the samples, depending on the length of the samples and the stress, varies in the 
range of 35 – 60%. 

 

1 – 20; 2 – 40; 3 – 70 mm 

Figure 1. Dependence of deformation on stress when testing specimens of smooth PMMA 5 mm wide (left) 
and 10 mm (right) for bending at a temperature of 25 °C 
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From Figure 1 it follows that with an increase in the width of the samples, the deformation decreases. 
Strength characteristics are also undergoing significant changes. The article shows the dependence of 
deformation on stress for unirradiated and irradiated samples of corrugated plexiglass, in which plane 
bending occurs with and without taking into account the horizontal component. From the result of the 
experiment, it follows that smooth and corrugated plexiglas (both unirradiated and irradiated) are described 
with good accuracy by a linear model: 

ε=ασ, 

where α is the slope tangent. For unirradiated striped-corrugated glass, α = 0.14, and for pyramid-corrugated 
glass, 0.2%/MPa. For irradiated materials, α = 0.1 and 0.13%/MPa, respectively. 

 

1 – 20; 2 – 40; 3 – 70 mm 

Figure 2. Dependence of deformation on stress when testing samples of smooth polymethylmethacrylate 5 
mm wide (left) and 10 mm (right) for bending at a temperature of 50 °C 

With a further increase in temperature, the samples begin to bend without load, which made it difficult to 
analyze the behavior of the material. It can be seen from the figures that a long sample has a greater 
deflection (regardless of temperature) than a short one and breaks at a lower value of mechanical stress. 
With an increase in the temperature of the test specimen in the range of 20 – 50 °C, an increase in 
deformation characteristics by 20 % is observed for all sizes of the material, and the strength characteristics 
deteriorate by 10-30%.   

IV. CONCLUSIONS  

Experiments on the dependence of deformation on stress during flat straight bending testing of unirradiated 
and irradiated Plexiglas samples of various types in a temperature chamber have been carried out. It was 
found that the maximum deformation of samples of various sizes varies in the range of 50 – 60%, depending 
on the stress, length and width of the material. It was found that electron irradiation leads to a noticeable 
change in the deformation-strength characteristics of the material, which manifests itself in an improvement 
in plasticity. With an increase in the temperature of the test specimen in the range of 20 – 50 degrees, an 
increase in deformation characteristics is observed by another 20 % of the maximum for all sizes of the 
material, and the strength characteristics deteriorate by 10 – 30 %. 
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I. INTRODUCTION 

As is known, the main cause of changes in the structure and physicochemical properties of materials during 
radiation exposure is the formation of defects [1 - 4]. In contrast to light particles (electrons, photons, etc.), 
the interaction of ions with matter forms cascade regions, vacancies, clusters of interstitial atoms (and not 
Frenkel pairs, as is considered in many papers), etc. 

Thus, when considering the passage of ions (including light ions: protons and alpha particles) through the 
matter, it is necessary to solve the cycle of physical and mathematical problems. Most of our work in this 
direction will be carried out in the framework of the cascade-probability method [5]. 

II. RESULTS AND DISCUSSIONS 

As the calculations show, approximation describes the modified cross sections quite well with a correlation 
coefficient above 0.99, in particular for molybdenum (Table 1).  

Table 1. Approximation values and theoretical correlations for protons in Mo 

E0, [MeV] σ0 a E0’ K η 

      1  17176   0.22   4.39   5600   0.999 

      5  2919   0.0249   31.35   3719   0.9999 

     10  2123    1.45   1.06   42.1   0.999 

     15  1694   2.68   0.84   16.92   0.999 

     20  1413   2.33   1.23   15.19   0.997 

     25  1227   1.89   1.85   15.64   0.99 

     30  1067   1.60   2.43   15.01   0.996 

     40  912.2   0.13   37.98   142.36   0.996 

     50  790.3   0.11   53.77   136.92   0.99     

The software package for calculating CP-functions and selecting the type of theoretical curves is 
implemented in Visualbasic 6.0, C ++ Builder 6.0, Delphi 6.0. Calculations are made for protons and α-
particles in various targets. As an example, Figures 1 and 2 show the dependences of CPF on the number of 
interactions and the penetration depth for alpha particles in Mo at E0 = 10 MeV. The calculation results show 
that with values of n = 0.1 CPF decrease, depending on h, with increasing n, they increase, reaching a 
maximum and begin to decrease. As E0 grows, the curves shift to the right.  

  

Figure 1. Dependence of CPF on the number of 
interactions for alpha particles in molybdenum at 

 E0 = 10 MeV, h = 0.006; 0.008; 0.01; 0.012; 0.014 cm (1-5) 

Figure 2. Dependence of CPF on the depth of 
penetration for alpha particles in molybdenum 

at E0 = 10 MeV; n = 1, 4, 7, 10, 13 (1-5) 


