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УДК 004.56.5(043.2) 

COMPUTERS AND COMPUTER CRIMES 

Agarkov V.V. (Kharkiv)  

Language supervisor: Khorunzhaya L.A. 
Summary: The article deals with the basics of computer hardware composition and crimes in 

which it played the supporting role to achieve the goal. 

Key words: crimes, criminal law, personal computers. 

Анотація: У статті розглянуто основи складу комп’ютерної апаратної частини та 

злочини у яких він виступав допоміжним заходом для досягнення мети.  

Ключові слова: злочини, кримінальне право, персональні комп’ютери. 

Аннотация: В статье рассмотренны основы состава компьютерной аппаратной чисти и 

преступления в которых он выступал вспомогательным средством для достижении цели. 

Ключевые слова: криминальное право, персональный компьютер, преступления. 

 

Special-purpose computers can perform specific tasks and their operations are 

limited to the programs built into their microchips. There computers are the basis for 

electronic calculators and can be found in thousands of electronic products, including 

digital watches and automobiles. These computers do the ordinary arithmetic operations 

such as addition, subtraction, multiplication and division. 

General-purpose computers are much more powerful because they can accept 

new sets of instructions. The smallest fully functional computers are called laptop 

computers. Most of the general-purpose computers known as personal or desktop 

computers can perform almost 5 million operations per second. 

Modern personal computers are known to be used for different purposes: for 

testing new theories or models that cannot be examined with experiments, as valuable 

educational tools due to various encyclopedias, dictionaries, educational programs, in 

book-keeping, accounting and management. Proper application of computing equipment 

in different industries is likely to result in proper management, effective distribution of 

materials and resources, more production that is efficient and trade. Minicomputers are 

high-speed computers that have greater data manipulating capabilities than personal 

computers do and many users can use that simultaneously.  

These machines are primarily used by large business or research and university 

centers. There are two fundamentally different types of computers: analog and digital. 

Digital computers are based on manipulating discrete binary digits. They are generally 

more effective than analog computers for four principal reasons: they are faster; they are 

not so susceptible to signal interference; they can transfer huge databases more 

accurately; and their coded binary data are easier to store and retrieve than the analog 

signals. 

For all their apparent complexity, digital computers are considered to be simple 

machines. The real power of a computer depends on the speed with which it checks 

switches per second. The more switches a computer checks in each cycle, the more data 

it can recognize at one time and the faster it can operate, each switch being called a 

binary digit or bit. 

A digital computer is a complex system of four functionally different elements: 1) 

the central processing unit (CPU), 2) input devices, 3) memory-storage devices called 

disk drives, 4) output devices. These physical parts and all their physical components 

are called hardware. More and more, the operations of our businesses, governments, and 
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financial institutions are controlled by information that exists only inside computer 

memories. Anyone clever enough to modify this information for his own purposes can 

reap substantial rewards [1].  

These facts have not been lost on criminals or would-be criminals. A recent 

Stanford Research Institute study of computer abuse was based on 160 case histories. 

Here are a few areas in which computer criminals have been found.  

Nowadays banking. All banks keep their accounts on computer files. Someone 

who knows how to change the numbers in the files can transfer funds at will. For 

instance, one programmer was caught having the computer transfer funds from other 

people's accounts to his wife's checking account. Often, tradition ally trained auditors do 

not know enough about the workings of computers to catch what is taking place right 

under their noses. 

Business. A company that uses computers extensively offers many opportunities 

to both dishonest employees and clever outsiders. For instance, a thief can have the 

computer ship the company's products to addresses of his own choice. He can have it 

issue checks to him or his confederates for imaginary supplies or services. People have 

been caught doing both.  

Credit Cards. There is a trend toward using cards similar to credit cards to gain 

access to funds through cash-dispensing terminals. Banks may find themselves 

unwillingly subsidizing organized crime. 

Software Theft. The software for a computer system is often more expensive than 

the hardware. Yet this expensive software is all too easy to copy. Crooked computer 

experts have devised a variety of tricks for getting these expensive programs printed 

out, punched on cards, recorded on tape, or otherwise delivered into their hands. This 

crime has even been perpetrated from remote terminals that access the computer over 

the telephone. 

Theft of Time-Sharing Services. When the public is given access to a system, 

some members of the public often discover how to use the system in unauthorized ways. 

For example, there are the "phone freakers" who avoid long distance telephone charges 

by sending over their phones control signals that are identical to those used by the 

telephone company. Since time-sharing systems often are accessible to anyone who 

dials the right telephone number, they are subject to the same kinds of manipulation. Of 

course, most systems use account numbers and passwords to restrict access to 

authorized users. However, unauthorized persons have proved to be adept at obtaining 

this information and using it for their own benefit. For instance, when a police computer 

system was demonstrated to a school class, a precocious student noted the access codes 

being used; later, all the student's teachers turned up on a list of wanted criminals [2]. 

Because of the versatility of the computer, drawing lines between criminal and 

noncriminal behavior regarding its use can be difficult. Behavior that companies and 

governments regard as unwanted can range from simple pranks, such as making funny 

messages appear on a computer's screen, to financial or data manipulation producing 

millions of dollars in losses. Early prosecution of computer crime was infrequent and 

usually concerned EMBEZZLEMENT, a crime punishable under existing laws. The 

advent of more unique forms of abuse, such as computer worms and viruses and 

widespread computer hacking, has posed new challenges for government and the courts. 
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Computers add a new dimension to criminal law, presenting many issues for law 

enforcement. At the forefront of law enforcement concerns is the necessity to secure 

adequate training to combat these crimes. This requires additional resources. The 

technical sophistication needed to follow the "electronic trail" far surpasses traditional 

methods of investigation. In some cases data are encrypted, making it difficult for police 

authorities to discern the contents of the information.  

The detection of criminal conduct may also be hampered by the reluctance of 

entities to report an unauthorized computer access. Corporations may fear the negative 

publicity that might result as a consequence of their systems being compromised. In 

many cases, unauthorized computer access may go undetected by the individual or 

entity whose computer system had been invaded.  

Equally challenging are the policy and legal issues. It is necessary to enact 

legislation that will sufficiently prohibit the abuses of new and developing technology. 

The speed with which technology develops makes this a continual concern. In some 

cases, the line between what will be considered criminal conduct and what will be civil 

remains uncertain. A common debate in discussions of business crimes is whether the 

activity is an aggressive business practice, or alternatively a crime.  

Further, issues of jurisdiction and enforcement power present special problems 

given that the Internet operates internationally. This can become particularly 

problematic when countries adopt different standards of what constitutes crime and 

different penalties for computer related criminal activity. 

The Internet also presents national security concerns since computers serve 

instrumental roles in the delivery of emergency services, government operations, 

banking, transportation, energy, and telecommunications. As technology develops, the 

law needs to respond to these new developments to deter those who would abuse and 

misuse the new technology [3]. 

Based upon the sheer number of cases involving computer crime, commentators 

remain puzzled as to what is necessary to curb this type of activity. Clearly, technology 

for law enforcement needs to stay ahead of the technology used by the hackers, but this 

is not an easy task. A number of conferences have been held to address these issues, 

often attracting large corporations such as Microsoft and Visa International, but the 

general consensus is that the hackers still hold the upper hand, with solutions still 

elusive. 
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УДК 577.23 

ALTERNATIVE FUEL VEHICLES 

Andreev A. (Belgorod)  

Language supervisor: Besedina T.V. 
Summary: This article deals with the problems of searching the new alternative fuels 

considering the main peculiarities & features of car industry needs.The ways of solving this problem 

are discussed in this paper. The possible impacts on environment are also considered here. 

Keywords: environment, renewable fuel, engine, combustible, hydrogen. 

Анотація: Дана стаття торкається проблеми пошуку нових альтернативних джерел 

палива, розглядаючи головні особливості і риси потреб автомобільної промисловості. У статті 

обговорюються способи вирішення цієї проблеми, а також питання про можливі наслідки 

впливу на навколишнє середовище.  

Ключові слова: навколишнє середовище, поновлюване паливо, двигун, пальне, водень. 

Аннотация: Данная статья затрагивает проблемы поиска новых альтернативных 

источников топлива, рассматривая главные особенности и черты потребностей автомобильной 

промышленности. Способы решения этой проблемы обсуждаются в этой статье. Вопрос о 

возможных последствиях воздействия на окружающую среду также рассматривается здесь. 

Ключевые слова: окружающая среда, возобновляемое топливо, двигатель, горючее, 

водород. 

 

Unlike renewable fuel sources, fossil fuel reserves are finite. Scientists surmise 

that in less than half a century, the world's fossil fuel reserves will be depleted, given 

the current rate of consumption. For this reason many developed nations are working 

towards implementation of technologies such as biofuels and other alternative fuels as a 

replacement of fossil fuels. Alternative fuels, known as non-conventional or 

advanced fuels, are any materials or substances that can be used as fuels, other than 

conventional fuels [1].  

The growing interest in alternative fuels for cars and trucks is motivated by three 

important considerations: 

1. Alternative fuels generally produce fewer vehicle emissions that contribute to 

smog, air pollution and global warming; 

2. Most alternative fuels are not derived from finite fossil-fuel resources;  

3. Alternative fuels can help any nation become more energy independent. 

Six alternative types of fuels are identified in the world. Some are already widely used; 

others are more experimental or not yet readily available. All have potential as full or 

partial alternatives to gasoline and diesel. 

Natural Gas as an Alternative Fuel 

Cars that run on alternate fuel sources are becoming increasingly important. It is 

an alternative fuel that burns clean and is already widely available to people in many 

countries through utilities that provide natural gas to homes and businesses. When used 

in natural gas vehicles—cars and trucks with specially designed engines—natural gas 

produces far fewer harmful emissions than gasoline or diesel and offers a relatively low 

cost of ownership. Another advantage is non-toxicity, it does not contaminate the earth 

or water in case of leaks, unlike gasoline or diesel which leaves a chemical residue or 

slick. Though NG cannot lay claim on the title of safest alternative fuel, it is still much 

safer than traditional fuels [1]. 

Hybrid Cars 

A hybrid vehicle is a vehicle that uses two or more distinct power sources to 

http://en.wikipedia.org/wiki/Fuel
http://en.wikipedia.org/wiki/Material
http://en.wikipedia.org/wiki/Chemical_substance
http://en.wikipedia.org/wiki/Fuel
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move the vehicle. This car features a small fuel-efficient gas engine combined with an 

electric motor that assists the engine when accelerating. The electric motor is powered 

by batteries that recharge automatically while you drive. The Hybrid car uses less fuel 

and emits much less pollutants. It was in 1899 that Ferdinand Porsche developed the 

first working Hybrid electric vehicle followed by a number of others who innovated on 

the original invention. While some form or the other of the Hybrid vehicle has been in 

continuous production, no major manufacturer of automobiles took it up for bulk 

production and marketing, till late in the twentieth century. Currently, most well-known 

automobile brands produce such cars. Scientists consider that the widespread electric 

and hybrid vehicles are considered as one of the main ways to address environmental 

issues in transport. 

Electricity as an Alternative Fuel 

Electric vehicles are a compelling alternative to gasoline-powered cars. They use 

environmentally friendly technology to get you to your destination without the need for 

costly, supply-limited gasoline. From the outside, you would probably have no idea that 

a car is electric. In most cases, electric cars are created by converting a gasoline-

powered car, and in that case it is impossible to tell. Electric cars give off no emissions. 

These cars are even better than hybrids in this regard. Hybrids running on gas give off 

emissions, while electric cars are totally 100 percent free of pollutants. But there is 

disadvantage in price. Electric car batteries are not cheap, and the better the battery, the 

more you will pay. And most cars take a long time to recharge their batteries. Today 

electric vehicles work wonderfully for short distance travel and would be ideal for the 

weekend or for the individual that works at home. Electric vehicle manufacturers are 

working hard to make this car efficient and worthwhile for everyone [2]. 

Hydrogen as an Alternative Fuel 

Fuel cell vehicles, powered by hydrogen, have the potential to revolutionize our 

transportation system. They are more efficient than conventional internal combustion 

engine vehicles and produce no harmful tailpipe exhaust—their only emission is water. 

Hydrogen can be mixed with natural gas to create an alternative fuel for vehicles that 

use certain types of internal combustion engines. Hydrogen is also used in fuel-cell 

vehicles that run on electricity produced by the petrochemical reaction that occurs when 

hydrogen and oxygen are combined in the fuel “stack.”  All these vehicles are still at an 

early stage of development. Research and development efforts are bringing them closer 

to commercialization. 
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Propane as an Alternative Fuel 

Propane — also called liquefied petroleum gas — is a byproduct of natural gas 

processing and crude oil refining. One of the advantages is less production of emissions 

than gasoline. Already widely used as a fuel for cooking and heating, propane is also a 

popular alternative fuel for vehicles. There are two types of propane vehicles: dedicated 

and bi-fuel. Dedicated propane vehicles are designed to run only on propane, while bi-

fuel propane vehicles have two separate fueling systems that enable the vehicle to use 

either propane or gasoline. There are also two types of fuel-injection systems available: 

vapor injection and liquid propane injection. In both types, propane is stored as a liquid 

in a relatively low-pressure tank. Small costs are one reason behind propane's popularity 

for use in light-duty vehicles, such as pickup trucks and taxis, and for heavy-duty 

vehicles, such as school buses [2]. 

Ethanol as an Alternative Fuel 

Ethanol is an alcohol-based alternative fuel that is made by fermenting and 

distilling crops such as corn, barley or wheat. Ethanol can be blended with gasoline to 

increase octane levels and improve emissions quality. There are many benefits to using 

ethanol as an alternative fuel. Ethanol is much more energy efficient than normal 

gasoline is. Ethanol has an energy balance of 125% whereas gasoline's is only 85%. 

Some of the disadvantages to using Ethanol as an alternative fuel is that the prices are 

fairly high, they are about the same as that of mid-grade gasoline prices. The biggest 

disadvantage is that so far it cannot be used as a pure alternative fuel yet, but it can be 

used as a very good replacement for the currently used toxic octane enhancers. 

DME (dimethyl ether), a clean fuel derived by chemical conversion of natural gas 

or coal, is an isomer of ethanol (meaning it has the same atoms but a different 

molecular structure), and has the same fuel properties as propane-butane. Its advantages 

are attracting major energy companies in Europe: it does not emit any sulfur, nor does it 

generate carbon or any particulate matters. Gas is the most economic source, but DME 

can also be derived from oil, coal, and biomass [3]. 

But DME, like most alternative fuels, has its limits. Most notably, it is not yet 

appropriate for small cars and is developed more for trucks and buses. Equipping a 

vehicle to run on DME would also cost additional money [3, p.5]. 

Still, the fact that it can be derived from other sources than oil makes it a valuable 

fuel, especially for countries that lack their own hydrocarbons. China, for instance, has 

a national program to develop the coal sector in order to become less dependent on oil. 

In an economy with a surplus of hydrocarbons, such large-scale efforts are simply not 

viable [3, p.7].   

There is one factor that could seriously affect demand for alternative fuel in 

Russia: parity in energy costs, something that is forecasted to happen within the next 

few years. The pressures of cost will drive the need for new sources of fuel. 

Solar & wind power are two natural recourses that can power the planet.  

 

References 

1. Alternative Fuels and Advanced Vehicles [Electronic resource] – Access mode:  

http://www.afdc.energy.gov 2.Top 8 Alternative Fuels [Electronic resource] – Access mode:  

http://www.about.com 3. M. C. Hansen High-Resolution Global Maps of 21st-Century 

Forest Cover Change// SCIENCE. – v.15. – 2013. P. 5-8. 

http://environment.about.com/od/ethanolfaq/f/what_is_ethanol.htm
http://www.afdc.energy.gov/
http://www.about.com/


 13 

УДК 984.12:344 
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речовин, який накопичується в грунті, рослинах тваринним світом і людьми. Тому необхідні 

знання про його видалення з використанням кращої техніки з оптимальною ефективністю. 

Даний огляд робить акцент на ефективність видалення фтору з води різними матеріалами. 
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загрязнителем веществ, который накапливается в почве, растениях, животным миром и людьми. 

Поэтому знания о его удалении, используя лучшую технику с оптимальной эффективностью, 

необходимы. Данный обзор делает акцент на эффективность удаления различными 

материалами фтора из воды. 
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Summary: Fluoride is a persistent and non-biodegradable pollutant that accumulates in soil, 

plants, wildlife and in human beings. Therefore, knowledge of its removal, using best technique with 

optimum efficiency is needed. The present survey highlights efficacy of different materials for the 

removal of fluoride from water. 
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The chemical nature of water is one of the most imperative criteria that determine 

its usefulness for a precise need and as such not all the waters are fit for drinking and 

potable purposes. Apart from fluoride, arsenic and nitrate are few of major water 

pollutants which cause large scale health issues, but in cutting-edge the most serious 

pollutant is fluoride [1]. According to the World Health Organization the maximum 

acceptable concentration of fluoride ions in drinking water lies below 1.5 ppm. Fluoride 

if taken in small amount is usually beneficial, but the beneficial fluoride concentration 

range for human health is very small. Depending on the concentrations and the duration 

of fluoride intake, it could have positive effect on dental caries. On the contrary, long 

term consumption of water containing excessive amounts of fluoride can lead to 

fluorosis of the teeth and bones [2]. The excessive intake of fluoride may cause 

dental [3] and skeletal disorders. Fluoride ion is attracted by positively charged calcium 

ion in teeth and bones due to its strong electronegativity which results in dental, skeletal 

and no skeletal forms of fluorosis i.e. high fluoride ingestion, in children as well as 

adults. Fluorosis in mild version can be evidenced by mottling of teeth and in high 

version by embrittlement of bones and neurological damage [4], in some of the cases it 

may even interfere with carbohydrates, proteins, vitamins and mineral metabolism and 

to DNA creation as well if intake excessively.  Fluoride contamination in ground water 

is a world-wide issue, and some cost effective technologies are required to eliminate 

excess fluoride in water. The occurrence of high fluoride concentrations in groundwater 

and risk of fluorosis associated with using such water for human consumption is a 

problem faced by many countries, notably India, Sri Lanka, and China, the Rift Valley 

countries in East Africa, Turkey, and parts of South Africa. Conventionally, the fluoride 

was removed from contaminated water is by liming and accompanying precipitation of 

fluoride [5]. 

http://journal.chemistrycentral.com/content/7/1/51#B1
http://journal.chemistrycentral.com/content/7/1/51#B3
http://journal.chemistrycentral.com/content/7/1/51#B4
http://journal.chemistrycentral.com/content/7/1/51#B6
http://journal.chemistrycentral.com/content/7/1/51#B10
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 One of the most popular techniques for defluoridation that is used in countries 

like India, Kenya, Senegal and Tanzania is Nalgonda technique. In this technique, 

calculated quantities of alum, lime and bleaching powder are mixed with water, after 

mixing the water is processed with flocculation, sedimentation, filtration and 

disinfection. The entire operation takes about 2–3 hours for around 200 people in 

batches. Disadvantages of this technique is reported that treated water has high residual 

aluminium concentration (2–7 mg/L) then the WHO standard of 0.2 mg/L. Among these 

methods, adsorption is the most suitable and widely used technique due to its simple 

operation, and the availability of a wide range of adsorbents. 

Calcium-based adsorbents 

 Calcium has a good affinity for fluoride anion and it has been used for fluoride 

removal. Crushed limestone (99% pure calcite) used as an adsorbent for fluoride 

removal by batch studies and surface-sensitive techniques from solutions with high 

fluoride concentration ranging from 3 to ~2100 mg/L. With different techniques, such 

as atomic force microscopy (AFM) and X-ray photoelectron spectroscopy (XPS) as well 

as ζ potential measurements, the authors were able to confirm that a combination of 

surface adsorption and precipitation reactions removed fluoride from aqueous systems. 

The removal capacity of fluoride was dependent on calcite surface area. Activated and 

ordinary quick lime as adsorbents used for fluoride removal from water. When initial 

concentration was 50 mg/L, the removal of fluoride was 80.6% at optimum conditions 

from synthetic solution. Langmuir maximum sorption capacity of activated quick lime 

for fluoride was found 16.67 mg/g. The removal of fluoride was found due to 

chemisorption and precipitation which was confirmed through scanning electron 

microscopy (SEM) micrographs and X-ray diffraction (XRD). Aluminium hydroxide 

impregnated limestone as a adsorbent used for fluoride removal from water. At pH 2, 

the adsorption in case of modified lime stone was decreased. The maximum sorption 

capacities of the limestone and aluminium hydroxide impregnated limestone were found 

43.10 mg/g and 84.03 mg/g, respectively. The adsorption method was used for fluoride 

removal from aqueous solution by Apatitic tricalcium phosphate. The fluoride uptake by 

various calcium phosphate minerals, calcium aluminate (CA) was reported. 

Nano-sorbents 

The potential of nano alumina for fluoride removal and was found to be 

140 mg/g. Defluoridation studies were conducted under various experimental conditions 

such as pH, contact time, initial fluoride concentration, temperature and the presence of 

counter ions. It was noticed that maximum fluoride removal occurred at pH 6.15 and 

increased with increase in time and initial fluoride concentration. Fluoride adsorption 

was not significantly affected by temperature variation but was influenced 

by PO3−4, SO2−4 and CO2−3 ions. The sorption isotherm was fitted with Langmuir 

model and followed pseudo-second order kinetics. Carbon nanotubes (CNTs) as support 

to deposit Al2O3 and explored the possibility of Al2O3/CNTs for fluoride removal from 

drinking water. The fluoride removal was occurred on Al2O3/CNTs at pH 5.9-9.0. The 

adsorption capacity for Al2O3/CNTs was 13.5 times higher than AC-300 carbon and 

four times higher than that of γ-Al2O3 at equilibrium fluoride concentration of 12 mg/L. 

The mass of fluoride adsorption for Al2O3/CNTs at pH 6 reached 28.7 mg/g at 

equilibrium concentration of 50 mg/L.  
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Conclusions 
Studies for the removal of fluoride, using several adsorbents have been 

summarized briefly in this review. The efficacy of each adsorbent has been examined 

and discussed. The following conclusions have been made on the basis of literature 

review: 

•Various natural adsorbents have potential for defluoridation of water but their 

difficulties in regeneration and low efficiency have also been reported. 

•Nano- adsorbents have been attracted considerable attention in the recent years in 

fluoride removal and these materials have shown higher fluoride uptake capacity. 

So, the future research should be concentrated in evaluating the efficacy of adsorbents 

in terms of cost and feasibility for removal of fluoride. It would be worthwhile to study 

the suitability of different chemicals to regenerates the spent adsorbents. 
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Summary: This paper deals with some aspects of relations between a norm and unit spheres. 

The central idea of this article is to provide a reader with some material on geometry of normed 

spaces, to present generalization of term “length” and to show some examples of unit spheres in 

normed spaces.  Some main definitions , a theorem about defining norm by a unit sphere and  the 

generalization of a norm — non-symmetrical norms are given here. 

      Key words: linear normed space, norm, unit sphere. 

      Анотація: Ця стаття присвячена аспектам зв’язків між нормою та одиничною сферою. 

Ідея даної статті – ознайомити читача з деяким матеріалом геометрії нормованих просторів, 

представити узагальнення терміна “довжина” та навести деякі приклади одиничних сфер в 

нормованих просторах. Тут наведені деякі основні означення, теорема про визначення норми 

одиничною сферою та узагальнення норми — несиметричні норми. 

      Ключові слова: лінійний нормований простір, норма, одинична сфера. 

      Аннотация: Эта статья посвящена аспектам связей между нормой и единичной сферой. 

Идея данной статьи — ознакомить читателя с некоторым материалом геометрии 

нормированных пространств, представить обобщение термина “длина” и привести некоторые 

примеры единичных сфер в нормированных пространствах. Здесь приведены основные 

определения, теорема об определении нормы единичной сферой и обобщение нормы — 

несимметричные нормы. 
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Figure 

2.1 

 

       Linear normed spaces (LNS) are very important structures in mathematics. They 

are a particular case of metrical spaces, but a norm has more “good” properties than 

metric. A lot of applications of  LNS are presented, mainly, in math (geometry, 

analysis). But the  theory of  LNS  is also applied in physics. A particular case of LNS, 

Minkowsky spaces, is used in theory of probability. In this work our research of unit 

spheres is presented. For simplicity some examples of unit spheres will be given in a 

two-dimensional shape (unit spheres). 

      Main terms and examples. 

     Def. 2.1. Linear space (LS) is a pair (L, F), where L is a set, F is a field. Elements of 

L are called vectors, elements of F are called scalars. Vectors in LS can be added or 

multiplied by scalars. 

     Def. 2.2. Mapping RL||:.|| (where L is LS, R is the set of real numbers) is called a 

norm, if it has the following properties: 

     1) 0||||,  xRx  and 00||||  xx  (non-negativity); 

     2) Rxx   ||;|||||||| (homogeneity);  

     3) ||||||||||||,, zxzxLzx  (triangle inequality). 

     Def. 2.3.A  linear normed space (LNS) is pair (L, ||.||), where L is LS and ||.|| is a 

norm. 

     Ex. 2.1. The simplest example of LNS is R
n
. R

3
, the space where we live, is normed. 

Here the norm is Euclidian: 
3222 ),,(,|||| Rzyxazyxa  . The  Euclidian norm 

in R
n
 is the function

n

n

n

i

i Rxxxaxa  


),...,,(,|||| 21

1

2

.  

     Ex. 2.2. A Chebyshov norm in R
n
: 

},...,,max{||||,),...,,( 2121 n

n

n xxxaRxxxa 
. 

     Ex. 2.3.A  “street” norm R
n
: 





n

i

i

n

n xaRxxxa
1

21 ||||||,),...,,(

. 

     The reader is proposed to check independently axiomatic properties of the norm in 

these examples. 

     Def. 2.4. A unit sphere is called a set of vectors with the norm equal to one: 

 1||:||1  aLaS . 

     Def. 2.5. A unit ball is called a set of vectors with the norm not-greater than 1: 

 1||:||1  aLaB . 

     Ex. 2.4. We will get a unit sphere if we solve equation 

||a||=1. In Figure 2.1there are geometric solutions for norms 

from Ex. 2.1-3 for two-dimensional case.  

     3. Properties of a unit sphere. 

     Def.3.1.     
.zeroabout  lsymmetrica  Set AaAaLA  . 

     Def. 3.2. 
AabaAbaLA  inside is )(],1,0[,,convexSet  

. 
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     Def, 3.3. ),0[|{)(direct ray with   theis Set  yyrayAyA . 

     Prop. 3.1. A unit sphere is bounded (1), central symmetrical about zero (2) and 

convex (3). 

     Proof. (1) Let us assume the contrary. Then there must exist a straight line crossing 

zero and not crossing the unit sphere. Let us take some vector x from this line. Let norm 

of it equal a. Then multiply this vector by a

1

 and consider the norm of this new vector. 

Applying homogeneity: 

11
1

1
||||

1
||

1
|| Sx

a
a

a
x

a
x

a


— we have found 

intersection of the unit sphere and our line. That is a contradiction. 

     (2) This property is obvious, if we apply Def. 2.2 and Def. 3.1 then 

 11 1|||||1|||||, SxxxSx S
1
 is central symmetrical about zero. 

     (3)  |||||1|||)1(||||)(||],1,0[,, 1 xyxxyxSyx   
)(11|||||| xyxy   is inside S

1
. 

      Defining a norm by a unit sphere. 

     Theorem 1. Any bounded, symmetrical about zero and convex set in LS defines the 

norm and it is only one. 

     Proof. Let S
1
 be a bounded, symmetrical about zero, convex set, y – some vector 

from LS and y` - a collinear vector. 

     1) `:! yyR   . Let us prove it. We have a bounded convex set with zero inside, 

then ray(y) crosses S
1
 in only one point. Thus, existence and uniqueness follows from it. 

     2) We can define a norm in the following way: ||:|| y . Let us prove that it is a 

norm.  
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. 

     3) The uniqueness of the norm follows from statement 1)  

     It is obvious that S
1
 in our notation will be a unit sphere. So, we see the norm can be 

defined by a unit sphere. 

      Symmetrical and non-symmetrical norms. 

     The proofs of the last statements do not use such property as symmetry. But it was 

necessary, because the second axiomatic property of the norm requires symmetry (||-x||=   

=||(-1)x||=|-1| ||x||=||x||). If we call our definition of a norm  a definition of a symmetrical 

norm then we can give the definition of a non-symmetrical norm. 
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Figure 

66.1 
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     Def. 5.1. Mapping RL||:.|| (where L is LS, R is the set of real numbers) is called  a 

non-symmetrical norm if it has the following properties: 

     1) 0||||,  xRx  and 00||||  xx ; 

     2) 0||;||||||   xx ; 

     3) ||||||||||||,, zxzxLzx  . 

     What can we say about a unit sphere in this case? The unit sphere in LNS with non-

symmetrical norm is bounded, convex and includes zero-vector inside itself. These 

properties are proved in the same way. But can we define the non-symmetrical norm by 

a unit sphere? The answer to this question is “yes” and the proof of it is similar too.  

   Examples of unit spheres in LNS in the two-dimensional case. 

     Theorems about defining the norm by a unit sphere  state the unit sphere can be of 

many shapes. The examples of a symmetrical norm are in paragraph 2. The examples of 

non-symmetrical unit spheres in two-dimensional case (examples of unit circles) are 

given below.  

     Ex. 6.1. 1

2

2

2

1
|||| byyyy 

; )1,0[;  bLy  

In Figure 6.1 there is an ellipse given by the 

formula above. It has symmetrical shape, but it is 

not symmetrical about zero. 

     Ex. 6.2. In Figure 6.2 there is a shape 

defining a non-symmetrical norm. This shape is 

quite difficult to be given analytically, so we 

make sure that defining the norm by a unit 

sphere is useful. 

      Conclusion. 

     A linear normed space is a linear space with 

the norm calculated in the only way and not 

contradicting to the definition of a norm. 

     A norm is a function of vectors with the 

properties of non-negativity, homogeneity and 

triangle inequality. Symmetrical and non-

symmetrical norms are distinguished. 

     A unit sphere is a set of vectors with the norm 

equal to one. A unit sphere is bounded, convex 

and includes zero-vector inside . A unit sphere in 

LNS with a symmetrical norm must be 

symmetrical about zero. A unit sphere can define 

the norm [1, 2]. 
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Summary: This article discusses the prospects and opportunities of obtaining information 

online using information source worldwide networks such as the Internet, the world community 

libraries. The characteristic use of the latest techniques of information technology is given here. 

Different sources of obtaining information and getting it by the Internet media are analyzed. 

Key words:  Library Community, technological advance, access to information, search, 
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Анотація: У даній статті розглядаються перспективи та можливості отримання 

інформації онлайн з використанням інформаційного джерела всесвітньої Інтернет мережі такий 

як світова спільнота бібліотек. Дається характеристика методики використання новітніх засобів 

інформаційних технологій. Проаналізовано різні джерела отримання інформації та вилучення її 

з Інтернет носіїв.  

Ключові слова: співтовариство бібліотек, технологічний прогрес, доступ до інформації, 

пошук, комп'ютерні технології, інновації. 

Аннотация: В данной статье рассматриваются перспективы и возможности получения 

информации онлайн с использованием информационного источника всемирной интернет сети 

такой как, мировое сообщество библиотек. Дается характеристика методики использования 

новейших средств информационных технологий. Проанализированы различные источники 

получения информации и извлечения ее из интернет носителей. 

Ключевые слова: сообщество библиотек, технологический прогресс, доступ к 

информации, поиск, компьютерные технологии, инновации. 

 

In the 21st century the digital revolution shows no signs of slowing. To remain 

relevant, any institution, including one as established as libraries, must evaluate its place 

in the world increasingly living online. The good news is that many library 

professionals recognize this need and are driving adaptations designed to ensure that 

libraries remain an integral part of our society’s commitment to education, equality, and 

access to information. While some individuals are pessimistic about the future of 

libraries, many in the community envision future library services that incorporate new 

philosophies, new technologies, and new spaces to meet the needs of all users more 

effectively than ever before. These changes go beyond merely incorporating 

technological advances to include rethinking the very core of what defines a library—

the sense of place, service, and community that has characterized the modern 

library for the last century. Here are some questions: 

 Will the library continue to provide a physical space for individuals to advance 

their knowledge and skills 

 How will future library professionals organize, store, and distribute information? 

How will school (and other) librarians support information literacy in physical 

and digital environments? 

 What will a book look like? A database? A scholarly journal? What new forms of 

information may develop? 

 Will metadata tagging, advanced search algorithms and networked books 

significantly alter the way library users find, absorb, even “read” information?  

In the last four decades, computer technology has created a revolution as 

significant and far-reaching as the invention of the plow, electricity, the printing press, 
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and the assembly line. Each day brings new advances, new ideas, new uses, and new 

users for machines once considered beneficial only for a handful of specific and arcane 

industries. Given the scope and ubiquity of computer technology, it is easy to forget that 

most effective applications address specific needs, and that the value of each innovation 

and adaptation depends on its success in meeting the need it was designed to serve. 

Similarly, libraries and librarians need to remember that effective and relevant library 

services are driven by user needs, not by technological advances alone. Rachel Singer 

Gordon notes that library planning and evolution often focus too much on the advent of 

new technologies rather than on their relevant uses in a library environment. She cites as 

an example the recent enthusiasm for a new generation of digital applications and 

abilities dubbed Web 2.0, which has given rise to the concept of Library 2.0. There are 

any number of important services and applications in the 2.0 world that speak to library 

users’ needs and desires, and it makes sense for libraries to experiment with these new 

capabilities so as to identify associated advances in library services. Newer 

technologies, always just around the corner, can be expected to reinforce this trend. For 

example, nothing is more fundamental to the traditional concept of a library than the 

book. Yet technology is redefining the very notion of what constitutes a book. This 

evolution is accompanied by rigorous debate in the library and publishing worlds. There 

are experts who offer a vision of the e-book, living book, or networked book. The 

literature suggests several forms the book of the future may take. For example, Jeffrey 

Young describes the idea of a “networked” book created through collaboration between 

author and readers in an online environment. A growing body of literature addresses the 

way new generations—“digital natives”—will create, access, and absorb information. 

John Seely Brown suggests that the technologies powering current computing 

phenomena such as social networking and gaming are fundamentally changing the way 

digital natives perceive and process written information. These changes will only 

become more profound in the future. Digital learners will “read” multimedia 

information as text and image. Literacy will include the ability to multitask, to navigate 

through different streams of information in addition to processing text. Learning will 

become more “discovery-based,” and the direction of information, once pushed at 

learners in a classroom, will become two-way—the push-pull of online learning 

communities. This evolution of reading and learning will profoundly impact the vision 

and reality of tomorrow’s libraries [1, p. 4]. 

E-Research 
Advances in electronic publishing and content digitization are already having a 

profound effect on the way students and academics conduct research and publish 

findings. Researchers and scholarly publishers are collaborating on new ways to 

produce content in the digital environment. First used in the sciences and extending now 

to the humanities, e-research initiatives (online journals, electronic research 

communities, e-books) represent a rapidly growing component of the evolution from 

printed artifacts to digital culture. Trudi Bellardo Hahn notes that ideas about traditional 

scholarship are changing at lightning speed as 21st-century researchers increasingly 

bypass printed books in favor of immediately accessible digitized information [1, p. 7]. 

Google Book Search 

The library community, content creators, the publishing industry, and many 

others are currently embroiled in a complex debate regarding Google Book Search, a 
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vast effort to digitize millions of published works and make them available on the 

mega-search engine’s site. While some of the works Google has already digitized are in 

the public domain, many remain protected by copyright and out of print. Google 

answered critics by invoking the fair use doctrine, a defense some authors and 

publishers found unacceptable. Lawsuits followed. In October 2008, a proposed 

settlement between Google and authors and publishers addressed the concerns of some 

parties; however, librarians, copyright and other legal experts, and digital activists 

continue to express concern that the project would grant a troubling excess of power and 

competitive advantage to one company.  

Mobile Computing 

Also having a profound effect on the way users find, access, and process 

information is the increased popularity of mobile computing. Indeed, many experts 

insist that in the future, all personal computing will be mobile. A report in The 

Economist notes that smart phones are on track to replace PCs (both desk- and laptops) 

as the primary means of access to online information and communication. Phones, 

media players, and computers will increasingly merge into portable devices that will 

free the information seeker completely from wired sources. The implications of humans 

becoming such “digital nomads” are widespread and are engaging experts in a number 

of sciences and professions. Sociologists and anthropologists are studying how mobile 

communications will affect the dynamics of human interaction. Architects are looking at 

new ways to provide spaces for a culture that is not bound to any one place for seeking 

and accessing information. And librarians are considering the changes and opportunities 

mobile computing will present for libraries of the future.   

New Information Processes are Changing Libraries, Library Services, and 

Librarians 

Ellyssa Kroski provides a snapshot of current and future library services designed 

to meet the needs of digital natives and digital nomads. In the near future, a number of 

services already offered by many libraries—for example, mobile catalog access, two-

way text communication and reference, and podcasts—will include digital collections 

specially designed for mobile computing devices such as iPods, smart phones, and e-

books. While some critics argue that this will mean the eventual disappearance of a 

physical library, others see an opportunity to make more resources available to more 

users in more locations. The library of the future can remain both a portal and a 

destination for information seekers, whether they access the information via a handheld 

computing device or the front door of their local library. Print on demand is an excellent 

example of this kind of service. Printing a book for a single user, even in an academic 

library setting, may seem inefficient and even extravagant until one considers the 

waning existence of the traditional printed academic monograph noted earlier. The 

ability of technology to affect the production and distribution of traditional print 

materials is already apparent in academic libraries. Some institutions are providing a 

books-on-demand service—single copies of a published work printed in the library or 

another location on a stand-alone printer that also binds and covers the material [1, p. 9]. 

Library Spaces 

The library of the future is likely to be an amalgam of current and new 

technologies, of traditional and cutting-edge services, and of digital and physical spaces. 

Many people suspect that while mobile computing, networked materials, digital 



 22 

research processes, and other new technologies will dramatically alter certain library 

services, there will still be a need for books, shelves, tables and chairs, light and 

solitude, and community space. In fact, a national study of library use found that 

remote, online visits to public libraries appear to stimulate in-person visits to physical 

libraries and museums. At the same time, many library professionals suggest that future 

technologies will enable greater flexibility in library spaces as physical collections 

shrink and more information is stored online. Libraries, like librarians, are uniquely 

suited to this role, in part because they usually operate under a not-for-profit economic 

model, and most library missions incorporate no-fee access as a fundamental tenet.  

Public Libraries 

Changes similar to those described above are expected in public libraries despite 

their having even more individual user needs to meet. The use of creative, flexible 

spaces holds great promise in the local public library. Already public libraries across the 

country are embracing new trends in technology and community building in an effort to 

provide relevant, useful, and flexible spaces in which local populations can congregate 

and interact. The future public library is one of multiple destinations—a place for 

patrons to experience the world of information in a variety of new ways.  

The Future is Collaboration 

Rachel Singer Gordon reminds us that human behavior drives the adoption of 

particular technologies. John Seely Brown, Alan November, and others postulate that 

the future of libraries will be about human relationships, including the interaction 

between librarian and library user. Combining these two schools of thought yields a 

fundamental and increasingly popular prediction about the future of libraries: 

collaboration will become a common and important focus. The concept of collaboration 

arises in almost all conversations concerning the future direction of American libraries. 

Libraries and librarians are expected to partner with many types of institutions, 

organizations, and individual users to provide both traditional and cutting-edge services 

and flexible, usable physical and online environments. No collaborator will be more 

important or accessible than the library user. User participation and input will 

increasingly drive the adoption of technology, library services, and the design of 

physical and digital library spaces. R. David Lankes, a proponent of a participatory 

library philosophy, asserts that the creation of knowledge and learning is the result of 

conversation, and he notes that libraries already have extensive experience in facilitating 

such conversation. In the future, Lankes writes, “libraries have a great opportunity to 

provide invaluable conversational, participatory infrastructure to their communities 

online” and advance the library’s position in both physical and digital communities. In 

addition, many experts suspect the future will bring a new type of collaboration between 

library and user: content creation. Christopher Swope chronicles the unique offerings of 

the Loft at the public library in Charlotte, North Carolina. These offerings include 

creative spaces designed for collaborative activity, such as recording and animation 

studios. “To be sure, libraries will carry books for as long as a critical mass of people 

want to read them,” Swope writes. “Increasingly, however, libraries are talking about 

flipping the content equation around…the library will create content—and give patrons 

the tools to create content of their own.” Swope includes a number of examples arising 

from the unique (for now) opportunities at the Charlotte library: a teen-produced video 

on dating violence, tabletop publishing, and a “21stcentury version of the bookmobile” 
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that offers traveling animation stations and other technology. The effort to reach teen 

audiences in particular is often considered a barometer for how adaptable public 

libraries will be in the future—embracing new while maintaining ties with traditional 

users [2, p.15]. 

Conclusion 

Technology is changing the dominant form of recorded thought from print to 

electronic. That change, in turn, is irrevocably altering the ways in which people create, 

find, and process information. As a result, libraries must evolve their philosophies, 

missions, and processes. The implementation of technological advances is accomplished 

most effectively by determining user needs. Once these needs have been identified, 

librarians and administrators can design the flexible spaces, the innovative programs, 

and the adaptable services that will provide information in a manner appropriate for 

individual users. They can form collaborations and partnerships that will result in the 

evolution of economic and operating models, professional development, and library 

services. They can design digital libraries and online scholarly environments and 

communities that will change the nature of scientific discovery and communication [3]. 

 

References 

1. Perspectives from the Library Community on Information Technology and 21st-

Century Libraries. – [Electronic resourse]. – Access mode: http://www.ala.org. 

2.Wisner W. Librarianship enter the twilight – Library Journal. –USA, 2001. V. 126. № 

1. – 68 p. 3. Hoffert B. Book report 2001: The budget shifts. –  Library Journal. – USA, 

2001. – V. 126. – № 3. – 131 p.  

 

УДК 519.178 

THE THEORY OF ALGORITHMS.  

DIJKSTRA’S ALGORITHM 

Dedova E.V. (Kharkiv)  

Language supervisor: Chernyshova N.V. 
Summary: This article deals with graphs. The main idea of the paper is to show how to find 

the shortest distance from one of the vertices of the graph to the rest. Dijkstra's algorithm is considered 

the most useful, when planning road and air routes, bussing of electronic circuit boards, routing 

protocols. 

Key words: Arab mathematician al-Khwarizmi, Dijkstra's algorithm, vertices. 

Анотація: У статті розглядаються графи. Основна ідея доповіді – показати, як знайти 

найкоротшу відстань від однієї з вершин графа до решти. Алгоритм Дейкстри вважається 

найбільш корисним при плануванні дорожньої і повітряної траси, системи електронних плат, 

протоколів маршрутизації. 

             Ключові слова: Арабський математик Аль-Хорезмі, алгоритм Дейкстри, вершини. 

             Аннотация: В статье рассматриваются графы. Основная идея доклада - показать, как 

найти кратчайшее расстояние от одной из вершин графа до остальных. Алгоритм Дейкстры 

считается наиболее полезным при планировании дорожных и воздушных трасс, разводки 

электронных плат, протоколов маршрутизации. 

           Ключевые слова: Арабский математик Аль-Хорезми, алгоритм Дейкстры, вершины. 

 

Introduction     
The word ”algorithm” emerged quite late (it is derived from the name of 

Arab mathematician al-Khwarizmi, who lived in the 9th century). Despite, 

http://www.ala.org/
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the concept of algorithm is one of the basic concepts of mathematics. 

Before you talk about the algorithms, it should be defined what this word means. 

The algorithm is any system of calculations performed under strictly defined rules, 

which, after some number of steps leads to the solution of the task. 

Dijkstra's algorithm — algorithm on graphs, invented by the Dutch scientist E. Dijkstra 

in 1959, it finds the shortest distance from one of the vertices of the graph to the rest. 

The algorithm works only for graphs of negative weight without edges. The algorithm is 

widely used in programming and technologies. 

Formulation of the problem 
Examples 

Option 1. Given a network of roads connecting towns of Kharkov region. Some of the 

roads are one-way roads. Please, find the shortest path from the city of Kharkov to each 

town (if you can move only along the roads) of the region. 

Option 2. There are a number of flights between the cities of the world, for each the 

value is known. The cost of a journey from A to B may not be equal to the cost of air-

travel from B to A. Please, find the route of the minimum cost from Kharkov to Vienna. 

Formal definition 
            You have a weighted directed graph G (V, E) without loops and arcs of negative 

weight. Find the shortest paths from some a vertex of G graph to all the other vertices of 

the graph. 

Informal explanation 
Each V vertex is comparable to a label – minimum distance known from the 

vertex to a. The algorithm works step-by-step, on each step he «visits» one vertex and 

tries to reduce labels. The algorithm terminates when all vertices are visited. 

Initialization 
The label of vertex a is supposed to be 0, the labels of the other vertices – to the 

infinity. This reflects the fact that the distance from a to the other vertices are still 

unknown. All vertices of the graph are marked as unvisited. 

The algorithm step  
If all the verteces are visited, the algorithm terminates. Otherwise, you choose u 

vertex with the minimal label from unreached verteces. We consider all kinds of routes 

where u is the last but one. Call vertices on the edge from u as the neighbors of this 

vertex. For each of the neighbors of u vertex, except marked as visited, consider the new 

length of the path equal to the sum of the values of the current u label and length of 

edges connecting u with this neighbor. If the resulting value of the length is less than the 

value of the neighbor label, replace the value of the label with the value of the length. 

Having considered all the neighbors, mark the top of u as a visited one and repeat the 

step of the algorithm. 

Example 

          Let us consider the algorithm by the graph illustrated in the figure below. It is 

required to find the shortest distance from the 1st vertex to all the others. 

Vertices are marked by circles, paths between them (the edges of the graph) – by lines. 

The numbers of the vertices are indicated in the circles, their «price» is marked over the 

edges – the length of the path. The red marked label is next to each vertex. It is the 

length of the shortest path from our vertex to the vertex №1 [2]. 
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The 1
st
 step.  

Consider a step of Dijkstra's algorithm for our example. Vertex 1 has minimum 

label. Its neighbors are 2, 3 and 6 verteces. 

         The first in turn neighbor of 1 vertex is 2 top, because the length of the path to it is 

minimal. The path length through 1 top is equal to the sum of the shortest distance to 

vertex 1, the value of its mark and the length of the edge, going from the 1
st
 to the 2

nd
 

vertex, i.e. 0 + 7 = 7. This is less than the current label 1 of 2 vertex, infinity, so a new 

label of 2 vertex is 7. 

A similar operation is performed with two other neighbors – 3 and 6 verteces. 

All the neighbors of 1vertex are tested. The current minimum distance to 1 top is 

considered to be final and not subject to revision (what it is really truewas first proved 

by Dijkstra). Delete it from the graph to note that this vertex is visited. 

The 2
nd

 step. Algorithm step is repeated. Let us find again the «nearest» of unvisited 

vertices. It is 2 vertex with the mark 7. 

Try again to reduce the labels of the neighbors of the chosen vertex, trying to 

reach them through 2 vertex. The neighbors of 2 vertex are 1, 3 and 4 verteces. 

The first neighbor of the vertex 2 – 1 top. But it has been already visited, so we do 

nothing with 1vertex. 

          The next neighbor of 2 vertex – 3 top, as it has the minimum label of the vertices 

marked as not visited. If you go into it through 2vertex, the length of this path will be 

equal to 17 (7 + 10 = 17). But the current label of the vertex 3 is 9, which is less than 

17, therefore, the mark is not changed. 

         Another neighbor of 2 vertex - 4 top. If you go there through 2 top, then the length 

of this path will be equal to the sum of the shortest distance to 2 vertex and distance 

between 2 and 4 vertices, i.e. 22 (7 + 15 = 22). As 22<∞, set the label of 4 vertex equal 

to 22. 

        All the neighbors of 2 top are viewed, so “freeze” the distance to it and mark it as 

visited. 

The 3
rd

 step. 
Repeat the step of the algorithm, choosing 3 top. After processing we will get the 

following results. 

Further steps 

Repeat the step of the algorithm for the remaining nodes. These are 6, 4 and 5 

nodes. 

The algorithm completion.  
The algorithm stops working, when a single vertex cannot be processed. In this 

example, all vertices are crossed out, however, it is wrong to believe that similar results 

will happen in any example - some of the tops can stay uncrossed, if they cannot be 

reached. The result of the algorithm operation is illustrated in the figure above: the 

shortest path from 1 node to 2 node is 7, up to 3 node – 9, up to 4 node – 20, up to 5 

node – 20, to 6 node – 11. 

The algorithm was the result to find the solution of the optimal scheme 

connections on a computer. 

Dijkstra's algorithm is widely used today (e.g., when planning road and air routes, 

bussing of electronic circuit boards, routing protocols). It is considered as «greedy» 

algorithm, i.e. rather efficient for the search ways for relatively small columns [1]. 
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Electric vehicles are quiet, maneuverable and rapidly accelerate. However, they 

waste energy quickly and their integrated and environmentally friendly economy is 

exaggerated. Therefore, the future is not for them, but for hybrids.  

Being bored about the gifts of technological revolution, the world is crazy about 

the new product. Everyone is talking about electric vehicles. There are large-scale 

advertising campaigns. Government commissions write strategic programs for the 

implementation of electric vehicles and rendering of financial support for their 

customers. Automakers spend billions of dollars a year on research and development. 

Experts and journalists around the world are trumpeting their outstanding qualities. 

They say it is the future of transportation. These vehicles are expensive, though being 

unpretentious in operation and based on many years of riding, they will be many times 

cheaper than conventional gasoline and diesel vehicles. But their most important 

advantage lies in the fact that they are environmentally friendly, they do not foul the air. 

On the background of high oil prices, horror stories about global warming and rising 

emissions of carbon dioxide, the appearance of electro mobiles seems to be a downright 

salvation. 

It appears that this wave has swept to Russia. In the Chamber of Commerce of the 

Russian Federation at the beginning of this year in the framework of the committee on 

business in the automotive sector a subcommittee on strategic innovation was 

established there. It consists of representatives of "Rolf Import" (distributor of 

Mitsubishi), AvtoVAZ, "Liotech" (manufacturer of lithium batteries), "Association of 

Russian Automakers", a union of producers of alternative energy and transport, 

Goltsblat BLP. As can be seen from the membership of participants, they explicitly 

construct a subdivision with an eye to the massive promotion of electric vehicles in 

Russia. 

But much of what they say about electric vehicles is myths. They are expensive 

and not as environmentally friendly as their gasoline ancestors. Their unconditional 

http://www.alleng.ru/d/math/math152.htm
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technical merits are compensated by the shortcomings. And if we talk about transport of 

our immediate future, so they will almost certainly become hybrids – petrol vehicles 

equipped with a heat exchanger and an electric motor. 

Many people think that an electric vehicle is a modern invention. But we know 

that for the first time an electric motor was used to propel a carriage by English engineer 

Robert Davidson. It happened in 1838, just six years after the discovery of 

electromagnetic induction phenomenon by his compatriot Michael Faraday underlying 

the practical use of electricity in engineering. And the Davidson’s vehicle just marked 

the continuation of the automobile era. Initially quite successful production of electric 

vehicles started. Despite the high cost and low power reserve, a hundred years ago, they 

successfully competed at the market with gasoline engines. For observers and 

commentators of the time it was difficult to determine which of them would be the 

winner in this competition, because gasoline vehicles were also expensive and not very 

practical. 

But the growth and development of oil refining industry contributed many fold to 

the reduction in the cost of motor fuel, which, being coupled with the advent of the 

conveyor and the increasing power of the petrol engine, led to the fact that electric 

vehicles were removed from the market. They could not catch up with their competitors 

neither on gasoline cheapness nor on consumer qualities: electric batteries were still 

expensive and had a low capacity. 

Today the problem concerning the price of electric vehicles has been completely 

solved. Gasoline vehicles are still significantly cheaper, although supporters of electric 

vehicles promise major savings according to the results of a long period of operation 

due to the difference between cheap electricity and expensive gasoline. 

We chose a few electric vehicles produced mainly short-run; for each of them we 

picked up comparable to the main technical characteristics a vehicle with gasoline 

engine. Then we compared the total cost of the amount of the selling price and the cost 

of long-term operation. At the same time we did not take into account the cost of 

maintenance, etc., as in the case of electric vehicles it is difficult to estimate the 

corresponding expenditure. (In the short term maintenance of electric vehicles will 

probably be cheaper, but in the long term it will inevitably include spending on repairs, 

maintenance and replacement of expensive batteries, and the cost of these services is 

difficult to estimate – there are no statistics). It is considered that in the USA a vehicle 

on the average is in operation for 8-12 years, during which it can run about 300 

thousand kilometers. With fuel consumption of a gasoline vehicle, and power 

consumption and capacity of the batteries in an electric vehicle, it is easy to calculate 

the final cost of an electric vehicle. In the performed calculations we used the price of 

gasoline and energy according to the US Energy Information Administration. 

However, the problem of the high selling price of electric vehicles is considered 

by some experts to be decisive. The head of the subcommittee on strategic innovation in 

the automotive sector at the Chamber of Commerce of the Russian Federation Andrey 

Pankov said: "Reduction in the production of electric vehicles will happen fairly 

quickly, as in other areas – for example, we all saw it happen with mobile phones and 

laptops. The greater the volume of production is, the cheaper will be the battery, and 

now the cost of the battery is more than half the total cost of an electric vehicle. For 

comparison, in 2009 the cost of battery production dropped by more than 30 percent 
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owning to the fact that in the first year there were made five or six thousand of i-MiEV 

electric vehicles, in the second year – about eighteen thousand, and this year they will 

produce thirty or forty thousand vehicles. According to my own prediction by 2020 

electric vehicles will cost less than a vehicle equipped with an internal combustion 

engine of the same class" [1]. 

So far, the outcome is not in favor of electric vehicles. The state of our ecological 

environment will not improve considerably. Perhaps the followers of electric vehicles 

should not rely on the environmental factor, shouldn’t they? It would seem that it is a 

serious argument: unlike the internal combustion engine, the electric motor does not 

pollute the environment at all. However, one should think about the method of 

generating electricity. After all, to get the same electricity one has to burn a lot of oil 

fuel and coal at power plants, and therefore, the environment does not remain intact. 

When we brought this argument to one of the most ardent supporters of electric 

vehicles, he, at first, explicitly got disappointed, but suddenly attacked again, talking 

about hydro, nuclear reactors and alternative sources of energy. But the lion's share of 

the total electricity produced in the world falls on thermal power plants as a result of 

burning fossil fuels – coal, oil and gas (see Fig. 1). 

 

 
 

And this is not a "green" technology. It is known, for example that the burning of 

fuel has the side effect due to the release of harmful emissions into the atmosphere, and 

the burning of gasoline in an automobile engine. According to key indicators, carbon 

dioxide emissions, energy generation by thermal power plants is far ahead of any other 

source of its penetration into the atmosphere, particularly two-two and a half fold 

vehicles (see Fig. 2). 
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Of course, while the fleet of electric vehicles is rather small, these "troubles" can 

be ignored. As it is noted, for example, in "Rolf Import", to increase the number of 

electric vehicles to 2 % of the total global fleet can be completely painless, even without 

introducing additional generation capacity. This is due to the fact that electric vehicles 

are charged mostly at night, when electricity consumption falls and generating facilities 

operate in an "idle" mode. It is an attractive argument. But what happens next? 

According to Andrey Pankov, "we can assert that by 2020 the number of electric 

vehicles will make up 8-10 per cent of the entire automobile fleet". When the number of 

the global automobile fleet comes to 1.15 billion vehicles 10% is almost 102 million of 

electric vehicles, which will consume up to 512 billion kWh of energy per year. And 

this is already a shocking result. 

But what happens if we go on increasing the fleet of electric vehicles up to 50, 

100 %? Neither night consumption, nor any whatsoever alternative power can meet the 

increasing needs (see Fig. 3). 
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For this very purpose they will use fossil fuels. And the question arises: “How 

will the new generating capacity emit? It is very difficult to answer this question in this 

case. The structure of these new facilities will be at least the same as the structure of the 

modern energy balance, but it is likely that the bet will be made for thermal power 

generation. 

On this basis, we have estimated what an integral ecological effect from mass 

adoption of electric vehicles will be. The answer will disappoint their supporters. 

Moreover, the full transition to electric vehicles will nearly double the production of 

heat generation, the fuel for which is sure to become coal (extraction of oil in the world 

is in decline, the growth prospects of shale gas extraction on the large-scale in required 

amounts is extremely doubtful). Finally, the total transition to electric vehicles will 

cause an intense growth of production – wires, gas stations, batteries, etc. The growth of 

production in their respective industries will lead to additional emissions. It is not easy 

to calculate, but it is already clear that the emissions from the production of batteries 

will be very large and they will almost certainly exceed those minimum environmental 

savings obtained by electric vehicles. 
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     Physics, like any other science, has evolved and is developing in relation to 

society needs; its progress is stimulated by practical tasks. In its turn, development of 

physics contributes to solving practical and technical problems. For instance, as a result 

of advances in studies of electromagnetic phenomena of relevant branches of 
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engineering electrical and radio engineering have had rapid developments. Gradually 

many sections of Radio Engineering became known as radio-electronics or electronics. 

     The term "electronics" is largely conditional, it is difficult to give a precise definition 

to it. It is the right thing, probably, to mean by under electronics the field of science and 

technology, which examines work and use of electro-vacuum, ionic and semiconductor 

devices. 

     Electronics is an applied branch of knowledge.  One of the common uses of 

electronic devices is associated with diseases diagnostics and treatment. Sections of 

electronics, which treat particular electronic systems for solving biomedical problems as 

well as appropriate medical equipment were called medical electronics. 

     Applications of electronics in medicine are varied, because medicine is a constantly 

expanding area. Currently, many traditional "non-electric" characteristics such as 

temperature, body displacement, biochemical, features while measuring are converted 

into electrical signals. Information presented by an electrical signal is convenient to 

transmit over the distance to record reliably.      

     One of the important issues related to the use of electronic medical equipment is its 

electrical safety both for patients and for medical staff, as well. 

     A patient due to different reasons (weakness and anesthesia effect, unconsciousness, 

presence of electrodes on the body, i.e., patient inclusion in direct electrical circuit, etc.) 

is in particular energy hazard conditions in comparison with a healthy person. Medical 

personnel working with medical electronic equipment is also at electric shock risk. 

     In an electrical network, and in technical devices voltage is usually applied, but the 

effect on a body or bodies is exercised by electric current , i.e., a charge flowing through 

a biological object at a time unit. 

     The main and most important requirement is to touch inaccessible parts of the 

equipment under voltage. 

     To do it, first of all, instruments and devices that are energized from each other and 

from apparatus body are isolated. Insulation performing such a role is called a basic or a 

working one. The holes in the cabinet should prevent accidental entry and touching the 

inside of the instrument with fingers by metal jewelry chains, etc. However, even if 

parts of the equipment which are under voltage, and they are closed from touching, it 

does not provide complete security at least for two reasons. 

     Firstly, whatever insulation between internal parts of the equipment and its housing 

is the resistance of devices and appliances to AC is infinite. Resistance is also infinite 

between power supply and ground. Therefore, at the touch of a human body with 

equipment some current called leakage current goes through a human body. 

     Secondly, it is not excluded that due to insulation damage ( aging, ambient humidity) 

there appears electric closing of internal equipment parts, and a housing  and an external 

equipment part will be under voltage.  

     In both cases some measures must be taken, which would exclude those electric 

shock while touching. 

     Medical equipment must function normally. This requirement, however, is not 

always done, more precisely, such a requirement cannot be satisfied as long as it is 

desired, unless special measures are taken. 

     A doctor using medical equipment should have an idea of probability failure of the 

product being used, i.e., damage probability of a product or its parts, or reduce or excess 
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of allowable parameters. A device that does not meet specifications, becomes 

inoperable. 

In this regard, medical personnel should be aware of equipment maintainability 

and durability of parts. 

     For medical equipment problem reliability is particularly relevant, since devices and 

instruments damage may lead not only to economic losses, but to patients death, as well 

[2]. 

     Depending on possible failure consequences in the operation medical devices are 

classified into four classes: 

A - Products failure of which poses immediate danger to a patients or staff’s life. 

Products failure probability in this class must be at least 0.99 during time between 

planning and preventative maintenance, and for products not subjective to maintenance 

(repair and calibration) within their assigned service life. Any products in this class are 

devices to monitor vital functions of a patient, ventilators and blood circulation devices, 

etc.; 

     B - Products failure of which causes information distortion about body state or 

environment, which do not result in immediate patient or staff danger, or causes 

immediate use of similar products based on their functions. Products failure probability 

in this class must be at least 0.8. These products include systems that monitor patients, 

devices for cardiac stimulation, and other devices; 

     C – Products the failure of which reduces efficiency or delays clinical processes in 

non-emergency situations, or increases burden on medical or service personnel , or leads 

only to property damage. This class includes majority of diagnostic and physical 

therapy equipment, instruments, etc.; 

     D - Products that do not contain bounce parts. Electric medical equipment does not 

belong to this class. 

     In order to receive and record information on status and parameters of the medical 

and biological systems, it is necessary to have a whole set of devices. 

     The primary element of this set is a sensor element measuring device called removal 

device certainly contacts or interacts with the system itself. The remaining elements are 

typically separated from a biomedical system, in some cases parts of a measuring 

system can be assigned even to a considerable distance from a measurement object. 

 

 

 

 

 

 

 

 

 

Figure 1 - Block diagram of a measuring circuit 

     Diagram in Fig. 1 is a general one and it reflects various systems being used in 

medical diagnostics and research. In medical electronic devices a sensor either produces 

an electrical signal directly or alters such a signal under the influence of a biological 

system. Thus, the pickup device converts biomedical information physiological signal 
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content into electronic device signal. In medical electronics there are two kinds of 

acquisition devices: electrodes and sensors [1]. 

     A final element of the measuring circuit in medical electronics is a measuring device 

that displays or records information about a biological system in a form accessible to 

direct perception of an observer. 

     In a block diagram X signifies a certain measured value of a biological system, such 

as blood pressure. Letter Y denotes output value, such as current power (mA) per meter. 

To obtain quantitative information about a biological system there must be relationship 

Y = f (X). 

     Medical electronics is a way to future. Electronic records are more effective than 

paper and are more convenient for reading, more accessible, that not only speeds up 

diagnosis and treatment process, but also contributes to the development of scientific 

researches. 
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In this article we will consider the use of such a non-traditional source of 

electricity as solar energy and its emergence in modern development in this field.  

Production of energy from traditional sources taking into account the increasing 

need for it has detrimental effect on the ecological state of the planet. Thermal power 

plants that emit huge amounts of carbon dioxide in the operation process, causing the 

greenhouse effect that leads to global warming. Emissions of sulfur oxides and nitrogen 

are sufficiently large even if there are expensive treatment facilities. In conjunction with 

atmospheric moisture, these oxides cause acid rain, leading to loss of forests, reduction 

of fish stocks, decrease in soil fertility. In the acidic water the solubility of heavy metals 

and their compounds, which can enter into the drinking water, increase. Even more 

dangerous and unpredictable nuclear power plants emit into the atmosphere about 26 

tons of radioactive waste per day. Besides, there is a high risk of accidents at nuclear 
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power plants that could be a disaster for all mankind. All this causes a fair concern 

among environmentalists. That's why the development possibilities of using renewable 

and clean sources of energy is a major task of scientists. One of the most popular ways 

to get energy is the conversion of sunlight [1, p. 3]. 

Solar energy is the direction of alternative energy, based on the direct use of solar 

radiation to produce energy in any form. Solar power uses an inexhaustible source of 

energy and is environmentally friendly, that is not generating hazardous waste. 

Nowadays solar power has the broadest prospects. Sun is an almost inexhaustible source 

of renewable clean energy that sustains life on Earth. The amount of solar energy 

incident on the Earth's surface exceeds the energy of this week the world's reserves of 

oil, gas, coal and uranium combined. 

Conversion of solar energy into heat and electricity work 
The Sun is a giant star having a diameter of 1 392 thousand km. Its mass is (2 * 

10^30 kg) 333 thousand times that of the mass of Earth and the volume is 1.3 million 

times the volume of Earth. Sun’s chemical composition is: 81.76 % hydrogen, 18.14 % 

helium, 0.1% nitrogen. The mean density of the Sun is 1400 kg/m^3. Inside the Sun 

thermonuclear reaction of hydrogen into helium every second and 4 billion kg of matter 

is converted into energy radiated by the sun into space as electromagnetic waves of 

different lengths. 

People use solar energy since ancient times 

Solar energy can be converted to thermal, mechanical and electrical energy and 

used in chemical and biological processes. Solar installations are used in heating and 

cooling systems in residential and public buildings, processes occurring at low, medium 

and high temperatures. They are used to produce hot water, desalinating sea water or 

brackish water, drying materials and agricultural products, etc.  

Solar energy is converted into electricity by solar power with equipment designed 

to capture solar energy and its serial conversion into heat and electricity. For efficient 

operation of solar power plants heat accumulator and automatic control system is 

required. 

Capture and conversion of solar energy into heat is made by means of an optical 

system of reflectors and receiver concentrated solar energy used to produce steam or 

heat gas or liquid metal coolant (working fluid). 

Arid and desert zones are the best places to organize solar power plants. 

Conversion efficiency of solar energy into electrical energy equal to 10% is 

sufficient to use only 1 % of the desert zones to accommodate the solar power plants to 

provide a modern world power level [2, p. 26]. 

Solar Power 
Solar power plant is engineering construction which serves to convert solar 

radiation into electrical energy. Methods for the conversion of solar radiation are 

different and depend on the design of the power plant. 

Principle of operation of modern solar power 
Principle of operation of modern solar power is based on the collection of 

concentrated solar energy using mirrors and reflection of sunlight on receivers that 

collect solar energy and convert it into heat. This thermal energy can be used to produce 

electricity through a steam turbine or heat engine which drives a generator. 
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Generating electricity from the sun has long been used throughout the world. The 

main task of the scientists at the moment is the need to improve existing technologies so 

that as much as possible to increase their efficiency. 

Production of electricity from solar energy is the theme is very topical and 

interesting for many countries in today's time. Small solar power can provide electricity 

to homes, businesses, public buildings and retain wealth deep underground. Large solar 

energy systems are able to produce an unlimited number of electricity and contribute to 

the development of electric power industry worldwide. 

Photovoltaic cells are named in the scientific environment as solar cells are 

devices of semiconductor materials and are used for generating electricity. Photovoltaic 

cells come in different sizes, shapes and volumes. They often combined together in 

photovoltaic modules, and modules is combined in photovoltaics. Photovoltaics is the 

most simple converter of solar energy into electrical energy that does not require 

additional equipment or devices. Photocells, despite the small efficiency high wear, 

because it does not contain moving parts. Nevertheless, their wide distribution prevents 

still high cost and the need for a large area for placement. These difficulties are partially 

overcome by the removal of converters in space, placing solar panels on the roofs and 

walls of buildings, replacement converters synthetic metal, etc. For small amounts of 

energy needed to supply, such as calculators, televisions, lighthouses, phones. The use 

of photocells quite economically justified. Solar battery may be installed on the roof of 

the car, on the wings of the plane, built into watches, laptop, flashlight. Serve items 

such a long time (about 30 years). During this period one element of which is consumed 

for the production of just one kilogram of pure silicon will give the amount of electricity 

equal to the amount of electricity produced from 100 kg of oil at the power plant or 1 

kilogram of enriched uranium at a nuclear plant [2, p. 29-30]. 

Photovoltaic (PV) components, PV modules and devices convert sunlight into 

electrical energy. Concept of photovoltaic power generation or from solar energy can 

literally be described as light and electricity. 

First mentioned about this concept in 1890 as «photovoltaic» is photoelectric and 

had two parts: "photo", derived from the Greek word for light and the "voltage" 

associated with the name of Alessandro Volta who is the pioneer in the field of 

electricity. Photovoltaic materials and devices which convert light energy into electrical 

energy, were discovered by the famous French physicist Edmond Becquerel in 1839. 

Becquerel was able to open the process of using sunlight to produce an electric 

current by means of a solid material. But it took that took over half a century that 

scientists have been able to really understand the process and know that the 

photoelectric or photovoltaic effect only cause certain materials capable of converting 

light energy into electrical energy at the atomic level [1]. 

Today photovoltaic systems have become an important part of our everyday life. 

Mini solar plants applied to provide power from small appliances and fixtures used in 

everyday life, such as calculators, watches or charger for your cell phone. More 

complex used for communications satellites, water pumps, street lighting, plumbing 

appliances and machines in some homes and workplaces. Many road and traffic signs 

also now works with the help of photovoltaic cells or modules. 

The sun's energy can be used as on Earth, and in space. Terrestrial solar power 

plants should be built in areas as close as possible to the equator with many sunny days. 
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Currently, solar energy is economically feasible to use for hot water appliances such as 

seasonal sports and recreational facilities, recreation centers, housing estates as well as 

for heating indoor and outdoor swimming pools. 

Types of modern solar power 
1. SES tower. 

The idea underlying the operation of solar power tower was put forward more 

than 350 years ago, but the construction of this type of SES began only in 1965. And in 

the 80s a number of large solar power plants in the U.S., Western Europe, and the 

USSR were built. 

These power plants are based on the principle of generating steam using solar 

radiation. In the center station there is a tower height of 18 m to 24 m (depending on the 

power and other parameters of the height may be greater or less) on top of which is a 

water tank. This tank is painted black to absorb heat radiation. Also in this tower there is 

a pumping unit that delivers steam to a turbine generator which is located outside the 

tower. In a circle of the tower at a distance there are heliostats. Heliostat is a mirror area 

of a few square meters fixed on a support and connected to the overall positioning 

system. That is, depending on the position of the sun, the mirror will change its 

orientation in space. The main and most difficult task is the positioning all mirrors 

station so that at any time, all the reflected rays of them hit the tank. In bright sunny 

weather, tank temperature can reach 700 degrees. These temperature parameters are 

used in most conventional thermal power plants so for energy uses standard turbine. In 

fact, at the stations of this type can be obtained relatively high efficiency (about 20%) 

and high power. The system is controlled by a computer. As the working fluid in a heat 

engine is generally used steam with temperatures up to 550 ° C, air and other gases – up 

to 1000 ° C, low-boiling organic liquids (including Freons) – up to 100 ° C, the liquid 

metal coolant – 800 C. 

The main disadvantage of solar tower power plants is their high cost and large 

footprint. Thus, for the placement of solar power plants of 100 MW requires an area of 

200 hectares, and for a 1000 MW nuclear power plant - a total of 50 hectares. 

Tower SES up to 10 MW are unprofitable, their optimum capacity is 100 MW, 

and a tower height of 250m. 

 2. Photovoltaic Station. 

SES of this type are now very common as in the general case of SES consists of a 

large number of individual modules (photobatteries) different capacity and output 

parameters. SES data are widely used for power supply of both small and large objects 

(private homes, boarding houses, motels, industrial buildings, etc.). Photocells can be 

installed almost anywhere from the roof and facade of the building and ending specially 

designated areas. Installed capacities also vary over a wide range from the supply of 

individual pumps ending the small village of electricity. 

3. SES using the Stirling engine. 

SES is parabolic concentrator which is set to focus the Stirling engine. There are 

designs of Stirling engines which piston directly convert vibrations into electrical power 

without using a crank mechanism. This allows achieving high energy conversion 

efficiency. The effectiveness of such power reaches 31.25%. As the working fluid is 

hydrogen or helium is used. 

4. SES using parabola-cylindrical hubs. 
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The principle of operation of these SES is heated coolant to the parameters usable 

in the turbo generator. 

Construction SES: for truss mounted mirror parabola-cylindrical great length and 

the focus of the parabola is set tube through which coolant flows (mostly oil). Going all 

the way and the coolant is heated in heat exchangers gives heat water that turns into 

steam and fed to a turbine generator. 

5. Modular SES. 

This type of SES uses the principle of generating electricity similar to those found 

in the tower of SES but there are differences in the design of the station. The station 

consists of separate modules. The module consists of a support on which is mounted a 

receiver and the design of the reflector. The receiver is located at some distance from 

the reflector and reflected therein concentrating the sun's rays. The reflector consists of 

mirrors in the form of plates disposed radially on the farm. The diameters of these 

mirrors reach 2 meters, and the number of mirrors is several tens (depending on the 

power module) Such stations may consist of one module (self-contained) , as well as 

from several tens (work in parallel with the network). 

6. Combined SES. 

An often different type of SES is additionally installed heat exchangers to 

produce hot water, which is used for technical purposes, and for hot water and heating. 

This is the essence of the combined SES.  
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At present time, the designing of civil engineering objects is carried out with the 

use of various computer programs. For example, SCAD Office, Monomakh, PC 

“LIRA“ [1, c. 63], [2, c.126]. 

All these systems are based on the finite-element method. Structural models can 

be formed of various finite elements that are available in a software package. The 

selection of the type of a finite element or combination of elements depends on the 

accuracy and purpose of the computation. 

     To determine the adequacy of a finite-element model it is necessary to 

compare the data on its characteristics with those of the already existing models. 

For our analysis there was selected a ribbed floor slab 7 meters 50 centimeters 

long , 6 meters 75 centimeters wide and 30 centimeters thick. The slab consists of upper 

and lower linings each 5 centimeters thick and longitudinal ribs 10 centimeters thick 

and rests on two cross beams 40 centimeters long and 60 centimeters wide. The 

transverse beams rest on four pillars. The pillars are assumed to be set in the ground and 

the load on them is assumed to be 1 ton per a square meter. There were constructed 

three different finite-element models of the following configurations: 

Model 1 consisting of plates and rods (see Fig.1).  

Model 2 consisting of plates (see Fig.2) and  

Model 3 consisting of rods (see Fig.3) 

 
Fig.1. Model 1 consisting of plates and rods. 

  
Fig.2. Model 2 consisting of plates. 

 

 
Fig.3. Model 3 consisting of rods. 

In our research we estimated the deflection of each model under the same 

loading. The simulation of Models 1 and 2 was performed using the standard interface. 

The simulation of Model 3 was carried out using the method of rod approximation. 

According to this method, the model is assumed to consist of two types of rods: 

longitudinal and transverse with the length α and tensile stiffness E1F1, and diagonal 
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rods with the length α √ 2 and tensile stiffness E2F2, which form so called “cells”. In 

case of a large number of cells, the structure can be reduced to a plate. 

The stiffness of rods is determined by formulas: 

    (1.1) 

     (1.2) 

     The rod approximation method can also be used for estimating the deflection 

of elastic isotropic plates. In this case, rods are replaced by beams. The height of the 

beams is assumed to be equal to the thickness of a plate h. The width of diagonal beams 

b2 should be √ 2 times smaller than the width of the transverse and longitudinal beams 

b1. If a plate represents a system of layers, the rod approximation is applied to every 

layer. Then for each layer of the plate with a thickness dh = 1, the ratio 1.3 is valid: 

     (1.3) 

The cylindrical stiffness of a plate D is given by: 

    (1.4) 

So that: 

     (1.5) 

     (1.6) 

To specify the rod stiffness it is necessary to determine the characteristics EF EIy 

EIx, EF EIy EIx, EF EIy EIx for each type of a rod. 

In our research we estimated the deflection of each model under the same 

loading. Figure 4 shows the maximum deflection of Model 1. It amounts to 7.7 

millimeters. Figure 5 shows the maximum deflection of Model 2. It amounts to 7.2 

millimeters. Figure 6 represents the maximum deflection of Model 3. It amounts to 7.8 

millimeters. 

 
Fig 4. Maximum deflection in Model 1 (7,7 millimeters) 
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Fig 5. Maximum deflection in Model 2 (7,2 millimeters) 

 
Fig 6. Maximum deflection in Model 3 (7,8 millimeters) 

Our research has shown that the deflection in each model is approximately the 

same. The error divergence of the results obtained is 5%, which is acceptable. It means 

that each model can be used for the further analysis of stress-strained state of concrete 

ribbed floor slabs used in civil engineering. It should be noted that Models 1 and 2 are 

fairly easy to construct, while Model 3 needs more data for its construction. So, all the 

considered finite-element models adequately describe the work of a construction and 

can be used to further study the stress-strain state of a given structure [3, c. 108]. 
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      Анотація: Наведено результати дослідження наскрізної пористості у полікристалічних 

плівках свинцю, олова та індію, що нанесені на аморфні вуглецеві підкладки. Встановлено, що 

нагрівання плівок викликає експоненційне зростання середнього розміру пор, та не призводить 

до збільшення їх концентрації. 

      Ключові слова: Тонкі плівки, зростання пор, поверхнева самодифузія. 

      Аннотация: Приведены результаты исследования сквозной пористости в 

поликристаллических плёнках свинца, олова и индия, напыленных на аморфные углеродные 

подложки. Установлено, что нагрев плёнок вызывает экспоненциальное увеличение среднего 

размера сквозных пор и не приводит к увеличению их концентрации. 

      Ключевые слова: Тонкие пленки, рост пор, поверхностная самодиффузия. 

      

The study of structural and morphological changes which occur in the thin film 

systems while heating and annealing is of considerable interest, both for understanding 

fundamental diffuse and relaxation processes proceeding in these systems, and also for 

tackling manifold practical problems. 

      Due to the wide use of films as different kinds of protective coating, the analysis 

of continuous porosity that occurs during their formation and thermal effect, is of great 

applied importance. 

      Study of microstructure and porosity of polycrystalline metal films has a long 

history[1–4]. As it is stated in the research [4, c. 97], the temperature of condensation 

has determining influence on the structure of the films. According to [4, c. 104], if the 

temperature of the substrate (T) on which  condensation is performed is higher than half 

of the melting temperature of the condensed substance (Ts), i.e. T > 0.5Ts, a structure, 

consisting of rather large mono-crystals, which are formed by diffusion, is formed. 

      Under T < 0.3Ts, the vacuum condensates consist of small domed 

crystallites,which have a block structure and pores along the boundaries. A columnar 

structure is formed  in the range of 0.3 Ts < T < 0.5Ts, which is caused by the formation 

of surface self-diffusion.  In accordance with the research results [5, c. 25], 

concentration of the through pores decreases nonlinearly with the growth of the film 

thickness. 

      The present paper studies the pore formation processes while heating and 

annealing the fusible metals polycrystalline films of different thickness which are 

condensed on the amorphous carbon substrate at room temperature. Continuous 

polycrystalline films of lead, tin and indium with thickness of 200-2000 nm were used 

in this paper as the object of research. These films were condensed on the carbon 

sublayer that is poorly wetted by the melts of the studied metals. This significantly 

decreases interaction of the metal film with a substrate material while the studied films 

can be considered to a certain degree free. 

      The experiments were carried out in vacuum of 10
-6

 mmHg in the following way. 

Amorphous carbon film with thickness of  20 nm was condensed  onto a rectangular 

glass substrate holder by evaporation from the voltaic arc. Then a layer of the metal 

under study with the desirable thickness was deposited from the molybdenum or 

tantalum evaporator. The film thicknesses were determined in the course of their 

deposition with the help of a quartz resonator. Once the condensation stopped, one end 

of the substrate holder was heated to a temperature above the melting point of the metal 

under study while the other was kept at the room temperature. As a result the gradient of 

the temperatures along the substrate was set which was controlled by several chromel-
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alumel thermocouples pressed to the back side of the substrate holder. Using this 

method one can observe, in one experiment, i.e. for the films formed under the same 

conditions on a substrate,  the set of states corresponding to the systems heating to 

various temperatures and annealing during the same period of time. The obtained 

samples were cooled in vacuum to room temperature, removed from the vacuum unit 

and then studied using a scanning electron microscope Jeol JSM-840. 

      Electron-microscopic study showed that the obtained films in different parts of 

the substrate have different morphology. In the area of the substrate, where the 

temperature exceeded the melting point of the metal under study, the film represented 

individual crystallized spherical drops. The film was solid polycrystalline below the 

melting temperature. In this area, through pores were formed as a result of condensation 

processes. Their surface area was changing during the heating and annealing processes. 

The melting point of indium, tin and lead is 429.3 K, 505 K and 600.6 K 

correspondingly while condensation was carried out on a substrate which has room 

temperature (293 K). Under these conditions, these films, according to [4, c. 97], are 

characterized by the formation of columnar and large crystallite structure. 

      A computer program has been developed for a quantitative study of electron 

microscopic images of the films. It allows to determine the pore sizes of crystallites, as 

well as the filling factor of the substrate with the film. In electron microscopic pictures  

of metal films deposited on a carbon substrate, we saw that at transition to low-

temperature areas smaller pores are observed and the filling factor of the substrate with 

the film increases. 

      Above the melting temperature, i.e. in the area where the film is completely 

melted, the filling factor of the substrate with the film approaches to small constant 

meaning (the filling factor for completely melted lead and indium film is about 6%, tin 

– 12%). With transition to low-temperature areas the filling factor of the substrate with 

film increase, and the average size of pores decreases exponentially. 

      The activation energy of surface self-diffusion, defined by us, constitute 1.22, 

1.62 and 1.7 eV for lead, tin and indium, correspondingly. 

      n literature one can find the following values of activation energy of volumetric 

self-diffusion: 1.11 eV, 1.07 eV and 0.6 eV for lead, tin and indium, correspondingly. 

Obtained values seems reasonable as the activation energy of self-diffusion of surface is 

usually bigger than the volume one by 20-50%, and also the self diffusion activation 

energy increases when the temperature approaches to the melting point of the metal. 

      Processes of self-diffusion on the surface providing pore growth, result in an 

outflow of substance from a growing pore to its boundary, formation of the growths of 

metal around the growing pores promote rounding surfaces that limit the pores.  

      Study of pore density temperature dependency, i.e. their number per unit area of 

the film, showed that despite increasing the average size of pores as well as temperature 

their density actually does not change. However, there is strong dependence of pore 

density on the thickness of these films, namely, the density is increased when the 

thickness of the film is decreased. 

      In our experiments, the average values of density of crystallites in the studied 

films of lead are in the range of (4.5–7.7)10
4
 mm

-2
.  The average value of pores density 

relates to the crystallites density in lead films is about 0.015, i.e. the nuclei of pores are 

formed only in 1.5% of crystallites. During heating, the pores only increase in size. The 
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nuclei inside pores are formed in the sites with the large number of accumulations of the 

grain boundaries which usually are represented by triple junctions of grains. As follows 

from the geometric considerations the number of  triple junctions, in case of completely 

mono-crystal films which consist of hexagonally-packed crystallites, is twice  the 

number of the nuclei. Thus inside the pores in the studied films Pb/C, appear only in 

about 0.75% of triple junctions. [1, c. 142] It is probably connected with the fact that 

according to [1, c. 122] the nuclei of pores can only be triple junctions which are formed 

by nuclei with high degree of mutual disorientation which is related to significant 

excess energy.  Low degree of coalescence of the pores under temperatures of substrate 

close to the melting point of bulk samples, shows the fact that the internuclear space 

was depleted by vacancies the concentration of which determines the pore motion 

dynamics. The favorable vacancy sink is the growth of pores whose growth process, by-

turn, is caused by holes, thus the coalescence of pores slows down, and the form of 

pores becomes irregular, broken. 

     In the paper the activation energy of surface self-diffusion for films of  lead, tin and 

indium was determined. It was established that heating and annealing of the samples 

didn’t lead to an increasing of concentration of through pores and only increased their 

average size. It is shown that due to depleting space between pores by vacancies, for 

which growing pores appear to be favorable vacancy sink, in the completely 

polycrystalline film of lead with thicknesses greater than 500nm, coalescence of the 

pores almost can’t be found up to melting point. 
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This timeline is intended to credit all those who played their part in the 

development of television, whether it be mechanical television or the modern day 

electronic television developed by many others [1, p. 127].  

 In 1817 the Swedish scientist J. Berzelius discovered the existence of selenium. 

Berzelius and his colleague J. Gahn were studying a method of producing sulphuric acid 

in lead cameras when they observed residues of a substance with a very intense scent in 

the bottom of the camera. At first, they thought it was tellurium. However, a more 

careful analysis revealed that there were no residues of this element, in spite of its 

identical properties. To this new substance the name Selenium was given, a term that 

derives from the Greek Selene (Moon). Since Klaproth had named Tellurium for the 

Earth, Berzelius thought it appropriate to name the sister element for the Earth’s 

satellite. 

 It is A. Becquerel who discovered the electrochemical effects of light in 1839. 

Electricity, magnetism, and light were the main subjects of this work. H. Orsted made 

his discovery that an electric current has an effect on a magnet. Michael Faraday had 

just discovered the effect of induction in 1831, and Louis Daguerre had invented the 

photographic plate in 1837, the year before Becquerel began his scientific work.  

 A telegraph operator in Valentia, Ireland, Joseph May, accidentally discovered 

that some selenium rods which were used as resistances altered in value under the 

influence of strong sunlight in 1873. Further experiments revealed that the resistance of 

selenium became lower when it was exposed to bright light.  

 This established the photosensitive properties of selenium and opened the 

possibility of converting light waves into electrical impulses. 

 The earliest system that bore any resemblance to television in a broadcast sense 

was outlined by George R. Carey of Boston, Mass in 1875. His suggestion was based on 

the functioning of the human eye. He was among the first to propose the telectroscope 

using the photoelectric properties of selenium as a means for transmitting images. 

W.Crookes investigated the properties of cathode rays, showing that travel in straight 

lines.  

 S. Bidwell demonstrated an apparatus transmitting silhouettes but it was soon 

realised that the control of a current by light was not enough and a way of dividing a 

picture into elements was required in 1881. Similar devices for transmitting images had 

previously been demonstrated by A. Bain, who invented the electric clock, the electric 

printing telegraph, and the first fax machine and  F. Bakewell, but Bidwell was the first 

to use a photocell to scan the image.  

 W. Lucas made the first significant proposal for a television scanning system in 

1882. He accurately described the horizontal and vertical scanning utilized by modern 

television, but never constructed a successful apparatus. 

 In 1884  P. Nipkow first conceived the idea of scanning disc spirally perforated 

and rotating, which made use of the selenium cell [2]. 
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 The device itself is nothing more than a mechanically spinning disk of any 

suitable material (metal, plastic, cardboard, etc.), with a series of equally distanced 

circular holes of equal diameter drilled in it. These holes are positioned to form a single-

turn spiral starting from an external radial point of the disk and processing to the centre 

of the disk, much like a gramophone record. When the disk rotates the holes, trace 

circular ring surfaces, with inner and outer diameter depending on each hole’s position 

on the disk and thickness equal to each hole’s diameter. A lens projects an image of 

scene in front of it directly onto the disk. Each hole in the spiral takes a horizontal 

“slice” through the image which is picked up as a pattern of light and dark by a sensor. 

If a light powered by a signal from the sensor is placed behind a second Nipkow disk 

rotating in synch at the same speed and direction, the image can be reproduced line-by-

line, however it remains no larger than the one projected onto the original receiving 

disk. The scanlines are not straight lines, but rather curves. So the ideal Nipkow disk 

should have either a very large diameter, which means smaller curvature, or a very 

narrow angular opening of its viewport. 

 J. Weller tried image scanning by a system of revolving mirrors in 1889 − a 

mirror drum throwing light reflections onto a selenium cell. The reception, an identical 

apparatus, synchronized on the transmitter, made it possible to reconstitute the image. 

An image of 10x10 cm was cut into 250 000 elements. Five years after the definition of 

the di, Weller presents an alternative method, more expensive but finer.    

 The first cathode-ray tube for commercial use was introduced by K. Braun, a 

German inventor and physicist from the University of Strasbourg. CRT technology is to 

this day used by most television sets and computer monitors. The tube is an evacuated 

glass internal means to accelerate and defect the electrons strike on the fluorescent 

screen, when light is emitted. 

 In 1904 J. Fleming patented the two-diode thermionic valve, a device used to 

amplify, switch, otherwise modify, or create an electrical signal by controlling the 

movement of electrons in a low-pressure space. This invention is often considered to 

have the beginning of electronics for this was the first vacuum tube. 

 M. Dieckmann and G. Giage were the first to produce “faster images” on a 

cathode-ray tube. They patented their techniques in Germany in 1906.  

 A Raster scan or raster scanning, is the pattern of image detection and 

reconstruction in television, and is the pattern of image storage and transmission used in 

most computer elements, along with scan lines [3, p. 311].  

 In St. Petersburg the Russian B. Rosin conceived the idea of an electronic vision 

system using cathode-ray tubes in conjunction with mirror drums in 1907. He could not 

find a means of amplification either. 

 1918-1919 − J. Baird decided to build an apparatus based on P.  Nipkow’s disc 

scanning theory. Mr Colin Graham of Ibrox, Glasgow, who worked for Baird said that 

Baird had rented an attic in Bath Hotel, Bath Street, between 1918-1919, where Graham 

helped him punch holes in cardboard discs, which were later recognized as Nipkow 

discs for TV scanning. The window of Alex Horn, a civil engineer friend of Baird’s 

recalled that her husband had spent a great deal of spare time manufacturing ‘secret’ 

components for Baird, which appeared to be about half an inch by five-eighths of an 

inch, of either nickel or chrome. 
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 Baird realized that despite the theoretical simplicity of the task, it had continually 

confounded many experiments over the years as they tried to bring their designs to 

practical accomplishment in 1923. He found that the main difficulty lay in the light 

sensitive cell and therefore concentrated all his efforts on that part of the system. 

 Thus, the Television Timeline has been created using available sources in print, 

on the Internet and as a result of emails. 
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Humans are going to be faced with very few options for mobility in the future, 

either stop travelling or find alternative forms of transport. Imagine travelling with 

dozens of balloons or in a futuristic-looking helium ship or maybe in a car made of 

vegetables and powered by chocolate. This article showcases the collection of the 

craziest forms of green transport. 

 Helios Concept Car 

 The Helios Concept Car shows us just how quickly innovative ideas and concepts 

for more ecological transport are becoming commonplace. The electric off road vehicle 

is powered by solar energy produced from its photovoltaic panels. The large, wing-like 

solar panels increase the energy charging capacity of the car. The solar panels are 

retractable for driving, but the car’s solar panels also offer the ability to power your 

home when the car is not in motion – provided you park it outside the garage of course 

http://inventors.about.com/od/germaninventors/a/Nipkow.htm
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and point the panels toward the sun. The mechanism to raise the panels may prove to be 

unwieldy, but this is still a concept and it is the cool idea that counts [2]. 

 Cluster Ballooning  

 Cluster Ballooning is an unusual form of ballooning that involves using clusters 

of gas-filled balloons, rather than a single large balloon, for lift. Usually, these are latex 

rubber balloons. Most cluster balloonists do not use a basket to ride in, but instead 

attach the balloons to some type of seat or harness. Helium gas lifts about 60 pounds per 

1000 cubic feet. By computing the volume of each balloon based on diameter, and the 

weight of the pilot and the balloon system, the number of balloons required can be 

calculated. Hydrogen has slightly higher lift, but is highly explosive. Cluster ballooning 

has also been used to raise awareness of environmental issues. Although cluster 

ballooning is not very practical as a form of mass transportation, it serves to raise 

awareness of lighter than air travel, which in the form of airships may play an important 

role in the green transportation of the future [3]. 

 The Aeolus Airship 

 The Aeolus Airship is a vehicle that allows people to travel around the planet. 

The vehicle designed for two to four people, floats in the air, lifted by a large volume of 

helium and it can stay airborne for a journey of two weeks. The design concept is a 

reaction to an increasing desire for ecological correctness and novel experiences in 

traveling. With little effort it can be moved over the Earth’s surface independent from 

any sort of infrastructure. Technically it floats like a balloon and is moved by the wind. 

Unlike balloons, the Aeolus has an aerodynamic shape and is motorized with air-screws. 

On demand the airship can be steered in the desired direction. The vertical shape and a 

fold out stand allow landing in many areas far from airports. People can travel to exotic 

and untouched places without leaving traces. The concept is not about a fast arrival but 

about sensitivity to the environment and traveling [6]. 

 Solar Car 

 The Xof1 Solar Car is the first vehicle in the world to operate below freezing 

temperatures, to drive on an ice road, to reach the Arctic Circle to charge with the power 

of the midnight sun and last but not least, the Xof1 is the world distance record holder 

for distance travelled in a solar car. The Xof1 uses 7.144m2 15% efficient photovoltaic 

cells (Shell type 893) to convert sunlight into electricity, storing the electricity in 96V 

4Kwh battery module that powers an electric motor that actually propels the car. A 

series of electric and electronic components control the whole process. The solar arrays 

output 900 watts. It uses regenerative braking and high-tech, low friction tires and has 

an extremely small frontal cross-section, all designed to reduce the power needed to 

accelerate and maintain a cruising speed. The car, looking similar to a small UFO, 

weighs 300kg (with a driver), is 5 meters long and 1.8 meters wide, with a ground 

clearance of 0.4 meters. The car chassis is made from polyurethane foam covered in 

fiberglass and reinforced with carbon fiber, the body construction (upper shell) is made 

from light foam covered in fiberglass. The car’s maximum speed is 120 km/hr [7]. 

 People Powered Submarine  

 The Blue Space: Dry Multi-Role Underwater Vehicle with Muscle Power is a 

vehicle design project that allows individuals to travel under the sea at a depth of 30 

meters with thrust provided by pedaling the vehicle.  
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 The innovative vehicle uses rotor propulsors, in conjunction with the realization 

of the Coanda effect (flow around curved surfaces) and some secret Russian geometry, 

allowing a person, with the help of their leg driven power, to propel the underwater 

vehicle at speeds of up to 2 -3 knots for a period of 2 to 4 hours.  

 The underwater vehicle has a high degree of maneuverability, including up-down, 

rotation around the vertical axis, hovering and other options. 

 The 3.5-meter, 2-ton Blue Space can be powered by people power or operated by 

electric drive for those who just wish to enjoy the undersea view and not have a work-

out at the same time [1; 4].  

 Portable Urban Greenspace  

 The Grass Wheel is a humorous look at the real need for green spaces in urban 

environments. With the Grass Wheel you can take green space with you wherever you 

travel. Although travel might be a bit slow. 

 Although the Grass Wheel may not be that practical, but the premise is based on 

sound science. Numerous studies have demonstrated that green space promotes feelings 

of well-being, safety, calm and has even been shown to aid in recovery from illness 

and/or medical conditions. Researchers found that contact with green spaces has 

measurable physical and psychological benefits. 

 The Grass Wheel is an older design, but one that shows promises for the future. 

 Chocolate Powered Veggie Car  

 Imagine a car made from potatoes, a steering wheel made of carrots and powered 

by chocolate and vegetable oil that goes 125mph around corners.  

 The car design team has attempted to introduce green and sustainable elements 

into each aspect of the car. Components made from plants form the mainstay of the 

car’s make up, including a race spec steering wheel derived from carrots and other root 

vegetables, a flax fibre and soybean oil foam racing seat, a woven flax fibre bib, plant 

oil based lubricants and a bio diesel engine configured to run on fuel derived from waste 

chocolate and vegetable oil.  

 The River Gym 

 The Human-Powered River Gym concept is an innovative response to the lack of 

motion and a contribution to lessening urban pollution. The design concept originated as 

a response to the manner in which city dwellers exercise. With the Human-Powered 

River Gym people can get their exercise while helping other people travel on the water.  

 The Human-Powered River Gym might still be a realistic proposal for the very 

near future. 

 Fitted with onboard purification devices, the River Gyms would also help 

mitigate water pollution while people exercise. Equally as significant, they would ease 

the transportation burdens on various ferry lines and carry volunteering commuters in 

tow. The human-powered River Gyms would also be a form of carbon emission free 

travel in the city, helping to reduce pollution from traditional methods of urban transport 

[5]. 

 The Kite Car 

 The Kite Car or Wind Light Vehicle is the latest in zero emissions fantasy car. 

Designed for the future, the Wind Light Vehicle allows two possible methods of 

propulsion. The giant wing on the hood is designed to swing upright so the vehicle can 

http://www.greenmuze.com/nature/garden/1128-portable-urban-green-space.html
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operate in a similar manner to a windsurfing board. The wing is also detachable and can 

be used like a kite-surfing wing in more extreme windy conditions.  

 When there isn’t adequate wind to power the Wind Light Vehicle, there is an 

electric motor in each of the three tires. However, there are no technical statistics 

available on how the Wind Light Vehicle’s electric motors will be charged. The 

possibilities are a charge through motion (the wheels turning), via wind power (although 

there doesn’t seem to be room for batteries to store the energy) or through a plug-in 

system. 

 In order to function, the Wind Light Vehicle will need to be extremely 

lightweight in construction using composites and high strength aerospace materials. For 

best results, the driver would also need to be extremely light, perhaps similar in stature 

to a horse-jockey [5]. 
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main reason of rapid destruction of the road pavement because of the overloading. The study shows 

that the average life of a road pavement, regardless of the type (concrete, bituminous or composite), 

could be extended by a proper constructing, maintenance and soil stabilization. 

Key words: destruction of the road pavement, road pavement construction, soil stabilization, 

traffic congestions. 

Анотація: Стаття присвячена розгляду проблеми заторів у великих містах, що є основною 

причиною швидкого руйнування дорожнього покриття через перенавантаження. В результаті 

дослідження було виявлено, що середня тривалість використання покриття, незалежно від його 

типу (бетонне, бітумне або композитне), може бути збільшена за рахунок належного 

викладання й догляду, а також стабілізації ґрунтів. 

Ключові слова: дорожні затори, конструкція дорожнього полотна, руйнування 

дорожнього покриття, стабілізація ґрунтів. 

Аннотация: Статья посвящена рассмотрению проблемы пробок в больших городах, 

которые являются основной причиной быстрого разрушения дорожного покрытия из-за его 

перенагрузки. В результате исследования было определено, что средняя продолжительность 

использования покрытия, независимо от его типа (бетонное, битумное или композитное), может 

быть увеличена за счет надлежащей укладки и ухода, а также стабилизации грунтов. 

Ключевые слова: дорожные пробки, конструкция дорожного полотна, разрушение 

дорожного покрытия, стабилизация грунтов. 

 

 

All big cities nowadays have to deal with thousands of cars running through their 

streets every day. Traffic congestion is a big problem for everyone within the city. The 
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main reasons why traffic congestion occurs are more cars, poor road management, and 

poor practices on behalf of employers. 

One of the main reasons why there is more congestion is due to more cars on the 

road. The adult population is increasing and therefore more people want their own 

personal transport to get around with. As the number of cars increase the chance of 

congestion also increases. 

This is coupled up with a lack of proper infrastructure. Councils and national 

governments fail to act on the looming threat of heavy congestion until it happens. The 

city does not expand along with an increasingly amount of car users. 

Cities have limited capacity to expand due to poor funding and planning the 

restrictions. They prevent building on green belt spaces. Cities are forced to work with 

the routes they already have. If they cannot increase the number of lanes it leads to 

congestion [2]. 

By adhering to the traditional 9-5 routines, there is a greater chance of congestion. 

Everyone has to travel to and from work at the same time each day. 

A lack of public transport, or poor public transport options, will also cause 

problems. If there is not enough buses, trams or local trains, people are forced to take 

their cars to work. The ratio of passengers to vehicles decreases, whereas if they were 

able to take the bus, people would feel less of a need to drive their cars. 

Traffic congestion has a number of negative effects and one of the most important 

we face is a rapid destruction of the road pavement due to overload. 

And so in order to support increasing pressure of heavy vehicles, a modern road 

contains several layers. The number of layers depends on the amount of traffic in that 

area, but generally roads have three layers: the roadbed, the base course and the wearing 

course.  

The wearing course is a top layer of a road and it directly supports the road 

volume. It is a solid layer of pavement and it is designed to be smooth to withstand 

erosion from traffic and weather condition. Two main types of pavement are used. 

There is bituminous or concrete pavement. Bituminous pavements, also called flexible, 

are made of by-products of petroleum, such as asphalt. They are much cheaper and 

easier to build but more difficult to maintain. On the other hand, concrete or rigid 

pavement does not require so much maintenance and it would stay for a very long time 

with minimal upkeeping, but it is more expensive and time consuming to build. This 

cost can typically be offset through the long life cycle of the pavement [1]. 

Concrete surfaces (specifically, Portland cement concrete) are created by using a 

concrete mix of Portland cement, coarse aggregate, sand and water. All modern mixes 

will also be various admixtures added to increase workability, to reduce the amount of 

water and to mitigate harmful chemical reactions and for other beneficial purposes. This 

can reduce the cost of the concrete and improve its physical properties. The material is 

applied in freshly mixed slurry, and worked mechanically to compact the interior and 

force some of the cement slurry to the surface to produce a smoother and denser surface. 

The water allows the mix to combine molecularly in a chemical reaction called 

hydration. Concrete surfaces have been refined into three common types: jointed plain, 

jointed reinforced and continuously reinforced. The one item that distinguishes each 

type is the jointing system used to control crack development.  
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One of the major advantages of concrete pavements is they are typically stronger 

and more durable than asphalt roadways. They also can be grooved to provide a durable 

skid-resistant surface.  

Asphalt (specifically, asphalt concrete) has been widely used since the 1920s. The 

viscous nature of the bitumen binder allows asphalt concrete to sustain significant 

plastic deformation, although fatigue from repeated loading over time is the most 

common failure mechanism. Most asphalt surfaces are laid on a gravel base, which is 

generally at least as thick as the asphalt layer. In areas with very soft or expansive 

subgrades such as clay or peat, thick gravel bases or stabilization of the subgrade with 

Portland cement or lime may be required.  

Depending on the temperature at which it is applied, asphalt is categorized as hot 

mix, warm mix, or cold mix. Hot mix asphalt is applied at temperatures over 150°C 

with a free floating screed. Warm mix asphalt is applied at temperatures of 95-120°C, 

resulting in reduced energy usage and emissions of volatile organic compounds. Cold 

mix asphalt is often used on lower volume rural roads, where hot mix asphalt would 

cool too much on the long trip from the asphalt plant to the construction site. 

An asphalt concrete surface will generally be constructed for high volume traffic 

highways having an average annual traffic load greater than 1200 vehicles per day. 

Advantages of asphalt roadways include relatively low noise, relatively low cost 

compared with other paving methods, and perceived ease of repair. Asphalt surfaces are 

fairly easy to construct and to repair. Disadvantages include less durability than other 

paving methods, less tensile strength than concrete, the tendency to become slick and 

soft in hot weather and a certain amount of soil hydrocarbon pollution and groundwater 

or waterways [1]. 

In the 1960s, rubberized asphalt was used for the first time, mixing crumb rubber 

from used tires with asphalt. While a potential use for tires that would otherwise fill 

landfills and present a fire hazard, rubberized asphalt has shown greater incidence of 

wear in freeze-thaw cycles in temperate zones due to non-homogeneous expansion and 

contraction with non-rubber components. Also, application of rubberized asphalt is 

more temperature-sensitive, and in many locations can only be applied at certain times 

of the year. 

Composite surfaces combine Portland cement concrete and asphalt. They are 

usually used to rehabilitate existing roadways rather than in new construction. 

Asphalt overlays are sometimes laid over distressed concrete to restore a smooth 

wearing surface. A disadvantage of this method is that movement in the joints between 

the underlying concrete slabs, whether from thermal expansion and contraction, or from 

deflection of the concrete slabs from truck axle loads, usually cause cracks, called 

reflective cracks in the asphalt. 

To decrease reflective cracking, concrete pavement is sometimes "cracked and 

seated." A heavy weight is dropped on the concrete to induce cracking, and then a heavy 

roller is used to seat the resultant pieces into the sub base. The theory is frequent small 

cracks will spread thermal stress over a wider area than infrequent large joints, reducing 

the stress on the overlying asphalt pavement. 

The very bottom layer of a road is the roadbed. Natural soil is commonly used for 

this purpose. 
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But what can really make a difference is the second layer – the base course. It lies 

directly on the top of the roadbed.  

Numerous observations carried out over the last seventy years had shown that the 

certain ratio of gravel, clay, dust and sand particles in soil can add stability to the road. 

This soil is called optimal. In this case gravel and sand particles are a sort of a 

"skeleton" of the system and they can correspond to the intended use of the road in high 

moisture conditions. Dust particles serve as a filler; they take all the spaces in between 

bigger particles. Clay particles due to their cementing ability, glue all the fractions 

together in a dry conditions, so we get dense and monolithic mass.  

If the soil is not optimal we can make it so by adding aggregates. For instance, 

loamy soil or sandy soil should be completed by gravel. 

A very popular and a very productive way to stabilize soil is to add mineral binders 

like cement and lime. In this way we can extend the average life of a road pavement. 
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Анотація: Використання “гострих” голок для визначення пенетрації високов’язких 

бітумів дає неточні результати. Наші дослідження показали, що використання “тупих” голок 

для визначення пенетраційно-часової залежності дає більш точні результати. 
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битумов даёт неточные результаты. Наши исследования показали, что использование “тупых” 

игл для определения пенетрационно-временной зависимости даёт более точные результаты. 
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In many cases, bitumens are considered as a dispersion or colloidal system, or as 

a solution of highmolecular substances. However, in the course of time, bitumen is 

affected by deformations similar to those characteristic of visco-elastic materials.  

Bitumen manifests the ability to form internal structure that causes abnormalities 

in bitumen fluidity and tyksotropic phenomena. According to accepted views, this 

structure consists of a frame of asphaltenes, which forms the spatial grid in petroleum 

structures. This ability of bitumen to form a structure obviously increases the number of 

asphaltenes in the system which allows for the transition to achieve a more viscous 

state. 
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In bitumens of different types but of equal penetration, the amount of asphaltenes 

is higher and closer to the “gel” structural type [1, p. 81], which provides a more 

pronounced effect on its structure. The process of transition to equilibrium is also 

dependent on the viscosity of a petroleum structure that is normally higher for  “sol” 

type bitumens. With the abundance of resin, which is characteristic of this structural 

type of bitumen, the formation is much slower, which makes the behavior of bitumen 

similar to that of Newtonian fluids. Polymer additives completely change the behavior 

of bitumens increasing their ability for highly elastic deformation. 

The effect of strain on the properties of asphalt is not completely studied. At the 

same time, standard tests on penetration of modified bitumen give some errors which 

impairs the predicability of performance data [2, p. 20], [3, p. 26]. 

The purpose of our experiment was the development of a method for determining 

time-penetration dependence of bitumen using a “blunt” needle. 

Our method included the following steps: 

1. Preparation of bitumen. Dehydrated and heated to a liquid state bitumen was 

added to penetration cups and left for settling according to the Standard [4], in order to 

prevent possible deviations in penetration caused by long-term bitumen thixotropic 

effect. The samples were termostated at +25 °C within one hour.  

2. Preparation of a termostate. The thermostate was set to +25 °C. The penetration 

cups were put in the termostate when the water in the tank became +25 °C. 

3. Preparation of a penetrometer. The penetrometer was horyzonted. The rod of 

the penetrometer was marked with a contrast point, which made it possible to video 

register the movement of the rod.  

4. Preparing of a computer. Necessary software was downloaded into the 

computer, and a web-camera was installed. 

5. Preparation of the web-camera. The web-camera was mounted on a tripod, and 

the eye of the camera was fixed on the penetrometer rod and adjusted so that it could 

register the penetration of the rod into bitumen.  

6. Measurements. Measurements of the complete penetration of all the samples 

was carried out and registered by the camera. 

7. Calculations. Video recordings were transferred into the Adobe Photoshop 

program and analyzed. 

Results. In our experiment we compared the penetration values obtained using 

the standard method (the method of the “sharp” needle) and those obtained using our 

method (the method of the “blunt” needle). The diameter of our needle was 1 mm and 

its length was 100 mm. The results of the experiment are presented in Figures 1, 2.  
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Fig. 1. Bitumen penetration as a function of time determined using the “sharp” 

needle method. 

 
Fig. 2. Bitumen penetration as a function of time determined using the “blunt” 

needle method. 
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As seen from these figures, the use of a “blunt” needle within the period of time 

from 0 to 10 seconds gives more accurate data than the use of a “sharp” needle. 

Conclusions : 

1. Our research has shown that the use of the standard “sharp” needle method for 

determining time-penetration dependence of high viscosity bitumens (40/ 60, 60/ 90) 

does not allow accurate results within the first few seconds of the needle penetration 

which is important for true characteristics of bitumen viscosity.  

2. The “blunt” needle method for determining time-penetration dependence of 

high viscosity bitumens (40/ 60, 60/ 90) developed in our research has provided  more 

accurate results within the same period of time.  
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Анотація: Стаття розглядає терраформирование як спосіб зміни умов іншої планети для 

поширення там земних форм життя на прикладі планети Марс. В результаті вивчення були 
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Nowadays mankind is confronted by various challenges connected with climate 

changes, pollution of the environment, lack of food and population growth. It is obvious 

that our planet is changing constantly and natural resources are not infinite. According 

to some researches the world's population will increase greatly and reach 8bn already by 

2030 [1]. Consequently, demand for food, water and energy will rise extremely. Taking 
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into consideration all these factors scientists have proposed an idea of finding a new 

place for humans to live. Indeed, careful search for an Earth analog, a potential "new 

home" for mankind, is one of the most actual topics of our times. One can speculates 

that Earth-like planets may have existed in our Solar System in the past. In the future, 

technology may be used by humans to artificially produce a second Earth. In theory, 

terraforming could potentially create such a world and Mars is a very probable 

destination. 

To terraform means to alter the environment of a celestial body in order to make 

capable of supporting terrestrial life forms [2]. It consists of adjusting atmosphere, 

temperature, ecology etc. to be similar to Earth conditions. The term "terraforming" is a 

wide-spread synonym for planetary engineering. The concept of terraforming originated 

from both science fiction and actual science. H.G. Wells was the first who used the 

concept in his The War of the Worlds (1898), where the Martian invaders commence an 

opposite terraforming process in order to change Earth for their own sake. The term was 

coined by Jack Williamson in a science-fiction story Collision Orbit published during 

1942 in Astounding Science Fiction [3]. But since the publication of The Sands of Mars 

in 1951 by Arthur C. Clarke, the great majority of stories regarding terraforming were 

settled on Mars. In the scientific field, the first one who spoke about terraforming of 

Mars was the ever-inspirational planetary astronomer Carl Sagan in The Long Winter 

Model of Martian Biology: A Speculation (1971) and in Planetary engineering on Mars 

(1973) both published in Icarus [4]. 

Among nearest planets Mars is considered to be the most earthlike of all the other 

planets in our Solar system. Mars has many advantages in comparison with other 

objects. Firstly it has an atmosphere; in contrast, for example, the moon does not. 

Furthermore, some essential elements such as water, carbon, oxygen and nitrogen can 

be obtained. Another benefit is that Mars has a similar to Earth mineral structure. All 

metals and minerals necessary for production and industry also can be found on Mars. 

The physical aspects of Mars, its gravity, rotation rate and axial tilt are close enough to 

those of Earth to be acceptable. Thus, seasons on Mars are similar to Earth. Moreover, it 

is not too far from the Sun to be made habitable. These conditions will help future 

colonists to adapt to life on Mars. Also, it can be a convenient testing ground for 

scientific and technical experiments dangerous for the terrestrial biosphere. 

However, there are processing complexities which need satisfactory solution. The 

first is the question of the atmosphere. In spite of the fact that it exists, it is still too thin. 

This fact brings about extremely cool Martian weather (average temperature is -50 °C). 

Thus, one of the first aims is to warm the planet and make its atmosphere thicker. There 

are some theoretical methods to work it out based on an artificially induced greenhouse 

effect. Such an atmospheric greenhouse could be created on Mars in at least three 

different ways. One of them is to set up factories on Mars to produce very powerful 

artificial greenhouse gasses such as halocarbons and release them into the atmosphere. 

Another way would be to use orbital mirrors or other large scale power sources to warm 

selected areas of the planet, such as the south polar cap, to release large reservoirs of the 

native greenhouse gas, CO2, which may be trapped there in frozen or adsorbed form. 

Finally natural greenhouse gases more powerful than CO2 such as ammonia or methane 

could be imported to Mars in large quantities of asteroidal objects rich with such 

volatiles in frozen form [5]. Each of these methods of planetary warming would be 
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enhanced by large amounts of CO2 from polar cap and the soil that would be released as 

a result of the induced temperature rise. The process of warming the planet may take 

centuries. 

The most technologically challenging aspect of terraforming Mars will be the 

creation of sufficient oxygen in the planet's atmosphere to support animal life; advanced 

plants and humans require a lot of oxygen. Thus, the question of great importance is 

how to produce oxygen. Scientists Don Sadoway, from MIT in Boston and Ken 

Debelak, from Vanderbilt University in Tennessee suggested a theory how to do it. 

Sadoway has designed an electrochemical cell the size of a fridge, which powered by a 

small nuclear reactor. Oxide-rich rocks, which make up the surface of Mars, are loaded 

into the cell which passes a 450 amp current through the rocks, melting them, and 

releasing oxygen by a process known as electrolysis. People need about 3 kilograms of 

oxygen per day, which the cell should be able to extract from only 8 kilograms of Mars 

rock [6]. 

The next question concerning Mars colonization is the cost and duration of 

transportation of materials, equipment and colonists. There is a risk that modern ways of 

transportation them on the planet are so high-priced that the profit of Mars investigation 

cannot cover all the expenses. However, there is a good chance of creating 

fundamentally new ways of conveyance which will be able to low the price. 

Another significant aspect of terraforming Mars is an ethical one. Adherents of 

environmental ethics bring up a question of moral standards of terraforming for 

discussion. Obviously, this process will change the image of the planet and the life 

forms on Mars. Thus, the question of possible life comes into game. It is not clarified if 

there was life on Mars or not. It is only known for sure that now there is not a 

technological civilization or sentient organisms, so if there is life on Mars it would be at 

microbial stage. On the other hand, terraforming can gift this lifeless planet with oceans, 

green and living beings. There is no doubt that humans are responsible of using the 

nature in an intelligent way in order to benefit our present and future generations. It 

must be underlined that all researches connected with Mars should be carried out 

thoroughly and with respect to any form of life which may be found. However, the idea 

of leaving Mars biosphere without any changes if these changes are necessary for 

mankind can be regarded as anti- humanistic. 

The complexity of terraforming Mars is another reminder of Earth frailness. Our 

existence depends on the proper functioning Earth’s present biosphere. That is why 

Mars should be regarded rather as a new destination of human’s thoughts and ambitions 

than just a replacement for exhausted Earth. First of all, mankind has to solve problems 

connected with our planet. It is interesting to point out that there are opinions which 

decline necessity of terraforming. According to them, for instance, overpopulation 

might not be a problem in the future if human global population is decimated after 

suffering some disaster. Also, there is a possibility of producing new sorts of energy, 

new ways to make food etc. 

Thus, the question of Mars terraforming is characterised from different points of 

view and contains in itself not only technical aspects but ethic ones as well. Being 

strongly connected with needs of mankind it can be observed as a global issue of great 

importance. It seems rational to continue the development of terraforming projects as 

they can lead to great benefit (e.g. a new home for terrestrial life forms, including 
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human beings, a place for experiments, deeper knowledge of structure and functioning 

planets). Despite great expenses connected both with time and money, terraforming is 

definitely an issue of the day. In conclusion it seems interesting to point out that not 

only needs for space, sources etc. are the principal forces in desire to make another 

planet habitable, produce fundamentally new mechanism and investigate outer space. It 

is innate desire to create, strong wish for progress which is natural for mankind. 
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    Анотація: Стаття присвячена розгляду лазерів, що найчастіше застосовуються в 

наукових дослідженнях, медицині та на виробництві. В результаті проведеної роботи булі 

розглянуті різноманітні типи лазерів, принцип дії. Зазначено велике практичне значення лазерів 

та лазерної техніки у сучасному світі. 

    Ключові слова: лазер, лазерна медицина, твердотільні лазери, хімічні лазери. 

    Аннотация: Статья посвящена рассмотрению лазеров, наиболее часто использующихся 

в научных исследованиях, медицине и на производстве. В результате проведенной работы были 

рассмотрены различные типы лазеров, принцип их работы. Подчеркнуто большое практическое 

значение лазеров и лазерной техники в современном мире. 

    Ключевые слова: лазер, лазерная медицина, твердотельные лазеры, химические 

лазеры. 

 

Nowadays a number of lasers are made use of in various fields of national 

economy. Great popularity of lasers and their numerous applications can be accounted 

for by the contribution made. Generally speaking, lasers, their types and their 

corresponding fields of application are worth considering in detail.  

A laser is a device that emits light through a process of optical 

amplification based on the stimulated emission of electromagnetic radiation [1, р. 2].  

    Lasers have many important applications. They are used in common consumer 

devices such as DVD players, laser printers, and barcode scanners. They are used in 

medicine for laser surgery and various skin treatments, and in industry for cutting 
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and welding materials. They are used in military and law enforcement devices for 

marking targets and measuring range and speed. Laser lighting displays use laser light 

as an entertainment medium. Lasers also have many important applications in scientific 

research [2, pp. 74–77]. 

    A laser consists of a gain medium, a mechanism to supply energy to it, and 

something to provide optical feedback. The gain medium is a material with properties 

that allow it to amplify light by stimulated emission. Light of a specific wavelength that 

passes through the gain medium is amplified (increases in power). 

    For the gain medium to amplify light, it needs to be supplied with energy. This 

process is called pumping. The energy is typically supplied as an electrical current, or as 

light at a different wavelength. Pump light may be provided by a flash lamp or by 

another laser. 

     The most common type of laser uses feedback from an optical cavity – a pair of 

mirrors on either end of the gain medium. Light bounces back and forth between the 

mirrors, passing through the gain medium and being amplified each time. Typically one 

of the two mirrors, the output coupler, is partially transparent. Some of  the light escapes 

through this mirror. Depending on the design of the cavity (whether the mirrors are flat 

or curved), the light coming out of the laser may spread out or form a narrow beam. 

This type of device is sometimes called a laser oscillator in analogy to electronic 

oscillators, in which an electronic amplifier receives electrical feedback that causes it to 

produce a signal. 

    Most practical lasers contain additional elements that affect properties of the 

emitted light such as the polarization, the wavelength, and the shape of the beam. 

    Following the invention of the HeNe gas laser, many other gas discharges have 

been found to amplify light coherently. Gas lasers using many different gases have been 

built and used for many purposes. The helium-neon laser (HeNe) is able to operate at a 

number of different wavelengths, however the vast majority are engineered to lase at 

633 nm; these relatively low cost but highly coherent lasers are extremely common in 

optical research and educational laboratories. Commercial carbon dioxide (CO2) 

lasers can emit many hundreds of watts in a single spatial mode which can be 

concentrated into a tiny spot. This emission is in the thermal infrared at 10.6 µm; such 

lasers are regularly used in industry for cutting and welding. The efficiency of a 

CO2 laser is unusually high: over 30%. Argon-ion lasers can operate at a number of 

lasing transitions between 351 and 528.7 nm. Depending on the optical design one or 

more of these transitions can be lasing simultaneously; the most commonly used lines 

are 458 nm, 488 nm and 514.5 nm. A nitrogen transverse electrical discharge in gas at 

atmospheric pressure (TEA) laser is an inexpensive gas laser, often home-built by 

hobbyists, which produces rather incoherent UV light at 337.1 nm. Metal ion lasers are 

gas lasers that generate deep ultraviolet wavelengths. Helium-silver (HeAg) 224 nm 

and neon-copper (NeCu) 248 nm are two examples. Like all low-pressure gas lasers, the 

gain media of these lasers have quite narrow oscillation line widths, less than 3 GHz 

(0.5 picometers), making them  candidates for use in  fluorescence  suppressed  Raman 

spectroscopy. 

Chemical lasers are powered by a chemical reaction permitting a large amount of 

energy to be released quickly. Such very high power lasers are especially of interest to 

the military; however continuous wave chemical lasers at very high power levels, fed by 
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streams of gasses, have been developed and have some industrial applications. As 

examples, in the Hydrogen fluoride laser (2700–2900 nm) and the Deuterium fluoride 

laser (3800 nm) the reaction is the combination of hydrogen or deuterium gas with 

combustion products of ethylene in nitrogen trifluoride. 

    Excimer lasers are a special sort of gas laser powered by an electric discharge in 

which the lasing medium is an excimer, or more precisely an exciplex in existing 

designs. These are molecules which can only exist with one atom in an excited 

electronic state. The molecule transfers its excitation energy to a photon, therefore, its 

atoms are no longer bound to each other and the molecule disintegrates. This drastically 

reduces the population of the lower energy state thus greatly facilitating a population 

inversion. Excimers currently used are all noble gas compounds; noble gasses are 

chemically inert and can only form compounds while in an excited state [3, рр.15-102]. 

Excimer lasers typically operate at ultraviolet wavelengths with major applicatons 

including semiconductor photolithography and LASIK eye surgery.  

    Solid-state lasers use a crystalline or glass rod which is "doped" with ions that 

provide the required energy states. For example, the first working laser was a ruby laser, 

made from ruby (chromium-doped corundum). The population inversion is actually 

maintained in the "dopant", such as chromium or neodymium. These materials are 

pumped optically using a shorter wavelength than the lasing wavelength, often from a 

flashtube or from another laser. 

    It should be noted that "solid-state" in this sense refers to a crystal or glass, but 

this usage is distinct from the designation of "solid-state electronics" in referring to 

semiconductors. Semiconductor lasers (laser diodes) are pumped electrically and are 

thus not referred to as solid-state lasers. The class of solid-state lasers would, however, 

properly include fiber lasers in which dopants in the glass lase under optical pumping. 

All these lasers can produce high powers in the infrared spectrum at 1064 nm. They are 

used for cutting, welding and marking metals and other materials, and also. 

    Solid-state lasers or laser amplifiers where the light is guided due to the total 

internal reflection in a single mode optical fiber are instead called fiber lasers. Guiding 

of light allows extremely long gain regions providing good cooling conditions; fibers 

have high surface area to volume ratio which allows efficient cooling.  

    Fiber lasers have a fundamental limit. The intensity of the light in the fiber cannot 

be so high that optical nonlinearities induced by the local electric field strength can 

become dominant and prevent laser operation and/or lead to the material destruction of 

the fiber. This effect is called photo darkening. In bulk laser materials, the cooling is not 

so efficient, and it is difficult to separate the effects of photo darkening from the thermal 

effects, but the experiments in fibers show that the photo darkening can be attributed to 

the formation of long-living color centers. 

    Semiconductor lasers are diodes which are electrically pumped. Recombination 

of electrons and holes created by the applied current introduces optical gain. The 

reflection from the ends of the crystal forms an optical resonator, although the resonator 

can be external to the semiconductor in some designs. 

    It should be mentioned that commercial laser diodes emit at wavelengths from 

375 nm to 3500 nm. Low to medium power laser diodes are used in laser pointers, laser 

printers and CD/DVD players. Laser diodes are also frequently used to 

optically pump other lasers with high efficiency. The highest power industrial laser 
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diodes, with power up to 10 kW (70dBm), are used in industry for cutting and welding. 

External-cavity semiconductor lasers have a semiconductor active medium in a larger 

cavity. These devices can generate high power outputs with good beam quality, 

wavelength-tunable narrow-line width radiation, or ultra-short laser pulses.                   

The development of a silicon laser is important in the field of optical computing. Silicon 

is the material of choice for integrated circuits, and so electronic and silicon 

photonic components could be fabricated on the same chip.  

     Dye lasers use an organic dye as the gain medium. The wide gain spectrum of 

available dyes, or mixtures of dyes, allows these lasers to be highly tunable, or to 

produce very short-duration pulses (on the order of a few femtoseconds) [4, рр. 46 ˗98]. 

Although these tunable lasers are mainly known in their liquid form, researchers have 

also demonstrated narrow-line-width tunable emission in dispersive oscillator 

configurations incorporating solid-state dye gain media. In their most prevalent form 

these solid state dye lasers use dye-doped polymers as laser media. 

    Free-electron lasers, or FELs, generate coherent, high power radiation that is 

widely tunable, currently ranging in wavelength from microwaves, through 

terahertz and infrared, to the visible spectrum, to soft X-rays. They have the widest 

frequency range of any laser type. While FEL beams share the same optical traits as 

other lasers, such as coherent radiation, FEL operation is quite different. Unlike gas, 

liquid, or solid-state lasers, which rely on bound atomic or molecular states, FELs use a 

relativistic electron beam as the lasing medium, hence the term free-electron. 

    Applying lasers for medical purposes is worth paying attention to. Laser 

medicine is the use of various types of lasers in medical diagnosis, treatment, or 

therapy. The types of lasers used in medicine include any laser design. 

    When lasers were invented in 1960, they were called "a solution looking for a 

problem" [5, pp. 107–12]. Since then, they have become ubiquitous, finding utility in 

thousands of highly varied applications in every section of modern society, 

including consumer electronics, information technology, science, medicine, 

industry, law enforcement, entertainment, and the military. 

    The first use of lasers in the daily lives of peoplewas the supermarket 

barcode scanner, introduced in 1974. The laserdisc player, introduced in 1978, was the 

first successful consumer product to include a laser but the compact disc player was the 

first laser-equipped device to become common, beginning in 1982 followed shortly 

by laser printers. 
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 Scientific development of mankind and technological progress has led to the 

situation when it is hard to imagine modern world without complex automated systems 

which must constantly handle terabytes of information. Large amounts of data force 

owners to spend significant amounts of time and resources on their processing and 

storage. It is a great challenge for many small organizations and start-ups. Therefore the 

question about the development of technology for public use of shared resources has 

become so acute. Cloud computing has been created to solve these and other important 

issues in this area. 

 Cloud technology or cloud computing, as it is more commonly known today, is a 

computing platform widely used by Information Technology (IT) Service Companies.  

This offers a broader concept of converged infrastructure and shared services as it 

creates a data environment that allows companies to get their applications run faster 

with the great ease of more manageability and less maintenance [3]. 

 Cloud technology is most often compared to autonomic computing, grid 

computing, utility computing, mainframe computer, and client-server model.  Here are 

some characteristics of this wonderful technology: 

 A computing system is capable of system management. 

 It is commonly used in large organizations for critical applications regarding bulk 

data processing of census, consumer and industry statistics, enterprise resource 

planning, police and intelligence services, and of course financial transaction 

processing. 

 It comprises the whole package of computing services and resources – 

computation and storage. 

 Device and location independence giving the users the capability to access the 

system from anywhere with any kind of device. 

 Multi-tenancy enables resource and cost sharing among many users, therefore, 

lowers infrastructure costs with increased utilization and efficiency. 
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 Performance is known to be consistent and can be monitored via web services as 

the system interface. 

 Maintenance is definitely easier with no need for installation on computer or any 

device. 

Cloud technology’s security, on the other hand, still have room for improvements but 

just as good or better with the other more traditional systems.  Private cloud installations 

are being suggested for those who would want to have full control over the 

infrastructure and avoid any information losses. 

The Fundamental Categories of  a Cloud 

1. Infrastructure as a Service (IaaS) 

Sometimes referred to as Hardware as a Service (HaaS), this is most basic of the cloud 

categories.  Being the infrastructure, this consists of virtual machines, load balancers, 

network, servers, and storage.  The client pays on a per-use basis or utility computing 

basis. 

2. Platform as a Service (PaaS) 

In this model, cloud delivers a platform for building and running different custom 

applications.  This platform includes runtime execution, web server, database, and other 

development tools. 

3. Software as a Service (SaaS) 

The software distribution model of cloud technology that lets applications be hosted by 

a service provider or a vendor that are to be made available to people over a wide 

network such as the Internet.  This is the application infrastructure consisting of Email, 

CRM, communication, virtual desktop, and games [1]. 

The Different Cloud Technology Options 

Public Cloud 
 Cloud technology  is available to the general public and are usually either free or 

pay-per-use.  This is being used by Microsoft and Google. 

Community Cloud 

 This lets infrastructure to be shared within several organizations having the same 

concerns.  Costs are spread among the users. 

Hybrid Cloud 

 This consists of two or more clouds bound together as unique entities giving the 

benefits of all the chosen cloud models. 

Private Cloud 

 This is private infrastructure for a single organization only but lacks the economic 

model that cloud was known for. 

 However, there are not only advantages in cloud systems, but a lot of some  

shortcomings associated with the provision of Security and Compliance Data. It will be 

logical to refer to CSA
1
(Cloud Security Alliance) speaking about security and threats in 

cloud computing systems. Here is a list of the most dangerous security vulnerabilities in 

cloud computing systems: 

                                                 
1
 Cloud Security Alliance (CSA) is a non-for-profit organization with a mission to “promote the use of best practices for 

providing security assurance within Cloud Computing, and to provide education on the uses of Cloud Computing to help 

secure all other forms of computing”. 
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 First on the list is data breaches. To illustrate the potential magnitude of this 

threat, CSA pointed to a research paper from last November describing how a 

virtual machine could use side-channel timing information to extract private 

cryptographic keys in use by other VMs on the same server. A malicious hacker 

wouldn't necessarily need to go to such lengths to pull off that sort of feat, 

though. If a multitenant cloud service database isn't designed properly, a single 

flaw in one client's application could allow an attacker to get at not just that 

client's data, but every other clients' data as well. 

 The second-greatest threat in a cloud computing environment, according to CSA, 

is data loss: the prospect of seeing your valuable data disappear into the ether 

without a trace. A malicious hacker might delete a target's data out of spite   -  but 

then, you could lose your data to a careless cloud service provider or a disaster, 

such as a fire, flood, or earthquake. Compounding the challenge, encrypting your 

data to ward off theft can backfire if you lose your encryption key. 

 The third-greatest cloud computing security risk is account or service traffic 

hijacking. Cloud computing adds a new threat to this landscape, according to 

CSA. If an attacker gains access to your credentials, he or she can eavesdrop on 

your activities and transactions, manipulate data, return falsified information, and 

redirect your clients to illegitimate sites. 

 Fourth on the list of threats are insecure interfaces and APIs. IT administrators 

rely on interfaces for cloud provisioning, management, orchestration, and 

monitoring. APIs are integral to security and availability of general cloud 

services. From there, organizations and third parties are known to build on these 

interfaces, injecting add-on services. 

 Denial of service(DoS) ranks as the fifth-greatest security threat to cloud 

computing. DoS has been an Internet threat for years, but it becomes more 

problematic in the age of cloud computing when organizations are dependent on 

the 24/7 availability of one or more services. DoS outages can cost service 

providers customers and prove pricey to customers who are billed based on 

compute cycles and disk space consumed. While an attacker may not succeed in 

knocking out a service entirely, he or she "may still cause it to consume so much 

processing time that it becomes too expensive for you to run and you'll be forced 

to take it down yourself. 

 Number  6 on the list is malicious insiders, which can be a current or former 

employee, a contractor, or a business partner who gains access to a network, 

system, or data for malicious purposes. In an improperly designed cloud scenario, 

a malicious insider can wreak even greater havoc. From IaaS to PaaS to SaaS, the 

malicious insider has increasing levels of access to more critical systems and 

eventually to data. 

 Seventh on the list is cloud abuse, such as a bad guy using a cloud service to 

break an encryption key too difficult to crack on a standard computer. Another 

example might be a malicious hacker using cloud servers to launch a DDoS 

attack, propagate malware, or share pirated software. The challenge here is for 

cloud providers to define what constitutes abuse and to determine the best 

processes to identify it. 
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 Eight on the list of top security threats to cloud computing is insufficient due 

diligence; that is, organizations embrace the cloud without fully understanding 

the cloud environment and associated risks. For example, entering the cloud can 

generate contractual issues with providers over liability and transparency. What's 

more, operational and architectural issues can arise if a company's development 

team isn't sufficiently familiar with cloud technologies as it pushes an app to the 

cloud. 

 Last but not least, CSA has pegged shared technology vulnerabilities as the ninth-

largest security threat to cloud computing. Cloud service providers share 

infrastructure, platforms, and applications to deliver their services in a scalable 

way [2]. 

Interclouds 

 Intercloud refers to an idea popularized by Cisco
2
, that aims to provide a 

collaborative plus universal environment for cloud computing by way of combining a 

number of multiple clouds that are interconnected and based on open standards.  

 Intercloud is similar in concept to Internet model. Intercloud can be seen as an 

open multiple provider infrastructure where applications need not be tightly coupled to 

any specific cloud such that the enterprise on one cloud at one instant could seamlessly 

move across different clouds depending upon the availability of business process 

capabilities.  

 Idea of Intercloud is to provide open interfaces devoid of any proprietary vendor 

version control at operational level such that there is a facility for all interconnected 

clouds to have a common control of how applications should be deployed. That implies 

that there could be a common protocol and exchange mechanism for each cloud, based 

on requisite parameters such as key resources including applications, data, bandwidth 

etc, load balancing plus any other performance criteria, costs of processing, security, 

service level, user location,  etc. This could practically enable the cloud to process the 

request and deploy the application automatically by way of resource sharing or resource 

allocation across multiple clouds.  

 Major challenges of creating an ideal Intercloud like infrastructure is not only to 

automate global application delivery system using a universal protocol for message 

exchanges and application process execution but also to create a distributed content 

aware system for tracking workloads catering to on demand processing at each cloud 

node, flexibly deployed and managed across multiple data centers. 

 Most cloud providers expose APIs that are typically well-documented (often 

under a Creative Commons license) but also unique to their implementation and thus 

not interoperable. Some vendors have adopted others' APIs and there are a number of 

open standards under development, with a view to delivering interoperability and 

portability. As of November 2012, the Open Standard with broadest industry support is 

probably OpenStack, founded in 2010 by NASA and Rackspace, and now governed by 

the OpenStack Foundation.  

Some Tips to Remember When Choosing a Cloud Technology Service 
 Most companies rely on cloud technology services for the amazing value they 

deliver to every organization for a fraction of the cost.  Efficiency with economic cost 

                                                 
2
 Cisco Systems, Inc. is an American multinational corporation headquartered in San Jose, California, that designs, 

manufactures, and sells networking equipment. 
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savings – is what made cloud very interesting and intriguing to the world of IT business 

especially with today’s economy. 

 Cloud technology offers companies great organization help with utility 

computing.  However, to successfully attain the full potential of this service, the 

management should carefully decide which type of service would suit their 

organization. 

 Most organizations consider the Software as a Service as the best approach yet 

this would not be the best if the organization wants incremental capacity on demand.  

The most chosen cloud technology strategy is the hybrid option that offers flexibility 

with the combination of internally-managed services along with the great cloud-based 

services [1]. 
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Nowadays vehicles are becoming more and more complex having a range of 

advanced features that could hardly be imagined a few years ago and that became 

possible due to sophisticated software-driven electronics. The average new car coming 
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off the production line today has the same amount of electronic systems as a 

commercial airliner did two decades ago. 

Growth in automotive embedded systems (software and electronics) has been 

exponential since the early 1990s and the trend is predicted to continue. In 2002, 

electronic parts comprised 25 percent of a vehicle’s value. By 2015, car manufacturers 

predict this will hit 40 percent [4]. 

So, today more and more cars are equipped with "clever" electronics that is able 

to make decisions for a driver and even independently drive a car. 

Construction of a modern car is developing in several directions aiming at: 

-increasing fuel economy; 

-increasing environmental safety; 

-increasing comfort; 

-increasing vehicle occupants’ safety [2]. 

The last point is one of the most important as vehicles run the risk and that 

determines the development of various safety systems increasing the driver and 

passengers’ safety. 

A vehicle ability to protect the driver and passengers against serious injury in an 

accident has improved a lot since the 'clunk-click' era of the 1970s. 

Seatbelts have only had to be fitted as standard in the front of new cars since 1967 

and it was not until 1983 that it eventually became compulsory to wear them. Nowadays 

seatbelts and airbags are taken for granted while new cars are becoming to be equipped 

with clever electronic systems to help prevent accidents. 

Since 1997 the independent European New Car Assessment Programme, Euro 

NCAP, has helped bring about improvements in vehicle bodies which can now absorb 

the energy of quite severe crashes without the passenger compartment collapsing. This 

makes accidents much more survivable. 

Inside the car, multiple airbags – front, side, head and even knee – work together 

with adult seat belts to protect a driver and passengers against contact with the hard 

structure of the vehicle's interior. Pre-tensioning devices in the seatbelts lock and tighten 

the belt webbing when a crash is detected and further limit injury risk for passengers. 

Because of these developments, car crashes are now much more survivable, but 

prevention is better than cure. So, powered by the pace of development in electronics, 

camera and radar technology, many modern cars can actually help prevent a crash 

before it happens [1]. 

Blind spot monitoring. Small blind spot mirrors that are attached to the door 

mirrors have been around for years and some cars have been fitted with convex door 

mirrors. 

Systems that use radar or cameras to warn if there is another vehicle in your blind 

spot as you start to change lanes are set to become commonplace. 

Lane keeping support. The rumble strip on a motorway between the hard 

shoulder and first running lane creates an audible rumble a vibration through the 

steering to warn you if you drift off-line. Some cars now feature forward-looking 

cameras or other sensors to work out your position relative to any white lines on the 

road surface. 
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If you are travelling at speed and start to cross a white line without indicating, a 

lane departure warning system will give you audible, visual or tactile seat or steering 

wheel vibration + feedback. 

Some provide lane keeping support as well as warning. If you drift onto the white 

line without indicating, the system applies a gentle correcting force through the steering. 

Lane keeping support is the first small step towards the «automated highway» – 

cars that are able to drive without input from the driver. 

Alcolocks. Early systems are integrated with the vehicle's immobilizer. You need 

to provide a breath alcohol sample below the prescribed limit before the car can be 

started. In the future, systems might be able to measure blood alcohol passively through 

sensors built into the steering wheel. 

Autonomous Emergency Braking. Radar and forward looking cameras mounted 

behind the rear view mirror or front grill can detect other vehicles, obstacles and 

pedestrians. Depending on the system you might get a warning of a possible collision 

first, followed by automatic pre-crash braking to reduce the severity of impact if the car 

decides a crash is inevitable. 

At lower speeds, in an urban environment for example, cars might brake 

automatically to a complete standstill and prevent the crash. Emergency 

braking/collision mitigation systems might also make adjustments inside the vehicle to 

prepare for the crash. Seatbelts can be tightened, seat position adjusted and windows 

closed before impact to help reduce injuries. 

Night vision. Infrared sensors can «see» further than the car's headlights and give 

you advanced warning of pedestrians or animals on the road. Warm bodies show up 

white against a cold dark background in an image displayed on the sat nav screen or in a 

«head-up» display in front of the driver. 

Cameras. Ultrasonic parking sensors that bleep when you approach a wall and 

rear-facing cameras are both quite common already. Side-view cameras, mounted in the 

front bumper or wing, will give you a clear view up and down the road as you edge out 

of a junction, even if your own line-of-sight is obscured. 

Electronic Stability Control (ESC) allows the car to take action and brake 

individual wheels when it senses the onset of a slide. This can cut the risk of skidding 

on a bend for example when you have to take sudden evasive action. ESC have become 

compulsory on all new types of vehicles sold in Europe since 1 November 2011 and 

they will be compulsory for all new vehicles from 1 November 2014. 

Drowsiness warning / Alertness sensing. When a driver gets tired, the way he 

drives changes. The changes are subtle but sensors looking at speed, steering input, road 

positioning, use of major and minor controls etc. can detect the early stages of 

drowsiness and warn the driver that it may be time to take a break. A camera inside the 

car aimed at the driver can monitor his head position and warn him of a hazard he may 

not have seen because his head was turned away. 

Adaptive/active Cruise Control. Basic cruise control systems keep the car 

moving at a set, constant speed until you brake, accelerate or change gear. 

From the system's point-of-view you are on an empty road so if someone cuts in 

front of you or you come up behind slower traffic you have to change lanes or override 

the cruise control and brake. «Autonomous» or «adaptive» cruise control systems use a 
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radar to detect other vehicles on the road. Knowing their position and relative speed the 

system can automatically maintain a safe speed and following distance. 

Combined with lane keeping support, autonomous cruise control signals the 

possibility of the automated highway. Under specific conditions a car might be able to 

automatically keep within its own lane and maintain a safe distance from the vehicle in 

front. 

Adaptive headlights. Back in the 1960s one French car manufacturer sold cars 

with the headlights connected to the steering so that the lights would turn to point in the 

direction the car was turning. The idea didn't really catch on though. When HID Xenon 

headlights were introduced the European authorities insisted that they were fitted with 

automatic self-levelling to stop other drivers being dazzled. 

Using the same sort of technology and new sensors, car manufacturers are now 

developing adaptive headlight systems that move and adjust to the driving conditions. 

Corners and bends can be illuminated more clearly and high beam can illuminate as 

much of the road as possible without dazzling other drivers. 

Speed limit assistance. Cameras can recognise and «read» speed limit signs to 

give you extra information about local speed limits to complement the built-in sat nav. 

In the future cameras might be able to read other signs as well. 

Intelligent Speed Adaptation (ISA). The subject of a major and ongoing 

government research project, at its most basic, an ISA equipped car will «know» the 

speed limit anywhere be able to tell you what it is. At the other end of the scale 

Intelligent Speed Adaptation can actively prevent you exceeding the local speed limit. 

So, electronic security systems do not make our cars highbrow robots that can do 

all the work for the driver. All above-stated safety intellectual systems safety work 

together allowing the driver to enjoy driving and feel in safety regardless of travelling 

terms [3]. 
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Let us assume that there exists substance congestion characterized by 

infinitesimal volume and great density, congestion condition is stable and a certain force 

tries to compress the congestion. Then at a certain moment when compressability limit 

is reached, the congestion internal energy becomes enormous and sufficient for 

substance explosion. “Liberated” energy makes the substance expand (and the space 

unit has the energy unit). Internal energy is spent on substance expansion (accordingly, 

neogenic Universe temperature decreases). The Universe represents a superstrong field. 

If an observer could be in such a field, he would not be able to observe a particle since 

particles are field excitation and the field itself is in such a condition that there is the 

greatest possible quantity of energy in a space unit, i.e. excitation is not possible. Let us 

think that it is necessary to overcome an “energy barrier” ΔЕ0 to form a quantum 

(energetically weaker excitation is considered to be unstable, i.e. while studying the 

Universe formation we can neglect such objects). Then energy of space unit should 

change on ΔЕ0 value, when the first particles could be noticed. We will study further 

expansion of the Universe [1]. 

Let us imagine what an observer who is placed in the Universe center sees within 

the conical surface of an angle φ. And n spheres divide the resulting sector in a way that 

we obtain n sections of equal volume. Then the following is true: V i= const (1) 

 Using relevant geometry states we find that neighboring spheres radii are related 

in the following: ri = r1i
1 / 3

 (2)  and it is true for separately selected time moments. Later 

the observer will see extending Universe, in which owing to movement of space layers, 

closer to the center, each layer moves according to following law: vi S i= const (3), where 

 is instant speed of space points which are passing  some control sphere of the surface 

area  . Then the space “flowing” law is: 
v i=

v1 r1

2

r i

2

(4), where v1, r1 are accordingly 

speed and radius of the first sphere from the center at the moment of the experiment 

beginning that v1  and  r1  are considered to be known. For any point of space it is true:  
vi , z S i , z= const  (5), where z is "relative" serial point number that increases with 

distancing from the center. If during small time interval τ the point belonging to a 

surface of i-th sphere moved from point I to point Z, having passed distance li, then 

v i , z=
v1 r1

2

(ri+ li)
2

 (6) is instant speed in Z at a given time. Acceleration on an interval τ is 

      (7). Expansion is being slowed down, 

therefore li decreases in process of moving from the center and changes by the same 
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principle as velocity does: 
l i=

l1 r 1
2

ri

2

(8); li at the experiment initial moment is considered 

a fixed one. 

Since а<0, it is possible to draw a conclusion that space points are slowing down. 

Extending substance loses energy with the following dependence: E i , z V i , z= E i V i  

(9), where Vi,z and Ei,z are volume and energy accordingly which characterize i-th part in 

time τ. Then 

E i , z=
E iV i

V i , z

=
E i(ri

3
− ri− 1

3
)

(ri+ l i)
3
− (r i− 1+ l i− 1)

3

(10) 

and energy decrease in a space part in the course of moving along specified distance 

(i.e. during time τ) makes:  

        (11)  so it follows that energy 

decrease is always more than zero, i.e. the Universe expansion will be infinitely long. At 

early stages, when ΔEi=ΔE0, particles start to be formed. 

 

     (12) 

From equations (11) and (12) we will receive the Universe general energy value, 

considering that 
E i=

E

n (13) (accordingly to originally set condition): 

E=

v1 m[1−
r1

4

(r 1+ l 1)
4 ]

1−
r1

3

(r 1+ l 1)
3

(14) 

Let us study the ri change law with the course of time. ri p= ri ( p− 1)+ l i ( p− 1)  (15), 

where p is quantity of time intervals τ which passed from the experiment beginning 

until the certain time moment. Knowing that  

l ip=
l 1 r1

2

rip

2

(16), we will write down ri, li 

change law with the course of time: 

rip= ∑
p= 2

∞ l 1r 1
2

(∑
p= 2

∞

ri ( p− 1))
2

(17), 

l ip=
l1 r1

2

(∑p= 2

∞ l1 r1

2

(∑
p= 2

∞

r i( p−1 ))
2)

2

(18) . 

Considering that for Universe edge the same laws are valid provided that i=n, it is 

possible to formulate the Universe expansion law so the following is true: 

r np=∑
p= 2

∞ l 1 r1
2

(∑
p= 2

∞

r n( p−1 ))
2

(19). With expansion of the Universe energy value in a space unit 
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decreases so formation of particles and their interaction are possible. With time lapse 

and increase in volume of the Universe particles form light elements which unite in 

stars. In stars there are reactions of nuclear synthesis leading to formation of heavier 

elements. It is supposed that at the given stage of the Universe evolution dark matter 

cannot exist, more precisely, it cannot exist in habitual understanding of the given term: 

non-luminous substance is formed by separate light elements which did not unite in 

stars for some reasons and it is also formed by bosons, mesons; large baryons do not 

exist at this moment (since they are concentrated in stars). But in large time interval 

stars having spent their energy will start to explode extending heavy elements which 

represent a prototype of dark substance. This substance gravitationally interacts with 

stars getting centripetal acceleration, i.e. «centrifuge mechanism» starts: heavier 

elements go to the center, lighter ones to ‘suburb’ of a gravitational congestion. During 

such distribution some elements form macroparticles which will generate cold space 

bodies within subsequent rotation. For some macroparticles, centripetal force will 

appear more than force of gravitational interaction with space bodies, therefore there 

will be free macroparticles having considerable total mass and they will be a dark 

matter.   

   Dark matter does not differ with visible substance in any way (except 

luminosity), that is why it extends together with the Universe. For some time dark 

matter systems components are related gravitationally but when space of expanded 

Universe is considerably less energetically ‘rich’ than matter congestions, gravitational 

coupling will start to weaken, i.e. expansion of galaxies, and then planetary systems will 

begin.  

Let us separately study destruction of dark matter as a complete structure. We 

assume that congestion of a dark matter is concentrated between spheres of radiuses rz-1 

and rz, gravity congestion center at some moment is equidistant from imagined spheres 

restricting a congestion. During some time a congestion interacts only with center but 

after a certain time interval, when Ez=Em (20), where Eт – ‘energy of mass’, everything 

changes. As ‘not at length’ expansion enlarges in removal from the center, a part of a 

dark matter congestion more approached the center will collapse and that will mean the 

last moment of a dark matter as a structure. Using the laws deduced before we will find 

out what the condition of dark matter congestion destruction is. Let us assume that there 

are two points of dark matter halo which mostly approached the center of dark matter 

congestion and belonging to radii of a sphere-Universe bent on a corner γ; one of the 

points is removed from the Universe center at a distance rz-1, another –  

(rz-1 + Δ r). Hence, points are removed one from another at a distance  

Δ s= [rz− 1

2
+ (r z− 1+ Δ r)

2
− r z− 1(r z− 1+ Δ r)cos(γ )]

1/2

(21) (it is supposed that in the given 

Universe theorem of cosines applied to calculation of Δs is true). With time lapse the 

distance between points will change as follows: 

Δ s p= [r(z−1 ) p

2
+ (r z−1+ Δ r)p

2
− r(z− 1) p(r z−1+ Δ r) p cos(γ )]

1 /2

(22). At certain value of p d=Δsр (d 

is a radius of gravitational interaction) and it is a condition of dark matter destruction if 

we consider that Δs0 and γ are small enough. Graphic solution of the equation on a 

finding р is presented below (y=b+kp is the graph of a straight line constructed for 
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visual specification of a kind of the line y=Δs).  

Figure II.3.1 

 

If to transfer the received reasonings into ‘our’ Universe (i.e. the existing 

Universe in which we are) it is possible to notice that some laws of the Conceptual 

Universe are similar to modern scientific ideas: the Universe extends, there is some 

energy which ‘provokes’ expansion (in my experiment it is mentioned as space energy, 

in a modern science it is dark energy). There are also contradictions: it is considered that 

space is flat, the Universe extends rapidly and the ‘majority’ of dark matter is non-

baryonic. However the experiment was held not for the purpose of describing existing 

Universe but for the purpose of finding ideas for further thinking, therefore we will 

analyse ideas received during the experiment with reference to existing Universe. 

Firstly, dark substance may be baryonic.  Realness consists, first of all, in that the 

mechanism of similar structures formation, both their gravitational and optical effects 

do not contradict to “space laws”: substance can be concentrated near stars (Solar 

system is a sample of this fact). Secondly, dark matter destruction mechanism will be 

similar to described with some amendments: as the Universe extends, probably, it 

becomes more energetically “discharged”. Therefore when energy concluded in a dark 

matter congestion exceeds considerably energy of a space part in which it is situated, 

dark matter as the complete structure will be lost. Considering that the Universe extends 

accelerating, destruction will occur faster than it is described in the experiment. Thirdly, 

behavior features and existence time of dark matter depend on its position in space. The 

first argument in favor of the given statement is true, if the Universe extends as to a 

certain center and it consists in the fact that the closer a dark matter congestion to the 

expansion center is, the longer it will exist; small congestions are steadier which follows 

from the received equation-condition of dark matter destruction. But, considering that it 

is not known whether the Universe extends concerning a point (but it is supposed that 

such point does not exist) we will provide the second argument that is true considering 

that the expansion center does not exist: “environment” of dark matter will influence its 

evolution, constraining it from expansion or strengthening ‘breaking off action’ being in 

gravitational interaction of great strength [2]. 
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So we can conclude the following probably, in real Universe there are cases of 

‘ringed stars’ and ‘space atmosphere’. Theoretical experiment showed that features of a 

dark matter behavior depend on its arrangement in space. Dark matter as a complete 

structure will stop its existence when its originally pulled together particles keep away 

on a distance exceeding gravitational interaction radius. 

 

References 

1. Edward W. The Early Universe. California. / W. Edward, M. Kolb, S. Turner. –                  

1989. – 547 p. 2. Slavatinskiy S. А. Elementary Particles / S. А. Slavatinskiy. –  

[Electronic  resourse]. – Access mode: http://www.modcos.com/articles.php?id=119               

3. Vilenkin А. Many Worlds in One: The Search for Other Universes / А. Vilenkin. –  

[Electronic  resourse]. – Access mode: http://www.modcos.com/articles.php?id=116                   

4. Bolotin Yu. The Dark Matter Introduction / Bolotin Yu. [Electronic  resourse]. – 

Access mode:  http://www.modcos.com/articles.php?id=13 5. Bolotin Yu. 

Phenomenological Features of the Dark Matter / Yu. Bolotin. –  [Electronic  resourse]. – 

Access mode: http://www.modcos.com/articles.php?id=15. 

 

УДК 656:004.75 

LES SYSTEMES DE TRANSPORT INTELLIGENTS 

Kramarenko O.S. ( Kharkiv)  

Consultant de la langue française : Chamrai O.V. 
Résumé : Les technologies existantes relatives aux systèmes de transport intelligents sont 

présentées. Les réseaux de capteurs sans fil  et leur adéquation avec les STI sur une infrastructure fixe 

sont  étudiés. 

Mots clés: Systèmes de transport intelligents, gestion du trafic routier, réseaux de capteurs sans 

fil. 

Анотація: Розглядаются існуючи інформаційно-комунікаційні технології 

інтелектуалізації транспортних систем. Вивчено мережі бездротових давачів та іх інтеграція в 

інформаційно-комунікаційні технологіями. 

Ключові слова: інформаційно-комунікаційна технологія, керування дорожнім рухом, 

мережі бездротових давачів. 

Аннотация: Рассматриваются существующие информационно-коммуникационные 

технологии интеллектуализации транспортных систем. Изучены сети беспроводных датчиков и 

их интеграция в информационно-коммуникационные технологии. 

Ключевые слова: информационно-коммуникационная технология, управление 

дорожным движением, сети беспроводных датчиков. 

 

Le trafic routier urbain est au coeur de nombreuses problémes: plus encore ces 

dernières années, cet aspect critique intervenant au quotidien est défavorable à de 

nombreux domaines, tels que l’économie ou encore l’écologie. Pour ces raisons, les 

systèmes de transport intelligents (STI) sont apparus depuis la fin des années 1990, 

permettant d’optimiser au mieux les dépenses et l’expérience de l’utilisateur sur des 

réseaux souvent complexes.  

Le trafic routier urbain s’est amplifié en l’espace de quelques années, augmentant 

ainsi les problèmes engendrés qui sont nombreux et qui coûtent quotidiennement temps, 

argent, santé et qualité environnementale: embouteillages, accidents, pollution ou 

encore infractions. Pour l’exemple, une étude menée par IBM en juin 2011 ([4]) montre 

un passage de 8% (2010) à 28% (2011) de New-Yorkais ayant indiqué que les 

http://www.modcos.com/articles.php?id=119
http://www.modcos.com/articles.php?id=116
http://www.modcos.com/articles.php?id=13
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transports auraient grandement nuit à leur travail ou études. De même, à Moscou, par 

exemple, les conducteurs sont soumis à des embouteillages quotidiens de deux heures et 

demie en moyenne. Un handicap important qu’il devient de plus en plus nécessaire 

d’administrer. 

La gestion du trafic routier s’inscrit dans le domaine des STI, qui visent à 

proposer des outils et modèles afin de gérer les aléas de ce dernier, ceci par le biais ou 

non d’équipements réactifs dits dynamiques. 

L’application de tels systèmes va avoir de multiples objectifs, parmi lesquels la 

fluidification du trafic, la détection d’incidents, la surveillance temps-réel du trafic, la 

diffusion d’informations ou de consignes variables aux automobilistes ou encore la 

réduction en conséquence de la pollution et des bruits. 

En ville, les STI s’étendent à de nombreuses applications. En premier lieu, ces 

derniers sont majoritairement conçus pour fluidifier et gérer le trafic routier, notamment 

au niveau des intersections où ces derniers peuvent directement agir sur les feux de 

circulation, également au niveau de la politique de stationnement, de l’information de 

l’utilisateur à tout niveau, et de l’utilisation de stratégies particulières afin de gérer les 

situations de danger. En second lieu, ces systèmes vont agir de manière plus ou moins 

directe sur des enjeux modernes tels que la pollution, en réduisant l’émission de gaz à 

effet de serre (conséquence d’une régulation cohérente du trafic). L’étendue des STI est 

immense, et se divise globalement en deux catégories dans la littérature : d’une part, 

ceux dont la contribution fait pleinement partie du domaine, et d’autre part, ceux qui y 

contribuent sans pour autant y faire référence : modèles purement théoriques, systèmes 

multi-agents, publications tantôt basées sur l’aspect matériel d’une technologie, tantôt 

sur les communications existantes. 

Ces dernières années se sont grandement développés des réseaux de capteurs sans 

fil. Constitués de petits capteurs utilisant la technologie sans fil pour communiquer, ces 

réseaux semblent adaptés au cas de la gestion du trafic routier urbain. Outre leur 

réactivité et leur logique de conception naturellement distribuée, ces réseaux possèdent 

l'avantage d'être facilement intégrables à l'infrastructure urbaine et à faible coût, en 

comparaison aux boucles électromagnétiques dont le prix et l'installation sont moins 

accessibles. 

Les réseaux fixes de capteurs sans fil sont un cas particulier des réseaux ad-hoc : 

ces derniers possèdent typiquement des contraintes supplémentaires, les rendant 

massivement accessibles et à faible coût. De tels capteurs représentent une solution 

idéale dans le cas de la gestion du trafic routier, ceci en comparaison avec les 

équipements traditionnels : [3] montre par exemple que ces dispositifs sont plus 

efficaces que les boucles électromagnétiques, de part leur réactivité, facilité de mise en 

place et nombre de points de mesure. Particulièrement, le coût et le temps d’installation 

de tels réseaux sont très confortables, comme le montre [7] ou encore [5], qui décrit la 

fabrication d’un capteur pour la somme de 27.3$. Précisons également que les capteurs 

ont l’avantage d’être petits (comparable à une pièce de monnaie selon certains ([5]) et 

peuvent donc s’adapter à de nombreux environnements, à des endroits où les dispositifs 

classiques ne pourraient parfois pas être installés. De plus, la coordination est possible 

avec une ou plusieurs stations de base généralement en charge des communications 

extérieures ou de l’administration du réseau. Dans notre cas, on pense immédiatement à 

une interface avec les contrôleurs de feux. Enfin, insistons sur les contraintes que 
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représentent les capteurs (énergétiques, sécurité (sans-fil), mémoire et calculs limités, 

partage du spectre radio) : les modèles établis sur ce type de réseau doivent prendre en 

compte ces facteurs, tout en maximisant l’efficacité de la solution proposée. Cette étude 

s’organise comme suit : tout d’abord, nous détaillons les principes de fonctionnement 

des capteurs électromagnétiques (la manière dont ces derniers peuvent détecter des 

véhicules), puis nous faisons un état de l’art de la littérature utilisant de tels réseaux 

pour la gestion des feux de circulation (pilier de guerre en zone urbaine), en catégorisant 

l’ensemble en fonction de l’infrastructure impliquée : simple intersection, multiples 

intersections, sur des applications particulières. Enfin, nous terminons l’étude par une 

comparaison des solutions proposées. 

Les capteurs électromagnétiques se comportent de manière similaire aux boucles 

du même nom : lorsqu’un large objet métallique (véhicule) passe par-dessus un capteur, 

ce dernier enregistre les variations produites sur le champ magnétique terrestre. Ces 

variations permettent de détecter un véhicule, de connaitre son type (en fonction de 

l’intensité des variations), de mesurer sa vitesse ou encore sa longueur (estimées ou 

avec deux capteurs séparés d’une distance connue). 

Plus précisément ([7,5,3]), les matériaux ferreux des véhicules vont produire un 

dipôle magnétique particulier, entrainant des perturbations sur le champ magnétique 

terrestre à priori stable qui sont mesurées par le magnétomètre du capteur : ceci a pour 

effet l’enregistrement éventuel d’un signal de détection. Ces perturbations sont 

mesurées sur trois axes mais seul l’axe de la hauteur est pris en compte (Z), l’axe des 

abscisses (X) et des ordonnées (Y) pouvant être troublés par la présence d’un second 

véhicule situé sur une autre voie ou dans la même file. Après une série de tests, les 

auteurs de [3] remarquent une fiabilité très grande quant à la comptabilisation du 

nombre de véhicules (99% constatés) et de la mesure de la vitesse moyenne (90% 

constatés). 

Qu’il s’agisse des STI en général, ou plus particulièrement de leur utilisation avec 

des réseaux de capteurs sans fil, la littérature apparait comme étant très dispersée. D’une 

part, très peu de modèles font référence aux systèmes de contrôle du trafic actuels, 

encore moins aux nomenclatures en vigueur. D’autre part, il est constaté pour un 

problème donné que les auteurs proposent rarement une solution complète, à savoir 

détaillant tout les aspects théoriques ou de mise en place essentiels. Exemple avec le cas 

des capteurs électromagnétiques, où les auteurs utilisent la technologie mais ne 

s’occupent pas de détailler des mécanismes pourtant essentiels : la sécurité, le routage, 

l’économie d’énergie ou encore l’étude de la distance de communication souvent 

constatée irréaliste. 

Les perspectives que laissent entrevoir les réseaux de capteurs sans fil sont 

nombreuses. D’une part, ces petits équipements n’englobent pas totalement les STI : il 

serait intéressant d’étudier un réseau distribué plus large, hiérarchisé et formel que les 

modèles étudiés, afin de pallier aux problèmes rencontrés. D’autre part, l’interaction 

possible avec des réseaux véhiculaires décuple les possibilités déjà existantes : il serait 

intéressant d’étudier les limites et nombreux aspects de ce modèle particulier (qui n’était 

pas le sujet de ce document). 
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Аннотация: При моделировании информационных потоков, начиная с работ Леонарда 

Клейнрока, используются теоретико-графовые методы. Родоначальником теории графов 

считается Леонард Эйлер. В 1736 году в одном из своих писем он сформулировал и предложил 

решение задачи о семи кёнигсбергских мостах, ставшей впоследствии одной из классических 
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Анотація: При моделюванні інформаційних потоків, починаючи з робіт Леонарда 

Клейнрока, використовуються теоретико-графові методи. Засновником теорії графів вважається 

Леонард Ейлер. В 1736 році в одному зі своїх листів він сформулював і запропонував задачі о 

семи кьонігсбергських мостах, що стала згодом однією з класичних задач теорії графів. Мета 

цієї роботи полягає у вивченні сітевої моделі з «пам’яттю» у вузлах сіті та рішення задачі про 

мінімальні витрати на побудову мережі з заданими обмеженнями на величину потоку. 
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1. Mathematical model of information network. 
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Here the term of an information network is a set of devices for receiving and 

processing information, a set of switching devices, a cable set. Simple connected 

directed graph can be considered as a model of such a network. Let us consider in detail 

on these terms in the next section. 

1.1. Something from graph theory. 

Let us define some general terms of graph theory used in the article.  

Graph – is an ordered pair  G =  (V, E) comprising a set V of vertices or nodes 

together with a set E of edges or lines, which are 2-element subsets of  V. 

Adjacent vertices – are vertices connected by an edge. Adjacent edges are edges 

with a same vertex. If a point ax
 is end of edge ay

, then vertex ax
 and edge ay

 are 

incident. 

Connected graph – is a graph every pair of different vertices of which is 

connected by one chain at least. 

Loop – is an edge and this edge is incident to a single vertex. 

Path – is an unclosed oriented route without repeating edges. 

Cut – is a set of edges Ys separating set of vertices by two disjoint sets connected 

by edges from Ys. 

Parallel edges –  are edges, which are incident to one pair of vertices.  

Route(connecting vertices) – a finite sequence of edges and vertices incident to 

them, which form a continuous curve with the ends. The number of edges in the path is 

called its length. Route is closed if it ends coincide. Route is called a chain if all its 

edges are different. Route is called a simple chain, if all its vertices are different (except 

the chain ends). 

Cycle –  is a closed chain (simple cycle, if the chain is simple). 

A graph – is connected if every pair of vertices are connected by a chain. 

Subgraph – is an any part of the graph, which itself is a graph. 

1.2.  Statement of the problem. 

Let us begin with the definition of  an information network.  

Information network – is a network intended for processing, storing and 

transmitting data. 

The model of the information network is a simple connected directed graph with 

memory. Through-put of a branch is a model of the maximal stream volume transmitted 

through this branch as often as possible. If a stream is greater than an allowable stream 

of outgoing branches and this stream enters a vertex, then the excess stream is to be 

saved at a vertex, otherwise it will be lost. Thus, a vertex must have a memory system.  

1.3. The theorem about maximal stream and minimal cut [2, p. 180-185]. 

Maximal stream between t and s equals to a value of a minimal cut between these 

vertices: 

max v( )=min c(L). 

ЄФ   LЄМ 

Consider this theorem by a specific example. 

 There is a graph consisting of 5 vertices and 7 edges. Each edge has a certain 

allowable stream (SJ-13, JP-8, PT-15, PS-9, SR-6, RP-10, RT-5). Each edge also has a  

certain stream not exceeding an allowable stream: (SJ)=7, (JP)=7, (PT)=7, 

(PS)=8, (SR)=4, (TR)=4. 
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Let us find values of streams for each vertex: 

 

Q(S)=7+4-8=3 

Q(R)=4+4-8=0 

Q(J) =7-7=0 

Q(P)=7+8-7-8=0 

Q(T)=4-7=-3 

It is clear that the value of a stream from S to T 

equals 3. 

 

 

 

 

Only 5 cuts separating S and T exist. There are these cuts and appropriate sets of 

vertices A and B generating cuts: 

1) A={S},B={J,P,R,T} 

2) A={S,J},B={P,R,T} 

3) A={S,J,R}, B={P,T} 

4) A={S,J,P},B={R,T} 

5) A={S,J,P,R },B={T} 

Let us find values of cuts: 

C(L1)=6+13=19 

C(L2)=8+6=14 

C(L3)=8+10=18 

C(L4)=15+6=21 

C(L5)=15 

Cut with a minimal value is cut L2. Thus, this cut could transmit a stream up to 14 units. 

This stream value equals 3. Therefore value of a stream in a network is to be increased.  

2. It is hard to imagine the modern society life without a holistic complex of 

networks for different purposes. This complex includes such various systems such as 

telephone networks, pipelines to deliver oil and gas, airlines and networks linking users 

with computers. The need for rational use of application of the existing and intelligent 

design of future networks is explained by their huge cost. Therefore and our task was to 

minimize the cost of an information network [1, p. 25-31]. 

2.1. The model of a network with memory devices in vertices. 

Fairly often an allowable stream of a branch is a model of a maximal volume of a 

stream transmitted by this branch. If a stream is greater than an allowable stream of 

outgoing branches and this stream enters a vertex, then the excess stream is to be saved 

at a vertex, otherwise it will be lost. Thus, a vertex must have a memory system (for 

example, a computer memory or memory of other storage device). 

Let us consider weighted directed graph G = (X, Y, f) , where X – set of vertices, 

Y– set of edges, f –function of incidence. 

 — volume of storage device of vertex  ( i=1,…, n ), 

  — allowable stream of a branch  ( j=1,… , m ). 

There is an example of a graph with memory: 

 

S 

T 

P R 

J 

5/4 15/7 

8/7 

13/7 

10/8 

9/8 
6/4 
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The given example illustrates that an input 

stream is greater than an output. It means 

that this vertex has a memory system.  

Let us split the given graph to consider an 

inner vertex operation in more detail. 

 

The given example shows that an input 

streams of P and R vertices are greater than 

their output stream. Input stream of P vertex 

is 3, and output stream is 2. It means that P 

vertex stores a stream with value 1. R vertex 

input stream is 5, output stream is 3 and it 

stores a stream with value 2. 

 

 

2.2. The problem of a minimum cost of the network construction. 

We need to write out some limitations to minimize this function. To begin with 

let us write out certain limitations of a stream in the network for each edge. The stream 

of an edge is greater than a zero and at the same time is less than an allowable stream of 

this edge: 

 

 
• • • 

 ,  

Where  – value of the stream of the network; 

t – interval of time from t0 to t; 

с – allowable stream of a branch. 

At the same time a stream value is greater than some given value E. 

Let us write out some limitations of a stream of each vertex of the network: 

 

 
• • • 

, 

where  – memory filled at the moment  ; 

 – amount of the information transmitted to the vertex within the time interval 

from  to t. 

 - amount of the information transferred from the vertex within the time interval 

from       to t. 

 –  a vertex memory volume. 

The maximal stream function should be specified as well: 

                 
Where с – allowable stream abilities of a branch. 

d – memory of vertices. 

S 

R 

T 

P 

5|7 

3|5 7|9 

3|6 

2|5 

S 

R

1 

R

2 

P

1 

P

2 

T 

5|7 

3/10 
3|5 

3|6 2/10 2|5 

3|6 
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h – cost of allowable stream abilities. 

k – cost of memory of vertices. 

Solving of this problem is reduced to solving a linear programming problem. 

2.3. Solving linear programming equations [1, p. 234 – 237]. 

The given section will consider the examples of linear programming problems. In 

all these problems the maximal or minimal value of a linear function with non-negative 

variables satisfying a certain system of linear equations and linear inequalities or a 

system containing both linear inequalities and linear equations is to be found. Each of 

these problems is a special case of the general linear programming problem. 

General linear programming problem is a problem of finding maximal or minimal 

value of a function. A function is called the objective function (or linear form) of the 

problem and the conditions are called the restrictions of this problem [2, p. 240-245]. 

Example.  

The task is to write down a following problem in general linear programming 

problem form: find maximal value of  function under the 

conditions: 

 
Solving. 

We have to find a function maximal value in problem. The restriction system 

contains four inequalities. Therefore to write down this problem in general linear 

programming problem form one need to transit from inequality constraints to equality 

constraints. Since the number of inequalities in the restriction system is four, this 

transition can be accomplished by introducing four additional non-negative variables. 

Herewith an additional variable is added to left parts of inequalities with “≤“ sign and 

this variable is subtracted from left parts of inequalities with “≥ ” sign. Finally, 

restrictions have a form of equations: 
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Hence, this problem could be written in general linear programming problem form this 

way: to maximize  function under 

restrictions:  
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дуже актуальні в світі і в Україні зокрема. У статті розглянуто фізичний процес ядерної реакції і 

можливі екологічні проблеми, пов'язані з використанням ядерної енергії. У результаті 
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"The discovery of nuclear chain reactions need not 

bring about the destruction of mankind any more than did 

the discovery of matches. We only must do everything in 

our power to safeguard against its abuse."  

Albert Einstein. 

Power engineering is an essential input for economic development and improving 

quality of life. We can confidently say, that the increase in the world population in the 

early 21st century will be accompanied by the increase in energy demand per year, so 

the issues related to energy are becoming more and more topical. 

In Europe, about one third of the energy produced comes in the form of electric 

energy. 18% of overall electricity production in Europe countries came from nuclear 

power. Worldwide, there are 435 nuclear power plants are in operation and they 

produce 16% of the world’s electricity. 

In Ukraine, nuclear power plants provide almost 30% of electricity consumed. 

Therefore, for Ukraine, this topic is particularly relevant. Besides, we cannot forget 

about the Chernobyl tragedy, which was the first demonstration of the insecurity of so-

called peaceful atom.  

The contribution from renewable energy sources, such as wind power, 

hydropower, solar energy, biofuel or geothermal energy, has grown significantly since 

the end of the last century, but nowadays, unfortunately, the demand for electricity 

cannot be satisfied only by the renewable energy sources. 

Since Chernobyl disaster there has been an ongoing debate about nuclear power. 

The earthquake and resulting tsunami that severely damaged Japan’s Fukushima nuclear 

power plant on March 11, 2011 again raised many questions about consequences of the 

disasters at nuclear plants, nuclear energy expansion, and radioactive waste policy.  

Concerns about the safety of nuclear reactors and about the disposal of used fuel 

as well as the high cost of constructing nuclear power plants compared to coal- or gas-

fired plants have slowed the pace of reactor development dramatically. 

So, let us first consider the process of nuclear reaction that occurs in a nuclear 

reactor and releases tremendous amounts of energy in the form of heat that can be used 

to produce steam, and the steam can be used to drive an electric generator [3,P.830].  

Nuclear reaction is a process such as the fission of an atomic nucleus, or the 

fusion of one or more atomic nuclei and /or subatomic particles in which the number of 

protons and /or neutrons in a nucleus changes; the reaction products may contain a 

different element or a different isotope of the same element. The nuclear chain reaction 

releases several million times more energy per reaction than any chemical reaction.  

Chain reaction occurs when one nuclear reaction causes an average of one or 

more nuclear reactions. The specific nuclear reaction may be the fission of heavy 

isotopes (e.g. 235U), that occurs when heavy nucleus, after absorbing additional light 

particles (usually neutrons), splits into two or sometimes three pieces.  

The many fissions occurring in a reactor may be expressed as an average reaction 

[1, P.401]: 

 

+ + + + Energy 
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On the average, 2.47 neutrons are released in this process, one of which must 

initiate another fission to sustain a chain reaction. The sum of the rest masses of the 

fission fragments is always less than the sum of the rest masses of the original atom and 

incident neutron. The mass difference is the reason for the release of energy according 

to the Einstein's famous equation E=mc². 

Chain reactions give rise to reaction rates that grow exponentially, whereas a 

nuclear power reactor needs to be able to hold the reaction rate reasonably constant. It is 

impossible for a nuclear power plant to reproduce a nuclear chain reaction that results in 

an explosion of power comparable with a nuclear weapon, but even low-powered 

explosions due to uncontrolled chain reactions may still cause considerable damage, 

therefore the safety of nuclear power is the main difficulty in using it, requiring large 

investments. 

The electric generators and the steam turbines at a nuclear plant are similar to 

those at a coal-, oil-, or natural gas-fired plants. The difference is how the steam that 

drives the turbine is produced. There are many different types of nuclear reactors. They 

can be classified into: gas-cooled fast reactors, lead-cooled fast reactors, molten salt 

reactors, sodium-cooled fast reactors, supercritical water-cooled reactors and very high 

temperature gas reactors. 

Nuclear energy is currently the largest low-carbon dioxide energy source in 

Europe and proponents of nuclear power emphasize its potential role in combatting 

climate change, so nuclear energy is undergoing a worldwide renaissance in the wake of 

growing concerns about global warming, because nuclear power is certainly a cleaner 

alternative to coal-based electricity. 

In addition to this we can say that waste from nuclear power is more compact 

than any source. One of the advantages of nuclear energy is also relatively not high cost 

of fuel. 

Environmental issues are very important today, therefore obstacles to the increase 

in nuclear power nowadays include, first of all, the threat to the environmental situation 

posed by possible accidents at nuclear reactors, that cause enormous damage, the exact 

value of which is difficult to estimate, and by waste from nuclear power that can be 

divided into high-level waste, i.e. liquid waste generated from reprocessing spent 

nuclear fuel and production reactor fuels, spent nuclear fuel and transuranic waste. The 

issue of long-term waste disposal is not solved yet. 

One more challenge is the incredible destructive potential of nuclear weapons, so 

responsible regulation of nuclear energy is absolutely necessary for the security of the 

public and natural environment.  

Concerns about the safety of nuclear reactors and about the disposal of used fuel 

and other wastes have slowed the pace of reactor development dramatically. In addition, 

nuclear power plants are usually more expensive to construct than coal-fired plants.  

The economics of new nuclear power plants is a controversial subject. It has high 

capital costs for building the plant, but low direct fuel costs, moreover there is always 

probability of accidents. 

Today the future of nuclear energy depends on four factors: growth in energy 

demand, cost-competitiveness with other fuel sources, environmental considerations, 

and questions of public attitude and perception. 
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Nuclear fission has been producing electrical power on a commercial scale for 

decades. At the same time controlled fusion, the other nuclear reaction, remains elusive. 

However, for over fifty years, many researchers have pursued the goal of achieving 

controlled thermonuclear fusion that could be suited for commercial power production. 

Nuclear fusion occurs in nature in the stars, including our own Sun. 

Fusion reactions occur when light atoms, such as deuterium, interact to form a 

heavier atom. For example [1, P.399]: 

Here, two deuterium atoms collide to form helium-3 and a neutron while 

releasing 3.2 MEV of energy. 

This technology is so promising because there is no possibility of a catastrophic 

accident in a fusion reactor resulting in major release of radioactivity to the 

environment, unlike modern fission reactors. Therefore fusion reactors are considered 

extremely safe [2, P. 150]. 

Moreover, fusion fuel cycle produces none of radioactive wastes that may be 

produced by fission cycle. The only waste product is helium gas, which is neither toxic, 

nor radioactive. However extreme requirements for continuous reactions and plasma 

containment led to projections being extended by several decades. 

Despite the fact that the controlled thermonuclear fusion will apparently remain 

in the research stage in near future, it has quite big potential and it offers the hope of 

vast quantities of power for many centuries in the future. So, I think that the funding 

and different research efforts should be focused on the development of this area. 

In 2013, the World Nuclear Association said "There is unprecedented interest in 

renewable energy, particularly solar and wind energy, which provide electricity without 

giving rise to any carbon dioxide emission. Harnessing these for electricity depends on 

the cost and efficiency of the technology, which is constantly improving, thus reducing 

costs per peak kilowatt" 

Now we can say that renewable energy sources, such as solar or wind, will play 

an increasingly important role, but they cannot satisfy all requirements. So, in near 

future, nuclear power would still be one of the main sources of energy, besides it is 

quite environmentally friendly compared, for example, to coal energy that is the largest 

source of energy today.  
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Every year more than 1.17 million people die in road crashes around the world. 

The majority of these deaths, about 70 percent occur in developing countries. Sixty-five 

percent of deaths involve pedestrians and 35 percent of pedestrian deaths refer to 

children. Over 10 million are crippled or injured each year. It has been estimated that at 

least 6 million more will die and 60 million will be injured during the next 10 years in 

developing countries unless urgent action is taken. 

The majority of road crash victims (injuries and fatalities) in developing countries 

are not the motorized vehicle occupants, but pedestrians, motorcyclists, bicyclists and 

non-motorized vehicle (NMV) occupants. The Global Burden of Disease study 

undertaken by the World Health Organization (WHO), Harvard University and the 

World Bank showed that in 1998 traffic crashes were assessed to be the world's ninth 

most important health problem. The study forecast that by the year 2020 road crashes 

would move up to the third place in the table of the leading causes of death and 

disability facing the world community. 

In order to appreciate the scale of the problem, it is common practice to relate the 

number of crashes, collisions and casualties to demographic and other information and 

to compare this relationship between countries. The most meaningful statistic for 

international comparison is the crash rate (in units of deaths, casualties or crashes per 
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million vehicle kilometers). Adequate information on vehicle usage is not readily 

available for many countries. Hence it is usual to compare the number of fatalities per 

10,000 vehicles. Another useful method of comparison is the fatality risk per 100,000 

people which is generally used by other medical sectors. 

Road crashes cost approximately 1 to 3 percent of a country's annual Gross 

National Product (GNP). These are resources that no country can afford to lose, 

especially those with developing economies. It is estimated that developing countries 

currently lose in the region $100 billion every year. This is almost twice as much as the 

total development assistance received worldwide by the developing countries. These 

losses undoubtedly inhibit the economic and social development of developing 

countries. 

An estimation of the total national cost of road accidents will help governments 

realize the heavy economic losses being incurred annually as described in the "gross 

output" method of accident costing and socio-economic aspects of road accidents in 

developing countries. Governments must try to reduce these losses by providing road 

safety improvements and should see expenditure on road safety as an investment and 

not as a cost [1]. 

A national medium or long term Road Safety Plan is a prerequisite for achieving 

sustainable improvements in road safety. The plan should set measurable long term and 

mid-term road safety targets, build the capacity of local institutions, and provide 

alternative sources of financing for road safety measures. An example of a very 

successful road can be a safety action plan in Fiji and information on the United 

Nations Economic and Social Commission for Asia and the Pacific (UN ESCAP) 

Guidelines on Road Safety Action Plans. 

Safety intervention programs on a pilot or demonstration basis are quite effective 

as learning curves and lessons can be quickly realized. 

Improving road safety requires the participation of many different organizations 

and sectors. None of the sectors working separately can effectively reduce the number 

of road casualties. Either a lead Ministry or a National Road Safety Council (NRSC) or 

Commission should head the concerted effort. Coordination is best done by a 

multidisciplinary NRSC supported by a permanent Secretariat of road safety specialists, 

led by a senior government official or a high-caliber Executive Director. 

A paper on the Roles and Responsibilities of Different Organizations in Tackling 

Road Safety, including the most important groups who can be mobilized and who have 

a role to play in reducing road crashes. 

A simple but effective monitoring and evaluation system is required to track 

progress of road safety activities and to estimate the safety impact. For action plans in 

developing countries, initial focus is often on institutional strengthening and capacity 

building rather than just on reducing of casualties in numeric terms. Monitoring and 

evaluation systems established as part of implementing action plans and safety 

initiatives must therefore, where appropriate, be able to indicate progress towards 

achievement of institutional impact and developmental objectives [1]. 

A draft logical framework for improving road safety education and publicity. 

Data is the cornerstone of all road safety activity and is essential for the diagnosis 

of the road crash problem and for monitoring road safety efforts. It is important to 

identify what categories of road users are involved in crashes, what maneuvers and 
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behavior patterns lead to crashes and under what conditions crashes occur, in order to 

focus on safety activities. 

Essential components of a crash/casualty data system are a standardized report 

form and a means of storing and analyzing the data.  The UK Transport Research 

Laboratory has developed a Microcomputer Accident Analysis Package (MAAP) to 

enable users to obtain good data for diagnosis, planning, evaluation and research 

purposes and this is in use around the world. Technical Research Centre of Finland 

(VTT) has developed a Tool for Estimation of Traffic Safety Effects of Road 

Improvements (TARVA). The method uses road, traffic and crash information for 

estimation of road safety in terms of crash reduction and avoided fatalities [2]. 

A sustainable funding source is required for the implementation of road safety 

measures. Two sources for financing road safety which are becoming more popular are 

road safety levies on insurance premiums, thereby extending the focus from 

compensation to prevention, and road funds which are usually based on fuel levies. 

These levies may be dedicated to the improvement and the maintenance of a safe and 

cost effective road network. Some countries have been particularly successful in 

securing funding for road safety activities, for example Fiji and Australia. 

The introduction of self-enforcing techniques in road designs is likely to have 

much better short term results than improving vehicle standards and driver testing 

requirements. Many developing countries have either just adopted road standards from 

developed countries or modified such standards without fully evaluating the 

consequences. The traffic mix and road usage in developing countries is very different 

from that in developed countries. Road crashes can be prevented by better planning and 

more safety conscious design of the road network. Systematic identification and 

treatment of hazardous locations can improve road safety substantially. The remedial 

measures are usually low cost and countries with limited resources should initially 

consider such schemes [2]. 

Road safety audit is the systematic checking of the safety aspects of new highway 

and traffic management schemes, including modifications to existing layouts. The main 

aim is to design out safety problems from the beginning and to reduce future problems. 

Safety audits should be included during the design, construction and maintenance 

phases of road projects. In many developing countries safety devices are included in the 

designs, but are simply not constructed on the ground. Frequently, road maintenance is 

limited to fixing potholes and cleaning drainage facilities, without replacing missing 

traffic signs, guard-rails, road markings and other safety features essential to create a 

safe road network. The Institution of Highways and Transportation in the UK produce 

Guidelines for the Safety Audit of Highways. More information, including ordering 

details is available from The Institution of Highways and Transportation. 

The AA document "What goes wrong in highway design and how to put it right: 

common criticisms and advice from safety auditors" includes useful examples for 

pedestrian, cyclist and motorcyclist safety provision. 

Teaching safety skills to children can provide lifelong benefits to the society, but 

should be seen as a long term intervention strategy. Experience in many countries has 

shown that reliance on individuals or organizations visiting schools to give talks on road 

safety are not effective on their own. Children may remember the messages in the short 

term, but effective and sustainable development of positive attitudes towards road safety 
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are best achieved by inclusion in the core curriculum, either as a compulsory subject in 

its own right or as a cross-curricular theme. It is also essential that education inputs are 

incremental (building on previous skills) and linked to the child's physical and 

psychological abilities. Training is best done in schools by professional teachers who 

have themselves been trained in the safety issues relevant to children. 

Road user education and awareness rising is an important part of any road safety 

strategy. To be effective such activity must be based on analysis of data and should be 

designed and monitored in a systematic way to ensure success. 

With road user error contributing to the vast majority of road crashes, the 

development of safe drivers, skilled in defensive driving techniques, should be the 

primary objective of any road safety program. Driving examiners in developing 

countries are rarely given special training and driving tests an inadequate test of ability 

to drive safely in traffic on real roads [2]. 

In most developing countries the Traffic Police are grossly under-resourced and 

under-trained to deal effectively with road safety violations. Effective traffic law 

enforcement can play an important role in reducing traffic crashes. 

Improvements in vehicle design, occupant protection and vehicle maintenance have 

made a significant contribution to crash reduction in industrialized countries. Occupants 

can be protected by safety features such as seat belts, headrests, air bags, special seats 

for children. Safety related components should be properly maintained. This can be 

achieved by periodic vehicle inspections combined with frequent random checking of 

vehicles on the road. Overloading of heavy goods vehicles is also a serious safety 

hazard for all road users. 

Timely and proper treatment of road casualties is essential for reducing the severity 

of injury to crash victims. Driver education on first aid procedures and correct 

transportation of crash victims is important. A single emergency telephone number (for 

example, "911" is used in USA) can facilitate the simultaneous alerting of police, 

ambulance and other rescue services and help to reduce response times (depending on 

the availability of road-side telephones). 

Research and Development is an important part of safety work and should be 

incorporated into road safety programs. Road safety research aims to improve 

knowledge about factors contributing to road crashes, effects of different 

countermeasures, and development of new and more effective safety measures. It forms 

the framework of knowledge against which better policy and resource allocation 

decisions can be made to ensure most effective use of available resources. 

Road safety cannot be the responsibility of government alone. The commercial 

sector, service organizations and non-Governmental Organizations (NGOs) play an 

important role in increasing road safety awareness. NGOs have an important input at 

grass roots level. 
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Der öffentliche Linienverkehr hat im Verkehrsgeschehen Europas, vor allem in 

jenem der großen Agglomerationen, bereits einen hohen Stellenwert, der aufgrund der 

verkehrspolitischen Zielvorgaben der meisten Länder noch gesteigert werden soll. Die 

Fahrgastwechselzeit hängt von einer Vielzahl von Faktoren ab, so von der Zahl der 

Fahrgäste, welche einen Kurs an einer bestimmten Haltestelle besteigen oder verlassen, 

von der Zahl und der Breite der Fahrzeugtüren, der Höhendifferenz zwischen 

Wagenboden und Perron, dem Alter der Fahrgäste und dem Zweck ihrer Reise, der 

Tageszeit, der Auslastung des Fahrzeuges usw. 

Letztlich ist es somit die Knappheit an Ressourcen wie Boden oder Energie sowie 

an Elementen der Lebensqualität wie saubere Luft, Ruhe, Sicherheit und wohnliches 

Umfeld, welche dem öffentlichen Verkehr hoher Leistungsfähigkeit und insbesondere 

dem Schienenverkehr in Städten und Ballungsräumen zentrale Aufgaben erhalten oder 

verschaffen wird. Öffentlicher Verkehr mit hoher Leistungsfähigkeit bedeutet 

Linienbetrieb, der die wichtigste Produktionsart öffentlicher Personenverkehrsleistung 

ist. Er ist in Bau, Betrieb und Unterhalt aufwendig und entsprechend hoch sind die 

Anforderungen der Betreiber an dessen Wirtschaftlichkeit. Die Fahrgäste ihrerseits 

vergleichen den angebotenen Komfort, die Geschwindigkeit und die Kosten mit dem 

Individualverkehr, welcher in den zurückliegenden Jahrzehnten fahrzeug-, anlagen- und 

preisseitig große Fortschritte gemacht hat [1, с. 24]. 

Eine Problemstelle im System des öffentlichen Linienverkehrs bilden die 

Fahrzeugeinstiege [1, с. 21]. Der Teilproduktionsprozess "Fahrgastwechsel" gehört zu 

den Beförderungszeitkomponenten mit den bedeutendsten zeitlichen Streuungen und 

mit der schlechtesten Kalkulierbarkeit. Im Gegensatz dazu beherrscht man 

beispielsweise die quantitative Erfassung der Fahrzeit mittels der Traktionsrechnung 

gut. Der Fahrgastwechsel ist somit ein Schwachpunkt der Betriebsplanung, welcher 

naturgemäß bei Systemen mit kurzen Fahrtlängen – also im Nahverkehr – besonders in 

Erscheinung tritt. 

http://teacode.com/online/udc/65/656.072.2.html
http://www.multitran.ru/c/m.exe?t=158390_2_3&s1=Verkehrsmittel
http://www.multitran.ru/c/m.exe?t=158390_2_3&s1=Verkehrsmittel
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Der öffentliche Personenverkehr stellt ein Leistungsangebot zur Ortsveränderung 

von Personen mit vorausbestimmter örtlicher und zeitlicher Verfügbarkeit bereit. Dieses 

kann von jedermann aufgrund vorgegebener Beförderungsbestimmungen beansprucht 

werden, fasst verschiedene Einzelnachfragen zusammen und schließt den Zwang zum 

Selbstfahren aus. Der grundsätzliche Unterschied zum Individualverkehr ist somit die 

Stellung des Konsumenten. Beim öffentlichen Verkehr ist entweder Fahrpersonal oder 

ein automatisches Verkehrsmittel nötig [1, с. 46].  

Zur Beanspruchung einer öffentlichen Verkehrsleistung bewegt sich der Fahrgast 

von seiner Warteposition, die er vor der Einfahrt des Kurses innehatte, zur 

Einstiegstüre, durchquert diese und sucht sich im Innern des Fahrzeuges einen Platz. 

Am Ende der Fahrt verlässt er das Transportgefäß wieder. Der einzelne Fahrgastwechsel 

ist ein einfacher Vorgang und beansprucht pro Person wenig Zeit. Die große Summe der 

Fahrgastwechsel hingegen lässt ihn zu einem relevanten Teilprozess in der Produktion 

werden. Er weist zudem eine Vielzahl von Abhängigkeiten und daher große 

stochastische Streuungen auf, welche erhebliche Unregelmäßigkeiten verursachen. Im 

betrieblichen Sinn besteht der Fahrgastwechsel zwar lediglich darin, dass sich Fahrgäste 

durch den Querschnitt mindestens einer Türe des Fahrzeuges bewegen. Zur 

quantitativen Beschreibung müssen indessen alle betroffenen Systemkomponenten in 

die Betrachtung einbezogen werden, da sie im Zu- und Nachlauf auf dem Perron und im 

Fahrzeug sowie das Verhalten der Fahrgäste, insbesondere deren Geschwindigkeit, 

mitbestimmen. Der Fahrgastwechsel unterliegt den Charakteristiken der Fahrgäste, der 

Konzeption und den Abmessungen der festen Anlagen und der Bauart der Fahrzeuge 

(passive Abhängigkeit). Er wirkt mit seinem Zeitbedarf und seinen 

Von den festen Anlagen sind für den Fahrgastwechsel den Perron und seine Zu- 

und Abgänge relevant. Bei Systemen im Straßenraum trifft dies hingegen nicht zu. Die 

Größe der Warteraumfläche bestimmt die Dichte der wartenden Fahrgäste. Die Zu- und 

Abgänge schließlich beeinflussen die Verteilung der Fahrgäste auf die Türen des 

Fahrzeuges. Im straßengebundenen öffentlichen Verkehr kann der Perron mit dem 

Trottoir identisch sein oder überhaupt fehlen. Hingegen sind die Anlagen von 

Eisenbahnen, S-Bahnen und U-Bahnen mit ihren Zu- und Abgängen, Warteräumen und 

Räumen für Angebote wie Fahrausweiserwerb, Verpflegung etc. aufwendiger 

ausgestaltet [1, с. 187]. 

Das Fahrzeug ist das Resultat eines Optimierungsprozesses, innerhalb dessen 

großzügig bemessene und gut verteilte Einstiege ohne Höhendifferenz nur eine von 

vielen Zielgrößen darstellt. Die Optimierung unterliegt Randbedingungen, die zum Teil 

vom System selbst gesetzt werden, zum Teil von der Umgebung aufgezwungen werden. 

Gerade im straßengebundenen Kurzstreckenverkehr, bei welchem dem Fahrgastwechsel 

ein besonderer Stellenwert zukommt, ist der Optimierungsspielraum am stärksten 

eingeengt. 

Für den Betreiber eines öffentlichen Verkehrssystems bedeutet die 

Aufenthaltszeit an den Haltestellen nicht nur eine Reduktion der 

Umlaufgeschwindigkeit des Rollmaterials und damit ein Absinken der Produktivität, 

sondern wegen mangelhafter Kalkulierbarkeit auch eine ständige Quelle von 

Fahrplanabweichungen. Er ist daran interessiert, diese Verlustzeiten und Störungen zu 

minimieren, solange die zu erzielenden Einsparungen über allfälligen Mehrkosten 

liegen. Besonders bedeutsam ist dies im Nahverkehr, da hier eine Störung infolge des 
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fahrplanunabhängigen Fahrgastzustromes weiter anwächst und andere Kurse in 

Mitleidenschaft zieht. 

Die häufigste Form öffentlicher Personenverkehrsleistungen ist der Linienbetrieb, 

bei welchem eine feste Folge von Haltestellen zu bestimmten Zeiten von Fahrzeugen 

bedient wird. Er unterliegt der Streckengebundenheit, der Liniengebundenheit, der 

Haltestellengebundenheit und der Fahrplangebundenheit. Zusammen mit dem im 

Nahverkehr und vermehrt auch im Fernverkehr üblichen Einsatz der Fahrzeuge als 

unveränderte Kompositionen in sich wiederholenden Umläufen ist der 

Produktionsprozess vollständig beschrieben. Zentrale Kennzahl in der Produktion 

öffentlicher Verkehrsleistungen im Linienbetrieb ist die Umlaufzeit als Zeitaufwand für 

die Absolvierung eines bestimmten sich wiederholenden Produktionsprogrammes. Sie 

setzt sich aus der Fahrzeit, der Haltezeit, den Verlustzeiten und der Wendezeit 

zusammen [1, с. 324]. 

Die Fahrzeit ist jene Zeit, während welcher ein Fahrzeug in Bewegung ist. Sie ist 

eine Funktion der Traktionsleistung des Fahrzeuges, des Adhäsionsgewichtes, des 

Reibungsbeiwertes, der Bremsleistung, der Höchstgeschwindigkeit und des 

Fahrerverhaltens. 

Die Zeit, während der ein Zug an einer Haltestelle steht, ist die Haltezeit. Sie 

beginnt zum Zeitpunkt des Anhaltedrucks, endet mit dem Anfahrruck und setzt sich aus 

einem konstanten und einem variablen Anteil zusammen. Die Bedeutung des konstanten 

Anteils wird bestimmt durch die Zahl der Haltestellen, die Bauart des Türmechanismus 

sowie die Dauer und Verknüpfung der Teilprozesse beim Haltevorgang. Der variable 

Haltezeitanteil ist abhängig von der Fahrgastwechselzahl und der Leistungsfähigkeit des 

Türsystems. Die Summe aller Haltezeiten einer Fahrt bildet die Gesamthaltezeit. 

Verlustzeiten treten infolge störungsbedingt verlangsamter Fahrweise oder 

infolge nicht vorgesehener Halte auf. Ein Fahrzeitverlust entsteht durch eine 

unplanmäßige Verlangsamung der Fahrt, verursacht beispielsweise durch nahe am Gleis 

stehende Autokolonnen oder vorausfahrende langsamere Kurse. Kommt ein Kurs 

zwischen zwei Haltestellen zum Stehen, so spricht man von der Streckenverlustzeit. Sie 

umfasst nur den Zeitraum, während welchem sich der Kurs in Ruhe befindet und ihr 

Ausmaß wird bestimmt durch die Häufigkeit von Störungsquellen auf der Strecke. Die 

Haltestellenverlustzeit schließlich ergibt sich, wenn ein Kurs durch Lichtsignale oder 

den Individualverkehr am Verlassen der Haltestelle gehindert wird. Sie ist abhängig von 

der Zahl der Störeinflüsse bei der Haltestelle.  

An den Endhaltestellen werden bestimmte Reservezeiten – die Wendezeiten – zur 

Stabilisierung des Fahrplanes und für die Obliegenheiten des Personals vorgesehen. Die 

Größe der Wendezeit bemisst sich nach der Störungsanfälligkeit der Strecke, den 

erforderlichen Handlungen des Personals wie Wechseln der Zielschilder, Wenden des 

Fahrzeuges etc., nach den gesetzlichen Bestimmungen betreffend Ruhezeiten sowie 

nach Kursfolgezeit, Linienlänge und Beförderungsgeschwindigkeit. Die Reserven zum 

Ausgleich von Unregelmäßigkeiten können auch unterwegs angeordnet werden. 

Unter der Beförderungszeit versteht man den fahrplanmäßigen Zeitbedarf 

zwischen zwei definierten Stationen. Sie umfasst die Fahrzeit, die Haltezeiten und die 

Verlustzeiten, nicht aber die Wendezeiten. 

Bei gegebener Streckenlänge und unter sonst gleichen Bedingungen nehmen die 

Verlustzeiten und die Wendezeiten bei steigender Haltestellendichte tendenziell zu. Der 
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feste Haltezeitanteil verlängert sich proportional zur Zahl der Haltestellen, die Fahrzeit 

unterproportional. Die variable Haltezeit wird leicht grösser, da der Fahrgastwechsel an 

den einzelnen Haltestellen kleiner wird und sich damit die spezifischen Werte pro 

Person verschlechtern. Die Bedeutung der gesamten Haltezeit für die Umlaufzeit nimmt 

insgesamt mit sinkender Haltestellendistanz rasch zu. 
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Summary: This article describes a wormhole as a consequence of general relativity. Its 

properties and classification are presented, the history of works associated with this object is given, the 

importance of the research is elucidated. 

Key words: astronomy, celestial objects, general theory of relativity, wormholes. 

Анотація: У статті описано кротову нору, яка є слідством загальної теорії відносності. 

Показані її властивості і приблизна класифікація, історія робіт, пов'язаних з даним об'єктом. 

Висвітлена важливість його дослідження. 

Ключові слова: астрономія, загальна теорія відносності, космічні об’єкти, Кротова нора. 

Аннотация: В статье описана кротовая нора, которая есть следствием теории 

относительности. Показаны её свойства и приблизительная классификация, история работ, 

связанных с данным объектом. Раскрыта важность ее исследования.  

Ключевые слова: астрономия, космические тела, кротовая нора, общая теория 

относительности. 

 

 

Over the past 50 years studies on astronomy and astrophysics have expanded 

enormously. Some fundamentally new objects in the universe, new states and even 

entirely new forms of matter have been discovered. One of such discoveries were black 

holes and wormholes.  

The purpose of this article is to analyze 

wormholes that represent the definite 

kind of configuration caused by the 

space-time curvature - hypothetical 

object that can bind distant parts of 

space-time. It should be noted that 

wormholes are one of the predictions of 

Albert Einstein's general theory of 

relativity. A standard wormhole is, in 

theory, like a connective tunnel between 

two points in four-dimensional space-time, which is easier to imagine in its two-

dimensional analogy. 

The term «wormhole» was coined by The American theoretical physicist John 

Archibald Wheeler in 1957. We shall notice that wormholes are not experimentally 

found. Nowadays, the research is currently based on theoretical schemes and calculation 
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effects that can be experimentally registered. Gravitational lensing and microlensing are 

ones of such effects. Construction and implementation of new interferometers, give a 

little hope that the research of the wormholes also will go beyond theoretical one and 

will move to the level of experimental supervisions [3; 7]. 

It was found that the first work devoted to Wormholes was published by Ludwig 

Flamm in 1916. In 1935, Einstein and Rosen proposed a model of elementary particles 

(neutral and electrically charged) without singularity. In order to get that done, they 

built a solution describing a "bridge" connecting two universes. This solution was called 

"Einstein-Rosen bridge". Later it was shown that the Einstein-Rosen bridge is the 

Schwarzschild solution, received in a specially chosen coordinates, and does not 

describe traversable wormholes.  

In the 1950-s Wheeler considered such space objects in his works. He hypothesized 

that the geometry of space-time on a microscopic scale can have complex topologies 

and contains such  objects as topological handles or wormholes. This author introduced 

the concept of "space-time foam" while he was researching the dynamics of such 

objects. A considerable interest associated with Wormholes was caused by the work of 

Morris and Thorne in 1987. They suggested the possibility of  using wormholes as a 

way of travelling in space-time. Black holes, "Einstein-Rosen bridge" mentioned above, 

are not suitable for such an "interstellar" movement. Tunnels that connect two distant 

parts of the universe and allow physical objects moving through them freely for limited 

time in the future are called traversable wormholes. For this area of physics extensive 

literature is devoted, both scientific and unfortunately, pseudoscientific [6]. 

Wormholes can be viewed in many ways, but we distinguish such parameters as 

size, patency and property. 

Wormholes’ size can be divided into macroscopic and microscopic one. There are 

not fully studied processes leading to the formation of macroscopic wormholes, but at 

the Planck time scale they can appear and disappear spontaneously. Under normal 

conditions, the presence of the space-time foam is still unnoticed on a macroscopic 

scale, but at the earliest stages of the Universe evolution during ultrafast expansion - 

inflation - some of wormholes got a chance to have been expanded to macroscopic.  

The main question is still the same: which material source is supporting the large 

wormholes existence after their separation from the Planck scale? One of the possible 

answers to this question – is the vacuum polarization of quantum fields. As it is known, 

according to the quantum field theory, vacuum is the state of the field with the lowest 

energy, which has no real particles. However, this condition – not absolute tranquility, 

and chaotic birth and disappearance of all possible pairs of virtual particles in the 

aggregate generates some energy density, and pressure. Both are dependent on the 

configuration of the space, in which vacuum  is considered and by matter that is 

presented in it. 

Patency can be traversable and untraversable. Untraversable ones are tunnels that 

collapse too quickly for observers or the signal (having the rate not higher than that of 

light) managed to get from one entrance to another. One of the classic examples of an 

untraversable wormhole is the Schwarzschild space (Einstein-Rosen bridge) and 

traversable – Morris-Thorne wormhole. In the best case, an untraversable wormhole 

will collapse under the observers’ nose,  in the worst case - the observer will enter into 
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this wormhole, but in what aggregation state he will be released out (or will, actually) is 

a mystery [4]. 

By the properties wormholes are cross world and intra-world. If the wormholes 

entrances can be connected by a curve that does not intersect the neck of the wormhole, 

it is intra-world object - connecting the two parts of the same space. Cross world 

wormholes also give some ideas for imagination and suggest the existence of other 

universes or "parallel worlds". 

We see that the wormholes concept is, in 

fact, intuitive and relies on the words  

"relatively narrow", etc.  However, it has an 

element which is capable to strict definition. 

This is the neck, defined as two-dimensional 

surface of minimal area, preventing further 

continuous contraction. On the pictures, necks 

are one-dimensional cross sections of minimum 

radius which conditionally depict two-

dimensional sphere of minimum area. 

However, it is obvious that in  general wormhole case is not necessarily to be 

spherically symmetric, and its neck is not obliged to be a sphere [2]. 

The conditions for the existence of two large areas separated by the neck mean that: 

1) function u, that is equal for each value u − coordinate radius sphere  
,u const t const    must have a regular minimum min 0r r   at a certain value of u and take 

values min'r r   away from this minimum. 

2) there are no horizons: the requirement of smooth bilateral patency wormhole 

distinguishes them from black holes, but at the same time, geometry changes radically. 

3) there is the presence of the time-like closed curves in their space-time, that 

theoretically would allow using wormhole as a time machine [5]. 

The possibility of wormhole existence directly follows from Einstein equations. 

They link the matter properties and the space-time curvature where it occurs. Besides, 

the gravitation field, made by the object, shows itself as the space-time metric. 
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It is shown in the  Einstein equations, that in its left side, there is the curvature 

tensor of space-time, which characterizes its geometry. In the right side we can see 

energy-momentum tensor, in which information of the matter energy density and the 

various fields is focused.  

To solve Einstein's equation – is to find the form of the metric tensor of space-time. 

The problem is formulated by specifying boundary conditions by writing energy-

momentum tensor. 

An example of a traversable wormhole metric is the following: 

 
One type of non-traversable wormhole metric is the Schwarzschild solution: 

 
Now scientific interest is concentrated on traversable wormholes, as these objects 

suit the best for long-distance travel through space and have practical benefits for 
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mankind. To create the simplest traversable wormhole it is necessary to make the 

density of energy and pressure in the radial direction and as a result it should give the 

negative quantity(value). For usual types of matter both of these sizes are positive. 

Therefore providing geometry of the wormhole phantom energy is needed. 

For phantom energy: 0p   , 

where ε is energy density, p is radial pressure. 

The matter will create a gravitational repulsion which will impede collapse of a 

wormhole. Today, there are arguments in favor that this kind of matter can exist in the 

universe [1]. 

In Morris-Thorne and Yurtsever article it is shown how to make a time machine 

from a wormhole. To do this it is necessary to leave one of ostium invariants, and 

another one, (usual massive body) disperses to speeds, comparable to speed of light. 

Then we should return it back and brake near the first ostium. Then, on the second 

ostium  less time than on the first one will pass. Here the famous Twin Paradox in 

Special Relativity is shown. If the time difference between ostiums is half a year, that, 

being near the first ostium in January, 2014, we will be able to see green trees of last 

summer through a wormhole and we will return to this summer in reality after having 

passed through the hole.  

Passing a hole in the opposite direction, we will make jump for half a year to the 

future. So, having carried out the manipulation with one of ostiums, we receive a real 

time machine which can be used many times [6].  

So we can conclude that laws of Physics (including gravitation as a space-time 

curvature) don’t forbid appearance of wormholes, and consequently, emergence of the 

time-like and light curves that breaks the Causality principle.  
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 Summary: The paper deals with examing the complex photography principles and the filming 
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http://arxiv.org/pdf/physics/0505108.pdf%206
http://en.wikipedia.org/wiki/Wormhole


 97 

information of the color and light intensity, and provide vector information on light direction in every 

point of image, so more detailed information of the object is obtained. It is achieved by means of 

adding microlens array between the photosensor and main lens. Redistributing the recorded rays of 

light the location of the sharpness band can be changed. 

 Key words: digital photography, light field, microlens array, refocusing, synthetic 

photography.  

Анотація: Ця стаття присвячена ознайомленню з принципами комплексної фотографії 

та технологією зйомки в основі якої лежить теорія світлового поля. Згідно з нею сенсор 

фотокамери записує не тільки інформацію про колір та інтенсивність світла, а також і векторну 

інформацію о напрямку світла в кожній точці зображення, таким чином отримуючи більш 

детальну інформацію про об’єкт зйомки. Це досягається шляхом додавання масиву мікролінз 

між сенсором фотокамери та основною лінзою. За допомогою перерозподілу записаних 

променів світла, можна змінювати положення полоси чіткості.  

 Ключові слова: комплексна фотографія, масив мікролинз, рефокусування, цифрова 

фотографія, світлове поле,  

 Аннотация: Эта статья посвящена ознакомлению с принципами комплексной 

фотографии и технологией съемки, в основе которой лежит теория светового поля. Согласно с 

ней, сенсор фотокамеры записывает не только информацию о цвете и интенсивности света, а 

также и векторную информацию о направлении света в каждой точке изображения, таким 

образом, получая более подробную информацию про объект съемки. Это достигается путем 

добавления массива микролинз между сенсором фотокамеры и основной линзой. При помощи 

перераспределения записанных лучей света, можно варьировать положение полосы резкости. 

Ключевые слова: комплексная фотография, массив микролинз, рефокусировка, 

световое поле, цифровая фотография.  

 

Conventional cameras do not record most of the information about the light 

distribution entering from the world. The goal of the camera presented in this paper is 

to re-capture this lost information namely to measure not just a 2D photograph of the 

total amount of light at each point on the photosensor, but rather the full 4D light field 

measuring the amount of light travelling along each ray that intersects the sensor. One 

can also think of this as capturing the directional lighting distribution arriving at each 

location on the sensor. 

The purpose of capturing the additional two dimensions of data is to allow to 

apply ray-tracing techniques to compute synthetic photographs flexibly from the 

acquired light. The overall concept is to re-sort the rays of light to where they would 

have terminated if the camera had been configured as desired. For example, exposures 

can be shot with a relatively large f/4 lens aperture (for a short exposure time and low 

image noise), and yet photographs can be computed where objects at any depth are as 

sharp as if taken with a relatively small f/22 aperture. This result is a way of decoupling 

the traditional trade-off in photography between aperture size and the depth of the field. 

Externally, the hand-held light field camera looks and operates exactly like a 

conventional camera: the viewfinder, focusing mechanism, length of exposure, etc. are 

identical. Internally, we augment the 2D photosensor by placing a microlens array in 

front of it, as proposed by Adelson and Wang [4, p.103] in their work on the “plenoptic 

camera” (They did not build this device, but prototyped a non-portable version 

containing a relay lens.) Each microlens forms a tiny sharp image of the lens aperture, 

measuring the directional distribution of light at that microlens. 

This paper explains the optical recipe of this camera in detail, and develops its 

theory of operation. The implementation of using a medium format digital camera and 

microlens array is described. Using this prototype, we have performed the resolution 
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experiments that corroborate the limits of refocusing predicted by the theory. Finally, 

the examples of refocusing and view-point manipulation involving close-up macro 

subjects, human portraits, and high-speed action are demonstrated.  

The optical design of this camera is very similar to that of Adelson and Wang’s 

plenoptic camera [4, p.99]. Compared to Adelson and Wang, this prototype contains 

two fewer lenses, that significantly shortens the optical path, resulting in a portable 

camera. The other main difference is in application. The use of the camera for the 

synthetic image formation, especially for refocusing of photographs, that was not 

mentioned by Adelson and Wang is demonstrated. They proposed the camera primarily 

as a device for range-finding, where depth is deduced by analyzing the continuum of 

stereo views coming from different portions of the main lens aperture. However, they 

anticipated the classical light field rendering by describing how to move the 

photographer’s viewpoint within the disk of the lens aperture.  

The other optical system to be compared is the “Wavefront Coding” system of 

Dowski and Johnson [1]. Their system is similar to ours in that it provides a way to 

decouple the trade-off between the aperture size and the depth of the field, but their 

design is very different. Rather than collecting and re-sorting rays of light, they use 

aspheric lenses that produce images with a depth-independent blur. Deconvolution of 

these images retrieves the image detail at all depths. While their results in producing 

extended depth of field images is compelling, our design provides greater flexibility in 

the image formation, since the measured rays of light can be resorted in different ways 

to produce different images.  

The concept of the 4D light field as a representation of all rays of light in free-

space was introduced to the graphics community by Levoy and Hanrahan (1996). The 

method of computing images through a virtual aperture from light field data was 

proposed by Levoy and Hanrahan, first demonstrated by Isaksen et al. (2000), and goes 

under the name of synthetic aperture photography in current works.  

The existing demonstrations of refocusing from light fields suffer from two 

problems. First, it is difficult to capture the light field datasets, requiring lengthy 

scanning with a moving camera, or large arrays of cameras which are not suitable for 

conventional hand-held photography. Second, the results tend to exhibit high aliasing in 

blurred regions due to incomplete sampling of the virtual aperture. The design 

addresses both of these issues namely, our light field camera is very easy to use, it 

operates exactly like a conventional hand-held camera. Furtheremore, our optical 

design reduces aliasing drastically by integrating all the rays of light passing through 

the aperture.  

Microscopically, however, one can see the subimages of the main lens aperture 

captured by each microlens. These microlens images capture the structure of light in the 

world, and reveal, for example, the depth of objects. An introduction to this structure is 

described in the caption of the figure, and it is analyzed in detail in Adelson and 

Wang’s paper «Matching Main Lens and Microlens f –Numbers». 

The plenoptic camera captures the information about the continuum of viewpoints 

that lie within the aperture of the main camera lens. The structure of the light impinging 

on the sensor plane is retained by placing a set of miniature cameras there; the cameras 

can be formed by a pinhole array or a lenticular array. Each tiny camera creates a 

macropixel that represents the distribution of light within the main lens aperture. 
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 The information so acquired allows one to synthesize the images corresponding 

to different viewpoints within the lens aperture, that is, after the image has been 

digitized, one can displace the virtual viewing position up, down, left, or right by the 

application of software. If the optical prefiltering is adequate, there is little or no 

aliasing in viewing position, and it is possible to move the virtual viewpoint through a 

continuum of positions. Under these circumstances, the correspondence problem is 

minimized or altogether avoided so that one can use very simple algorithms for 

disparity analysis. We have used the least-squares gradient procedure to extract the 

information about both the horizontal and vertical parallax, combining the estimates to 

increase the reliability of the depth estimates. 

The system’s main limitation is that the stereo baseline is restricted to the size of 

the lens aperture, which reduces the accuracy with which the depth may be resolved. 

The system has a number of advantages:  

1. it requires only a single camera;  

2. it uses both horizontal and vertical disparity;  

3. there is no need to establish and maintain calibration between multiple cameras; 

4. as the ambiguities of correspondence are minimized, the image processing  

algorithms can be simple, fast, and robust.  

The least-squares displacement estimation for a 1-D version of the plenoptic 

camera is described, but the images that are generated by the plenoptic camera are 

actually described by four parameters: the two spatial dimensions (x, y) and the two 

viewing dimensions (vx, vy). The intensity may be written as I (x; y, vx, vy). The 

leastsquares displacement estimation for this case would appear at first to involve a 

difficult 4-D problem, but the constraints imposed by the geometrical optics simplify it 

greatly. 

This paper demonstrates a simple optical modification to existing digital cameras 

which causes the photosensor to sample the in-camera light field [2, p.600]. This 

modification is achieved without altering the external operation of the camera. Coupled 

with the selected software processing, the acquired light fields provide unique 

photographic capabilities, such as the ability to digitally refocus the scene after ex-

posure, extend the depth of the field while maintaining high signal-tonoise ratio, and 

alter the viewpoint and perspective. 

The fact that these capabilities scale linearly with the directional resolution allows the 

design to be gradually adopted as the march of VLSI provides the excess sensor 

resolution that may be allocated to directional sampling. We believe that through this 

mechanism the design of every lens-based digital imaging system could usefully con-

verge to some parameterization of the light field camera paradigm.  

Thus, the plenoptic cameras are a good prospect for the world photo industry. 

Many significant functions and possibilities of photo processing will be opened with 

add-on for digital cameras. The function of refocusing can be used in a microscopy, 

when insufficient amount of light does not allow using high numeric values of aperture. 

This fact leads to a well-known problem in microscopy researching – the small 

sharpness band and a problem with the exact focusing on the object of the research. In 

this case plenoptic camera add-ons can help to solve the problem. 
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MODELING OF GRAVITATIONAL LENSING EFFECT 
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Language supervisor: Nemсhonok S.L. 
Summary: The article deals with studying and modelling of gravatational lensing effect. In the 

course of research some data on gravitational lensing effect were collected and systematized. It is 

shown what gravitational lenses are as opposed to optical lenses, which created basis for comparative 

analysis between them. 

Key words: gravitationan lensing effect, gravitational lens, optical lens. 

Анотація: Робота присвячена вивченню та моделюванню ефекту гравітаційного 

лінзування. У ході досліджень зібрані й систематизовані літературні відомості про ефект 

гравітаційного лінзування. З'ясовано, у чому полягає специфіка гравітаційних лінз, на відміну 

від оптичних, що стало основою для  порівняльного аналізу між ними. 

Ключові слова: ефект гравітаційного лінзування, гравітаційна лінза, оптична лінза. 

Аннотация: Работа посвящена изучению и моделированию эффекта гравитационного 

линзирования. В ходе исследований собраны и систематизированы литературные сведения об 

эффекте гравитационного линзирования. Выяснено, в чем заключается специфика 

гравитационных линз, в отличие от оптических, что стало основой для сравнительного анализа 

между ними. 

Ключевые слова: эффект гравитационного линзирования, гравитационная линза, 

оптическая линза. 

 

Gravitational lensing (GL) is a phenomenon whose essence lies in the fact that the 

impact gravitational body leads to increasing background of image source, its image 

distortion, or even appearance of multiple images. Splitting images angle depends on 

the lens mass and distance between an observer, lens and a source [1]. Multiple images 

are usually observed when gravitational lenses appear in the form of quite solid objects 

such as galaxies. 

Gravitational leansing quasars research, the light from which is refracted by 

galaxies gravitational fields or their clusters, enables direct estimation of their full 

weight. A well known use of gravitational lensing phenomenon is direct possibility 

(whithout intermediate distance indicators) to estimate Hubble constant. 

Thus gravitational lenses properties study (GL) and their numerical simulation are  

important and urgent tasks. 

Let us consider a schematic drawing explaining gravitational focusing principle, 

and compare GL with a conventional optical lens (OL). Initially parallel rays flow 

propagating through a sphericall and symmetric gravitational field (Fig. 1.1(a)). Under 

the action of gravity bend instead of straight lines there appears a hyperbolas family. At 

a large distance from a celestial body hyperbols quickly merge with their asymptotes. 

http://graphics.stanford.edu/projects/lightfield/
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Rays are again indistinguishable from straight lines, but their parallelism is violated: 

they are converging. Similarly, the rays are deffected in an OL (Fig.1.1 (b)). 

. 

Rays refraction and shadows in a gravitational field (a) and optical (b) lenses 

The major lens characteristic is refraction dependent on beam angle from its 

sighting parameter p, which is called the shortest distance to the center of the lens, to 

which a ray would go if it were not curved. In GL refraction angle is inversely 

proportional to a sighting parameter: 

     (1.1) 

For simplicity, we will consider only small angles, or, equivalently, by weak 

gravitational fields.  is inversely proportional and can easily be understood if we 

consider that the further massive body is a light beam, which is less affected by gravity 

[1].  proportionality factor in this formula is a gravitational radius of the object, 

which is calculated by the formula    

For OL formula (1.1) has the form: 

       (1.2) 

where  - focal length lens (for simplicity we will consider small refraction angles). 

Different refraction angles dependances and  of  lead to very different 

optical properties of lenses being compared. In particular, GL refracted rays do not 

converge at one point but intersect at an infinite axis, starting from a certain minimum 

distance from the lens . In other words, instead of a focal length  gravitational 

lens has a focal axis . However, it should be pointed out that a limiting 

distance  is characteristic only for opaque lenses.  

For simplicity, we will consider distant sources, assuming that . If you 

take assessment data related to the Sun ( ), we will 

obtain  . The distance from the Earth to the Sun is m, 

that is. several hundred times less than . This means that to observe Sun lens effect 

from the Earth is impossible.  

Now we will show how a point source looks like if an observer on the Earth is 

looking at it through the GL (Fig. 2.3). Suppose that initially an observer is on the axis 

of , i.e., the source and lens are on the same sight line. If the distance to GL is less than 

 (point 1), the source is not observed – it is closed by an opaque disk GL. It will be 
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displayed only when the observer who is moving away from the lens, exceeds  

(point 2). In this case one can see how the image appears immediately on all sides of GL 

core, that is it will be as a firmly attached image to the GL ring. With increasing 

distance  (point 3) a ring breaks away from a nucleus, the gap between them is formed, 

which gradually increases as the distance of the observer from GL increases. This image 

was called Einstein’s ring. 

 

 

Modification of an image source point depending on observer position.  

Now we will suppose that an observer is away at a suitable distance ( ), 

having shifted for a distance from the axis  ( point 4). The picture is quite different. 

The beams symmetry is broken and the ring breaks up into two arcs which are collected 

into small circles. As long as the observer goes out of the focus area, he will see one star 

instead of two light sources  and , which are located at opposite sides of the star- 

lens. When leaving focusing image  disappears (it is screened by star-disk lenses) and 

 will be approximately the same as a true source. 

Let us consider a formula which is the basis for construction of geometrical optics 

GL [4]: 

         (1.3) 

where refers to effective refractive index of the GL ,  and  stands for its 

gravitational radius and a radius respectively. 

Having introduced effective refractive index, one can neglect gravitational fields, 

time change course, but just consider the area around a celestial body as refractive 

medium and use casual geometric optics. 

Structure image calculations which can be observed through GL, do not pose 

fundamental difficulties, but generally are associated with very complicated 

calculations, for simulation of a model is used (Fig. 1.3), which has the same refraction 

law as a normal GL. 
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Axial section of the GL model made of plaxiglas  

Lens shape calculation that provides specified refraction law  is held as in 

Figure 2.1. One of lens’ surfaces is chosen for flat simplicity so an incident beam which 

is parallel to  axis, goes through input surface of the lens without refraction. Refractive 

surface equation is determined by Snell's law [4]. 

 ,                     (1.4) 

where  - lens axial thickness, which can have any value. 

Coordinate of a ray intersects with semi-axis is: 

 
Using (1.4) we have: 

                      (1.5) 

On the basis of these formulas we will numerically calculate image characteristics 

created by lens-model, plexiglas for different values of effective refractive index . 

 

 

 

 

 

 

            
60 10,06037 1809,394 60 0,120747 898,787 60 15,03019 3614,697 

50 10,78966 1260,123 50 1,579319 625,2454 50 15,39483 2515,061 

40 11,68223 811,0155 40 3,364468 402,0302 40 15,84112 1615,508 

30 12,83296 462,1661 30 5,665924 229,331 30 16,41648 916,0831 

20 14,45482 213,7877 20 8,909645 107,5727 20 17,22741 416,894 

10 17,22741 66,55896 10 14,45482 38,10705 10 18,61371 118,2801 

Coordinate dependence of the beam with =1.5 and different values  

 

 

 

 

 

 

            
60 3,433956 1802,767 60 -13,1321 885,5342 60 11,71698 3611,384 

50 4,649433 1253,983 50 -10,7011 628,3155 50 12,32472 2511,991 

40 6,137056 805,4703 40 -7,72589 404,8028 40 13,06853 1612,735 
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30 8,054937 457,3881 30 -3,89013 231,72 30 14,02747 913,6941 

20 10,75804 210,0909 20 1,516075 109,4211 20 15,37902 415,0456 

10 15,37902 64,71057 10 10,75804 39,03124 10 17,68951 117,356 

Coordinate dependence of the beam with =1.3 and different values  

 

 

 

 

 

 

            
60 12,90027 1812,234 60 5,800533 904,4668 60 16,45013 3616,117 

50 13,42119 1262,754 50 6,842371 630,5085 50 16,71059 2516,377 

40 14,05874 813,392 40 8,117477 406,7833 40 17,02937 1616,696 

30 14,88069 464,2138 30 9,761374 233,4265 30 17,44034 917,107 

20 16,03916 215,372 20 12,07832 110,7414 20 18,01958 417,6862 

10 18,01958 67,35113 10 16,03916 39,69138 10 19,00979 118,6762 

Coordinate dependence of the beam with =1.7 and different values  

So in the course of research lens surface model was calculated that has the same 

deflection angle dependence on impact parameter like a gravitational lens, with its 

various parameters -  gravitational radius and refractive index material lenses for 

different impact parameters. 
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CONE NUCLEAR REACTOR 

Makarchuk O.P. (Kharkiv)  

Language supervisor: Nemchonok S.L. 
 Summary: The viewpoint on forming of the Periodic Table of chemical elements provided with 

in the present work differs from the existing one. According to the modern considerations chemical 

elements are formed in stars interior. This work explains processes connected with the given chemical 

substance production technology. 

 Key words: cone nuclear reactor, dead end, convergent flow, atom, substance, movement. 

 Анотація: Точка зору на утворення хімічних елементів періодичної таблиці, що 

розглядається в цій роботі, відрізняється від існуючої точки зору. Відповідно до сучасних 

уявлень, хімічні елементи утворюються в надрах зірок. У цій роботі йде опис процесів, 

пов'язаних з технологією виробництва хімічної речовини. 

 Ключові слова: конусний ядерний реактор, тупик, збіжний потік, атом, речовина, рух. 

 Аннотация: Точка зрения на образование химических элементов периодической таблицы, 

рассматриваемая в данной работе, отличается от существующей точки зрения. Согласно 

современным представлениям, химические элементы образуются в недрах звезд. В этой работе 
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представлено описание процессов, связанных с технологией производства химического 

вещества. 

 Ключевые слова: конусный ядерный реактор, тупик, сходящийся поток, атом, вещество, 

движение. 

 

 The problem of an indivisible elementary particle and its basic properties was 

investigated earlier. The elementary particle movement in a unified movement flow and 

hydrogen atoms formation have already been examed. This paper deals with 

investigation of formation and creation of chemical elements of the Periodic system 

which are produced in convergent flow. They are formed as a result gravitation, high 

pressure, substance density and temperature inside a star. These conditions cause 

nuclear reactions and various chemical elements nuclear fusion. Nuclear reactors appear 

as result of substance movement in convergent flows, on flow top at the dead end [1].  

 Cone nuclear reactor formation and transformation 

 Cone nuclear reactor formation a solar one including, can be divided into several 

stages. The first stage is convergent current formation, a cone. The substance of 

convergent flow moves forward to cone vertex. While moving it is divided into an 

infinite set of convergent flows, into a set of cones. As a result of division of the Unified 

convergent flow into a set of currents, cones made up of hydrogen atoms, there appears 

Solar convergent current, a cone. The second stage is a vortex structure formation, a 

curling spiral. While moving to a cone vertex atoms collide, interact and make a vortex 

spiral structure, a curling spiral. It results in a vortex structure placed in space of  a 

cone. The third stage is a dead end appearance, the stage of cone nuclear reactor 

formation. There appears a dead end at a cone vertex for a moving substance. High 

pressure and the substance density occur at the dead-end. High temperature arises. 

Intensive interactions of atoms appear [2]. The formation of a cone nuclear reactor takes 

place at the cone vertex, at its dead end. Nuclear  fusion and chemical elements 

synthesis take place in a cone nuclear reactor. The fourth stage is chemical elements 

formation. Atoms actively collide and interact in a cone nuclear reactor. Various 

chemical elements of nuclear fusion occurs in a cone nuclear reactor under the influence 

of high pressure and temperature. The atom of deuterium is formed. A proton and a 

neutron are formed. The other chemical elements are formed. The fifth stage is 

formation of a curling spiral. The formed substance starts moving along a curling spiral 

from a cone vertex. The substance moves along a curling spiral and is being 

decomposed according to gravity degree along various orbits. The satellites system, 

planets system is formed from substance having been formed along the orbits. The sixth 

stage is the Sun formation. Vortex structure located in the cone expose to a further 

transformation. Under energy system influence, gravity system, a vortex structure forms 

a ball-sphered body. It forms a star surrounded by substance shell [3]. 

 Cone nuclear reactor structure 

 The reactor can be divided into two large parts. The first part of the reactor is 

located at the vertex of a cone. The substance of the whole Periodic system is formed in 

this part. The formation of the bodies of satellites and planets also takes place at this 

part of the reactor. The second part of the reactor is placed closer to the base of a cone. 

The body of a star is formed in this part. 

 The raw of a nuclear reactor and the basis for forming of all substances of the 

Periodic system are atoms of hydrogen. It is necessary to note that in the “initial”, non-
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connected state they are energetical and material “rich” elements. Combining with each 

other and with other different atoms there appears less “rich” hydrogen states atom : 

hydrogen molecule, deuterium atom, a proton and a neutron. Nuclear reactor structural 

components. The first element is a cone, a pyramid. While their movement atoms 

outline a spacial figure which looks like a cone. At the reactor transformation final stage 

a cone begins to look like a pyramid. The second component is a vortex structure. The 

vortex structure resulted from moving hydrogen atoms forwards and towards one 

another. Atoms collisions lead to a rounding system, a curling spiral system. A cone 

space where the spiral is placed is simultaneously made. The third component is a dead-

end, a nuclear reactor. The vortex structure is in a cone of confluence. The dead-end is 

at the vertex of a cone. The place where hydrogen atoms can move is blocked. While 

moving forwards and towards one another the particles make a dead-end and the atoms 

followed them get into the dead-end. The least space for locating the particles of the 

substance and their combinations appear at the dead-end. The highest pressure of the 

substance is appearing at the dead-end. This arises the maximum energy while colliding 

at the dead-end. This energy enables the particles of the substance to combine and form 

various multinuclear compounds. The top of the dead-end is a place where the nuclear 

fusion of various elements occur. This place is a body of a nuclear reactor. Nuclei of all 

elements Periodic system are made in a cone nuclear reactor. The fourth component is a 

curling spiral. The particles of substance move from the dead-end in the opposite 

direction, they move relatively backwards along a spiral. The fifth component is a star. 

The greater post of a spiral structure substance at the base of a pyramid should also refer 

to cone nuclear reactor. This part of the substance has a great impact on the rod, the 

body of a nuclear reactor. While atoms move toward a cone various chemical 

substances are made. The structure of a cone nuclear reactor is changed. Substances are 

made through colliding, compressing the substance at the vertex of a cone. The 

changing of the reactor leads to highlight some structural periods [4, 5]. 

 The reason why the substance is laid by a pyramid 

 First of all, the base for building pyramids are atoms of hydrogen. As to a spatial 

structure they are relatively flat circles (points). Hydrogen atoms are combined to form 

something more complicated. Two circles together are straight line. Two lines together 

are square. Then movement comes into a cone. The space is not flat. Therefore the 

construction of three-dimensional space occurs. Circles and squares are superimposed. 

The substance is laid by squares and levels. In the aggregate a pyramid of some element 

of Periodic system is built. 
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HYBRID AUTOMOBILE CONNECTION TYPES 

Maksymenko S.A. (Kharkiv)  

Language supervisor: Khorunzha L.A. 
Summary: The paper is devoted to the problems of the environmental degradation and 

shortage of natural resources. The conclusion is made that auto company began serial production of 

hybrid cars, because they are more economical and ecological than conventional cars. Different 

schemes of the hybrid power plant connection are analyzed in this article. 

Key words: hybrid, fuel economy, engine , connection, power plant. 

Анотація: Роботу присвячено проблемам стану навколишнього середовища та 

вичерпністю природних ресурсів автокомпаніі почали серійний випуск гібридних автомобілів, 

тому що вони більш економічні та екологічні ніж звичайні автомобілі.  Проаналізовано різні 

схеми підключення гібридної силової установки. 

Ключові слова: гибрід, економія палива, двигун, підключення, силова установка. 

Аннотация: Работа посвячена проблемам окружающей среды и исчерпаемостью 

природных ресурсов автокомпании начали серийный выпуск гибридных автомобилей, потому 

что они более экологически чистые  и экономичны чем обычные автомобили. 

Проанализированы различные схемы подключения гибридной силовой установки. 

Ключевые слова: гибрид, экономия топлива, двигатель, подключение, силовая 

установка. 

 

The vehicle driven by using the hybrid power plant called hybrid car. A 

distinctive feature of the hybrid power plant is to use two or more sources of energy and 

the corresponding between engines that convert energy into mechanical work. Some 

sources of information use, the term "hybrid engine" which technically incorrect. 

Despite the variety of sources  energy ( thermal energy of gasoline or diesel fuel, 

electricity, compressed air energy, the energy of the compressed liquefied gas, solar 

energy, wind energy, etc.) on an industrial scale combination of internal combustion 

engine and electric motor is used in hybrid cars. 

One of the main advantage, of a hybrid car is a substantial reduction in fuel 

consumption and emissions of harmful substances into the atmosphere, which is 

achieved by: coordinated work of the engine and the electric motor, using a large 

capacity battery, using of braking energy, the so-called regenerative braking, converting 

of kinetic energy of motion into electrical power. 

It should be noted that the larger effect of hybrid cars is observed when driving in 

the town cycle, which is characterized by frequent stops work at idle. When driving at a 

constant high speed (highway driving) hybrids are not so effective [2, p. 87]. 

Depending on the nature of the interaction of the combustion engine and the 

electric motor the following scheme hybrid propulsion systems distinguished: sequence 

scheme, parallel scheme, sequence – parallel scheme. 

With the sequence connection a car is driven by an electric motor. The internal 

combustion engine is connected only to the generator which in turn feeds the electric 

motor, and charges the battery. 

In the hybrid vehicle with the sequence scheme power plant typically provides the 

ability to connect to the mains at the end of the trip. These vehicles are called Plug-in 

Hybrid (literally – connected hybrid). Implementation of this function is to use higher 

capacity batteries (lithium-ion batteries), leads to a reduction in the use of the internal 

combustion engine and thus reduce emissions. 
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Fig 1. Sequence scheme 

Representatives of Plug-in Hybrid cars are Chevrolet Volt, Opel Ampera. They 

are also called electric vehicles with extended-range (Extended Range Electric Vehicle, 

EREV). These vehicles have the possibility of up to 60 kilometers and up battery power 

500 km power generator driven by the engine [3, p. 101]. 

In a parallel scheme the motor and the internal combustion engine are installed so 

that they can work both independently and jointly. This is achieved by combining the 

combustion engine, electric motor and gearbox with an automatically controlled 

clutches. 

Hybrid cars that use parallel scheme are called Mild Hybrid (literally – moderate 

hybrid) .They use a small electric power (about 20 kW), which provides, as a rule, the 

extra power for accelerating the vehicle. In most designs, the motor disposed between 

the engine and the gearbox, carries out also the function of a starter and a generator. 

 
Fig. 2- Parallel scheme 

 

The representatives of hybrid vehicles with parallel scheme are Honda Insight, 

Honda Civic Hybrid, BMW Active Hybrid 7, Volkswagen Touareg Hybrid, Hyundai 

Elantra Hybrid. A pioneer in this field is Honda and its system Integrated Motor Assist, 

IMA (literally – integrated assistant engine).The system IMA can select the following 

characteristic modes: working on the electric motor, teamworking  ICE and electric 
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motor, working  from the ICE and charging the battery from the electric motor as a 

generator, charging the battery  in regenerative braking mode [4]. 

With a sequence -parallel scheme the internal combustion engine and an electric 

motor are connected through a planetary gear. The power of each of the motors may be 

transmitted to the driving wheels simultaneously in a ratio of from 0 to 100% of 

nominal power. Unlike the parallel scheme in sequence – parallel scheme added 

generator providing energy operation of the motor. 

Known full hybrid cars are the Toyota Prius, Lexus RX 450h, Ford Escape 

Hybrid. In this market segment dominated by hybrid cars, Toyota and its system Hybrid 

Synergy Drive, HSD. Propulsion system HSD represents: an internal combustion engine 

coupled to a planetary gear carrier, motor coupled to the ring gear of the planetary gear 

unit, generator coupled to the sun gear of the planetary gear unit.  

The internal combustion engine runs on the Atkinson cycle, which can be realized 

with cardinality mediocre performance at low engine speeds, respectively, achieved 

great fuel economy and lower emissions. 

 
Fig. 3- Sequence -parallel scheme 

 

In this paper, Hybrid Synergy Drive system are the following modes: 

1. Electric vehicle mode wherein the internal combustion engine is switched off 

and feeds the electric battery. 

2. Motion mode, with constant (cruising) the rate at which power from the engine 

is distributed between the drive wheels and the generator. The generator in turn supplies 

a motor whose power is added to the power of the engine. If necessary, a battery 

charging. 

3. Forsed mode in which the engine is attached to an electric motor, powered by a 

battery, providing power pulse. 

4. Economical mode in which the battery powers the generator. The generator 

converts electrical energy into mechanical energy, slowing rotation engine. At the same 

time the engine torque is not reduced, and fuel economy is achieved. 

5. Braking mode, in which the electric motor acts as a generator, and electricity is 

used to rotate the sun gear in the opposite direction, slowing down the speed of the 

vehicle. 

6. Battery charging mode are controlled via the engine and generator [5].  
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HOW THE INTERNET AND SOCIAL NETWORKS HAVE CHANGED US 

Maliarenko M.O. (Kharkiv)  

Language supervisor: Sharun Yu.F. 
Summary: In this article problems of internet and social media influence on a person have 

been considered. The point of the Internet influence on mentality and flexibility of a person is also 

touched upon. Special attention is paid to life examples that demonstrate internet influence on 

subconscious. The author comes to conclusion that the Internet limits a person in his social life with 

outer world that leads to degradation in the end. 

Key words: Internet, media, person, social network, technology, virus. 

Анотація: У даній статті розглянуті проблеми впливу Інтернет та соціальних мереж на 

людину, як на особистість. У статті зачіпається тема впливу Інтернет на мислення та на свободу 

дії людини. Особливу увагу приділено життєвим прикладам про те, що Інтернет обмежує 

людину в спілкуванні з зовнішнім світом, що у кінцевому підсумку призводить до деградації.  

Ключові слова: вірус, ЗМІ, Інтернет, людина, соціальні мережі, технологія.  

Аннотация: В данной статье рассмотрены проблемы влияния Интернет и социальных 

сетей на человека, как на личность. В статье затрагивается тема влияния Интернет на мышление 

и на свободу действий человека. Особое внимание уделено жизненным примерам,  о том, как 

Интернет и социальные сети оказывают влияние  на подсознание.  Автор приходит к выводу, 

что интернет ограничивает человека в общении с внешним миром, что в конечном итоге, 

приводит к деградации.  

Ключевые слова: вирус, Интернет, социальные сети, СМИ, технология, человек. 

 

As a society, social media impacts our daily lives in the ways that we could have 

never imagine. 81 percent of divorce lawyers have confirmed an increase in cases using 

social networking evidence over the last 5 years. Social networking sites like Facebook, 

Youtube and Twitter are fast becoming a constant source of alternative news for the 

Internet users, and also becoming a channel in which users can direct the focus of 

national news media. 

Previous research of traditional media has shown that exposure to substance use 

and sexual content is linked to initiation of those behaviors. The difference is that with 

social media, we not only consume information, we also produce it. One the of studies 

showed that nearly half of 18-year-olds on MySpace publicly discuss risky behavior. 

This phenomenon was less frequent among teens. Another showed that a single email 

from a physician could reduce at-risk teens’ online display of sexual content. Scientists 

discovered signs of atrophy of grey matter in the brains of heavy Internet users that 

grew worse over time. This could affect their concentration and memory, as well as 

their ability to make decisions and set goals. It could also reduce their inhibitions and 

lead to ‘inappropriate’ behavior.  Researchers took MRI brain scans from 18 university 

students, aged 19, who spent eight to thirteen hours a day playing games online, six 

days a week. The students were classified as the Internet addicts after answering eight 

questions, including whether they had tried to give up using computers and whether 

http://systemsauto.ru/engine/hybrid.html%20%20%202
http://autoconfig.ru/statsview/144%203
http://www.drive.ru/technic/2009/10/30/2876201.html%20%20%204
http://avtomotospec.ru/raznoe/avtomobili-s-gibridnym-dvigatelem.html
http://avtomotospec.ru/raznoe/avtomobili-s-gibridnym-dvigatelem.html
http://www.aaml.org/about-the-academy/press/press-releases/e-discovery/big-surge-social-networking-evidence-says-survey-
http://socialmediainfographics.org/the-world-of-social-media/
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they had lied to family members about the amount of time they spent online. The 

researchers compared them with a control group of 18 students who spent fewer than 

two hours a day on the Internet. One set of MRI images focused on grey matter at the 

brain’s wrinkled surface, or cortex where the processing of memory, emotions, speech, 

sight, hearing and motor control occurs. Comparing grey matter in the two groups 

revealed atrophy within several small regions of all the online addicts’ brains [1].  

There is no getting around the fact that social media has changed the way that we 

interact. Depending on whom you ask this is a great thing or an absolute disaster, in 

reality the truth falls somewhere in the middle. There are certainly benefits to social 

media but there are also some legitimate concerns about the way that has changed our 

interactions. These changes are likely to become even more evident in the future. The 

biggest change in the way that we interact due to social media is the sheer number of 

people that we can interact with. In the past you were limited largely to people that you 

knew in person, today you can interact with people from all around the world. This is 

why you see people who have thousands of Facebook friends. They would never have 

so many friends if they had to interact with them in person. This gives you the 

opportunity to share opinions with a far wider range of people. Another big change that 

has occurred because of social media is that there is now no filter on communication. In 

the past unless you spoke to people directly you had no way to get your message out 

that was not controlled by somebody else. You could write a letter to the newspaper or 

you could buy time on television but these were still controlled by the newspaper and 

television station. That meant that if they did not like what you had to say they could 

prevent you from saying it. Nowadays you can use social media to get your message out 

to thousands or even millions of people uncensored. While there are certainly some 

benefits to the way that social media has changed the way we interact there are also 

some downsides. One of the biggest downsides is that we tend to form into groups of 

people who share the same opinion as us. The result is that we are not exposed to the 

variety of opinions that we used to be. If somebody has an opinion that differs they are 

usually excluded from the group. The result is that beliefs and opinions become much 

more firmly entrenched than they used to be and people are less tolerant than they used 

to be. Another issue with the way that social media has changed the way that we interact 

is that we have lost a lot of our social skills. A lot of people are completely incapable of 

carrying on a normal conversation or interacting with people in person because they 

have never had to. They simply have all of their interaction online. This is a serious 

concern since you can not do everything online, it is important to learn how to interact 

with people in a normal way [2]. 

Here is the list of ten major disadvantages of social networks: 1) Loss of 

Friendship. The absolutely worst consequence that can happen when joining social 

networking sites is that you will lose a lot of friends. When you get addicted to these 

sites, you don’t have time for your friends or family. They then move on and forget 

about you. 2) Unwanted Information. Sometimes your friends can post things that you 

really don’t care about and things that you really shouldn’t be seeing. 3) Scams. Also 

having to do with hackers, when you put your account in to pay for membership or 

games it is easy for hackers to get in and use that information to buy things with your 

money. 4) Viruses. No matter how secure a website is hackers always find a way to 

spread worms on the site. Before clicking on links make sure it is safe because it can 
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give you and your friends’ computers viruses; 5) Lost of Privacy Facebook places in an 

application on Facebook. It allows you to see what your friends are doing and where 

they are. This is a complete loss of privacy as you don’t always want your friends to 

know exactly where you went during your day. 6) Crimes. Sometimes people write on 

their social networking accounts that they are going on vacations or going somewhere 

and that’s when criminals can rob you or can kidnap you. When you post these things, 

anybody in the word can see what you have written or have sent. 7) Impacts on your 

career. People sometimes add their colleagues and bosses. If they write something 

inappropriate or a negative comment about someone, it is very simple for your boss or 

colleagues to see. It can cost you your job and people will not think good of you 

anymore. It can simply ruin your business and personal life. 8) Health Issues. In 2009, 

Facebook was the most visited website. People that used it a lot have started to suffer 

from headaches, back pain and some other serious sicknesses and pains. 9) Cyber 

Bulling. Cyber bulling is a huge problem around the world. It is when somebody 

decides to use social networking to make fun of another person or mistreat them. The 

victim usually loses lots of self-esteem and loses their self-confidence. This is also the 

cause of tons of suicides. 10) Obesity. So many children get addicted to social 

networking that it becomes their main priority. Because of this kids spend most of their 

time in front of their electronic devices instead of getting the proper exercise and 

exposure to fresh air and nature. This causes many people to become overweight [3].  

We are letting technology turn us into rude, thoughtless zombies. The world is in 

the midst of a technological revolution that is threatening to spawn a generation of bad-

mannered digital devils. Our lives are being ruled by hand-held devices and we are 

scrambling to keep up with the number of new gadgets influencing our communication 

habits and day-to-day household routines. It is the norm now when in company to be 

distracted by some device that is going ping, ping, ping, or vibrating annoyingly in 

someone's pocket. It is likely that in 20 years' time the world will be one global Wi-Fi 

hotspot, with all of us connected wherever we go through a multitude of different 

channels. By the end of the year it is estimated that 1.3 million Irish people – or over a 

third of the population – will have access to a tablet. As it is, over half of us have a 

smartphone. And 45pc of us admit to being addicted to social media sites, fanatically 

checking social networking apps for updates. While technology is great, the latest 

handsets and other mobile devices are unfortunately making us ruder. Our manners are 

being wrecked by phones, laptops, and tablets. It has given rise to a "phubbing" – phone 

snubbing – where we check emails or reply to text messages rudely while in the 

company of colleagues or friends. It is not just enough now to sit down and watch the 

television, but we must post or tweet on different topics while viewing the box, bringing 

multi-tasking to a new level altogether. And what about apps? Our lives are increasingly 

governed and ruled by our reliance on them as a tool for modern living. We have apps 

to help us cook, apps to help us keep up with the news and sport, apps to help us find 

directions and even apps to help us lose weight! It's not a novel idea that technology is 

the enemy of freedom, not only the freedom to think and work, but of all freedom. 

Technology is invading your privacy; therefore it is invading your freedom. The less 

technology you use, the more you are a free person. It is true for every single aspect of 

your life. If you do not use a telephone, then nobody could ever listen to your 

conversation, or analyze which numbers you dial and who is dialing your number. If 
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you don't use a cellphone, nobody would ever know where you are or track where you 

have been since you started using a cellphone. If you do not use the Internet, then 

nobody would ever find out what sites you visit, what you search for, what stuff you 

buy online, who you talk to, what is in your head. I am using a Tor Browser to post this 

argument, so I am indeed anonymous. I am using technology to combat technology. 

This is true not only about telecommunications, but other areas as well. Now if you just 

walk, you have more freedom than if you drive a car. If you drive a car, there is a 

license plate attached to you, and your vehicle can be searched without a warrant. If you 

want to get somewhere by an airplane, then all your belongings and your entire body 

will be screened and in some cases your fingerprints will be collected. So the more 

technology you use, the less free you and the more vulnerable you are because there will 

always be people taking advantage of technology for spying or violating your rights 

because it's a human nature. Technology is dangerous in the hands of humans because 

humans are emotional beings, and a lot of humans lack ethical skills [4]. 
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The theme of my article refers to the thermal power industry. Thermal power 

industry is a thermal engineering sector, which is engaged in the transformation of heat 

into mechanical and electrical energies. Heat-sets are used for generating mechanical 
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energy by heat. This mechanical energy is used for driving the working machines or 

electro-mechanical generators by means of which electricity is produced.  

Conversion of heat into mechanical energy in thermal power devices is based on 

the ability of gas or vapor of the body to perform mechanical work with volume change. 

At the same time the working fluid (gas or steam) must make closed sequence of 

thermodynamic processes (cycle). As a result of such a cycle of one or more heat 

sources is taken a certain amount of heat Q1 and one or more sources of heat given to 

the amount of heat Q2, less than Q1; while the difference Q1 - Q2 converted into 

mechanical work A. The ratio of the resulting heat is called expended thermal efficiency 

of the cycle [1]. 

 
 The processes, occurring in the real facilities that convert heat into other forms of 

energy, accompanied by a variety of losses, which results in a valid work, which is less 

than the theoretically possible work. The ratio of these works is called the relative 

effective degree of efficiency ηoe, 

 
 From (1) and (2) we get A = Q1* ηt* ηое = Q1ηе, where ηе = ηе * ηое - effective 

degree of efficiency. If all other conditions are equal, the efficiency of conversion of 

heat into work depends on the temperature at which this heat is transferred to the 

working fluid. The maximum work is called operability or exergy of the heat. 

 
 From (3) we see that when T1 = T0, exergy of heat is equal to zero. 

 By way of transferring heat to the working fluid external supply installation (heat 

to the working fluid is supplied from an external source to the heat exchanger) and 

internal supply installations (working fluid - combustion products) are distinguished [1, 

p.23]. 

The comparative analysis of  boiler plants 

1. Boiler unit 
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In this Figure we can see the work of the condensing steam turbine power plant. First of 

all, the boiler elements are numerated 1-7, 13-17. 

1 - Firebox of a boiler - a device designed to burn pulverized fuel consisting of two 

series posted chambers separated tube bundle. 

2 - Radiant section tubes - pipe located in the zone of the highest temperatures, mainly 

perceive heat by radiation 

3 – Superheater is a device for superheating steam, i.e. to increase its temperature above 

the saturation point. The use of superheated steam can significantly raise the efficiency 

of the steam plant. 

4 - Drum boiler unit is element, which is filled with a certain amount of working fluid 

level and space level 

5 - Super heater for reheating is element of a boiler for steam superheating. It consists of 

parallel steel tubes reinforced with an internal diameter of 20-60 mm, attached directly 

to the drum of the boiler or to the input, output, and sometimes to an intermediate 

collector (camera). 

6 - Economizer is element of the boiler unit, the heat exchanger, wherein the feed water 

is fed to the boiler is heated outgoing gases from the boiler. 

7 - Air Heater is device for heating the air before feeding it into the blast furnace. The 

introduction of the stoves was the most effective way to save fuel (coke) in the history 

of blast furnace production. Current heaters are allowed to feed into the blast furnace, 

heated to 1300 ° C. 

8 - Feeding pump feed pump is designed to supply water at up to 165 stationary steam 

boilers of thermal power plants using fossil fuels 
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9 – Blow fan is rotor, which in a certain way fixed blades that when the rotor, facing the 

air, it is discarded. From the position and shape of the blades depends on the direction in 

which the air is discarded. 

10 - Ash collector is device for cleaning flue gases from fly ash 

11 - ID fan (induced-draft fan) is designed for flue gases in stationary steam and hot 

water boilers. 

12 - Smokestack. The main purpose smokestacks are removal of gases and other 

products of combustion. With the gases through the flue pipe boilers are removed soot, 

smoke, soot and ash. Another function of chimneys is software normal traction; it must 

be in direct proportion to the height and thickness flue channel [2, p.45-56]. 

2. The work of coal boilers.  

Coal-fired boiler plant is a convenient and economical way for effective solution 

problems of heating and hot water supply facilities for any purpose. Efficiency of coal-

fired boiler is quite high - 84%. It allows ensuring the effective work in a full volume.  

For mechanization of fuel feeding and disposal remains of fuel burnt a sufficiently large 

thermal capacity of the boiler room (single power supply must not be less than 1 MW) 

is required. On coal-fired boilers low power fueling and servicing of boilers are made 

by hand. Management of electrical boiler unit and boiler room is made from a special 

control cabinet. 

Advantages 

A key advantage of the coal boilers is the availability of fuel. For their operations are 

not necessary any liquid fuel or gas, while the cost of construction of such assemblies is 

relatively small. Coal-fired boilers are mobile and are used for different objects. 

Modern block-modular coal boilers have the following advantages: 

1.Simplicity of execution. 

2. Modern technology. 

3. The high reliability of the equipment. 

4. Long term boiler service life and equipment. 

5. Simplicity and the convenient operation. 

In addition, the operation of coal-fired boiler does not require a large number of serving 

employees [2]. 

Disadvantages 

Coal-fired modular boilers have certain disadvantages: 

1. The need for a continuous monitoring of the combustion process. 

2. Lack of opportunity of a full automation of the boiler room. 

3. Necessity in daily cleaning of the furnace. 

4. The need to have quite a bulk storage area for coal. 

5. Ensuring immediate delivery and loading of fuel. 

All this, of course, requires a lot of time and cost involved, respectively, increases the 

overall cost of heat. 

3. The work of oil-fired boiler plants 

Oil-fired boiler plants are enough popular and common type of boiler plants. The reason 

is the relatively low cost oil. Oil-fired boiler plants are more profitable to operate than 

boilers for solid fuels. 

Certainly, the use of natural gas is the ability to minimize the cost of production of 

thermal energy, but access to the low-cost fuel for this is not universally available. Oil-

http://dic.academic.ru/dic.nsf/en_ru_metallurgy/19638/induced
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fired boiler plants will qualitatively function everywhere and the application of modern 

technologies can provide efficiency of their operation [3]. 

4. Operation of gas boilers 

Gas boiler installations today are the most popular and popular source of heat. This 

equipment is widely used in various fields and used to provide with heating and hot 

water to a variety of objects. Besides, gas boilers are used in heating agricultural 

facilities. 

This boiler can operate in the following types of gas: 

1. Natural; 

2. Liquefied; 

3. Associated petroleum. 

Advantages 

Modern gas-fired boilers have the following advantages: 

1. Efficiency and convenience. Boiler rooms are not linked to outdated 

communications and provide the right amount of low-cost production of thermal 

energy. 

2. High efficiency. The indicator of efficiency of modern gas boiler is currently 

considered to be the best. This figure rises to 95 percent. Furthermore, they are of 

the best quality and supply of heat. 

3. Environmental friendliness. Operation of manual of modular gas boiler 

installation involves the use of natural gas. This is not only environmentally 

friendly and safe, but also the most affordable cost fuel. When using gas boiler 

installations at oil facilities associated gas can be used in the form of fuel. The 

relatively small size. Modular gas boilers in comparison to other types of boilers 

have a sufficiently small size. 

4. Mobility. Plants are free to move to any area of operation [3, p. 392-393]. 
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      Modern society level development is characterized by growing environmental 

problems. It requires adverse reduction, including radiation factors, among which 

medical radiation is of special important, as by radiation exposure level it exceeds all 

other artificial sources of ionizing radiation combined together. Radiation for medical 

purposes ranks second in the population exposure on the Earth. 

      Medical irradiating specifics lies in the fact  that in order to obtain absolute, 

unattainable by other means, favor for a patient while diagnostic and therapeutic 

procedures in a number of cases it is necessary to use quite high radiation levels. 

      In order to limit population exposure to medical sources of standardized control, 

medical exposure levels are being established in diagnostic radiology and radiotherapy, 

radionuclide therapy. Equally important are also improvement and development of 

medical and radiological procedures methodology, the creation of new, more efficient 

apparatus samples and equipment. 

      Conducting of scientific researches related to exposure of practical healthy people 

without any medical contraindications should be carried out by decision of federal 

health authorities. It requires a mandatory written consent of a person being tested and 

the information which must be submitted to a person about possible consequences and 

risks of the study. Annual dose of the person who is being tested via irradiation in 

scientific researches should not exceed 1 mSv (1millisievert). 

      To carry out X-ray studies of radiation protection, two basic principles are used: 

the exclusion of any unnecessary exposure which is a justification principle, and 

reducing the radiation dose to the lowest level, it is the optimization principle. 

      According to normative legal acts, prophylactic X-ray diagnostic studies of 

people under the age of 17 years, women with established pregnancy or nursing mothers 

are forbidden. 

      Nowadays there are four basic ways to "see a man through and through", which 

main radiation source while diagnosis [1]. 

1. Radiography 

In 1895, a German physicist Wilhelm Conrad Roentgen discovered a new type of 

electromagnetic waves ranging from ultraviolet to gamma radiation and called them "X-

rays". Beauty of this emission was the fact that they could enlighten through anything, 

for instance a person – and see his bones. X-rays absorption depends on the substance 

thickness and density. Therefore, more dense tissues (bone, cartilage, etc.) appear in X-

ray images darker than soft ones (skin, muscle, etc.). Usually radiography (or simply X-

ray) is used for "transmission" of lungs, breast, bones and teeth. Since an X-ray does not 

give three-dimensional image, it is recommended to take pictures in two projections at 

least. The dose of radiation is measured in sieverts (Sv), and more precisely in 



 119 

millisieverts (mSv). During normal radiography a person receives from 0.1 to 1 mSv 

depending on the size of irradiated region ("shine" bad tooth or chest). For comparison, 

permissible dose is 15 mSv per year. 

2. Computed tomography (CT) 

In 1972, Allan Cormack and Godfrey Hounsfield created a device that could print 

layering images of a patient internal organs with the help of X-rays onto a computer 

screen. We obtain a three-dimensional image. Such a diagnostics method has been 

called computed tomography (CT). CT is used for study of brain, abdominal organs and 

thoracic cavities. In spite of the fact that the CT is made up of a lot of X-ray images, the 

total radiation dose is from 1 to 7 mSv [1]. 

3. Magnetic resonance tomography (MRT) 

Paul Luterber and Peter Mansfield created a nuclear magnetic resonance tomograph. 

The huge advantage of this device is its high resolution in the absence of radiation 

exposure. MRT basis is magnetic resonance imaging, discovered in 1946 by physicists 

Felix Bloch and Edward Purcell. They found that some elements nuclei under influence 

of a magnetic field could receive radio frequency energy pulse. In medicine hydrogen 

atoms are exposed to magnetic resonance. They can be found in almost all molecules of 

a living organism. Today MRT is used in neurology and neurosurgery, orthopedics and 

endocrinology, gynecology and many other medicine branches. As for minuses of the 

method: it is not cheap, not suitable for people with claustrophobia and pacemakers and 

metal implants [1]. 

Radiation dose is zero. 

4. Positron emission tomography (PET) 

Positron emission tomography is the radionuclide research method. In organism of the 

patient biological active substance labeled with radioisotopes is enjected, and then 

doctors use special equipment which detects radiation monitor how radioisotopes are 

distributed in organs, tissues and cells. Using PET we can not just "see" internal organs, 

but we can also evaluate metabolism and intercellular interaction. To improve 

diagnostic efficiency PET is combined with CT. PET is one of the most accurate 

methods of diagnosing cancers and monitoring of treatment effectiveness. Radiation 

dose is comparable with dose received by the patient via computed tomography. Half-

life of the radioactive substances is not more than a few hours [2]. 

      The maximum permissible radiation dose is 150 mSv a year. It is received only 

by people who need a regular X-ray control or for emergencies (accident, serious injury, 

internal bleeding). If you do only conventional diagnostic surveys- chest X-rays, 

mammography, X -ray at a dentist, the total dose will be approximately 15 mSv a year. 

      Conducting planned replacement of old equipment for new low-dose equipment 

will reduce average individual annual effective dose per a medical procedure in 

radiology, up to 0,300-0,400 mSv/y. Small doses for long-term exposure may be more 

dangerous than large doses of a short-term exposure. 

Radiation injury can be: somatic if the radiation effect of irradiation is exposed in 

irradiated persons; genetic – in irradiated persons offspring. 

      Most dangerous for organism are violations in the blood-forming organs, 

primarily in bone marrow. In this case, blood decreases sharply the number of white 

blood cells – leukocytes (largely decreases body's defenses against infection), platelets 

(blood clotting worsens) and red blood cells-erythrocytes (the oxygen supply worsens). 
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Besides this, damages of blood vessel walls, hemorrhages and a number of organs and 

systems violation occur. 

      If a total dose of short-term exposure is less than 10 mSv (ten microsieverts), it 

is assumed that the radiation is virtually absent and it can be ignored. 

Allowable accidental exposure of the population (one-off) is up to 100 mSv (10 

rem). Medical methods do not show any significant changes in tissues and organs. One-

off effective doses above 200 mSv are potentially dangerous, critical doses to health. 

Irradiation dose of 500-1000 mSv causes tiredness. In this case there are moderate 

changes in blood. Condition becomes normal in a short period of time. Main share of 

the radiation risk is the possibility of cancer emergence (cancer of blood, skin, thyroid 

cancer, etc.) in future. At a dose of 1 Gray (1Sv) radiation sickness starts. 

At 1000-1500 mSv somatic effects may appear (nausea, vomiting), abnormal 

function, there are various forms of acute radiation sickness. 

At 1.5-2.5 Gray (1500-2500 mSv) there is a short-term mild form of radiation 

sickness, which appears in the form of leukopenia (reduction in white blood cells 

number). In 30-50% of cases, there may be vomiting during the first day after 

irradiation. 

At doses greater than 2 Gray a high risk of death arises.  

At 2.5-4 Gray (2500 4000mZv) there is radiation disease of moderate severity. 

All irradiated people during the first days after irradiation experience nausea and 

vomiting, sharply reduced white blood cell count and hypodermic hemorrhages. These 

doses cause significant, irreversible damage for health, alopecia, and leukemia 

(leukemia). For treatment, bone marrow transplantation is required. 

Lethal doses of ionizing radiation: 

At 3-4Gray damage of the bone marrow within a month after the death of 

exposure is possible in 50% of the exposed (without medical intervention). At 4-7 Gray 

(4000-7000 mSv) severe radiation sickness is developed with high death rate. 

More than 7 Gray (7000 mSv) can lead to a very severe form of acute radiation 

sickness. In blood leukocytes disappear completely. There are multiple subcutaneous 

hemorrhages. Death rate is 100%. Infectious diseases and hemorrhages often cause 

death. At 10 Gray - death comes within 2-3 weeks. Value of over ten Gray is absolutely 

lethal to humans [2]. 

     It is difficult to assess biological effects of low radiation doses on diagnostic 

equipment. Organism of any metropolis resident  is affected by a tremendous amount of 

harmful factors: background radiation level  (natural plus anthropogenic), urban 

industrial dust, noise. In the United States there is a scale of harmfulness for a modern 

city dweller, in which radiation is in the 26th place, and the first two positions are 

occupied by heavy metals and chemical toxins.  
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Summary: At present many branches of science and engineering use specially grown different 

materials, single crystals, i.e., crystals with the “right” stacking atoms within the whole volume. 

Atomic structure and purity of single crystals meet strict demands. Under these circumstances there 

appears a need for new methods of crystal perfection research, as well as control methods that would 

check crystals quality without disrupting their structure. 

Key words: X-ray, crystal, wavelength, diffraction, lens, structure. 

Анотація: У багатьох областях науки й техніки все частіше використовуються спеціально 

вирощені монокристали різних речовин, тобто кристали з “правильною” укладкою атомів на 

протязі усього об’єму. До досконалості атомної структури та чистоти монокристалів 

висовуються все більш жорсткі вимоги. В цих умовах виникає потреба у методах дослідження 

досконалості кристалів, а також у методах контролю, які ще в ході виробничого процесу 

дозволили б перевіряти якість кристалів, не пошкоджуючи їх структури. 

Ключові слова: Рентгенівське випромінювання, кристал, довжина хвилі, дифракція, лінза, 

структура. 

Аннотация: Во многих отраслях науки и техники все большее применение находят 

специально выращенные монокристаллы различных веществ, то есть кристаллы с “правильной” 

укладкой атомов по всему объему. К совершенству атомной структуры и чистоте 

монокристаллов предъявляются все более жесткие требования. В этих условиях возникает 

потребность в методах исследования совершенства кристаллов, а также в методах контроля, 

которые еще в ходе производственного процесса позволили бы проверять качество кристаллов, 

не нарушая их структуры. 

Ключевые слова: Рентгеновское излучение, кристалл, длина волны, дифракция, линза, 

структура. 

 

There are several ways to see a sample microstructure. The first method is a 

microscopy in ordinary visible light, which has significant disadvantages: firstly not all 

materials are transparent to visible light and, secondly, it is possible to distinguish the 

facility parts with dimensions less than 0,5 micrometers (0,0005 mm) by conventional 

optical microscope. It is related to the fact that minimum size of distinguishable parts 

(so-called microscope resolution) basically cannot be smaller than radiation wavelength, 

which is used for illumination, and visible light minimum wavelength is just 

approximately 0,5 micrometers. 

   Resolution can be significantly improved by using an electron microscope. With 

accelerating voltage of 100 kV electron wavelength (de Broglie wavelength) is 0,03 

angstrom (1 angstrom = 10^-4), and in the electron microscope we can distinguish 

image size details which are about 1 angstrom. Such a huge resolution allows to see 

separate atoms, but electron microscope has its drawbacks. Primarily for an electron 

beam with energy of 100 keV only a very thin layer of material (about 100 – 1000 

angstroms) are transparent, and so for electron microscope studies sample must be made 

of thin foil. On this instance, a sample is dissolved in acid and observed by an electron 

microscope, narrow strip being close to the edge of the  hole, where sample thickness is 

less than 100 – 1000 angstroms. 

Thus, the original sample has to be destroyed, and of course it is not always 

acceptable.  One more, perhaps, most important circumstance in the process of foil 
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production, its structure is being changed, so that the picture observed in the electron 

microscope for thin foil, in general, doesn’t match the structure of a fat, massive sample. 

Structure investigations of such samples without destroying them are possible by 

use of X-rays. Crystals’ microstructure research method by X-rays, which yields 

distribution pattern of various kinds in a crystal lattice defects within the sample is 

called X-ray microscopy or topography. 

As it was already mentioned that the main advantage of X-ray topography lies in 

the fact that it allows to look into a sample with thickness of a few millimeters (or even 

a few centimeters) but the topography doesn’t dissolve it, i.e. it doesn’t break the 

structure. Therefore, these methods can be used, for example, in order to monitor 

integrated circuits internal structure of various manufacture processing stages. 

But X-ray topography also has it drawbacks, the main of them is bad resolution, 

about 10 micrometers (i.e., 100 000 angstroms), despite the fact that the wavelength of 

X-rays used is approximately one thousand times smaller. What is the reason of this 

difference? The fact is that in X-ray imaging camera being used to produce topograms 

there are no lenses, that is, there are no X-ray devices, which would form an object 

image. Otherwise, the reason for such poor resolution is that X-ray topographs are a 

kind of an unfocused image. For X-rays currently there are no lenses, i.e. there is no 

such device that has focused X-rays as it is done in light refracting lens optics. Optical 

lens’ work is based in reflective index difference of light for two environments, usually 

for glass and air; this difference distorts the course of the light beam. 

Reflective index of all substances in X-ray is different from air and vacuum 

reflective index only by ten thousand of percent, and thus it is impossible to create X-

ray optics by copying a focusing device for visible light. At the same time, if it were 

possible to create X-ray lenses, their importance for science and engineering would be 

extremely great. In particular, they can be used for studying various samples structure of 

significant thickness, without destroying them. 

It is encouraging that during last years some ways to solve the problem were 

outlined, but to tell about them we must first of all briefly touch on some basic concepts 

of X-ray diffraction’ physics, and X-ray optics’ special effects. 

X-ray focusing by flat and curved crystals (resembling lens were including recess 

crystals) applied in X-ray equipment in the 30-ies of the XXI century. In this case it was 

understood that focusing was intersection of several incoherent beams in one space 

region, that is, beams phases which vary in space and time independently of each other. 

Such beams cannot stack with each other in a small area and give a sharp peak intensity 

(i.e. focus). 

Optical devices focusing coherent wave packets must have much higher 

performances, primarily minimum focus dimensions and maximum resolution (transfer 

images ability of object small parts). Such devices can be fully allocated to coherent X-

ray optics. The following discussion will deal with focusing X-rays and neutrons. 

The most fundamental difference between X-ray optics and optics of visible light 

is due to the fact that X-ray wavelength is close to atom size. In visible light optics 

environment in which the wave is propagated can be considered homogeneous in many 

cases but in the case of X-ray radiation we cannot neglect its readability. Moreover, the 

most important effects of X-ray optics are connected with environment inhomogeneity. 
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The radiation diffraction on a crystal lattice is the main effect on which X-ray 

optics is based on. Let us assume that X-ray wave propagates through a crystal which 

can be represented as atomic planes which are parallel to each other. The main part of 

an incident wave passes through an atomic plane, and only its tiny fraction is reflected 

at an angle which is equal to incidence angle. During the passage of the primary 

incident wave through millions of atomic planes significant number of reflected waves 

are generated, and all of them rejoin into one wave. If these waves have different 

phases, they will cancel each other, a reflected strong (or diffracted) wave occur if all 

reflected waves have the same phase, or if those phases differ by an integer number of 

periods. It is easy to see that phase difference (i.e. difference between paths of 

individual reflected rays) will be determined by the distance between atomic planes, a 

wavelength and incidence angle of a primary (incident) beam. Therefore, for X-ray 

range a specific situation occurs when strong reflection is possible only at a certain 

incidence angle of a primary beam. The dependence of these angles upon distance 

between atomic planes in a crystal and the wavelength is called Wolfe – Bragg law and 

corresponding “allowed” angles are called Bragg angles. When a primary beam strikes 

atomic planes of a crystal at Bragg angle it is  said that a crystal is in Bragg position. 

Thus, when the Wolf – Bragg condition is performed there exist two waves in a 

crystal: a primary (passing) one and a diffracted (reflected) one. But a crystal may 

consist of many atomic planes sets at the same time and it is possible that Wolf – Bragg 

condition is performed simultaneously for several of sets. One passing wave and several 

diffracted waves appear in a crystal and multi-diffraction can be observed. 
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Summary: The paper deals with considering the main principles of the hadrons collider 

operation, particularly, Higgs boson studies. The investigation resulted in understanding the 

significance of the problem in the course of the modern physics development. It is also the basic 

problem of the appearance of our Universe, the Universe standard model shortcomings, the space laws. 

The function of the hadrons collider and Higgs boson gradual investigation have been analyzed. 

Key words: Hadron Collider, The Higgs boson, particle acceleration. 

Аннотация: В статье описываються основные принципы работы адронного 

коллайдера, в частности, исследования бозона Хиггса. Исследование привело к пониманию 

значимости этой проблемы в развитии современной физики. Она также являеться основной 

проблемой в вопросе появления нашей Вселенной, недостатков стандартной модели Вселенной, 
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космических законов. Были проанализированы функции адронного коллайдера и исследование 

бозона Хиггса. 

Ключевые слова: Aдронный коллайдер, бозон Хиггса, ускоритель частиц. 

Анотація: У статті описиваються основні принципи роботи адронного коллайдера, 

зокрема, дослідження бозона Хіггса. Дослідження привело до розуміння значущості цієї 

проблеми в розвитку сучасної фізики. Вона також являється основною проблемою в питанні 

появи нашого Всесвіту, недоліків стандартної моделі Всесвіту, космічних законів. Були 

проаналізовані функції адронного коллайдера і дослідження бозона Хіггса. 

Ключові слова: Aдронний коллайдер, бозон Хіггса, прискорювач частинок. 

 

The Large Hadron Collider is the world's most powerful particle accelerator. 

Straddling the border between France and Switzerland at the CERN laboratory, 

the LHC is designed to answer questions about the universe: it could also provide 

important new clues about conditions in the very early universe, when the four forces of 

nature were rolled into one giant superforce. 

To find out, the LHC will set protons travelling at 99.9999991% of the speed of 

light around a circular tunnel. It will then smash them together at four points on the 

ring, each of which is supported by huge experiments. 

The collision energy produced is 14 teraelectronvolts (TeV), seven times greater than its 

nearest counterpart – the Tevatron at Fermilab in Batavia, Illinois. 

In everyday terms, this energy isn't so great – a flying mosquito has about 1 TeV of 

kinetic energy. What makes the LHC so special is that this energy is concentrated in a 

region a thousand billion times smaller than a speck of dust. The LHC is the latest in 

a long tradition of particle accelerators used to explore the building blocks of matter and 

the forces that act between them. Nearly 100 years ago, New Zealand physicist Ernest 

Rutherford revealed the structure of the atom by firing alpha particles at a thin gold foil. 

Similarly, in the 1930s physicists used electromagnetic fields to accelerate protons to 

high energies inside long vacuum tubes. At very high energies the protons were 

smashed apart, only for the fragments and collision energy to be transformed into other 

particles. So great is the concentration of energy at the LHC that it recreates conditions 

similar to those 10-25 seconds after the big bang, soon after the particles and forces that 

shape our universe came into being. With so much energy available, the LHC should be 

able to create certain massive particles for the first time in the lab. Among them, 

physicists hope, will be the Higgs boson, the particle that gives others their masses. 

They will also be looking for signs of a theoretical supersymmetry that might give us 

clues about how the forces looked in the early universe. Super symmetry predicts that 

every particle we know has a heavy supersymmetric partner. The lightest 

supersymmetric particle is also a promising candidate for dark matter, the invisible 

entity is thought to amount to95% of the universe's mass. 

The Higgs and supersymmetry are on firm theoretical footing. Some theorists 

speculate about more outlandish scenarios for the LHC, including the production 

of extra dimensions, mini black holes, new forces, and particles smaller than quarks and 

electrons. A test for time travel has also been proposed. 

The LHC was conceived back in 1979. It is housed 100 metres underground in a 

circular tunnel once filled by another machine called the Large Electron Positron 

Collider, which switched off in 2000. Protons are injected into the LHC from a chain of 

smaller accelerators that whips them up to higher energies. 
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http://en.wikipedia.org/wiki/List_of_accelerators_in_particle_physics
http://www.newscientist.com/article/mg19325931.400-inside-inflation-after-the-big-bang.html
http://www.newscientist.com/article/mg11615830.100-the-big-bang.html
http://www.newscientist.com/article/mg11615830.100-the-big-bang.html
http://www.newscientist.com/article/mg19325934.600-higgs-boson-glimpses-of-the-god-particle.html
http://www.newscientist.com/article/dn1649-no-sign-of-the-higgs-boson.html
http://www.newscientist.com/article/mg17022894.200-doppelganger.html
http://www.newscientist.com/article/mg14619782.600-flashes-from-the-beginning-of-the-universe.html
http://www.newscientist.com/article/mg19826584.400-new-contenders-emerge-for-dark-matter-title.html
http://www.newscientist.com/article/mg19826584.400-new-contenders-emerge-for-dark-matter-title.html
http://www.newscientist.com/article/mg17523531.500-stargazer-takes-on-grand-theory.html
http://www.newscientist.com/article/mg19726461.500-is-dark-matter-mystery-about-to-be-solved.html
http://www.newscientist.com/article/mg18624954.700-still-in-the-dark-over-missing-matter.html
http://www.newscientist.com/blog/shortsharpscience/2008/04/higgs-seen-at-lhc.html
http://www.newscientist.com/article/mg17123061.700-a-subtle-sign-of-supersymmetry.html
http://www.newscientist.com/article/mg19926651.800-awaiting-a-messenger-from-the-multiverse.html
http://www.newscientist.com/article/mg16021574.800-five-and-counting.html
http://www.newscientist.com/article/mg17623657.300-black-holes.html
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http://www.newscientist.com/article/mg19726431.700-could-preon-stars-reveal-a-hidden-reality.html
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http://www.newscientist.com/article/mg13117837.400-the-universe-according-to-lep.html
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Every second the protons will make 11,245 laps of the 27-kilometre ring and, at four 

points on the ring, they are made to collide head-on with protons travelling in the 

opposite direction. 

Surrounding each of these collision points are four giant detectors called 

ATLAS, CMS, LHCb and ALICE.  ATLAS and CMS are designed to look for all kinds 

of particles created in the collisions, while LHCb and ALICE are specialised detectors. 

LHCb is designed to make exquisite measurements of particles called B mesons that 

could reveal subtle differences between matter and antimatter. B mesons live for a short 

while before decaying, and this process could be influenced by the Higgs, 

supersymmetric particles, or some other new physics. 

ALICE will come into its own starting in November 2009, when the LHC will swap its 

colliding protons for lead ions for a few weeks. These collisions should create 

temperatures 100,000 times hotter than the centre of the sun, hot enough to reveal 

a novel state of matter called the quark gluon plasma. By studying this, physicists hope 

to understand how the quarks and gluons from the big bang fireball condensed into the 

protons and neutrons we see today. 

Physicists announced that they had discovered a new subatomic particle that looks 

like the Higgs boson.The discovery was announced by physicists at CERN, the 

multinational research center headquartered in Geneva that is home to the Large Hadron 

Collider, the immense particle accelerator that produced the new data by colliding 

protons. But they were cautious about declaring that the particle was the Higgs boson 

beyond all doubt. It may be an impostor as yet unknown to physics, perhaps the first of 

many particles yet to be discovered. For now, some physicists are simply calling it a 

“Higgslike” particle [1]. 

No doubt, the Higgs boson is a cornerstone of modern physics despite never being 

seen. It is believed to play a key role in imbuing things with mass. It is the last missing 

part of the Standard Model, a suite of equations that has held sway as the law of the 

cosmos for the last 35 years. Confirmation of the Higgs boson or something very much 

like it would constitute a rendezvous with destiny for a generation of physicists who 

have believed in the boson for half a century without ever seeing it. The finding affirms 

a grand view of a universe described by simple and elegant and symmetrical laws — but 

one in which everything interesting, like ourselves, results from flaws or breaks in that 

symmetry. 

According to the Standard Model, the Higgs boson is the only manifestation of an 

invisible force field, a cosmic molasses that permeates space and imbues elementary 

particles with mass. Without the Higgs field, as it is known, or something like it, all 

elementary forms of matter would zoom around at the speed of light, flowing through 

our hands like moonlight. There would be neither atoms nor life. 

In 1967, the Nobel Prize-winning physicist Steven Weinberg made the Higgs boson a 

centerpiece of an effort to unify two of the four forces of nature, electromagnetism and 

the nuclear “weak” force, and explain why the carriers of electromagnetism — photons 

— are massless but the carriers of the weak force — the W and Z bosons — are about 

100 times as massive as protons. 

Unfortunately, the model did not say how heavy the Higgs boson itself — the quantum 

personification of this field — should be. So physicists have had to search for it the old-

http://www.newscientist.com/article/mg19225793.400-cern-the-giant-fridge-magnet-is-go.html
http://cms.cern.ch/
http://lhcb.web.cern.ch/lhcb/
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http://www.nytimes.com/2012/07/05/science/cern-physicists-may-have-discovered-higgs-boson-particle.html?_r=1&hp&pagewanted=print
http://topics.nytimes.com/top/reference/timestopics/organizations/c/cern/index.html?inline=nyt-org
http://topics.nytimes.com/top/news/science/topics/large_hadron_collider/index.html?inline=nyt-classifier
http://topics.nytimes.com/top/news/science/topics/large_hadron_collider/index.html?inline=nyt-classifier
http://user.web.cern.ch/public/en/Science/StandardModel-en.html
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fashioned train-wreck way, by smashing subatomic particles together to see what 

materializes. 

In early July 2012, Fermilab physicists announced that the Tevatron 

accelerator had fallen just short of finding the elusive particle. Fermilab said its results 

were the best “indication” so far that the legendary particle exists. 

In what amounts to a last hurrah for the Tevatron, physicists said that when they 

combined the data from some 500 trillion collisions of protons and antiprotons recorded 

since 2001 there was a suspicious excess, a broad bump in the mass range between 115 

billion electron volts and 135 billion electron volts, in the units physicists use to 

measure mass and energy [2]. 

In the evidence reported in March 2012, the Fermilab physicists found a broad 

bump in their data in the same region, between 115 billion and 135 billion electron 

volts. Those results came from combining the data from two detectors operated on the 

Tevatron: the Collider Detector at Fermilab, and DZero. The chances of this signal 

being the result of a random fluctuation in the data were only about 1 in 100, the group 

said Dmitri Denisov, a leader of the Fermilab effort, wrote in an e-mail: “It is clearly not 

the answer to crossword, but an important piece of the puzzle!” 

Rumors of sightings of the Higgs boson have come and gone at both CERN and 

Fermilab in the last few years, but invariably where one group saw a bump, another saw 

a dip in the data, and with more data the bumps went away. This is the first time in the 

long search for the particle that different groups, indeed different colliders, are in vague 

agreement. It has led to a joke in physics circles now: The Higgs boson has not been 

discovered yet, but its mass is 125 billion electron volts. 

The Atlas and C.M.S. groups will be trying to combine and reconcile their data in 

the coming weeks. The Hadron collider, now on winter break, will start up again in 

April 2012, with protons colliding at four trillion electron volts apiece. CERN has said 

that the collider will gather enough data to confirm the existence of the Higgs boson or 

to rule it out forever. 

In general either outcome, physicists say, will be exciting. If the Higgs does not 

exist, they will have to come up with a new model of how the universe works. If they do 

find the Higgs, studying it might give them clues to deeper mysteries the Standard 

Model does not solve [3]. 
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Summary: This paper focuses on simulation of diffraction on the retroreflective surface. The 

model consists of several parts: the simulation of laser beam, the simulation of the retroreflective 

surface, the simulation of the incidence, the simulation of diffraction. The simulation of diffraction is 

implemented by the fast Fourier transform algorithm. 
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Анотація: У даній роботі наведено моделювання процессу дифракції на 

світлоповертаючій поверхні. Модель складається з декількох блоків: моделювання лазерного 

випромінювання, моделювання світлоповертаючої поверхні, моделювання падіння променя, 

моделювання дифракції. Моделювання дифракції реалізується алгоритмом швидкого 

перетворення Фур'є. 

Ключові слова: дифракція, лазерне випромінювання, світлоповертаюча поверхня, 

швидке перетворення Фур'є. 

Аннотация: В данной работе представляется моделирование процесса дифракции на 

световозвращающей поверхности. Модель состоит из нескольких блоков: моделирование 

лазерного излучения, моделирование световозвращающей поверхности, моделирование 

падения луча, моделирование дифракции. Моделирование дифракции реализуется алгоритмом 

быстрого преобразования Фурье. 

Ключевые слова: дифракция, лазерное излучение, световозвращающая поверхность, 

быстрое преобразование Фурье. 

 

The surfaces with diffuse scattering of radiation are most often used to solve 

problems of laser remote probing such as vibration diagnostics and measurement of 

motion parameters of the objects. To increase power of the received signal which is 

required to improve measurement accuracy, it is possible to use retroreflective surfaces 

consisting of plurality of spherical beads [4]. 

  
Picture 1 Spherical retroreflective surface 

The development of simulation computer models is of great use for the analysis 

of these sensors effectiveness. The most important part of such models is modeling 

diagrams of scattered laser radiation on the retroreflective surfaces. 
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The calculation of the intensity distribution of laser radiation in the plane of 

observation (pic. 2) can be produced using a known Fraunhofer approximation [6, 7]: 

,  (1) 

,  (2) 

where   – wavelength,  – amplitude-phase distribution (complex 

field amplitude) in the observation plane at coordinates ,  – complex 

amplitude of the field reflected from the retroreflective surface, z – distance from the 

plane of retroreflectors to the observation plane. 

 
Picture 2 The observation plane 

Complex amplitude of the incident on the retroreflectors field (in the focal waist) 

is defined as the gaussoid, which is determined by the formula [4]: 

, (3) 

where w – radius of the gaussoid, while the phase within the beam cross section is 

assumed as constant. 

 
Picture 3 The model of gaussoid 
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The reflection coefficient of the retroreflective surface 

 will be modeled with two factors. The first factor is 

determined by the values of the reflection coefficient in accordance with the values of 

the digitized image brightness of the retroreflective surface (pic. 1). 

Factor 
iexp  determines the phase shift in each retroreflector and is a random 

variable normally distributed with mean zero and the value of the dispersion  . 

Thus, for a given amplitude-phase distribution in the field of retroreflectors the 

complex amplitude of the field  can be found and thereafter the intensity 

distribution  in the observation plane can be found too [6]. 

Picture 4 shows that the intensity of the reflection from each element when the 

beam was incident on the surface varies and depends on the value of the phase shift of 

each bead. 

 
Picture 4 Incidence of the laser beam 

For calculating the intensity values in the observation plane the well-known 

algorithm of two-dimensional fast Fourier transform (FFT) was used. The simulation 

result of the implementation of such distribution with  = 0 is presented on picture 5 [1, 

2]. 

 
Picture 5 The result of the simulation 

This model takes into account the real features of the retroreflective surface 

structure and allows to receive the implementation of structure diagrams of scattered 
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laser radiation relatively quickly. It can be used to simulate a wide class of laser sensors 

of remote control with retroreflective surfaces. 
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Summary: This article concerns a very vital topic that interests the minds of many scientists 

and researchers of anomalous phenomena. This phenomenon is anomalous zones located on all the 

continents of the Earth. Some theories that can form the basis of these zones, generalized 

characteristics of the fields which to his opinion are present in these areas, the nature of these areas is 

revealed. 

          Key words: anomalous zone, area, corridor, magnetic field, space-time rift. 

 Анотація: У даній статті розглядається дуже актуальна тема, яка цікавить уми багатьох 

вчених і дослідників усього аномального. Цим феноменом є аномальні зони, які знаходяться на 

всіх континентах нашої Землі. Запропоновані декілька теорій, які можуть скласти основу даних 

зон. Дається узагальнена характеристика полів, які присутні в цих зонах. Розкривається 

сутність цих зон. 

Ключові слова: аномальна зона, зона, коридор, просторово-часовий розрив, магнітне 

поле. 

 Аннотация: В данной статье рассматривается очень актуальная тема, которая интересует 

умы многих ученых и исследователей аномального. Этим феноменом являются  аномальные 

зоны, которые находятся на всех континентах нашей Земли. Предложены несколько теорий, 

которые могут составить основу данных зон. Дается обобщенная характеристика полей которые 

по его мнению присутствуют в этих зонах. По мнению автора в заключении раскрывается суть 

этих зон, что может служить началом новых научных революций. 

Ключевые слова: аномальная зона, зона, коридор, магнитное поле, пространственно-

временной разрыв. 

 

There are many unknown places in the world, and one of those places is space-

time gap on our Earth surface, which still has not attracted sufficient attention of 

scientists’ as to their interest in the study of this phenomenon. 

As it is known to everybody, there are very many places in the world (both 

known and yet undiscovered) which are called anomalous zones. Perhaps, these zones 

exist in every country and almost in every corner of the world. Several zones of the kind 

do exist in our universe. Many secrets are connected with them. These mysteries include 

people’s disappearance and appearance. In addition to it, they say that in these places 

one can see ghosts, and sometimes even hear them. Knowing about these places, people 
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try to pass them not to be trapped into them. But let us not predict it, and jump to 

conclusions about those places (since I do not particularly trust all the information being 

spread on the Internet). 

It is necessary to investigate and to understand the essence of all work of those 

places and what they really look like, and only then to make some final conclusions 

about everything connected with those places on the basis of the data. 

Anomalous zone is an area where for a long time with some regularity one can 

observe anomalous phenomena which are not consistent with official science or are 

uncharacteristic for a given area. Unlike geopathic bands anomalous zones have very 

different energy structure. They differ from total energy background, approximately the 

same way as there is general background radiation on the ground and there are places 

with high background. In an anomalous zone there is always a chance to meet some 

unknown phenomena. 

The reasons of anomalous zones are different. There are places of human activity 

and UFO places of impact and other unknown objects on the earth's surface, and 

manifestation of parallel worlds. There are lots of reasons and to illustrate all of them is 

almost impossible.  

In anomalous zones study some information is accumulated on symptoms and 

researcher intuition is not less important. When measuring energy fields on animals, 

behavior vegetation on the terrain view, conclusions about zone nature are made. This 

can be compared with mosaic, when elements fall into their places, you can make some 

conclusions. Having experience of anomalous zones study, we are able to form an idea 

about an area approaching it, and find out either at least the nature of the zone, or its 

effect on humans and danger when visiting the area. 

Anomalous zones have strong, and often negative impact on person energy 

structure. Man's field measurements were made before a zone visit and after it. They 

showed that after visiting an area, man's energy is of "ragged" nature. A person normal 

field looks like an egg, slightly flattened on sides, but after visiting the area this holistic 

cocoon is destroyed and in some cases it may not be present that may violate health and 

it is harmful for health. Therefore it is very important for researchers to keep their 

energy structures in good condition, and there are special exercises for it. 

The signs of an abnormal area are different. Here are some of them: 

 "attraction " look; 

 the absence of any living creatures in certain places; 

 "strange" vegetation; 

 presence of strange objects; 

 different sounds; 

 phenomena that can not be explained. 

While carrying out bio-frame measurements, a frame or a pendulum behaves in a 

strange way. And while being in this area, some unusual sensations appear in the body. 

There is an ability to see various unknown pictures. 

This is not a complete list of anomalous zone features. An experienced researcher 

accumulates signs of anomalous zones in his memory and uses his knowledge while 

researching new zones. 

There are several opinions about the of origin anomalous zones. For instance, 

zones are near a river or groundwater turning (they create a circular energy motion) and 
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are in a place of powerful geopathic bands. We believe that abnormal areas can occur in 

a variety of places but all the causes of the origin of anomalous zones have not been 

clarified yet. 

So anomalous zones are the areas in which there are no established physics laws. 

And they are the places where you can make experiments. 

These areas are very interesting for me by unusual cases that had been observed 

by people for a very long time. In addition to it those incidents had no connection. Due 

to this reason, I would like to start learning these zones location. 

The location of these zones in most cases, is not incidental. That is why no chance 

to their uncertain location is necessary. Anomalous zones are located on board faults... 

So, what does their location mean? If you look carefully at the details of their location 

and pay attention to one important thing that occurs, all the time, one can see that 

everywhere there is a strong magnetic field coming from fractures of the Earth 's crust. I 

believe that it is this magnetic field is our key and the main factor that will help 

understand what this mystery is. But it is worth checking, and it is even better to say 

that this conclusion should come! 

The magnetic field which is located in such places may be called extremely 

interesting. Coming into such a zone one can immediately feel that something is wrong, 

and that you have been through a certain barrier. This barrier is very difficult to be 

considered in detail on a molecular level. That is why for such understanding of the 

need a complex experiments and difficult calculations are necessary. But if you drop 

this moment and look at this field, one can observe that this field looks like a 

hemisphere with a certain radius. 

Besides, being in such an area, one can notice that plants and everything around 

are different from usual places. This difference may occur in plants colour, leaves on 

trees, soil, water and in many other things. 

Let is go back to the hemisphere and consider a field in a spherical coordinate 

system of any undiscovered force. Suppose this power comes from coordinate 

beginning. Then one may assume that its field lines emanate from the hemisphere 

center. They are directed to all directions from its center. Then it follows that this force 

emanating from the center can be maximal only in the center. 

That is why we will move gradually from edges of our field to its center. As it was 

mentioned before, in these fields there are strong external changes that can be seen with 

a naked eye. And that can mean only one thing! In this area there are changs in space-

time. In other words, there is a formed space curvature that distorts our reality and 

possibly converts it to its own one. This distortion can be dangerous, because we 

currently do not know what it represents. As I mentioned above there were unusual 

events in such places: loss and appearance the people, ghosts, strange sounds, and so if 

you add it all into one picture, then we can get a very interesting and amazing thing. It 

explains all these strange phenomena. So this space curvature may have some 

connection with something else, maybe a parallel world, and perhaps even a more 

unusual phenomenon, which can serve as a corridor between past, present and future. It 

is all just a theory, but one can realize that it cannot be in another way. Therefore it 

remains only to understand which of the two theories our case belongs to. 

Considering the first case with a parallel world, we understand that in this case, 

the world the same as ours existing parallelly and going, in lockstep, does not depend on 
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our world in any way. It means that differences of one or some other parallel worlds 

from ours is practically essential! Then the people who claimed that they had come from 

another time have nothing relation to the parallel world. Relying upon this evidence that 

parallel worlds are not connected in any way with anomalous zones, we will further 

assume that anomalous zones have a direct link with a time corridor. 

Having cleared out almost in everything it is time to turn to our hole in space. This 

hole is located in the heart of the anomalous zone. Let us imagine that our space that 

surrounds us is completely without gaps is filled with molecules or very small dots. 

Then let in any one place likeness of a black hole is formed. Only difference is in the 

fact that our hole absorbs not everything around it, like a vacuum cleaner sucking 

everything. It will absorb only some nearest objects that are in its action field. 

This gap in space can absorb almost everything. Absorbing objects it carries them 

through the so called "spatial corridor" which is associated with this area. At the same 

time, the author believs that anomalous zones may be associated with only one time 

since this relationship should be constant, in other words, a continuous one. 

Then this corridor will open when there will happen some perturbation in space. 

In other words, this perturbation causes unknown frequences resonance, opens this 

passage. This disturbance or resonance, of course, if it exists, can occur both on our 

side, and on the other side of the doors, as well. But so far, this is nothing but 

speculation. Therefore let us come back to our connection with a corridor. 

We believe, there are a few option links of that corridor with an anomalous zone. 

The first option will represent a single bond only with time. The second option will 

have a direct relationship with all ages. 

To summarize all those arguments we can conclude that anomalous zones are 

really interesting objects for research. To obtain qualitative results one should 

investigate such zones for several months and only after it there will be an initial plan 

for further calculations which are very important. The final "picture" will not be visible 

without them. We can determime links between anomalous zones and corridors. Such 

global researches may help in further discoveries. 
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Анотація: Стаття присвячена розгляду виробництва і практичного використання 

робототехніки. Їхня допомога в нашому будинку і на роботі змінить наше ставлення до життя. 

Проаналізовано сфери роботи роботів, які виконують трудомісткі завдання з легкістю. 

Ключові слова: роботи, робототехніка, розвиток технологій.  

Аннотация: Статья посвящена рассмотрению производства и практического 

использования робототехники. Их помощь в нашем доме и на работе изменит наше отношение 

к жизни. Проанализированы сферы работы роботов, выполняющие трудоемкие задачи с 

легкостью.  

Ключевые слова: развитие технологий,  робототехника, роботы. 

 

Robotics is the art and commerce of robots, their design, manufacture, application, 

and practical use. Robots will be everywhere soon,at our home and at work. They will 

change our way of life and even thinking. As a result, many philosophical, social, and 

political questions will be discussed. In science fiction, robots have become so 

intelligent that they decide to take over the world because humans are thought to be 

inferior. In real life, however, they might not choose to do that. Robots might follow 

rules such as Asimov's Three Laws of Robotics, that will prevent them to do it. When 

the Singularity happens, robots will be indistinguishable from human beings and some 

people may become Cyborgs (half man and half machine).  

The robots are coming and their presence will eventually unite and dramatically 

change human life. While a lot of attention has been focused on how robots could hurt 

employment by replacing some human jobs, there are a number of positive ways how 

robots can affect a human life. The development in investigation of robotics doesn't 

limit the human efforts by making these complex machines, carrying out every task with 

ease [1]. 

Here are some ways how robots may change our life in the future: 

1. Service robots assist human beings, typically by performing a job that is dirty, 

dull, distant, dangerous or repetitive, including household chores. They are typically 

autonomous and operated by a built-in control system, with manual override options.  

At first, humans will increasingly encounter robots more via telecommunications 

and it will become harder for them to distinguish robots from humans. And eventually, 

robots will begin to replace more service jobs—like waiting tables.  

There are already novelty robots in some places, including Japan where robots act 

as servers, taking and delivering orders. However, unlike a human waiter, a robot server 

will have all kinds of information about you before you even tell it what you want. 

Because robots will be connected to the Internet, they will be able to access all of the 

information that is available about you online to predict what you may like to order. 

2. Medical Robots used for medical purposes will also dramatically change the 

way how we treat ailments. Small enough for injection without leaving a wound, new 

microrobots could revolutionize the way of modern medicine treats certain hard-to-

reach areas of the body. The eyes and brain are extremely tricky places for surgeons, 

and a non-invasive solution to certain ailments has long been sought.  

Now Chinese University researchers say they’ve created a working microbot for 

internal use, a cage-like structure just 100 microns long by 40 microns wide. 

The current methods of delivering drugs throughout the body are insufficient to 

treat many serious ailments, such as retinal degeneration and the brain issues that can 

lead to stroke. A researcher on the project claimed that the microbot is a “truck, not a 
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car” in terms of its carrying capacity, and the proportion of its overall size used for 

cargo storage [2]. 

Zhang claims that by injecting thousands of the microbots in the vertebral column 

and directing them to the brain, they could theoretically cure strokes without the need 

for brain surgery. Since the cages are distinct from whatever medicine they carry, a 

generalized carrier for each of many tissue types could be stored in hospitals, to be filled 

with the appropriate drug, as needed.  

Other robotic advancements are used to better the day-to-day lives of patients, 

helping them to eat, or for people with impairments like a spinal cord injury or partial 

paralysis caused by a stroke. Robotics may also be able to assist in the rehabilitation 

process [3]. 

3. Police Robots are designed to allow access to dangerous situations to help them 

engage in action that are inaccessible or dangerous for first responders, and can 

manipulate objects as well as gather data through a variety of technologies. It covers 

robots suitable for a range of environments with varying data and communication 

capabilities. 

But police robot cannot think or make decisions in an independent fashion.Robot-

control centers are portable so that police officers can be located at a safe distance from 

the robot, if the robot is being used in a dangerous situation, such as disabling a bomb. 

The police officer usually keeps the robot in his or her sight so as to operate it most 

efficiently, using a laptop computer with the robot-control software or a special console 

designed for that specific robot. 

Robots have played a major role in the military for some time. But in the future we 

will see a growing presence of robots used in the law enforcement. But soon, police 

officials won't be the only ones using robots to monitor their surroundings. Telepresence 

robots—are robots used to allow human to be in more than one place and they enable 

humans to monitor situations in different places from remote locations. Robotex also 

makes robots for people to use at their home so they can see what is going on while they 

are not there [4]. 

4. A number of schools in the U.S. are already adopting robots into the classroom, 

not as replacements for teachers, but as teaching assistants. And it won't be long before 

robots play a bigger role in the educational system, experts say. 

Now these charming creatures are being rolled out in large numbers in classrooms 

in South Korea - in the first instance with pre-school children and if that is a 'success' 

onward and upward to elementary schools and whole class teaching. The South Korean 

government is investing $11 million on robot teachers increasing to $36 million and 

aims to have 8000 robot teachers and assistant teachers in classrooms. 

Many teachers all over the world feel as though they are treated like robots - 

programmed by governments or corporations to deliver packages of learning to the 

flexible workers of the future. Certainly this seems to be what the powers that be would 

prefer - no more teachers demanding to be treated like creative professionals, protesting 

about wages and conditions and generally making their voices heard. Certainly no-one 

teaching children to think for themselves and ask awkward questions about the world 

they live in.  

According to evidence emerging from a trial at a school in Birmingham, autistic 

children may learn better from robots than from human teachers, because the robots 
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have no emotion, so autistic children find them less threatening than their teachers and 

easier to engage with. Children who first come into school unable to make eye contact 

with humans start to communicate through the robots. 

The school is one of the first in the UK to try the technology. About a quarter of 

the children at the school are autistic. It is a mainstream primary that receives specialist 

funding to support autistic children in separate classes, using a range of technologies. 

The robots are knee-high and move like children. The school is using them to teach 

phonics and play cards or memory and imitation games with children aged from five to 

ten. Robots can be programmed to teach just about anything, making them an effective 

classroom tool. Robots can integrate across disciplines [5]. 

To sum up, robots will play such roles as family caregivers, household servants, 

and voice-enabled avatars that manage driverless cars, automated homes, and 

entertainment systems. Today’s machines can vacuum homes, stand in as pets, explore 

planets, and assist in surgeries. Technologies to build robots that perceive their 

surroundings, move by themselves, and perform tasks without human oversight should 

reach fruition by mid-2030s, experts say. 

The Japanese were leaders and early adopters when it came to industrial robotics, 

but now we see more activity and innovation coming from companies in the U.S. and 

Europe. And we expect robotics to eventually touch every industry and evolve into a 

truly global opportunity with a worldwide landscape of players over time [6]. 

I think we will see much broader acceptance of robots when concepts evolve from 

being neat prototype ideas to real products that make a profound impact in people's 

lives. These will be robots that help us do things better, faster, and with greater 

knowledge about the world around us. Ironically, they might even help us improve 

relationships we have with other people in remote locations, making us more human in 

the process. 
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Анотація: У статті розглядається «сангаку», стародавня традиція японської геометрії в 

храмах. Вона розвинулася в період ізоляції Японії від західних впливів. Японська геометрія 

представлена як поєднання мистецтва і математики. 

Ключові слова: сангаку, геометрія в храмах Японії, священна математика, математичні 

завдання. 

Аннотация: В статье рассматривается «сангаку», древняя традиция японской геометрии 

в храмах. Она развивалась в период изоляции Японии от западных влияний. Японская 

геометрия представлена как соединение искусства и математики. 

Ключевые слова: сангаку, геометрия в храмах Японии, священная математика, 

математические задачи. 

 

It’s a well-known fact that Japan used to be living in a strict, self-imposed 

isolation from the West within the period from 1639 to 1854. However, one will be 

surprised and enchanted by the beauty and elegance of the tradition of sangaku, the 

Japanese temple Geometry flourished during that time. 

The word “sangaku” literally means “the calculation tablet” and actually are the 

wooden tablets containing the geometrical problems and theorems in Euclidian 

Geometry. The devotees of Math would solve a wide range of mathematical problems, 

especially geometrical problems, inscribe their results into a wooden tablet and bring it 

to Shinto shrines and Buddhist temple to keep it under the roof of those religious 

buildings. And this can be done by anyone from any social class since in that era there 

was no official educational institution and mathematics was developed by ordinary 

people such as samurai, merchants and farmers [3]. 

 Most of the existing sangaku contain geometrical problems and theorems in 

ordinary Euclidian geometry. Nonetheless, these problems are absolutely different from 

the ones delivered to students in typical high school and university courses. Moreover, 

not all of the sangaku problems deal solely with geometry; some of them require 

calculus or solving Diophantine problems (an algebraic equation requiring solutions in 

integers) [4, p. 85]. 

 Nowadays, there are some mathematicians who do researches in the area of 

traditional Japanese mathematics. One of the prominent mathematicians is Hidetoshi 

Fukagawa, the author of famous books “Japanese Temple Geometry Problems: 

Sangaku” (with Dan Pedoe) and “Sacred Mathematics” (with Tony Rothman) and the 

one “who knows more about sangaku than anyone else in the world”. He describes his 

discovery of sangaku this way: 

  “When I served as a teacher at first in Handa high school in Aichi Prefecture, I 

met a linguist teacher Kunihiko Sakakibara who was a prominent linguist. One day, he 

brought a dirty old book of Japanese mathematics to me, saying, “It’s Edo period math 

book and I don’t know the content, can you decode it?” It was the first Edo period math 

book for me. I had never seen authentic Edo period math books until then. I said to him. 

“It is generally believed that mathematics during Edo period had totally useless, low 

level content. So don’t expect too much”, and began the translation work. I had studied 

Chinese, just as studying Latin is for anyone interested in history of the Western world. 

I finished the translation of the book six months later and I was very much 

surprised” [5]. 
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 In Japan a high school teacher is low ranked and isn’t highly respected, that’s 

why his work remained unpublished and unknown. Some years later Hidetoshi 

Fukagawa sent letters to six mathematicians to be interested in geometry with the 

invitation to collaborate with him in producing the books and thus he found Daniel 

Pedoe, the only one who accepted. 

 Freeman Dyson, Daniel Pedoe’s student, brought the book of his teacher and 

Hidetoshi Fukagawa to his friend, Tony Rothman and the latter became interested in 

Japanese temple geometry [1, p. 9 – 15]. 

 The first problem to be highlighted in the article involves solving Diophantine 

problems. This problem was written on the tablet and hung in the Kurasako Kannon 

temple by Ufu Chousaburou in 1743. Its size is 76 cm by 33 cm. “There are 50 chickens 

and rabbits. The total number of feet is 122. How many chickens and how many rabbits 

are there?” And here’s the original solution to this problem. If rabbits were chickens 

then the total number of feet would be 100, so we know that the extra 22 feet are all 

from the rabbits, which implies 11 rabbits and 39 chickens. Algebraically, the solution 

can be expressed as follows: if x is the number of chickens and y is the number of 

rabbits, then 122 = 2x + 4y = 2x + 2y + 2y = 2(x + y) + 2y = 100 + 2y; hence 2y = 22 and 

y = 11. So, as we can see, a middle-school student might be able to solve this 

problem [1, p. 92, 121]. 

  Picture 1 

 The second problem can be found on the Meiseireinji 

sangaku proposed by Tanabe Shigetoshi. “In a blue 

equilateral triangle, three “green” (light) circles of radius a, 

four “red” (dark) circles of radius b, and six white circles of 

radius c touch each other as shown in picture 1. If R is the 

radius of the outer circle, and r is the radius of dashed 

circle, find c in terms of r” [1, p. 97, 124]. 

 Looking at picture 1 one easily sees that r = 3b + 4c, 

R = b + 2a, R = 5b + 4c, and a + b = 2b + 4c. Solving these 

equations simultaneously yields b = 2c, a = 6c, and r = 10c. 

This problem is also quite easy for a student to solve. 

 This is a collection of reconstructed sangaku from the Takemizuke shrine in 

Nagano Prefecture. Its size is 450 cm by 200 cm. 

Picture 2 
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Picture 3 

This is one of the sangaku problems from 

Itsukushima shrine and here’s its translation. 

Given: three circles marked  of the same size, two 

circles marked  have the same radius 1, circles  

and  and the semicircle are tangent as displayed. 

Find: the radius of the circle marked . 

Answer: 3 (with undecipherable reasons) [2, p. 6 – 

8]. 

 Sangaku problems sometimes require modern 

mathematical methods, for example, calculus, to simplify the pages of calculation, in 

fact, the math used in sangaku is simple enough for young children to understand and 

anyone who wishes to try them. However, if solution of modern high school problems 

can be written in five or six lines, the ancient problems often demanded pages of work. 

As Rothman said, sangaku were more like mathematical Olympic problems. Besides of 

that, the images and math together made the tablets worthy to be given as offerings to 

Buddhist temples or Shinto shrines instead of money or animals, which were more 

common gifts [3]. 

 In conclusion, the article has highlighted on the mathematicians who contributed 

to this ancient Japanese Geometry. Furthermore, it provided some problems and their 

solutions and showed that there are also easy problems. In addition, there are some 

illustrations of the sangaku from different shrines and the translation of one of the 

problems. Thus, there’s a wide range of sangaku problems of different difficulties. One 

may find it’s a pleasure and a challenge to solve such interesting problems and train 

their intellectual abilities. 
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Анотація: У даній статті описаний принцип роботи термоядерного реактора на основі 

ядерного синтезу. Наведені приклади існуючих у природі реакцій, застосовуваних у 

термоядерному реакторі. Також розглянуті основні проблеми використання цього джерела 

електроенергії в промислових цілях, його вплив на навколишнє середовище і економічна 

ефективність. В якості реально існуючого прототипу узятий термоядерний реактор ІТЕР у 

Франції. Розглянуто перспективи цього реактора в майбутньому. 
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Аннотация: В данной статье описан принцип работы термоядерного реактора на основе 

ядерного синтеза. Приведены примеры существующих в природе реакций, применяемых в 

термоядерном реакторе. Также рассмотрены основные проблемы использования этого 

источника электроэнергии в промышленных целях, его влияние на окружающую среду и 

экономическая эффективность. В качестве реально существующего прототипа взят 

термоядерный реактор ИТЕР во Франции. Рассмотрены перспективы этого реактора в будущем. 

Ключевые слова: дейтерий, лазер, плазма, термоядерная реакция, термоядерный 

реактор, тритий, ядерный синтез. 

 

Conditions for Nuclear Fusion 
When hydrogen atoms fuse, nuclei must come together. However, protons in each 

nucleus will tend to repel each other because they have the same charge (positive). If 

you have ever tried to place two magnets together you could feel they push apart from 

each other, you have experienced this principle personally. 

To achieve fusion, need to create special conditions to overcome this tendency. 

Here are some conditions that make fusion possible: 

High temperature gives hydrogen atoms enough energy to overcome electrical 

repulsion between protons. 

 Fusion requires temperatures about 100 million Kelvin (approximately six times 

hotter than core of sun). 

 Under these temperatures, hydrogen is state plasma, not gas. Plasma is high-

energy matter state in which all electrons are stripped from atoms and move 

freely all around. 

http://atcm.mathandtech.org/EP2010/invited/3052010_18118.pdf
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 The sun achieves these temperatures by its large mass and force 

of gravity compressing this mass in the core. We may use energy from 

microwaves, lasers and ion particles to achieve these temperatures. 

 High pressure squeezes hydrogen atoms together. They must be within 1x10
-

15
 meters from each other to fuse. 

 The sun uses its mass and gravity force to squeeze hydrogen atoms together in its 

core. 

 We may squeeze hydrogen atoms together by using intense magnetic fields, 

powerful lasers or ion beams. 

With current technology, we can only achieve temperatures and pressures necessary to 

make deuterium-tritium fusion possible. Deuterium-deuterium fusion requires higher 

temperatures that may be possible in future. Ultimately, deuterium-deuterium fusion 

will be better because it is easier to extract deuterium from seawater than to make 

tritium from lithium. Deuterium is not radioactive, and deuterium-deuterium reactions 

will yield more energy [1]. 

Nuclear Fusion Physics: Reactions 
Current nuclear reactors use nuclear fusion to generate power. In nuclear fission, 

one can get energy from splitting one atom into two atoms. In a conventional nuclear 

reactor, high-energy neutrons split heavy uranium atoms, yielding large energy 

amounts, radiation and radioactive wastes that last for long time periods. In nuclear 

fusion, you get energy when two atoms join together to form one. In a fusion reactor, 

hydrogen atoms come together to form helium atoms, neutrons and vast amounts of 

energy. It is the same type of reaction that is employed in hydrogen bombs and the sun. 

This would be a cleaner, safer, more efficient and more abundant power source than 

nuclear fission. 

There are several types of fusion reactions. Most of them involve hydrogen 

isotopes called deuterium and tritium: 

 Proton-proton chain - This sequence is predominant fusion reaction scheme 

which occurs on stars such as the sun. Two protons pairs form two deuterium 

atoms. Each deuterium atom in combination with a proton forms helium-3 atom. 

Two helium-3 atoms form beryllium-6, which is unstable. Beryllium-6 decays 

into two helium-4 atoms. These reactions produce high energy particles (protons, 

electrons, neutrinos, positrons) and radiation (light, gamma rays) 

 Deuterium-deuterium reactions - Two deuterium atoms form a helium-3 atom and 

a neutron. 

 Deuterium-tritium reactions - One atom of deuterium and one atom of tritium 

combine to form a helium-4 atom and a neutron. Most of energy released is in the 

form of high-energy neutron. 

Conceptually, use of harnessing nuclear fusion in a reactor is not difficult. But it was 

extremely hard for scientist to find a way to control this reaction without destruction. To 

understand why, we have to look at the necessary conditions for nuclear fusion. 

Fusion Reactors: Magnetic Confinement 
There are two ways to achieve the temperatures and pressures necessary for 

hydrogen fusion to take place: 

 Magnetic confinement uses magnetic and electric fields to heat and squeeze 

hydrogen plasma. The ITER project in France is using this method. 

http://science.howstuffworks.com/environmental/earth/geophysics/question232.htm
http://science.howstuffworks.com/laser.htm
http://science.howstuffworks.com/sun.htm
http://science.howstuffworks.com/star.htm
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 Inertial confinement uses laser beams or ion beams to squeeze and heat the 

hydrogen plasma. Scientists are studying this experimental approach at National 

Ignition Facility of Lawrence Livermore Laboratory in the United States. 

Let us look at magnetic confinement. This is how it will work: 

Microwaves, electricity and neutral particle beams from accelerators heat a 

stream of hydrogen gas. This heating turns gas into plasma. This plasma gets squeezed 

by super-conducting magnets, thereby allowing fusion to occur. The most efficient 

shape for the magnetic confined plasma is a donut shape (toroid). 

A reactor of this shape is called a tokamak. The ITER tokamak will be a self-

contained reactor the parts of which in various cassettes. These cassettes can be easily 

inserted and removed without having to tear down entire reactor for maintenance. 

Tokamak will have a plasma toroid with a 2-meter inner radius and a 6.2-meter outer 

radius [2]. 

The ITER Example 
The main parts of ITER tokamak reactor are: 

 Vacuum vessel - holds the plasma and keeps reaction chamber in vacuum 

 Neutral beam injector (ion cyclotron system) - injects particle beams from 

accelerator into plasma to help heat plasma to critical temperature 

 Magnetic field coils (poloidal, toroidal) - super-conducting magnets that confine, 

shape and contain the plasma using magnetic fields 

 Transformers/Central solenoid - supply electricity to magnetic field coils 

 Cooling equipment (crostat, cryopump) - cools the magnets 

 Blanket modules - made of lithium; absorbs heat and high-energy neutrons from 

fusion reaction 

 Divertors - exhaust the helium products of fusion reaction 

This is how the process will work: 

The fusion reactor will heat a stream of deuterium and tritium fuel to form high-

temperature plasma. It will squeeze plasma so that fusion can take place. The power 

needed to start fusion reaction will be approximately 70 megawatts, but the power yield 

from the reaction will be 500 megawatts and more. Fusion reaction will last from 300 to 

500 seconds. (Eventually, there will be sustained fusion reaction.) The lithium blankets 

outside plasma reaction chamber will absorb high-energy neutrons from fusion reaction 

to make more tritium fuel. The blankets will also be heated by neutrons. Heat will be 

transferred by a water-cooling loop to a heat exchanger to make steam. The steam will 

drive electrical turbines to produce electricity. The steam will be condensed back into 

water to absorb more heat from reactor in the heat exchanger. 

Initially, ITER tokamak will test feasibility of a sustained fusion reactor and 

eventually will become a test fusion power plant [2]. 

Fusion Reactors: Inertial Confinement 

The National Ignition Facility (NIF) at Lawrence Livermore Laboratory is exp-

erimenting by use of laser beams to induce fusion. In NIF device, 192 laser beams will 

be focused on a single point in 10-meter-diameter target chamber called a hohlraum. A 

hohlraum is "a cavity walls of which are in radiative equilibrium with radiant energy 

within cavity. 

At the focal point inside target chamber, there will be a pea-sized pellet of 

deuterium-tritium encased in a small, plastic cylinder. Power from lasers (1.8 million 

http://www.llnl.gov/nif/
http://www.llnl.gov/nif/
http://science.howstuffworks.com/atom-smasher.htm
http://science.howstuffworks.com/electricity.htm
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joules) will heat cylinder and generate X-rays. The heat and radiation will convert pellet 

into plasma and compress it until fusion occurs. Fusion reaction will be short, about 

one-millionth of a second, but it will yield 50 to 100 times more energy than is needed 

to initiate the fusion reaction. A reactor of this type will have multiple targets that will 

be ignited in succession to generate sustained heat production. Scientists estimated that 

each target can be made for as little as $0.25, it makes fusion power plant cost efficient. 

Like in magnetic-confinement fusion reactor, heat from inertial-confinement fusion will 

be passed to a heat exchanger to make steam for producing electricity [1]. 

Applications of Fusion 
Main application for fusion is for production electricity. Nuclear fusion can pro-

vide safe, clean energy source for future generations with several advantages over 

current fission reactors: 

 Abundant fuel supply - Deuterium can be easily extracted from seawater, and 

tritium excess can be made in fusion reactor from lithium, which is easily 

available in the Earth's crust. Uranium for fission is rare, and it must be mined 

and then enriched for use in reactors. 

 Safe – amounts of fuel used for fusion are small in comparison with fission 

reactors. This is so that energy uncontrolled releases do not occur. Most fusion 

reactors make less radiation than natural background radiation we live in our 

daily life. 

 Clean – No combustion occurs in nuclear power (fission or fusion), so there is no 

air pollution. 

 Less nuclear waste – Fusion reactors will not produce high-level nuclear wastes 

like their fission counterparts, so there will be few problems. In addition, wastes 

will not comtain nuclear materials as it is the case in fission reactors. 

NASA currently investigates into developing small-scale fusion reactors for 

powering of deep-space rockets. Fusion propulsion will have unlimited fuel supply 

(hydrogen), that will be more efficient and will ultimately lead to faster rockets. 
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Анотація: Стаття присвячена теплонасосним технологіям отримання тепла. У результаті 

дослідження було виявлено, що теплонасосні технології отримання тепла для комунальних 

господарств дозволяють в значній мірі зберегти дороге та дефіцитне органічне паливо, 

зменшити  забрудненя навколишнього середовища, покращіти  соціальні умови життя та умови 

праці населення, а також вони мають всі шанси для багатомасштабного впровадження в 

Україні. Проблеми, пов’язані з специфікою практичного використання теплонасосних 

технологій, вельми актуальні зараз. 

Ключові слова: ефективність, коефіцієнт корисної дії (ККД), Насоси з відкритим 

контуром, насоси зі зворотним зв’язком, отримання тепла, теплонасосні технології. 

Аннотация: В статье идет речь о теплонаносных технологиях получения тепла. 

Результаты исследования показали следующее: теплонаносные технологии производства тепла 

для коммунального хозяйства позволяют в значительной степени сохранить дорогое и 

дефицитное органическое топливо, уменьшить загрязнение окружающей среды, улучшить 

социальные условия жизни и условия работы населения, а также они имеют все шансы для 

крупномасштабного внедрения в Украине. Проблемы, связанные со спецификой практического 

применения теплонасосных технологий, весьма актуальны сейчас.  

Ключевые слова: коэффициент полезного действия (КПД), насосы с обратной связью, 

насосы с открытым контуром, получение тепла, теплонасосные технологии, эффективность. 

 

A heat pump is a device that provides heat energy from a source of heat to a 

destination called a "heat sink". Heat pumps are designed to move thermal 

energy opposite to the direction of spontaneous heat flow by absorbing heat from a cold 

space and release it to a warmer one, and vice-versa. A heat pump uses some amount of 

external power to accomplish the work of transferring energy from the heat source to the 

heat sink. Heat pumps are integral to an air conditioning system, transferring heat from 

one environment to another via a refrigerant. They can transfer heat from a cool space to 

a warm space, against the natural direction of flow, or they can enhance the natural flow 

of heat from a warm area to a cool one. Heat pumps also offer a cost-effective heating 

solution - and air source heat pumps are recognised as a renewable heat technology [2]. 

This is well documented now, but basically there are a number of heat sources used 

by heat pumps and these, in simplest terms, can be defined as air, ground and liquid.  

Air Source Heat Pumps Obtain their heat from the ambient air, using a fan unit 

located outside the building. The pump converts heat from the air into more useful 

energy through a heat exchanger similar to ground source heat pumps. Residential air 

source heat pumps can save more than 2 tonnes of carbon a year, emitting up to 20% less 

than gas boilers and up to 70% less than electric systems. As well as being used to heat in 

winter, some heat pumps can be reversed to cool in the summer, when the unit takes heat 

out of the indoor air and releases it outside. Water Source Heat Pumps. Water source heat 

pumps are much rarer. These pumps can be both open-loop or closed-loop, utilising the 

heat from a pond, lake, river, stream, or other body of water to provide heating for nearby 

homes. 

In these types of pumps, the water is drawn into the pump's heat exchanger, where 

the heat is extracted and the water is returned to the source. 

When used in relatively shallow waters they can be subject to seasonal temperature 

fluctuations and may suffer a loss of efficiency during cold weather [3]. 

A geothermal heat pump or ground source heat pump (GSHP) uses the earth as a 

heat source (in the winter) or a heat sink (in the summer). This design takes advantage of 

the moderate temperatures in the ground to boost efficiency and reduce the operational 

costs of heating and cooling systems, and may be combined with solar heating to form a 

http://en.wikipedia.org/wiki/Thermal_energy
http://en.wikipedia.org/wiki/Thermal_energy
http://en.wikipedia.org/wiki/Heat_sink
http://en.wikipedia.org/wiki/Solar_heating
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geosolar system with even greater efficiency. Ground source heat pumps harvest heat 

absorbed at the Earth's surface from solar energy. The temperature in the ground below 6 

metres (20 ft) is roughly equal to the mean annual air temperature at that latitude at the 

surface [5]. 

Open-Loop GSHP. With сoefficients of performance (CoPs) of up to 5.0, open-

loop GSHPs offer an environmentally friendly source of heating with significantly lower 

running costs than a conventional heating system. As underground water temperatures 

remain constant throughout the year, an open-loop system can maintain high efficiency 

all year. 

Open-loop systems remove heat from ground water, usually abstracted via a 

borehole into an aquifer. The water is then pumped through the heat pump where the 

exchanger takes the low grade heat from the fluid and concentrates it to a higher 

temperature, cooling the borehole water from approximately 110°C to 5°C. This heat is 

then raised in temperature and delivered to the domestic hot water system and/or the 

space heating system. The water is then returned to the ground where it immediately 

begins to regain heat from the earth. 

These systems are considered ‘non-consumptive’ when the same volume of water 

is returned to the same aquifer from which it was extracted. Occasionally the water is 

used for other purposes, for example it can be filtered for domestic consumption before 

being discharged or used for garden irrigation and other ‘grey water’ uses. In such cases 

it is classified as ‘consumptive’. On this basis open-loop systems should only be installed 

in areas where there is sufficient groundwater available. 

Closed-Loop GSHP. Similar to open-loop systems, closed-loop GSHPs obtain 

their heat energy through pipes buried in the ground. However instead of circulating 

ground water, these schemes consist of a closed pipe system filled with thermal transfer 

fluid in the form of an anti-freeze solution. The fluid absorbs heat from the ground 

which is then passed through the heat exchanger as it travels around the pipe. A key 

benefit of these systems is that they can be installed virtually anywhere. 

The geothermal pump systems reach fairly high сoefficient of 

performance (CoP), 3-6, on the coldest of winter nights, compared to 1.75-2.5 for air-

source heat pumps on cool days.
 
Ground source heat pumps (GSHPs) are among the 

most energy efficient technologies for providing HVAC and water heating [6]. Actual 

CoP of a geothermal system which includes the power required to circulate the fluid 

through the underground tubes can be lower than 2.5. The setup costs are higher than 

for conventional systems, but the difference is usually returned in energy savings in 3 to 

10 years. System life is estimated at 25 years for inside components and 50+ years for 

the ground loop. Heat pump technologies of heat production for municipal services 

successfully applied in the world allow saving substantially expensive and scarce 

organic fuel, reducing pollution of the environment, improving social conditions of life 

and work of population and have all opportunities for large-scale introduction in 

Ukraine. However, taking into account that Ukraine has no domestic manufacture of 

heat pump equipment available to modern world requirements, it practically has no its 

own investigations in optimal design and selection of efficient operating regimes. 

Problems connected with peculiarities of practical introduction of heat pump 

technologies are of current importance [1]. 

 

http://en.wikipedia.org/wiki/Geosolar
http://en.wikipedia.org/wiki/Coefficient_of_performance
http://en.wikipedia.org/wiki/Coefficient_of_performance
http://en.wikipedia.org/wiki/Coefficient_of_performance
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http://en.wikipedia.org/wiki/Water_heating
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BALL LIGHTNING 
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Summary: The article is devoted to the study of ball lightning. The phenomena of fireballs 

formation phenomena during thunderstorms attract attention by their mystery. While describing this 

phenomenon, researchers have to rely only on eyewitness accounts and photos. Many of hypotheses 

nature were created. To understand this phenomenon a few of them is considered in the article 

Key words: ball lightning, observations, cluster theory, plasma, ions, radio-waves. 

Анотація: Стаття присвячена проблемі дослідження кульової блискавки. Явищa 

утворювання вогняних куль під час грози привертають до себе увагу своєю загадковістю. При 

описі цього феномена дослідники змушені покладатися лише на свідчення очевидців і 

фотографії. Для того, щоб зрозуміти природу цього явища було створено безліч гіпотез. У цій 

статті розглядається декілька з них. 

Ключові слова: блискавка, іони кульова, кластерна теорія, плазма, радіохвилі, 

спостереження. 

Аннотация: Статья посвящена проблеме исследования шаровой молнии. Явления 

образования огненных шаров во время грозы привлекают к себе внимание своей 

загадочностью. При описании этого феномена исследователи вынуждены полагаться лишь на 

свидетельства очевидцев и фотографии. Для того чтобы понять природу этого явления было 

создано множество гипотез. В этой статье рассматривается несколько из них. 

Ключевые слова: шаровая молния, наблюдения, кластерная теория, плазма, ионы, 

радиоволны. 

 

Ball lightning is not like a normal (linear) lightning it is either form or how it 

behaves. Normal lightning is transient; ball lightning acts ten seconds or more. Normal 

lightning is accompanied by thunder, ball lightning is almost silent, there are a lot of 

phenomena in its behavior. 

Ball lightning gives us a lot of mysteries, questions which have no answers. The 

only method of studying ball lightning is random observations analysis. 

The most reliable information about ball lightning (BL) as to results of 

observations analysis are the following: 

 BL is spherical object with a diameter 5–30 cm. BL form varies slightly, taking 

pear-shaped or flattened spherical shape. Very rarely BL was observed in torus shape. 

http://www.insolar.com.ua/library/articles/analiz/
http://www.daikin.co.uk/about-daikin/leading-technologies/heat-pump/
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 BL sparkles in orange colour, there were cases of violet colour. Brightness and 

luminescence character are similar to red-hot glowing charcoal. On the background of 

uniform emitting there arise and move more bright illuminated areas. 

 BL lifetime is from a few seconds to ten minutes. BL existence ends with its 

disappearance, sometimes accompanied by explosion or a bright flash that can cause 

fire. 

 BL is usually observed during a thunderstorm with rain, but there is some 

evidence of BL observation in a thunderstorm without rain. Were cases of BL 

observation over water bodies at a considerable distance from the shore or other objects. 

 BL floats in the air and moves with air currents, but it can make "weird" active 

movement, which clearly do not coincide with air movement. While collision with 

surrounding objects BL rebounds as a little pumped balloon or ends its existence. 

 In contact with steel objects BL breaks down, while there is a bright, lasting a 

few seconds, flash, followed by emitted luminous fragments. Steel objects in the 

subsequent view are slightly fused. 

 BL sometimes penetrates into a room through a closed window. Majority of 

witnesses describe a penetration process as transfusion through a small hole. 

 While brief touch of BL with human skin one can record non-significant burns. 

When touches ended flash or explosion, were recorded severe burns, and even death. 

 Significant change in BL size and brightness during the observation were not 

marked. 

Let us formulate main conclusions that can be drawn from observations analysis: 

 Ball lightning density is almost the same as air density, and usually only 

exceeds it slightly. 

 Ball lightning is committed to go down, the difference between the gravity force 

and buoyancy force compensate atmospheric electric field force which affects BL. 

 Temperature of ball lightning (not counting "bang" time) achieves several 

hundred degrees (supposedly 500–600 K). 

 Ball lightning substance is a conductor with low work function of charges and 

therefore has the property of easy electrical charges dissipation accumulated in other 

conductors. 

 Energy stored in BL can range from a few to several tens of kilojoules, in some 

cases (especially in larger BL sizes), possibly up to a hundred kilojoules. 

 Most parts of ball lightnings (approximately 60%) emits visible light related to 

spectrum red end (red, orange or yellow). Approximately 15% of the ball lightnings 

emits light in short-wave spectrum part (blue, indigo, purple, green).Approximately 

25% of the ball lightnings are white [1, 2]. 

All hypotheses concerning physical nature of ball lightning can be divided into 

two groups. One group consists of hypotheses according to which ball lightning 

continuously receives energy from outside. It is assumed that lightning somehow gets 

energy stored in clouds, and heat in a channel is slight, so that entire energy 

concentrates in the ball lightning centre, causing it glow. Another group consists of 

hypotheses according to which BL is self-existing entity. This object consists of some 

material tgere are processes which lead to resulting energy release. 
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Among the first group hypotheses, we note hypothesis, which academician 

Kapitsa proposed in 1965. He estimated that BL’s own energy reserves should be 

sufficient for its existence during several seconds. In nature it exists much longer and it 

often ends with explosion. There was a question where energy comes from? Search 

solution led Kapitsa to conclusion that "if do not exist in nature energy sources, 

unknown to us yet, on the basis of energy conservation law we have to accept that while 

glowing time there is applied continuously energy to BL, and we have to look for a 

source out of ball lightning." Kapitsa showed theoretically that ball lightning is a high-

temperature plasma, which exists for a long time due to resonant absorption or intensive 

energy supply in the form of radio-wave. He suggested that artificial ball lightning can 

be created using a powerful radio-waves stream which is focused into a limited space 

area (if BL`s diameter is approximately 35-70 cm) [3]. 

But despite many attractive parts of this hypothesis, it still seems untenable: it 

does not explain ball lightning movement nature, its behavior dependence from air flow. 

In this hypothesis it is difficult to explain well clear lightning surface being observed. 

Explosion such BL should not be accompanied by energy release and loud bang. 

Most scientists prefer hypotheses of the second group. This group includes cluster 

theory created by professor I. P. Stahanov. According to this theory, ball lightning 

consists of positive and negative ions. Ions form by discharge energy of usual linear 

lightning. Energy, which was spent on ions formation determines ball lightning energy 

amount. It is released during ions recombination. Due to electrostatic forces, which act 

between ions, volume filled with ions will have surface tension that defines ball 

lightning stable form. 

Stahanov based on the fact that lightning consists of matter in plasma state. 

Plasma is similar to gaseous state with one difference only: matter molecules in plasma 

are ionized, that is they lost (or gained) electrons, and ceased to be neutral. This means 

that molecules can interact not only during collisions, but at a distance by means of 

electrical forces. 

Opposite charged particles are attracted. Therefore, molecules in plasma tend to 

regain a lost charge by recombination with torn off electrons. But after recombination 

plasma becomes usual gas. We can sustain plasma life only as long as something 

prevents recombination – usually it is very high temperature [4, 5]. 

If ball lightning is plasma, then it must be hot. Plasma models supporters believed 

so before Stahanov. And he noticed that there is another possibility. Ions can draw to 

themselves ordinary neutral water molecules and surround themselves with "water" 

capsule, which closes excess electrons inside and does not give them possibility to 

reunite with ions. This is possible because a water molecule has two poles: a positive 

and a negative one, which ion "grasps" depending on it charge to attract a molecule to 

itself. Thus, extremely high temperatures are not necessary and plasma can be "cold", 

approximately 200-300°. An ion surrounded by a water capsule is called a cluster, so 

professor Stahanov’s hypothesis got the title a cluster hypothesis. 

Opposite to other hypotheses, this one stands comparison with thousands of 

observation results and explains a lot of them satisfactorily. 

There are a lot of different hypotheses about BL nature, but only two theories 

were discussed in this article. None of current existing hypotheses is perfect, each 

theory its own drawbacks. Therefore, although nature fundamental laws of BL are 
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understood, the problem cannot be considered a solved – there are a lot of secrets and 

mysteries, and there is no specific way to create BL in a laboratory. 

 

References 

1. Сингер С. Природа шаровой молнии / С. Сингер; с англ. перевели П. С. Гурова, 

В. В. Рыбина. – М. : Мир, 1973. – 238 с. 2. Стаханов И. П. О физической природе 

шаровой молнии / И. П. Стаханов. – М. : Энергоатомиздат, 1985. – 208 с. 3. 

Тарасов Л. В. Физика в природе / Л. В. Тарасов. – М. : Просвещение, 1988. – 352 с. 

4. Остапенко В. Шаровая молния – сгусток холодной плазмы / В. Остапенко // 

Техника-молодежи. – №884 – 2007. – С. 16-19. 

 

УДК 519.683.8: 004.424 

THE NEED TO CREATE A UNIFIED INFORMATION SPACE ON THE 

INTERNET FOR TRANSPORT ORGANIZATIONS OF DIFFERENT 

DIRECTIONS 

Prokhorov S.L. (Kharkiv)  

Language supervisor: Khorunjaya L.A. 
Summary: The need to build a united information space for transport organizations as a web-

application is considered in this article. 
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Анотація: Розглядається необхідність побудови єдиного інформаційного простору для 

транспортних організацій у вигляді веб-застосунку. 
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пространства для транспортных организаций в виде интернет-приложения. 
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транспортная организация. 

 

The creation of a united information space for transport organizations (TO) is one 

of the areas of improving the efficiency and quality of transport services and in 

international communication and cooperation. Also, for internal corporate decisions 

where colleagues can share information, work together, teach reports and photos, and 

keep track of everything that happens in certain projects or departments.  

United information space (UIS) – is an aggregate of databases and data banks, 

technology maintenance and their usage information systems and telecommunications 

networks that operate on the basis of common principles and general rules, providing 

information interaction of organizations and individuals as well as satisfaction of their 

information needs. In other words, a united information space consists of the following 

main components:  

– information resources that contain data, information and knowledge fixed to the 

principal components;  

– organizational structure for the operation and development of UIS, including 

the collection, processing, storage, distribution, retrieval and transfer of information;  

– means of information interaction of individuals and organizations that provide 

them an access to information resources on the basis of relevant information 

technology, including software and hardware organizational regulations.  



 150 

Organizational structures and means of information interaction form information 

infrastructure. Information infrastructure is a complex of the program – technical means 

of organizational systems and regulatory frameworks that ensure the organization of 

interaction of information flow, operation and development of the means of information 

interactions and information space of a country or organization [1].  

Effective development organizations and their competitiveness at present are 

possible only if an advanced information infrastructure is available.  

A major aspect of the lack of information infrastructure is a threat to information 

security of company.  

UIS for different systems may differ significantly. Some systems can be 

characterized, in particular by the following parameters: 

– types of information resources that can exchange objects system (text, image, 

information, databases, software, audio and video information, etc.); 

– the number of objects that interact in the system information; 

– territory in which objects are covered by UIS (the world, the territory of the 

country region, area, city); 

– rules for the exchanging of information resources between objects (exchanging 

of " client-server ", " point-point ");  

– exchange speed of information resources between objects; 

– channel types of information resources exchange between objects. 

A research of information space TO, namely, information content and 

information exchange between customers and employees is presented in this article 

(such web-applications as Yammer from Microsoft, Jive Software on Facebook, 

Connections from IBM, etc.). Yammer, designed for employees who can share files and 

knowledge were investigated [1]. 

Existing examples of common information space TO solve various issues:  

– continuous monitoring of moving objects (MO) on the relevant routes and 

making decisions about their redistribution;  

– creation of a sequence of interrelated automotive telematics systems;  

– registration and data about the location of RB;  

– increasing services provided by the carrier;  

– improvement of the quality of services to international;  

– development of training time, support and delivery of the road consignee;  

– implementation of automatic control of model vehicles and cargo units;  

– automatically check of the possibility and timing of sending / delivery of goods 

by analyzing the available information on the rapidly emerging traffic conditions on the 

route of delivery and the provision of existing vehicles to load;  

– continuous training of staff at all levels of international logistics systems for the 

electronic exchange of business games and business information using primarily 

distance learning methods. 

But that's not all the problems to be solved. The problem of studying the process 

of creating UIS maintenance is not investigated clearly. So far the general 

methodological approaches and, practical techniques for their organization has not been 

produced. 

After obtaining baseline data a problem – the necessity of UIS maintenance TO – 

has been defined. For this problem the software platform for the construction of UIS 
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maintenance will be designed. It can be implemented as one or a combination of several 

modes of transport. 

This system provides customers, who will use the services of maintenance for this 

type of transport, become permanent. It can be separated from the main site, where most 

services are provided. It also focuses on how clients communicate with representatives 

of maintenance and other clients. 

Using this platform the following, at first glance not so important tasks, can be 

achieved:  

– facilitation of dialogue with customers;  

– obtaining of reference for information customers;  

– all customers of transportation system can serve as a source of information on 

relevant traffic;  

– resource road users are integrated into a UIS; 

– a user’s data of transport system for monitoring their needs and interest will 

exist;  

– there will be a list of what is missing on a particular type of transport or your 

own website – the application;  

– feedback client – passenger TO; 

– customers and employees can be a source of creativity, innovation and new 

ideas to promote maintenance; 

– fast cooperation in maintenance due to a synergistic effect; 

– the Directors will be able to see who is the busier over the web – application.  

Visiting the site maintenance, the client may not find the information he needs. 

The proposed platform gives customers an opportunity to communicate with other users 

of this platform. The customer can find essential information during communication 

with them. This system looks like a user-friendly (providing information and services in 

a customer-friendly manner) [1]. 

The current level of information and communication technologies involves the 

formation of a common information space and the existence of certain human activities 

as well as a whole society. The elements of this space are the areas of information 

resources, the contribution of individuals, combined with community and global service 

and organizational structure of the space of the Internet. 

Information space will be effective if it becomes open to the public, which in turn 

will enable to implement the agreed interests of citizens, society and the state in a 

comprehensive and systematic way. Effective information space can be created and 

begin to develop on the basis of the relevant state information policy that will ensure the 

country's gradual movement towards building an information society. This movement 

should be based on the latest information, computer and telecommunication 

technologies and communication technologies, the development of which leads to the 

rapid development of open information networks, especially the Internet, giving up 

entirely new possibilities for international exchange of information and its 

transformation from a variety of human activities. 
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Summary: The main idea of the article is to present Pascal’s triangle. It deals with the properties 

and the history of the Pascal’s triangle. The article provides us with the information on the structure of 

the triangle, the regularity of the numbers in it, the triangle’s connection with combinatorics, 

probability, binomial coefficients and Fibonacci sequence. 
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Аннотация: Основная идея статьи заключается в представлении треугольника Паскаля. 

Рассмотрены свойства данного треугольника и немного истории. Статья дает нам информацию 

об устройстве треугольника Паскаля, закономерности его чисел, связи треугольника Паскаля с 

комбинаторикой, теорией вероятности, биномиальными коэффициентами и 

последовательностью Фибоначчи. 
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Анотація: Основна ідея статті полягає в поданні трикутника Паскаля. Розглянуто 

властивості даного трикутника і трохи історії. Стаття дає нам інформацію про пристрій 

трикутника Паскаля, закономірності його чисел, зв'язку трикутника Паскаля з комбінаторикою, 

теорією ймовірності, біноміальними коефіцієнтами і послідовністю Фібоначчі. 

Ключові слова: біноміальний коефіцієнт, властивості трикутника Паскаля, 

комбінаторика, послідовність Фібоначчі, теорія ймовірності. 

  

In fact, Pascal's triangle was known long before 1653 – the date of the release of 

"A Treatise on the Arithmetic Triangle." So, this triangle is reproduced on the front 

page of the arithmetic textbook, written in the early XVI by Peter Apian, the astronomer 

of Ingoltstadtskiy University. The triangle is depicted on the illustrations in the book of 

a Chinese mathematician, released in 1303. Omar Khayyam, who was not only a 

philosopher and a poet, but also a mathematician, knew about the existence of a triangle 

around 1100, in turn, borrowed it from earlier Chinese or Indian sources. 

Martin Gardner wrote in his book "Mathematical novella" in 1974:" Pascal's 

Triangle is so simple that it can be even written by a preteen. At the same time, it keeps 

inexhaustible treasures and it binds together various aspects of mathematics having 

nothing in common between each other. These unusual properties allow to consider 

Pascal's triangle to be one of the most elegant patterns in the whole mathematics" [1, p. 

456]. 

The following words explain the structure of Pascal's triangle: each number is the 

sum of the two numbers above it. Everything is absolutely simple, but how many 

mysteries are hidden in it. 

At the apex of the triangle 1 is. The triangle can be continued infinitely. It is 

symmetrical about a vertical axis passing through the apex. Along the diagonals (as far 

as a triangle can have diagonals, but let's not quibble, such terminology is found in 

publications), parallel to the sides of the triangle (marked with green lines on the 

https://www.fas.org/spp/eprint/essaywin.htm
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picture) triangular numbers and their generalizations are arranged for the case of spaces 

of all dimensions [3]. 

Triangular numbers in the most ordinary and usual form for us show how tangent 

circles can be arranged in a triangle as a classic example of the initial arrangement of 

the balls in billiards. Two coins can be leaned to one coin – three in total, to two coins 

we can lean three – six in total. Continuing to increase the series retaining triangle shape 

we will obtain the following row 1, 3, 6, 10, 15, 21, 28, 36, 45, 55, 66, ... , which the 

second green line illustrates. This remarkable series each term of which is the sum of 

natural numbers (55 = 1 +2 +3 +4 +5 +6 +7 +8 +9 +10), also contains many 

acquaintances, well known to fans of mathematics: 6 and 28 – perfect numbers, 36 – 

square number, 8 and 21 – Fibonacci numbers. 

The next green line shows us tetrahedral numbers – we can put one ball on the 

three ones - a total of four, then we can put six balls under these three ones - a total of 

ten, and so on. 

And the next green line (1 , 5, 15 , 35, ... ) shows an attempt of putting 

hypertetrahedron in four-dimensional space – one ball for the four, and they, in turn, for 

the ten ... In our world, it is not possible, only in virtual four-dimensional. And the five-

dimensional tetrahedron, as evidenced by the next green line, can only exist in the 

reasoning of topologists. 

And what the uppermost green line tells us about, on which the natural numbers 

are located? These are also triangular numbers, but one-dimensional, showing how 

many balls can be laid along the line – how many we have and so many we can place. If 

we go to the end, the top row of 1 – is also a triangular number in the zero-dimensional 

space – no matter how many balls we take – we will not be able to place more than one, 

as there is no place at all – either length, width or height [2, p. 101-102]. 

Even a glance at Pascal's triangle is sufficient to note the following interesting 

facts: 10 cores can be put both in the form of a tetrahedron and a flat triangle. 56 

hypercores forming a tetrahedron in five-dimensional space can be placed in the usual 

three-dimensional regular tetrahedron. However, if we try a triangle to lay out of 56 

cores, then one core would remain extra. 

Here is a couple of interesting facts of Pascal's triangle. To find the sum of 

numbers on the diagonal from the beginning to any places interesting for us, just look at 

the number located below and to the left of the last term (left for the right diagonal, right 

for the left diagonal, but in general – closer to the middle of the triangle). For example, 

suppose we want to calculate the sum of natural numbers from 1 to 9. "Going down" the 

diagonal up to number 9, we will see number 45 left on the bottom of it. It gives the 

sum sought. What does the sum of the first eight triangular numbers equal? We seek the 

eighth number on the second diagonal and move down and to the left. The answer is 

120. But, by the way, 120 is a tetrahedral number. Therefore, taking all the balls, which 

the first 8 triangles are composed of, we could get the tetrahedron. Try it with cherries 

or apples of the same size, but do not try to go with them into the fourth dimension, they 

can disappear [3]. 

The sum of the numbers standing along red diagonals forms the well-known 

Fibonacci sequence. In general, a number indicating the number of ways to select n 

elements of the set containing r different elements stands at the intersection of the n-th 

diagonal and the r- th row. The number of possible combinations of n elements by m is 
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defined by the formula , where n! = 1 * 2 * 3 * 4 * .... * n, called a factorial of n. A 

value of the binomial coefficients are defined by the formula, where they have been 

found to be rows of the Pascal's triangle, connecting this triangle with combinatorics 

and the binomial expansion in powers, that is beyond comprehension [2, p. 102-103]. 

Incidentally, from the formula of the combinations it follows that the number of 

variants of choice three out of seven equals the number of variants of choice four out of 

seven, or the number of variants of filling 5 out of 36 Sportlotto cards equals the 

number of variants of choice 31 out of 36.  

Connection between combinatorics and probability theory will become clear 

when we consider eight possible outcomes of throwing three coins: HHH, HHT, HTH, 

THH, HTT, THT, TTH and TTT. It is easy to see that three heads fall only in one case, 

two heads - in three cases, one head - in three cases, and no heads - in one case. 

Numbers of favorable tests for 3, 2, 1 and 0 heads are 1, 3, 3, 1. These numbers are in 

the third row of Pascal's triangle. Suppose now that we want to know the probability of 

getting exactly 5 heads while throwing 10 coins. First of all, we need to calculate the 

number of different ways to choose 5 of 10 coins. We get the answer, finding the 

number located at the intersection of the 5th diagonal and the 10th line. It equals 252. 

Adding all the numbers in the 10th line, we find a number of possible outcomes, the 

calculations can be greatly reduced if we use the following property of binomial 

coefficients: the sum of the coefficients of the binomial (x + y )
n
, and the very they in 

the n- th row of the Pascal’s triangle, equals 2n. Indeed, the sum of numbers in any row 

of the triangle doubles the amount of numbers, standing in the previous line, as when 

constructing each line the numbers on the previous line are written twice. The sum of 

numbers in the first (uppermost) line equals 1. Therefore, the sums of the numbers, 

standing in rows of Pascal's triangle, form a geometric progression with the first term 

equal to 1, and the ratio 2: 1, 2, 4, 8, ... . The tenth power of 2 is 1024. Therefore, the 

probability of five heads in the throwing of ten coins equals 10252/1024 = 63/256. 

Now we go to not less interesting and surprising property of the Pascal's triangle. 

Let’s replace each number in Pascal's triangle by a point. Moreover, the odd points will 

be derived with a contrasting color, and even with transparent or background color. The 

result will be unpredictable surprising: Pascal's triangle is broken into smaller triangles, 

forming fine pattern. These patterns keep a lot of surprises. As we go farther from the 

top we will see the triangles of increasing sizes, without any single fat point, that is 

"compiled" from mere even numbers. By the top of Pascal's triangle the triangle 

consisting of a single point is "hiding". Then triangles containing 6, 28, 120, 496, ... 

points follow. Three of these numbers - 6, 28 and 496 - are known as perfect numbers, 

as each of them is equal to the sum of all its divisors different from the number itself. 

For example, 6 = 1 +2 +3. It’s unknown, whether there are infinitely many perfect 

numbers, as well as whether there is at least one odd perfect number. 

Further we try to check not parity, but the remainder of the division by other 

numbers, and each time we wonder revealing new types of the triangle. After playing 

for some time with the triangle, we note that when specifying the number, the division 

by which we check, a simple number, beautiful ornaments with pronounced regularity 

are obtained, but when dividing by a composite number the ornament crumbles, 

keeping, however, symmetry and regularity in pattern alternation. Moreover, the more 

divisors checked number has (for example, 12 is divided on by 2, 3, 4 and 6), the more 
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"blurred" pattern is obtained. Consider the triangle built "on" number 7, that is, the 

numbers are not divisible by 7 without a remainder, are painted with black, divisible – 

white, and see the patterns. 

And the last question, associated with both Pascal's triangle and chess. What is 

the sum of all numbers being above any row equal to? From the top these sums equal 1, 

3, 7, 15, 31, ... It is not necessary to have a great imagination to see a simple rule: the 

sum of all the numbers for n series is 2 
n 

–1. And what about the chess? According to a 

well-known legend the raja promised a chess creator any reward that he would wish. 

When the first chessplayer asked to put on the first square of the board one grain of 

wheat, on the second – two, on the third – four, and so on, continuing to double until the 

64th square, at first the raja even was offended by a very small award to have been 

asked. When his storekeepers estimated the asking amount, this grain appeared to be 

able to fill the whole ground up to knee, it is much more than it was and will be 

collected in all crops of humanity. The number of grains would lay on each square of 

the board equal to the sum of the numbers in the corresponding row of Pascal's triangle, 

and the sum of all the grains on the first n cells would equal the sum of numbers on 

these n lines of this magic triangle [3]. 
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Summary:   There were classic examples of locus – perpendicular bisector, bisector and 

parabola – considered in this paper. The locus equidistant from two segments and from two triangles 

were found. They  are presented as lines that consist of segments of lines, rays and segments of 

parabolas. 

Key words:   Locus, perpendicular bisector, bisector, parabola, hyperbola. 

Анотація: У даній роботі розглянуті класичні приклади ГМТ – серединний 

перпендикуляр, бісектриса та парабола. Знайдені ГМТ, рівновіддалених від двох відрізків та 

двох трикутників. Вони представлені як лінії, що складаються з відрізків прямих, променів та 

дуг парабол. 

Ключові слова:  Геометричне місце точок, серединний перпендикуляр, бісектриса, 

парабола, гіпербола. 

Аннотация: В данной работе рассмотрены классические примеры ГМТ – серединный 

перпендикуляр, биссектриса и парабола. Найдены ГМТ, равноудаленных от двух отрезков и от 

двух треугольников. Они представлены линиями, состоящими из отрезков прямых, лучей и дуг 

парабол. 

Ключевые слова: Геометрическое место точек, серединный перпендикуляр, 

биссектриса, парабола, гипербола. 

 

Problems of finding of locus equidistant from the geometric figures appeared in 

the works of ancient Greeks. We know from the "Elements" of Euclid, that the 
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perpendicular bisector is the locus equidistant from two given points, and the bisector of 

the angle is the locus equidistant from the sides of the angle. 

Corresponding results for more complex shapes are little-known or even 

unknown. The purpose of this article is to find the locus equidistant from different 

geometric shapes. 

One of the main ways to specify the figures in the plane is to set the property that 

satisfies the points of this figure. Let’s recall the definition of a circle. Circle is called a 

geometrical figure consisting of all points in the plane, far from the given point at a 

given distance. The property here is the constant distance from the given point. 

Figures consisting of all points satisfying a specified property, got a special name: 

"locus". Thus, the locus is a figure consisting of all points that satisfy the given property 

or some given properties. Let’s consider some classic locus.  

Theorem 1.1. The perpendicular bisector to the line’s segment is the locus 

equidistant from the ends of the segment [1, p. 61]. 

 
Theorem 1.2. The angle’s bisector is the locus of points lying within the given 

angle and equally distant from its sides [2, p. 3]. 

Problem 1. Find a point on the line that is equally distant from two given points. 

Solution. Let c be the given line, A and B be the given points. The locus of points 

equally distant from the point A and B is the perpendicular bisector of AB. If the 

perpendicular bisector intersects the line c, then the point of intersection is the sought 

point. If they do not intersect, then there is no solution [3, p.1]. 

  
 

Problem 2. Find the points equidistant from the sides of the given triangle. 

Solution. Let’s consider the ABC triangle. Point D of the triangle is equidistant 

from AB and BC, if it belongs to the bisector of the A angle. Similarly, point D of the 

triangle ABC is equidistant from AB and BC, if it belongs to the bisector of the B angle. 
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Thus, the point equally distant from AB, AC and BC is to be the point of intersection of 

the bisectors of the angles A and B of the triangle ABC. 

Note, that since this point is equidistant from AC and BC, it belongs to the 

bisector of the angle C. Hence, all three bisectors of the triangle intersect at one point 

[3, p. 1]. 

Here is an example of another classic locus: 

Theorem 2. The locus equidistant from a given line (directrix) and a given point 

(the focus) is a parabola [4, p.2]. 

 

This is a parabola with vertex at 
( ;0)
2

a

. 

Consider a few more locus: 

Theorem 3.1(a). The locus equidistant from the circle and the point lying outside 

of it is a hyperbole. 

 
Theorem 3.1(b). The locus of points equidistant from the circle and the point 

lying inside of it is an ellipse. 
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Theorem 3.2. The locus equidistant from the circle and the line, that does not 

intersect the circle, is a parabola. 

 
Theorem 3.3. The locus equidistant from two not crossing circles of different 

radius is a hyperbole. 

 
 

And now, when we have necessary data, we can find the locus equidistant from 

two polygons, let’s find the locus equidistant from two segments (AB and CD): 

It is a line composed of line segments, rays and also segments of parabolas. 
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In the beginning of the building we draw the perpendiculars to the given 

segments at points A, B, C, D. Then we construct the bisector of the angle, formed by 

the segments AB and CD. And then we build the perpendicular to AC and BD 

segments. 

M2 point is the intersection point of the perpendicular bisector to AC line and the 

perpendicular drawn from A point to AB segment. 

M3 point is the point of intersection of the perpendicular drawn from C point to 

CD segment and the bisector of the angle formed of the given segments (AB and CD). 

M4 point is the point of intersection of the perpendicular drawn from B point to 

AB segment and bisector of the angle formed of the given segments (AB and CD). 

M5 point is the intersection point of the perpendicular bisector to BD line and the 

perpendicular drawn from D point to CD segment. 

Based on these results, we show that the locus equidistant from two triangles, that 

do not intersect, is also a line composed of line segments, rays and parabolas: 
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Thus, we considered locus equidistant from circles, lines and polygons and it was 

proved that these curves are either second order curves (parabola, hyperbola, ellipse), or 

lines, but in general it is the curve which is a combination of rays, segments and parts of 

parabolas. 

The results of this paper can be used both in the geometry, and applied issues 

related to the coastal shelf sectioning and optimizing of the textile cutting process. 
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Аннотация: В статье рассматриваются федеральные и государственные 

автомобильные мосты в Соединенных Штатах Америки, круг современных проблем в сфере 

обслуживания, проверки, реконструкции и замены инфраструктуры автомобильных мостов 

страны, а также реагирования на чрезвычайные ситуации и роли в этом специализированных 

департаментов Министерства транспорта.  

Ключевые слова: инфраструктура автомобильных мостов, Министерство 

транспорта, структурный дефицит, бюджетный контекст, расходы на ремонт автомобильных 

мостов. 

Анотація: У статті розглядаються федеральні і державні автомобільні мости в 

Сполучених Штатах Америки, різновиди та способи подолання сучасних проблем в 

обслуговуванні, перевірці, реконструкції та заміни інфраструктури автомобільних мостів 

країни, а також реагування на надзвичайні ситуації з боку Міністерства транспорту.  

Ключові слова: інфраструктура автомобільних мостів, Міністерство транспорту, 

структурний дефіцит, бюджетний контекст, витрати на ремонт автомобільних мостів. 

 

There are nearly 600,000 public road bridges in the United States, as 

documented in the National Bridge Inventory (NBI), that are subject to the National 

Bridge Inspection Standards. 1 Almost all of these bridges are owned by either state 

or local government. 48% and 51% respectively. Only 1% is owned by the federal 

government (these are primarily on federally owned land). About 40% of bridges 

serve local roads, 33% serve Interstate or other arterial highways, and 27% serve 

collectors. Interstate bridges comprise about 9% of all bridges, with about half in 

urban areas and half in rural areas. Interstate and other arterial bridges carry almost 

90% of average daily traffic (ADT). 

Federal law requires states to periodically inspect public road bridges and to 

report these findings to the Federal Highway Administration (FHWA). This 

information permits FHWA to characterize the existing condition of a bridge 

compared with one newly built and to identify those that are deficient, either 

structurally or functionally. 

If significant load-carrying elements are found to be in poor or worse condition 

due to deterioration and/or damage, or the adequacy of the waterway opening 

provided by the bridge is determined to be extremely insufficient to the point of 

causing intolerable traffic interruptions, a bridge is considered structurally deficient 

[1]. 

A bridge classified as structurally deficient is not necessarily unsafe, but may 

require the posting of a vehicle weight restriction. A functionally obsolete bridge, on 

the other hand, is one where its current geometric characteristics — deck geometry 

(such as the number and width of lanes), roadway approach alignment, and 

underclearances — are deficient compared with current design standards and traffic 

demands. A bridge can be both structurally deficient and functionally obsolete, but 

structural deficiencies take precedence. As a result, a bridge that is structurally 

deficient and functionally obsolete is classified in the FHWA NBI as structurally 

deficient. About half of structurally deficient bridges are also functionally obsolete. 

Bridges on the most heavily traveled roads, such as Interstates and other 

arterials are less likely to be classified structurally deficient than bridges on more 

lightly traveled routes. Despite the fact that traffic has grown markedly on Interstate 

and other arterials over the past decade, structural deficiencies have declined. The 

one exception to this trend is rural Interstate bridges. Every two years, the U.S. 
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Department of Transportation (DOT) assesses the condition and performance of the 

nation’s highways, bridges, and transit systems; documents current spending by all 

levels of government; and estimates future spending needs to either maintain or 

improve current conditions and performance. As with any attempt to forecast future 

conditions, there are hosts of simplifying assumptions, omissions, and data problems 

that influence the results of the estimates of future funding needs. Among other 

things, the estimates of future needs rely on a forecast of travel demands and assume 

that the most economically productive projects (i.e., projects with the highest 

benefits relative to costs) will be implemented first. Despite such uncertainties and 

assumptions, these estimates provide a way to assess the level of current spending 

compared with what will be needed in the future under different scenarios. 

The Federal Highway Administration (FHWA) is the main federal player in 

regard to the maintenance and safety of highway bridges, as well as in the emergency 

response to reestablish mobility and reconstruct bridges after a catastrophic failure. 

The National Transportation Safety Board (NTSB), however, is the entity that 

usually investigates the causes of bridge failures, and when a navigable waterway is 

involved, the Coast Guard and the Army Corps of Engineers may be involved in 

clearing and reopening the waterway [2]. 

A number of characteristics of the FHWA’s Federal-Aid Highway Program 

need tc be kept in mind during the discussion of the federal role in maintaining and 

improving the nation’s highway bridge infrastructure. To begin with, although the 

federal-aid highway program provides federal money to highways and highway 

bridges, the money itself is normally under the control of the states. The state 

departments of transportation (state DOTs), within the federal programmatic 

framework, determine, for the most part, where and on what the money is spent (but 

have to comply with detailed federal planning guidelines as part of the decision 

making process). The state DOTs let the contracts oversee the project development 

and construction process, and provide the inspection of bridges. Most of the federal-

aid highway program money provided to the state DOTs is apportioned to them 

through several large “core” formula-driven programs, including the Interstate 

Maintenance program (IM), the National Highway System (NHS), the Surface 

Transportation Program (STP), the Congestion Mitigation and Air Quality 

Improvement program (CMAQ), and the Highway Bridge Replacement and 

Rehabilitation program (HBRR). These programs were designed to meet certain 

policy goals. Over time, the state DOTs have been given increasing flexibility to shift 

funds from one program to another to help fulfill their state transportation plans. The 

HBRR is the primary source of federal funds for highway bridge replacement, 

reconstruction, and capital maintenance, but if a state wishes, it can also “flex” funds 

from other federal-aid highway programs to increase spending on bridges. States 

may also flex bridge program funds to certain non-bridge programs under certain 

conditions. 

The Federal-aid Highway program is funded from the Highway Account of the 

Highway Trust Fund (HTF). This Highway Account is experiencing financial 

difficulties and may go into deficit in FY2009. Consequently, an increase in federal 

spending for highway bridge repair would require a decrease in other highway 

spending, an increase in revenues to the trust fund (tax or fee increases), or 
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appropriations from the Treasury’s general fund [2]. 

The main federal source of funding for highway bridges is the HBP, also referred 

to as the Highway Bridge Replacement and Rehabilitation program (HBRR). The 

HBP is the primary federal program to fund the replacement or rehabilitation of 

structurally deficient or functionally obsolete bridges. The program received $4.1 

billion for FY2007. As mentioned earlier, the plans for the spending of these funds 

are under the control of the state DOTs. These funds are usually not to be spent on 

new bridges, but are available for the next issues: 

 the total replacement of a structurally deficient or functionally obsolete 

highway bridge on any public road with a new facility constructed in the same 

general traffic corridor; 

 rehabilitation to restore structural integrity of a bridge on any public road or to 

correct major safety defects; 

 replacement of certain ferryboat operations and bridges destroyed before 1965, 

low-water crossings, and bridges made obsolete by certain Corps of Engineers 

(COE) projects and not rebuilt with COE funds; 

 bridge painting, seismic retrofitting, anti-scour measures, and deicing 

applications;  

 and systematic preventative maintenance (eligibility was recently expanded to 

include such maintenance). 

 So, as you can see, states are responsible for the inspection of all public 

highway bridges within the state (except for those owned by the federal government 

or that are tribally owned). Although the state may delegate some bridge inspection 

responsibilities to smaller units of government within the state, the responsibility for 

having the inspection done in conformance with federal requirements remains with 

the state. The vast majority of inspections are done by state employees or by certifies 

inspectors employed by consultants under contract to a state DOT [3]. 

As previously noted, the NTSB must accommodate participation from other 

federal entities, including components of the Department of Transportation (DOT), 

and does so by granting these federal entities status as a party to the investigation. 

While the various entities or parties, including federal, state local, and private 

industry participants, are directly involved in the fact-gathering part of the 

investigation, the NTSB retains sole responsibility for the analysis, investigative 

findings, and determination of probable cause. 
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Анотація: Особлива увага приділяється безпеці користувачів комп'ютерів. Показано, що 

поява Інтернету призвела до нового жанру злочину, відомого як комп'ютерний злочин. 

Виявляється, що Інтернет технології надають нашу особисту інформацію всьому світу. 

Ключові слова: безпека, дані, конфіденційність, користувач, особова інформація, 

програмне забезпечення. 

Аннотация: Особое внимание уделяется безопасности пользователей компьютеров. 

Показано, что появление Интернета привело к новому жанру преступления, известного как 

компьютерное преступление. Оказывается, что интернет технологии предоставляет нашу 

личную информацию всему миру. 

Ключевые слова: безопасность, данные, конфиденциальность, личная информация, 

пользователь, программное обеспечение. 

 

The security and privacy of all computer users has been compromised by the 

advancement of computer technology. As the complexity and potential of computers, 

computer hardware, and computer software increases, so is seen a steady increase in the 

loss of privacy and security of all computer users ranging from home users and reaching 

as far as the corporate sector. As technology advances at incredible speeds, it is widely 

believed that every eighteen months technology doubles in speed, capacity, or 

efficiency, while reducing its physical size by half. Every generation knows more about 

computers than the previous and at much earlier ages. The advent of the Internet has led 

to a new generation and genre of crime known as computer crime. Such crimes include 

fraud, theft, eavesdropping, privacy infringement, etc. Many crimes of these types have 

been committed in the last fifteen years, some of which recorded losses in excess of ten 

million dollars. Huge corporations like Southern Bell, Microsoft, Motorola, and NEC 

have been the victims of computer crime, despite the precautions and safety measures 

that were in place. Such staggering facts lead to the question: if it has not already, when 

will technology go too far in enabling the invasion of society’s privacy and security? 

In modern society computers play a key role. Day by day more and more of what 

society uses, interacts with, and relies on is a computer itself or a part of a larger 

computer unseen to the human eye. Banks, traffic signals, phones, some modern cars, 

the Internet, and many others all rely on computers to manage and govern day-by-day 

operations. When logged on to the Internet, the users, in essence, expose themselves and 

their personal information to all other users of the Internet, and often become victims of 

computer crime. Fortunately, the majority of the users of the Internet is not interested in 

other people’s personal information, and is therefore not versed in acquiring such 

information, but it is that small minority that is willing and able, that safeguards need to 

be taken against. Conversely, there are also legitimate instances when the release of 

personal information is necessary and, indeed, proper. Such instances include secure 

online shopping and banking, and various organizations that block and prevent the 

viewing of sites by unauthorized users. Also, with the advent of online commerce, 

people are giving more and more of their information away, including credit card 
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numbers, social security numbers, etc. It is therefore imperative that a middle ground 

can be reached, one that allows for the most conveniences provided in the safest 

possible setting. 

A disturbing number of Web-based businesses lack effective security, and several 

major international sites have been probed and hacked. Inadequate standards and 

security fissures at sites whose servers contain sensitive data compromise privacy. 

Experts say the problem is due to managers and top officials rushing to establish a Web 

presence without considering security issues. Companies are not willing to spend time 

and capital to plan and implement secure sites. Hacking crimes intensify as the Internet 

grows and with it the enticement to hack. Western Union Financial Services Inc. had 

16,000 customers’ credit and debit card information compromised, and hackers stole 

personal data from a database belonging to Ikea International A/S. Victimized 

companies downplay the situation or blame it on someone else, but experts say they are 

not disciplined with security practices. The Internet security is not widely implemented, 

and even awareness of the technology is low [1].  

Information Systems managers have to stay vigilant to prevent clever hackers 

from breaking into their systems because criminals find cracking the latest security 

technologies a constant challenge. Encryption, firewalls, intrusion detection software, 

and authentication are all useful tools, but the ultimate responsibility for security rests 

with the user. Victims of computer crimes and attacks include prestigious and 

modernized firms such as NEC and Motorola Inc. Products to combat such attacks were 

already available at the time, but there is usually a time gap between the newest hacking 

methods and the introduction of countermeasures to combat those methods. The Internet 

is popular, but is also a serious security and privacy risk [2, p. 230-231].  

Corporations have good reason to be concerned about data theft via hacking and 

other unauthorized access activities because hacking incidents are increasing as 

companies and government agencies begin relying on vulnerable private networks and 

the Internet. A recent poll reveals that computer viruses or hackers have victimized 

nearly half of US companies. In response, most companies are installing expensive 

firewalls as the first barrier to sensitive data. Firewall software ensures that users 

attempting to access a network from an outside location have the correct password and 

are only able to see pre-determined types of data. Firewalls are not foolproof because 

users often choose obvious passwords, and new technology can be exploited to bypass 

the firewall. Some corporations are augmenting firewalls with encryption software that 

renders data unintelligible unless a party possesses the code necessary for translating the 

information [3, p. 1-4]. 

It has become easy for personal information to be distributed over the Internet to 

almost any business or individual looking for it. Only a Social Security number is 

required to retrieve credit histories, driving records, employment information, 

addresses, phone numbers, arrest records, property ownership and other public records. 

If a person’s social security number fell into the hands of a skilled hacker, that hacker 

would have access to a wide array of personal information that is otherwise restricted. 

Young & Rubicam’s Knowledge Base Marketing division has a database with profiles 

of more than 200 million people in the US. New federal regulations protect medical 

records in the US, but government health agencies have unrestricted access to the 

information for various purposes. Biometric identification such as fingerprints and iris 
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patterns will likely begin to appear in databases as more banks and financial institutions 

collect thumbprints from non-customers. DNA collection poses serious threats to 

personal privacy because of all the genetic information the samples contain. People 

should only provide their Social Security number when absolutely necessary, and 

businesses should avoid using Social Security numbers as ID codes. Paper shredders 

should be used at home and in offices, and toll-free numbers should not be used for 

sensitive calls because the receiving party can identify the calling number even with 

Caller ID blocking activated. 

The Internet technology brings the world to our PC’s, but it also delivers our 

private information to the world. The electronic commerce practice of profiling, or 

gathering information about customers, is a threat to personal privacy, even though most 

e-commerce vendors intend only to serve their customers better. Amazon.com generates 

customized lists of recommended books, CD’s, and videos based on an individual’s past 

purchases. The company’s One-Click shopping feature replaces the checkout line with a 

saved address and credit card number to promote impulse buys. When only one 

company is tracking information about a customer its profiling databases are relatively 

harmless, but once the information begins to circulate on the Internet as companies 

share databases, online retailers can create in-depth profiles about individuals. The 

information is provided voluntarily by consumers, so people should be leery of giving 

e-commerce web sites such information as their date of birth, marital status or annual 

income. They should also beware when registering new software or completing product 

warranty cards. When a person fills out an online registration card for a product 

purchased, information irrelevant to the warranty is asked for simply for the purpose of 

demographics. Many government databases with birth and death records, marriages, 

divorces, property sales, business licenses, driving records and other information are 

being put online with few security precautions [4].  

The security of personal information posted on the Internet can be a problem for 

many users. Access to different types of data has become so easy that so-called identity 

thieves can steal others’ Social Security numbers, addresses, birthdays and motor 

vehicle records without much difficulty. To protect themselves from such invasion of 

their privacy, individuals should always be aware of who they are communicating with 

and avoiding to divulge personal information on the Net. They should also evaluate the 

online privacy policies of companies, which are usually indicated in their Web sites. 

Individuals should also keep a low profile by requesting that information about them be 

removed from online directories. Other precautionary measures are protecting their 

passwords, carefully choosing what they download and write in e-mail, filtering out 

junk e-mail, remaining anonymous, avoiding fraudulent scams, and always staying 

informed. E-mail users can take measures to protect themselves and ensure their 

privacy. First, users should limit their contacts and encrypt their e-mail by obtaining an 

encryption program. The government could ultimately gain access to a user’s e-mail by 

accessing data with a copy of the encryption key. Privacy advocates say this represents 

invasion, but the government says it needs to monitor terrorists and other damaging 

organizations [5, p. 3-8].  

Encryption software and anonymous re-mailers can help users to reduce the risk 

of unauthorized access. Users can halt the transmission of cookies by deleting the file 

and replacing it with a write-protected, zero-length file that lists the same name. 
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Electronic commerce over a secured site offers protection against identity theft. Cookie 

files are used by Web sites to store information on visitors to the site. The information is 

stored on the user’s hard disk, a practice that saves storage space on the server, to 

provide personalized service when the user revisits the Web site. An online bookstore, 

for instance, can greet the user by name and offer a list of books that may be of personal 

interest, based on the information in the cookie file. Privacy issues become a concern 

when cookie files from Web sites the user has not visited start appearing on their hard 

drive. Most browsers offer security preferences that can be set to warn the user when a 

cookie file is being sent to their hard disk. The Web’s Hyper Text Transfer Protocol 

(HTTP) is supposed to prevent one site from depositing a cookie for another, but this 

rule has been circumvented because the banner advertisements included on most 

professional sites actually come from another site. Anti-cookie software is available for 

controlling the cookie files that attempt to access a hard drive [6].  

The Web is a powerful tool in education, but contains sites peddling hatred, 

violence and pornography alongside educationally valuable tools. Parents and teachers 

have a responsibility to protect children from the steamy side of the Internet. Educators 

and parents can take a number of proactive steps to reduce the problem of students 

accessing pornography on the Internet. Schools should post their policies on their Web 

sites, send them home to parents and teach them to students. Some schools require 

students to sign the Acceptable Use Policy, often before granting free Internet access. 

Standard browser and server technology can also be employed to restrict access to 

objectionable material. In order to activate programs that filter out questionable sites, 

and therefore prevent their viewing by unauthorized users, personal information is 

required. But valid instances such as this are few and far between. There exists a 

constant balance between what information is appropriate and needs to be provided, and 

that information which is private and not available to public scrutiny. Filtering software 

is a poor solution for a problem that is better solved by teachers and pupils at the 

classroom level. First, these Internet access software programs send a negative message 

to students, signaling that they are not deemed trustworthy. Secondly, such draconian 

measures ignore the simple fact that a capable teacher is able to provide the Internet 

guidance for the student in the course of administering the lesson. Another factor that is 

not weighed in the hysteria over pornography is that the typical student is not apt to 

seek access to such material in a public forum such as the classroom. Filtering programs 

also block out many valid and educational sites on the basis of certain words or topics, 

restricting the student’s research potential [7]. 

It is obvious that the Internet is here to stay. As the Internet grows and more and 

more of our everyday activities and errands become available on the Internet, so will the 

necessity for disbursement of more personal information. This, in turn, will make 

hacking, computer crime, the Internet break-ins, information theft, and security 

infiltration more widespread. Action needs to be taken to remedy this problem, and 

insure the privacy and security of all computer and the Internet users, as well as 

corporate companies and their assets. It is imperative that the safety and privacy of 

people be preserved, and the integrity of the Internet is assured for future generations. 

As the largest network in the world and a seemingly endless tool of education, 

information, amusement, management, communication, convenience, and commerce, it 

is likely that the Internet is the greatest evolution and revolution in the last 50 years. In 
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this age where almost everything you ever wanted to know about someone can be found 

on a computer, companies need to ensure that the people whose information they are 

collecting and using know what is being collected and how and why it is to be used. 

Security and privacy on the Internet is both simple and complex at the same time. 

Simple because the problem that plagues the Internet and its security is easy to identify. 

Complex because at this point in time there exists no way to solve all of the problems 

and security concerns. The world’s accessibility to the Internet makes the development 

of global standards and privacy codes difficult – but imperative.  
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1. Introduction 

The fast race of increasing the number of cars in modern cities leads to permanent 

growth of the amount of traffic. The solution of emerging challenges of effective using 

limited carrying resources of transport systems’ is based on detailed knowledge of the 

regularities specific to road traffic flows. The mathematical modeling of traffic flow is 

one of the main methods of obtaining the necessary knowledge about them [1, 4]. There 

are macroscopic, microscopic and stochastic approaches of modeling traffic flows [1]. 

Mechanisms of the traffic flows define particularities of intersections in the urban 

transport system [1, 6]. The value of the input flows and the time gaps between 

elements significantly affect intersections capacity [4, 6]. The impact of distributions of 

spaces between the elements on the probability of intersection or embed elements of one 

flow to another increases at high flow density. It is impossible to describe correctly the 

process of crossing within macroscopic direct-analogy models. Using simulation 

systems and micro-models requires a lot of input parameters, which are difficult to 

obtain. Unlike the macro models, the flows in the kinetic and the stochastic models are 

considered as a set of discrete elements [1, 4, 6].  

 In this paper, the process of intersection of the traffic flows is considered in the 

framework of the stochastic model. Using this model allows describing the most typical 

phenomena in the transformation of flows, such as the influence of the traffic headway 

distribution between the elements of input flows on the capacity. 

2. Basic processes of flow interaction 

We distinguish three processes in change of traffic flows in the interaction with 

the nodal traffic components: merging, diverging and crossing. In the general case, 

interacting with diverging the input flow is divided into k flows. Arbitrarily we 

distinguish one as the first output flow. Other flows after diverging will be considered 

as a single flow branch, which contains all the elements that are not included in the first 

output flow. The model of diverging is shown in Fig. 1a. The detailed description of the 

diverging process and the resulting relations are given by May, Adolf [6]. In the 

crossing model (Fig. 1b) two flows are distinguished: the major flow, the change of 

which can be neglected, and the minor flow (in the limit case it represents the queue of 

the elements), that crosses the major flow. The elements of the minor flow intersect the 

major flow in the presence of its free zones, forming the output flow. The model of 

merging (Fig. 1c) differs from the model of crossing because the elements of the minor 

flow integrate in the major flow, when interacting with the intersection.  

 

    

 

Fig. 1 Basic processes: a) diverging, b) crossing, c) merging. 

In his paper Daganzo [1] analyses changes of the intensity of traffic flow at 

merging and diverging the flows, but he doesn’t consider the process of flow crossing 

while simulating the behavior of the flows in the transport system [2]. The change in the 

traffic flow passing through the intersection occurs in the process of crossing [3] and it 

depends on both the intensity and the traffic headway distribution of the major flow. 
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During the application of stochastic models one will take into account [2, 5] the 

influence of traffic headway distribution on the mechanism of transformation flows, 

unlike the macro model used by Daganzo [1].  

3. Process of traffic crossing  

In this paper we consider the component class of the traffic system such as 

crossing (for example, the intersection in the traffic system). We choose the 

unsignalized intersection with two input flows with different priorities as a simple 

model of class crossings. In the crossing model we distinguish the major flow φ0, the 

change of which can be neglected when interacting with the intersection, and the minor 

flow φ1 (in the limit case it represents the queue of the elements) that crosses the major 

flow. The elements of the minor flow intersect the major flow when it has free zones 

(the element of the minor flow does not move until the distance between two sequential 

elements reaches a critical value) forming the output flow. 

Consider the limit case when the endless queue is represented in the minor flow. 

Assume that the probability density of the time gaps between the elements in the major 

flow φ0 is equal to ρ1(t), the elements of the minor flow cross the major flow, if the time 

gap between the elements in the flow φ0 becomes more than α. Only one element can 

pass through one time gap. The maximum flow of intersection in such a case is (1): 

qmax = 0



M , (1) 

with M – the mean value and   – the probability of occurrence of a sufficient time gap 

for the passage in the flow φ0. 

Analytical correlations that describe the process of changing flow at intersections 

can be obtained only for the basic processes with a simple set of rules. It is hard to 

obtain analytical correlations for more complex models. To investigate the mechanisms 

of interaction of flows defined by a large number of rules we can use computer 

simulation. 

4. Computer simulation of the traffic flow crossing process 

The system of computer simulation of crossing traffic flows was created by the 

authors of this paper by means of using the Matlab. The developed system allows 

determining the maximum intersection capacity for the cases when: 1) only one element 

can pass in one time gap, 2) more than one element can pass in one time gap. We use 

the following parameters as the input data: critical time gap that allows one element to 

pass and the distribution traffic headway. 

Using the created system of computer simulation a series of experiments were 

carried out that showed the compliance of the results of analytical calculation and those 

of computer simulation. 

5. Results 
Within the framework of the stochastic model the process of crossing traffic 

flows was investigated. 

The general relation for determining the maximum intersection capacity was 

obtained. 

The software for Monte-Carlo simulation of the process of crossing traffic flows 

within the stochastic model was developed and implemented. It is shown that the 

software is of interest as a provider of basic data for the numerical analysis of flows in 

complex transport systems. 
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M-theory, a modern physical theory, created for the purpose of unification of 

fundamental interactions, claims to be a "unified theory of everything." To describe this 

theory, one must remember the XXth century, when two key physics areas were 

discovered: relativity theory and quantum mechanics. 

Relativity theory is a theory explaining how the world works on macro level. The 

term "relativity theory" was introduced by a German physicist Max Planck. Albert 

Einstein by compiling works of Lorentz, Minkowski, Poincaré and his own ones 

calculated that «E = mc ²». The theory is divided into two parts: special relativity theory 

and general relativity theory. 

Special relativity theory stated that to move in vacuum at a velocity greater than 

that of light was impossible, when approaching light velocity mass tends to infinity, and 

time tends to zero. This theory was accepted as a correct one, and gravitation which is 
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not included in special relativity theory was almost forgotten. It took Einstein seven 

years to develop the theory in which gravitation, being called "general relativity theory", 

would participate. Newton noticed that while determining distance having been passed, 

body mass reduces in a numerator and a denominator and it is not taken into 

consideration in calculations. But when we consider a usual force, it depends on body 

mass. It was Einstein who paid attention to it. General relativity theory, not being a bad 

limited case of special relativity theory, describes the processes, if gravity forces can be 

neglected. But in contrast to special relativity theory (in terms of its application) general 

relativity theory has a lot of unsolved problems. 

Quantum mechanics is physics area considering quantum systems behavior. It appeared 

beginning of the XX century. It is a total contrast to general relativity theory by 

definition. Having finished with kinematics, scientists started to deal with molecules 

and thermal processes after revival in Europe. It turned out that they are mechanical. 

Calculations show that if the system does not say lies, radiation of general energy of any 

absolutely black body must be infinitely large. In fact it cannot be. 

Max Planck was the first to assume in 1900 that electromagnetic wave energy can 

be radiated or absorbed only by whole portions. In fact black body cavity is closed, 

therefore there can exist only stationary standing electromagnetic waves in a steady 

state. To do so, electromagnetic waves nodes must lay on black body borders, therefore, 

consist of a integer number of half waves. The fact is that, main half wave energy must 

be aliquot, and minimum energy which a wave can bear, is proportional to its 

frequency. In 1905 this phenomenon was explained by Albert Einstein. For this 

discovery, by the way, he got a Nobel Prize in 1921 [3]. 

Einstein extended Plank discrete energy wave model to light. He assumed that 

light represents a stream of microscopic particles (photons), and energy of each photon 

is proportional to light frequency. As a result Einstein showed that Planck's hypothesis 

about step-type energy behavior reflects fundamental property of electromagnetic 

waves: they consist of particles photons which represent small portions or light quanta. 

A new event happened in 1968 when physicists noticed that mathematical function, 

which is called Euler's beta function, ideally describes particles properties which 

participate in the so-called strong interaction, one of four fundamental interactions in 

the Universe. This function was investigated long ago and applied in tensioned strings 

fluctuations description. A new theory was born: «What if elementary particles are not 

particles at all but microscopic thin strings and the phenomena we observe in our 

devices it is not a trajectory particle movement, but a vibration trajectory passing along 

this string?» [1]. Besides, strings theory combined general relativity theory and quantum 

mechanics into one theory. During the calculations it became clear that strings 

fluctuations are capable of absorbing and balance quantum fluctuations eliminate those 

problems at microscopic level. Unfortunately during research and verification, theory 

showed a discrepancy with experiments [4]. 

The theory was concluded, and it was called superstrings theory. The first strings 

theory version described only bosons, particles having integer own impulse moment. 

The strings theory updated version included fermions, particles, in which their own 

impulse moment was half-integer. It turned out that there must be appropriate fermion 

for each boson, i.e. there must be certain symmetry between bosons and fermions. 
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Unfortunately, quantum mechanics equations still did not want to agree with 

superstrings theory [5, 6]. 

In 1920 German mathematician Kalutsa sent a letter to Einstein in which he said 

that actually, the Universe can be four-dimensional. As a proof Kaluts gave calculations 

from which it turned out that under such a condition general relativity theory agrees 

with Maxwell electromagnetic field theory that cannot be reached in usual three-

dimensional Universe. Einstein did not touch this theory because it was rather useless 

without strings theory. But a physicist Oscar Klein both got interested in Kalutsa's 

works and improved his model. According to Klein it turned out that additional 

dimension can exist, but in a "convolute" form. And the fourth dimension is convoluted 

very strongly to elementary particles sizes, therefore we do not notice it. The theory was 

called five-measured world of Kalutsa - Klein (four dimensions in space + time) and 

was almost forgotten. This was rapid development of quantum mechanics ahead. 

The problem lies in the fact that strings in the theory can fluctuate only in three 

directions of the Universe. Scientists decided to introduce one more measurement, 

"convoluted" in microscopic scales, with these amendments a number of contradictions 

decreased. Physicists continued to increase the number of measurements, until they 

introduced all 9 measurements in space, when strings theory merged with quantum 

mechanics and general relativity theory. It turned out that we live in ten-measured 

Universe, including one measurement in time, three known measurements deployed up 

to cosmic scale, and six others convoluted in microscopic scales and therefore they are 

imperceptible. And to prove or disprove it is practically impossible, since we consider 

string small quantities and convoluted measurements, that modern equipment will not 

find anything. 

In the middle of 90s of the XX century the other strings theory revolution took 

place. It was decided to introduce the 11th measurement. It appeared that introduction 

of one more measurement, but works within quantum mechanics and general relativity 

theory and moreover, it removes very many accumulation problems in strings theory. It 

successfully combines all five theories into one. The theory was called “m-theory” and 

today this theory is the highest achievement in the Universe [2]. 
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автоматизованому обліку виробничих процесів та аналізу ринкового попиту на продукцію, що 

випускається , що необхідно в роботі з підрядниками. 

Однією з численних проблем освіти є труднощі супроводу навчальних матеріалів , їх 

адаптації до потреб учнів і до динаміки розвитку галузей знань і нових технологій. Основні 

надії покладаються на створення і супровід інформаційно-освітніх середовищ відкритого та 

дистанційного навчання , на розвиток нових об'єктних технологій , баз навчальних матеріалів , 

на ряду з розвитком традиційних технологій , розробкою  електронних підручників та мульти- 

агентних технологій освітніх порталів. 

Ключові слова: інформаційні технології, освіта, технології. 

Аннотация: В работе рассматриваются вопросы значения информационных технологий 

в развитии современных предприятий. Большое внимание в деятельности предприятий 

уделяется автоматизированному учету производственных процессов и анализу рыночного 

спроса  на выпускаемую продукцию, что необходимо в работе с подрядчиками. 

Одной из многочисленных проблем образования - трудности сопровождения учебных 

материалов, их адаптации к потребностям обучаемых и к динамике развития областей знаний и 

новых технологий. Основные надежды возлагаются на создание и сопровождение 

информационно-образовательных сред открытого и дистанционного обучения, на развитие 

новых объектных технологий, баз учебных материалов, наряду с развитием традиционных 

технологий, разработки электронных учебников и мульти-агентных технологий 

образовательных порталов. 

 Ключевые слова:  Информационные технологии, образование, технологии 

Summary: The paper deals with the importance of information technology for the 

development of modern enterprises. Much attention is paid to the activities of enterprises in the 

automated registration of industrial processes and analysis of market demand and product needed in 

the work with contractors. 

 One of the many education problems is the difficulties accompanying training materials, 

adapting them to the students’ needs and to the dynamics of knowledge areas and new technologies. 

The main hopes are considered to be creation and maintenance of information and educational fields of 

open and distance learning, the development of new object technologies, banks of training materials, 

along with the development of traditional technologies, electronic textbooks and multi-agent 

technology educational portals . 

Key words: information technology, education, technology. 

 

Modern information systems, organizational management are intended to provide 

help to specialists and managers in making decisions to receive accurate information in 

the required amount, creating conditions for automated offices, to conduct operative 

meetings with the use of computers and means of communication, accompanied by 

sound and visuals. It is achieved by transition to a new information technology. New 

information technology is a technology based on the use of computers with active 

participation of users (in the field of programming) in the information process, high 

level of friendly user interface, extensive use of software packages, general and problem 

assignment, the possibility for the user to reach the remote databases and programs 

through computer network [1]. 

Constantly expanding sphere of the use of personal computers, including the 

economic work, resulted in the formation of the most efficient computers and other 

office equipment. At present on their basis local and multilevel computer networks, 

representing integrated   computer systems of data are created and they successfully 

operate in the Internet. Processing integrated data, processing systems are designed as a 

complex information technology and software package that support a single way of 

representing data, a single way of interaction of users with components of the system 

provides specialists with the information and computational needs in their professional 
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work. A special meaning in such systems is given to protection of information 

transmission and processing [1, p. 13]. 

The most popular application in the protection of economic information is given 

to hardware and software methods in particular, the use of communication systems 

selected on the protective properties and qualities of service guaranteeing security of 

information during transmission and delivery to the addressee; encryption and 

decryption of data subscribes networks (telephone and telegraph) with the agreement of 

users about the common technical tools encryption algorithms, etc. This should be built 

as a unified technological scheme of functioning system using common clear structures 

and data models designed for different tasks. 

The realization of the principle of integration, accumulation, storage and 

systematic updating of data for timely reliable information service may put users of the 

system at the stage of its creation. It is considered that the users of the information are 

not only specialists in a specific management activity, but programmers engaged in 

creation and operation of the software methods. That is why, in the design process of a 

database (DB) its elements are being closely studied through the subject information 

area & interrelation between them. The peculiarities of circulating data in it as 

particularly important resource are also revealed. A common structural scheme of data 

is created in it as a special important resource. Common structural scheme of data is 

also created developing some ways of the false data filtering in the system; they also 

establish the necessary differentiations of access to masses of concrete users and so on. 

Everything mentioned above is taken into the account among other factors when 

selection or creation of a database management system is made [2]. 

Regular maintenance is required in the process of database information 

technology realization and database management systems. This function is performed 

by the database administrator, who is responsible for the operation of the integrated data 

base with the right to correct database and who is responsible for reliability of the 

system. 

Functioning of database management systems, database management and 

systematic monitoring by the administrator represents the interaction of organizational 

and technological complex, which received the name of automatized data bank.  

Increasing the requirements for the efficiency of information exchange and 

management and hence the urgency of information processing has led to the creation of 

multilevel systems of organizational management objects such as banking, tax, 

logistical, statistical and other services. Their information supports a network of 

automated data banks that are built taking into account the organizational and functional 

structure of the relevant multilevel economic object, machine maintenance of 

information areas. The distributed systems of data processing with the use of 

communication channels for the exchange of information between databases of 

management decisions in the new information can be solved now [3]. 

In multilevel computer information systems or organized management problems 

of operational information and the problems of analyses of economic situations for 

managerial decisions can be successfully solved also. In particular, with the creation of 

specialists’ automated workplaces it can provide the opportunity for users to work 

online, to solve the current problems, to enter easily from a terminal, to take the 

necessary information for processing, determining the accuracy of the resulting 
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information and output it to the screen printer or transmit it to the communication 

channels. 

The need in the analytical work in the conditions of new economic relations and 

formation of new organizational structures, different forms of ownership increases. The 

necessity to accumulate facts, knowledge, experience in specific areas of administrative 

activity is taken into the consideration. The thorough study of the specific economic, 

commercial, industrial situations with a view of adapting promptly to economically 

reasonable and the most appropriate solutions come to the first place. This task is solved 

by further improvement of the integrated information processing when new information 

technology begins to put the database into operation. With the knowledge of complex 

detail modeled structure of information sets describing all the features of the subject 

area, including facts, rules and meta-knowledge, it is the main element created in the 

workplace of a specialist’s expert system, acting as a specific area of knowledge storage 

of professional activity of a specialist and an adviser in the research of economic 

situations [4, p. 43]. 

Perspective directions of computer technology are creating program meant for 

outputting high quality sound and video representation. The technology of forming 

video representation is called computer graphics. Computer graphics combines the 

process of creating, storing, and processing, modeling objects and their images using 

electron computers. This technology has penetrated the area of economic analysis and 

modeling of different kinds of structures is indispensable in production, advertising and 

entertaining, leisure. Interactive machine graphic arts are one of the most progressive 

directions among informative technologies. Program-technical organization of exchange 

with a computer text, graphic, audio and video information got a name of multivideo 

technology. Such technology will be realized by the special programmatic tools that 

have been built in support of multimedia and allow to use it in their professional 

activities, scientific-popular and educational areas. With this technology in economic 

work it offers real prospects to use the computer for scoring images, as well as its 

understanding of the human speech. Information processes are used developing 

management solutions in automated organizational management, which are realized 

with the help of electronic computers and other equipment. With the development of 

computer technology and improved forms of its use there is a variety of ways to access 

and communication with a computer data. Individual and collective accesses to 

computing resources depend on their concentration and organizational forms of 

functioning. Centralized computing facilities use the forms that existed before the mass 

use of computer software, assumed their concentration in one place and organization of 

information computer centers of individual and collective use. 

Later decentralized forms of computing resources appeared. Decentralization 

aims to put soft-computers in the field of information and consumption, where items are 

autonomous processing. These include the subscriber stations and automated working 

places. 

The development of organizational forms of computers use is based on a 

combination of centralized and centralized-mixed forms. The emergence of the mixed 

forms was the creation of network on the bases of modern means of communication 

development. Computer networks involve bringing together computing software and 

information resources and the system using communication channels (data bases and 
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knowledge data). Networks may be covered by different forms of computers use; each 

subscriber has the opportunity to access not only his own computer, information and 

software resources, but also to the resources of all other parties that create a number of 

advantages during a computer system operation.  

Recently arrangement of computer equipment application has undergone 

significant changes associated with the transition to the creation of integrated 

information systems. During 2-3 years computerization has reached a new level: there 

are actively created computer systems of different configurations on the bases of 

personal computers and more powerful machines. More attention is paid to the 

development of local and distributed networks, without which it is impossible to solve 

modern tasks of informatization. 

The technology of electronic processing of the economic information includes 

man-machine process of execution of transactions occurring in sequence to transform a 

source of primary information into a result. The operation represents complex 

technological actions in the result of which information is converted.  

The construction of the technological process is determined by the following 

factors: features of the processed economic information, its volume, the requirements to 

the urgency and accuracy of processing, the types, quantities and applied means.  

The organization of technology on separate stages has its own characteristics, 

suggesting selection of out-machine and inter-machine technology. Out-machine 

technology integrates data collection and recording data on machines readable 

mediums. Inter-machine technology is connected with organization of computational 

process in the computer, the data arrays in computer memory and their structuring that 

gives reason to call it back and inter-base. 

The main stage of the process involves the solution of functional problems of the 

computer. Inter-machine technology for solving on a computer usually provides the 

following standard economic information conversion process: the formation of new data 

arrays; ordering information files, sample of some of the records.  

The choice of technology options is determined primarily by space-time 

characteristics of tasks, frequency, urgency, speed of requirements for message 

processing and depends on the mode dictated by the practice of user interaction 

computer and hardware capabilities of computers. There are the following modes of 

user interaction with the computer: batch and interactive (interrogation, dialogue). 

Computers themselves can operate in different modes: single program and multi-

program, separate time, real time, teleworking.  

Interrogation mode is necessary for users to interact with the system through a 

large number of subscriber terminal devices, including remote at considerate distance 

from the centre.  

The conversational mode opens to the user possibility to cooperate with the 

computer system directly in the possible for him rate of work, realizing the repetitive 

cycle of delivery task receipt of analysis and answer [4]. 
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AND SOFTWARE FOR SIMULATION OF RADIATION PROCESSING» 
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Summary: The article focuses on the description of the scientific and educational web-site 

which enables a wider range of users to apply “Radiation Technology-Office” information-reference 

system to solve optimization problems in industrial radiation technologies. The site is also a helpful 

manual for the students studying the courses on the computer simulation of irradiation processes in 

industrial radiation technologies. 

Key words: web-site, radtech, RT-Office, computer simulation, database, server.  

Анотація: Стаття присвячена опису розробленого наукового та навчального web-сайту, 

який дозволяє більш широкому колу користувачів використовувати «Інформаційну Систему 

RT-Office» для вирішення оптимізаційних завдань в промислових радіаційних технологіях, для 

студентів web-сайт є хорошим посібником при освоєнні спецкурсів з комп'ютерного 

моделювання процесів опромінення в радіаційно-технологічних процесах. 

Ключові слова: web-сайт, radtech, RT-Office, комп'ютерне моделювання, база даних, 

сервер. 

Аннотация: Статья посвящена описанию научного и учебного web-сайта, который 

позволяет более широкому кругу пользователей использовать «Информационную Систему RT-

Office» для решения оптимизационных задач в промышленных радиационных технологиях, для 

студентов web-сайт является хорошим пособием при освоении спецкурсов по компьютерному 

моделированию процессов облучения в радиационно-технологических процессах. 

Ключевые слова: web-сайт, radtech, RT-Office, компьютерное моделирование, база 

данных, сервер. 

 

At present electron beam (EB), X-ray and gamma processing are widely used in 

different industrial radiation technologies, such as sterilization of medical devices, mail 

sterilization, foodstuff irradiation, advanced composites modification, cross-linking of 

cables, bulk polymer modification, polymerization of monomers and grafting of 

monomers onto polymers, tire and rubber pre-cure treatment, decontamination of 

clinical waste, purification of water and gas wasters and others. The implementation of 

radiation technology in various fields of industry is accompanied by an increasing 

number of industrial radiation facilities, expansion of product assortment treated by 

ionizing radiation and the development of new methods for radiation processing. 

Today radiation technologies represent the systems with a very high scientific and 

technical standard for each irradiation process, it is necessary to develop safe operating 

modes and reliable quality control methods of the process. It is required to determine 

optimum operating modes and process parameters from the point of view of quality 

assurance and quality control of radiation processing, as well as logistical, 

environmental and economic effectiveness. And, at last, it is required to demonstrate on 

a scientific basis that the radiation processing is carried out according to international 

and regional standards.  

The use of radiation technologies generates a number of the complex scientific 

and technical problems which depend on the type of the radiation process and irradiated 
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objects. Solving these tasks by experimental methods demand huge material, temporary 

and labor expenditures and cannot guarantee even today the provision of an effective 

utilization of existing radiation facilities. 

The success of the ionizing radiation usage in radiation technologies largely 

depends on the development of computer programs for the simulation of irradiation 

processing in industrial radiation technologies. 

A large number of the powerful universal packages are known for the simulation 

of electron and photon transport through material. Only the experts in the field – 

physicists, specializing in the field of electron transportation through material, 

mathematicians and programmers – can work with these universal programs and 

interpret the obtained results.  

Software for modeling of industrial radiation processes which is accessible for a 

broad audience of the end users working in the radiation technology field, who have no 

special knowledge in the field of ionizing radiation transport through matter and 

computer technology was lacking. 

A team of specialists of the Kharkov National University (KNU) carried out the 

development of a special software toolkit for solving end-user problems in the 

simulation of a wide range of practical tasks in industrial EB, X-ray and gamma ray 

processing [1-5]. 

The Information System includes the following main components: the Radiation-

Technological Office (RT-Office) software, application program package with 

specialized codes for EB, X-ray and -ray processing; databases with information 

related to radiation facilities and features of different radiation technologies; trainer 

courses for education of broad audience of end-users to the modeling industrial 

radiation processing [5]. 

Currently RT-Office programs are being used in more than 30 radiation 

technologies centers in the United States, Canada, Vietnam, Malaysia, South Korea, 

Tunisia, Egypt, in many European countries and in the countries of the former USSR. 

This work shows the results of development and implementation of the scientific 

and educational web-site «Information system and software for simulation of radiation 

processing». 

At present the web-site has been developed, installed, tested and it is working 

successfully on the server of V. N. Karazin Kharkov National University [6]. 

The web-site was designed using php 4.0 language and MySQL relational 

database management system (RDBMS). Hypertext Markup Language (HTML) and 

Cascading Style Sheets technology (CSS) were used for creating a web-site interface 

design. The main reasons to choose php language for web-site development were the 

ability to create generated web-pages quickly and easily; open source means that php is 

freely available for use; the syntax that is easy to parse and is actually rather human-

friendly; developed functionality for working with databases; lots of good source code 

out there to use and/or learn from, as well as many useful libraries for working with 

PDFs, graphics, etc; easy deployment and cost effective hosting. 

The Web-site is the information-reference system, which makes it possible to find 

all necessary data on RT-Office program models, learn the latest news, publications and 

other information on the computer simulation of irradiation processing in industrial 

radiation technologies,  put questions to developers, leave comments or remarks using 
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contact form. Two language versions, English and Russian, are available. The system 

maintains administrator interface, which allows an inexperienced user to operate the 

site: to add, edit, delete articles, publications, news, useful links, etc. 

*** 

The development of scientific and educational Web-site provides a wider range of 

users with an opportunity to apply “Radiation Technology-Office” information – 

reference system for the purpose of optimization of industrial radiation technologies in 

their radiation facilities.  The Web-site proves to be a helpful manual for students 

learning the courses on “Simulation of processing in radiation and plasma 

technologies”, “Industrial radiation technologies”, “Computer dosimetry” and etc. 
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Summary: The article deals with the corrosion and methods of protection against corrosion. 

All of us in our lives are periodically encountered with different kinds of corrosion. As a result of 

corrosion there is lost from 1 to 1.5% of all metal gained by humanity every year. In monetary terms, 

the direct cost of corrosion in the United States in 1955 amounted to about 5.5 billion dollars, in 

France - about 250 billion francs in 1959. In the USSR in the late 60's it was not lower than 5-6 billion 

dollars a year. It is difficult to accommodate higher indirect losses from downtime and reduction of the 

productivity of the equipment subjected to corrosion, from the accidents caused by weak strength of 

metal constructions. 

Key words: corrosion, types of corrosion, methods of protection and the fight with corrosion. 

Анотація : у статті розглядається корозія і методи захисту від корозії. Всі ми в нашому 

житті періодично стикалися з різними видами корозії. В результаті корозії щорічно втрачається 

від 1 до 1,5% всього металу , накопиченого людством. У грошовому вираженні, прямі втрати 
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від корозії склали в Сполучених Штатах протягом 1955 близько 5,5 млрд доларів, у Франції в 

1959 році близько 250 млрд. франків. У СРСР наприкінці 60 -х вони були не нижче 5-6 млрд на 

рік. Важко врахувати вищі непрямі втрати від простоїв і зниження продуктивності 

устаткування, яке піддається корозії, від нещасних випадків, обумовлених зниженням міцності 

металевих конструкцій. 

Ключові слова: корозія, види корозії , способи захисту та боротьби з корозією. 

Аннотация: в статье рассматривается коррозия и методы защиты от коррозии. Все мы в 

нашей жизни периодически сталкивались с различными видами коррозии. В результате 

коррозии ежегодно теряется от 1 до 1,5% всего металла, накопленного человечеством. В 

денежном выражении, прямые потери от коррозии составили в Соединенных Штатах в течение 

1955 года около 5,5 млрд долларов, во Франции в 1959 году около 250 млрд. франков. В СССР в 

конце 60-х они были не ниже 5-6 млрд в год. Трудно учесть более высокие косвенные потери от 

простоев и снижения производительности оборудования подвергающихся коррозии, от 

несчастных случаев, обусловленных снижением прочности металлических конструкций. 

Ключевые слова: коррозия, виды коррозии, способы защиты и борьбы с коррозией. 

 

To learn how to fight corrosion initially, you must understand what corrosion is. 

Corrosion is a fracture of solids caused by chemical and electrochemical processes, 

developing on the surface of the body and its interaction with the external environment. 

The term «corrosion» is applicable to metals, concrete, some plastics and other 

materials. Corrosion process is called the thermodynamic instability of materials, their 

desire to move to a new state under the operation conditions. 

Any corrosion process is sequential. There are 3 main stages: 

1. Supply of the corrosion environment or its components to the surface of 

materials, products or designs; 

2. Interaction with the material or product; 

3. Full or partial diversion of corrosion products from the surface of the 

material. 

Classification of types of corrosion 

Corrosion processes are characterized by a wide spread and diversity of conditions and 

environments. Therefore there is no uniform and comprehensive classification of types 

of corrosion [1, p. 23]. 

The main classification is made on the mechanism of the process. There are two 

types: 

 chemical corrosion; 

 electrochemical corrosion.  

By type of aggressive environments in which the process of breakdown takes 

place, corrosion can be of the following types: 

 gas corrosion; 

 atmospheric corrosion; 

 corrosion in no electrolytes; 

 corrosion in electrolytes; 

 underground corrosion; 

 biocorrosion; 

 corrosion under the influence of stray currents. 

The conditions of corrosive process differentiates between the following types: 

 contact corrosion; 

 slit corrosion; 
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 corrosion for a partial immersion; 

 corrosion at full immersion; 

 corrosion when alternating sinking; 

 corrosion at friction; 

 intercrystalline corrosion; 

 corrosion under voltage. 

By the nature of the destruction we can deal with the following: 

1. continuous corrosion covering the whole: 

 uniform; 

 uneven; 

 election; 

2. local corrosion covering separate areas (the most dangerous): 

 spots; 

 ulcer; 

 point (or pitting); 

 pass-through; 

 intercrystalline. 

The fight against corrosion 

Annually corrosion can lead to billions in losses, and the resolution of this 

problem is an important task. The main damage caused by corrosion is not the loss of 

metal as such, and the enormous cost of the products, destroyed by corrosion. The true 

losses from it cannot be defined, only direct losses are evaluated, which include the cost 

of the destroyed constructions, equipment replacement costs, costs of activities to 

protect against corrosion. Indirect losses have even more damage. This is downtime 

when replacing corroded parts and units leak products, violation of technological 

processes. 

Ideal protection against corrosion by 80 % is provided by the correct preparation of the 

surface, and only 20 % quality of used paint and varnish materials and the manner of 

their application. 

Usually there are three directions of corrosion protection methods: 

 Structural:  to prevent corrosion of such structural materials as stainless 

steel, non-ferrous metals are used. To isolate environment from the corrosion we can 

use adhesives, sealants. 

 Active: active methods of corrosion aimed at changing the structure of the 

electrical double layer. The imposition of a constant electric field using a direct current 

source is applied. Another method is to use a sacrificial anode, more active material, 

which will erode protecting the protected product. 

 Passive: as a corrosion protection application of any coating can be applied 

that prevents the formation of corrosive element [1]. 

Paint coating, polymer coating and painting must prevent the access of oxygen 

and moisture first. Often a covering is applied, for example, steel, other metals such as 

zinc, tin, chromium, nickel. Zinc-coating protects the steel even when the cover is 

partially destroyed. Another option to protect metals from corrosion is application of the 

protective electrode with a high negative potential, such as zinc or magnesium. 

Specifically corrosive element is created for this purpose. Shielded metal acts as a 
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cathode, and this kind of protection is called cathodic protection. Dissolved electrode is 

called, respectively, the anode of the cathodic protection. This method is used for 

corrosion protection of marine vessels, bridges, boiler plants, a buried pipe. To protect 

the hull of the ship on the outside of the hull zinc plates are mounted [2, p. 44]. 

The economic damage from corrosion 

Economic losses from corrosion of metals are enormous. In the United States 

damage from corrosion and costs against it amounted to 3.1 % of GDP (276 billion). In 

Germany, the damage amounted to 2.8 % of GDP. According to the estimates of 

specialists of different countries these losses in industrialized countries vary from 2 to 4 

% of gross national product. In this case the losses of metal make up 10 to 20 % of the 

annual production of steel. 

Rust is one of the most common causes of bridge accidents. This was the reason 

for the destruction of the bridge across the river in 1983. Three drivers were killed by 

falling into the river. December 15, 1967 Silver Bridge connecting Point Pleasant, West 

Virginia and Kanagua, Ohio, suddenly collapsed in Ohio River. At the time of the 

collapse 37 vehicles were moving across the bridge and 31 of them fell together with 

the bridge. Forty-six people were killed and nine were seriously affected. In addition to 

human casualties and injuries, the main transport route between Western Virginia and 

Ohio was destroyed. The cause of the collapse was the corrosion [3, p. 48]. 
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Road safety is one of the most actual problems of road transport. The analysis of 

the accident rate in road transport shows that a significant proportion of accidents 

happens in cities. Besides one of the most common types of accidents in cities is 

running-down accidents which are characterized by a high level of severity, that is 40-

http://www.oo2.ru/node/164
http://www.oo2.ru/node/164
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50 % of all accidents with victims are running-down accidents. More than 20% of 

automobile-pedestrian accidents take place on pedestrian crossings of main streets. 

The problem of placing the objects attracting pedestrians’ attention in the area 

adjacent to the main streets is very important for city authorities and 

Derzhavtoinspectsia authorities. The indicators assessing the quality of main street 

traffic are traffic-carrying capacity and speed [3, 4]. Traffic-carrying capacity depends 

on numerous and diverse factors such as road conditions, vehicle characteristics, traffic 

organization quality, road users' behavior, environmental conditions, etc. The combined 

effect of these factors can only be set by experimental observations of traffic flow 

conditions [6]. 

The influence of pedestrians on the road traffic process was considered in the 

works by A. G. Romanov and Yu. A. Stavnichy [5, 7]. A.G. Romanov understands 

traffic conditions optimality as a possibility of a pedestrian to choose the direction and 

speed of their moving on the assumption of their safety within the area of a pedestrian 

passageway [5]. 

Yu.A. Stavnichy offered the indicator «The number of road accidents on a part of 

a main street a year» to assess the safety of pedestrians traffic [2]. It is supposed that 

recurrence of the number of automobile-pedestrian accidents on main streets can depend 

on such factors as traffic flow speed, vehicles and pedestrians' density, main streets 

planning and development. 

Traffic hindrances which often cause decrease in traffic-carrying capacity and 

speed on main streets are: 

-parking on the roadway; 

-pedestrian crossings; 

-stopping points of route transport; 

-intersections with traffic light regulation; 

-constrained speed limit; 

-areas with artificial road bumps. 

Research conducted by many scientists shows that to improve traffic-carrying 

capacity of the city transportation routes it is necessary to have minimum acceptable 

number of pedestrian crossings and their most effective development to ensure 

pedestrians' safety. This requires well-grounded recommendations for better placement 

and arrangement of pedestrian crossings. In practice this task should come to closing 

street pedestrian crossings with weak pedestrian traffic and a high level of an accident 

risk. Those pedestrian crossings that are left should be displaced to the safest places and 

equipped in accordance with specific road conditions. The following facts should be 

taken into account: 

- traffic flow speed; 

- traffic flow density; 

- pedestrian traffic flow density; 

- main streets development character; 

- functionality of objects attracting pedestrians; 

- mutual location of pedestrian crossings along the main street; 

- ways of organizing traffic at pedestrian crossings. 

The analysis of the literary and normative sources showed that the main factors 

taken into consideration when placing pedestrian crossings were the street category 
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influencing the establishment of the minimum and maximum distance between 

pedestrian crossings [1] as well as the type of pedestrian crossing control depending on 

the category of the street. 

The methods determining the location of a pedestrian crossing [1, 3] include 

making an equation of moments relative to a point on the main street where a pedestrian 

crossing is supposed to be placed. The moment means multiplying traffic density in a 

point of the main street by its distance (relative to the point for which the equation is 

made). Thus, solving the equation, we obtain the distance of shifting the point of 

placing a pedestrian crossing relative to the one selected at the beginning of the 

calculation. 

The main factors taken into account when placing a pedestrian crossing are 

pedestrian traffic density and generative ability of the objects adjacent to the main 

street. Besides, such factors as the roadway width, traffic flow density, development of 

a pedestrian crossing remain unaccounted. 

The conducted review allows to conclude that existing approaches to evaluating 

the effectiveness of the traffic organization are based on the economic indicators and the 

change in the accident rate. However, these indicators do not take into account the 

impact of road conditions on the effectiveness of measures and technical means. It 

prevents from assessing the areas with pedestrian crossings. 
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Over the past century, we have seen the emergence of a kind of global data field. 

The planet itself—natural systems, human systems, physical objects—have always 

generated an enormous amount of data, but until recent decades, we weren't able to hear 

it, to see it, to capture it. Now we can because all of these things have been instrumented 

with microchips and other technologies. And they're all interconnected, so now we can 

actually have access to the data. In effect, the planet has grown a central nervous system 

and is developing intelligence... 

The Internet of Things (IoT) is a scenario in which objects, animals or people are 

provided with unique identifiers and the ability to automatically transfer data over a 

network without requiring human-to-human or human-to-computer interaction. IoT has 

evolved from the convergence of wireless technologies, micro-electromechanical 

systems (MEMS) and the Internet [1]. 

A thing, in the Internet of Things, can be a person with a heart monitor implant, a 

farm animal with a biochip transponder, an automobile that has built-in sensors to alert 

the driver when tire pressure is low – or any other natural or man-made object that can 

be assigned an IP address and provided with the ability to transfer data over a network. 

So far, the Internet of Things has been most closely associated with machine-to-

machine (M2M) communication in manufacturing and power, oil and gas utilities. 

Products built with M2M communication capabilities are often referred to as being 

smart [1, p. 200]. 

Kevin Ashton, cofounder and executive director of the Auto-ID Center at MIT, 

first mentioned the Internet of Things in a presentation he made to Procter & Gamble. 

Here’s how Ashton explains the potential of the Internet of Things: 

“Today computers – and, therefore, the Internet – are almost wholly dependent on 

human beings for information. Nearly all of the roughly 50 petabytes (a petabyte is 

1,024 terabytes) of data available on the Internet were first captured and created by 

human beings by typing, pressing a record button, taking a digital picture or scanning a 

bar code.  

The problem is, people have limited time, attention and accuracy – all of which 

means they are not very good at capturing data about things in the real world. If we had 

computers that knew everything there was to know about things – using data they 

gathered without any help from us – we would be able to track and count everything and 

greatly reduce waste, loss and cost. We would know when things needed replacing, 

repairing or recalling and whether they were fresh or past their best.” 

The Internet of Things is opening new frontiers for improving processes. Some 

industries, such as chemical production, are installing legions of sensors to bring much 

greater granularity to monitoring. These sensors feed data to computers, which in turn 

analyze them and then send signals to actuators that adjust processes—for example, by 

modifying ingredient mixtures, temperatures, or pressures. Sensors and actuators can 

also be used to change the position of a physical object as it moves down an assembly 

line, ensuring that it arrives at machine tools in an optimum position (small deviations 

in the position of work in process can jam or even damage machine tools). This 
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improved instrumentation, multiplied hundreds of times during an entire process, allows 

for major reductions in waste, energy costs, and human intervention. 

In the pulp and paper industry, for example, the need for frequent manual 

temperature adjustments in lime kilns limits productivity gains. One company raised 

production 5 percent by using embedded temperature sensors whose data is used to 

automatically adjust a kiln flame’s shape and intensity. Reducing temperature variance 

to near zero improved product quality and eliminated the need for frequent operator 

intervention [2, p. 44].  

The most demanding use of the Internet of Things involves the rapid, real-time 

sensing of unpredictable conditions and instantaneous responses guided by automated 

systems. This kind of machine decision making mimics human reactions, though at 

vastly enhanced performance levels. The automobile industry, for instance, is stepping 

up the development of systems that can detect imminent collisions and take evasive 

action. Certain basic applications, such as automatic braking systems, are available in 

high-end autos. The potential accident reduction savings flowing from wider 

deployment could surpass $100 billion annually. Some companies and research 

organizations are experimenting with a form of automotive autopilot for networked 

vehicles driven in coordinated patterns at highway speeds. This technology would 

reduce the number of “phantom jams” caused by small disturbances (such as suddenly 

illuminated brake lights) that cascade into traffic bottlenecks. 

Scientists in other industries are testing swarms of robots that maintain facilities 

or clean up toxic waste, and systems under study in the defense sector would coordinate 

the movements of groups of unmanned aircraft. While such autonomous systems will be 

challenging to develop and perfect, they promise major gains in safety, risk, and costs. 

These experiments could also spur fresh thinking about how to tackle tasks in 

inhospitable physical environments (such as deep water, wars, and contaminated areas) 

that are difficult or dangerous for humans. 

A different criticism is that the Internet of Things is being developed rapidly 

without appropriate consideration of the profound security challenges involved and the 

regulatory changes that might be necessary. In particular, as the Internet of Things 

spreads widely, cyber attacks are likely to become an increasingly physical (rather than 

simply virtual) threat [3]. 

Privacy risks will arise as the objects within the IoT collect and aggregate 

fragments of data that relate to their service. The collation of multiple points of data can 

swiftly become personal information as events are reviewed in the context of location, 

time, recurrence, etc. The regular purchase of different food types, for example, may 

divulge religion or ongoing health concerns. This is one aspect of the big data challenge, 

and security professionals will need to ensure that they think through the potential 

privacy risks associated with the entire data set. 

The route the data takes to the provider is also a concern. Many early smart 

meters, for example, do not push their data to an internet service gateway directly, but 

send it to a local data collation hub (which is actually just another smart meter in 

someone’s home) where it is stored until the data is uploaded in bulk. This process has 

the potential to place sensitive data in insecure locations. 

While not devoid of hype and hyperbole, the Internet of Things does represent a 

revolution happening right now. Companies of all kinds – not just technology and 
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telecommunications firms – are linking “things” as diverse as smartphones, cars and 

household appliances to industrial-strength sensors, each other and the internet. The 

technical result may be mundane features such as intercommunication and autonomous 

machine-to-machine (M2M) data transfer, but the potential benefits to lifestyles are 

huge [3, p. 245]. 
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Superconductivity remains one of the most interesting research areas in physics 

and has been a major scientific mystery for a large part of this century. New 

experimental investigations of magnetic and thermodynamic superconducting properties 

of mesoscopic samples are explored with the help of recent developments in 

nanotechnologies and measurement techniques, and the results are predicted which  are 

based upon theoretical models in nanoscale superconducting systems. Topics of special 

interest include high-Tc superconductivity, two-gap superconductivity in magnesium 

diborades, room-temperature superconductivity, mechanism of superconductivity and 

mesoscopic superconductivity [2]. 

Currently, the need to address the problem of "superconductivity" has become 

particularly relevant. Advanced states spend huge amounts of money for the practical 

use of "superconductivity". The evidence of this is the creation of a superconducting 
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accelerator of elementary particles of matter, the Large Hadron Collider (LHC). There 

are many other, usually unsuccessful, projects using its "superconductive" electrical 

current. 

Despite the remarkable advances in the study of this interesting physical 

phenomenon, many aspects of it are still unknown. 

 The phenomenon of superconductivity at low temperatures was discovered in 

April 8, 1911 by Dutch physicist Heike Kamerlingh Onnes. He became interested in this 

problem in 1893. Exactly 100 years ago, he and his colleagues found that 3K (about -

270 C), the electrical resistance of mercury is practically zero. This phenomenon was 

completely unexpected and could not be explained by then existing theories. 

Superconductivity worried the best minds of science, including Paul Dirac, 

Richard Feynman and Albert Einstein. In 1922 it was noted that progress in the study of 

this complex phenomenon can not be based only on experiments, because scientists are 

still far from understanding the quantum mechanics of complex systems.  

Virtually every major physicist then working on the theory – including  N. Bohr, 

W. Pauli, W. Heisenberg, L. Landau, Y. Frenkel and R. Kronig – had tried and failed to 

explain the mysterious phenomenon in which below a few degrees Kelvin certain metals 

and alloys lose all their electrical resistance [1].  

The first Nobel Prize in Physics for the discovery of superconductivity was 

awarded in 1913 to H. Kamerlingh Onnes. In 1962 Lev Landau received the Nobel 

Prize for the phenomenological theory of superconductivity in liquid He. In 1972 

Dzh.Bardin, L.Kupper, Dzh.Shriffer were awarded the Nobel Prize for the microscopic 

theory of superconductivity, which physicists have used so far. In 1973 Nobel laureates 

were B.Dzhozefson, A.Dzhayever L.Esak for the discovery of so-called weak 

superconductivity, called Josephson effect: the flow of superconducting current through 

a thin (about 10 Angstroms) dielectric layer separating two superconductors. In 1978, 

the Nobel Prize was awarded to Kapitsa for his work on superfluidity and E.Leggetta’s 

research is the development of his work.   

Vitaly Ginzburg in the 40s   in conjunction with the Landau theory developed a 

joint venture , dubbed the Ginzburg-Landau theory. Ginzburg-Landau theory was based 

on the theory of phase transitions of type II developed in 1937 by Landau and contained 

the basic methods of describing such a phase transition. This theory can be applied not 

only to the description of superconductivity, but also to superfluids [4]. 

The most relevant today is the creation of the theory of high-temperature 

superconductivity formulated 17 years ago. Despite the high rate of development of 

HTSC in practice, its mechanism is still not clear. Global idea of humanity is to obtain 

superconductor current with zero resistance at room temperature. This idea was first put 

forward by V. Ginzburg in the 60s in his book "The phenomenon of high-temperature 

superconductivity", long before the discovery of HTSC. 

As shown by practical experience with the graphite, the individual grains may have 

its superconductivity even in conditions of temperature close to room temperature if the 

material is pre-prepared by a special technique using water, followed by baking in an 

oven. This fact indicates that it is still possible to achieve superconductivity in certain 

materials under normal conditions. The assumption belongs to a group of German 

scientists who presented their arguments in scientific journal Advanced Materials. 
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In their experiments, scientists from Germany were subjected to the study and 

analysis of multiple forms of carbon, including graphite. A sample of a graphite powder 

was preliminarily put in a container with water and the resulting solution was at rest 

during the night. Further, the composition was subjected to filtration with graphite, and, 

thus, pure graphite obtained from an aqueous solution is heated in a special furnace to 

temperature of 100 ° C. 

After baking, scientists obtained an interesting texture in the form of graphite 

granules. In addition to the interesting forms in graphite particles not less interesting 

properties were found . The most important property of the pellets was that they kept the 

properties of superconductors at  temperature of 26 ° C. It was shown that within the 

grains there were sharp phase transitions of the magnetic moment . The same 

phenomenon is observed in the existing "classic" samples of superconductors, which, 

unfortunately, can only work at very high temperatures. German scientists have not yet 

been able to establish reliably, whether the new material has some properties of 

superconductors - the lack of resistance and the presence of the Meissner effect (the 

ability to complete displacement of the magnetic field of the conductor itself), in 

particular. 

Despite this, the discovery of just one of the unique properties of superconductivity 

in baked graphite suggests that existing today high-temperature superconductors will be 

able to function quite normally and at room temperature in the future. However, there 

are some difficulties in terms of application prospects of baked graphite as a so-called 

"building material". Firstly, this is because the properties of the superconductor can 

have only a total of 0.0001 % mass of the material because the effect of 

superconductivity was observed only at the surface of grains. Secondly, the structure of 

graphite in a new form is quite fragile, so the most valuable properties of 

superconductivity can be easily lost under small deformations of the material. 

In the future, the German scientists from Pablo Eskuinatsi’s group are going to 

carry out another series of experiments in which grain graphite will be studied in detail, 

as well as the nature and properties of the hydrogen atoms, which remain on the surface 

of the material after the procedure, mixed with water and then baked. We will also 

receive the results of the research in the lack of resistance in the baked graphite and 

availability of the Meissner effect. 

 “The physics that appears to be necessary for room temperature superconductivity 

is quantum mechanically ‘massively entangled,’ says J.C. Séamus Davis, a Cornell 

University professor and director of the Center for Emergent Superconductivity. “That 

means, the electrons in the system are all ‘correlated,’ each interacting with all the 

others in complex quantum mechanical ways that we don’t completely understand. This 

entanglement is what appears to allow the copper-based high-temperature 

superconductors to have their unusual, unexpected, and amazing properties, so we need 

to understand and control how this entangled electronic matter works” [5]. 

A new class of high-temperature superconductors has been discovered in layered 

iron arsenic compounds. The results in this rapidly moving field may shed light on the 

still unsolved problem of high-temperature cuprate superconductivity [3]. 

One key goal is to understand high-temperature (high-Tc) superconductors—

materials that carry electricity with no energy loss when cooled below a certain 

temperature—and tailor them for applications such as zero-loss power lines.  Reaching 
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this goal could improve the power-carrying capacity of the U.S. electrical grid fivefold 

and save $120 billion per year.  

Understanding superconductivity – whereby certain materials can conduct 

electricity without any loss of energy – has proved to be one of the most persistent 

problems in modern physics. Scientists have struggled for decades to develop a 

cohesive theory of superconductivity, largely spurred by the game-changing prospect of 

creating a superconductor that works at room temperature, but it has proved to be a 

tremendous tangle of complex physics. 

 “We’re trying to understand nanoscale order and how that determines material 

properties such as superconductivity,” said Robert Kaindl, a physicist in Berkeley Lab’s 

Materials Sciences Division. “Using ultrafast optical techniques, we are able to observe 

how charge stripes start to form on a time scale of hundreds of femtoseconds.” A 

femtosecond is just one millionth of one billionth of a second. 

Electrons in a solid material interact extremely quickly and on very short length 

scales, so to observe their behavior researchers have built extraordinarily powerful 

“microscopes” that zoom into fast events using short flashes of laser light. Kaindl and 

his team brought to bear the power of their ultrafast-optics expertise to understand the 

stripe phase in strontium-doped lanthanum nickelate (LSNO), a close cousin of high-

temperature superconducting materials. 

Stripes in this LSNO crystal stripes form only at cryogenic temperatures of about 

-168 degrees Celsius (approximately -271 °F), yet at far higher temperatures the team 

hit upon large changes of the material’s infrared reflectivity. These invisible “color” 

changes represent an energy threshold for electrical currents, dubbed the energetic 

“pseudogap”, which grows as the crystal cools – revealing a progressive localization of 

charges around the nickel atoms [7]. 

“Unraveling the mystery of high-Tc superconductivity is still a very complicated 

picture and one of the greatest mysteries of modern science,” said Peter Johnson, chair 

of Brookhaven’s condensed matter physics and materials science department. “With 

something like 150 theorists working in the field, we have 150 theories of how these 

materials work. But as we develop new techniques, we are making progress narrowing 

down the mechanism” [6]. 
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ARCHITECTUTRE AS AN INTERFACE 

Starkova L.A. (Kharkiv)  

Language supervisor: Tkachenko S.V. 
Summary: The article deals with the essence of modern architecture. Architecture of 

nowadays is not only a beautiful shell, but also a means communication in terms of urbanization and 

globalization. Innovation today solves many problems in all branches of science. So architecture 

absorbs innovative technologies and is becoming a nucleus, combining art and society, and therefore 

the culture of the 21st century. In the field of architectural innovation one of the most striking 

achievements is media facades. In the study process of technological features of this system, it was 

found that it has great prospects, but it also has disadvantages in operation. We analyzed anthology of 

the material on a number of embodied architectural objects with embedded media body. 

Keywords: structure of media facades, architecture as an interface, communication in the 

architectural environment.  

Анотація: Стаття присвячена розгляду сутності сучасної архітектури. Архітектура 

сьогодні це не тільки красива оболонка, а й засіб комунікації в умовах урбанізації та 

глобалізації. Інновація вирішує безліч завдань в усіх наукових галузях. Так архітектура вбирає в 

себе інноваційні технології і стає ядром, що з'єднує в собі мистецтво і суспільство, всмоктує 

культуру 21 століття. У сфері архітектурних інновацій одним з найбільш яскравих досягнень 

можна назвати медіфасади. У результаті дослідження технологічних особливостей цієї системи 

було з'ясовано, що вона має колосальні перспективи, але також має і недоліки в експлуатації. 

Нами була проаналізована антологія роботи самого матеріалу медіафасадів на тілі втілених 

архітектурних об'єктів з впровадженим світловим дизайном. 

Ключові слова: структура медіафасадів, архітектура як інтерфейс, комунікація в 

архітектурному середовищі. 

Аннотация: Статья посвящена рассмотрению сущности современной архитектуры. Так 

как архитектура сегодня это не только красивая оболочка, но и средство коммуникации в 

условиях урбанизации и глобализации. Инновация сегодня решает множество задач во всех 

научных отраслях. Так и архитектура впитывает в себя инновационные технологии и 

становится ядром, соединяющим в себе искусство и общество, а значит культуру 21 века. В 

сфере архитектурных инноваций одним из самых ярких достижений можно назвать 

медифасады. В результате исследования технологических особенностей этой системы было 

выяснено, что она имеет колоссальные перспективы, но также имеет и недостатки в 

эксплуатации. Нами была проанализирована антология работы самого материала медиафасада 

на ряде воплощенных архитектурных объектов с внедренным медиа телом.  

Ключевые слова: структура медиафасада, архитектура как интерфейс, коммуникация в 

архитектурной среде. 

 

Modern architecture it's not just a building with functional layout or beautiful 

facade. Architecture today includes urbanism, politics, and contemporary art, is 

communicative and industrial design, music, cinema, everything that connected with the 

people. Therefore architecture is the interface for the person what responds to their 

needs, the city and provides additional functionality. It's complex of various spheres of 

activity. Thus, programming and LED (Light emitting diode) technology becomes a 

maxim in dealing with many demands from the modern architecture as a consumer. It is 

important to note that not only innovation creates space. Space of modern architecture is 

life, created by people and responsive to human needs. 

The largest and most impressive architectural product in the field of innovative 

interactive technologies is Media façade. Media facades were born at the junction of 

lighting design and architecture, which begins to flourish thanks to Light emitting diode 

technology. Media architecture creates a new relationship between the digital space on 
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the one hand and the architectural, urban space on the other. Never existed such a close 

relationship between the physical and the digital world, which would be available to 

such an extent that not only was a personal interaction, as in the case of a personal 

computer, but also in groups or even the whole of the urban environment that allows 

you to interact with facade and fill it with content. 

The purpose of this article is to demonstrate the latest projects with embedded 

media body in the facade. It also consider a range of technical solutions screen media 

facades, and its consistency with the urban value. 

Media faсade consists of hundreds of thousands of Light emitting diode, which 

are integrated in the faсade of the building and broadcast video images that are managed 

by a computer program. Unlike neon lights, illuminated facades literally envelop the 

building and even shape architectural design today and penetrate into the environment 

with light. 

Media architecture doesn’t define classification into mutually exclusive 

categories, and therefore more important to discuss the most important characteristics of 

the projects (display technology, translucency, interaction, etc.). The defining 

characteristic is the image of media facades. So what are the properties of the image 

created by the media faсade? How many pixels the image is made of? The spectrum is 

huge here are some examples: Blinkenlights(3) - 144 pixels, Uniqa(1)- about 180,000 

pixels. A large number of pixels does not necessarily improve the image - Blinkenlights 

show possible with a small number of pixels - but definitely higher resolution allows to 

create sharp and detailed images, if necessary. The size of individual pixels is of great 

importance to the observer. Throughout the night time, excessive brightness emitted 

media facade can become a drawback for its residents and vehicle drivers. Of all active 

displays, only the LED (Light emitting diode) light sources allow us to make a media 

faсade readable in sunlight. However, some kinetic facades (Flare)(3) skillfully take 

advantage of solar light. Reducing of the color gamma (Blinken Lights or Chanel in 

Tokyo(2) can be used as a stylistic feature of the lighting system. But LEDs have a rich 

color capability. 

Integration into the building structure is a crucial characteristic when evaluating 

media facade, which determines whether a given installation media facade. Without 

integration of the display into the building, there is a feeling that the installation is 

separate from the front elevation and a separate structure. Media facade cannot be 

considered only as part of the facade, it is important to consider the inner light (rooms 

and windows). Communications and media facade structure should not interfere in the 

process of human communication with the surrounding space. In some cases, successful 

integration can only be achieved after the completion of the building facades, when the 

bulk of the construction is finished, the facades are created and only then you can begin 

to create a media facade. One aspect of "integration" is dimension. Since some of the 

building is usually of voluminous structure, and not simply a flat structure, it is obvious 

media that may also have a spatial effect [1, p. 30]. There are a lot of projects that use 

the internal space of the building and the light within it, however, these projects are 

feasible at the beginning of construction until the building is not occupied by those for 

whom it was built - people. Media facades are not limited to one surface, the display 

extends over several building surfaces or extend to the spherical surface (UNIQA and 

Grand Lisboa(5)). In this way, the different effects achievable distorting space and 



 194 

shape of the building. A great example of a true 3D display is installation Nova train 

station in Zurich. There are various nuances when media facade begins to conflict with 

other building functions. The most important problem is the light transmission. Sunlight 

enters the window smaller and smaller with increasing density designs media facade. 

Sometimes it is not enough light, and generally excluded external light entering into the 

building. Light emitting diode cope with this task well, due to the possibility to be more 

integrated into the facade elements. There are solutions, when light sources are built in 

slats that protect from the sun, and thus does not prevent penetration into the building. 

Of course, there is a logical conflict between light transmission and resolution media 

facade. To achieve a higher resolution mesh facade should be adjusted in the direction 

of condensation pixels, you can use sun protection slats or otherwise, should be placed 

before the additional construction facade that will definitely interfere with the 

propagation of light inside the building [3, p. 40]. 

Media facades very seriously consume electricity. Consumption depends on the 

efficiency of light sources on their number and brightness. LED’s are very effective, but 

if used in large quantities (sometimes more than 1 million units), the energy 

consumption is increased. When the illuminated is increased and the pixels are arranged 

more densely, the power of consumption is increased too. Constitute a special 

competition system with sunlight and operating during daylight hours. It is important to 

understand what is needed to the surrounding society, and not something that can afford 

a big company. Since the problem of electricity involves a redistribution of the energy, 

we cannot categorically say that is justified and what is not.  

In the context of system structure - content - environment, it is necessary to 

understand the projected media facade fits into the structure as a spatial structure such 

as the local environment. This is another property of media facades, closely associated 

with the integration. Even if integration went smoothly, the system cannot be attributed 

to the building. If the media does not reflect the attitude of the facades of the building, 

to its environment, and to the inhabitants of the place where they are installed, they 

seem billboards containing scant inherently advertising. On the other hand, if the above-

mentioned components are equally balanced, it may be not only a successful media 

architecture, and very strong advertising effect. Accordingly, successful integration into 

the environment. Definitely, the greatest potential to unite people and media 

architecture laid in their mutual interactive communication. Blinkenlights project in 

Berlin perfectly illustrates this association [4, p. 53-60]. Here, the "users" had an 

excellent opportunity to connect with the building or other residents of the city. It brings 

people together. On one side of the building, animation, containing simple animation or 

text messages that users can be placed on the facade (reported feelings of love have 

been extremely popular in this mode of operation of the facade). On the other side of the 

building you can run a simple game «Pong» via cell phone. Web site and publicity 

concerning this action played an important role in attracting attention. Project 

developers have created a tool with which people can themselves create events for 

themselves. Developers made up of individuals designers content media facade and thus 

included in the facade of the environment. 

A large number of network users and the development of Web 2.0 social 

networking sites MySpace and Facebook provide a huge potential for applications that 

form bonds around the media and architecture that lead to further penetration of the 
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physical and virtual space. New media formats will be created, which suggest a higher 

level of design that have the ability to create innovative solutions to urban development. 

Popularization of media facades is very active today. Annually hosts a variety of 

festivals and exhibitions. One of these representations is a Media Facades Festival 

Helsinki [4, p. 17]. Is a series of festivals presenting media and electronic art projects in 

public space. The festival focuses on artistic interventions which open up the spatial and 

social experience of the city, by an innovative use of the visual, interactive and 

participatory potentials of media and architecture. The objective is to present new 

insights into the urban environment and to encourage a debate about the uses of public, 

media space. 
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Анотація: У даній статті розглядається найбільш ефективний метод боротьби з забрудненнями 

навколишнього середовища, а також збільшення ефективності будь-якої технології шляхом 

використання відходів промисловості як вторинних енергоресурсів.  

          Ключові слова: екологічні проблеми, забруднення повітря, вторинні енергоресурси, 

виробництво цементу. 

Аннотация: В данной статье рассматривается наиболее эффективный метод борьбы с 

загрязнениями окружающей среды, а также увеличения эффективности любой технологии 

путем использования отходов промышленности как вторичных энергоресурсов. 

  Ключевые слова: экологические проблемы, загрязнение воздуха, вторичные 

энергоресурсы, производство цемента. 

Summary: The problem of most efficient method to combat pollution of environment and 

increase efficiency of any technology by using industrial wastes as secondary energy sources is 

described in this paper. 

           Key words: ecological problems, air pollution, secondary energy sources, cement production. 

 

Nowadays urban environmental problems are associated with excessive 

concentration of population, transport and industrial enterprises on a relatively small 

territory. 

Atmosphere over big cities contains 10 times more aerosols and 25 times more 

gas. Moisture that is more active leads to precipitation rise by 10...15%. In view of low 

air mobility thermal anomaly over the city covers layers of the atmosphere to the height 
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250 to 400 m, and contrasts of temperature could reach 5...60  C. They are related with 

temperature inversions, leading to increased pollution load, fogs and smog.  

Sources of pollution can be divided into fixed (industry) and mobile (mainly road 

transport). As a rule, with the increasing of size of cities, the share of mobile sources of 

pollution to the atmosphere increases, reaching 60...70 %. 

In large cities, apart from the low level of pollution concentration in various 

districts of the city, it increases sharply in the areas of large industrial enterprises. 

Stationary pollution sources emit into the air sulphur dioxide, nitric oxide, carbon 

monoxide gas, steam, dust and other contaminants depending on the specifics of 

industrial production and the composition of the fuel used in it. Relatively recently 

stationary sources emitted into the atmosphere a significant amount of dust of various 

chemical composition, but nowadays there are dust refining devices that trap more than 

95% of solid particles. One of the features of stationary sources of pollution is that the 

emissions occur, as a rule, at high altitudes that leads to spreading them over a large 

territory [1]. 

Air pollution is the most serious problem of the modern cities, it causes 

significant damage to the health of citizens, logistical facilities located in the city, 

industrial and transportation equipment, communications, water pool, green areas etc. 

One of the effective methods of solving environmental problems is the creation of 

safe and non - waste technologies. Production must be organized in such way that waste 

does not pollute the environment and again came in the production cycle as secondary 

raw materials. If we consider that about 98% of initial raw materials in modern industry 

transform into waste, the actuality of non-waste technologies creation will become 

clear. 

Great attention in cement industry is paid to the development and broad 

introduction of resource-saving technologies. Systematic work is carried on all 

enterprises to save technological fuel and to use secondary energy resources (SER) and 

consequently, to reduce harmful emissions through the introduction of new 

developments, improvement of old equipment and modernization of technological 

processes. 

The use of flammable (fuel) SER does not cause any special difficulties and they 

are used at industrial enterprises with sufficient completeness (90-95%) and efficiency 

[1, p.290].  

Thermal SER are mainly used in such industries as ferrous and non-ferrous 

metallurgy, chemical, gas industry, mechanical engineering and construction materials 

industry. Use of thermal SER is still insufficient and has an average of 30-40%. 

Secondary energy resources are used in almost all sectors of industry where there are 

heating technological installations. Efficiency of existing thermal plants is achieved by 

improving the regime of their work, as well as maximizing the use of waste heat, first of 

all, physical heat of exhaust gases, the share of which in total balance of the possible use 

of thermal SER is 75%. 

For a wet process of cement production loss of heat from the flue gases make up 

about 24%, and for dry fashion - about 20% of the total cost of heat for clinker burning. 

However, the absolute values for a unit of production by the wet method is 2.5 times 

more than in the dry method. The reason is a significantly greater number of 

combustion products and their supplement in water vapor from the sludge [2]. 
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The minimum temperature of the flue gases depends on accepted method of 

annealing. In the wet process kilns temperature cannot be reduced less than 200
o
 C due 

to violation of stable work of the dust-cleaning structures at lower temperatures. 

Bringing the temperature of the exhaust gases to the desired values achieved by heat 

exchange devices in various areas of heat treatment of the material. 

In the zone of moisture evaporation from the sludge it is suitable to have hanging 

chains garlands with an advanced heat exchange surface and high density of hydraulics 

in the cold part of this zone. According to researches such a chain veil in the form of 

three - passed garlands allows to reduce specific consumption of heat for the burning of 

3 % [2, p.190]. 

In the zone of heating of granular material according to the outlet from the chain 

veils for the intensification of heat exchange are arranged various heat exchangers in the 

form of cells, blades and screens. Work of furnaces with cycloid heat exchangers differs 

from others with stable thermal and technological modes, allows to increase the 

productivity units by 5%, reduces specific fuel consumption up to 7% in a total 

reduction dust carryover from the furnace. 

In view that the wet cement production will remain a key one for the near future, 

the actual problem in fuel-energy resources continues to be humidity decrease of raw 

sludge. According to scientific research of the institute of cement, for the evaporation of 

about 64 million tons of water required for the preparation of the sludge cement 

factories spent annually over 8 million tons of equivalent fuel, or 36.3% of the total fuel 

consumed by the industry of building materials. Each reduction of the sludge moisture 

leads to reducing of specific heat consumption for clinker burning in average of 117 146 

kJ/kg, i.e. 1.7 - 2 % [3]. 

The main direction of sludge moisture reduction in the cement industry is using 

units for full or partial dehydration before serving in the rotary furnace. 

In a number of countries spray dryers are used for these purposes, representing a 

cylinder, installed in the cool end of the kiln, where are the hot exhaust gases. A fine 

atomization of the sludge and its drying in the gas stream goes by using a rotating disk 

with the system of nozzles mounted in the upper part of the cylinder is. Mechanical or 

pneumatic injectors can be served for the same purposes. 

Increasing the capacity of the ovens is achieved by shifting the drying zone of the 

furnace in the dryer, which allows to increase the volume of the processed material in 

the preheating, dehydration and decomposition. The reason for this is that the intense 

heat transfer and a real reduction in fuel consumption can be absorbed by the high 

temperature of exhaust gases from the furnace and its reduction to 150 degrees C. 

Capacity of such furnaces with the installation of spray dryers increased by 20 - 23 % 

Spray dryers have a low gas-dynamic resistance (approximately 0.2 kPa) 

compared with chain curtains (0,5 - 1,2 kPa), the need of their installation disappears. 

The temperature of the flue gases after them is not more than 1000
º
 C. 

The proposed method includes a number of measures on reducing specific 

consumption of fuel in the production of cement clinker in shop of CJSC roasting 

Belcement by partial (in order to avoid infringement of firing technology) placement of 

the drying zone beyond the rotary kiln or proposes to dry part of raw sludge in the spray 

dryer by exhaust gases from the furnace. In addition, spray drying can go by one of the 

most promising schemes: spray drying agglomeration of dust fractions that will allow to 
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refuse from electrostatic precipitators and will save a certain amount of power [3, 

p.350]. 

In shop of roasting of CJSC Belcement for the production of Portland cement 

clinker 7 furnaces are used. Two are of large size 4,5 х170 m, productivity 51 t/h and 5 

of small size 4 х150 m and capacity of 34 tons/H. Near and inside of the oven devices 

are installed at all furnaces. Grate coolers and garland - screw veils with cyclone heat 

exchangers are used in big furnaces and recuperative refrigerators and garland - screw 

veils with cyclone heat exchangers in small one. 

In the fifth furnace, which has chain veil after which cyclone heat exchangers are 

installed in addition, the furnace is equipped with recuperative refrigerators. The 

temperature of the flue gases from the furnace (on the edge of the oven) is about 2000  

C. Specific fuel consumption on the current data base variant is 0,1766 kg/kg of clinker 

and the drying zone, according to the heat balance, accounts for 30.7% of this amount. 

After thermal calculation of the furnace (for 1 kg of clinker) of basic and design 

variant  it is found out  that partially offset zone of drying and using exhaust gases for 

drying heat loss with the exhaust gases are reduced from 1044,11 kJ to 846,26 kJ, heat 

consumption for evaporation of moisture in the furnace is reduced from 2355 kJ to 1596 

kJ, while fuel consumption is reduced from 0,1766 kg to 0,154 kg, i.e. to 0.022 kg/kg of 

clinker that is 12.5% from the base of specific consumption of fuel in the furnace. 

After analyzing the data under the current situation, the data of thermal balance of 

the furnace and ways to reduce power consumption in the production of Portland 

cement clinker and proceeding from the current situation in CJSC Belcement it has been 

is agreed that the decrease of energy consumption can be achieved by using the heat of 

waste gases of kiln for drying of raw sludge in the spray dryer with agglomeration of 

sprayed drying product. 

After a full calculation of spray dryers with a capacity of 10.0 t/h of dried product 

on the flue gases from the furnace, it has been found out that it needs 215643 kg/h of 

drying agent with temperature of 200 degrees C and humidity between 0.27 kg/kg for 

drying, while furnace №5 gives only 124712 kg/h gases. Therefore, waste gases from 

furnaces №4 and №5 must be used for drying. 

It should be noted that this paper does not take into account changes in 

aerodynamic resistance of the furnace and hence a possible replacement of exhaust fan. 

If such substitution is required - this will certainly increase the cost of the project. 

According to the technical and economic calculations (excluding the above 

activities) the value of the integral economic effect is NPV=22238,71 thousand rubles, 

payback period - 1,48 year. 
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Language supervisor: Belovodskaya I.I. 
Анотація: У статті розглядається можливість жити на космічних станціях. Це головна 

тема обговорення на різних наукових конференціях. В даний час ця область науки представляє 

великий інтерес. Чи придатні космічні станції для життя людини? Це спірне питання. Деякі 

люди зацікавлені в його розгляді, але багато людей бояться цього. У цій статті ми спробуємо 

знайти відповідь на це глобальне питання.  

Ключові слова: космічна станція, космічний корабель, космонавт, Земля, Місяць, 

середовище проживання. 

Аннотация: В статье рассматривается возможность жить на космических станциях. Это 

главная тема обсуждения на различных научных конференциях. В настоящее время эта область 

науки представляет большой интерес. Пригодны ли космические станции для жизни человека? 

Это спорный вопрос. Некоторые люди заинтересованы в его рассмотрении, но многие люди 

бояться этого. В этой статье мы попробуем найти ответ на этот глобальный вопрос. 

Ключевые слова: космическая станция, космический корабль, космонавт, Земля, Луны, 

среда обитания. 

Summary: The article deals with the possibility of living on space stations. It’s a main theme 

of discussion in various scientific conferences. This part of science is a main stream nowadays. Is 

living on space stations possible for human’s life? It is a controversial issue. Some people are 

interested in considering this question, but many people are afraid of it. In this article we try to find out 

the answer to this global question. 

  Key words: space station, spaceship, astronaut, Earth, Moon, habitat. 

 

A world-renowned smart guy scientist Stephen Hawking gave a speech where he 

detailed what humanity needs to do in order to survive as a species: leave Earth. That's 

right, provided we don't blow ourselves up or succumb to a superbug-genetically 

engineered or otherwise Hawking believes that humanity's only chance for long-term 

survival is not «to go West» but to go outward, with toward Mars, specifically. 

He believes we could have a colony on the moon within 20 years, and an 

established base on Mars within 40, according to reports, but says that unless we travel 

to another star system, we "won't find anywhere as nice as Earth". 

Humans turn out to adapt remarkably well to zero-g (more precisely, 

microgravity). After all, back in 1961, Soviet scientists were genuinely worried that any 

prolonged period of weightless might even be fatal – which is why they limited Yuri 

Gagarin's first space flight to just 108 minutes and a single orbit. 

The International Space Station has finally become a reality. While there are 

many scientific and industrial experiments being carried out on the station, the act of 

living in space for an extended period may be the greatest experiment of them all. 

The past forty years has led to the enrichment of man's knowledge of the effects 

of living in space on the human body. While there is much prediction and conjecture 

about the long-term effect of living in space, there are a number of things that are now 

known that raise problems are monumental in nature. These problems are of two types, 

mechanical and biological. 

The first set of problems addressed here are those that are classified as 

mechanical. These include any problem involving the hardware of life-support in space. 

The environment of space requires the development of "Closed Environments" that 

feature the complete recycling of resources, particularly air and water. One thing that 
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should be said is that as of today, there is no system of life-support now available that 

could allow men to reach Mars independent of Earth. What this means is that no 

"Closed Environmental" system now in place is proven capable of recycling air and 

water in a closed environment for a period long enough to support travel to another 

planet. The fact that the current International Space Station will have to be re-supplied 

with water and air is proof of this point and shows the problem. Ideally long-term life in 

space will need systems that are closed and totally recyclable. Inter-planetary space 

travel will remain an unfulfilled dream if this problem can't be solved. The technology 

to support life in space is still not capable of supporting a crew of astronauts for a period 

of three years (the time required for a round trip to Mars). 

While there are numerous theories and proposals, one of the main purposes of the 

International Space Station is to test both the mechanical and biological limits of human 

space exploration. The goal of the station is to get data on both men and material and 

the effect of long durations in the environment of space. The past forty years of space 

travel has shown that the greatest problems facing space travelers might not be the 

hardware, but their bodies. One of the first things discovered was that the weightless 

environment of space caused some serious problems. Weightlessness itself is the most 

important and the most obvious influence on life in space.  Astronauts and Cosmonauts 

who spent more than a few weeks in space were found to suffer from a number of 

maladies upon their return to Earth. One of these, loss of calcium by the body, and the 

associated effects on the skeletal and nervous systems has been a concern for all those 

associated with manned space travel. Proposals for handling this problem include the 

use of artificial gravity generated by rotation, or travel by continuous acceleration. The 

first option is possible and most likely, the second, though possible is not currently 

practical. 

There are other factors, too. Outside the protective shield of the Earth's 

atmosphere, astronauts have to contend with high radiation levels. Mostly, these have 

minor and long-term effects: a slight increase in the risk of cancer in later life, for 

example. But during occasional solar flares, the sleet of radiation from the Sun can be 

immediately life-threatening. 

Human psychology plays an important part in the story, too. Life in space also 

means living with a distinct lack of space. The ISS is vastly larger than any previous 

space structure, but even so it is no mansion. Astronauts can enjoy the finest views 

imaginable, with the whole planet stretched out before them amid the starry immensity 

of the universe. But their living quarters are pretty cramped, and they must share them 

with their fellow crew members for months at a time. 

Still, there is no shortage of applicants for astronaut positions. And virtually 

everyone who has had the chance to live in space is keen to return. Besides, as our 

knowledge increases, and space medicine develops throughout the 21st century, the men 

and women in orbit – and hopefully beyond – should have a more comfortable time in 

future. 

Many of the problems that arise from living and working in space have been 

resolved. To explore and work in space, human beings must take their environment with 

them because there is no atmospheric pressure and no oxygen to sustain life. Inside the 

spacecraft, the atmosphere can be controlled so that special clothing isn't needed, but 

when outside, humans need the protection of a spacesuit. 
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Earth's atmosphere is 20 percent oxygen and 80 percent nitrogen from sea level to 

about 75 miles up, where space begins. At 18,000 feet, the atmosphere is half as dense 

as it is on the ground, and at altitudes above 40/000 feet, air is so thin and the amount of 

oxygen so small that pressure oxygen masks no longer do the job. Above the 63,000-

foot threshold, humans must wear spacesuits that supply oxygen for breathing and that 

maintain a pressure around the body to keep body fluids in the liquid state. At this 

altitude the total air pressure is no longer sufficient to keep body fluids from boiling. 

Spacesuits for the space shuttle era are pressurized at 4.3 pounds per square inch 

(psi), but because the gas in the suit is 100 percent oxygen instead of 20 percent, the 

person in a spacesuit actually has more oxygen to breathe than is available at an altitude 

of 10,000 feet or even at sea level without the spacesuit. Before leaving the space 

shuttle to perform tasks in space, an astronaut has to spend several hours breathing pure 

oxygen before proceeding into space. This procedure is necessary to remove nitrogen 

dissolved in body fluids and thereby to prevent its release as gas bubbles when pressure 

is reduced, a condition commonly called "the bends." 

 However, the physiological affects of weightlessness are still not completely 

understood. Among these are the leaching of certain minerals from bones; atrophy of 

muscles when not exercised; and space adaptation syndrome, a form of motion sickness 

found only in spaceflight. 

All the deleterious effects of living in microgravity disappear after an astronaut 

returns to ground. Some can be countered while in orbit by special diet and exercises. 

But even a vigorous exercise program does not appear to stop bone loss, or the decrease 

in the rate of normal bone formation. NASA is engaged in a long-term program to 

understand the causes underlying these changes, in order to develop ways to prevent 

them. This will be particularly important for the longer tours of duty on the Space 

Station, where crew members will be in orbit for three months or more at a time. 

Humanity have lived and thrived in all types of environments, with all types of 

problems. They overcame them lived and developed them. Space is just another 

frontier, the final one. What will our future look like? We can only imagine. Cold and 

airless space or clean flowering Earth? Life in other galaxies, or colonies in our solar 

system?  

 

References 

1. Заир С. И. Муштавинский. Развитие критического мышления на уроке / С. И. 

Заир,  И. В. Бек // –  М. : Просвещение, 2004. 2. Николаев А. Г. Космос – дорога 

без конца / Николаев А. Г. – М. : Молодая гвардия, 1994. 3. Astronautics and 

Aeronautics. Chronology of Science, Technology and policy. Washington, NASA 

historical office, 1994 г. 4. Новиков Н. Ф. Готовность одна минута! / Новиков Н. Ф. 

–  М. : ДОСААФ, 1999. 5. [Eloctronic resource]. – Access mode: 

http://www.aerospaceguide.net 

 

http://www.aerospaceguide.net/


 202 

УДК 338.45:629.78(477) 

THE REALITIES AND POSSIBILITIES OF UKRAINIAN SPACE INDUSTRY:  

LAUNCH VEHICLES 

Tsylyuryk M.A. (Kharkiv)  

Language supervisor: Strelchenko D.V. 
Summary: Nowadays Ukraine is capable to provide a wide range of services in the aerospace 

industry: starting from making special production of space systems’ parts and up to prelaunching 

operations conducting. However, due to the improvements of space technologies in developing 

countries, such as Brazil, India and China, as well as the emergence of private companies with better 

products, Ukrainian space goods and services may soon become unclaimed. Due to the present 

situation, Ukraine should take a number of measures to ensure further production of competitive space 

products. 

Key words: launching vehicles, space industry, space market’s features in the future. 

Анотація: Сьогодні Україна здатна надати широкий спектр послуг в аерокосмічній 

галузі: починаючи з виробництва деталей космічних систем на замовлення та закінчуючи 

проведенням передпускових операцій. Проте у зв'язку з удосконаленням космічних технологій 

в країнах, що розвиваються, таких як Бразилія, Індія та Китай, а також появю приватних 

компаній, з більш досконалою продукцією, Українські товари та послуги для космiчної галузi 

незабаром можуть стати поза попитом. У зв'язку зі сформованою ситуацією, Україні необхідно 

вжити ряд заходів для забезпечення подальшого виробництва конкурентоспроможної космiчної 

продукції. 

Ключові слова: космічна галузь, особливості космічного ринку в майбутньому ракети-

носії. 

Аннотация: Сегодня Украина способна предоставить широкий спектр услуг в 

аэрокосмической отрасли: начиная с производства деталей космических систем на заказ и 

заканчивая проведением предпусковых операций. Однако в связи с усовершенствованием 

космических технологий в развивающихся странах, таких как Бразилия, Индия и Китай, а также 

появления частных компаний с более совершенной продукцией, украинские товары и услуги в 

космосе вскоре могут стать невостребованными. В связи со сложившейся ситуацией Украине 

необходимо предпринять ряд мер для обеспечения дальнейшего производства 

конкурентоспособной продукции для космоса. 

Ключевые слова: космическая отрасль, особенности космического рынка в будущем, 

ракеты-носители. 

  

The global space economy grew by nearly 7% in 2012, reaching a new record of 

$304.31 billion. As in previous years, the vast majority of this growth was in the 

commercial sector, which now constitutes nearly three-quarters of the space economy, 

with government spending making up the rest [1]. Given fact’s proving the point, that 

investments in space are justified as a potential profit is huge. 

 On the present day Ukraine has a unique set of facilities and institutions that can 

provide full cycle of production: from project development and up to operational 

objectives. State Space Agency of Ukraine has signed bilateral treaties on cooperation 

with space agencies of the Russian Federation, Kazakhstan, the United States of 

America, Brazil, Argentina, India, the Republic of China, Israel, Turkey and the 

European Union. Furthermore Ukrainian space industry enterprises have established 

partnerships with the leading aerospace companies such as: Sea Launch, Boeing, 

Lockheed Martin, Airbus group, EADS, RSC Energia. Thus Ukraine is taking part 

almost in all large projects, for example Sea Launch, Land Launch, Dnepr and Tsyklon-

4 [2]. 
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There is a comparative analysis of Ukrainian launch vehicles with the same 

production of other countries presented below. The cost of cargo delivery into orbit is 

quite different in various sources. The figures are often in different currencies, referring 

to different years (year determines both inflation and world conjuncture cost starts), 

satellites are run on different orbits, some of the figures are characterized by the cost of 

start-up into the "dry" cost of the launch vehicle, other sources provide start-up costs for 

the customer, while the information source does not explain which of the numbers are 

shown. The value of terrestrial services can be also unlisted, and even more – insurance 

services could not be taken into account, their cost may be very different because of the 

failure statistics of the rocket. So, the comparison of the launch vehicles cost ought to be 

very careful and general public information provides only approximate values. 

Therefore, we’ve decided to generalize and simplify information to ease the comparison 

analysis, hence given transport capacity refers to objects outputted to a height of 500 km 

and without taking into account associated costs. The most favorable orbit inclinations 

are considered. 

Dnepr carrier rocket (Ukraine) was designed for rapid, high-precision launches of 

single or group of satellites for various purposes weighing up to 3.7 tons into orbit with 

altitudes of 300 – 900 km. The load of 2700 kg could be delivered into orbit at a height 

of 500 km [3]. Dnepr is created on the basis of world’s most powerful intercontinental 

ballistic missile RS-20 (NATO designation: SS-18 Satan), which has high energy 

capabilities and reliability that was confirmed in 160 launches (including 19 in the 

framework of the Dnepr program). RS-20’s constructive scheme and control system’s 

invariance made possible to create a highly efficient launch vehicle that responses all 

modern requirements. Due to a significant fleet of rockets (approximately 150 units) 

main rocket could be replaced by a spare one in cases of any emergences with the main 

launching vehicle. There are no analogs of such custom service in the world. One rocket 

launch price was $ 15 million [4]. 

Ariane 5 (France - EU) is the cornerstone of Europe’s independent access to 

space. Its reliability, availability and affordability are based on a strategy where a 

significant part of the exploitation costs is financed through commercial activity. Ariane 

5 is launched six to seven times a year, one or two of which are for institutional 

customers. The load of 19.3 tons could be delivered into orbit at a height of 500 km 

(Ariane 5 ES(V) configuration). [5] The Ariane launch log to September 2013, stands at 

16 Ariane 5G, 3 Ariane 5G+, 6 Ariane 5GS, 42 Ariane 5 ECA and 4 Ariane 5 ES, for a 

total of 71 launches. Possible weight of payload is up to 21 tons. One rocket launch 

price was $ 135 million [6]. 

Atlas V (USA) is an active expendable launch system in the Atlas rocket family. 

In its more than three dozen launches, starting with its maiden launch in August 2002, 

Atlas V has had a near-perfect success rate: 100%, except one flight on June 15, 2007, 

when the engine in the vehicle's Centaur upper stage shut down four seconds early, 

however, the customer, the National Reconnaissance Office, categorized the mission as 

a success. Possible weight of payload is up to 33.4 tons to a height of 500 km [7]. Since 

2005 Atlas V has not been cost-competitive for most commercial launches. The cost for 

an Atlas V 541 launch was about $187 million [6]. 

Proton (Russia) is an expendable launch system used for both commercial and 

Russian government space launches. The first Proton rocket was launched in 1965 and 
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the launch system is still in use, which makes it one of the most successful heavy 

boosters in the history of spaceflight. This rocket is able to deliver 20.7 tons to the 500 

km height [5]. One rocket launch price was $ 101 million [4]. 

Using the foregoing data, the calculations of delivery charges of 1 kg into orbit 

were provided. 

 
 According to the graph, the most expensive model is Ariane 5 with the cost of $ 

6 900 per 1 kg. Atlas V is $ 1 00 cheaper – $ 5 600 per 1 kg. Dnepr’s cost stands on a 

mark of $ 5 500 per 1 kg. The cheapest variant according to the graph is Proton – $ 

4 900 per 1 kg. 

 From this diagram it could be concluded that Proton is cheaper than Dnepr, but it 

doesn’t refer the reality. This graph ignores associated costs (spaceport’s rent, rocket’s 

transportation, workers’ wages, etc.) and they make up a huge part of the budget. For 

example, preparation costs for Dnepr are extremely low, as in most cases Dnepr is 

situated in a missile silo, so preparation costs wake into account only rocket refitting 

which is usually costs $ 100 000 [4]. Meanwhile, such enormously huge rockets as 

Proton or Atlas V are demanded to be situated in spaceport with numerous operating 

personnel. Hence Dnepr is the cheapest variant for delivering satellites into low Earth’s 

orbit (300 – 900 km), but  Dnepr is unable to reach the geostationary transfer orbit 

(35 000 – 42 000 km), while Proton is the cheapest choice for such task. 

Relying on the facts described above it becomes clear that Ukraine occupies a 

certain niche in the world’s rocket market – satellites delivering into low Earth’s orbit. 

Moreover, there are variety of plants and factories in Ukraine that are capable to create 

new kinds of launching vehicles or satellites. From the other side, Ukrainian space 

industry’s future is uncertain due to a few reasons. 

First reason is that today new companies are appearing on the market using new 

technologies to create carriers which surpass all their predecessors. SpaceX company 

(USA) is a perfect example. It was founded in 2002 by ambitious entrepreneur Elon 

Musk. Space X has gained worldwide attention for a series of historic milestones. It is 

the only private company ever to return a spacecraft from low-Earth orbit, which it first 

accomplished in December 2010. The company made history again in May 2012 when 

its Dragon spacecraft attached to the International Space Station, exchanged cargo 

payloads, and returned safely to Earth – a technically challenging feat previously 

accomplished only by governments. Since then Dragon has delivered cargo to and from 
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the space station multiple times, providing regular cargo resupply missions for NASA. 

Under a $1.6 billion contract with NASA, SpaceX will fly numerous cargo resupply 

missions to the ISS, for a total of at least 12 – and in the near future, SpaceX will carry 

crew as well. Dragon was designed from the outset to carry astronauts and now, under a 

$440 million agreement with NASA, SpaceX is making modifications to make Dragon 

crew-ready. SpaceX is the world’s fastest-growing provider of launch services. 

Profitable and cash-flow positive, the company has nearly 50 launches on its manifest, 

representing close to $5 billion in contracts. These include commercial satellite launches 

as well as NASA missions. 

Currently there is a Falcon Heavy rocket under development, which will be the 

world’s most powerful rocket. All the while, SpaceX continues to work towards one of 

its key goals – developing reusable rockets, a feat that will transform space exploration 

by delivering highly reliable vehicles at radically reduced costs. 

Another competitive company is Virgin Galactic (USA). It plans to provide 

suborbital spaceflights to space tourists, suborbital launches for space science missions, 

and orbital launches of small satellites [7]. Further in the future, Virgin Galactic hopes 

to offer orbital human spaceflights as well. 

Even more promising and farsighted company Deep Space Industries (USA) has 

plans to offer general utility commercial space services in the asteroid mining 

approximately in 2016 [3]. Deep Space Industries' notional service offerings in the late-

2010s and early 2020s to include space-based refueling, asteroid processing and 

spacecraft manufacturing. 

Unfortunately, there are no such projects in Ukraine or they don’t receive any 

financial back up. With such pace of technology development, Ukrainian achievements 

soon will become obsolete.  

 Second reason relates to Ukrainian production capacities. Key enterprise in 

production of rockets, satellites, engines and etc. in our country – PA Yuzhny Machine-

Building Plant named after A. Makarov – unfortunately is in critical condition now. At 

the beginning of 2013 fixed assets depreciation was 69.72%, which constitutes a threat 

to the compliance manufacturing techniques of rocketry.  

 To ensure competitive level of Ukrainian space products in future, the following 

measures should be taken: to increase state financial support; to design and to construct 

of modern and reliable spacecraft designing and constructing; to develop an improved 

legal framework.  

Increased state financial support will help to upgrade and to keep equipment up-

to-date. That in turn, will improve the quality of the final products; hence, space 

technics from Ukraine will be more reliable. This key factor plays essential role in a 

process of choosing a launching vehicle or satellite for commercial customers, so it’s 

possible to count on growth of the number of orders in future. 

Development of new types of rockets will allow to replace the existing series of 

rockets which were inherited from the Soviet Union. For instance, most RS-20 missiles, 

which are the Dnepr basis, were manufactured back in the third quarter of the past 

millennium and their warranty period was only 10 years, subsequently, it has been 

increased to 20. Today, RS-20 rockets work at the limits of capacity and they need to be 

replaced. Moreover, successful project will demonstrate the viability of Ukraine as a 

space power; hence, customers’ credibility will be achieved. 
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An appropriate legal framework should alleviate the process of entering into 

agreements for customers, manufacturers and operators all over the world. 

Currently Ukraine is in the top-5 of space powers among such big players as the 

United States of America, the Russian Federation and the Republic of China. Ukraine 

produce the wide variety of products and services: launching vehicles, satellites, engines 

and on-board electronic production with providing operational, transport and supporting 

services. Unfortunately, Ukrainian space technic is becoming obsolete as far as 

manufacturing machinery. At the same time there is an aggressive development in other 

countries in space industry, and current Ukrainian technologies are unable to compete 

with them. Without conclusive measures, Ukrainian space future is indistinct. 
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Анотація: Розкрита причина порушення закону збереження енергії в теорії 

електромагнітного поля Максвелла і незастосовність його рівнянь до цього поля. Показано, що 

ефірна теорія поля випромінювань краще відповідає експериментальними даними. 
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Аннотация: Раскрыта причина нарушения закона сохранения энергии в теории 

электромагнитного поля Максвелла и неприменимости его уравнений к этому полю. Показано, 

что эфирная теория поля излучений лучше соответствует накопившимся экспериментальным 

данным. 
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Introduction. In any textbook on Electrical and Electronics Engineering  it is 

stated  that a  radio wave, light or hard X-rays are electromagnetic waves  in which 
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electric and magnetic fields are periodically converted into each other, and in this  way  

its dissemination is supported. For clarity, it is usually portrayed as a "chain of Bragg's" 

a demonstration model which is shown in Figure 1. Meanwhile, Michael Faraday in 

1831 empirically found that the magnetic and electric fields were in phase, i.e. vectors 

of electric and magnetic E and H fields change synchronously and simultaneously reach  

nodes and anti-nodes of those waves. This "contingency" fact of electric and magnetic 

waves is usually interpreted as evidence of their undivided electromagnetic nature. This 

interpretation of the electromagnetic field (EMF) leads to contradiction with the law of 

energy conservation in it. This becomes especially apparent if the energy of 

electromagnetic field E is expressed as the sum Е = εоE
2
/2 + μоH

2
/2, where εо and μо –  

are constants  called permittivity and magnetic permeability of vacuum [3]. From this 

expression it follows that energy which left a radiating body and which has not yet 

reached radiation detector is not preserved in the process of its transition. This 

contradiction has not been satisfactorily explained yet. 

Figure 1. Layout showing the "chain Bragg" 

 

 

 

 

 

 

 

 

Maxwell's equations and electromagnetic fields. We will put a question how 

equations (1) and (2) are applicable to the electromagnetic field. 

                                      rot H = dD/dt ,                                                          (1) 

                                      rot E = – dB/dt .                                                        (2) 

It is known that among  four parameters E, H, D and B, figuring in  Maxwell 

equations in the ether, or EMF, there are three constraint equations :D = εoE; B = μoH 

and H = H (E). Energy E is simply obtained by radiation field from antenna radiator is 

being transferred to them, and then is transmitted to the of radiation receiver. However, 

it would be a big mistake to assume that the radiated energy is distributed in the form of 

electromagnetic waves. 

Thus, there is no reason to spread equation (1) and (2) for a electromagnetic field 

in the "void". Lack in ether electric and magnetic freedom degrees (hotting of 

polarization and magnetization processes and vacuum) clearly points to the fact that in 

this case we do not deal with transfer of electromagnetic energy from one body to 

another through medium separating them and with the process of energy convertion 

from (EMC) into another but with vibration, of electromagnetic nature, which are 

distributed in this environment with its velocity. It is very appropriate to quote the 

words of Faraday, who commented his experiments in such a way: "I have long held the 

view that various matter and energy forum are so close and related, that they can be 

converted into each other. This firm conviction prompted me to make a lot of researches 

in order to discover the relationship between light and electricity. However, the results 

were negative ones  ... " [4, p.318]. 
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Now, when it became clear that Maxwell's equations do reflect the processes of 

converting of electrical energy into magnetic energy in material systems and they have 

no relation to light, one should carefully consider physical nature of the radiation field 

while conducting experiments. 

On radiation field nature. As it was truly observed by G. Hertz. The 

confirmation may serve as the fact that even now, negative tests results for the detection 

of  EMF magnetic component are presented as the confirmation of their existence. We 

are talking about Dutch physicists experiments headed by M. Burrezi of the Institute of 

Atomic and Molecular Physics in Amsterdam. In their apparatus, based on Hertz idea, 

for frequency detection, more specific for optical range, a detector was a metal coating 

on the tip of a scanning probe microscope with a slit of 40 nm width. Scientists lowered 

the probe 20 nm from a waveguide, where a laser beam to the wavelength 1550 nm was 

propagated. As a result of rather complex measurement techniques the researchers came 

to the conclusion that they seemed to have discobered the second magnetic paltry signs 

of a standing wave in the detector excited of ether by vibrations close to the waveguide. 

However, like in Hertz experiments it was actually not a light wave field but a magnetic 

field induced in the detector [6]. From these experiments it was not implied that these 

waves generate microscopic currents in the ether, as it was assumed by Maxwell [2, p. 

211]. Moreover, even if the measurement reflected processes in EMF itself they did not 

confirm capacity equality of the processes of electric energy convertion into magnetic 

and one aud fice ferse, as Maxwell equations defined it. The desire to express imaginary 

as visible was stronger than facts which testified electric-neutrality the light. 

Furthermore, it also follows from of radiation quantum photons theory because, as it is 

known, they have neither charge nor a magnetic moment. 

So, we came to the conclusion that the electromagnetic field as a sort of material 

esseuce which possesses electric and magnetic properties and contrast substance does 

not exist. The field is characterized only by any property distribution (a parameter) in 

space and is a subject of pure mathematics. Accordingly, existing division of matter on 

matter and field untenable is not confirmed.  

The fact of light waves existence means that ether is intrinsically non- 

equilibrium (spatially inhomogeneous) medium and, like every nonequilibrium 

environment possesses ordered energy. Ew density of ordered energy is defined by 

expression which is unified for any nature waves.  

                                  Еw = ρAw
2
ω

2
/2 , J/m

3
                                                    (3) 

where Aw – is wave  amplitude, ω – is its angular frequency. 

 An electromagnetic approach reveals unity of all kinds of energy exchange kinds 

between the bodies through the separation medium. To find a driving force of energy 

transfer process in the ether (radiant energy transfer), we will consider total derivative 

of the wave energy Ew (r, t) with time t: 

                                      dЕw(r,t) /dt = (cw· ∇ )Еw + (∂Еw/∂t)r , W                              (4)  

where Cw = dr / dt - wave velocity in the environment. 

The first term of the right-hand side of (4) describes ether wave energy transfer 

process. Comparing it with expression (3), we find that it can be represented in a unified  

form  for all transport processes as it is  adopted in irreversible  thermodynamics  

processes . 

                                         (cw· ∇ )Еw= – Awωcw·Хw = jw·Хw ,                                    (6)  
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where jw = ρAwωcw – flux density of the carrier of this energy form (of a monochromatic 

wave), Хw = Fw/Awω = - ∇ ψw - specific motive (thermodynamic) force, expressed in 

this case, by  negative gradient of "wave  potential" ψw = Awω, which we was called 

"amplitude frequency" potential [1]. According to this expression, any (including on 

ether) wave propagates in absorbing medium in the direction of decreasing of its 

potential, due to scattering of their energy in the form of heat in the process of 

absorption and subsequent the wave "re-emission". This is what happens in the 

dissemination of "relic" radiation, causing both light weakening and its "red shift", 

which is now entirely attributed to "recession" of the universe. Thus, inhomogeneous 

field of radiation of energy the power distribution nature is also the in the wave. 

This deterministic approach allowed to give a new, classical justification for a 

photoelectric effect and Schrödinger equation to obtain the formation of spectral series 

laws, and to find the parameters of electronic orbits that goes beyond quantum 

mechanics. From this perspective the necessity of futility of any research of 

gravitational search, as well as special interaction "exchange" becomes apparent. In 

addition, this approach facilitates the creation of a unified field theory, claiming nature 

unity of the interactions and suggesting a unified method of finding clearly 

distinguishable forces. 

As one can see, all this is connected with the well-established misconception as to 

identity of Maxwell's equations to electromagnetic field equations. Overcoming of this 

confusion can open new pages in many areas of science and technology, which we can 

only imply at the moment. 

 

References 

1. Базаров И. П. Термодинамика / И. П. Базаров. – М. : Высшая школа. Изд. 4-е, 

1994. – C. 310-314 2. Максвел Дж. К. Трактак об электричестве и магнетизме 

(Treatise on Electricity and Magnetism) / Дж. К.  Максвелл. – London, 1873. – 408c. 

3. Уиттекер Э. История теории эфира и электричества / Э.  Уиттекер. – Ижевск, 

2001. – 513с. 4. Фарадей М. Экспериментальные исследования по электричеству / 

М. Фарадей. – М.: Изд. АН СССР, 1959. – 605 c. 5. Эткин В. А. О законе изучения 

Планка / В. А. Эткин. Вестник Дома Ученых Хайфы, 2008. – Т.16. – с. 12-17.6. 

Эткин В. А. Электродинамика (Синтез теорий переноса и преобразования 

энергии) / В. А. Эткин. – СПб. : Наука, 2008. – 409с. 

УДК 621.382.026 

DEMONSTRATIVE ANALOG OF THE "LEVITRON" 

Vydro R. (Kharkiv)  

Language supervisor: Kotova A.  
Summary: The goal of this research project was to create a simple and visual model that can 

be used for study and research purposes. Based on three already existing system – toy-device 

«Levitron», we considered and corrected the flaws of the existing system, which were limiting its 

demonstrative and study potential. Based on developed systems theoretical and experimental research 

of basic dependencies took place. The created demonstrative analog illustrates in a visual way several 

aspects of magnetic interaction.  

Key words: education, levitation, levitron, physics. 

Анотація: Метою цього проекту було відтворення простої та наочної системи, яку 

можна використовувати під час навчання та у наукових дослідженнях. Перероблена система 

відтворювала вже існуючу пристрій-іграшку "Левітрон". Ми розглянули та виправили ряд 

недоліків, які обмежували демонстраційний та експериментальний потенціал приладу. Також 
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було проведено теоретичне та експериментальне дослідження явища. Розроблений 

демонстраційний аналог приладу ілюструє деякі аспекти магнітної взаємодії. 

Ключові слова: Левітрон, магнітна левітація, освіта, фізика. 

Аннотация: Целью этого проекта было воспроизведение просто системы, которую 

можно использовать во время обучения и в научных исследованиях. Переделанная система 

была аналог уже существующего устройства-игрушки "Левитрон. Мы рассмотрели ряд 

недостатков,  которые ограничивали демонстрационный и экспериментальный потенциал 

устройства. Также было проведено теоретическое и экспериментальное исследование системы. 

Разработанный демонстрационный аналог иллюстрирует yнекоторые аспекты магнитного 

взаимодействия. 

Ключевые слова: Левитрон, магнитная левитация, образовательный процесс, физика. 

 

During educational process demonstrations are widely used. Demonstrations allow 

us in a visual and intelligible way to illustrate physical laws and phenomena. Numerous 

important physical laws of magnetic interaction can be established and demonstrated 

using simple and realizable physical models. 

In order to demonstrate magnetic levitation superconductors are used [2], but they 

need to be cooled till very low temperatures, which is a serious problem.  A toy device 

«Levitron» was patented in the United States [4] (it consists of a levitating magnetic 

spinning top). This device is beneficial by its simplicity and illustrativeness. It shows 

that the Earnshaw’s theorem is not applicable to non-static (moving) objects [1]. But it 

also has some disadvantages. The «Levitron» is conceived to be used mostly as a toy 

and not as a demonstrative model.  The mass of the spinning top is regulated in a very 

narrow range (5-6 grams max.) and has a rather large pitch (2 grams min.), which makes 

it impossible to demonstrate key physical dependencies.  Horizontality of the base has a 

large regulation pitch as well (1.5 mm min.), which allows launching the spinning top 

only on a perfectly horizontal table. According to the patent [4], the spinning top has to 

be launched by hand, which only allows to launch the spinning top successfully in a half 

of cases (moreover with a different twist). Besides, there is no protection in case of 

combination of different parameters, due to which levitation is not possible (if the 

equilibrium of the system is artificially altered, the spinning top can be broken). We 

have created an analog of the «Levitron», which gives a wide range of possibilities for 

precise calibration and demonstration of dependencies on the object’s behavior. 

This research project’s aim is to create, improve and examine system mentioned 

above for physical demonstration during educational process. It aims to find 

dependencies on objects’ behavior according to key parameters, for the analog of 

«Levitron» — to find criteria of stability. In order to achieve this goal we have to: 

assemble and improve experimental set; conduct a number of observations and 

calculations; based on the results – formulate theoretical models and give a quality 

explanation of the phenomena observed; based on the created model – carry out 

calculations and obtain mathematical regularity for system's behavior; investigate the 

possibilities of practical use of the results obtained. 

 We have assembled a following device: 

 The base (immobile part) consists of a system of magnets. The magnets are 

placed in a way that their symmetry axis are reunited in one line (the central axis of the 

base). We used 5 ring magnets for the base (with 180 mm diameter and a hole in the 

center of 60 mm diameter). The height of the base was 110 mm.  
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The top part of the device consisted of a disk and a pivot, assembled together to 

form a spinning top. The disk was a round aluminum plate with a 35 mm diameter. 

Through the middle of this plate a plastic pivot was driven with a neodymium magnet 

(10 mm diameter, 5 mm height) near the base. Below the magnet we have placed a 

plastic semi-sphere to facilitate the spinning process on the surface. For a launching 

surface we used a plexiglas plate with a small dent in the center, and a handle for the 

convenience of the researcher.  

 For the sake of reproducibility of the experiment we have developed a launching 

system, in order to obtain the same twist of the spinning top. This system consisted of a 

portable energy source (electric battery with the voltage of 9), portable electric drive 

(project speed 2000 spins per minute) and a head for the shaft of the drive, which 

assured the twisting of the spinning top. All of the elements were secured on a wooden 

bar. 

  This way we corrected all the mentioned flaws of industrially produced 

« Levitron», while creating our model from scratch. Our system functions as follows: 

The spinning top is twisted on a launching plate. The launching plate is gently lifted. At 

a certain height the spinning top «jumps up» and starts moving freely upwards. When 

the spinning top reaches the peak height it starts 

moving downwards. The amplitude of vertical 

variation is rather insignificant. Using the device we 

can observe the levitation of the spinning top over the 

base. The spinning top practically does not move 

horizontally, but we did notice, that when  

             Figure 1. Levitation process of the analog of 

“Levitron" 

the spinning top had a slight deflection from the small 

central zone, it was coming back  

to the initial position [5]. Further events can follow 

two scenarios: 1) while moving downwards the 

spinning top suddenly drops and falls on the base; 2) 

the axis of the spinning top starts deflecting from the vertical axis more and more and in 

the end the spinning top turns over and brusquely lands on the base (Fig. 1).   

 We have formulated a qualitative explanation of this phenomenon. The base can 

be regarded as one powerful ring magnet. Then the magnet in the spinning top and the 

base magnet are directed at each other with the same poles, which ensures repulsion 

between them. You can find the sectional view of the system on Fig. 2. During 

levitation there is a force applied that compensates the gravity force. This force is a net 

force of the magnetic interaction force, which are indicated on the image by blue 

vectors. The modulus of the magnetic net force depends on two factors: on the cosine of 

the triangle φ and on modulus of the forces of magnetic interaction. The higher the 

spinning top is located, the bigger is, but at the same time modulus of the forces of 

magnetic interaction decreases.  This means that in the beginning the net force of the 

magnetic forces increases, but having reached its maximum, it starts decreasing. These 

arguments let us create a simplified graph of the dependency of net force of the 

magnetic interaction forces on height (Fig. 3).  



 212 

Thus given certain values of the gravity force we get 

two equilibrium points (Fig. 3).  However in one of these 

points the equilibrium is stable and in another one – it is 

not. This can be explained as follows. In one of the points 

(point A that is situated on the ascent of the dependency) 

during the vertical deflection of the spinning top from its 

initial position the net force will not bring the object into its 

initial position. While in the other point (point B, situated  

on the descent of the dependency) during the vertical 

deflection of the object from the equilibrium point, 

Figure 2. Side sectional 

view  

of the analog of 

“Levitron”.  

the applied force puts it back into its initial position.  

Gyroscopic effect also plays a very important part. Momentum of magnetic forces 

attempts to turn over the spinning top, and gyroscopic effect does not allow this to 

happen. When the top spins at a slow speed the system is not stable anymore.  

The stability of the model is experimentally proven, as we see obvious vertical 

deflections, however the object returns in its previous position. This means there are 

forces that attempt to bring the object 

into its previous position.  

The main goal of this experimental 

research was to define the criteria for the 

stable equilibrium of the system. We 

have also examined the dependency of 

the resulting force of magnetic 

interaction on height.    

The spinning top flies to the side only 

at a certain height. This means that at a 

certain height the restoring force is not  

Figure  3. Estimated shape of the graph of 

the dependency of net force of magnetic 

interaction between spinning  

top and the base of the analog of 

“Levitron”  

on it`s height over the base.  

potent enough.  

We have found this level, using videos of levitation process. The videos were 

filmed with Canon Digital IXUS 80IS camera. It allowed us to measure the height of 

the position of the spinning top according to an etalon-cale paper in the background. 

The collation of the etalon and the height value was conducted using the pack of graphic 

software MATLAB. Having analyzed the results of all trials, we found that the range of 

action of the restoring force is of 3.9 cm.   

Working with the video we found the height of the point of the take-off of the 

spinning top – the point of unstable equilibrium. In this point the force of magnetic 

interaction equals the gravity force. Given the qualitative explanation, of this 
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phenomenon we can draw a parallel with a pendulum on a spring. The video gives us 

the period and the amplitude of oscillations (using frame-by-frame analysis with video 

editing software). We can therefore find the elasticity coefficient using the formula of 

harmonic motion. In this formula k  is the elasticity of the conditional spring, T is the 

period of one oscillation, m is object’s mass. 

 
Having compared the coordinates of all the obtained points, we get a results table, 

which we interpret as a graph (Fig. 4).  This graph confirms that our initial qualitative 

reasoning was right. The experiment has confirmed the validity of the simple theoretical 

model, mentioned above that describes the movement of the spinning top in the 

magnetic field of the base. 

 
Figure 4. Experimental dependency of the magnetic interaction force on the height of 

the spinning top over the base.  

Additional observations prove the importance of the horizontal position of the 

base. We have altered the horizontality of the base on purpose (by adding sheets of 

paper on a selected side) and the spinning top flew off the device in the same direction. 

If we change the side that alters the horizontality, the direction of the spinning top 

changes too (Fig. 2).   

The importance of spinning can be proven by a simple experiment. If we place a 

spinning top, but not twist it, in the zone of supposed levitation and let it go, the top 

flips instantly and is attracted to the base. There is no levitation. It is explained by 

Earnshaw’s theorem – levitation of static objects in a static electromagnetic field is 

impossible [1]. 

Therefore we can formulate three conditions for the stability of this magnetic 

system. The choice of the mass of the spinning top, which should correspond to the 

range of stability of the given installation (the points of equilibrium are in the range of 

sufficient action of the restoring force); gyroscopic effect (fast spinning of the top); 

rather precise horizontality of the base [3].  

We have examined a system with a number of flaws. These flaws made physical 

demonstrations difficult. We have created new improved system and flaws were 

removed.  

For the analog of the «Levitron» we came up with precise calibration, and a 

reliable and reproducible way of launching the spinning top. We added protection in 

case of loss of stability. We have defined the criteria for stable equilibrium using 

theoretical and experimental methods.  
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We have created demonstrative of «Levitron» toy-device, to illustrate in a visual 

way several aspects of magnetic interaction, such as, magnetic levitation, stable 

equilibrium given magnetic interaction and ferromagnetic materials’ behavior in a 

magnetic field. This system can be comprehensively used while studying magnetic 

interaction in Physics.   
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ANALYSIS OF THE CURRENT STATE OF METAL HAULAGE 
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Language supervisor: Severin O., Gubareva O.  
 Summary: The relevance of the selected research issue, the transport characteristics of metal 

products and the characteristics of cargo haulage participants are presented, and a short analysis of 

layout charts using the values of complexity of specific operations implementation is carried out. By 

means of this indicator there was determined the rational scheme of the technological process of cargo 

haulage. 

Key words: complexity, efficiency, chart, management, metal products, transport process, 

technology. 

Анотація: Наведена актуальність вибраної теми, транспортна характеристика металевих 

виробів і характеристика учасників перевезення вантажу, а також здійснено короткий аналіз 

схем технологічного процесу з використанням значень трудомісткості виконання окремих 

операцій. За допомогою цього показника визначена раціональна схема технологічного процесу 

перевезення вантажу. 

Ключові слова: ефективність,  металеві вироби, організація, схема, технологія,   

транспортний процес, трудомісткість. 

Аннотация: Приведенная актуальность выбранной темы, транспортная характеристика 

металлических изделий и характеристика участников перевозки груза, а также осуществлен 

краткий анализ схем технологического процесса с использованием значений трудоемкости 

выполнения отдельных операций. С помощью этого показателя определена рациональная 

схема технологического процесса перевозки груза. 

Ключевые слова: металлические изделия, организация, схема, технология,  

транспортный процесс,  трудоемкость,  эффективность. 

 

   The current stage of Ukraine's economy development can be characterized as a 

transitional one. The development of industry, construction, trade, etc. requires the 
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growth in demand for metal products. This is closely related to intensive use of road 

transport for steel products haulage. Under existing conditions each motor carrier (MC) 

has to compete to keep its positions on the market of transportation services. 

Improvement of motor trucking management is generally due to the improvement of 

transport parameters. In determining the ways of improving the management and 

planning of trucking activities it is necessary to maximize the effectiveness of cargo 

transportation. 

Analysis of the process of metal products transportation is required to identify the 

shortcomings in choosing the technological process among the existing schemes, the 

use of mechanization techniques of loading and unloading (LUO) operations and 

vehicles. Elimination of identified deficiencies will reduce the costs of participants of 

the cargo transportation process, and thus enhance the competitiveness of motor carriers 

on the market of metal products haulage. 

 The freight forwarders of metal products are the following enterprises: “Kharkovmetal-

2”, CE “Montazhnik“ and JSC “CIAT Metrobudivnytstvo”.  Loading points perform the 

following operations:  making up of cargo for loading, weighing, loading on the vehicle, 

acceptance of freight to be transported and its dispatch. The range of metal products 

offered by dispatchers is given in Table. 1. 

      Brief description of metal products. The length of the corrosion-resistant channel 

bar is from 6 m to 12 m, the width is 60 mm, the height is 40 mm, and the thickness is 6 

mm. Corrosion-resistant rolled angle: the length is 3-6 m, the width is 20-60 mm, the 

height is  

20-60 mm, the thickness is 3-6 mm. 

  

 

Item 

 

Volume of 

dispatch 

 

Item 

 

Volume of 

dispatch 

corrosion-resistant 

channel bar 
0,5 т. 

riffled hot-rolled metal 

sheet 
4,3 т. 

corrosion-resistant rolled 

angle 
0,5 т. cold-rolled metal sheet 4,0 т. 

corrosion-resistant metal 

bar 
0,5 т. hexagon 3,3 т. 

corrosion-resistant rod 

steel 
0,5 т. rod tool steel 3,0 т. 

corrosion-resistant 

rectangular bar 
0,5 т. 

rod constructional steel 

3-40 
3,3 т. 

woven wire mesh 50,0 м
2
 

rod constructional steel 

41- 280 
3,3 т. 

galvanized woven wire 

mesh 
50,0 м

2 
rod high-speed steel 0,5 т. 

riffled woven wire mesh 50,0 м
2
 small diameter pipes 0,5 т. 

low carbon woven wire 

mesh 
50,0 м

2
 fittings 0,5 т. 

hot-rolled metal sheet 5,0 т. cable 0,5 т. 
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Corrosion-resistant metal bar: the length is 3-6 m, the width is 20-60 mm, the 

thickness is 3-12 mm. Hot-rolled metal sheets: the length is 2-6 m, the width is 1-2 m, 

the thickness is 2-50 mm. Hot-rolled riffled metal sheets: the length is 4-8 m, the width 

is 1.28 m, the thickness is 4 mm. Cold-rolled metal sheet: the length is 2-3 m, the width 

is 0.92-1.25 m, the thickness is 0.5 mm-3mm.  Pipes: the length is 6-12 m, the diameter 

is 20-120 mm. Fittings: the length is 6-12 m, the diameter is 6-30 mm. Cable in coils: 

the length is 0.5-5 km. Hexagon: the caliber is 20-45 mm. Rod constructional steel 3-40, 

rod tool steel, rod constructional steel 41280 of caliber 20-45 mm. 

Table 1. Range of metal products. 

 A full range of loading operations consists of the main and additional operations. 

The basic operations include: removal of cargo from the warehouse; transportation of 

cargo to the entrucking point; entrucking. Additional operations include: making up of 

cargo, preparation of road receipts area, cargo weighing, measuring of cargo volume, 

clearance of documents, fastening or unfastening of cargo, tomming up. Additional 

operations to prepare the cargo for shipment take place before the arrival of the truck at 

the loading point. Loading points have access roads that provide normal entrances to 

each post and free movement on the territory of the depot loading terminal. The 

incoming roads have a width of 6.5 m; they are paved and provide a two-way traffic. 

 The loading point “Kharkivmetal-2” has three loading bays. The loading point 

CE “Montazhnik” has one bay, and “CIAT Metrobudivnytstvo” - two loading bays 

respectively. Calculations show that with regard to nonuniformity of vehicles arrival for 

untrucking operations (non-uniformity coefficient for provision of transport means T| n 

= 1, 4) the possible throughput of the specified loading points is 22 vehicles per day. 

Meanwhile, analysis of data obtained during timing observations of loading points 

operation showed that the actual throughput capacity of the loading point in question is 

15 vehicles per day. It reveals that the organization of the existing technology of cargo 

operations performance by the loading point has significant drawbacks. On the other 

hand, the amount of metal products supplied to consumers is uneven on certain days of 

the week, leading to complications of shipment points operation. 

The main technical performance indicators taken into account when analyzing the 

work of  the state enterprise “Balakliya Repair Plant” are as follows: the number of 

vehicles; the total rolling stock ratio; the truck availability rate; time of cargo delivery; 

order execution; static and dynamic load-bearing capacity utilization rate of a vehicle; 

the rate of run utilization ; average technical vehicle speed, operating speed, mileage 

with load, the time spent by a vehicle in loading points; workdays of the TE and the 

daily volume of transportation operations. Analysis of the data obtained indicates to 

inefficient use of the vehicle due to insufficient study of the market of transport 

services, low operational productivity of mechanical appliances of LUO and vehicles, 

incomplete use of the time intended for cargo delivery order execution and the use of 

only idle routes with return travel distance empty hours [1]. 

 The combination of material elements at all stages of goods transportation - 

warehouses, vehicles and storage aids, and stocks of goods present the technological 

structure of cargo delivery systems. A set of cargo handling operations as well as their 

execution sequence in production, material and technical supply and consumption 

systems related to cargo movement correspond to the existing schemes of cargo 

delivery. 
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 An important element in the development of cargo transportation technology is 

the choice of transport-technological scheme (TTS). Each TTS can be provided in the 

form of a set of typical operations, formed into blocks. The entire production chain is 

formed of these blocks.  

  The existing technology of cargo delivery at the enterprise AB SE “Balakliya 

Repair Plant” is not rational. Therefore, it is necessary to determine a possibly more 

efficient TTS of metal products delivery. 

 As the results of information sources study revealed, the most common TTS of 

metal products delivery to consumers at loading operations performance are as follows: 

with the use of vehicles and autoloaders, tower and transporter cranes (Fig. 1-3). In 

order to find out a rational TTS there was carried out analysis of the schemes specified 

above by determining the complexity of certain operations performance on the basis of 

chronometric observations data and the expert evaluation method [2].  

 The number of shown in schemes operations and their complexity for 

simplification is conditionally reduced to 8, although each of them contains a few. For 

example, operation 1 - making up of cargo at warehouses includes the following 

operations: moving of a particular range of metal products from the long term storage 

place to the place of transport packages formation by means of baling (strapping), 

control marking of transport packages, moving of transport packages to the warehouse 

shipping area; 

0,972      0,016       0,089         0,25         1,01      0,089      0,25      0,972 

 

         

 The total manpower of operations performance is 3.507 man-hours. 

Fig. 1 – Scheme  of the technological process of cargo delivery when operating the 

autoloader 

0,972       0,016     0,094       0,25         1,01      0,094      0,25       0,972 

 

           

The total manpower of operations performance is 3.658 man-hours. 

Fig. 2 – Scheme  of the technological process of cargo delivery when operating a tower 

crane 

0,972       0,016     0,611       0,25         1,01      0,611      0,25       0,972 

 

 

The total manpower of operations performance is 4.692 man-hours. 

Fig.3. - Scheme of the technological process of cargo delivery when operating a 

transporter crane. 

 Operation 2 – documentation confirming: issuing of the CMR note, 

transportation package data recording   in the book of property, transfer of CMR note to 

the sales department and others; operation 3 – accounting at loading operations 

performance: a review with inspection for compliance with the appropriate type of 

cargo, accounting of cargo quantity, information transfer to the sales department and 

others; operation 4- cargo loading on the vehicle; vehicle maneuvering in setting the 

post, opening of  vehicle sides, loading of packages, closing of vehicle  sides, 

documentation confirming, maneuvering to ACP, vehicle control; operation 5 – cargo 

1 6 5 2 3 4 7 8 

1 6 5 2 3 4 7 8 

1 6 5 2 3 4 7 8 
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transportation; operation 6 – unloading of cargo: vehicle maneuvering in setting the 

post, opening the vehicle sides, unloading of packages, closing of vehicle sides, 

documentation confirming, maneuvering to the ACP, vehicle control, operation 7 - a 

review with inspection for compliance with the appropriate type of cargo, transfer of 

information to the sales department and others, documentation confirming: operation 8 - 

disbandment of cargo:  displacement of transport packages from the area of the 

expedition to the site of long-term storage in a warehouse, the disbanding of transport 

packages, documentation confirming, information transfer to the supply department and 

others. Having determination the complexity of each TTS, we can conclude that it is 

rational to use the scheme of cargo loading operations performance applying 

autoloaders [1, 2]. 

 To achieve this goal it is necessary to increase the efficiency of intercity metal 

products delivery, further there should be solved several of the following tasks: based 

on the rational TTC elaborate arrangements for implementation of operations, determine 

the rational model and the number of vehicles and mechanization means for LUO 

performance, develop rational routes, coordinate the operation of loading points and 

vehicles, as well as determine the economic efficiency of design decisions. 
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 Анотація: У статті розглядаються основні ідеї, які пов’язанні з інтелектуальною 

транспортною системою. Висвітлені деякі сучасні нововведення в транспортній галузі. 

Представлені різні системи та технології інтелектуальної транспортної системи. 

 Ключові слова: інтелектуальна транспортна система, основні ідеї, різні системи та 

технології, сучасні нововведення, транспортна галузь. 

 Аннотация: В статье рассматриваются основные идеи, связанные с интеллектуальной 

транспортной системой. Освещены некоторые современные нововведения в транспортной 

отрасли. Представлены разные системы и технологии интеллектуальной транспортной системы.  

 Ключевые слова: интеллектуальная транспортная система, основные идеи,  разные 

системы и технологии, современные нововведения, транспортная отрасль. 

  

 Intelligent transportation systems are projects that aim to integrate modern 

communication and information technology into existing transportation management 

systems in order to optimize vehicle life, fuel efficiency, safety, and traffic in urbanized 

cities. 
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 The need for intelligent transportation systems stems from the fact that traffic 

congestion has been increasing all around the world because of increasing population, 

increasing amount of transportation vehicles and increasing urbanization. 

 Intelligent highways are the new highway traffic analysis and response 

technology that will be implemented in major cities in the near future in order to 

decrease traffic congestions and accidents. Major highways are being used by more or 

less 350,000 vehicles everyday. This article showcases different systems and 

technologies of intelligent transportation system.  

 Wireless Technologies 

 Wireless communication technologies have been proposed, tested and used for 

intelligent transportation systems. From the short-range communications systems like 

WAVE or IEEE 802.11 protocol to the range extended by utilizing mesh networking or 

mobile ad hoc networks, many possibilities exist. Long-range communications systems 

like GSM or WiMAX which are far more expensive and complicated have also been 

proposed [3]. 

 Computational Systems 

 The installation of operational systems and processors in transportation vehicles 

have also allowed software applications and artificial intelligence systems to be 

installed. These systems include internal control of model based processes, ubiquitous 

computing and other programs designed to be integrated into a greater transportation 

system [8]. 

 Floating Car Data or FCD 

 Floating car data on the other hand makes use of the availability of location data 

garnered from mobile phones by the network carriers. Since this data is updated 

constantly throughout the day, they can be used as traffic probes showing points where 

there is traffic congestion, the average traffic speed and traffic direction. Moreover, 

since this system requires no costly infrastructures and equipment like cameras or 

sensors and is not affected by adverse weather, it is one of the strongest contenders for 

intelligent transportation systems [1; 2]. 
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 Sensing Technologies 

 Sensing technologies involve embedding sensors along the road or the 

surrounding infrastructure like traffic posts, signs and buildings. These sensors include 

inductive loops that can sense the vehicles’ speed, the number of vehicles passing as 

well as the size of these vehicles. Video detection, on the other hand, involves the 

installation of video cameras onto road structures such as poles or billboards to detect 

occupancy information on the lanes, vehicle speeds, vehicles heading the wrong way, 

etc [4]. 

 Current Traffic Monitoring, Analysis and Response Technologies 

 Current traffic and response technologies include electronic display signs, video 

cameras and loop detectors. Loop detectors are wires implanted on the road that serve as 

electrical voltage sensors. These sensors can determine if a car passes by through the 

changes in electrical voltage caused by the metallic body of passing cars. Moreover, by 

analyzing the information regarding how much time elapsed between passing two sets 

of wires and the number of alerts it generates, a central computer can determine the 

speed and volume of cars in a certain highway. 

 If the central computers notice a slowdown in traffic, video cameras can be 

utilized to check the cause of the traffic and this data can subsequently be displayed in 

electronic signs or boards to warn vehicles nearby and advise them of alternate routes. 

This type of traffic monitoring is, however, expensive and not sustainable in the long 

run [5]. 

 Cheaper Alternatives to Traffic Monitoring and Response 

 Intelligent highways or the future or traffic monitoring, analysis and response 

systems would therefore rely on some of the most common devices available in 

developed countries – digital phones and PDAs. By using these devices which emit 

radio signals and in turn reveal the locations of their owners, future traffic management 

systems will be able to collect and disseminate traffic information more easily and 

quickly. 

 By using listening posts paired with cell phone base stations, traffic management 

personnel will be able to triangulate each and every vehicle having passengers with 

these digital phones or PDAs. Moreover, by time stamping the radio signals, listening 

posts can then determine the speed, direction and location of each and every digital 

phone/PDA-bearing commuter on a particular highway. In the event of an accident or 

congestion, the central traffic monitoring station can send personalized traffic updates 

along with GPS-produced maps advising commuters of alternate routes and traffic 

information to the affected commuters’ phones [6]. 

 RF Tagging 

 RF tagging, on the other hand, uses Radio Frequency tags and prepaid toll 

accounts. Electronic tag readers are also used in place of toll gates. In this case, cars can 

pass toll gates without slowing down. The RF tags on cars would automatically 

communicate with the electronic card readers which would in turn adjust the account 

information on the prepaid account. The electronic toll booths could also serve as traffic 

monitoring systems by timing the travel time of the car from one electronic toll booth to 

the next [1; 2]. 
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 Applications of Intelligent Transportation Systems 

 Automatic Toll Collection 

 Intelligent transport systems are used for automatic toll collection where the 

vehicles can pass through without slowing down. This eliminates choke points along 

routes having toll booths and enforces cordon zones in some cities. Automatic toll 

collection systems make use of radio devices, infrared systems, RFIDs, license plate 

recognition systems and barcode stickers [1; 2]. 

 Vehicle Notification Systems 

 Intelligent transport systems particularly the FCD model can also be used to 

provide advance warning to motorists of traffic jams, accidents and other emergency 

situations. This system can then provide alternative routes or recommendations to 

motorists so as to avoid congestion and travel delays [7]. 

 Cordon Zones 

 With the intelligent transportation system, cordon zones can also be enforced 

where mass transportation systems are available and their use encouraged. Cordon 

systems make it possible to collect taxes from those entering city areas with high traffic 

while encouraging the use of mass transit [9]. 
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Анотація: Існує три групи критеріїв вибору виду транспортного засобу при переміщенні в 

межах великого міста: індивідуальна, громадська та національна. Мобільність, досяжність, ціна 

квитка та час у дорозі є найважливішими складовими. Системи обслуговування населення 

зумовлені критеріями вибору виду транспорту.  
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бору транспортного засобу.  

Аннотация: При передвижении в границах городской черты выделяется три группы 

критериев выбора транспортного средства: индивидуальная, общинная и национальная. 

Мобильность, досягаемость, доступность и время в пути являются наиболее важными 

критериями. Системы обслуживания населения обусловлены критериями выбора вида 

транспортного средства. 
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The aim of the paper is to investigate the ways of transport means selection in 

cities. Life in cities would be heavy if people did not have mobility on a daily basis. 

Mobility is defined as the ability of any person to move between points in a community 

by private or public means of transportation [1; 3, p. 1]. The usual obstacles to mobility 

are long distances, bad weather, steep hills, the unavailability of services, high fares and 

other forms of exclusion. 

One peculiarity of a city is that it consists of specialized activities that perform 

discrete functions. Residences are separate from workplaces, major shopping is 

concentrated in identifiable centers, and larger entertainment and relaxation facilities are 

found at specific locations. They have to have accessibility. Accessibility is defined as 

the possibility of reaching any activity, establishment or land in a community by people 

or by conveyances of goods or information. It is a measure of the quality and 

operational effectiveness of a community. 

Industrialization during the nineteenth century caused a true urban revolution by 

disaggregating the small-scale pattern into metropolitan structures with strong and 

intensive production and service zones. Assisted transportation became mandatory, and 

it was quickly invented – horse cars, steam railroads, electric streetcars and underground 

metro (electric heavy rail) systems.  

The twentieth century brought further development of the rail modes, and 

introduced individual motor (gasoline- and dieselpowered) vehicles – buses and 

automobiles. The latter came to dominate the transportation field and dispersed the 

urban pattern further into sprawl. Urban life is entering a new, postindustrial period, 

which is characterized by the emergence of many dispersed specialpurpose centers and 

movement in many different directions at any given time with diverse trip purposes. 

Electronic communications systems play an increasingly great role. All this makes it 

more difficult to operate effectively the traditional transportation modes that served us 

well under more structured conditions.  

There is a large inventory of available means of mobility today, most of them have 

been tested under various conditions in various places. Never before has any other 

culture enjoyed the same freedom of movement, but there are deficiencies: not 

everybody can take full advantage of the current car-based transportation capabilities, 

and the systems that we have are not necessarily the best, the most economical, the 

cleanest and the most responsive options that could be provided.  

The adequacy of operations can be looked at from three perspectives, which 

eventually leads to the selection of a proper response or transportation mode: 1) the 

point of view of an individual, which will stress personal attitudes and emphasize 

usually humanly selfish considerations; 2) the policy of the community, which has to 

stress the common good and long-range capabilities; 3) the concerns related to national 

efficiency and well-being [3, p. 5].  

The personal concerns will encompass the following: time spent in travel; costs 

incurred; operational quality; human amenities. These include security from criminal 

activity, privacy, sanitation, climate control, seats, visual quality and social standing. 

The communal concerns should include the following: efficient networks and services; 
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efficient urban patterns; high degree of livability; economic strength; fiscal 

affordability; institutional peace etc.; civic image and political approval. The national 

concerns exist at a higher and overarching level, and they might not always be achieved 

if left to local initiatives: use of national wealth; conservation of fuel resources; 

environmental quality; equity; national technological capability; well-functioning, well-

equipped and balanced communities. Such built environments should be created in all 

parts of the country and within all metropolitan areas. 

Recognizing the fact that no proposed or existing transportation system can satisfy 

equally well three separate sets of criteria, there is a need to amalgamate the preceding 

lists, perhaps even to make some compromises. There is also the practical consideration 

that the discussion here has to move toward workable guidelines for the selection of 

appropriate modes in any given urban setting. This means that some of the 

considerations are so overarching and basic that they simply have to be accepted as 

given; others make no distinction among modes and, therefore, are not operative in the 

evaluation process. Attention has to turn to functional aspects. All services and systems 

eventually exist and perform at the local level in communities. 

Most transportation modes can make a reasonable claim to be able to satisfy all trip 

purposes within a community. There are, however, modes that respond best to selected 

situations with identifiable needs. These usually encompass paratransit and various 

high-technology modes (shuttles and district services) [2]. People tend to have variable 

expectations. These range from placing comfort features first to a single-minded 

emphasis on affordability. Concerns with equity very much enter into these evaluations. 

  More capital-intensive modes best serve concentrated corridors, and door-to-door 

accessibility has to be added by feeder services. Any mode that attempts to do 

communal transit for the sake of user convenience will not be in a position to provide 

rapid service, because of the many stops that will have to be made. To a large extent, 

this consideration explains the popularity of a private automobile. 

Transportation modes available today cover a wide spectrum in their ability to do 

work, i.e. carry people. A fundamental selection task is choosing a proper mode to 

respond to estimated demand volumes. If the users from a district number a dozen or so 

during a day, only individual street-based vehicles can be considered. If they number 

several tens of thousands, a subway will have to be built. The suitable responses at the 

extreme ends of the scale will be expensive in one way or another. 

Time distances, not physical distances, are of concern here. For any given traveler 

in an urban situation, the maximum speed that a vehicle or train can attain on an open 

channel is of little interest. What matters is the total time consumed from the origin 

point to the destination and the inconveniences of transfers along the way. The private 

automobile is a formidable competitor again, except on truly congested street networks. 

The aggregate rapidity of movement is also a communal concern to the extent that time 

spent in travel is unproductive and tiresome to the participants. 

In a prosperous society, personal comfort and convenience features are 

increasingly significant. If certain levels in quality of life have been attained in 

residences and workplaces, greatly inferior conditions will not be tolerated during 

travel. These features encompass the smoothness of the ride, privacy or at least some 

distance from strangers, sanitation, climate control, availability of seats, visual quality 

and anything else that registers through human senses.  
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Life in contemporary cities is stressful enough, and our society expects punctuality. 

Delays in traffic and travel are not acceptable. There are modes that are more immune to 

traffic overloads and bad weather, and there are others that are quite vulnerable to urban 

disruptions. Residents in cities are well sensitized, through continuous media attention, 

toward issues of personal safety and security. This is mostly a matter of the overall level 

of civilized behavior in a community and police protection, but there are modes that are 

perceived to be more susceptible to antisocial action and physical breakdown than 

others. 

The attention paid lately to the quality of air and water around us and the concerns 

about resource depletion enter the planning and design of many urban systems, 

particularly transportation. While these are national issues with national mandates, 

solutions can be achieved only through work at the local level, even if the consequences 

of any individual small action may be seen as marginal.  

The expenses associated with transportation improvements and management are 

right-of-way acquisition, construction of the channel and facilities, purchase of rolling 

stock and annual operation and maintenance expenses, which include compensation for 

the work force, purchase of fuel or power and supplies, maintenance of equipment and 

facilities and managerial expenditures. The costs are frequently the life-or-death factors 

for any transportation project. 

Thus, the preceding criteria shape our service systems. They have a fundamental 

role in defining the structure of communities and how we live and operate in cities and 

metropolitan areas. Transportation systems and services are the public face of a 

community. Everybody comes in contact with them. They are elements of civic pride in 

many instances. There are legitimate reasons to accept service systems that respond to 

the needs and capabilities of a community. We have the means, the methods, the 

choices, and the knowledge today to do better. 
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Анотація: У статті розглянуті головні проблеми керованого термоядерного синтезу. У 

процесі дослідження були виявлені та досліджені такі проблеми  як: досягнення умов 

здійснення реакції термоядерного синтезу; вибір найбільш оптимальної термоядерної реакції та 

елементів, що приймають участь у реакції термоядерного синтезу; конструкція реакторів; 

проблема пошуку матеріалів для термоядерного реактора. 

Ключові слова: реакція термоядерного синтезу, нагрівання плазми, магнітне поле, 

токамак, стеларатор, дейтерій. 

Аннотация: В статье рассмотрены главные проблемы управляемого термоядерного 

синтеза.В процессе исследования были определены и исследованы такие проблемы как: 

достижение условий осуществления реакции термоядерного синтеза; выбор наиболее 

оптимальной реакции и элементов, которые принимают участие в реакции термоядерного 

синтеза; конструкция реакторов; проблема поиска материалов для термоядерного реактора. 

Ключевые слова: реакция термоядерного синтеза, нагревание плазмы, магнитное поле, 

токамак, стелларатор, дейтерий. 

 

Nuclear fusion is a reaction of merger light atomic nuclei into heavier ones with 

release of a certain energy amount. Atomic nuclei in the amount of two or more 

converge to such a distance (as a result of some forces activity) that attraction forces 

between equally charged nuclei, dominated over Coulomb repulsion forces and so that  

n - number of nuclear merger into a new nucleus will take place. It is possible to use 

different types of fusion reactions, depending on type of fuel we use. The most common 

type in fusion reaction, which is currently in use, is deuterium and tritium merger 

reaction. This is due to the fact that the above mentioned mixture of two hydrogen 

isotopes, requires the least energy value for synthesis reaction, in comparison with 

energy produced during the reaction. The reaction using this mixture can easily be 

maintained. Helium, neutron and a certain amount of energy are produced as result of 

reaction. Certain amount of energy transfers into kinetic energy, which is partitioned 

between a neutron and helium-4 nucleus with ratio of 14.1 MeV 3.5 MeV. Other 

reactions are also possible: deuterium + helium -3 or, for instance, reactions between 

two deuterium nuclei. 

The main current problems of controlled thermonuclear fusion are: 

 Achieving conditions of thermonuclear fusion reaction; 

 Selecting the most appropriate thermonuclear reaction and elements, which 

participates in the reaction; 

 Optimal thermonuclear reactors design; 

 Searching for optimal materials for thermonuclear reactors; 

Let us consider some main conditions for thermonuclear fusion reaction.  

Velocity impact of nuclei should conform plasma temperature > 10
8
K. We will 

consider the most common reaction at the present stage of technology development: 

deuterium + tritium. If the temperature is higher than several thousand degrees, 

interatomic collisions result in dislodging electrons from atoms. As a result, a mixture 

of neutral atoms and infectious particles (ions and electrons) is formed, and we call it 

plasma. In plasma, positively charged nuclei of mixtures (e.g. deuterons and tritons - 

nuclei of deuterium and tritium), which have a big value of speed, experience strong 

repulsion. At plasma temperature (or higher) deuterons and tritons converge in 

collisions so closely, nuclear forces become significant, which causes them coalesce 

into a helium nucleus. Preventing problem from cooling and pollution (due to reactions 

with the vessel wall) of nuclei mixture is also significant (e.g. the most common 
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mixture of deuterium and tritium). In order to avoid of these two problems there were 

invented "magnetic vessels", called "Tokamak". They prevent plasma interaction with 

reactor walls. For the reaction having been described, plasma is heated by an electric 

current inside the torus to 3 * 10
6
K, which is insufficient to initiate reaction. For 

additional heating, energy is pumped into plasma by radio frequency emission or 

irradiated with beams of neutral particles with high energy, that transfer part of their 

energy to plasma in collision. Heat is also due to thermonuclear reactions. Lawson 

criterion must be observed: n*τ> 10
14

 cm 
- 3

 *s (for the reaction of deuterium + tritium) 

where n is density of high-temperature plasma, τ is time of plasma confinement in the 

system. Reaching implementation of all the above mentioned criteria we may realize 

fusion reaction. The question of choosing reaction type is also relevant. The fusion 

reaction of deuterium and tritium is commonly used at present. This is due to the fact 

that the above mentioned mixture of two hydrogen isotopes requires minimum energy 

value for synthesis reaction in compassion with energy produced during the reaction; 

the reaction using mixture is more easily maintained. As a result of this reaction with 

helium, a neutron and a certain amount of energy are released, which is transfered into 

kinetic energy (it is distributed between a neutron and helium- 4 nucleus in relation 

14.1MeV: 3.5 MeV). Significant drawbacks of this reaction are unreliability of 

monitoring process and the fact that this is neutron reaction, which significantly 

increases the reactor materials radioactive contamination. This neutron type reaction is 

also deuterium + tritium. This reaction type is easily realized. Energy output is 17.6 

MeV. Deuterium + helium -3 is neutronless type reaction. Energy reaction output is 

18.4 MeV. A commercial helium – 3 production is the main drawback, amount of which 

is substantially less than that of deuterium. Realization complexity approximately is 100 

times higher than deuterium + tritium reaction. This criterion is determined by product 

of density, plasma confinement temperature and time, which gives the value for 

realization complexity in comparison with deuterium + tritium reaction. Reaction 

between deuterium nuclei is monopropellant. It is significantly more complicated than 

that of deuterium + helium -3 reaction, with energy output range of a particular reaction 

being between of 3.2 to 19.8 MeV [4]. 

Thus, the main problems in selecting the most appropriate reaction type are: 

reaction energy output, complexity in implementation of the reaction, fuel availability, 

whether this is a reaction of the neutron or not. By adjusting the parameters of these 

challenges we select the most appropriate response.  

Let us consider the optimal fusion reactors. The basic scheme of the 

thermonuclear reactor construction is a toroidal coil with a volume of ~ 2 * 10
3
 m

3
, full 

of plasma heated to temperature equal to or higher than 10
8 
K. For confinement and heat 

insulation we use a magnetic field that keeps plasma from contact with fusion reactor 

elements. Confinement principle is based on a spiral rotation of charged particles along 

force lines the magnetic field force lines. As a result of collision, charged particles 

usually tend to leave magnetic field, which causes the use of powerful electromagnet or 

superconductors. Heat is generated to reactor shell, which was obtained as a result of 

fusion reaction implementation picked in the primary cooling loop by heat transfer 

systems, and is transmitted to the secondary circuit, producing water vapor, which is 

supplied to a turbine. 

http://www.lingvo.ua/ru/Search/Translate/GlossaryItemExtraInfo?text=теплоизоляция&translation=heat%20insulation&srcLang=ru&destLang=en
http://www.lingvo.ua/ru/Search/Translate/GlossaryItemExtraInfo?text=теплоизоляция&translation=heat%20insulation&srcLang=ru&destLang=en
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The most common fusion reactors are tokamak and stellarator. Tokamak is a 

toroidal vacuum chamber, the coils of which are wound to create toroidal magnetic 

field. At first, air is evacuated from a vacuum chamber, and then fills it with deuterium 

and tritium mixture. Then vortex electric field is created in the chamber. Electric field 

causes current flow and plasma ignition in the chamber. Current flowing through this 

plasma performs the following tasks: 

  plasma heating,  

 creation around itself of poloidal magnetic field. 

Magnetic field compresses current flowing through plasma. As a result we obtain 

configuration in which helical magnetic field lines "encircle" plasma filament. In this 

case, rotation step in toroidal direction does not coincide with step in poloidal direction. 

Magnetic lines are unclosed, they infinitely turn around a torus, forming so-called 

"magnetic surface" of toroidal shape. 

The presence of a poloidal field is required for stable plasma confinement in such 

a system. Since it is created by increasing current flow in the inductor and it cannot be 

infinite, stable existence time of plasma in a classical tokamak is limited. Additional 

ways for keeping current flow are developed to overcome this limitation. In addition to 

toroidal coils for controlling plasma filament, additional coils of poloidal field are 

required. Сoils of poloidal field are annular turns around vertical axis of Tokamak 

chamber [3]. 

 Only one heating due to current flow is not enough to heat plasma to the 

temperature required for thermonuclear reaction implementation. For additional heating 

microwave radiation is used on the so-called resonant frequencies (for instance, 

coinciding with cyclotron frequency of either electrons or ions).  

Stellarator is a vacuum vessel of toroidal shape, which is evacuated to high 

vacuum and then is filled with deuterium and tritium mixture, and then plasma is 

produced and heating is made. Energy is introduced into plasma by using 

electromagnetic radiation. At  temperatures sufficient to overcome Coulomb repulsion 

between deuterium and tritium nuclei, thermonuclear reactions begin to occur. The main 

difference from tokamak, is the fact that stellarator does not have azimuthal symmetry. 

The principal difference of a stellarator from a tokamak lies in the fact that magnetic 

field that holds plasma is created entirely by external coils that can be used in a 

continuous mode. Stellarator force lines are subjected to rotational transformation, in 

which lines repeatedly bypass a torus to form a closed system of the nested into each 

other toroidal magnetic surfaces. Force lines rotational transformation can be carried out 

both by geometric deformation of the toroidal coil (for instance, by twisting) and with 

the help of helical conductors on the torus. To create such a magnetic field 

configuration is necessary to use complex-shaped coils, and coils production is a 

difficult technical process. Due to this fact the first models of stellarators gave plasma 

with parameters worse than tokamaks. Thus at this stage there is a question of choosing 

the type of fusion reactor: a stellarator or a tokamak? The Stellarator design allows us to 

use it in a continuous mode as opposed to a Tokamak, but complex-shaped coils 

production is a difficult technical process, so the preference is given Tokamak due the 

fact that production coils for Tokamak is easier because of the azimuthal symmetry.  

ITER (International Tokamak Experimental Reactor − international 

thermonuclear experimental reactor) is under construction at present. The purpose of 
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ITER is to demonstrate ignition ability of plasma, and on this basis to obtain the energy 

at least ten times larger to study conditions that must be fulfilled during the work of 

such power plants; to create this basis cost-effective power plants, which in size should 

be superior than ITER. The development of materials for any fusion plant is very 

difficult because they have to work for years in continuous bombardment of intense flux 

(~ 2.5 MW • m 
-2

) of neutrons with energy of approximately 14 MeV. We must continue 

development of silicon carbide composites capable of withstanding very high 

temperatures (perhaps higher than 1000 ° C), which will significantly increase power 

plant thermodynamic efficiency. Neutrons arising in nuclear fusion, initiate nuclear 

reactions with formation of helium in construction materials. The probability of such a 

process is 100 times larger than probability of atomic displacements from a crystal 

lattice under the influence of fission of neutrons. Therefore, designers are very 

apprehensive that helium will accumulate inside structural materials, causing significant 

weakening of their structure. Furthermore, materials for the so-called "Facing plasma" 

and Diverter are subjected to additional influence flows of plasma particles and 

electromagnetic radiation. Power of such flows is very high and this fact can lead to 

serious difficulties [2]. 

Thus the most important problems of controlled thermonuclear fusion are: 

achievement of fusion reaction conditions, choice of optimal fusion reaction, optimal 

design of reactors, the problem materials. The main problems of achieving nuclear 

fusion are: nuclei speed while collision, the problem of preventing nuclei mixture, 

Lawson criterion compliance nτ>10
14

 cm
- 3

 • s (for the reaction of deuterium + tritium). 

The main problems in selecting the most appropriate type of reaction are: reaction 

energy yield, implementation complexity, fuel availability decision whether this 

reaction of the neutron - neutron or without. By adjusting parameters of these problems 

one can affect the most appropriate response. In choosing reactor type of the highest 

priority is currently Tokamak. This is due to the presence of azimuthal symmetry in this 

type reactor, which makes coil production easier. ITER (International Tokamak 

Experimental Reactor − international thermonuclear experimental reactor) is being built 

at present. Materials choice for reactor construction is due to continuous increase in 

work duration and reactor life increase [1]. 
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