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J11414-001 

Kornilov AV1, Evtushenko EI1, 

Kornilov VS2 

MAGNETIC AND MAGNETORESISTIVE PROPERTIES OF 

MULTILAYER FILMS [CO/CU]N 
1Belgorod State Technological University VG Shukhov, Russia, 308012, Belgorod, 

Kostyukov str. 46, 
2Maritime State Academy of Agriculture, Russia, 692510, Primorsky Krai, Ussuriysk 
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Abstract. In this paper, we consider multilayer polycrystalline multilayer 

structure [Co/Cu]n, having the effect of giant magnetoresistance. Shows the influence 

of the number of bilayers and the buffer layer on the value of the magnetoresistive 

effect, the coercive force, the share of antiferromagnetically coupled areas and the 

saturation field. 

Key words: thin films, magnetron sputtering, giant magnetoresistance, 

antiferromagnetic coupling, the coercive force. 

Introduction 

From the study of the giant magnetoresistance effect has been observed effect of 

the buffer layer on the structure and properties of multilayers . One method of 

controlling the crystal orientation layers is to use different multilayers buffer layers 

with different crystal structures . The use of different buffer layers to reduce the 

saturation field, but leave the high magnetoresistance ratio [1]. 

Film Co / Cu / Co prepared by magnetron DC sputtering in an atmosphere of Ar gas 

under the working PAr = 5•10-3 Torr . 

Investigation of the influence of the thickness of the buffer layer showed that the 

thickness of the buffer layer 6 nm can be obtained the maximum magnetoresistance 

effect [2]. Multilayer structure type [Co(12nm)/Cu(2.2nm)]n and 

Fe(6nm)/[Co(12nm)/Cu (2.2nm)]n was applied to a substrate of glass. The layer 

thickness was controlled by the deposition time . To determine the deposition rate 
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was obtained by a series of monolayer films of Co, Cu and Fe whose thickness is 

determined by X-ray interference with precision ± 0,2 nm. 

Effective magnetization Ief was measured induction method for automated 

vibrating sample magnetometer in a field H = 80 kA/m, and the coercive force Hc 

was measured by the induction and magneto-optical methods. Magnetic hysteresis 

loop were constructed from data obtained on vibromagnitometre. The 

magnetoresistance was measured by a compensation method for the two-point 

scheme. 

Found that the period of the layered structure largely determines both magnetic 

and magnetoresistive properties of the films . We found that increasing the number of 

bilayers in the multilayer structure, the magnetoresistive effect film for increasing 

[Co(12nm)/Cu(2.2 nm)]n 0.6 % when n = 2 to 1.7 % when n = 10 . For multilayers 

Fe(6nm)/[Co(12 nm)/Cu(2.2 nm)]n magnetoresistive effect increases from 1.4 % at 

n=2 to 2.42 % when n = 10 . 

According to table 1 share regions between the antiferromagnetically coupled 

layers of cobalt increased from 3.8 to 13% and from 10 to 16 % of [Co/Cu]n and 

Fe/[Co/Cu]n, respectively. 

Table 1 

The magnetic and magneto-resistive parameters of the films 

n ∆R/R, (%) Hc,  (кА/м) Fаф, (%) Hs, (кА/м) S, (%/кА/м) 

[Co/Cu]2  0.6 2.4 3.8 6 0.08 

[Co/Cu]10  1.7 4 13 8 0.11 

Fe/[Co/Cu]2  1.4 5.28 10 15 0.12 

Fe/[Co/Cu]10 2.42 6.3 16 24 0.16 

 

Fig . 1 a, b show magnetic hysteresis loop and the magnetoresistive test samples 

deposited on glass coverslips. See ( loop 1 and 2) that increasing the number of 

bilayers remanence decreased. This increases the proportion of antiferromagnetically 

ordered regions of the ferromagnetic layers of cobalt, increased magnetoresistive 

effect, and the coercive force of the samples . The growth is due to an increase in the 
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coercive force components Hc, due to an indirect interaction between the 

ferromagnetic layers.  
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(а)                             (б) 

Fig. 1. Magnetic (a) and magnetoresistive (b ) multilayers hysteresis loop 

with a variable number of bilayers : 

1 - [Co/Cu]2 , 2 - [Co/Cu]10 , 3 - Fe(6nm)/[Co/Cu]2, 4 - Fe(6nm)/[Co/Cu]10. 

 

By increasing the antiferromagnetic coupling between the layers of cobalt 

increases the indirect exchange energy between the ferromagnetic layers, which is 
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accompanied by an increase in the saturation field, and leads to an increase in 

coercivity of multilayer. 

The giant magnetoresistance effect occurs as a result of the scattering of the 

conduction electrons at the interfaces between the layers , ie, at the interfaces . 

Increasing the number of layers increases the number of interfaces and an increase in 

energy indirect interaction. This leads to growth of the giant magnetoresistance of the 

samples. 

Specimen [Co/Cu]n buffer layer deposited on the iron thickness of 6 nm. Fig . 1 a, b 

(loops 3 and 4) shows the corresponding magnetic and magnetoresistive hysteresis 

loop. 

The results show that the use of Fe buffer layer can increase or decrease the 

magnetoresistance effect to increase the coercive force and saturation field Co/Cu/Co 

multilayers . Therefore , it is expected that the sensitivity can be improved multilayer,  

the buffer layer using Fe. 

In our experimental results , the sensitivity of a multilayer buffer layer of  Fe 

was achieved in the range of from 0.08 to 0.16 % / (kA/m). 

The buffer layer of iron produces multilayers with clear (0.2 - 0.3 nm) interfaces 

[ 3] . Moreover, the buffer layer during the deposition of iron on the substrate 

(≈0.5nm) surface roughness decreases to ≈substrate surface roughness 0.14 nm. 

Therefore , buffer layers of iron reduces the interfacial roughness and thereby 

induce a strong antiferromagnetic exchange coupling , which leads to increased 

magnetoresistive effect. The samples were grown on buffer layers Fe, which show 

very little mess, are of great importance magnetoresistance as a result of a better 

alignment of the antiferromagnetic layer Co. 

Conclusion . 

Thus, increasing the number of bilayers increases the magnitude of the 

magnetoresistance effect coercivity share antiferromagnetically ordered regions, 

saturation field and sensitivity of the test samples. 
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Selecting the thickness of the buffer layer may be made of iron samples having a 

high magnetoresistive effect, a higher sensitivity, low saturation field and coercivity. 
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Abstract: We consider the Larmor orbit of a charged particle in a high-

frequency alternating field, at a constant magnetic induction and time depend 

magnetic induction. In this article we show the effect frequency of the alternating 

electric field and cyclotron frequency on the nature charged particle trajectory and 

its energy exchange with the high-frequency field. 

Keywords: Larmor orbit, resonance, cyclotron frequency 
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Introduction 

In the well-known monograph [1]  analyzes the behavior charged particle in the 

high-frequency (RF) field. The importance of this problem for the understanding of 

the processes in systems with crossed electric and magnetic fields.  

In [1] also noted the possibility interaction between the Larmor orbit with high-

frequency field to generate and amplify vibrations. Also, in [1], was used averaging 

method which does not allow to fully appreciate the importance of the cycloidal 

trajectories nature. Also, in [1], calculations were made for the case of a stationary 

magnetic field. Stated determined the relevance of research in this direction. In 

contrast to [1], this paper based on a numerical calculation approach cycloidal 

trajectories in the RF field, including taking into account the time-dependent 

magnetic field, that has not previously been investigated  

The analysis was performed with respect to the circuit shown in Fig. 1, where B 

- is magnetic field, generally depends on the coordinate and the time, E - varying the 

electric field, d - distance between the electrodes. 

 

 
Fig. 1. Scheme. 

With reference to the diagram of Fig. 1, the equations of motion for charged particle 

in a Cartesian coordinate system have the form [2]: 

   ...

...

xBEy

yBx

y ηη

η

−=

=
                                                                        (1) 

Where 
0m

q
=η   - ratio the particle's charge to its mass.  

The expression for the alternating electric field can be represented as:  
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  )sin()/(),( 1 φω += tdUtyEy                                                                         (2) 

Where U - RF potential,  1ω - frequency of the electric field  ф - the initial phase 

of the alternating electric field. The system of equations (1) was solved numerically 

by Runge-Kutta IV order [3]. 

 At first, the calculations were performed with a constant magnetic induction, 

different frequencies and initial phases of the alternating electric field. The values 

were taken as the lower of the cyclotron frequency ( 0Bη=Ω ), equal to cyclotron 

frequency or above the cyclotron frequency: 

Ω= k1ω   
                                        (3) 

Где k = 0,125;0,25,0,5;1;1,25;2;3,4 

Calculations revealed the following: the initial phase of the rf field and its 

amplitude does not significantly affect the nature of the trajectory. Of considerable 

importance is the ratio of frequencies, ω1 and Ω. Typical trajectories are shown in 

Fig. (2 - 4). The figure shows that in all cases except ω1 = Ω, trajectories are closed, 

indicating that the charged particle absorbs energy from the RF field, and then gives 

it to the RF field. 

In case ω1 = Ω    (fig. 5),  trajectory have form  Archimedean spiral, the radius of 

the orbit increases, indicating that the absorption of RF  field energy. 

                                 
Fig. 2. Particle trajectory under the following conditions :U = 10000 V, B0= 0.05 

Tl, ω1 = Ω*0,25 
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Fig. 3. Particle trajectory under the following conditions:  U = 10000 V, B0= 0.05 

TL, ω1 = Ω*0,5. 

 

 
Fig. 4.  Particle trajectory under the following conditions:  U = 10000 V, B0= 0.05 

TL, ω1 = Ω*2. 
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Fig. 5.   Particle trajectory under the following conditions:  U = 10000 V, B0= 

0.05 TL, ω1 = Ω*0,5. 

 

Also be of interest to explore the trajectories of particles in a time-dependent 

magnetic field. Let us assume the following law changes B:  

 

)sin()2/()( 200 φω ++= tBBtB                                        (5) 

Where Ω=2ω . 

Fig. (6-9) shows the results of simulation corresponding to different frequencies 

of the RF field: ω1 = Ω*0,25,ω1 = Ω*0,5,ω1 = Ω,  ω1 = Ω*2. 

Calculations showed that the resonance condition  ω1 Ω and at frequencies ω1 

Ω (ω1 = Ω*0,25, ω1 = Ω*0,5) trajectories are not regular: there is "unwinding" of 

the trajectory, which can be interpreted as the uptake of energy RF field of a charged 

particle (see Figure 6-8). At frequencies of the RF field  ω1 > Ω (fig. 9) trajectories are 

regular, there is a drift of Larmor orbit along the X axis, which requires the 

absorption of RF energy field.   
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Fig. 6.   Particle trajectory under the following conditions:  U = 10000  V, B0= 0.1 

Tl, ω1 = Ω*0,25 

 

 
Fig. 7.   Particle trajectory under the following conditions: U = 10000 В, B0= 0. 1 

Tl,  ω1 = Ω*0,5 
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Fig. 8.   Particle trajectory under the following conditions:    U = 10000 V, B0= 

0.1 Tl, ω1 = Ω, 

 
Fig. 9.   Particle trajectory under the following conditions: U = 10000 V, B = 0.1 

Tl, ω1 = Ω*2, 
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Conclusion 

It was shown for the first time that a major influence on the character of the 

trajectories of the charges and their energy exchange with an alternating electric field 

in terms of fixed and variable magnetic induction , has a frequency ratio of the 

alternating magnetic field and the RF field . 

Here we have the energy or the absorption field of a charged particle or 

stationary energy exchange with an alternating electric field . 

It seems appropriate , introducing additional factors (such as the spatial 

heterogeneity of existing fields) to justify the possibility of effects of generation and 

amplification RF fields in the described system , which may find useful applications 

in microwave technology. 
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TO THE QUESTION OF DIAGNOSIS CASING FLOWS BELOW THE 

METHOD OF ACTIVE THERMOMETRY 

 Bashkir State University  

Ufa, st.Zaki Validi  32, FTI, department of  geophysics 
 

 In this paper we consider non-isothermal fluid flow in a vertical well system-

formation in the presence of casing flow fluid taking into account the induction 

heating of the casing. Based on mathematical modeling obtained temperature 
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distribution along the axis of a vertical well, the analysis of the temperature 

distribution, the peculiarities of the formation of the thermal field when heated 

columns with casing flow liquid. 

Keywords: temperature, casing flow, the energy conservation equation, a 

vertical well. 

Introduction. 

One of the promising areas of the borehole temperature is to use artificial heat 

fields ( active thermometry method [1,2] ) , is to study the formation of a thermal 

field created by artificial heat source , such as an induction exposure. In petroleum 

engineering important to determine intervals casing flows . Currently used in 

traditional thermometry can not always solve these problems , especially when the 

casing flows " from above." Problems exist in the casing flows "from below" for a 

short sump or lack thereof. 

Mathematical model of the thermal field in the presence of induction 

heating column and casing flow liquid. 

Consider the plot of a vertical well which revealed several layers (Fig. 1).  

 
Fig.1. Geometry of the problem 
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Let the middle of the vertical section of the model is non-perforated layer - a 

source of irrigation with a predetermined flow rate (or velocity) inflows. In the 

borehole thermometry active device, allowing the casing to heat and thus create a 

thermal label in the well. 

To calculate the thermal field in this geometry was used the equation of heat: 

 ( ) ( )TdivTu
t
TCP ∇=∇⋅−

∂
∂ λρρ   

Where ρ , λ , PC  –  the density, thermal conductivity, heat capacity 

corresponding area u - fluid flow velocity. 

On the wall of the well, with a heat source Q (t, y), taking into account the 

exposure time, given the following boundary conditions: 

 ( ) ( )ytQTn ,=∇⋅ λ , 

where ( ) ( )
2

1

0 ,,
R

ytQytQ
π

=  

( )ytQ ,0  – nominal power (W) along the length of the borehole heat; R1, R2 - 

inner, outer radius of the borehole wall; R3 - outer radius zone cementing and flow 

interval; n - vector normal to the surface. 

For the outer boundary condition is given the lack of heat flux: 

( ) 0=∇⋅ Tn λ . 

The problem is solved by the method of finite differences. Adequacy of 

solutions was chosen by selecting the appropriate sampling steps in space and time 

under the conditions of stability. For the simulation we used the following 

parameters: 

Table 1. 

Simulation parametrs. 

№ Location iρ , 3мкг  PC , КкгДж ⋅  λ , КмВт ⋅  

1 borehole 1000 4200 0.6 

2 borehole wall 7800 462 47 

3 borehole - plast 1000 1000 0.6 

4 flow 1000 1000 10 
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Let the heat source power P = 600W during 20 min heats column. The entire 

flow of the fluid from the reservoir enters the casing flows debit )(0 yfQ = .  Consider 

the temperature distribution at steady-state flow of fluid in unsteady flows and the 

action of the heat source. 

As seen from the simulation results (Fig. 2), 30 minutes after the end of heating, 

there are two characteristic regions of the thermal field. One of them is located in the 

sump hole, where due to heat conduction is gradually warming up the lower part of 

the plantar stratum (area without overflow). The second zone - zone casing flows - 

due to the convective component leads to the formation of the corresponding 

temperature distribution. 

 
Fig. 2: Temperature distribution in the reservoir through the 30min after 

warmup 
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Since the recording of the temperature sensor in the device occurs at the 

borehole wall, consider the vertical distribution of temperature at a distance of 3 mm 

from the borehole wall (Fig. 3). 

 

 

Fig. 3: Temperature distribution in depth (1 - 10min warmup 2 - 15min 

warmup 3 - 10min after tripping over heating 4 - through 30 minutes after 

heating) 

As seen from the simulation results (Fig. 3) as a result of short-term impact of 

heating and fluid flow in the casing flows arise following characteristic heating 

zones: 

- zone covered by convective transport , where, after termination of heating the 

column there is a decrease in temperature 

- conductive heat transfer area , where there is no fluid movement behind the 

casing 

On the border of these zones occurs demolition of heat and a jump in 

temperature. 
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Figure 4 shows the results of field research. Here, on the border impermeable 

zone observed demolition heat label, which is confirmed by the results of 

calculations. 

 
Fig. 4. The temperature distribution along the wellbore in the sump. 

1 - lower perforation interval (2120-2126 m), 2 - warm interval 
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The article discusses the use of cybernetic law of requisite variety to describe 

the regulatory impact on human societies. The mechanism of biological control 

identified and described, which operates on the basis of the accumulation of 

destructive organisms for genes in the dynamics of it cuts deviations from normal 

variants of adaptive social behavior and social adaptation provides a nominal 

subspecies. 

Keywords: cybernetics, diversity, homeostasis, hypersystem principle, 

adaptation, social deviance. 

Introduction. Cybernetics was defined as the science of the general laws of 

management and information transmission in machines, living organisms and society. 

In the future, the initial application of the ideas of cybernetics to the technique 

became known as technical cybernetics, it is the science that studies the technical 

management system. Interest in the cybernetic approach to biology remained as 

attempts generalizations and as a study of control systems in biological organisms 

that morphed into large independent scientific discipline. 

Greatest difficulties met on the way to the application of cybernetics to society, 

especially to the social forms of organizations. There immediately arose theoretical 

debates about the objective application of these ideas. Yet Wiener called for caution 

applying general control laws to  society. 

The overall development of science pushes the attempts of the most general 

application of theoretical constructs in those intermediate or special areas where this 

application is actually possible. The application of cybernetic principles does not lose 

relevance to the areas of the dynamics of human society, where basic scientific 

connections have revealed predominantly biological basis. 
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Formulation of the problem.  Two such areas of possible research can specify. 

First of all, it is attempts to research the hierarchy of natural systems, primarily 

directly biological, rather than the usual separate systems - the organism, the society. 

The second direction may be to study the relationship of human societies with their 

biological basis, border area linking human biology and any social body.  

Natural scientific consideration of human interaction with the environment has 

been a tradition for the study of it. The science was forced to take into account that 

the idea of a passive environment is too primitive for any systematic analysis with 

XX century. Conceptions of biocenosis and biogeocoenose emerged and developed, 

they are considered proper biological sciences first, the study of ecological systems is 

developing extensively. 

A man is an organism and biological system, so its interaction with the 

environment should be considered in the full diversity and the different levels of 

biological systems. It can be specified ascending sequence systems forming a 

hierarchy, including humans and standing over him. 

This study are not considered the political and social forms of human systems, 

which are known as states, peoples, social strata, social classes and civilization. It 

tries to to build on aspects of biological control and communication. 

Most systems are part of a common system in the real world, so the study of 

management in the hierarchy of natural systems it is advisable to use hypersystemic 

principle [1]. According to it the local behavior of the homeostatic system with 

sufficient accuracy determined by its internal structure and internal connections. 

Global behavior is determined by the homeostatic system homeostasis directly 

embracing her system, where the global behavior of the system means the whole life 

cycle from its inception to the termination of existence. All natural systems that exist 

long enough to be considered homeostatic. 

The following hierarchy can be specified in the biological systems and 

derivatives: unicellular organizmyya living, multicellular organisms biogeocoenoses, 

human societies, ecological system of the planet. In contrast to the actual biological 

biogeocenosis, integral community of people, as well as its social subsystem can 
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currently be seen in a certain detachment from biogeotsenoznyh ties. The basis of 

such a theoretical model abstraction is partial separation of modern human society 

from the animal world with the help of technical means and technologies by ignoring 

these links. Thus humanity is not connected permanent and stable relations with one 

or a limited set of biogeocenosis. Therefore the interesting and relevant problem 

arises of cybernetic analysis of the links between the biological basis of human 

organisms and human society, determining the existence of its sustainable forms. 

The focus of this analysis must let on aspects of long existence of such forms in 

the specified depending on the existence of biological and based on the basic laws of 

cybernetics. 

It is considered the most fundamental law of requisite variety among these laws, 

it introduced by W.R. Ashby [2,3]. In verbal form this law is usually described as 

"control can be achieved only if the variety of facilities management system is not 

less than the variety it manages the situation", but it was formulated in mathematical 

terms. As shown by W. Ashby, this law is a generalization of a narrower Theorem 10 

of Shannon's work [4]. 

Applied to human society, it follows that the decline of biological diversity in it 

reduces the possibility of adapting this society to disturbing influences of the external 

environment. Interacting human communities that reduce its biological diversity 

under the influence of internal biological and social processes, is doomed to 

extinction and replace those that supported a greater variety in the dynamics   by the 

evolution of this interaction. 

The biological diversity in the human community is ensured by the diversity 

gained in the genotypes of its constituent people. Therefore, any process leading to a 

reduction of this diversity, is acting to reduce the adaptation and reduce possibilities 

of real homeostasis. For a more specific analysis of the problem one should refer to 

directly observable phenomena and processes.  

Accumulation of data on hereditary diseases and the impact of inbreeding has 

led scientists at the end of the XIX century to recognize and study the problem of the 
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influence of these factors on the social aspects of human society. This problem has 

become especially sensitive with the dynastic aspect. 

Marriages among the ruling persons in a relatively stable social world led to a 

significant reduction in the biological ancestors of the ruling elite. Classic examples 

of this is the family tree of King Charles II of Spain (1661 - 1700) - the last 

representative of Hamburg home to the Spanish throne. This man differed extremely 

painful and even the ugliness resulting in numerous closely marriages between 

Spanish and Austrian branches of the Habsburgs. 

A man  is a diploid organism like most multicellular animals. A diploid 

organism receives each gene in two copies (alleles) - from the father and the mother. 

If these genes are different, the individual is heterozygous on this gene, and if not 

differ, one is homozygous. When parents are relatives and so have many of the same 

genes, the homozygosity increases with each generation. Currently, there is a 

hypothesis Kondrashov A. [5], which proves the advantages of sexual reproduction 

the possibility of getting rid of harmful mutations by compensating for a healthy copy 

of the same gene, obtained from the other parent. We can assume that heterozygosity 

provides for increased reliability through redundancy by an expanded set of potential 

biological functions and homozygosity constitute a waiver of this mechanism to 

increase reliability. 

It is believed that mutations can be useful, neutral or detrimental to the most 

common hereditary understanding of the mechanism, but the selective value varies in 

different environments. It is believed that natural selection acts against deleterious 

mutations, by the death of their competitive carriers reducing the number last for 

further breeding population. It is considered that natural selection acts against 

deleterious mutations, by the death of their competitive carriers reducing the number 

last for further breeding population.  

The accumulation of harmful genes (lethal and sublethal) in the gene pool of 

modern humanity is attributed to medical advances, allowing to keep the majority of 

the human body, which in the absence of medicine would have died naturally. 
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It can be assumed that the concept of "bad genes" is essentially a simplification 

of the real picture and partial misunderstanding the whole variety of mechanisms to 

sustain life in biogeocenosis. As is known, attempts at separation animals on harmful 

and useful have been an artificial simplification of understanding the world. All 

organisms are necessary to some extent for the life of the ecosystem. 

Hypersystemic of principle implies that the duration of the included subsystem 

can be reduced in order to maintain homeostasis embracing system. This means when 

applied to individual human society that the duration of the functioning of human 

society or its parts can be significantly reduced under the influence of regulatory 

mechanisms of the ecosystem. It is easy to see that the built-in mechanism for the 

evolution of the generation of harmful genes can be used in such automatic regulation 

of homeostasis. 

Built-in mechanisms to maintain the diversity of any ecosystem subsystem 

aimed at maintaining overall homeostasis ultimately. Any reduction of diversity in 

the subsystem threatens  by the destruction and the inability to adapt the subsystem  

in the future dynamics with a corresponding impact on the subsystem covering higher 

hierarchy. 

As is known the pyramids of material consumption are formed in complex 

biological communities. They have kind of trophic chains and food pyramids in 

ecosystems and the overall ecological system where the organisms of higher 

hierarchy levels consume organisms or parts thereof from the lower levels of the 

hierarchy. While lower levels organisms use part of such consumption or waste. 

As a result of locally-historical formation of the social pyramid with 

significantly differentiated capabilities, the lower levels are not getting the full 

capabilities of even the existence of a physiological (nutrition and local physical 

conditions of existence - the dwelling and clothes). 

The nonequilibrium change of such social pyramid has not only political and 

social significance. It can and should be studied and from the standpoint of the 

general theory of dynamical systems in particular from the viewpoint of cybernetics. 

Moreover it should not be studied in order to "fight against deficiencies" but for 
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general study opportunities, mechanisms and dynamics. It seems there are 

mechanisms of regulation of this dynamic in complex systems that are collectively 

referred to terrestrial biosystem. 

Means of regulating the number and even the composition of the upper level of 

the food pyramid (predators) are not only unstable oscillations in the number of 

functional pair of predator-prey in biogeocenoses, but epizootic governing the 

number of certain types of organisms in the population. It is natural to seek a 

mechanism in analogy with this which at a more elementary level is regulating 

amount of organisms in the upper echelon of the material and the social pyramid of 

human society. The functioning aggregate impact of harmful mutations and social 

isolation of sexual partners  can be seen as such a mechanism. 

Any social group which has appeared on the social dynamics as the top level of 

the pyramid stands apart in one degree or another, but eventually all consistent and 

significant from much of the rest of society in terms of sexual reproduction, as can be 

seen from the available historical and sociological data. 

This results with time in hard frames out of caste of aristocrats and plebeians, 

free and unfree, feudal lords and the lower classes to ancient societies. It turned later 

into not the declared explicitly, but existing social elite of the society and the general 

mass of people who do not belong to this elite. Real social and material resources of 

the elite and the rest of the people usually are not compared in modern conditions, 

their long-term effects are not attracted to attention in this aspect. 

The appearance of such ambiguous interdisciplinary direction as eugenics 

should be considered in this aspect. Recall that eugenics is called the doctrine of 

selection applied to human beings, as well as ways to improve its hereditary 

characteristics, designed to deal with the phenomena of degeneration in the human 

gene pool. The reputation of eugenics has been undermined by its adoption as a state 

program in Nazi Germany, although it has been used in Sweden and later as part of 

government social programs. 

Usually the real cause of this doctrine and its premise are behind the scenes. 

And the reality was and is the relative  "degeneration" of previously the most active 
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part of the nation, or even more significantly its elite that is noticeable to the naked 

eye. 

Reasons for this are the actual physiological and social elite distance from the 

general population, although it is not emphasized  in today's world. The elitist 

education of the next generation has became the catalyst to this phenomenon. Most of 

the younger generation of elite receive education and training in elite private schools. 

The social circle next generation of elite turns out to artificial narrowing dramatically. 

The real communication  in a limited circle and the automatic  generation of ethics 

within closed groups lead  to sexual intercourse only among themselves. 

Social grouping narrows feasibility of sex not only in the upper floors of the 

social pyramid, but likewise in the lowest. The sex among the homeless and long-

term unemployed  occur also mainly within the respective social group.  

Sharp narrowing of the scope of active contacts in socially marginalized groups 

leads to the predominance of sexual relations in a narrow circle of organisms that 

eventually leads to the accumulation of bad genes and become essential to the real 

functioning of organisms. 

We can assume that the mechanism of accumulation of bad genes in limited 

social groups is used for automatic reduce and partial destruction of any such long-

term stable groups with a theoretical view to removing the trends in the reduction of 

biological diversity in subsystem embracing people. 

We can further assume that social deviation are the catalyst reduction range of 

biological inheritance of marginalized groups. Especially you can confidently assert 

about sexual deviancy including homosexuality even if  he officially does not  belong 

to deviation  in a given society. The satisfaction of the sexual instinct without 

procreation  leads to a further narrowing of the real source of genes for future human 

organisms as a large-scale phenomenon in a social group. Therefore, the systematic 

execution of unnatural sexual relations maintained as psychologically valid and 

desirable phenomenon.   The relations are unnatural because they can not fulfill the 

functional role of reproduction of the species, and even social group. 
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Other social deviation especially alcoholism and drug addiction are also 

effective in this direction. Besides the immediate effects of the destructive effect on 

the human body, they pawn destroying deflections in  organisms descendants of such 

people, at least potentially. Indirect consequence of these deviations is a qualitative 

reduction of sexual possibilities, needs and thus narrowing the range of potential 

carriers of genes for posterity in a social group. Note that the sexual aspects  are 

customary considered  solely  from the standpoint of satisfaction and pleasure 

currently, at least in the political aspects, but in modern societies often forgotten their 

functions and a fundamental role in the very existence of society as a stable 

functioning system. Therefore, the mechanisms of global and not subordinated to the 

lower levels should be into systems  supporting effectively homeostasis  for dynamic 

elimination of such impacts on this equilibrium. 

Mechanisms for eliminating should be smooth, but qualitatively effective, taking 

into account the dynamics of orientation and flexible regulation. So, the mechanism 

of regulation of all kinds of social deviance seems very logical, efficient and reliable, 

starting with the formation of stable social groups for the pre-emptive use of material 

resources, and lies at the genetic level. It includes automatic generation of harmful 

mutations, they temporarily blocked due to heterozygosity organisms, and the 

inclusion of devastating for the existence of a social group deviations smoothly 

triggered as soon as the group is socially withdrawn. The inclusion of recessive 

alleles  eliminates the deviation as a significant and a mass  phenomenon due to 

losses in the offspring of dominant genes. You can marvel at how deeply and 

effectively and even beautifully constructed this mechanism, and even consider it a 

highly humane, as a way to eliminate the main deviation is through cosmetic 

auxiliary mechanisms of sexual  and drug deviancy making  artificially pleasant and 

desirable for individuals of the group  in individual ways to nothingness. 

This mechanism of the self-destruction of social deviance is extremely 

reminiscent of the well-known by their functions apoptotic mechanism [6]. The 

apoptosis provides a regulated process of self-destruction at the cellular level, and its 

main function is to eliminate defective (damaged, mutant infected) cells [7]. The 
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considered mechanism of the elimination of social deviance ensures the destruction 

of biological organisms, defective  with positions of adaptive mechanisms of  society, 

and it is realized eventually at the same level. First acts at the level of communication 

link between the cell and the organism, and the second is operating at the interface 

between the body and the biological subsystem of people. 

Conclusion. The performed research has allowed to reveal  protection 

mechanisms of genetic diversity of human societies  on the basis of theoretical 

cybernetics. The proposed hypothesis of hidden functionality devastating for 

individuals sublethal genes allows us to consider them as an effective natural 

mechanism of internal control systems of complex human societies. It is described 

appointment previously obscure aspects of the dynamics of dominant and recessive 

genes as natural and based on the fundamental law of cybernetics. The proposed 

solution can not exhaust all the functional purpose of the mechanism of genes 

shielded, but allows us to understand them as an essential component of the internal 

management of adaptation and homeostasis of complex natural systems of biological 

nature.  
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SMOOTHING OUT OF EXPERIMENTAL DEPENDENCES 
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Abstract: Creation of the methodical providing of calculable experiment is 

considered. An object is the dynamic systems. The effective methods of smoothing out 

of experimental dependences are described. 

Keywords: experimental dependences, smoothing out, methodology. 

Introduction 

As a rule, experimental data are represented with various deviations (noise). For 

reception of a clear picture of researched process it is required to suppress noise. 

In practice of processing of experimental data approximation of the data with 

noise is not always carried out successfully. At approximation of experimental 

dependences by the weighed splines as there are certain doubts in reliability of 

definition of derivatives. 

Especially when the information on the first and especially second derivative is 

essential. It speaks complexity of selection of a kind of approximating function that 

demands enough high qualification. 

The purpose of work is development of the common approaches and algorithms 

of controlled smoothing of experimental dependences. The algorithm should be 

independent of a kind and a degree of noise. 

It is necessary to provide maximum low methodical error of a method. 

Controlled smoothing of experimental dependences 

The approach when during smoothing values not only the smoothed function 
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pay off, but also its derivatives is possible [1]. 

In this case pertinently to use smoothing experimental data Ye (τ) with use of 

approximation on sliding segments. The circuit of an arrangement of the moments of 

time is resulted on fig. 1. 

 
Fig. 1   The circuit of splitting of a range of definition of function  

on segments of approximation by a method of sliding segments 

where τ - global time, t - local time 

On each allocated interval of time it is used local within the limits of each 

segment an independent variable t.  

The chosen way of processing of experimental dependences differs that it does 

not demand a uniform arrangement of the moments of time for axes τ.  

Other advantage of the accepted way is the opportunity of essential overlapping 

of intervals of time at approximation, that appreciablly raises reliability of results 

especially at strong noise.  

Dependence Ya (t) within the limits of each segment is approximated by suitable 

function (for example, a polynomial of a low degree). Approximation of function Y 

on segments is carried out by a method of the least squares and values of 

approximating function Ya and its derivatives for each value of argument of a 

segment (1) are calculated. 
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where kn - the order of an approximating polynom. 

Thus, values Y, Y ’, Y ” for everyone i-го values of argument τ are processed 

repeatedly. Smoothed values Yv, Yv ’, Yv ” for each value τi pay off under formulas 

(2). 

∑
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where km - quantity of processings for each value of argument. 

Initial and final parts of a range of definition of function Ye (τ) in this case are 

processed insufficient quantity of times that conducts to decrease of quality of 

smoothing in these areas. Therefore processing of the specified areas is carried out in 

addition repeatedly (Fig. 2). 

 
Fig. 2  The circuit of data processing at smoothing 

To operate smoothing it is possible quantity of values of argument t on a sliding 

segment (Jm) and a degree of an approximating polynomial (Kpol).  

For expansion of a range of values of sizes and improvement of quality of 

smoothing of experimental dependences dimensionless data presentation is used.  

The algorithm of controlled smoothing of dependence with noise Y (τ) is 

submitted on fig. 3.  

Procedure of direct smoothing Smoo is used. At performance of procedure 

Smoo all area of representation Ysh and in addition sites in the beginning and the end 

areas (Fig. 2) is processed.  
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Thus for each segment of approximation the estimation of the coordination of 

preset values Ysh and values received is defined R2Y at approximation. The minimal 

value of estimation R2Y on all processable segments R2Ymin serves as an additional 

parameter of a solvency of procedure of smoothing. 

 
Fig. 3 Circuit of algorithm of controlled smoothing 
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Table 1 
Management parameters and variables 

Kind Code Name 

M
an

ag
em

en
t 

pa
ra

m
et

er
s 

Kpol Degree of approximating polynomial on a segment 

Jm Amount of moments of time on the segment of approximation 

R2min Minimum legitimate value of estimation   R2 

sigm 
Minimum legitimate value of estimation of difference of values of 

Yv on two nearby iterations 

B
as

ic
 d

at
a 

an
d 

re
su

lt 

Im Amount of moments of time on an axis  τ 

τ Value of moment of time 

Ye Initial(experimental) value  Y 

Ysh Dimensionless value  Ye 

Yv Dimensionless recovered value  Y 

dYdX Recovered dimensionless value of the first derivative 

D2YdX2 Recovered dimensionless value of flexon 

Y Recovered(smoothed out) value  Y 

dY/dτ Recovered value of the first derivative 

d2Y/dτ2 Recovered value of flexon 

For a choice of optimum conditions of smoothing the variation of values Jm and 

Kpol is carried out. Optimum are considered values Jm and Kpol for which 

estimation R2 is maximum close to unit.  
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2 1Im/YshYsh/YvYsh1R        

(3) 

where Ysh, Yv - accordingly, set and restored dimensionless values Y, 

Іm - quantity of the moments of time for axes τ.   

For improvement of quality of smoothing it is possible to carry out repeated 

smoothing when as the initial data results of preliminary smoothing are used. For 
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management of iterative process of smoothing alongside with an estimation (3) the 

root-mean-square estimation of a difference of decisions on two next iterations (4) is 

used. 

( ) ( )1Im/YvYvσ
Im

0i

2
1IteriIteriit +








∑ −=
=

− ,                               (4) 

where Yv - value of function received by iterative smoothing, 

Iter - number of iteration. 

End of iterative process of smoothing is carried out on a condition (5). 

sigm     èmin   2R 2R1 it <σ>≥ ,                                                     (5) 

where   sigm  min,2R  -  parameters of management,  

  it,2R σ - the current value of parameters. 

For a select of reliable values of parameters of management researches were 

carried out. Aspects of associations, an aspect and noise level varied. As have shown 

researches it is meaningful to appoint R2min=0.99÷0.995, σit≈0.002, Jm = Kpol⋅kn, 

kn=5÷7. 

Conclusion 

Designed algorithms have been successfully used at smoothing various actual 

experimental dependences. Algorithms are poorly sensitive to an aspect of flatterned 

dependences and to a level and an aspect of noise.  

They can be used not only for smoothing time series, but also for smoothing the 

experimental associations of aspect Y=f (X).  
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Abstract. The article discusses the construction of a simulation model using 

Matlab-Simulink for forecasting accumulated gross profit enterprise taking into 

account the uncertainty of pricing. 

Key words: simulation model, S-model, discrete system simulation unit, random 

variables, uniform distribution law, the normal distribution. 

Introduction. Nowadays, the imitational modelling has found its 

implementation in different fields of professional activities: in the industry, in the 

economy, in the ecology, in the transportation, in the information security and 

services, as well as in the studies of the social and state relationships. The scope of 

tasks that could be successfully solved by the means of the imitational modelling is 

quite broad: science (experiments planning, determination of the statistical properties 

of random factors, verification of the statistical hypotheses); automatic control; 

organisation, assessment and prediction of human relationship; educational activities; 

simulation of game situations. Herein the following objects correspond to the 

mentioned tasks: production process, business flows, market and concurrency, 

logistics, transportation and transport processes, population growth dynamics etc. 

The investigation of the cited objects, whose behaviour can be described by the 

algebraic-differential equations, are based on the tools of model units implemented in 

the simulation environment of Matlab-Simulink. This software allows the user 

designing of various natural systems by the means of visual diagrams, the so-called 

S-models, throughout the user-defined layout. Moreover, it solves automatically the 

system of algebraic-differential equations using the integrated set of solver functions. 
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The displaying of results then is available in special visual components (oscilloscope, 

display, virtual plotter). 

The system is considered to be built, at the basis of this kind of modelling, as a 

set of interconnected time varying fluxes (money, goods, human resources etc.).  

Some assumptions and simplifications have to be introduced. First, the model is 

regarded as an abstract object having not any individual behavioural characteristics of 

the real system. Second, any real physical processes are also regarded to be abstract 

processes. Third, all the variables, even those discrete if the characterize the discrete 

quantities (for instance, population growth, quantity of goods, quantity of sellers) are 

considered to be continuous. Finally, there are no distinct events and all the processes 

are considered to happen in the continuous time direction flow (for example, there is 

no distinction for the selling days). 

Despites such assumptions and simplifications, the unit imitational models are 

very effective when studying different economical and technical systems. 

Literature review. The theoretical questions of the classification of the 

imitational modelling, its implementation in the economics and management are cited 

in the works of such scientists as Snetkov N.N. [1], Gabrin K.E., Kozlov E.A. [2], 

Tsoi E.B. [3]. 

The practical implementation of such methods in the economics, for instance, 

the solution of the problem of the resources management and risks estimation in 

industry is shown in the work of Pavlenko I.O., Osetrov N.V. [4]. The researchers 

Gribanova E.B., Kashtanova O.V. [5] and Milets A.A. [6] work on the development 

of the models and the software for the auction, resources management and on 

different systems of modelling of the economics processes. 

The work of Filipkovskaya L.O. and Chelombit N.O. [7] is devoted to the 

imitational methods of economical risks assessment and analysis of the sensibility of 

the heat distribution pipe-work investment project. Zaburanna L.V. in the work [8] 

presents the imitational model that allows simulating the problem of improvement of 

the information network for the prediction of the macro-economic development of the 

Karpaty region for economy, tourism and agriculture. 
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Thus, the modern computer-aided modelling technologies, including this 

imitational modelling, are necessary for the comprehension of the causal links in 

economics, planning, prediction, decision making etc. 

The main objective of this work is the development of the interface of the 

imitational model that will be used in the studies of the dynamics of the gross product 

at the enterprise in the conditions of the uncertainty pricing. 

Problem formulation. Given a private enterprise that is responsible for the 

production of the good A. Let for the production of the 1 piece of good it is needed 4 

pieces of the original equipment manufacturer (OEM) components of B, 3 pieces of 

OEM components C and 2 pieces of OEM components D that can be bought by an 

uncertain prices at the market. The base values of those prices are estimated to be 

known, as well as the uniform random corrections varying with the own frequency. 

All the dispenses are given as the percentage from the total cost of the B, C and D 

OEM components. The seller’s price of the ready-to-use good A depends on the fixed 

value added tax (VAT), seasonal factor that has the own amplitude and frequency. 

They vary with normal distribution law for the random numbers that are considered 

to be known too. The price being regulated by the enterprise is the object of the 

prediction of the gross product taking into account all the uncertainties. 

Materials, methods and results. Imitational model is the experimental 

simulation system where the events that can happen are artificially created by the 

means of mathematic functions between input and output variables or internal states. 

The necessity of the creation of random elements imitational models arises only when 

the random factors may be described by one known law. This law can be determined 

from empirical data, from the reports analysis or from the special imitational 

experiments. The ways to conduct such experiments are stated below: 

1. Determination of the relationships between input and output indexes 

resulting in the equality or inequality; 

2. Establishment the laws of the distribution for the key parameters; 

3. Development of the model from the available blocks and running the 

computer simulations for the key parameters; 
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4. Analysis of the obtained results and decision making. 

The results of the imitational experiment can be completed with the statistical 

analysis or using the predictive scenario. Furthermore, it is possible to admit the form 

of the distribution is time invariant and its pattern can repeat for the next time lags. 

Determination of the relationships between input and output indexes resulting 

in the equality or inequality. According to the problem formulation, we introduce the 

following parameters: 

Known parameters are: 

, 1,3, 0i ia i a= > – are the base values for the OEM components. 

, 1,3, 0i ik i k= ≥ – is the quantity of the OEM components needed for one unit A 

production. 

b  – is the percentage of the dispenses from the total price of the components B, 

C and D. 

c – is the fixed coefficient for the VAT. 

Unknown parameters are: 

, 1,3ix i =  – are corrections for the price of the EOM components. 

( )S t – is the seasonal factor at the given time instant. 

td  –is the random partial supplement to the prime cost. 

The prime cost for one piece of the product A is determined as (1): 
3

1
( )i i i

i
b k a x

=

⋅ ⋅ +∑      (1) 

The enterprise will have the supplement over the prime cost as (2): 
3

1
( )i i i

i
c b k a x

=

⋅ ⋅ ⋅ +∑      (2) 

The enterprise revenue, taking into account the seasonal factors and random 

partial supplements, is given as (3): 
3

1
( ) ( )i i i t

i
c b k a x d S t

=

⋅ ⋅ ⋅ + + +∑     (3) 
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The function that describes the value of the overall gross product and 

uncertainties in the model is given in the following form (4): 
3 3

1 1
( ( ) ( ) ( ))i i i t i i iy

i i
c b k a x d S t b k a x dt

+∞

= =

⋅ ⋅ ⋅ + + + − ⋅ ⋅ +∑ ∑∫  (4) 

Establishment the laws of the distribution for the key parameters. The 

formulation of the problem counts the supplement over the prime cost as the uniform 

random number. This can be simulated using the block Uniform Random Number 

and is the source of discrete signal. The supplement over the prime cost is the 

governed by the normal distribution law and is imitated by the block Random 

Number. 

Development of the model from the available blocks. The Fig.1 presents the 

proposed imitational model for the discussed problem. The following blocks 

available in Simulink are used for the creation of the S-model: 

 
Fig.1. Imitational model for the revenue savings of the enterprise 
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1. Constant (Cina1 is equal to the 12 money units (m.u.), Cina2 is equal to 5 

m.u. and Cina3 is equal to 8 m.u.) provides the base values for the OEM components 

prices. 

2. Uniform Random Number provides the correction to the OEM components 

prices every varying with the own frequency. 

3. Gain is the block realising the operation of the multiplication of the input 

signal and the constant value, moreover the blocks Gain, Gain1 and Gain2 imitate the 

number of OEM components needed for the production of the final product. Gain3 

replicates the percentage of the dispenses from the total price of the B, C and D (1,6) 

and Gain4 is the fixed supplement over the prime cost (1,2). 

4. Random Number is the normal distribution law of the partial supplement 

(Sample Time is equal to 10). 

5. Sine Wave is the block providing the sine signal with given amplitude, 

frequency and phase. It imitates the seasonal factor at current time (Amplitude is 

equal to 25). 

6. Discrete-Time Integrator is the block that is used for the integration operation 

in the discrete systems. 

7. Mux is the multiplexor and is destined for the mixing of the typical signals 

into one output. 

The block Scope is used for the monitoring of the process output signals. The 

Fig.2 shows the variation of the results of the imitational model. 

 
Fig.2. The output results from the imitational model 

All the intermediate numerical values of the obtained results are displayed on the 

screen of the Display block. 
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The calculation of the main characteristics of the input and output indexes. The 

sequence of the experiments showing where the enterprise would have the highest 

revenue from the selling of the final product has been carried out. The Table 1 shows 

the results of the calculations. 

Table 1  

Values of the model parameters 

Uniform Random Number 
1 

correction 

2 

correction 

3 

correction 

Min=-2, 

Max=3 

Min=-5, 

Max=8 

Min=-7, 

Max=10 

Sample Time 

24 12 6 

 

Conclusion. The obtained combination of the input parameters gives the saving 

trend for the company. This trend has the non-linear character. We can see that the 

main influence has the periodical seasonal factor and the influence of the random 

factors on the final result is minor. 
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Abstract 

In this paper we consider the Rayleigh distribution of the two parameters since 

it has been widely used as a model in many areas of applications.  Statistical 

properties of the distribution are introduced. Estimation of the distribution  

parameters is obtained by the modified moments method.  

Properties of  the scale parameter are found. The estimator of the shape 

parameter has so complicated form and it is difficult to find the properties of 
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estimator such as mean and variance so approximation to the mean and variance of 

the shape parameter estimator is made theoretically by utilizing Taylor series 

expansion of function of two variables X and Y  at the point (  up to second 

order derivative.  

Keyword: Rayleigh distribution, properties of estimation, Taylor series of 

function of two variables, approximation to mean and variance.  

1 Introduction 

The Rayleigh distribution may arise in the fallowing context. Suppose 

we are trying to locate an object and we determine its distance from the 

origin by measuring the distance along the X -axis and Y -axis and applying 

Pythagoras formula   . 

Suppose the measurements are subject to random error with X and Y 

representing the errors in measurement. If the errors are assumed to be 

independent and normally distributed with constant variance   , then it can be 

shown that the distribution of   is Rayleigh distribution, which represents a 

suitable model for life testing studies and has a wide applications. Palovko 

(1968), Dyer and Whisenand (1973); demonstrate the importance of 

Rayleigh distribution in electro vacuum devices and communication 

engineering [1], Laith and Anand (1996); use Modified Maximum 

Likelihood to estimate the scale parameter of Rayleigh distribution [2], Jack 

Douglass (2003); his contribution proposes an example method for 

developing of family of statistically based loop models using Rayleigh 

distribution for  approximating loop probability. A family of P.d.f and C.d.f 

loop distribution curves can be used to represent the range European loops 

length, without being country specific [4], Lliopoulas and Meintais (2003); 

proposed a class of goodness of fit tests for Rayleigh distribution, Eldesoky 

E. Afify (2004); his paper is concerned with estimation of Rayleigh 

distributions' parameter, he used the least squares method, relative least 

squares method, least absolute deviation, for estimating the two parameters 

of  Rayleigh distribution [2]. Ercan E. Kuruoglu and Josian Zerubia, April 
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(2004), In his paper, he shows that the amplitude distribution of the complex 

wave, the real and the imaginary components of which are assumed to be 

distribution by the   -distribution is a generalization of the Rayleigh 

distribution, he demonstrate that the amplitude distribution is a mixture of 

Rayleigh as is the K-distribution in accordance with earlier work on 

modeling synthetic aperture radar images which showed that almost all 

successful synthetic aperture radar image models could be expressed as 

mixtures of Rayleigh, he also present parameter estimation techniques based 

on negative order moments for the new model, finally, he test the 

performance of the model on urban images and compare with other models 

such as Rayleigh, Weibull, and K-distribution [6]. Abd Elfattah (2006); 

studied the efficiency of maximum likelihood estimate of the Rayleigh 

parameters [1]. 

Definition (1. [4]: 

A continuous r.v. X is said to have a Rayleigh distn. with parameters θ  

and , denoted by              , if X has the following p.d.f.  

 
                     =0,   ew.                                                    (1) 

The Rayleigh distribution depends on two parameters  which 

denote the shape and scale parameters respectively. And a wide variety of 

distribution shapes can be generated by suitable choice of    . Figure 

(1) and Figure (2) give respectively a graphical representation of some P.d.f 

of Rayleigh distribution for fixed  with varying  and fixed  with varying 

. 

In general we note that the Rayleigh  distn. have the following properties :  

1- Have the x-axis as a horizontal asymptote. 

2- Increasing for     and decreasing for . 

3- Have a maximum point at . 
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4- Concave down for     and Concave up  for  

. 

 
                      Figure (1) Rayleigh P.d.f's with  1and  0,1,2,3,4 

 
                        Figure (2) Rayleigh P.d.f's with  0 and 1,2,4,6,8 
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2 The Cumulative Distribution Function 

The Rayleigh  c.d.f. is defined as 

 

So                                          (2) 

3 Mean and Variance,[3]: 
 Mean: 

( ) 1E X µ µ′= =  is called the mean of r.v. X (or distn.). It is a measure  of central 

tendency. 

                                               (3) 

3.2 Variance: 

( ) ( ) ( )22 2 2Var X E X E Xδ µ µ = = − = − 
 is called the variance of r.v. X (or 

distn.). It is a measure of dispersion 

  
Hence, 

                                         (4) 

Theorem (1): 

     Let X1,X2, …,Xn be a r.s. of size n from Ray( ). Then :- 

1-The first order statistics  . 

2-The limiting distn. of   is Deg( ). 

Proof: 

1- The p.d.f.  and c.d.f. of  Rayleigh sample are given by  eq.(1) and eq.(2) 

respectively and From the order statistic theory the p.d.f. of  1Y  is  

( ) ( )( ) ( )1
1 1 1 11 ng y n F y f y−

= −  

 
=0,    ew. 
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This shown that   . 

2-Since  the c.d.f. of   is  

 
 

Therefore  

 
This shows that the limiting distn. of  is Deg( ). 

Remark (1): 

1-The mean and variance of r.v.  that is described in theorem (1) are 

respectively                                                 

                                                       (5) 

2-From the second part of theorem (1) one can deduce that  converge 

stochastically to . 

4 Estimation of Parameters by Modified Moments Method  [5] : 

Let X1, X2, …, Xn be a r.s of size n from a distn. p.d.f.   where 

  is a vector of k unknown parameters. Let 1 2, ,..., nY Y Y represent 

the arrangement of the sample set { }iX in a ascending order of magnitude. Let 

( )r
r E Xµ′ = be the thr  sample moment about the origin, r=1,2, … . 

In this method we equate ( )r
r E Xµ′ = with 1r = and ranking 

( )i iE Y Y= beginning with 1i =  until   this process will gives k eq.,s to 

provide a unique solution for , 1,2,...,i i kθ = say ˆ , 1,2,...,i i kθ = and the obtained îθ  in 

this method is called modified moment estimator. 

For Rayliegh distn. case:  

we have two unknown parameters  θ   and  and if we take a r.s. of size n from  

, we let 1Y  represent the first order statistic of the sample.  
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Accordingly, . 

Now, we apply the Modified Moment Method by setting 1′ = Xµ and 

( )1 1E Y Y= at, ˆθ = θand  which leads to  

                                                  (6) 

                                               (7) 

From eq.,s (7) and (9), the estimators of      are respectively  

                                             (8) 

                                             (9) 

5 Properties of Estimation for the Parameters of Rayleigh Distribution 

5.1 Properties of  Estimation for the shape Parameter   

       For the scale parameter  we have: 

 
This show that  is unbiased estimator of  .  

 With variance 

  

We have  

According to theorem (1) part (2)  converge stochastically to  and in general 

 converge stochastically to   so    converge stochastically to   [8]. 

therefore  

 
and hence 
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And hence  

                                (10) 

So    

Which tend to be small for large n 

It is difficult to find the distribution of  so we will approximate E( )  by 

considering the mean and variance of the Taylor series expansion of the function g 

(X,Y) at the point  up to second order .     

5.2 Approximation to the mean and variance of   obtained by modified moment 

method 

We shall approximate the mean and variance of the estimator of the parameter 

 that obtained by using the modified moments method by considering the mean and 

variance of the Taylor series expansion of the function g (X,Y) at point  up to 

second order which is given by, [7]: 

           
(11) 

      
(12) 

By setting  in eq.(12) and eq.(13), one can get 

  
(13)  

and  
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                                   (14) 

We have the modified method estimator of the parameter   given by eq.(9) 

which is: 

 

Let  

It is known that  

                                          (15) 

and 

                                       (16) 

From eq.(16) and eq.(5) one can have: 

                      (17)                                                                                                             

On the other hand 

 

                             (18)                                                                                                              

 

                               (19) 

URL: http://www.sworld.com.ua/e-journal/j11414.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.com.ua/index.php/ru/e-journal/about-journal/terms-of-use 



Modern scientificresearchand their practical application.                                                                       VolJ11414 

 

                                 (20)  

 

                                 (21) 

 

                                  (22) 

By substituting(6), (11),(17),(18), (20), (22) and (23) in eq.(14), one can get the 

approximation to the expected value of  which is given by: 

 

 

 
Moreover  

 
This shows that  is asymptotically unbiased estimator of . 
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By substituting(6), (17), (19), (21) and (11) in eq.(15), one can obtain the 

approximation to variance of  which is given by: 

 

 
and hence  

 
Which tend to be very small for large n. 

6 Conclusions 

We can conclude from our study the following 

1-The approximated mean and variance become more accurate if the higher 

order of    approximation is used. 

2-The estimator of the shape parameter is asymptotically unbiased estimator. 

3-The estimator of the shape parameter has small variance even for small sample 

size. 

4-This technique can be used for general form for the distn. with three 

parameters. 
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Abstract 

We estimate in this paper the degree of approximation of    by using 

Bernstein's polynomial involving on Ditizian-Totik modulus of smoothness 

. On the other hand, we consider this polynomial to obtain an 

equivalence approximation theorem with this modulus. 

Keywords:  Bernstein's polynomial, Moduli of smoothness. 

Introduction  

Let    be the set of all Lebesgueintegrable functions defined on and . 

For and  , the Bernstein's operators is defined as: 

 

Where   
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On the other hand, we consider combinations of these operators, which have 

higher orders of approximation. The linear combinations of Bernstien's operators on 

 are defined as (see[3]): 

 
Where  and  satisfy  

  and  

 
where the constants    and   are independent of  . 

In [2] the  Ditizian-Totik modulus of smoothness  was used for 

polynomial approximation and defined by: 

 

where,   for  

and the th symmetric difference of  is given by: 

 
And our functional by: 

 

  (1.6) 

and      for   

where the infimum is taken on the functions satisfying  is absolutely 

continuous function, see [3]. It is well known the following equivalence see [1] 

 
Let the Sobolev space  be the collection of all functions  defined on , 

such that  is absolutely continuous and we defined as: 

 

where   
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and  

 

2. Auxiliary Lemmas 

In this section, we mention some basis results which will be used to prove the 

main results. If  then by [3], we know that: 

 

 
Lemma 2.1 [6]: 

     Let    then we have: 

 
Lemma 2.2: 

     Let    then we have: 

 
Proof: 

By using Holder inequality, we get  

 

 

 

 
 

 

Lemma 2.3: 

     Let    then for ,  we 

get 

 
Proof: 
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We consider  then we have: 

  and using  

 
and 

 
On the other hand, by using (2.1) and  , therefore 

 

 

 
 

Lemma 2.4 [7]: 

Let    , then we have the 

following inequality: 

 
Lemma 2.5 [3]: 

For,   then we have: 

 
Lemma 2.6: 

For                                                    ,    and  then: 

 
Proof: 

When , then  

 
From lemma 2.5, then  
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Applying the Holder inequality, we get 

 
Also, applying the Holder inequality, we get 

 
Similarly: 

 
Combining (2.8) and (2.10), we obtain (2.5). 

When  , then we have 

 
    and 

 
Thus 

 
because 

 
Otherwise,  

 
and 

 

 
By using (2.11) and (2.13), we obtain  

 
Since   for  , we have   
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for   

Now, by using (2.7), (2.14) and (2.15) and by using Holder inequality, then we 

get 

 

 

                   
 

Lemma 2.7 [3]: 

Let ,   then: 

 

Where    is a polynomial in   of degree  . 

 

Lemma 2.8: 

For  and   and    then we have 

 

 
Proof: 

For    and  according to lemma 2.3, we get 

 

On the other hand, for   and   and by using lemma 2.7, (2.16) 

we can obtain  

 
therefore 
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For any    and since 

 
by using the Holder inequality, we get 

 
From lemma 2.7, (2.16) and (2.21) we can deduce (2.17). Similarly by using 

lemma 2.2 we can obtain (2.18). 

Lemma 2.9 [1]: 

     Let   then  

 

 
3. Main Results 

Theorem 3.1: 

Let   and  , then 

 
involving the constant   dependent on. 

Proof: 

By using (1.5) and (1.7) and taking  , we can choose   

  for fixed  and  and by lemma 2.9, (2.22) and (2.23), then we have 

 
Now, 

 

 

 
By using Taylor's series 
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Where  

 
By using (1.2), (1.3) and lemma 2.6, (2.5) we obtain 

 

 

 
 

Also, by using (1.2), (1.3) and (2.11), we get 

 

 

 

Then by using lemma 2.9,(3.3), (3.4) and (3.5) and for   and  

 

 

 

 . 

Theorem 3.2: 

     Let  , and, and if 

 
Then we have 

 

Where   and. 

Proof: 

Suppose that    holds. 
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Now, we introduce a new functional as: 

 
for  , such that  

 
By (3.6), we can deduce that  

 . 

Thus, by using lemma 2.8 and (3.8), we obtain  

 

          

            

              
Which implies that 

 

On the other hand, since  

therefore    

and        

so that   

Thus, for   , we get 

 

                
From lemma 2.4 and for 

 , then we have 
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Then we have  

 
Now, using (3.9), (3.11) and (3.12) for 

Then we have 

 

       

       . 
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