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Alekseev, N.N., Balastov, A.V.
Prospects of nuclear energy research and analysis of the position of people
on this issue
National Research Tomsk Polytechnic University.

Joining the 21st century and the rapid development of electric technology, humanity is
faced with a large demand for electricity. All activity of modern man associated with the use
of electrical energy. And this so-called "addiction™ makes us more hostages electricity.
Therefore, in the new century, a huge amount of resources, both material and mental spent
on inventing new ways to produce energy, which is so necessary to people.

It is the use of solar energy through solar panels that have worked well in many coun-
tries, but they have several significant drawbacks : first, these batteries are expensive, and
secondly, they are unlikely to be able to fill the power consumption with a small coefficient
of efficiency, in places with shortage of sunlight. There are a number of alternative methods
of energy that I want to tell you.

1) It is the use of solar energy through solar panels that have worked well in many coun-
tries, but they have several significant drawbacks: first, these batteries are expensive, and
secondly, they are unlikely to be able to fill the power consumption with a small coefficient
of efficiency, in places with shortage of sunlight.

2) One of the most promising sources of energy is wind. Principle of operation of wind
turbines elementary. Wind force used to drive the wind wheel. This rotation in turn passed
the rotor of the electric generator. Advantage of the wind generator is primarily the fact that
the wind field, the wind can be regarded as an inexhaustible source of energy. In addition,
wind turbines, producing energy, do not pollute the atmosphere with harmful emissions. In-
constancy of the wind and quite a large number of generated energy makes this species is
not decisive.

3) A huge amount of thermal energy stored in the depths of the Earth. Geothermal energy
and these suggest using as an alternative source of geothermal energy supporters. However,
this view is still quite difficult to use.

In my opinion, the most promising direction of development of the electricity is nuclear
power, at the moment only nuclear power in the future will be able to save the world from
the energy crisis.

« Since then, as the phenomenon of radioactivity was discovered, it has been more than a
century (as happened receiving coverage in 1896). Until a few decades it took a rocket sci-
entist to grasp all the intricacies of the essence of this phenomenon and learn to use it for
practical purposes..» [1. C. 3.].

Discovery of radioactive decay and the use of nuclear power to solve the problem of en-
ergy shortages. However, there was a problem of confidence in the atom.

« It is human nature to be afraid of what he has no idea. We are afraid of radiation and
that is connected with it, because little is known about her. However, that radiation is an in-
dispensable tool for the detection and successful treatment of deadly diseases; nuclear ener-
gy generated in nuclear power plants — is light heat is working in our homes televisions,
computers, household appliances.

All living organisms are continually experiencing the effect of natural ionizing radiation.
There is even a theory that the origin of life on Earth has been associated with exposure to
strong radiation fields . Our existence seems to have unthinkable without the use of
knowledge about the atomic energy : almost all advanced countries actively develop nuclear
power, jointly build the first fusion power reactor ; and the extent of use of radiation and



radioactive isotopes in space engineering, medicine, biology, food industry, agriculture, ge-
ology is increasing every year .» [1. C. 4.].

Distrust of nuclear energy due to several objective reasons. First, people are afraid to use
peaceful nuclear energy for military purposes, it's stereotypes of the Cold War. Second, it's a
major accident at Chernobyl (USSR) and Fukushima (Japan).

Third (after danger reactors and waste problems) main the danger of nuclear power is its
close connection with atomic weapons.

«"Nuclear power — it's the atomic bomb, giving electricity” — figuratively, but physically
accurate, said Nobel laureate physicist P. Kapitsa.» [2. C. 59.].

«The tragedy for the whole world that the establishment of nuclear power plants in a
country today predetermines the possibility of creating in this country of nuclear weapons.»
[2. C.62].

26 April 1986 at the Chernobyl nuclear power plant was the largest in the history of the
world nuclear power accident. The accident resulted in radioactive contamination with ce-
sium-137 levels above 1 Ci/km2 (37 kBg/m”2) underwent in 17 countries in Europe with
total area of 207,500 square kilometers. Significantly contaminated with cesium- 137 were
the territory of Ukraine ( 37,630 square kilometers ), Belarus ( 43,500 square kilometers ),
the European part of Russia ( 59,300 square kilometers).

«In 2011, the 25th anniversary of the explosion of the fourth unit of the Chernobyl nucle-
ar power plant. Consequences of this biggest industrial disaster in the history of mankind
devoted many thousands of scientific papers, and effects of the overall picture begins to
clear shape . This picture is very different from the one from the first days after the Holo-
caust drew ( and still draws ) supporters of nuclear energy development . | recall that a few
months after the Holocaust, the then head of the IAEA G. Blix curled in an interview that
nuclear power can withstand a Chernobyl type accident every year.» [2. C. 162.].

The Chernobyl accident has generated fear and distrust of the peaceful atom world for
many years. This accident has generated fear and distrust of the peaceful atom in the world
for many years. All newspapers were full of protests against nuclear power. People have be-
come more cautious about the atom, received an important lesson.

March 11, 2011 as a result of the strongest in the history of the Japan earthquake and en-
suing tsunami there was a major radiation accident at the nuclear power plant Fukushima-1.
As a result of all these incidents at the plant "Fukushima-1" radiation leak occurred, both by
air and on the water, so the government had to evacuate people from the area of a radius of
20 km from the station. In addition, the exclusion zone was forbidden to be people, and peo-
ple living within 30 km from the station.

After the accident, the whole world was scared again, but to a lesser extent. People took
it more adequately.

However, relying on the atom, do not forget about safety.

The design, construction, operation and decommissioning of nuclear power plants, safety
issues are a priority. To do this, at the stations used the latest equipment and advanced secu-
rity systems

Nuclear power plant safety is now a priority. Place the plant construction to be safe, in
the sense seh. The most earthquake-resistant areas should be a place of construction. Elimi-
nating a number of dangers, it is an earthquake, tsunami, etc.

The most advanced equipment, the best specialists and responsible attitude to their office
workers do our best station in the world. Perhaps this is the lesson of Chernobyl is left its
mark on the direction of development of nuclear power in our country.



Due to the high demand for electricity, it is necessary to use nuclear energy. For several
reasons, nuclear power plants are more environmentally friendly, more productive and until
what other energy sources can not solve the problem of lack of energy. Therefore, the future
of nuclear power, and do not be afraid to use it!.
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The basic voltage and reactive power control devices
National Research Tomsk Polytechnic University.

The target of this paper is to present the main devices of automatic voltage regulation in
the power system. The basic function and principles of operation of these devices are de-
scribed in this paper.

To ensure a reliable supply of energy imposes mandatory requirement to maintain a cer-
tain level of voltage. The voltage level is closely related to the reactive power. Increasing or
decreasing the voltage level occurs due to increase or decrease of the amount of reactive
power into the grid. Therefore, the control of voltage and reactive power is one of major is-
sues in the power system operation. After that, basic units of voltage regulation and reactive
power in the network are considered.

Automatic voltage regulator of synchronous generators (AVR).

The automatic voltage control of synchronous generators occupies an important place
among numerous automatic control systems for energy systems. Originally, the sole task of
AVR was to maintain a constant voltage on the terminals of generators, but the development
of electric power systems expanded the task list relating to AVR.

Automatic adjustment is based on three principles:
 perturbing effects;

e controlled deviation;
« combination of the above principles.

The simplest AVR performing voltage regulation of generations is a compounding de-
vice by full load current. It is also least accurate, so it is usually connected to the controller
of voltage deviation, which should provide sufficient accuracy voltage regulation of genera-
tor, thereby yielding a device with a combined principle of regulation.

Phase compounding devices are more accurate, but they are hardly ever used without a
voltage regulator. Increase of the unit capacity of synchronous generators and emergence of
high-frequency excitation systems have promoted the development of AVR of proportional
action. This type of device provides voltage regulation in the full range of possible changes
in its normal operating condition, as well as the force driving in emergency mode.

However, the advent of AVR proportional action has not stopped development of sys-
tems of automatic voltage regulator. Energy systems grow, length of transmission lines in-
creases as a result requirements of AVR are increased so automatic excitation regulator of



strong action was developed. These regulators use the principle of regulation by the devia-
tion and have a high speed and rather complex control algorithm.

Nowadays, there are many variations of functional structure of automatic excitation regu-
lator (AER) of strong action, but all of them can lead to a common one, consisting of three
parts: a sensor arrangement, logical (computer) and the executive.

Sensor arrangement part of the regulator contains three main discriminating elements:
voltage, frequency and excitation current, and two additional ones: discriminating element
of reactive and active currents. So as regulatory impact may be built by:
 voltage deviation from the target value;

* the first derivative of the voltage;
« the first and second derivatives of the current power line;
e change and the first derivative of the frequency.

Discriminating elements produce signals to reject their control parameters and transmit
them directly to the adder and logic part that coordinates signals derived from mode parame-
ters. The adder receives signals from discriminating elements, the logical part and the ele-
ment of settings change, after that the adder generates a regulating effect to the digital pulse
position actuator control, which in turn generates pulse currents of thyristors. Fundamental-
ly, the same algorithm is used in microprocessor controllers; their feature is the computing
part, which consists of two microprocessors.

The main functions performed by modern AER include:
 automatic control of excitation current;
 forced excitation relay;

« current limitation of the rotor at boosting of the double level;

 automatic unloading generators overcurrent rotor and stator reactive current;

e change in the target voltage during synchronization of generators;

« limitation of excitation reduction at the consumption of reactive power;

 adjustment of reactive power generators operating in parallel (group controlled excita-
tion);

 regulation on the deflection of the rotor current in the run- turbine generators of a nuclear
power plant (NPP);

 generator protection overvoltage in case of load shedding.

Tap change under load device (TCUL) and STATCOM.

For distribution networks mainly optimal mode of voltage and reactive power is deter-
mined by ensuring the required quality of electricity delivered to consumers with minimum
losses and stability of asynchronous load. For distribution networks voltage regulation is
possible only if there is sufficient provision of reactive power load in the corresponding
node. For voltage regulation it is expedient to use a regulating and compensating device.
Currently, the most common among them are transformers with a Tap change under load
(TCUL), and static and synchronous compensators. The transformer itself is not a source of
reactive power. VVoltage regulation of transformers with tap-changer is due to changes in the
transformation ratio of the transformer, causing a change of reactive power flow through the
transformer. Therefore, regulating the voltage by such transformers is effective only if there
is a local source of reactive power.

Classic adjustable reactive power source is synchronous compensator. The disadvantages
of these machines include the relatively high cost and limited range regulation of reactive
power consumption mode. However, restrictions on their adjustment range were minimized



by developing automatic control of synchronous compensators and designing compensator
with two excitation windings.

Alternative to the synchronous compensator is static thyristor compensators (STC). Crea-
tion of them is result of development of semiconductor technology. Advances in power elec-
tronics led to the possibility of creating a new type compensator called STATCOM.

The STATCOM uses algorithms relating to vector control of voltage converter. In gen-
eral vector control involves measurement of the instantaneous values of voltage and current
three-phase system, converting them into orthogonal components of selected system axes d
and g, the computation of control actions required in this coordinate system and then trans-
forming them into three-phase system to be implemented in the form of control signals ap-
plied to the control object.

Reactive power control system of STATCOM is performed by generating an ideal volt-
age by the converter. The current in the inductive reactance lags in phase by an angle n/2
from the voltage across the defined difference of network voltage Uc and converter Un. If
these voltages are in phase Uc > Un current will be inductive and STATCOM system con-
sumes reactive power from the network. When Uc < Un there is the capacitive current that
contributes to the generation of reactive power. Thus, the STATCOM controls reactive
power by varying the voltage at the output of the converter Un.

Similarly, for the active power control by the STATCOM it is necessary to change the
phase of the voltage Un relative to the network voltage Uc.

The paper presents only basic voltage control devices. In general voltage and reactive
power regulation is an intensive process demanding the use of innovation technologies and
profound knowledge of electrical engineering.
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Askarov, A.B., Shishkovskaya, Yu.V.
Energetics: energy modernization and clean energy
National Research Tomsk Polytechnic University.

Introduction

Energetics Incorporated, a wholly owned subsidiary of VSE Corporation, is a full-service
technical and management consulting company serving public- and private-sector clients.
Also it is a firm helping clients solve today’s complex global challenges: energy moderniza-
tion, energy efficiency, clean energy and climate changes. Energetics is headquartered in
Columbia, Maryland, USA with offices in Washington, DC and Arlington, Virginia.

The history of the company.

Energetics was founded in 1979 by a small group of engineers in Columbia, Maryland.
They named the company "energetics", because it is a branch of mechanics that deals with
energy and its transformations. In 1995, Energetics was acquired by VSE Corporation,



which provided the company with a new opportunity for growth. For the past 30 years, En-
ergetics has enjoyed steady growth. What began with a few employees in a small office has
grown into a successful company with over 160 employees located among six main offices
across all the USA.

Company activities

For 30 years, Energetics Incorporated has helped their clients develop and manage effec-
tive research and information programs in the fields of energy, manufacturing, climate and
environment. Their success lies in their ability to align program capabilities with critical na-
tional objectives and to effectively communicate complex issues to enable informed deci-
sions. Major clients of Energetics — the U.S. Department of Energy and the New York State
Energy Research — respect their obsession with quality products and successful client out-
comes.

«Water Management Technology»
Mo T AR As the example of the company activity, we can consider
1% || — Livestock .

Indusrial-—— N one of many Energetics programs such as Water Management
e Technology. Everybody knows that population growth, aging
g \\ water infrastructure and inefficient water usage make the cur-
T ) rent growth in water demand unstable (Fig. 1: see left) [3,
p.3]. An increase in energy production, which requires water
\ y for cooling and emissions control, also contributes to that
” demand. For these reasons, water and wastewater industries
require new approaches to optimize water use, reuse, recy-

cling, and provide security and stability of the water infrastructure.

To reach this goal Energetics and American Society of Mechanical Engineers (ASME)
together synthesized the workshop results to develop the new way. It identifies ten high-
priority actions that ASME can pursue (Fig. 2) [3, p. 17]. Nowadays there is a number of
technologies and tools available for water efficiency and water reuse, but Energetics
workgroup clearly see the importance of better communication in needs and benefit, for a
wider adaption of water efficiency and water reuse techniques. There is a need for a more
thorough understanding of water use within specific industries to determine the best place

for further assessment

: and action. Consequent-

* Establish a Community Engagement Platform on Industrial Water Reuse Management Technology . .
* Exablsh ASME Awards/Recogniion foe Outseanding Wter Reuse Projects, Equipment,and Aciviie ly, the workgroup identi-
* Develop Industry-Specific Workshops to Promote and Capture BMPs fied a number of poten-
T M ot Bl W A tial ASME roles that can
* Use Thermal Pinch Experience to Promote Water Pinch h8|p improve usage of
* Develop On-Line Tool Analogous to the Produced Water Management Information System water pOWGr across a”

Thermoelectric
39% A

Top 10 Priority Activities

® Define “10 Great Challenges” for Industrial Water Reuse

® Identify Industries Best-Suited for Water Reuse the USA [3, p. 18]
® Establish Benchmarking through Case Studies FIgZ Ten hlgh-prIOI‘Ity
actions for ASME.

Conclusion
So, in conclusion, | think it is necessary to say that Energetics is the successful growing
company which committed itself to develop their staff and improve our world. It is a great
company with a wide range of products for employees to work on and gives them a lot of
flexibility and independence. If you had some problems with optimization of your produc-
tion, you could freely access to Energetics. There are many engineering companies in the
world and Energetics is one of the best.
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Beck, P.A.
Underground cables
National Research Tomsk Polytechnic University.

Underground cables are part of the electric transmission system designed for under-
ground installation. Their main purpose is the transmission of electrical energy. Under-
grounding refers to the replacement of overhead cables providing electrical power or tele-
communications, with underground cables. This is typically performed for aesthetic purpos-
es. In figure 1 below one can see how cables can improve the visual impact to people and
surroundings.

R

Figure 1 (left)
— Before and
after laying
underground
cables.

, TS e Y DAY T One of the
commonly used types of underground cables is an extruded dielectric cable which consists
of the following components:

e Conductor — Typically aluminum or copper. It carries current and voltage.

e Strand Shield — It is applied over the conductor to form a smooth, concentric shape pre-
venting insulation from flowing into the strands.

¢ Insulation — Typically rubber (EPR) or plastic (XLPE or TR XLPE.) It insulates the me-
dium voltage conductor from ground.

e Insulation Shield — It controls the stress within the insulation and is part of the dead-front
configuration.

e Metallic Shield — Typically copper or aluminum, but may also be lead. The shape can be
concentric neutrals, copper tape, longitudinally corrugated copper tape, drain wires, flat
strap, or lead sheath.

e OQuter Jacket — It provides protection to the metallic shield that helps prevent moisture
from attacking the shield or migrating into the insulation where it can cause trees and po-
tential cable breakdown.[1].




Figure 2 (right) — Construction Metallic Shield
of an underground cable. Insulation \

In Figure 2 one can see Conductor \
construction of underground
cable.

Underground  cables  are

known to have certain ad- /

vantages in comparison with Conductor InSulation ~
overhead lines. Among them: Shield Shield Jacket

e Less subject to damage from severe weather conditions.
e Greatly reduced emission, into the surrounding area, of electromagnetic fields.
o Underground cables pose no hazard to low flying aircraft or to wildlife.

e Figure 3 (left): Damage of overhead lines and reliability of
underground cables from severe weather conditions.
o Much less subject to conductor theft, illegal con-
nections, sabotage, and damage from armed conflict.
% In figure 3 one can see why underground cables are less
&% subject to damage from severe weather conditions.
; On the other hand, underground cables also have dis-
advantages:
o Undergrounding is more expensive, since the cost
of burying cables at transmission voltages is several times
greater than overhead power lines.

o Underground repairs can take days or weeks, and
for this reason redundant lines are run.
o Underground cable locations are not always obvi-

ous, which can lead to unwary diggers damaging cables or
being electrocuted.
e Underground cables are more subject to damage by ground movement.[2].

Figure 4 (right): Repair of underground cable.In figure 4
one can see repairs of underground cables.

To sum up, using undergrounding can increase the initial
costs of electric power transmission and distribution but may &
decrease operational costs over the lifetime of the cables. |
Underground cables can transmit power across densely pop-
ulated areas or areas where land is costly or environmentally
or esthetically sensitive. Underground and underwater cross-
ings may be a practical alternative for crossing rivers.
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SCADA - Supervisory control and data acquisition
National Research Tomsk Polytechnic University

SCADA (supervisory control and data acquisition) is a kind of software application pro-
gram used for the process of control and gather real time from remote locations for exercis-
ing this control on equipment and conditions [1].

flow aT]r:IEI:vﬁD;l;y:;igsrfﬁs i;ppeomfsafs I;:?lctla PLCs SCADA is based on PCS
computerized system and is
a way to monitor and con-
SCADA trol the equipment which
vkl qu simplifies detection of faults
-~ and can be used as a control
/B FLCL Al P mechanism.
Eig . 2 Fig.1 (left). Schematic
3] g s overview of SCADA [2].
- i E SCADA solves such crit-
' 7 ical problems as a real-time
= v monitoring, assessment of
PLC1 compares the measured flow te V—£ Variou? parameter‘_sv control
o nured o match fow o sapant. TLC2 comparesthe messred S;S(fsr‘,’]'ce?;oﬁ,f’tef;&?;,(’f the
e oy e velve tomateh| - ransmission the data from

external instruments and con- PC Ethemet | External Instrum.entsand
trol devices to PCs located in ESEEERDSices
control unit.

Fig.2 (right). The ways of

data transmission.

SCADA finds use in pow-
er plants, oil and gas refining, -
transportation, telecommuni-
cation, various treatment
plants, in control of waste
and water.

Terminal Wireless PDA Radio

SCADA can be used in many dif-
ferent applications and facilities such
as:

1) HMI — A human —machine in-
terface which represents information
about the technological process to a
human operator, while the human op-
erator controls it.

2) Networks — a set of PC’s con-
nected to each other with server and
various controlled devices.

11



Fig.3 (left). Network.
3) Controllers, that interfaces with peripheral devices.
4) Databases where information collected.

SCADA forms the heart of power systems supervision and remote control systems.
SCADA is a significantly important and progressive used in national infrastructures way to
develop automatic of power stations and substations. However, SCADA systems may have
security vulnerabilities, so the systems must identify risks and make the solutions to fetch
down those risks.
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Borodin, A.A., Cheremisina Harrer, .A.
Types of Substations Differences in Equipment and Functions
National Research Tomsk Polytechnic University.

Introduction

A substation is a part of an electrical generation, transmission, and distribution system.
Substations transform voltage from high to low, or the reverse, or perform any of several
other important functions. Between the generating station and consumer, electric power may
flow through several substations at different voltage levels.

Substations may be owned and operated by an electrical utility, or may be owned by a
large industrial or commercial customer. Generally substations are unattended, relying on
SCADA for remote supervision and control.

A substation may include transformers to change voltage levels between high transmis-
sion voltages and lower distribution voltages, or at the interconnection of two different
transmission voltages. The word substation comes from the days before the distribution sys-
tem became a grid. As central generation stations became larger, smaller generating plants
were converted to distribution stations, receiving their energy supply from a larger plant in-
stead of using their own generators. The first substations were connected to only one power
station, where the generators were housed, and were subsidiaries of that power station.

Elements of a substation

Substations generally have switching, protection and control equipment, and transform-
ers. In a large substation, circuit breakers are used to interrupt any short circuits or overload
currents that may occur on the network. Smaller distribution stations may use recloser cir-
cuit breakers or fuses for protection of distribution circuits. Substations themselves do not
usually have generators, although a power plant may have a substation nearby. Other devic-
es such as capacitors and voltage regulators may also be located at a substation.

Substations may be on the surface in fenced enclosures, underground, or located in spe-
cial-purpose buildings. High-rise buildings may have several indoor substations. Indoor sub-
stations are usually found in urban areas to reduce the noise from the transformers, for rea-
sons of appearance, or to protect switchgear from extreme climate or pollution conditions.
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Where a substation has a metallic fence, it must be properly grounded to protect people
from high voltages that may occur during a fault in the network. Earth faults at a substation
can cause a ground potential rise. Currents flowing in the Earth's surface during a fault can
cause metal objects to have a significantly different voltage than the ground under a person's
feet; this touch potential presents a hazard of electrocution.

Types

Substations may be described by their voltage class, their applications within the power
system, the method used to insulate most connections, and by the style and materials of the
structures used. These categories are not disjointed; to solve a particular problem, a trans-
mission substation may include significant distribution functions, for example.

Transmission substation

A transmission substation connects two or more transmission lines. The simplest case is
where all transmission lines have the same voltage. In such cases, substation contains high-
voltage switches that allow lines to be connected or isolated for fault clearance or mainte-
nance. A transmission station may have transformers to convert between two transmission
voltages, voltage control/power factor correction devices such as capacitors, reactors or stat-
ic VAR compensators and equipment such as phase shifting transformers to control power
flow between two adjacent power systems.

Transmission substations can range from simple to complex. A small "switching station”
may be little more than a bus plus some circuit breakers. The largest transmission substa-
tions can cover a large area (several acres/hectares) with multiple voltage levels, many cir-
cuit breakers and a large amount of protection and control equipment (voltage and current
transformers, relays and SCADA systems). Modern substations may be implemented using
international standards such as IEC Standard 61850.

Distribution substation

A distribution substation transfers power from the transmission system to the distribution
system of an area.[2] It is uneconomical to directly connect electricity consumers to the
main transmission network, unless they use large amounts of power, so the distribution sta-
tion reduces voltage to a level suitable for local distribution.

The input for a distribution substation is typically at least two transmission or subtrans-
mission lines. Input voltage may be, for example, 115 kV, or whatever is common in the
area. The output is a number of feeders. Distribution voltages are typically medium voltage,
between 2.4 kV and 33 kV depending on the size of the area served and the practices of the
local utility. The feeders run along streets overhead (or underground, in some cases) and
power the distribution transformers at or near the customer premises.

In addition to transforming voltage, distribution substations also isolate faults in either
the transmission or distribution systems. Distribution substations are typically the points of
voltage regulation, although on long distribution circuits (of several miles/kilometers), volt-
age regulation equipment may also be installed along the line.

The downtown areas of large cities feature complicated distribution substations, with
high-voltage switching, and switching and backup systems on the low-voltage side. More
typical distribution substations have a switch, one transformer, and minimal facilities on the
low-voltage side.

Collector substation

In distributed generation projects such as a wind farm, a collector substation may be re-
quired. It resembles a distribution substation although power flow is in the opposite direc-
tion, from many wind turbines up into the transmission grid. Usually for economy of con-
struction the collector system operates around 35 kV, and the collector substation steps up

13



voltage to a transmission voltage for the grid. The collector substation can also provide
power factor correction if it is needed, metering and control of the wind farm. In some spe-
cial cases a collector substation can also contain an HVDC converter station.

Collector substations also exist where multiple thermal or hydroelectric power plants of
comparable output power are in proximity. Examples for such substations are Brauweiler in
Germany and Hradec in the Czech Republic, where power is collected from nearby lignite-
fired power plants. If no transformers are required for increase of voltage to transmission
level, the substation is a switching station.

Converter substations

Substations may be associated with HVDC converter plants, traction current, or intercon-
nected non-synchronous networks. These stations contain power electronic devices to
change the frequency of current, or else convert from alternating to direct current or the re-
verse. Formerly rotary converters changed frequency to interconnect two systems; such sub-
stations today are rare.

Switching substation

A switching substation is a substation without transformers and operating only at a single
voltage level. Switching substations are sometimes used as collector and distribution sta-
tions. Sometimes they are used for switching the current to back-up lines or for parallelizing
circuits in case of failure. An example is the switching stations for the HVDC Inga —Shaba
transmission line.

A switching substation may also be known as a switchyard, and these are commonly lo-
cated directly adjacent to or nearby a power station. In this case the generators from the
power station supply their power into the yard onto the Generator Bus on one side of the
yard, and the transmission lines take their power from a Feeder Bus on the other side of the
yard.

Classification by structure

Outdoor, above-ground substation structures include wood pole, lattice metal tower, and
tubular metal structures, although other variants are available. Where space is plentiful and
appearance of the station is not a factor, steel lattice towers provide low-cost supports for
transmission lines and apparatus. Low-profile substations may be specified in suburban are-
as where appearance is more critical. Indoor substations may be gas-insulated switchgear (at
high voltages), or metal-enclosed or metal-clad switchgear at lower voltages. Urban and
suburban indoor substations may be finished on the outside so as to blend in with other
buildings in the area.

A compact substation is generally an unmanned outdoor substation being put in a small
enclosed metal container in which each of the electrical equipment is located very near to
each other to create a relatively smaller footprint size of the substation.

Automation

Early electrical substations required manual switching or adjustment of equipment, and
manual collection of data for load, energy consumption, and abnormal events. As the com-
plexity of distribution networks grew, it became economically necessary to automate super-
vision and control of substations from a centrally attended point, to allow overall coordina-
tion in case of emergencies and to reduce operating costs. Early efforts to remote control
substations used dedicated communication wires, often run alongside power circuits. Power-
line carrier, microwave radio, fiber optic cables as well as dedicated wired remote control
circuits have all been applied to Supervisory Control and Data Acquisition (SCADA) for
substations. The development of the microprocessor made for an exponential increase in the
number of points that could be economically controlled and monitored. Today, standardized
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communication protocols such as DNP3, IEC 61850 and Modbus, to list a few, are used to
allow multiple intelligent electronic devices to communicate with each other and superviso-
ry control centers. Distributed automatic control at substations is one element of the so-
called smart grid.

Borshev, Ye.S.
Voltage control in the electrical network
National Research Tomsk Polytechnic University.

The current flow through the elements of the electrical network is attended with losses of
voltage. It causes voltage reduction with increasing distance from the power supply. How-
ever voltage supplied to the electric consumer can vary slightly from the nominal voltage
and should be within acceptable limits. In accordance with State Standard 13109-97 voltage
deviation from the nominal value shall not exceed + 5% for most consumers. In the post-
emergency conditions, the duration of which is relatively small, voltage tolerance is in-
creased by 5%. There are also acceptable voltage limit in the high voltage network. In par-
ticular, peak working voltage makes from 105 to 120% of nominal value and is determined
by conditions of reliable operation of isolation for the high-voltage devices. In the electric
power system voltage reductions are determined by the stability conditions of parallel opera-
tion of power station generators and load node. In supply networks lower voltage deviations
reaches 10-15%. When we assess voltage levels, we should bear in mind that the load are
continually changing during the day, therefore voltage losses and voltage levels of power
consumers also change.

The electricity transmission scheme (fig. 14.1) demonstrates that it is impossible to en-
sure compliance the requirements for voltage deviations in modern power system without
using special measures and devices. If we assume that on the path from the power genera-
tors to the receiver we have four transformation of electric energy. The voltage losses is 5 %
at each transformation and 10 % in each of the networks. So the total voltage losses may
reach 60%.

For ensure ac-
. 220— 300 kR - 110kB 10 kB 0,38 kB Ceptabl-e Voltage
levels in the EPS
CliﬁjE |:§:E |@E |@E¢$¢} we use special
equipment — reg-
Pue. 14.1. Cxema nepenadn MIEKTROIHEPIHH B CETH ulation devices.

Their appointment is the reduction or compensation losses of voltage.

For the analysis of opportunities to reduce voltage losses in elements (lines, transform-

ers), we use the expression.
PR~ OX P,Q —active and reactive powers in the network element;
—— =" R,X-resistance and reactance element;
U U — the voltage at the end of the element, where we set the powers.

Expression shows that the voltage losses decreases with increasing mains voltage. At op-
eration the change in the nominal mains voltage requires reconstruction of this network.
Furthermore, increasing the nominal voltage allows to reduce voltage losses, but it can not
be considered as a means of voltage regulation. Decision about the level of nominal voltage

-'_'ﬁi[::
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is made based on information about transmitted power and the distance at which this power
is transmitted.

Another possibility is the change of power. The active power is reduced due to undersup-
ply of energy customers, and therefore it cannot be used. We can decrease flows of reactive
power by installing reactive power sources at consumers. Zero flow of reactive power can
be achieved at full RPC, although it is not economically feasible to do.

Another way to have an impact on voltage losses consists in the change of line resistance.
Decrease in resistance due to the increase in the cross R X, X,
section of HV line wires or with the inclusion parallel }_:_r‘m_{ H
operating elements. However the effectiveness of such
measures for supply main is not as high inasmuch as Puc. 14.2. Henoaszosanne yera-
active resistance of elements is substantially less reac- HOBKH NPOIOARHON KOMIEHCAINNA
tance. The reactance of a transmission line can be re- B aHHHHN
duced by incorporating the direct compensation plant (DCP). The direct compensation plant
represents capacitance with the reactance X (fig.14.2). As a result, the total line resistance
decreases and becomes equal to X,z = X_ — Xc, here X_ — inductance of the line. But the use
of the DCP only to reduce voltage losses also not economically justified. DCP are used to
increase the network capability and steady-state stability of EPS.

Nevertheless, the main means of voltage regulation is the use of special technical equip-
ment, which are explained below.

e The synchronous generators.

The power generators not only are sources of reactive power in the power system, but at
the same time are the most important means of voltage regulation. The terminal voltage Ug
of most generators can vary from (95 U< U <1050,

HOM

The set point voltage can be supported by automatic excitation control (AEC). The volt-
age at the generator tires can be maintained at a predetermined level only if the reactive
power Qg (which is generated by them) is within acceptable limits 0. <0 <0

11111 T

max

When reactive power reaches a limiting value, it is fixed at that value. In this case, the
voltage of the generator will be changed as follows: when it reaches the lower limit of the
power — to rise, when the upper limit — lower. Nominal reactive power of generator is de-
termined by nominal power factor coseg. If you need to use a reactive power on the genera-
tor by more than nominal, it is possible within certain limits by reducing its active power. In
this instance the increase in reactive power will restricted by means of currents in the stator
and rotor of the machine.

e The synchronous compensators.

Synchronous compensators allow to support and regulate the voltage within & 5% at the
point of connection by changing the excitation current. As with generators, voltage regula-
tion can be carried out by changing the reactive power within an acceptable range.

e Synchronous thyristor compensators.

Regulation is carried out almost instantly due to the thyristor control system. This is es-
pecially important for the stabilization of transient phenomenon in EPS.
e Transformers, autotransformers.

The following devices allow you to change the parameters of the branch of a network:
double-wound transformers, autotransformers and three-winding transformers for communi-
cation networks of different nominal voltage, linear regulators, working in alliance with au-
totransformers are all linear controls.
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In these devices, one of the windings has a multiple taps, with which you can change the
number of active coils of winding. Thereby you can change the transformation ratio. Chang-
ing the transformation ratio leads to a change of load voltage at the same voltage supplied to
the transformer.

Electricity is distributed from main substation (MS) in distribution networks of urban, ru-
ral, industrial consumers. Main substations usually are constructed in the immediate vicinity
or within the separate area of electricity consumption. Distribution of electricity inside the
area is firstly produced at the voltage of 6-20 kV. Lines 6-20 to (air and cable), are con-
structed from the MS to the substations, which feed a group of closely spaced small con-
sumers. Their power is supplied through the network of 220-380V. Transformation of elec-
tricity from stage 6-20 kV to stage 220-380 V is carried out by means distribution trans-
formers (DT).

In such networks, due to their mass we provide the most simpler and cheaper control de-
vices: distribution transformers with voltage regulation without power, uncontrolled capaci-
tor banks.

In electrical networks with voltage Un > 110 kV regulation of voltage has its own charac-
teristics. These networks are hard-closed structure. They are equipped supervisory control
devices, which let you transmit the information about regime parameters at different points
of the network to the control centre.

When we consider networks with Un > 330 kV, we must take into account the loss of ac-
tive power to the crown in the power lines.

The main objective in the design and reconstruction of EPS is complex solution of ensure
the balance reactive power and definition of the conditions of voltage regulation in the net-
works. Also, developers should ensure manageability EPS voltage and reactive power. By
this we mean the possibility of providing allowable voltage at all points in the EPS and In
the post-emergency conditions of operation. Control is achieved due to right choice of
placement, accurate control ranges of the control system.
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Charkov, D.
On the Economic Ground for Introducing Bioenergetics
National Research Tomsk Polytechnic University.

Russia has large reserves of natural resources, giving the possibility to be one of the main
exporters of hydrocarbon energy . To reduce the dependence on fossil resources, to
strengthen the country's position as an energy power one improves the ecological environ-
ment and to conserve resources for the future generations, it is necessary to raise the ques-
tions about the possibility of expanding the use of alternative energy sources.
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RENEWABLE ENERGY SOURCES Today the renewable ener-
gy in the global energy balance
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structure are as follows:

* obtaining the energy from waste rapidly renewable raw materials ;

+ producing ecologically pure organic fertilizer wild-type ;

« waste managing and environmental improving in the areas of the agricultural production
and processing;

* new jobs creation ;

« software installed power the country's agriculture by having a stable centralized power
supply.

The main motive for using alternative sources in Russia may be economic incentives, and
in their absence — measures direct administration arising from a well-defined position of the
state . Under the economic stimulus is meant economic feasibility of bioenergy plants, their
payback possible winnings from their use in the form of lower taxes and receive benefits
from the state.

Nevertheless, the government's position as to using of renewable energy, including bio-
mass, while is not legally expressed. Benchmark can only be a number of decisions of the
Government and the President of the Russian Federation on energy efficiency and resource
conservation .According the most experts, the problem of bioenergy development in our
country is due to the negative impact of the following factors:

« the lack of the government programs bioenergy and appropriate legislative framework;

« the lack of a coordinating body for bioenergy ;

« the ineffective stimulation participants bioenergy sector ;

« the lack of the financial resources and investment, affordable loans, tax breaks and incen-
tives.

Recently, however, the state began paying an attention to the bioenergy development in
the country. Today, with the leading scientific centers of Russia in the field of agricultural
mechanization has been established the Center for Bioenergy Development, which is devel-
oping the program for the development of bioenergy, the mechanisms of state sub-sector,
the creation of the opportunities for joint implementation projects requiring more funds to
the Russian and foreign investors.

Currently the field of agricultural mechanization has established drafting the law "On the
basis of bioenergy development in the Russian Federation ." The purpose of this Federal
Law is a legal framework for implementing the unified state policy in the sphere of agricul-
ture and forestry in the country of production of biomass, biofuels production from it and its
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consumption, the development of the country wide using biofuels in various sectors of the
economy, especially in agriculture by achieving environmental improvements in the coun-
try.

Everything also there is the issue price in the use of biogas plants . This is one of the
most significant expansion of the brakes in the implementation of bioenergy . Without the
government funding, even in some privileges, Russian enterprises could hardly afford the
use of biogas plants to produce their own energy. However, to date the budget allocation
subroutine development of alternative energy has already reached 1.5 billion rubles . and
continues to grow . The projections for the nearest future, namely 2020, investment volume
will have amounted to 19 billion rubles . And electricity production based on renewable raw
materials, including agricultural waste, will increase from 2.5% to 4.5%.

Thus, when the possibility of financing the bioenergy introduction at agricultural enter-
prises and when there are significant advantages of biogas plants is a problem of insufficient
activity of Russian enterprises management at the regional level, which are still skeptical
and vary the idea of using alternative energy sources. It means a slow growth rate of biogas
plants. Additional measures to accelerate the implementation of the growth units may be the
following :

» the electricity limitation, replacing it with the consumption in excessing the energy gen-
erated through the use of biogas plants ;

« the introduction of social norms to use the electricity for agricultural enterprises ;

« the campaign agricultural producers, summing them to solve the environmental problems
to use environmentally friendly sources of energy.

The bioenergy development prospect in Russia is very acute because of the lack of wide-
spread use of energy non-conventional sources . However, due to the distinct advantages of
using biomass for energy in the nearest future and this industry is bound to get a wide
recognition in our country.
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Chernaya, A.A., Chesnokova, I.A.
SCADA system design and security
National Research Tomsk Polytechnic University.

Modern electric utilities must meet increasing demand for electrical power generation
and distribution while coping with decreasing tolerance for disruptions and outages. One of
the most cost-effective solutions for improving reliability, increasing utilization and cutting
costs is automating the systems by implementing a supervisory control and data acquisition
system (SCADA) [1].

SCADA is typically a PC based software package. The system operates with coded sig-
nals over communication channels so as to provide control of remote equipment (using typi-
cally one communication channel per remote station). The supervisory system may be com-
bined with a data acquisition system by adding the use of coded signals over communication
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channels to acquire information about the status of the remote equipment for display or for

recording functions [2].

SCADA destination includes data exchange with Remote Control Device (RCD), re-
ceived data processing, received and processed information display, database maintenance,
alarm signaling, preparing and generation of report [1].

SCADA systems are often used by power companies, major Utility Companies, physical
sites, manufacturing companies, providers of mass transportation. What concerns power
companies, SCADA systems can be used to maximize the efficiency of power generation
and distribution processes. More specifically, SCADA systems can monitor the power flow,
power line voltage, circuit breaker status, and other electrical processes. SCADA systems
can even be used to control individual sections of the power grid [3].

SCADA-system structure incudes:

« Remote Terminal Unit (RTU) — devices deployed in the field at specific sites and loca-
tions. RTU’s gather information locally from the sensors to report back to the SCADA
master unit. RTU’s can also issue control commands to the control relays it communi-
cates with.

« Master Terminal Unit (MTU) provides the central processing capability for the SCADA
system. Master units connect the human operators to the system with a browser interface
that allows the system operator to respond to data gathered from all parts of the network.

» Communication System (CS) provides the connection between the SCADA master unit
and the RTU’s in the field. It is the all-important link between the far-flung elements of a
geo-diverse operation [3].

The three basic functions are the monitoring, control and user interface functions. The
monitoring function is to collect data and send it back to the central computer. The control
function is to gather data from monitoring sensors, process it and send control signals back
to the equipment. The user interface is a large control room where SCADA input and output
responses are monitored in real time.
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Fig. 1. SCADA-system functions connection.

Today specialists are concerned with providing SCADA security since lots of threats are
posed on the system by hackers attempting to penetrate into the network and gain access to
control systems. Cyber-attacks on critical infrastructure have highlighted security as a major
requirement on smart grid. SCADA system is a technology that helps smart grid to reduce
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operational and maintenance cost, ensure the reliability of power supply, and provides toler-
ant of attacks against physical and cyber security. Hence, without a secure SCADA system,
it is impossible to deploy the smart grid system [4].

The cyber security basically can be attacked in three steps as follows:

(1)the attacker has control over the SCADA system,.

(2)the attacker identifies the system to launch an intelligent attack,.

(3)attacker initiates the attack [5].

Attackers at the top level include online hackers, terrorists, workers, opponents, or client,
and so on. In order to obtain cyber security it is necessary to build an effective, layered de-
fense system to function broadly across the entire grid infrastructure.

To secure data in the smart grid and SCADA system an encryption is used. Proper key
management involves restricting personal access to key storage locations, random key up-
dates and encoded key storage servers. Therefore, key algorithms must be validated in a
cryptographic system and kept in locations where they need to be [2].

In addition, a robust hardware designed to withstand cyber threats is needed. One exam-
ple is managed switches which perform multi-functions like access control, traffic prioritiza-
tion, managing data flow, and so forth. Another addition to existing systems would be the
use of firewalls. They block unauthorized access to any network and work according to the
user defined rules [5].

The systems are used to mission critical industrial processes where reliability and per-
formance are paramount. The benefits one can expect from adopting a SCADA system are a
rich functionality and extensive development facilities. Modern SCADA systems are in-
creasing in complexity, due to the integration of different components produced in many
cases by different manufacturers. Thus, it is necessary to address the security level of each
device, as well as on the overall environment and integration tests.
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Abstract
The paper describes the modern power system. This article consists of four main parts. In
the first part one can find information about the function of generation subsystem, also learn
about generators and transformers? their function and work. The next part deals with trans-
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mission subsystem. High voltage transmission lines are terminated in substations, which are
called high-voltage substations, receiving substations, or primary substations. The third part
provides information about distribution subsystem, which is divided into primery and sec-
ondary distribution network. And the final part focuses on load subsystem and kind of con-
sumers.

Introduction

The modern society can’t imagine it’s life without electricity. A lot of electrical devices
are used daily. Your laptop, your telephone or kettle and so on won’t work without electrici-
ty. And you know it, but who knows how we receive electricity, where and how it appears.
Everybody should know it. Because all people, every day, every moment deal with.

The Structure of the Modern Power System.

An interconnected power system is a complex enterprise that may be subdivided into the
following major subsystems:
 Generation Subsystem. « Distribution Subsystem.
 Transmission Subsystem. « Utilization Subsystem.

Generation Subsystem. This includes generators and transformers.

Generators — An essential component of power systems is the three-phase ac generator
known as synchronous generator or alternator. Synchronous generators have two synchro-
nously rotating fields: One field is produced by the rotor driven at synchronous speed and
excited by dc current. The other field is produced in the stator windings by the three-phase
armature currents. The dc current for the rotor windings is provided by excitation systems.
In the older units, the exciters are dc generators mounted on the same shaft, providing exci-
tation through slip rings. Current systems use ac generators with rotating rectifiers, known
as brushless excitation systems. The excitation system maintains generator voltage and con-
trols the reactive power flow. Because they lack the commutator, ac generators can generate
high power at high voltage,typically 30 kV.

The source of the mechanical power, commonly known as the prime mover, may be hy-
draulic turbines, steam turbines whose energy comes from the burning of coal, gas and nu-
clear fuel, gas turbines, or occasionally internal combustion engines burning oil.

Steam turbines operate at relatively high speeds of 3600 or 1800 rpm. The generators to
which they are coupled are cylindrical rotor, two-pole for 3600 rpm, or four-pole for 1800
rpm operation. Hydraulic turbines, particularly those operating with a low pressure, operate
at low speed. Their generators are usually a salient type rotor with many poles. In a power
station, several generators are operated in parallel in the power grid to provide the total
power needed. They are connected at a common point called a bus.

With concerns for the environment and conservation of fossil fuels, many alternate
sources are considered for employing the untapped energy sources of the sun and the earth
for generation of power. Some alternate sources used are solar power, geothermal power,
wind power, tidal power, and biomass. The motivation for bulk generation of power in the
future is the nuclear fusion. If nuclear fusion is harnessed economically, it would provide
clean energy from an abundant source of fuel, namely water.

Transformers — The transformer transfers power with very high efficiency from one
level of voltage to another level. The power transferred to the secondary is almost the same
as the primary, except for losses in the transformer. Using a step-up transformer will reduce
losses in the line, which makes the transmission of power over long distances possible.

Insulation requirements and other practical design problems limit the generated voltage
to low values, usually 30 kV. Thus, step-up transformers are used for transmission of power.
At the receiving end of the transmission lines step-down transformers are used to reduce the
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voltage to suitable values for distribution or utilization. The electricity in an electric power
system may undergo four or five transformations between generator and consumers.
Transmission Subsystem

An overhead transmission network transfers electric power from generating units to the
distribution system which ultimately supplies the load. Transmission lines also interconnect
neighboring utilities which allow the economic dispatch of power within regions during
normal conditions, and the transfer of power between regions during emergencies.

Standard transmission voltages are established in Russian Federation transmission volt-
age lines operating at more than 35 kV are standardized at 110 kV, 220 kV, 330 kV, 500
kV, and 750 kV line-to-line. Transmission voltages above 220 kV are usually referred to as
extra-high voltage (EHV).

High voltage transmission lines are terminated in substations, which are called high-
voltage substations, receiving substations, or primary substations. The function of some sub-
stations is switching circuits in and out of service; they are referred to as switching stations.
At the primary substations, the voltage is stepped down to a value more suitable for the next
part of the trip toward the load. Very large industrial customers may be served from the
transmission system.

Distribution Subsystem

The distribution system connects the distribution substations to the consumers’ service-
entrance equipment. The primary distribution lines from 4 to 34.5 kV and supply the load in
a well-defined geographical area. Some small industrial customers are served directly by the
primary feeders.

The secondary distribution network reduces the voltage for utilization by commercial and
residential consumers. Lines and cables not exceeding a few hundred feet in length then de-
liver power to the individual consumers. The secondary distribution serves most of the cus-
tomers at levels of 380/220 V.

Distribution systems are both overhead and underground. The growth of underground
distribution has been extremely rapid and as much as 70 percent of new residential construc-
tion is via underground systems.

Load Subsystems

Power systems loads are divided into industrial, commercial, and residential. Industrial
loads are composite loads, and induction motors form a high proportion of these loads.
These composite loads are functions of voltage and frequency and form a major part of the
system load. Commercial and residential loads consist largely of lighting, heating, and cook-
ing. These loads are independent of frequency and consume negligibly small reactive power.

Conclusion

Generation subsystem includes generators and transformers they are essential compo-
nents of power. An overhead transmission network transfers electric power from generating
units to the distribution system which ultimately supplies the load. The distribution system
connects the distribution substations to the consumers’ service-entrance equipment. Power
systems loads are divided into industrial, commercial, and residential. Now, you know what
a power system is, how every subsystem works.
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Introduction.

Today, theenergy companieshavea lot of problems: wornand unreliablepower grid, an
oldsystem ofone-waytransfer of energy, the nature of supply and demand, moreover, need
tofind new andbetter ways tomeet the growing demand for electricity. At the same time con-
sumers are demanding lower tariffs, increasing the reliabilityof services.A smart grid is de-
signed to solve these problems.

A smart grid is a mod-

/ Y ernized electrical grid that

i uses information  and

R communications technolo-

- ‘(”(:” gy to gather and act on in-

< ¢~ formation, such as infor-

L TUSS JA mation about the behaviors

__j }‘\_’>_ % of suppliers and consum-

T A/ NS ers, in an automated fash-

4 (l'{ ; ion to improve the effi-
]

ciency, reliability, econom-
ics, and sustainability of
the production and distri-

bution of electricity [1].

Smart grid policy is organized in Europe as Smart Grid European Technology Platform
[2]. Roll-out of smart grid technology also implies a fundamental re-engineering of the elec-
tricity services industry, although typical usage of the term is focused on the technical infra-
structure.

The objectives of the smart grid
Reliability

Today’s grids extend over thousands of kilometers. To transport the maximum possible
energy, power flow must be carefully controlled along the length of the system. Automation
infrastructure now available at the transmission level must be more widely used in distribu-
tion systems to provide seamless connections between power generators and individual con-
sumers [1].

The smart grid will make use of technologies that improve fault detection and allow self-
healing of the network without the intervention of technicians. This will ensure more relia-
ble supply of electricity, and reduced vulnerability to natural disasters or attack.

To ensure the maximum flow of electricity through transmission lines, flexible alternat-
ing current transmission systems (FACTS) must be active. High voltage direct current
(HVDC) connections will be required to stabilize large grids or to connect grids running at
different frequencies.

Until now transmission systems have been the focus of technical improvements. Distri-
bution systems are still waiting for extended automation technologies that will upgrade their
performance and enhance their reliability.

To minimize problems with reliability and the economic disadvantages they bring, the fu-
ture electrical system must deliver top performance at every point in the chain from power
generation to the individual consumer.
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Efficiency

The efficient handling of electrical energy offers a huge saving potential. Today, almost
80 percent of primary energy is lost in transmission to the electricity consumer. Realizing
this potential requires optimal power plant processes, efficient transmission and distribution
systems and technologies to improve the efficiency of the energy use itself [3].

Numerous contributions to overall improvement of the efficiency of energy infrastructure
are anticipated from the deployment of smart grid technology, in particular including de-
mand-side management, for example turning off air conditioners during short-term spikes in
electricity price. The overall effect is less redundancy in transmission and distribution lines,
and greater utilization of generators, leading to lower power prices.

Sustainability

The International Energy Agency predicts that hydro power will remain the major source
of renewable energy for the next two decades, followed by wind and solar. The challenges
of integrating these renewable energy sources into the electrical system are different for
each technology but the system of the future must accommodate them all [1].

The improved flexibility of the smart grid permits greater penetration of highly variable
renewable energy sources such as solar power and wind power, even without the addition of
energy storage. Current network infrastructure is not built to allow for many distributed
feed-in points, and typically even if some feed-in is allowed at the local (distribution) level;
the transmission-level infrastructure cannot accommodate it. Rapid fluctuations in distribut-
ed generation, such as due to cloudy or gusty weather, present significant challenges to
power engineers who need to ensure stable power levels through varying the output of the
more controllable generators such as gas turbines and hydroelectric generators. Smart grid
technology is a necessary condition for very large amounts of renewable electricity on the
grid for this reason.

Capacity

Meeting the rise in global demand for electricity will mean adding a 1 GW power plant
and all related infrastructure every week for the next 20 years. This must be achieved in the
most economic way with the most environmentally friendly technologies available. The re-
duction of carbon emissions is an overriding aim in all these efforts.

The International Energy Agency estimates that between now and 2030, global invest-
ments in electrical grid infrastructure of around $6 trillion will be needed to satisfy the
world's increasing demand for power [3]. Most of the growth is expected in Asia with the
construction of new transmission and distribution systems, but new investments will also be
needed in the United States and Europe where aging systems must be replaced. To ensure
that a grid's capacity is used as effectively as possible, reserve capacity, which is needed to
balance fluctuations in demand and supply, will be minimized and larger cross-country grids
with high-capacity connections will be required. Small-scale power generation to serve local
needs will be more widely established to support central power generation plants.

Conclusion

Smart grids will provide more electricity to meet rising demand, increase reliability and
quality of power supplies, increase energy efficiency, be able to integrate low carbon energy
sources into power networks.

Smart grids possess demand response capacity to help balance electrical consumption
with supply, as well as the potential to integrate new technologies to enable energy storage
devices and the large-scale use of electric vehicles.

Electrical systems will undergo a major evolution, improving reliability and reducing
electrical losses, capital expenditures and maintenance costs. A smarter grid will provide
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greater control over energy costs and a more reliable energy supply for consumers. Envi-
ronmental benefits of a smarter grid include reduced peak demand, integration of more re-
newable power sources, and reduced CO, emissions and other pollutants.

Smart grid is the future for electrical systems, as it is designed to meet the four major
electricity requirements of our global society: capacity, reliability, efficiency and sustaina-
bility.
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Introduction.

In this article I will tell you about main concepts of power transmission theory, transmis-
sions on the direct and alternating current, | will tell you about advantages of power trans-
mission on the super high voltage and about interrelation between voltage and efficiency in
power transmissions.

Transmission of power as creator of power systems

Super high voltage transmissions have a great part in contemporary energetic because
they improve reliability of power systems and make them economically beneficial. Humani-
ty has been trying to increase the voltage in power transmission since it was discovered be-
cause the increasing of the voltage increases the efficiency of transmission. Moreover the
process of developing of energetic in the whole world is characterized with merger of power
system in bigger and bigger unions. Of course, it wouldn’t happen without strong connec-
tion between these power systems. That is why the main goal of power transmission isn’t
just transportation of electrical power from point «a» to point «b» or spreading around the
power from big electric station but creating of large power systems that are considered to be
one of the most important parts in contemporary energetics. So power transmissions unite
power systems to increase their reliability and provide the most efficiency method of func-
tioning for them.

Constructive properties of transmission lines

Phase splitting of wire is the most important feature of high voltage lines. Every phase is
made as special construction from several wires that are located in angles of polygon on the
equal distance from each other. There are 2-10 wires in each phase, this amount depend on
the voltage of the lines. For example, there are 2 wires in one phase with the voltage of 330
kV and 10 wires in case of 1150 kV. There are several reasons for splitting of phases: 1) in-
creasing of transmission efficiency 2) decreasing intensity for decreasing interferences of
electric transmission.

Types of power system

Power system is the connection of power stations by transmission lines for stronger
transportation of electricity for consumers. Power systems have some differences from each
other in terms of power of stations and types of their functions. Thereby there are 5 types of
power stations:
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1) Hydro power system that includes more that 50% of Hydro power plants.
2) Heat oriented with more than 50% Combined Heat and Power Plant.

3) Nuclear oriented with more that 50% of nuclear power plant.

4) Systems with equal amount of 3 types of plants.

5) Systems that are consisted only from.

But one the other hand there are systems with mobile structure. So uniting of power sys-
tems can be happened due to sectioning of power plants which have big units that can func-
tion in several systems that lead to the system of mobile structure, in other words with
changing of external impacts that can affect transmission of power, system can change its
structure for keeping producing of power on a normal level.

Direct or alternating current?

As you know, the power can be transported by 2 methods: on alternating or direct cur-
rent. After considering of all factors power engineers chose the most efficiency and benefi-
cial way of power transmission. The main advantage of direct current is that the allowed
electric field strength for wires with direct current is much higher than for wires with alter-
nating current. For example, wires that are supposed to function with voltage of 35 kV on
alternating current can be used on direct current with 200 kV voltage. That is why despite of
its expensive cost, transmissions of direct current is more beneficial in case of extensive
transmissions (more than 30 km). But if direct current allows us to increase efficiency of
electric transmissions why do we even need transmissions on alternating current? The main
answer is in expensiveness of transforming stations that change direct current into alternat-
ing current that people use in their electrical appliances and devices. That is why nowadays,
there is a great interest in increasing of capacity of transmission on alternating current. Thus,
direct current is more beneficial in case of extensive transmission while alternating current
is better in local one.
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In recent years, nanopowders have attracted much attention due to their unique properties
and suitability for practical applications in various fields of science and technology. Titani-
um carbide refers to such compounds. It has at least two unique characteristics. Firstly, it is
superhard, about 30 GPa: this material is promising for use as superhard abrasives and coat
reinforcing polishing materials. Secondly, it is high heat resistant. Titanium carbide is prom-
ising for use as a refractory compound in high technology. Titanium carbide still has good
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conductivity and low evaporation rate, allowing the use of titanium carbide, for example, as
anti-emission coating in the production of electronic devices [1].

There is a problem of obtaining fine powder from metals, alloys, and fine-grain materials,
which are intended for a variety of technologies. Thus, this problem has been long discussed

o 3 — in scientific circles. The existing
il \ i-| traditional methods are rather
: ’ \ complex.  The  conventional
= methods are time consuming and
I requiring bulky and expensive
il equipment, as well as high ener-
j . | gy input, with following safety
[j[ | regulations and environmental

safety demands [2].
Fig.1 (left). Coaxial magneto-
plasma accelerator.
Therefore, experiment was
& carried out with the aim to inves-
tigate the possibility of synthesis titanium carbide nanopowder by means of coaxial magne-
toplasma accelerator (CMPA) [2]. CMPA design is shown in Fig. 1. There are a central
electrode (1), accelerating channel (3), reactor-camera (5). As precursor titanium is applied
carbide powder with an average particle size of 40 microns in the amount of 1,3 g. Power
supply of accelerator was carried out by a capacitive storage at a charging voltage of U=2,5
kV and the capacitors C=28,8 mF. Thus, the energy W=90 kJ was supplied.

As a result, dark powder was obtained in reactor-camera. The phase composition of the
powder was identified using XRD method. Figure 2 shows the X-ray diffraction pattern of
the coating produced by X-ray diffractometer Shimadzu XRD7000 (Cu-Ka). A full analysis
of the diffraction patterns of coating was carried out on basis of the program called "Pow-
derCell2.4" and structural data PDF4 +. These results of are presented in Table 1. Dominant
phase powder is titanium
carbide with the content
83,8%. The average size
of coherent scattering for
TiC is 55 nm. Judging
from average size of co-
herent scattering, we can
say, that powder is na-
nosized.

Fig.2. XRD diffraction
pattern of the TiC na-
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Table 1. Results of XRD diffraction analysis

TiC-200

TiC-111

1288

-200

WHTCHCHBHOCTB, 0.€.
R
S

— Ti-101

TiC-311

— TiC CUBIC

TiC-222

Ti-002

Phase, transformation group | Weight, % | CSR, nm Lattice garameter.experlmsnt/PDF
TiC. F4/m-3 2/m 83,8 55 4,3002/4,3280 -
TiC_ CUBIC.F23 4,8 25,7 4,5778/4,6000 -
Ti-ALFA. P6_3/m 2/m 2/c 11,4 74,3 2,9446/2,9505 | 4,6888/4,6826
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In order to obtain more detailed investigation the powder was analyzed by means of
transmission electron microscopy. TEM pattern taken with a microscope Phillips CM 12 are
shown in Fig. 3.

A product can be
identified two main
types of objects. | — is
a polygon with an av-
erage particle size of
150 nm. Il —is invisi-
ble objects on this mi-
croscope.  Dark-field
TEM micrograph (Fig.
1.) was obtained by the
displacement of the
aperture diaphragm to
one of the amplitudes.
The glow object can
be identified as titani-
um carbide.

Fig.3. TEM pattern of the TiC nanopowder.
Histogram of particle size distribution is constructed using TEM images. By distribution
is can be seen that the main part of the particle size ranges from 30 to 100 nm.

14 In the course of the in-
vestigation it has been
12 proved the possibility of
10 synthesis titanium carbide
nanopowder in hypersonic
< 8 jet titanium-carbon plasma
4 generated by CMPA. This
conclusion was based on the
4 analysis of the product ob-
tained by XRD, SEM meth-

2 ods.
0 Fig.4. Histogram of particle
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Die Stromversorgung der olympischen Anlagen bei den Winterspielen
in Sotschi 2014
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Im Artikel wird die Situation im Bereich der Stromversorgung in Sotschi behandelt. Sot-
schi hat drei Unterstation mit 220-kW-Leistung. Das sind Schepsi, Dagomis und Psou, so-
wie auch die zentrale Unterstation mit 550-kW-Leistung.

Sotschi bezieht Strom durch zwei Stromleitungen von 110 kW mit einer Durchlassfzhig-
keit von 650MWt.

Zu den Winterspielen 2014 sind weitere Kraftwerke aufgebaut worden: das Kudepst und
Dgubginsk. Das Warmekraftwerk Adler wurde erheblich ausgebaut.

Um Stromausfille zu vermeiden und die Infrastruktur der Olympischen Spiele zu unter-
stiitzen, wurde entschieden, die elektrische Energie zu speichern Das Unternehmen Parker
hat ein Energieumwandlungssystem entwickelt, das Energiespeicherelemente (typischer-
weise grofe Batteriespeicherblocke) an das Netz anschliefit, um Bedarfsschwankungen effi-
zient auszugleichen. Das System kann in verschiedenen Modi laufen, z. B. Echtzeitliefe-
rung, Spitzenlastabdeckung und andere.

50 Brigaden von 248 Menschen miisen fiir die Kontrolle der Stromleistungen sorgen. 700
km Hochspannungsleitungen und 2500 km Erdkabel sind instandgesetzt worden. 500 Elekt-
rizitdtswerke sind gebaut worden.

Wihrend der Arbeiten wurden zahlreiche innovative technische Losungen realisiert wor-
den, z.B. mehrkantige Freileistungsmasten und Erdkabel.

Die Vorteile mehrkantiger Freileistungsmasten sind Adaptionsfahigkeit, Lebensdauer,
Betriebssicherheit, dsthetische Wirkung, Transportfahigkeit und andere.

Erdkabel besitzen gegeniiber Freileitungen einige Vorteile. Sie sind gegen Beschadigun-
gen hervorragend geschiitzt. Aulerdem ist bei niedrigen Spannungen ihre elektromagneti-
sche Vertréglichkeit erheblich besser. Erdkabel storen das Landschaftsbild weniger als Frei-
leitungen. AuBlerdem gefédhrden sie im Gegensatz zu Freileitungen Végel nicht.

Grofle Mengen an Bauarbeiten wurden durchgefiihrt. Im Rahmen einer komplexen Prii-
fung der Systeme zur Stromversorgung der Olympischen Objekte in Sotschi wurde eine ho-
he Zuverldssigkeit des Stromnetzes bestétigt.

Dikovich, V.V.
Active power and frequency control
National Research Tomsk Polytechnic University.

Abstract.

The objectives of this report are to describe principles by which large multi-area power
systems are controlled and to anticipate how the introduction of large amounts of active
power production might require control protocols to be changed. Frequency-and-power con-
trol is one of a large number of engineering issues [2].

Introduction.

The fundamental principles by which the power system is controlled and operated are
those of the existing fleet of generating plants. These plants are based on synchronous gen-
erators driven by turbines that are intended to operate at substantially constant speed.

Active power and frequency control.
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The level of frequency in an electric energy system is the most important characteristic of
the energy system. The frequency value represents the correlation between the balance of
the generated and consumed active power in the energy system. Also the frequency level is
an indicator of the quality of the electric energy and shows in the work regimes that exist in
the energy system at the present moment. In Russia the level of frequency in the normal re-
gime of work is 50 Hz.The electric energy system has such characteristics as:

e correspondence between the production and consumption of the electrical energy at each
moment of time;
e lack of large electric energy storage devices.

These characteristics define the requirements for the electric energy system. They must
respond to the requirements in cost-effective issues, in reliability of electric energy supply
and quality of supply.

These features require continuous monitoring of the energy balance. Frequency responds
to all these requirements.

In the course of the electric energy system work there occurs an imbalance of active
power which is caused by instability of consumption, disconnections of generators or power
transmission lines. These imbalance events in active powers produce changes in the level of
frequency.

All consumers of active electrical energy depend on the level of frequency. Reducing the
frequency level will produce the reduction of productivity of the motors and other loads.
Also such reduction of frequency has a negative effect on the generator. Namely reduction
of frequency will cause reduction of the active power which is produced by the generator.
Reduction of generated active power will cause reduction in performance of the auxiliary
mechanism at the power station. In its turn this will cause reduction of the active power of
the turbine generator which in turn will cause the deficiency in the energy system capacity
disposal power, so the frequency will reduce yet more. This effect is called frequen-
cy avalanche.

The frequency avalanche can cause the emergency operation of the power generating de-
vice.

Frequency regulation requires servicing, with changes in output power within short
times. The frequency signal regulation limits the amount of energy delivery which is re-
quired for its provision.

There exist different methods which are available for frequency regulation; they include
an increase or decrease in generation powers. Each of these methods has pros and cons, and
the realization of these methods takes from a millisecond to minutes.

The most common methods for frequency regulation are primary and secondary frequen-
cy control. These methods are based on the changes in rotation speed of the turbine by
means of changes in supplying the fuels to the boiler. This means that the rotation frequency
of the generator will change and respectively alternating current frequency in the grid will
also change.

Another opportunity is to use special equipment — automatic frequency load shedding.
This device controls the level of frequency and reacts to the sudden change in frequency.
After the reaction the automatic frequency load shedding disconnects part of the load. As a
result the load reduces but the active power remains the same and the power balance and
frequency, in the electric energy system, restores.

The frequency of a power system is dependent on the real power balance. A change in
real power demand at one point of a network is reflected throughout the system by a change

31



in frequency. Therefore, system frequency provides a useful factor to indicate system gener-
ation and load imbalance [1].
Conclusion.

The level of frequency in an electric energy system is the most important characteristic of
the energy system. The frequency of a system is dependent on active power balance. As fre-
quency is a common factor throughout the system, a change in active power demand at one
point is reflected throughout the system by a change in frequency.
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Die Energie ist eines der am meisten diskutierten Begriffe heute. Die Menschheit braucht
Energie, die Notwendigkeit dafiir steigt jedes Jahr. In diesen fossilen Reserven von natiirli-
chen Brennstoffen sind nicht unendlich. Es ist daher notwendig, um erneuerbare Energie-
quellen zu entwickeln. Eine der beliebtesten Formen der erneuerbaren Energien ist die So-
larenergie. Potenzielle Energie basiert auf der Verwendung von direktem Sonnenlicht mit
extrem hoher Effizienz.

Die solaren Photovoltaikanlagen sind elektronische Gerite, die das Sonnenlicht in Strom
umwandeln. Mehrere verbundene Photovoltaikanlagen machen eine Solarbatterie aus. In
den Stidten ist es bereits moglich, diese Batterien auf Dichern platziert zu sehen.

Die einfachste Solarzelle wird aus Silizium hergestellt und stellt zwei diinne Platten dar,
von denen jede bestimmte Verunreinigungen enthilt. In einer von ihnen ist ein Uberschuss
an Valenzelektronen und in der zweiten faulen sie. Zwischen den Platten befindet sich eine
isolierende Schicht. Wenn die Lichtschranke an dieser Stromversorgung angeschlossen ist,
werden die Elektronen unter ihrem Einfluss die Isolationsschicht und iiberwinden und durch
den Halbleiter fliet der Strom. Ein dhnliches Verfahren findet unter Einwirkung von Son-
nenlicht statt. Photon des Lichts dringt in Halbleiter, teilt sie in Elektronen und Protonen.
Sie eilen zu den entgegengesetzt geladenen Platten, iiberwinden leicht die isolierende
Schicht. Als ein Ergebnis betrdgt in einem Halbleiterpotentialdifferenz etwa 0,5 V. Die
Stromstirke ist proportional zu der Anzahl der empfangenen Photonen, die von der Fliche
des Halbleiter- Strahlungsintensitit und Belichtungszeit abhéngt.

Eine sehr wichtige Rolle wird von Anti-Reflex- Beschichtung und der Fahigkeit, Licht zu
Material, aus dem die Platte von der Fotozelle fithren, gespielt. Moderne Solarzellen unter-
scheiden sich voneinander entsprechend diesen Parametern. Jetzt sind auf dem Markt Solar-
zellen, amorphen, poly-und monokristallinen Typs. Effizienz der beiden letzteren ist nicht
sehr verschieden, die Leistung amorphen Solarzellen wesentlich geringer ist.

Unter den Materialien fiihrt die Herstellung von Silizium-Solarzellen. Aber es gibt auch
so genannte Diinnschicht-Solarzellen, die Kupfer-Indium-Diselenid und enthalten.

In modernen Solaranlagen werden manchmal Hybridmethoden benutzt. Oberhalb dieser
Geridte werden in der Diinnschicht-Elemente angeordnet, und unter ihnen — Silizium, die
auch nicht {iber die Photonen, da nur oberen Rastelemente des Spektrums. Diese Solarbatte-
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rie nimmt weniger Platz und hat einen Wirkungsgrad von mehr als gewdhnlich. Produktion
von Solarzellen wird schnell entwickelt, deren Qualitit verbessert wird, und die Preise sind
niedriger. Daher sind Sonnenkollektoren immer mehr und mehr beliebt bei den Verbrau-
chern.

Jiingst startete eine dénische Firma «Mekoprint A / S» die erste Linie, die Polymer-
Solarzellen produziert wird. Das Unternehmen ist {iber 10 Jahre in der Design-Arbeit und
nun bereit fiir die Massenproduktion solcher Batterien.

Die Herstellung stellt ein Druckverfahren dar, bei dem das Solarelement auf eine flexible
Oberflache gedruckt wird, die gedreht und geschnitten wird. Aus dem Film konnen Batte-
rien in beliebiger GroB3e gemacht werden.

Jetzt beginnt eine neue, bedeutende Phase der Energieerzeugung. Die Energie erscheint
"6kologisch" und "rein". Allerdings gibt es noch viel Arbeit in der Entwicklung der erneuer-
baren Energien, insbesondere der Solarenergie, sowie verbesserte Methoden fiir die Produk-
tion von Solarenergie.

Fomenko, N.Yu., Nizkodubov, G.A.
Wind energy
National Research Tomsk Polytechnic University.

Introduction

Wind is the most attractive renewable energy sources: wind energy is cheap, available,
almost inexhaustible and does not result in environmental pollution. However, there is a
problem of using wind energy — its variability.

The technical potential of wind energy Russia is estimated over 50,000 billion kWh - h/
year. The economic potential is about 260 billion kWh - h / year, or about 30 percent of all
electricity production in Russia [1].

Wind energy zones in Russia are located mainly on the coast and islands of the Arctic
Ocean from the Kola Peninsula to Kamchatka, in the areas of Lower and Middle Volga and
the Don, the Caspian, Okhotsk, Barents, Baltic, Black and Azov Seas. Individual wind
zones are located in Karelia, Altai, Tuva, Lake Baikal.

Maximum wind speed in these areas is in the autumn-winter period — the period of the
greatest demand for electricity and heat. About 30% of the economic potential of wind pow-
er is concentrated in the Far East, 14% — in the Northern economic region, about 16% — in
Western and Eastern Siberia.

The total installed capacity of wind power plants in the country for 2009 is 17-18 MW.

Power wind turbine depends on the area swept by blades of a generator, and height above
a surface.

Air flows at ground / sea are laminar — lower layers inhibit layers located above. This ef-
fect is visible to height of 1 km, but sharply reduced even at altitudes more than 100 meters.
Height of a generator above this boundary layer at the same time allows you to increase a
diameter of blades and frees space on the ground for other activities. Modern generators
have reached this abroad and their number is rapidly growing in the world. Output wind
generator power is proportional to the third degree of the wind speeds: if the wind increases
twice from 5 m/sto 10 m/s, the power is increased by eight times.

Coastal areas are the most perspective places for wind energy production. But the cost of
investment compared with a land above 1,5 — 2 times. On the sea, at a distance of 10-12 km
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from the coast (and sometimes more), offshore wind farms are built. Tower of wind turbines
are mounted on foundations of piles, hammered to a depth of 30 meters.

Other types of subsea foundation and floating base may be used. The first prototype of
floating wind turbine was built by H Technologies BV in December 2007. 80 kW wind tur-
bine was mounted on a floating platform in the 10,6 nautical miles off the coast of southern
Italy on the part of the sea depth of 108 meters.

June 5, 2009 the company Siemens AG and Norway's Statoil announced the installation
of the world's first commercial floating wind power turbines of 2.3 MW produced by Sie-
mens Renewable Energy.[2].

Statistics on using wind energy

On June 2012 the total installed capacity of all world wind turbines were 254 GW. The
mean increase in the amount of wind power capacity in the world, since 2009, is 38-40 gi-
gawatts per year and is due to the rapid development of wind power in the United States,
India, China and Germany. According to the World Wind Energy Assosiation, Predictive
power of wind energy by the end of 2012 closer to the value of 273 GW, in fact, it even sur-
passed the rate and reached 282.4 GW.[3].

According to IEA breakthrough will be happen on the market of renewable energy in
2018. Amount of electricity, produced by renewable sources will be increased to 25% of the
total electricity generation in the world. its share was only 20% In 2011, 19% — in 2006 . By
2016, the share of electricity from renewable sources will be more than from nuclear energy
and gas. They will become the second largest energy source after coal.

Europe had 44% of installed wind power, Asia — 31%, North America —22% in 2010.

It is believed that using of wind turbines in home to provide electricity is not effective in
Russia because of:

- High cost of inverter about 50% of cost of entire installation.

- High cost of batteries — about 25% of the cost of installation.

- Diesel generator is sometimes added to such an installation to ensure reliable power sup-
ply, and it comparable in cost with all equipment.

Currently, despite rising energy prices, the cost of electricity is not any significant value
in the majority of production, compared with other expenses; the key for consumers remain
reliability and stability of power supply.

The main factors leading to the rise of energy generated from wind turbines, are:

- Need to generate electricity industrial quality ~ 220V 50 Hz (requires of inverter).

- Need to autonomy for some time (requires of batteries).

- Need to long trouble-free operation of consumers (requires of diesel generator).
Atmospheric emissions

1 MW wind turbine reduces annual emissions of 1,800 tons of CO2, 9 tons of SO2, 4
tons of nitrogen oxides .[4].

Estimated Global Wind Energy Council by 2050, the global wind energy will reduce an-
nual CO2 emissions by 1.5 billion tons.[5].

Impact on climate

Wind turbines remove some of the kinetic energy of moving air masses, which leads to
reduction of speed of their movement. This reduction could theoretically have a significant
impact on the local (and even global) climatic conditions in an area, if wind generators are
used massively. In particular, reduction of average wind speed is able to make the climate of
the region slightly more continental due to the fact that the slow-moving air masses become
warmer in summers and cooler in winters. The extraction of energy from a wind can con-
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tribute to changes in humidity of the adjacent territory. However, scientists are only begin-
ning research in this area, studies that analyze these aspects do not provide a quantitative
assessment of the impact of large-scale wind power on the climate, but allow us to conclude
that it may not be as negligible as previously thought.[6].

Wind diesel complex

Wind diesel complex — is a complex including wind turbine and diesel generator. Also a
WDC may include inverters, batteries, and ballast load. These units are designed to reduce
fuel consumption by diesel power plants in remote areas, where power network is not con-
nected to the grid. This should reduce the expenses for the purchase and delivery of fuel.

There are two types WDC.

1. Inefficient WDC. To the existing diesel generators connected from 30 to 50% of the
design capacity of wind turbines. The diesel generators are complemented by panels of au-
tomatically start. However, to preserve the stability of the system, the capacity of wind tur-
bines should not be more than 35% of power of diesel generators. Wind turbines and diesel
generators operate in parallel. This solution can theoretically save up to 20 % of fuel con-
sumption of diesel generators.

2. Highly efficient wind
| diesel complex. In the work
are all designed wind tur-

bines. Thus it is expedient

Biesel construction of “wind com-
generators ponent," generating 100-
150% of the required power

of electricity. The complex

was supplemented with bat-

teries and inertial drives, re-

| Control system |

A sulting in (when power and
¢ wind speed are sufficient)
diesel engine-generators can

Consumer be derived from work.
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(right). Highly BN v
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In the world 1 1 Synchranous

practice  wind
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es are built and
operated
through a spe-
cial Federal
programs Of Wind generators
development of renewable energy, and their task is only to reduce fuel consumption and ac-
cumulation of knowledge in the process of operation of such systems. The payback period
of the plants are of secondary importance.

With all the advantages, WDC have several disadvantages:
application of complex control systems; the lack of commercially available controllers; ob-
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ligatory presence of qualified staff; the high cost of construction (up to 6800 euros per 1 kW
power); the massive energy accumulators; very long payback period (25 years), often ex-
ceeding the lifetime of the individual components of wind diesel system.[7].
Conclusion

The work of the WG is accompanied by noise, vibrations, dangerous for birds that die,
getting under rotor blades. And attractive sides of wind power is its inexhaustibility, waste
reduction, rapid deployment of wind power almost anywhere, even in remote and inaccessi-
ble places, this all forces designers to fight over improving a design of wind turbines.
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Kohlegasifizierungsverfahren
Nationale Polytechnische Forschungsuniversitdit Tomsk.

Russland spielt eine weltweit wichtige Rolle in Reserven und Kohlegewinnung, aber der
Anteil der Kohleproduktion liegt nur bei 25 Prozent. In dieser Hinsicht bleiben wir hinter
den Landern wie China, den USA, Indien und anderen, wo die Kohlestromerzeugung 50 bis
75 Prozent betrdgt. Der Hauptgrund des Zuriickbleibens sind grof3e Mengen billigen Gases.
Die groBen Reserven und gleiche Verteilung werden die Kohle in zuverldssige Energiequel-
le verwandeln. Viele Anforderungen, die Emission in der Umwelt reduzieren sollen, machen
das Problem der Schaffung der Kohleenergietechnologie aus. Die Anwendung der Verga-
sungsprozesse begann mit dem XIX. Jahrhundert in Verbindung mit der Entwicklung von
Gasstralenbeleuchtung. Bis zur Mitte des XIX. Jahrhunderts versorgte man Haushalte mit
Leuchtgas aus Holz und Kohle, nutzte fiir die Heizung industrielle Ofen.

Die Kohlevergasung verringert die Emission in die Umwelt aus einem Wérmekraftwerk
und nutzt die Kohle in wirkungsvolleren Dampf- und Gasanlagen. Die Vergasung ist ein
Hochtemperaturverfahren der Zusammenwirkung des Kohlestoffs mit dem Sauerstofftrager,
das Ziel dieses Prozesses ist die Beschaffung der Gase (Methan, Wasserstoff und Kohlen-
monoxid). Alle Prozesse der Vergasung unterteilen sich in autothermische, wenn die nétige
Wirme aus der Kraftstoffverbrennung hergestellt wird, und allothermische, wenn nétige
Wirme von aullen zugefiihrt wird. Prozesse der Kohlevergasung werden nach Partikelgrof3e
klassifiziert: Prozesse, wenn die Partikeln weniger als 1 mm groB3 sind; Prozesse, wenn die
Partikeln bis zu 3 mm grof3 sind und Prozesse beim stabilen Zustand, wenn die Partikeln
mehr als 3 mm groB sind.

Betrachten wir den Vergasungsprozess z. B. am Lurgi-Vergaser. Im Jahr 1932 erfindet
der Betrieb Lurgi den Vergaser, der im stabilen Zustand und unter Druck arbeitet. Die Lur-
gi-Vergaser wurden fiir grobe Dampf-Sauerstoff-Kohlevergasung (5-30 mm) in der dichten

36


http://www.smenergo.ru/
http://news.bbc.co.uk/
http://www.wwindea.org/
http://www.awea.org/
http://www.renewableenergyworld.com/
http://www.energybalance.ru/

Schicht verwendet. Die sortierte Kohle liefert man in den Vergaser durch die Schleuse. Die-
ser Prozess ist bestindig, weil die Kohlereserve liber dem Verteiler zu grof3 ist. Die Kohle
lauft aus dem Spender durch Entladungsluke nach unten. Die Dampf-Sauerstoff-Mischung
hat einen Druck von 3 MPa. Diese Mischung lauft in den Reaktor durch rotierenden Feue-
rungsrost. Die Ascheschicht, die auf dem Feuerungsrost sich befindet, dient flir die Vertei-
lung und Aufheizung. Das Gas, das aus dem Vergaser oben freigesetzt wird, trocknet die
Kohle, die hinunterriickt. In der Verbrennungszone wird zu viel Warme erzeugt, die fiir
thermische Kohlezersetzung bendtigt wird. Man nimmt die Asche aus dem Reaktor durch
einen Verschluss heraus. Die Kohlestoffpartikeln, die die Vergasung im stabilen Zustand
passieren, durchlaufen 4 Stadien: die Abtrocknung, die Warmeausdehnung, die Vergasung
und das Verbrennen.

Der Prozess der Lurgi-Vergasung hat sowie Nachteile als auch Vorteile. Die Vorteile
sind: 1) das so genannte Gegenstromprinzip: gute Warmeiibertragung bei geringem Sauer-
stoffverbrauch; 2) die Vergasung lduft unter Druck, was die Kosteneinsparung bei der
Kompression bedeutet. Die Nachteile sind: 1) die Partikeln konnen nur in einer bestimmten
GroBe verarbeitet werden, weil kleine Partikeln den Leistungsumfang reduzieren; 2) mit der
Vergasung passiert die Warmeausdehnung der Brennung mit Produkten des Semicokings,
die anschlieBend verarbeitet werden miissen.

Gabdullina, A.L
New installation using centrifugal way of the water deaeration
National Research Tomsk Polytechnic University.

Corrosion Control is one of the most important technological and economic challenges of
the industrial era. In the first half of the last century corrosion destroyed up to 40% of the
total volume of steel produced. For more than 100 years, the efforts of many scientists
around the world are directed to methods and technologies to protect structures from corro-
sion. However, even now, this value is about 20% of the total production of the main struc-
tural material — carbon steel.

The Corrosion protection of power equipment and pipelines — one of the priorities in the
development of processes for corrosion protection. The importance of this trend explained
by the increased importance of energy supply for all industrial enterprises and settlements .
The main preventive measure to prevent the corrosion of pipelines and power equipment is
deaerated.

Existing equipment for deaeration was developed in the first half of the last century, and
practically unchanged continues to be put into projects, installed and operated at thermal
power facilities . These bleeders obsolete and contain technical inconsistencies that fail to
achieve sustainable gas removal to the required standards in the required range of conditions
and loads.

The major corrosive gases include oxygen O2 and carbon dioxide CO2, dissolved in wa-
ter when it is in contact with atmospheric air.

The traditional way of deaeration.

As you know, deaerator is a thermal power important element. It is an air removing de-
vice. Because too mach corrosion is very dangerous for metal. The gases will increase cor-
rosion of the metal.
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Degasser usually domed section includes a vertical deaerating, mounted on top of hori-
zontal cylindrical vessel which serves as a boiler feed water tank from which the air is re-

moved.

Tra':.fed{ i
section L|-___ 4

Deaerator types.

There are many different horizontal and vertical deaerators available from a number of
manufacturers, and the actual construction details will vary from one manufacturer to anoth-
er one. Figures 1 and 2 schematically illustrate two types of unit elements deearatorov.

Tray-type deaerator.

The typical horizontal tray-type deaerator has a vertical domed deaeration section mount-
ed above a horizontal boiler feedwater storage vessel. A boiler feedwater enters the vertical
deaeration section above the perforated trays and flows downward through the perforations.
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Low-pressure deaeration steam enters be-
low the perforated trays and flows upward
through the perforations. Some designs use
various types of packing material, rather
than perforated trays, to provide good con-
tact and mixing between the steam and the
boiler feed water.

The steam strips the dissolved gas from
the boiler feedwater and exits via the vent
at the top of the domed section. Some de-
signs may include a vent condenser to trap
and recover any water entrained in the
vented gas. The vent line usually includes a
valve and just enough steam is allowed to
escape with the vented gases to provide a
small and visible telltale plume of steam.

Figure 1: A schematic diagram of a typical tray-type deaerator.

The deaerated water flows down
into the horizontal storage vessel
from where it is pumped to the
steam generating boiler system.
The low-pressure heating steam,
which enters the horizontal vessel
through a sparger pipe in the bot-
tom of the vessel, is provided to
keep the stored boiler feedwater
warm. The external insulation of
the vessel is typically provided to
minimize heat loss.

Installation using centrifugal way
of deaerationg of water.

An Installing using centrifugal
method of water deaeration (Fig. 2)
consists of housing 1, built in cen-
trifugal separator 2 . Through a
central opening in the upper lid 3 of
housing 1 extends drain conduit 4
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Puc. 2. KoHcTpykTusHas cxema aeaspatopa [LB-670:
1 = kopnyc; 2 - ueHTpobexHblid cenapatop; 3, 6 -
BEPXHSAS W HWKHAS TOPLEBLIE KPbILWKM KOpnyca cooT-
BETCTBEHHO; 4 — TpyGonpoBo 0TBOAA BhiNapa; 5 — OkHa
Ans 0TBOAa BOALI M3 Kopnyca; 7, 9 — nogsogsime w
OTBOAALIME TaHreHUManoHbie NarpybkM COOTBETCTBEH-
HO; 8 — xonbuesas neperopogka (wawba); 10, 11 -
BEPXHAS W HWKHAS TOPUEBbLIE KPbiLUKW UEeHTpoGexHoro
cenapartopa COOTBETCTBEHHO
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vapors . In the housing 1 built into the centrifugal separator 2, windows 5 are located above
the bottom end cap of housing 6. Earmarked for the deaeration water, hot relative saturation
temperature at the pressure in the vapor space of the deaerator is fed through the tangential
Inlets 7. Thanks to the tangential supply, the water flow becomes a rotational movement
within the housing. The rotational motion ensures boiling water deaerated part of the rotat-
ing flow.

In my diploma work | have calculate the traditional deaerating installation and new, ad-
vertized installation using the centrifugal method of the water deaeration. As for my diplo-
ma work in future I’d like to find out different deaerating installating economic work. And I
hope that my work is progressive and in future it will help people work in this field.
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Golyanskaya, E.O., Sivkov, A.A., Chesnokova, I.A.
Synthesis of ultradisperse carbon dioxide powder with plasma-dynamic method
in the coaxial magneto-plasma accelerator
National Research Tomsk Polytechnic University.

Introduction

Today superconductivity is one of the most promising areas of physics which generates
interest of many scientists. However, practical application of high-temperature superconduc-
tors is largely limited by the technology.

Literature review shows that currently superconductivity in cuprates results from the
copper-oxygen layer where copper atoms form a square grid. Copper atoms are located at
grid points, while oxygen atoms are on the lines connecting these points [1][2].

AUAYEIOD: Historical Background

/ ColHON, \( The history of superconduc-
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still remain a mystery [4].
Figure 1. Simplified model of coaxial magneto-plasma accelerator: a) conductive part; b)
cross-section; c) electrical circuit [6].
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Coaxial magneto-plasma accelerator
Ultrafine copper oxide powder was synthesized in the coaxial magneto-plasma accelera-

tor designed by TPU scientists [5] This accelerator technology can be used to accelerate
plasma to hyperspeed.

The accelerator is designed as a coaxial shaft-electrode system separated by an insulator

and placed inside the solenoid. The shaft is cylinder-shaped. On closing the key current
flows from the capacitor bank via solenoid coils, passes through the shaft and central elec-
trode to the capacitor through the switch.

Arc discharge results from the insulator surface breakdown.
Plasma is compressed by the intrinsic current magnetic field and by the solenoid magnet-

ic field and is shaped as piston.

The generated jet impinges into the reactor chamber, where the material is sputtered off

the electrode surface, and nanosized particles are formed.

Experimentation
Table 1. Experimental conditions for the synthesis of ultrafine copper oxide powder with
coaxial magneto-plazma accelerator.

plasma Cu
Medium Air
Charging voltage 3kV
capacity 12 mF
electrode Steel + copper tip

Output evaluation
Following the experiment X-ray microscopy of the obtained ultrafine powders was made.

Full-profile X-ray analysis PowderCell package and structural data base PDF 4 + were used.
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Figure 2. X-ray diffraction analysis.
The next synthesized powder phases were registered:.
copper oxide (1) (Cu20) — 3,5%.
copper oxide (1) (CuO), exhibiting the highest rate(nearly 85%).
pure copper (Cu) (nearly 8%).
impurity phases, presented on radiographs as implicit peaks marked with an asterisk (*) —
about 4%. Their presence in the synthesized powder could be explained by the fact that
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the target material used in the experiment is aluminum. During the experiment erosion
occurred when melting in the plasma jet. Therefore, aluminum oxide (Al,Os) is one of
the fusion products.

Transmission electron microscopy data were also obtained and interpreted [7].

< R 200 Hm : ‘s 200 Hm

- [——

Figure 3. Transmission electron microscopy results: a) bright field image; b) electron dif-
fraction pattern on the selected area; c) dark-field image.

Bright field image allowed identifying particle morphology. The particles form a convex
polygon with rounded corners. Their size varies from 80 to 150 nm. Lighter, circular shaped
particles are copper oxides. Darker, angular shaped ones are copper.

According to the electron diffraction pattern for the selected area it has been determined
that the rubricated area is the crystallographic copper phase. Dark-field image was obtained
when shifting the aperture diaphragm to the selected reflex point area representing crystallo-
graphic copper phase.

As the result of the study electron microscopy was interpreted. The composition of the
nanopowder, obtained in laboratory conditions, was confirmed and its phases were defined.

Conclusion

The practical task is to obtain nanopowders with a small percentage of impurities and to
increase the synthesis reproducibility. The method described meets these requirements. In
future, we plan to obtain copper oxide using a coaxial magnetoplazma accelerato synthesize
complex high-temperature superconducting materials.
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Circuitbreakers
National Research Tomsk Polytechnic University.

Abstract

Circuit Breaker a mechanical switching device designed to carry current in normal opera-
tion and protection of the equipment and wiring in the event of overload or short circuit.

In this essay refers to the main nodes of circuit breakers, classification, what kinds of re-
leases are their design and operation.

Introduction

Circuit breakers are electrical switching devices designed to carry current circuit in nor-
mal mode and for the protection of electrical networks and equipment from the emergency
operation (short circuit, overcurrent, and others), as well as for infrequent switching rated
currents (6-30 times night).

Due to the simplicity, convenience, safety and reliability of service protection against
short circuit currents, these devices are widely used in electrical installations of low and high
power.

Circuit breakers are switching devices of manual control, but many types have a solenoid
or motor drive, allowing you to control them from a distance.

Function and principle of operation

Machines are switched off usually by hand, and in violation of normal operation (the ap-
pearance of an overcurrent or undervoltage) — automatically. In addition, each machine is
equipped with overcurrent release, and in some types of undervoltage.

By function protection circuit breakers are divided into the following types:

e overcurrent.
e undervoltage.
® reversepower.

Machines are used for overcurrent automatic disconnection of electric energyin case of
short-circuits and as overload protection in an eventoccurring beyonda safe limit.

Classification

Circuit breakers are divided into:

e installation circuit breakers — they have a protective insulation (plastic ) body and can be
installed in public places ;

¢ universal — do not have this body and are designed for installation in switchgear;

o fast (own response time is less than 5 ms );

e low-speed (10 to 100 ms ); from 10 to 100 milliseconds.

Response is provided for rapid quenching of the electric arc.
¢ selective with adjustable response time in the area of short circuit currents ;

e automatic reverse current, triggered only in case of changing direction of the current in
the protected circuit ;
e Polarized machines break a circuit only when the current rise occurs in the forward direc-
tion, unpolarized — in either direction of the current.
Design

Design features and operation of the machine are determined by its purpose and scope.

Turning on and off the machine can be done manually or by means of operating motor-
ized electromagnetic drive.
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Hand drive used at rated currents up to 1000 A and provides a guaranteed limit switching
capacity regardless of speed including handle ( the operator must perform switching opera-
tion manually).

Electromagnetic and electric motor drives are powered by voltage sources. Drive control
circuit must be protected from reclosing on a short circuit, while the process of turning the
machine to limit short-circuit currents must stop at a supply voltage of 85 — 110 % of nomi-
nal.

With overload and short-circuit currents circuit breaker is made regardless of whether the
control lever is held in the closed position.

An important part of the machine is a release that controls the specified parameter of the
protected circuit and affects the tripping device, which disables automatic. In addition, the
release allows remote shutdown of the machine.

Basic components of the circuit breaker
the contact system.
arc system.
releases.
governance mechanism.
trip-free mechanism.
Contact system consists of fixed contacts, fixed in the housing and a movable contact
pivotally planted on a half- arm control mechanism and provides, usually, a single open cir-
cuit.

Interrupter device is installed at each pole of the breaker, and is intended to localize the
electric arc to a limited extent.

Freewheel decoupling is articulated 3 — or 4 -pole mechanism that ensures tripping on
and off as the contact system in both automatic and manual control.

Electromagnetic overcurrent release is an electromagnet with armature provides automat-
ic circuit breaker at short circuit currents above the setpoint current. Magnetic trip device
current with hydraulic slow response has inverse- time delay for overcurrent protection.

Maximum heat release is thermal bimetallic plate. At overload currents deformation and
efforts of this plate provide automatic shutdown of the switch. Exposure time decreases with
increasing current.

Semiconductor releases consist of a measuring element, the semiconductor relay unit and
the output of electromagnet acting on a trip-free mechanism for the machine. As a measur-
ing element the current transformer (on alternating current) or the throttle magnetic amplifi-
er (on a direct current) is used.

Widespread releases of the following types
electromagnetic protection against short-circuit currents ;
thermal overload protection;
combined;
semiconductor having high stability and ease of operation parameters to configure.
For switching circuit without current or rare switching rated current machines can be
used without releases.

Commercial series circuit breakers are designed for use in various climatic zones, place-
ment in locations with various operating conditions, to work in an environment of different
mechanical stress and explosion protection, and have varying degrees of shock protection
from external influences.
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Information on specific types of devices, their standard performance and sizes refer to the
regulatory and technical documents. Typically, this document is technical specification (TS)
of the plant. In some cases, in order to unify the products having wide application and man-
ufactured at different plants, the document level increases (sometimes to the level of the
State Standard).

Conclusion

In conclusion, | would like to say that the circuit breakers play a huge role in the electric
power industry. This device is very important in our lives, so it protects the electrical net-
work from short circuits and from various emergency conditions. Accidents can occur eve-
rywhere, such as in homes so industrial facilities.
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Gordinski, E.I., Balastov, A.V.
Wind power benefits
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I’ve read in the Internet, that [1]”Canadian company Magenn Power tried the unusual
type of the generator in the form of the revolving dirigible, which is able to get the wind
from the big height. Flying wind-turbine is called MARS(Magenn Power Air Rotor Sys-
tem). Under the influence of the air stream its balloon revolves on its horizontal axis, to
which generators are attached, and ropes, maintaining the dirigible at the one place and con-
veying the received electricity to the ground.” I was interested, in what condition is the en-
ergetic problem nowadays and what is its solution. This is how the theme of my project
“Wind power benefits” arose.

Practical part:

1) To make a calculation of the capacities of the ideal model of the wind-powered genera-
tor.

2) To make a calculation of the capacities of the ideal model of the wind-powered generator
with all the losses.

3) To define the coefficient of the efficiency of the wind-powered generator and make a cal-
culation of money saving depending on the number of windy days.

4) Make a conclusion about a rationality of the usage of the wind-powered generator.

There is a serious problem how to provide enough quantity of the electric power, fuel and
raw materials. Fuel and energy resources constantly run out and in some hundreds years can
totally disappear.

The principle part of energy, being consumed by mankind, we get from black coal, oil
and gas, i.e. from materials which are called fossil fuel. This type of energy is called non-
renewable energy because it cannot be used twice. Fossil fuel cause pollution of the envi-
ronment, and, more than that, its reserves are limited. However, people’s necessity in energy
is so high that they continue to use this type of fuel.
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In contrast to fossil fuel there are sources of renewable energy like water, wind, sun, in-
side warmth of the Earth. Although from the diagram we can see that only 4 % of the re-
newable energy is used, its reserves are unlimited.

Renewable energy causes less harm to the environment than non-renewable one, but
nowadays it still cannot meet people’s electricity demand. This type of energy is also called
alternative energy, maybe because in the future the major part of our power inputs will fall
to the share of alternative energy. In 2011 the total fixed capacities of all the wind-powered
generators made up 237.227 megawatt.

[2 c¢.2]“International Energy Agency has worked out the scenarios of structural changing
of the sources of raw materials’ consuming for energy production to 2050.There are 2 of
them: ACT Map (the first one), BLUE Map (the second one).

According to the first scenario of developing (ACT Map), the part of major types of the
energetic raw materials (oil, black coal) in 2050 will reduce to the minimum, besides the
altered gasified coal presents a considerable part — 15 %, the part of oil will reduce, the part
of gas and casing-head gas increases. Renewable sources of energy can present 35% from
the aggregate volume of electricity generation.

According to the second scenario of developing (BLUE Map), common energetic coal
and oil will be out of use to 2050, the part of gas will diminish to 6-7 %, altered gasified
coal makes up a considerable part — 15 % and nuclear power engineering — 24 %. Renewa-
ble energy sources can make up 46 % from the aggregate volume of the electricity genera-
tion.”.

Wind as an energy source has been attracting mankind for a long time. Seeing what de-
structions can bring storms and hurricanes people started to think about the usage of the
wind energy. For a lot of centuries people could use free and ecologically clean wind ener-
gy. Egyptians had been swimming under sail 2500 years before AD, using wind energy, fill-
ing sail of barks and ships.

The other example of the wind force usage are windmills. For ages people used the me-
chanical force of the wind, trying to facilitate their labour. Persians in VII century BC used
this energy for field irrigation and grinding of grains. Not without reason people say: “Feel-
ing the wind, a fool puts a shield from it, but a wise man puts a windmill. Windmills, gener-
ating electricity,were invented in 19 century in Denmark. In 1890 the first wind power sta-
tion was built there, and to 1908 there were 72 stations with capacities fom 5 to 25 kilowatt.
The biggest of them had the height of the tower of 24 metres and 4-fanned rotors over 23
metres in diameter.

«We make money from the wind!» — says one of the German companies producing wind
powr stations. And this is especially true, because wind turbines generate energy from the
air, and the energy is money, and not small at that.

| understand that we live in such a zone where the usage of such type of energy is not
very reasonable, but is possible on a small scale. For example, you can try to use it on a gar-
den plot.

[3]”In Russia at the beginning of the XXth century N. E. Jukovskiy worked out a theory
of the wind engine. In Germany at the same time with Jukovskiy in 1919 the physicist Al-
bert Betz discovered a law which defines the maximal energy, which could be got from the
wind-powered generator. According to this law, a wind-powered generator can generate
more than 59,3 % of kinetic energy of the wind.

The law of Betz means that wind turbine will never have bigger coefficient of efficiency
than 59,3 %. This law can be explained considering that if all the energy, being received
from the motion of the wind in turbine was transformed into useful energy, than the speed of
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the wind will consequently be equal to zero. But if the wind stopped on going out of the tur-
bine, than the fresh wind won’t get into turbine — the turbine would be blocked. For the wind
to continue its movement through turbine and to generate energy, some movement in the
turbine itself is needed. l.e. there should be some limit of the efficiency of the wind turbine —
Betz law, which is equal to 59,3 %.”.

Wind-powered installation is a device for the transforming of kinetic energy into other
types of energy. The particular thing would be a wind-powered generator which transforms
kinetic energy of the wind into electricity.

The calculation of the capacities for the model of the wind-powered installation

3 2
P = 22 deduced formula from the formula:E = %n p==%
S = m * R? —rotor-swept area (m2).

t

0- air density (1,29 kg/m3);

V-defined experimentaly:v = %ZO,GM/C.

Representing all the calculations we get P = 6 * 10~*w.

[4]”The calculation of the capacities generated by the ful-size wind-powered gen-
erator.

On the basis of this data | made a calculation of the capacities generated by the wind-
powered installation in the ideal conditions.

Calculation formula:

Pu.=0.5*Q*S*V?,

P — capacities (watt);

Q —air density (1,29 kg/m3);

S —rotor-swept area ( m2 );

V —airspeed (mps).

Rotor-swept area for the 4-wing wind wheel I’ve found with the formula:

S=L*h*n.

S — rotor-swept area (m2).

h — height of the one cavity (m).

n — the number of cavities.

S =3.14*2*4=2512m?
Pu.=0.5%1.29*25.12*4% =1037W

As 100% transforming of one type of energy into another is impossible, than we should
exclude losses. Wind wheel has certain CPU usage of the wind energy. The maximal signif-
icance of theoretical usage of wind energy belongs to ideal high-speed vaned wind wheels
and is equal to 0,593.For the best examples of high-speed wind wheels with aerodynamical
profile this index is equal to 0,42-0,46. For multiblade low-speed wind wheels this index is
fluctuating from 0,27 to 0,35 depending on the quality of carrying out and is marked with
the symbol Cp in calculations. For the reconciling of the turns of low-speed wind wheel and
generator it is necessary to use a speeder. The coefficient of efficiency of the speeder fluctu-
ates from 0,7 to 0,9 depending on the coefficient of transferring and carrying out. Trans-
forming mechanical energy into electrical one we also have losses.That’s why we express it
in the coefficient of efficiency of the generator Ng from 0,6 (for motor and tractor genera-
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tors with an energizing coil) to 0,8 (for the generators with driving from permanent mag-
nets).

P=05*Q*S*V3*Cp*Ng*Nb.

P — capacities (watt).

Q —air density (1,29 kg/m3);

S —rotor-swept area (m2 );

V —airspeed (mps);

CP — the coefficient of the using of the wind energy (0,35);

Ng — the coefficient of the efficiency of the generator (0,8);

Nb — the coefficient of the efficiency of the speeder (0,9).”.

P =0.5*1.29%25.12*4°*0.35*%0.8*0.9 = 261W ~ 0.261kW
The calculation of the coefficient of efficiency for the full-sized wind-powered generator

n= Pi —the formula of the calculation of the coefficient of efficiency for the full-sized

.
wind-powered generator.
P-capacity with all mechanical losses.
Pu-the capacity generated by the common wind-powered generator in the ideal conditions.

= To37 0,25 = 25% — the coefficient of efficiency of the wind-powered genera-

tor including all the losses.
The low index of the coefficient of efficiency can be increased if to use a wind-powered
generator with high tower and long blades to increase the swept area.

[5]“Depending on the number of windy days a year and wind speed 3, 8 mps the capacity
of the wind-powered generator:

181days. P =2815kW*h
275 days. P = 4277kW *h

In conclusion | want to say, that if consumed capacity is less than the one which is gener-
ated by the cheapest installation, than the installation of the generator won’t be very expen-
sive, and what is more, its cover of expenditure will go much faster. The lifespan of the gen-
erator is 20 years, also the service of the installation is required. Reasonable usage of the
wind-powered generator is possible in the plant or in the area where there are no power
lines.”

In my situation it is necessary to acquire a wind-powered installation costing 3000 $ to
get enough generated capacity. Its cover of expenditure will take 10-15 years.. Also it is ab-
solutely unprofitable to buy a wind-powered generator if near there are power lines.
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"Shine always,. to Shine —and no nails!.
shining everywhere. The motto of my sun!".
until the last days before the end,. (Vladimir Mayakovsky).

Many poems of Vladimir Mayakovsky are famous for the amazing metaphors. The au-
thor managed to create a more figurative works only with this simple reception. For exam-
ple, in the work "an Extraordinary adventure that was Vladimir Mayakovsky summer at the
dacha ", which was written by the poet in the summer of 1920, the main character is the sun
that the poet embodied as a living being. The author thought that the sun, every day travel-
ling through the sky by one and the same route, is a slacker who simply have nothing to do.

In fact, moving away from literary epic, the Sun is the primary and main energy source
for our planet. It warms the whole Earth, drives the river and gives the power to the wind.
About 60 years ago for the first time the energy of solar radiation was converted into elec-
tricity by using semiconductor photovoltaic cells, which later received the name of solar
cells (cells or solar).

The solar cell industry is rapidly developing in different directions: from built-in calcula-
tors to big panels on the roofs of cars and buildings. Currently there are increasingly large
solar photovoltaic systems operating on highly concentrated solar radiation as an energy to
actuate the thermal and other equipment (steam, gas turbine, thermoelectric and others).

The photoelectric effect

Energy conversion in photovoltaic converters is based on the photoelectric effect. Simply
photoelectric effect is ejection of electrons from an emitting light substance.
The first solar cell based on external photoelectric effect was produced by Alexander
Stoletov. In 1888 he managed not only to get the photoelectric effect, but also to explain its
origin. Photoelectric effect is the emission of electrons substance (usually metal) under the
action of electromagnetic radiation.

The practical application in Russia

Certainly almost everyone has calculators that run on solar cells, they don't need electric
batteries. As long as there is sufficient lighting, they can work for a very long time. Here are
the most basic and obvious example of application of solar energy. Of course there are larg-
er solar panels — on road signs indicating emergency telephone numbers, even at stops, as
the source of light. Although these panels are not as widespread as calculators on solar ener-
gy, itis easy to see them.

Roughly, 10 companies in Russia are involved in production of solar collectors that are
used to produce heat. The Ministry of Fuel and Energy estimated the total area of all solar
collectors in 1994 as 100,000 m?. In most cases, these installations work in the south of the
country and only during the warm seasons of the year. Beside the commercial solar collec-
tors, it is a common practice in the countryside of Russia to use showers that use water heat-
ed by the sun. Even the use of these primitive devices throughout the country eliminates the
need to burn millions of tons of coal, oil, and gas to heat water.

For example, in the eve of the winter Olympics in Sochi it was decided to install solar
modules on the Olympic venues: large ice arena, railway station "Olympic Park™ and other.

In the end, the radiant energy of the Sun is used by the biosphere since the emergence of
life on the planet. It is known that in just one second the sun produces so much energy that it
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will last for 500 000 years on Earth. In fact the Earth gets enough light to provide the world
with electricity for years to come in one hour.

However, solar power is one of the most material-intensive forms of energy production.
The large-scale use of solar energy, also getting photovoltaic cells, entails a huge increase in
the demand for materials, labour resources, raw materials extraction, enrichment, materials
and so on.

Yet electric energy, born by sunlight, is much more expensive than obtained by conven-
tional methods. However scientists don't stop and we hope that the experiments conducted
in pilot plants and stations, will help to solve not only technical, but also economic prob-
lems.
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In everyday life we don’t think about the future, but the future is now. How our world
looked like twenty years ago? Only some people had mobile phones with monochrome
screens, there was a tiny heavy TV without high-speed internet, YouTube and google. Now
can you imagine what will happen in the next twenty years? Technologies are moving faster
than we imagine.

One of the modern technologies that have changed the computer world greatly is virtual
reality. Virtual reality can be characterized by two main devices — Oculus Rift and OMNI.
Oculus Rift is a new virtual reality (VR) headset designed specifically for video games that
will change the way you think about gaming forever. With an incredibly wide field of view,
high resolution display, and ultra-low latency head tracking, the Rift provides a truly immer-
sive experience that allows you to step inside your favorite game and explore new worlds
like never before.

The Oculus Rift creates a stereoscopic 3D view with excellent depth, scale, and parallax.
Unlike 3D on television or in a movie, this is achieved by presenting unique and parallel
images for each eye. This is the same way your eyes perceive images in the real world, cre-
ating a much more natural and comfortable experience. The Oculus Rift provides an approx-
imately 100° field of view, stretching the virtual world beyond your peripheral vision. Your
view of the game is no longer boxed in on a screen and is only limited by what your eyes
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can see. The combination of the wide field of view with head-tracking and stereoscopic 3D
creates an immersive virtual reality experience [1].

Moreover, there is another development even more impressive than the previous one. It is
the game controller OMNI. The Omni enables you to move naturally and freely in virtual
worlds. The release of affordable head mounted displays and low-cost sensor technologies
has brought the decades-old dream of true virtual reality closer than ever [2]. The Omni
takes virtual reality to the next level — allowing anyone to stand up and traverse virtual
worlds with the natural use of their own feet. The Omni is the first virtual reality interface
for moving freely and naturally in your favorite game. Moving naturally in virtual reality
creates an unprecedented sense of immersion that cannot be experienced sitting down.

Human augmentation is believed to be another modern technology that made a great con-
tribution to the people’s lives. It is generally used to refer to technologies that enhance hu-
man productivity or capability, or that somehow add to the human body. Modern advance-
ments in many areas of IT have led to a greater variety of implants and other technologies
that could be classed as human augmentation. Within the greater category of human aug-
mentation technologies, some different classifications can be made. For example, there are
devices and implants that contribute to more advanced sensory devices, such as cochlear
implants. Then there are orthotics or limb devices that can enhance motion or muscle capa-
bility. Other types of human augmentation may work with specific sorts of IT resources,
such as big data assets. Some tech companies are rumored to be working on these kinds of
data-connecting devices that would link the human body up to outside sources of infor-
mation, either visual or text-based, or both.

While many of the new options for human augmentation seem to be empowering and of-
fering improvements to human health and quality of life, part of the scientific community
has expressed concern about human augmentation tools built on powerful tech concepts like
biotech and nanotechnology, which must be closely observed for safety and long-term po-
tential ramifications [3].

Military organizations are now experimenting with a wide range of 1st generation human
augmentation technologies, including exoskeletons that allow personnel to carry increased
loads and perform at a higher level. These devices have the potential to be adapted for use in
healthcare and many other industries. Elderly people could benefit from powered human
augmentation technology, such as powered exoskeletons, that can be used to assist wearers
with simple walking and lifting activities, improving the health and quality of life for aging
populations.

New implantable brain-machine interfaces have been developed and are being tested that
are demonstrating that directly bridging the gap between brain and prosthetics devices are
becoming a reality — allowing prosthetic devices to be directly integrated with the user’s
body. Neuro-enhancement technology under development could also provide superior
memory recall or speed of thought for humans. Think of the possibilities for the those suf-
fering from some form of dementia.

Human augmentation technology will probably not begin to be widely available for at
least 10-15 years. However, as the field continues to advance, some people may eventually
choose to enhance their bodies, much as they do with cosmetic surgery today. The high cost
of human augmentation technology may lead to the emergence of a two-tiered society of
enhanced and non-enhanced people [4].

People get used to observe cyber-implants in sci-fi movies, but they exist now. Different
parts of the body can be replaced with cyber implants nowadays. Embedding a chip in the
head help you control a cyber-hand. Cyber-legs with lots of motors and sensors can com-
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pletely copy the movement of your foot. Cyber-eyes have not been very developed yet,
however they are likely to be used in near future.

One more great achievement of nowadays is robots. Robots have replaced humans in the
assistance of performing those repetitive and dangerous tasks which humans prefer not to
do, or are unable to do due to size limitations, or even those such as in outer space or at the
bottom of the sea where humans could not survive the extreme environments. There are
concerns about the increasing use of robots and their role in society. Robots are blamed for
rising unemployment as they replace workers in some functions. The use of robots in mili-
tary combat raises ethical concerns. The possibilities of robot autonomy and potential reper-
cussions have been addressed in fiction and may be a realistic concern in the future.

Robotics is the branch of technology that deals with the design, construction, operation,
and application of robots, as well as computer systems for their control, sensory feedback,
and information processing. These technologies deal with automated machines that can take
the place of humans in dangerous environments or manufacturing processes, or resemble
humans in appearance, behavior, and/or cognition. Many of today's robots are inspired by
nature contributing to the field of bio-inspired robotics [5]. Today, robotics is a rapidly
growing field, as technological advances continue; research, design, and building new ro-
bots serve various practical purposes, whether domestically, commercially, or militarily.
Many robots do jobs that are hazardous to people such as defusing bombs, mines and ex-
ploring shipwrecks.

Furthermore, there are humanoid robots which can walk on uneven surfaces, climb stairs,
talk, help with housework and do what men can’t do. A humanoid robot is a robot with its
body shape built to resemble that of the human body. A humanoid design might be for func-
tional purposes, such as interacting with human tools and environments, for experimental
purposes, such as the study of bipedal locomotion, or for other purposes. In general, human-
oid robots have a torso, a head, two arms, and two legs; though some forms of humanoid
robots may model only part of the body, for example, from the waist up. Some humanoid
robots may also have heads designed to replicate human facial features such as eyes and
mouths. Androids are humanoid robots built to aesthetically resemble humans. Humanoid
robots are used as a research tool in several scientific areas. Researchers need to understand
the human body structure and behavior (biomechanics) to build and study humanoid robots
[6].

Human cognition is a field of study which is focused on how humans learn from sensory
information in order to acquire perceptual and motor skills. This knowledge is used to de-
velop computational models of human behavior and it has been improving over time.

In conclusion it is necessary to mention that technology represents man’s attempt to
make life easier due to the fact that technological advances improve people’s standard of
living.
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Introduction
The open joint-stock company System Operator of the United Power System is a special-
ized organization that single-handedly performs centralized control of the Unired Power
System of Russia and provides electricity dispatching services and operates a high voltage
electricity transmission grid.
Company history
Before 2002 energy control system consisted of Central Dispatch Office, 7 unified dis-
patching offices and regional dispatching offices. In 2002 a new administrative organization
was established-System operator- Central Dispatch Office of United Power System which
got functions of managing of the United Power System. In 2008 company changed its name
to System operator of the United Power System. Nowadays the company is based in Mos-
cow and has a work force of more than 8000 empoyees.
Company Structure

Board
Chief Dispatcher Chairman ice Chairmen
Marketing Manager of Chief UPS Power Chief
External Information Developing Market _
Manager Relations Officer Manzger Manager Legal Officer

The head of the company is the Chief Executive Officer.He is pesponsible to Board of
Directors.Board of Directors is first of all responsible for ensuring that energy meets all its
financial and legal obligations.

Managers of varios departments which are are vital to a company report directly to the
CEO.These managers may be referred to as the management team.They are required to
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advice the CEO on consequences of any decision in terms of costs,time,personnel e.t.c.For
example:

Chief Information Officer is responsible for leading and overseeing the development,
implementation and operation of information systems and information technology poli-
cy.Chief Dispatcher is responsible for the operation of the Electricity Management System
used to monitor and control the electricity generation and is responsible for monitoring sys-
tems that provide real-time information on electricity transmission system.

All departments are interdependent. There are regular meeting to develop long-term en-
ergy strategies and plans.

Corporate Culture

One of the main aims of the company is to provide people challenging and rewarding
work in a pleasant environment. Firstly, corporate culture includes formal dress style. Addi-
tionally everyone should follow certain rules:

-pay attention to expected norms of behavior.

-build and maintain positive working relationships.

-maintain a positive attitude.

-value constructive criticism.

Work behavior should include: cooperation, showing respect for others, professional
communication.

Also corporate culture includes company’s own trademark and anthem. In addition to this
there are regular classes and courses for professional and personal development of staff.

Company Activities

System Operator of the United Power System is a specialized organization which pro-
vides centralized operative and dispatching control of technological mode of the United
Power System of Russia (UPS of Russia).

Besides, the System Operator controls the synchronous operation of UPS of Russia with
power systems of 12 foreign states: Azerbaijan, Belarus, Georgia, Kazakhstan, Kyrgyzstan,
Moldova, Mongolia, Latvia, Lithuania, Uzbekistan, Ukraine, and Estonia. In the course of
the activity the System Operator carries out 3 main groups of tasks:

- ensuring reliable operation of UPS of Russia in real time.

- ensuring perspective reliability of UPS of Russia.

- ensuring technological unity and effective work of the wholesale and retail markets of
electricity and capacity.

Performing the tasks assigned to it, the System Operator carries out the following main
functions:

- exercises the centralized operative and dispatching control of electric mode of UPS of
Russia in real time.

- carries out short-term, medium-term and long-term planning of electric modes for UPS
of Russia.

- provides functioning and development of automatic systems of relay protection and
emergency control automatic systems.

- participates in development and implementation of development programs of UPS of
Russia, the interconnected and regional power systems.

- participates in control of technical condition of the power entities influencing reliability
and security of UPS of Russia operation, and also in investigation of technological disturb-
ances.

- carries out control of timely and appropriate implementation of investment programs of
the generating companies created by the results of the capacity trade.
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- carries out technological and administrative support of trading procedures, participates
in development of technologies of the markets of electricity and capacity.
Conclusion
Company System Operator of the United Power System as many other companies has its
own success strategy. The main reasons of their success are independence and objectivity.
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Wo Wasser fliesst, fliesst Strom
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Abstract: Im Artikel wurden aktuelle Fragen und Forschungstrends auf dem Gebiet der
Wasserkraft untersucht. Die Anlagen und Generatoren sind dargestellt, die den Energiefluss
in Strom umwandeln. Die Prognose ist fiir die Entwicklung der Wasserkraft in Deutschland
und Russland angefiihrt. Daten sind tiber die Kosten fiir I kW pro Stunde fiir traditionelle
und alternative Anlagen aktualisiert.

Schliisselworter: Wasserkraftanlage, alternative Energie, Generator, Wellengenerator.

Die Aktualitit dieses Artikels besteht darin, die komplexe Analyse der Parameter der An-
lagen bei der Umwandlung der Wasserkraft in Strom zu zeigen und die Daten tiber die Nut-
zung der Wasserenergie in verschiedenen Lindern anzufiihren.

Das Ziel des Artikels wird durch die Notwendigkeit der Betrachtung der Wasserenergie
in Deutschland, Russland und Osterreich bedingt.

Die Objekte der Forschung im Artikel sind traditionelle und alternative Anlagen in den
europdischen Landern.

Die Wasserenergie ist heute die aussichtsreichste der erneuerbaren Energiequellen auf
dem Gebiet der Energiewirtschaft. Das Potential dieser Energie ist in der Welt riesig, des-
halb haben die Wissenschaftler die verschiede-
nen Anlagen zur Umwandlung der Wasserkraft
in Strom erfunden. Es gibt eine grole Zahl der
Anlagen, aber sie werden nach dem gleichen
Prinzip betrieben.

In der deutschen wissenschaftlichen Zeit-
schrift ,,Wassertriebwerk® wird ein Artikel ange-
filhrt, in dem steht: ,,Die Energie einer Was-
serstromung kann Arbeit verrichten. Dies wird
in Wasserkraftwerken genutzt: Die Strémungs-
energie treibt dort liber ein Turbinenrad Genera-
toren an, die Strom erzeugen (Abb.1).

Abb. 1: Das Konstruktionsprinzip einer Wasserturbine.
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Dabei werden hohe elektrische Wirkungsgrade von iiber 90 Prozent erreicht. Die erzeug-
te Strommenge héngt in erster Linie von der Menge des flieBenden Wassers und der Héhen-
differenz ab. In Deutschland sind Lauf-, so-
wie Speicher- und Pumpspeicherkraftwerke

die vorherrschenden Kraftwerkstypen®.
In Deutschland entfillt der weitaus grofite
R — Teil der Wasserkrafterzeugung auf Laufwas-
serkraftwerke. Bei diesen ist eine Steuerung
des Wasserdurchflusses in Abhingigkeit vom
formator [ = | Elektrizitatsbedarf meist nicht moglich. Sie
werden deshalb in der Regel rund um die Uhr
kontinuierlich betrieben und geben ihren
Strom zur Deckung der Grundlast ans Netz

der offentlichen Versorgung ab.

In Laufwasserkraftwerken werden auf-
grund des geringen Gefilles meistens Ka-
planturbinen eingesetzt.

Abb. 2: Das grundsitzliche Schema einer

Laufwasserkraftwerke.

Bei Speicherwasser-Kraftwerken wird das Wasser zum Beispiel durch eine Talsperre, die
einen Bach oder Fluss aufstaut, in einem hoch gelegenen See gespeichert und von dort tiber
Druckrohrleitungen oder Druckstollen den Turbinen des niedriger gelegenen Kraftwerks
zugefiihrt. Vor der Druckrohr-Fallleitung wird ein Ausgleichsbehélter (“Wasserschloss™)
gebaut. In Speicherkraftwerken finden je nach Fallhdhe Francisturbinen oder Peltonturbinen
ihre Einsatzgebiete.

Speicherwasser-Kraftwerke sind in der Regel nicht fiir den Dauerbetrieb gedacht, da
sonst ihre Speicherbecken bald leer wéren. Thr Sinn besteht vielmehr darin, das in Wochen,
Monaten und im jahreszeitlichen Wechsel unterschiedlich anfallende Wasser zu speichern
und bei erhdhtem Strombedarf zur Vertagung zu stellen. Man nennt sie deshalb auch “Spit-

zenleistungs-

Wasserschlo8 Kraftwerke”.
Die Speicherwas-
schieber- ser-Kraftwerke die-
nen vielfach gleich-
zeitig auch anderen
Zwecken, etwa dem
Hochwasserschutz,
S £ der Trinkwasserspei-
> o agamn SpeCler  cherung,  Bewdsse-
i ——— \ rungszwecken  oder
=y Bediirtnissen der

At e Schifffahrt.
Abb. 3: Das grundsétzliche Schema einer Pumpspeicherkraft.

Bei Pumpspeicher-Kraftwerken wird das hochgelegene Speicherbecken meist nicht durch
einen natiirlichen, kontinuierlichen Zufluss gefiillt. Wo es solche natiirlichen Zufliisse gibt,
haben sie in der Regel nur ergidnzende Funktion. Das Wasser kommt vielmehr ganz oder
zum iiberwiegenden Teil aus einem tiefer liegenden Becken und wird mit elektrischer Ener-
gie hochgepumpt.

Speicher

Staumauer

Echleber—
ammer

Druckschacht
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Das mag auf den ersten Blick widersinnig erscheinen, da die fiir das Hochpumpen erfor-
derliche Energiemenge zwangsldufig groBer sein muss als die elektrische Energie, die mit
dem hochgepumpten Wasser hinterher erzeugt werden kann. Technisch und betriebswirt-
schaftlich macht diese zweimalige Energieumwandlung von elektrischem Strom in potenti-
elle Energie und zuriick aber dennoch Sinn: Sie ermoglicht es, in Zeiten geringen Strombe-
darfs die nicht ausgelasteten Kapazititen der Grundlastversorgung fiir das Hochpumpen des
Wassers zu verwenden. Wenn dann Bedarfsspitzen auftreten, werden die Turbinen einge-
schaltet und verwandeln die potentielle Energie des hochgepumpten Wassers wieder in
Strom. Auch finanziell lohnt sich die Sache, da auf diese Weise z.B. billiger Nachtstrom zu
teurem Tagstrom verwandelt werden kann.

In der Praxis erreichen Pumpspeicher-Kraftwerke einen Wirkungsgrad von etwa 75 %
(heifit: um 1 kWh zu erzeugen, miissen etwa 1,3 kWh aufgewendet werden), so dass also ein
Viertel der aufgewendeten Energie verloren geht.

Inzwischen sind eine perspektivische Richtung im Aufbau der Wasserkraftwerke die
Pumpspeicher-Kraftwerke, aber die Laufwasserkraftwerke sind die wirtschaftlichen Werke.
In Russland werden die Speicherkraftwerke heute nur ausgenutzt. Alle in USSR gebauten
Wasserkraftwerke werden bis jetzt betrieben und viele Wasserkraftwerke werden gebaut.

Die Wasserkraft ist eine giinstige erneuerbare Quelle. Die Erzeugungskosten hiangen je-
weils von der Anlagengrof3e ab. Bei Wasserkraftwerken groBerer Fliisse kann der Strom in
Deutschland zu ca. 6,5 Cent / KWh, in Russland — 3,5 + 4 Cent / kWh erzeugt werden (z.B.,
die Preise der Stromenergie der Wéarmekraftwerke betragen 4,5 + 9 cent / kWh).

Die Nachteile der Wasserkraftwerke. Wichtiger Nachteil der Wasserkraftwerke sind Ein-
griffe in die Natur und Gefdhrdung von Wasserlebewesen. Die Moskauer deutsche Zeit-
schrift schreibt folgende: ,,Der Bau von Stauddmmen und groBen Wasserkraftanlagen kann
die Natur stark verdndern und ganze Landschaften austrocknen. Das kann die Existenz so-
wohl von Tieren als auch von Menschen gefdhrden, die ihren Lebensraum oder ihre 6kono-
mische Grundlage verlieren. Wenn der Lauf von Fliissen verdndert und unterbrochen wird,
sind auch Fischarten bedroht, die ihre Laichplétze nicht mehr erreichen konnen* [2]. Trotz
der sauberen Art der Energiegewinnung richten sich deshalb vor allem Naturschiitzer gegen
einen weiteren Ausbau der Wasserkraft.

Die Wasserkraft ist heute eine sehr perspektivische Richtung auf dem Gebiet der Strom-
erzeugung, aber wesentliche Nachteile ermoglichen es kaum, diese Branche schnell zu ent-
wickeln. Es sind neue Engineering-Losungen notwendig, die den Eingriff in die Natur ver-
ringern werden. Deshalb wurden im vergangenen Jahr die Mindestvergiitung flir Strom aus
Wasserkraft und die Zuschiisse filir 6kologische Verbesserungen angehoben. Gewésser- und
FischschutzmafBinahmen kdnnen kiinftig einfacher mit Modernisierungen an Wasserkraftan-
lagen kombiniert werden.
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Transmission Capacity of Overhead Power Lines and Ways of their Improvement
National Research Tomsk Polytechnic University.

Due to the significant increase in the cost of building new high-voltage power lines, the
role of increasing the capacity of existing and newly constructed overhead . Is economically
advantageous to increase the transmit power through until limit heat through various devic-
es.

The task of the article is to show what determines the capacity of the transmission line
and in what ways it can be improved.

The urgency of the problem is obvious, because we live in a huge country, the power
which is the largest in the world. It is therefore very important that the capacity of the
transmission line was as much as energy is transmitted over long distances.

Just increasing the capacity — an important technical and economic challenge, as it elimi-
nates the construction of additional transmission lines and provide the necessary power to

P4 the consumer . It is important not only to in-
crease the capacity of constructed lines, but
also to prevent accidental reduce it.

The capacity of power lines

The capacity of power — this is the highest

active power, which, taking into account all

Fuf technical restrictions can be passed down the
line. Technical constraints are defined : sta-
ble parallel operation of generators, heat

4 transfer of individual elements, the value of
g ¢ = d, = & long-term allowable voltage loss on the
2 crown on the line, and other factors.
Figure 1 - The relationship between the transmit power of the angle 6.
If you do not take into account the technical constraints, EU
the bandwidth is equal to the MFN amplitude sine wave in Fig. 1: P, =—2 2
Xs

The greater the capacity of the power NLR, the more power can be transmitted over the
line. But we can not allow an emergency reduce it. For example, if the result of an accident
throughput drops to Rab.nb ( see the dashed sinusoidal curve 2 in Fig. 1), then it would re-
duce the power transmitted on the line, and canceling the consumer. Mode corresponding to
a stable point ( Fig. 1), there is no reduction in the capacity to Rab.nb.

Measures to improve the capacity

Measures to improve the capacity of existing and newly built power include, inter alia,
the effect on the EMF generator (Eq), the total resistance ( hZ ) and the substation busbar
voltage at the end of line (U2).

EMF generator Eq regulated current of the generator. In accidents it is important to main-
tain the excitation of the generator, ie prevent conditions RPB <pm, where it is necessary to
reduce the transmit power through . In the Soviet Union for the first time in the world have
developed a strong excitation controls the actions that kept constant during accidents not
only the EMF generator Eq, but even on the tires of the generator voltage Ur (see Fig. 2).
Regulators strong actions are widely used for high-power plants.
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Figure 2 — Equivalent circuit of power.
X a% The total resistance xX and its compo-
fr# nents appropriate to reduce it. Resistance

i L‘I" generators and transformers is reduced by
I =7 \ the use of special steels and special design
%___ ;‘ solutions. The inductive reactance of lines

of 330 kV and higher voltage lower by
S S S —— splitting phase — phase perform not one,
i 2 3 )"1‘ S n 7) but several parallel wires (Fig. 3).
114

Figure 3 — Cleavage of wires in phase: A — x0 decrease depending on the number of
wires in the phase b, the location of phase conductors 500kV line.

In lines with Un = 330 kV cable splits into two, ie, n = 2, to 500 kV n = 3, wherein a = 40
cm.

. Figure 4 (left) — Longitudinal compensa-
Ta J x.n HTI:R’ tion lines.
}—{:—""‘ 1 Application of series compensation
~ix (Figure 4) is a viable and popular means of
J Xk (rigure . me
increasing the capacity of long-distance

power lines. CPC capacitors connected in series in the line, reduces the resultant reactance
line.

With a moderate amount of series compensation are limited to one of the CPC on the
line. If the resistance of the capacitors of the CPC is that offset 50% or more resistance line,
it is necessary to perform the CPC is not less than two substations. Focusing too much com-
pensating resistance in one place leads to an increase in the multiplicity of internal overvolt-
age and causes difficulty in ensuring correct operation currently in use protective relays.

The voltage U2 on the buses at the end of the substation EHV line must be adjusted so
that it is not reduced in the normal mode and the post-fault and that, in turn, reduces the ca-
pacity of the line. Effective use of managed devices shunt compensation: synchronous com-
pensator (SC) and static reactive power compensators (Statkom).

FACTS technology

Next, consider the FACTS technology. In our country and abroad are working to create a
managed (flexible) electrical connections, the load which can be set regardless of the load of
any other links in the electrical network and controlled automatically or manually by a given
law.

Devices based on the modern power electronics started to control the operation of power,
able to simultaneously work on three of the above parameters (U, hZ, o), which improves
efficiency and provides flexible control modes of power systems. Such technology abroad
called FACTS (flexible alternating current transmission systems).

Function of FACTS:

* increasing the capacity of transmission lines;
e ensure stable operation of the power system under different perturbations ;
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e ensuring a given ( forced ) power distribution in networks, in accordance with the re-
quirements of the supervisor;
 Increased reliability of energy consumers;
» Reduction of losses in electric networks ;
e the task of turning the mains of a "passive™ device transport electricity in the "active”
control modes.
Wires high power and durability.

Currently, an increase in transmit power network requires a large investment. Since pow-
er consumption is growing, network companies have to reconstruct the existing network
with increasing wire size, and thus increases its mass. Ultimately, companies are faced with
the replacement of the existing power grid supports the new, designed for higher loads, or
the construction of new transmission lines. The latter can be difficult especially when prole-
ganiya VL in a densely populated area, and in sparsely populated areas of private land, such
as national parks, nature reserves and other areas with a ban on construction. Thus, the re-
cent attempts to develop a wire combine high mechanical strength and low weight without
compromising throughput attracted the interest of various companies.

We consider a number of existing developments.

Aluminum Conductor Composite Core wire. Standard iron cores can overheat in peak
electrical loads, which leads to stretching of the wire and below the permissible sag rate. In
contrast, the core wire of the composites has a lower thermal expansion coefficient and are
therefore less susceptible to thermal expansion than the steel core conductors. Replacing the
wire with a steel core wire for composite materials can increase the capacity of the lines.
Manufacturers wire say can double the amount of current in the line without the risk of sag-
ging and wire fracture.

Properties of composite material — high strength to weight ratio and the low slack value,
which leads to an increase in span between supports, reducing the number of poles in line at
16%.

ACCC cable system can operate continuously at 180°C and can withstand short-term
jumps up to 200°C, with sagging only 10% of the slack cable with steel core.

Although the value of the product ACCC per km is about 3 times higher than conven-
tional wires, the economic effect of their use ensures high return on investment.

Conductive Composite Reinforced Aluminum wire (Aluminum Conductor Composite
Reinforced (ACCR)). Composite fiber core consists of high purity alumina ceramic. Each
core consists of more than 25,000 heavy-duty fiber Al,Os. The cores have diameters from
1.9 mm to 2.9 mm. Ceramic fibers are continuous, axial orientation, and placed completely
in the aluminum matrix. The wire is a standard twisted wire with a wrap consisting of a con-
tinuous strand Al-Zr. The outer strands of Al-Zr are heat-resistant alloy that can operate con-
tinuously at 210°C, with peak loads up to 240°C. Conductor composite core is about 9 times
stronger than aluminum and is 3 times tougher. Core being half lighter than corresponding
iron core has a higher electrical conductivity and has a coefficient of thermal expansion in
the same half of the values for steel.

The use of composite-cored wires can not only increase the capacity of transmission lines
and reduce the costs of reconstruction, but also due to the higher conductivity of the compo-
site core to reduce electrical losses in overhead.

Wires, called Aero-Z ® ( 110 — 1150 kV) are fully interconnected conductors, which
consist of one or several concentric layers of round wires ( inner layers ), and the wires in
the form of the letter "Z" (outer layers ) . Moreover, one or more conductors may be hollow
and contain within the optical fiber. External layers of the same wires are made of aluminum
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wire having a shape of the letter "Z", where the conductors are very closely adjacent to each
other.

It is thus possible to use thinner and lighter wires. This in turn reduces the power losses
in the conductors 10-15%, including the loss of the crown, and increasing the mechanical
strength of the structure . Through tight twisting virtually eliminated penetration into the
inner layers of water and impurities, thus decreasing corrosion of the inner layers of wires .
Wire Aero-Z ®, having a higher torsional rigidity practically does not rotate, which leads to
excessive snow self relief under the action of gravity.

Due to a more smooth outer conductor structure Aero-Z ® are about 30 — — 35% minimal
aerodynamic wind load resistance as compared with the conventional wire. This fact leads
to a dramatic reduction conductor galloping.

GTACSR («Gapped» TAL alloy Aluminium Conductor Steel Reinforced) — is carried
out with a gap made of aluminum alloy resistant to high temperaturam.Alyuminievye con-
ductors of the inner layer closest to the core, and have a trapezoidal cross section. The inner
layer is made in such a way that between them a gap iron core is filled with grease resistant
to temperature. This design provides a sliding aluminum layers relative to the steel core,
thereby GTACSR wire can be pulled, just fixing a steel core. This solution guarantees: the
small sagging wires due to the increase in temperature. The maximum operating tempera-
ture is 150 GTACSR wires OC. At this temperature, the transmit power can be increased by
2 times.

In the future, questions about transmission of electric power is still to be decided on the
basis of overhead transmission lines, since they are much cheaper than cable, despite their
serious shortcomings. Of course, the prospects for the use of — overhead transmission lines
will largely be determined by how much will be able to eliminate their shortcomings, im-
prove performance and enhance the technical and economic performance.

At the same time, thanks to advances in modern power electronics there is an alternative
that allows you to delay the strengthening of existing lines and new gasket . It is to improve
the use of existing grid infrastructure by increasing its flexibility and manageability. This is
possible by setting the transmission system managed by special devices called devices
FACTS.

Currently considered international projects interconnection of the countries concerned,
which will implement the most cost-effective electricity surpluses each member association,
as well as to mutual assistance in emergency situations, such as in post-emergency condi-
tions of individual power systems.
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lonova, I.A., Kobenko, Ju.W.
Sonne als unerschopfliche Energiequelle
Nationale Polytechnische Forschungsuniversitdit Tomsk.

Abstract: Der Artikel handelt von der Nutzung der Solarkraft als aussichtsreicher Rich-
tung der heutigen Energiewirtschaft. Er enthélt ebenfalls Informationen iiber Entwicklung
der Solarenergiewirtschaft in verschiedenen Landern. Die Analyse der in Solaranlagen er-
zeugten Energie wird durchgefiihrt.

Schliisselworter: Solarkraft, Strom, Photovoltaik.

Die Aktualitét dieses Artikels besteht darin, die Umwandlung der Solarkraft in den Strom
zu zeigen und die Nutzung dieser Energie flir Heizsysteme zu betrachten.

Das Objekt des gegenwirtigen Artikels ist eine Solaranlage und ihre Parameter fiir
Stromerzeugung.

Der Umstieg auf erneuerbare Energien stockt.

"Solarenergie ist zum unentbehrlichen Bestandteil fiir eine erfolgreiche Energiewende
geworden", erkldrt Carsten Konig, Hauptgeschiftsfiihrer des Bundesverbandes Solarwirt-
schaft.

Im Jahr 1954 beobachteten Wissenschaftler, dass an elektronischen Bauteilen aus dem
Halbleiter-Werkstoff Silizium eine elektrische Spannung auftrat, sobald Licht darauf fiel.

Dieses als Photovoltaik (PV) bezeichnete Verfahren macht sich die Tatsache zu Nutze,
dass Licht aus bestimmten Halbleiteroberflichen Elektronen herausschligt, die sich dann im
Material bewegen und als elektrischer Strom ableitbar sind.

Als Grundstoff fiir Solarzellen wird heutzutage fast immer Silizium verwendet.

Da das Energieangebot der Sonne regional und saisonbedingt schwankt, sind Zusatzein-
richtungen noétig, wenn man rund um die Uhr und iibers ganze Jahr hinweg gleichmiBig
Strom zur Verfligung haben will. Hierzu dienen beispielsweise Speicherbatterien.

Ein typisch kommerzielles Solarmodul hat einen Wirkungsgrad von 15% — in anderen
Worten, ungefahr ein Sechstel der Sonne auf das Modul in Strom umgewandelt. Die Ver-
besserung der Solarmodulwirkungsgrade, wihrend die Kosten pro Zelle halten ist ein wich-
tiges Ziel der PV-Industrie.

Derzeit existieren vier Typen von Solarmodulen:

« monokristalline Module.
« polykristalline Module.
e Diinnschichtmodule.

o CIGS-Module.

Bei der Auswahl der richtigen Modultypen sind vor allem der Preis und der Wirkungs-
grad (Effizienz der Energieumwandlung) entscheidend. Weitere Faktoren sind die Lebens-
dauer und das Montage-Gewicht. Das Material, die Materialdicke und die Materialstruktur
sind die wesentlichen Unterscheidungsmerkmale von Solarmodulen. Das gingige Herstel-
lungsmaterial ist nach wie vor Silicium, das fiir die Produktion von Dickschichtmodulen
und Diinnschichtmodulen verwendet wird. Dickschichtmodule wiederum unterteilen sich in
monokristalline und polykristalline Module. Eine Alternative sind CIGS-Module, die mit
einer Kombination verschiedener chemischer Stoffe produziert werden.

Monokristallin  |Polykristallin | Diinnschicht |CIGS

Wirkungsgrad |15-20 % 15-20 % 5-10 % 13-15%

Wirmeverahlten | Mittlere Ein- Mittlere Ein- Geringe Ein- Geringe Ein-
schrankungen bei |schriankungen schrainkungen |schrinkungen
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Monokristallin  |Polykristallin | Diinnschicht |CIGS
hohen Tem- bei hohen Tem- |bei hohen Tem- |bei hohen Tem-
peraturen peraturen peraturen peraturen
Lichtverhalten |Mittlere Ein- Mittlere Ein- Geringe Ein- Geringe Ein-
schrankungen bei |schrinkungen  |schrinkungen |schriankungen
diffusem Licht bei diffusem bei diffusem bei diffusem
Licht Licht Licht
Lebensdauer ca. 30 Jahre ca. 30 Jahre ca. 30 Jahre k.A.
kg pro Modul 8-16 kg 15 kg 1-2 kg 1-2 kg
Kosten/Leistung |hoch/sehr hoch mittel/hoch gering/mittel hoch/gering

Monokristalline Solarmodule erzielen den hochsten Wirkungsgrad. Polykristalline Mo-
dule haben das ausgewogenste Preis-Leistungs-Verhaltnis. Diinnschichtmodule sind leicht
und giinstig. Die Wahl der richtigen Solarmodule lésst sich nicht pauschalisieren und sollte
stets individuell an die Gegebenheiten des Objekts angepasst werden. Faktoren wie die geo-
grafische Lage oder die Ausrichtung des Daches spielen eine Rolle.

Weltweit steigt die Zahl der installierten Photovoltaikanlagen deutlich an, es ist auch zu-
kiinftig mit einer starken Nachfrage zu rechnen. Insgesamt belief sich der Zubau der Photo-
voltaik im Jahr 2011 auf 27,7 Gigawatt. Der in Deutschland installierte Anteil ist mit 27
Prozent nach wie vor sehr hoch, vom ersten Platz in dieser Statistik wurde Deutschland je-
doch erstmals von Italien verdriangt. Ein Drittel des gesamten Zubaus entfiel 2011 auf unse-
re siidlichen Nachbarn. So sieht es zumindest die EPIA (European Photovoltaic Industry

Association),
andere Markt-

Verteilung der weltweit installierten Photovoltaik
Leistung in MW und %

analysten
M ltalien kommen  zu
M Deutschland abweichenden
| China Ergebnissen
W USA und sehen
I Frankreich Deutschland
M Japan nach wie vor
B Australien als groBten

B UK Markt.

B Belgien

B Spanien Im Jahr
B Rest der Welt 2013 wies die
e Photovoltaik
7500 (27.1%) unter den er-
neuerbaren

Quelle: EPIA Photovoltaik.org gpergien  er-

neut das groBite Wachstum auf. Die erzeugte Strommenge stieg nach dem aktuellen Bericht
der Arbeitsgemeinschaft Energiebilanzen um 14 Prozent, wihrend die Windenergie um 5,4
Prozent zulegen konnte. Die Biomasse verzeichnete einen Zuwachs von etwa sechs Prozent.

Wihrend die Preise fossiler Energien steigen, wird Solarstrom von Jahr zu Jahr rapide
preiswerter. Einer der grofen Vorteile der Solarenergie ist auBerdem die dezentrale Erzeu-
gung. Der Strom wird dort produziert, wo er gebraucht wird: auf den Dachern von Haushal-
ten, Biiros und Industriegebduden.
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Kabanowa, M.A., Kobenko, Ju.W.
Perspektiven der Biomasse als erneuerbarer Energiequelle
Nationale Polytechnische Forschungsuniversitdit Tomsk.

Abstract: In diesem Artikel sind der aktuelle Stand und Perspektiven in der Umwand-
lung der Bioenergie in Warmeenergie in der Européischen Union und in der Welt betrachtet.
Die Entstehung der Branche der Biomasse und Hindernisse ihrer Entwicklung sind analy-
siert. Die Beispiele der Umwandlung in die Bioenergie von Bioanlage sind angefiihrt.

Schliisselworter: Biomasse, Technologie, EU, Bioanlage, Umwandlung.

Die Aktualitidt dieses Artikels besteht darin, die Nutzung erneuerbarer Energien in
Deutschland zu beleuchten.

Das Ziel des Beitrags ist es, das Potenzial der Bioenergietrdger und ihre Auswirkungen
auf die Umwelt zu schildern.

Das Obijekt ist eine Bioanlage, die Biomasse als Brennstoff benutzt.

Biomasse ist erneuerbares Material biologischen Ursprungs. Biomasse fiir Energie
kommt aus der Landwirtschaft, Forstwirtschaft und aus Reststoffen. Das sind Abfille. Bio-
masse besteht in fester, fliissiger oder gasformiger Form. Aus Biomasse kann Energie in
Form von Wiérme, Kiélte, Strom und Treibstoff als Biodiesel, Pflanzendlen gewonnen wer-
den.

Der Weltmarkt fiir Biomassekraftwerke: Das Beispiel des Vereinigten Konig-
reichs, der Tschechischen Republik und Deutschlands

In den néchsten Jahren wird der Markt fiir Biomassekraftwerke weltweit wachsen: auf
3.500 BMKW im Jahr 2020. Das entspricht einer Erh6hung auf 50 Prozent in 8 Jahren. 930
Projekte miissen die Biotechnologien auf dem Weltmarkt anwenden.

Aktuell sind weltweit 2.350 Biomassekraftwerke in Betrieb. Diese verfiigen iiber eine
Leistung von zusammen rund 37.000 Megawatt (MW). Asien und Europa, Brasilien und die
USA sind die wichtigsten Mérkte fiir Biomassekraftwerke.

Z.B. Die Stromerzeugung im Vereinigten Konigreich basierte lange Zeit ausschlieSlich
auf fossilen Energietragern. Auch heute noch haben Kohle und Gas einen groflen Anteil an
der Stromerzeugung. Die Entwicklung erneuerbarer Energien wurde hingegen lange ver-
nachléssigt. Das Vereinigte Konigreich hat sich nach Kyoto-Protokoll zum Ausbau der er-
neuerbaren Energien verpflichtet.

Aufteilung der Stromerzeugung
davon Aufteilung innerhalb der
Erneuerbaren Energien

19%

B/ Erneuerbare H|Biomasse

B Kohle 1% Biogas & Deponiegas

Erdgas \ 40% Biosprit
[ el = Abfall
Kernkraft ‘ B Geothermie
Sonstige Photovoltaik
u|\Wasser & Tide
o 1% Wind

Daten fiir 2011, Quelle: Int. Energieagentur

Abbildung 1:Aufteilung der Stromerzeugung im Vereinigten Konigreich fiir 2011 [1].
In der Tschechischen Republik sind 12 stromerzeugende Biomassekraftwerke in Betrieb.
In den letzten Jahren ist jahrlich lediglich eine Anlage in Betrieb gegangen.
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Tabelle 1: Aktuelle Energiepreise in Tschechien [1].

Biomasse Verglitung (€ct/kWh)
Einspeisetarif bis 100 kW Griner Bonus
2012 2013 2012 2013

O1 - Energiepflanzen 18,6 12,6 147 8,2
02 - Restholz, nicht anderweitig 14,3 7.8 10,4 3.3
verwendbar
03 - Restholz, anderweitig verwendbar 10,7 3,0 6,7 0,0
S 1/2/3 = Mitverbrennung mit Kohle - - 557128/ 557287/

0,04 0,04
P 1/2/3 — Parallelfeuerung mit Kohle - - 6,6/39/ 6,6/39/

1.1 1,1
Bis Jahr 2050 soll sich der Primérenergiebedarf in Deutschland gegeniiber dem Jahr 2008

halbieren. Energieholz aus dem Wald, Koppelprodukte und biogene Reststoffe wiirden die
bendtigte Energie liefern, und unndtige Biomassepotenziale konnen importiert werden.

Flache unter den Pflanzen in Deutschland befindet sich in stofflicher und energetischer
Nutzung. Am ersten Platz sind Raps flir Biodiesel, Pflanzen fiir Biogas, Zucker und Stéirke
Bioethanol. Kleine Fliche benutzen Heil-, Firber-, Faserflanzen Stirke und Zucker OL.
Energiepflanzen diirfen bis 2050 4 Millionen Hektar (heute: 1,8 Mio. Hektar) wachsen.

Heute ist die Biomassevergasung bekannt. Das ist primédre Technologie, die brennbare
Gase aus Biomasse produziert, z. B. aus Holz oder Energiepflanzen. Das Grundprinzip ist,
die Biomasse bei erhohter Temperatur (meist einige hundert Grad Celsius) unter Sauer-
stoffmangel umzusetzen. So werden nicht alle organischen Bestandteile unter Freisetzung
von Wirme oxidiert, sondern es verbleibt ein wesentlicher Anteil brennbarer Substanzen
wie Wasserstoff (H2), Methan (CH4) und Kohlenmonoxid (CO) im erzeugten Gas. Es han-
delt sich um eine Art von Synthesegas, welches entweder energetisch oder stofflich genutzt
werden kann.

In Deutschland werden derzeit (Stand 2012) iiber 7.200 Biogasanlagen betrieben. Deren
Stromerzeugung deckte 2011 etwa 2,7% des gesamten erneuerbaren Energiepotenzials.

Es gibt Vorteile der Nutzung von Biomasse zur Energieerzeugung. Biomasse schont
knapper werdende fossile Brennstoffe; es wird weniger Kohlendioxid ausgestoen. Biomas-
se tragt damit in erheblichem Mafle zum Klimaschutz bei. Biomasse ist vielseitig und kann
als fester, fliissiger oder gasformiger Energietrdger genutzt werden und Kraftstoffe ersetzen.
Deutschland kann die Entwicklung ldndlicher Flichen férdern und als Technologieanbieter
starken.

Doch Biomasse hat auch Nachteile. Der Anbau von Energiepflanzen auf begrenzten Fla-
chen konkurriert mit der Nahrungsmittelproduktion und der Notwendigkeit des Schutzes
natiirlicher Okosysteme. Das System fiihrt zu héheren Emissionen an Treibhausgasen. In
vielen Landern sind Mais- und Weizenpreise gestiegen.

Heute setzt die Menschheit auf die Kaskadennutzung. Damit ist sie die vielseitigste aller
alternativen Energieformen — und ihr Energieangebot ist nicht etwa von &ufleren Einfliissen
bedingt. Der erneuerbare Rohstoff hat den chemisch-technischen Energiezyklus gewonnen.

Literatur:
1. Internationale Energieagentur. Nationaler Biomasseaktionsplan flir Deutschland: Beitrag
der Biomasse fiir eine nachhaltige Energieversorgung // Das Erneuerbare-Energien-
Gesetz. Energie fiir Deutschland. URL: http://www.energie-lexikon.info/.

64


http://www.energie-lexikon.info/
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Study of Cu-Al contact pair
National Research Tomsk Polytechnic University.

One of the main problems of energy that occurs when you connect the electrical connec-
tions is an electrochemical process that occurs during prolonged interaction of Cu and Al
The problem lies in the fact that aluminum is more active metal than copper[1]. Under nor-
mal conditions, the surface of aluminum products an layer of oxide, which deteriorates the
conductive property. In this regard, an electrical contact becomes worse. The layer of oxide
formed on the surface of copper products, does not affect the quality of the contact. The
phenomenon of electrochemical incompatibility metal contact and therefore begins to warm
up. If moisture gets begins the process of electrolysis, which destroys the contact and makes
the connection to the potential fire hazard. Also, this terminal pair has a high value of the
contact resistance of the transition, resulting in an increase in electricity losses.

Currently, there are several ways of combining the contact pair copper — aluminum. First,
use of the bimetallic plate. Secondly, use of lubricants on the conductive contact of the cop-
per powder. Thirdly, use of transition metal protective, abrasion-resistant coatings.

This paper proposes a new solution combining contact pair Cu-Al and reducing its transi-
tional contact resistance by acting on the contact surface of the aluminum high-speed pulsed
electrical discharge plasma jet generated copper coaxial magnetoplasma accelerator.

Conductive grease

Aluminum surfaces exposed to additional training before joining. Primarily made
machining aluminum contact surface of sandpaper with an average grain size of the abrasive
particles. Then sweep the surface of the layer of oxide . Due to the fact that the aluminum
product in contact with air immediately covered with an layer of oxide, the cleaning of the
surface layer produced by petroleum jelly, followed by coating the treated surface of the

Ahmﬁmm protective grease or paste,
preventing oxidation of

— x’ the metal.
o — C ) o
GPP E i i ; i i Figure 1 (left) — Principle
of operation of conduc-
— tive greases.

The use of conductive
'i-mds greases to reduce the

_r— transitional resistance in
contact electrical contacts
maintains their functional

-

properties during thermal

. overloading (at a temper-

Grease ature up to 350-4000 °C).

In addition, the conduc-

tive grease can provide corrosion protection of electrical contacts in an aggressive and hu-

mid environment. But as a result of prolonged cyclic loading conductive grease loses its

properties and can not be reused as a result of the audit contacts[1].
Bimetallic Strip

Transient copper — aluminum gaskets are used for joining aluminum to copper conclu-

sions tires electrical devices, as well as to the copper bars. Currently, more widely used in
the production of composite materials technology has explosive welding.
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Explosion Welding — is a welding method which uses the energy of the explosion. The
part to be welded is located at an angle to the stationary target. As a result of the collision of
parts of the explosion occurs metal jet stream, which spreads over the surface of parts, so
that the plastic deformation occurs together the two parts and they are welded.

L A ]

a) b).

Figure 2 — The angular diagram of explosion welding to the beginning (a) and the step of

explosion (b): 1 — detonator 2 — explosive 3 — Metal plate 4 — the fixed plate 5 — Bearing.

Use of bimetallic plates allows combining a pair of contact Cu-Al, but the result is an in-
creased number of contact junctions, which leads to a transient increase in the contact re-
sistance and causes additional heating of the contacts, and additional power losses|[3].

Protective coatings
Method of cold gas dynamic spraying

Method of cold gas dynamic spraying is used to restore the surface of products, strength-

ening and protection of metals against corrosion, improve thermal and electrical conductivi-
) ty, etc.

) Figure 3 (left)— Aluminum ferrules with cop-

per plating.

In the gas dynamic technology applied to
the substrate particles with a lower tempera-
ture, but having a very high speed (500 ...
1000 m/s).

Sputtering materials — polymers, carbides
and metals — forming thermal barrier, wear and corrosion resistant coatings that can with-
stand the impact of chemically aggressive environments, high heat loads. As deposited (con-
sumables) materials used fine and ultrafine powders with a particle size of 0.01-0.5 mm.

Advantages and disadvantages of gas-dynamic method.

» The coating is applied in an air atmosphere at normal pressure.

* In the area of coating product temperature does not exceed 100-150 °C. From this it fol-
lows that completely eliminated the occurrence of internal stresses in the products and
their deformation, as well as oxidation of coating materials and components;

 The technology for environmentally safe coating.

« There is a cleaning of the surface from contamination due to the impact of technical high-
speed flow of the spray particles.

» Feed the spray particles is highly directional and has a small cross-section.

The only disadvantage is the possibility of gas-dynamic spraying the coating only from
relatively ductile metals such as copper, aluminum, zinc, nickel, etc.

The operating principle of magneto coaxial accelerator

In the initial state coaxial magnetoplasma accelerator is included in the discharge circuit

capacitive energy storage accumulator C charged to the required voltage U,. With the clo-
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sure of the key K at the time to, on the interelectrode gap voltage is equal to the charging
voltage of the capacitive storage U,.

In accordance with the laws of classical voltage maintains a constant level for some time.
At time t1 occurs gap breakdown. In the circuit begins to flow operating current i(t). Break-
down delay time does not exceed 100 +~ 150 ms. After the release of plasma from accelerat-
ing channel voltage starts gradually decline to nearly exponential law. At time t, the power
consumption is stopped.

Plasma harness Z — pinch plasma and circular short-circuiting on the cylindrical surface
of the accelerating channel, make the plasma struc-
ture, as the formation of which the discharge volt-
age is reduced to the level of the arc stage and go-
ing the speed limit upslope.

Steady state plasma structure is provided by the
magnetic field pressure of its own current and
magnetic field of the solenoid pressure axial exter-
nal induction system.

Axial field of the solenoid and provides axial
plasma acceleration due to compression of the
plasma structure and axial displacement of the
conducting medium.

: Figure 4 (left) — Typical waveform current i (t) and

2 voltage U (t).

During the operation of the accelerator in the discharge is continuously growing and is
involved in over the mass of material accumulated by electro discharge from the surface of
the accelerating channel. This material shall be made of jet acceleration channel and is the
basis for the coating of the target — substrate positioned at some distance from the muzzle
coaxial magnetoplasma accelerator.

Investigation of physical and mechanical properties of the coatings

Based on the terms of the research optimal energy parameters for copper plating are: ca-
pacitance of the capacitor bank C = 12 - 10-3 F, battery voltage U, = 3 kV. Technological
cycle is carried out under atmospheric conditionsPy = 1,0 atm. An energy storage capacitor
W, = 73.5 kJ, distance from the muzzle to the target of 180 — 420 mm. Under these condi-
tions, one cycle is applied to the copper coating on an aluminum surface area of about 100
cm?. The coating thickness is not less than 100 microns [2] The ring-shaped contact
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Figure 5 — Dependence R4 from Figure 6. Dependence of Ryq.
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elements made of aluminum coated with a copper coating combined with the same contact
elements and tied up isolated pin. According to these experiments was the dependence of the
specific contact resistance of the transition (Ryg) on the specific input energy (W / V) and
on micro hardness of the boundary layer (Hp) for maximum torque bolting M = 100Nm.

W /Vy at M =100 Nm. H, at M =100 Nm.

Study of the phase composition was conducted by X-ray diffraction (XRD). Figure 7
shows the XRD — experimental spectra obtained with the same initial conditions, with dif-
ferent input energy and according to different hardness values in the boundary layer coating-
substrate. As can be seen, the main crystalline phase coatings are Cu (space group F 4/ m —
March 2 / m) from 67,3 to 75,2%, Al ( GHG F 4 / m — March 2 / m) from 2.9 to 26,9%, AIN
(PG 4 F/m—2 March / m) of from 0.5 to 21.7 %, with a slight presence of CuO (PG 4 F/
m — 2 March / m) from 5.8 to 21 9 %.
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Figure 7 — XRD — spectra of the surface of thin copper coatings deposited in air on a sub-
strate made of aluminum alloy) H, = 2.0 GPa b) H, = 1.3 GPa.

Obviously, the material falls into the Al coating to the substrate surface by melting and
mixing at high speed hydrodynamic interaction of the jet with the substrate surface. Analy-
sis of the main reflections and broadening the definition of coherent scattering material pre-
sent in the crystalline phase shows that they are nanostructured. The microstructure of the
boundary layer covering the substrate was carried out using optical microscopy on a micro-
scope Olympus GX — 71. For this aluminum substrates coated with copper-coated speci-
mens were prepared vertical cut with ground joints.

ctional sample of
coating: a) Hy = 2.4 GPa b) H, = 0.72 GPa.
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The analysis revealed that the average coating thickness of ~ 100 microns, homogeneous
structure and has practically no pores. In the boundary layer in Figure 8a clearly distin-
guished white color layer, an average thickness of about 20 microns, presumably AIN. This
layer has a higher hardness value ~ 2.40 GPa. Figure 8b of this layer is not visible, and the
hardness of the boundary layer is ~ 0.72 GPa. It was thus established that the hardness of the
boundary layer depends on the concentration of nitride phases.

This method has the following advantages compared with the others: simplicity, low ex-
posure time (10" %) and environmental friendliness. Not required dispensed material that
works enough electro erosive by accelerating channel with surface copper trunk coaxial
magneto accelerator. This method allows us to solve several problems. First, solves the
problem of combining a contact pair copper -aluminum. Second, the contact resistance is
significantly reduced and hence reduces the energy loss.
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Kolobowa, D.W., Kobenko, Ju.W.
Die Solarenergie in Deutschland
Nationale Polytechnische Forschungsuniversitdit Tomsk.

Abstract: Im diesem Beitrag sind Belange und aktuelle Daten iiber die Entwicklung die
Solarenergie in Deutschland betrachtet und die Analyse des Ausbaus und Nutzens des So-
larmarktes in der Bundesrepublik gegeben.

Schliisselworter: Solarenergie, Solarbatterien, Leistung.

Das Allgemeine iiber die Solarenergie in der BDR

Die alternative Energetik wird in der Welt immer mehr gefordert. Die solare Energie
bleibt dabei keineswegs abseits. Ihre Rangstufe entwickelt sich mit jedem Jahr unentwegt.
Als Zeugnis sind die Materialien der Statistik EPIA. 2012 hat die allgemeine Leistung der
Solaranlagen weltweit die Planke von 100 GW iiberschritten. Die gegenwirtigen Anlagen
produzieren so viel Elektrizitit wie 16 Kohle- oder Atomkraftwerke.

Europa liegt im Bereich der Solartechnik weltweit vorn. Deutschland kommt dabei eine
entscheidende Rolle zu. Zurzeit legen die Deutschen alle Atomkraftwerke in ihrem Land
aktiv still. Veranlasst wurde dies durch die Unfalle in Tschernobyl und Fukushima. Folglich
entstand die Frage nach der Gewinnung der Energie aus den alternativen Quellen. Das sind
Sonne, Wind, Wasser und andere.

Dank solcher Politik wurde Deutschland zum weltweiten Vorreiter auf dem Gebiet der
Einflihrung und Investition in die Solarenergie (Prognose von 2010).
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Die wesentlichen Solarkraftwerke und ihre Leistung

Jetzt gibt es in Deutschland mehr als 16 Solarparks. Die grofiten von ihnen sind ,,Solar-
park Senftenberg II, II*’; ,,Solarpark Finsterwalde I, II, III; ,,Solarpark Lieberose*; ,,Solar-
park Alt Daber*.

,,Solarpark Senftenberg II, III* befindet sich neben der Stadt Senftenberg in Ostdeutsch-
land. Er besteht aus mehr als 330 000 Solarmodulen und produziert etwa 82 MW Energie.
Solcher Park kann 25 000 Hauser mit Elektrizitdt versorgen. Der GroBe nach beansprucht er
etwa 85 Fullballfelder, und sein Bau hat 150 Millionen Euro gekostet.

,Solarpark Finsterwalde I, II, III steht in der Néhe der Stadt Finsterwalde. Die Leistung
ist 80,245 MW.

,»Solarpark Lieberose® liegt in Lieberose, Brandenburg. Die Leistung der produzierten
Energie betrdgt 71 MW. Im Park befinden sich etwa 700 000 flexible Solarpaneele, die in
der Welt am wirksamsten sind. Solcher Park kann 15 000 Hauser mit Elektrizitét versorgen.
Sein Platz gleicht 210 FuB3ballfeldern und sein Bau kostete etwa 160 Millionen Euro.

,Solarpark Alt Daber“. Er konnte 133 Fullballfelder beherbergen und die Leistung ist 70
MW. Er ist an dem Platz des ehemaligen Militérpriiffeldes gelegen. Sein Bau hat 150 Milli-
onen Euro gekostet.

Die Solarfirmen. Das weltweite Verhiltnis und die Konkurrenz

Am bekanntesten fiir die Produktion der solaren Batterien sind Firmen ,,Sharp®, ,,Q-
Cells*, ,,Kyocera®, ,,Sanyo*, ,,Mitsubishi“, ,RWE Schott Solar*, ,,BP Solar®, ,,.SolarWorld*.

»Sharp® ist die japanische Gesellschaft fiir die Produktion der Elektronik. Im weltweiten
Verhiltnis betrdgt ihre Produktion der Solarbatterien 28%.

,»Q-Cells* ist das deutsche Unternehmen in Sachsen. Diese Firma ist der weltweit grof3te
Produzent der Elemente fiir die solaren Batterien. Im weltweiten Verhiltnis betrdgt ihre
Produktion der Solarbatterien 11%.

»Kyocera“ ist die japanische hochtechnologische Gesellschaft. Im weltweiten Verhéltnis
betrédgt ihre Produktion der Solarbatterien 9%.

»danyo“ ist der japanische Produzent der Elektronik. Im weltweiten Verhéltnis betragt
seine Produktion der Solarbatterien 8%.

»Mitsubishi* ist die japanische Gruppe der Gesellschaften. Im weltweiten Verhéltnis be-
tragt ihre Produktion der Solarbatterien 7%.

,,RWE Schott Solar* ist die deutsche Firma fiir die Produktion der solaren Batterien und
Module fiir Photovoltaikanlagen. Im weltweiten Verhéltnis betrdgt ihre Produktion der So-
larbatterien 6%.

,,BP Solar* ist die spanische Gesellschaft flir die Produktion der Fotozellen fiir Solarbat-
terien. Im weltweiten Verhiltnis betrigt ihre Produktion der Solarbatterien 5%.

»SolarWorld* ist der grofte Produzent der Solarbatterien in Deutschland.

Die Aussichten

Vor kurzem haben die Forscher aus dem Institut der Sonnenenergie der Gesellschaft
Fraunhofer die Produktion der wirksamsten Fotozelle in der Welt bekanntgegeben. Der
Wirkungsgrad der experimentalen Fotozelle betragt 44,7 %.

Es muss bemerkt werden, dass ihr Vorgédnger die Fotozelle mit einem Wirkungsgrad von
44.4 % der japanischen Gesellschaft ,,Sharp* war. 2012 waren in Europa die neuen photo-
elektrischen Anlagen mit 17 GW Leistungen installiert. Den groen Anteil hat Deutschland
mit 8 GW. Es hat hiermit ebenfalls Italien verdrangt.

Und einschlielich bis zum 2013 entwickelt sich die solare Energetik in Europa aktiv.
Solche gute Ergebnisse besagen, dass ,,der solare Durchbruch* auBlerhalb der Grenzen der
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Europaischen Union stattfindet. VVor allem sindt es die USA und China. Nicht umsonst heif3t
es ,,In Europa ist es wolkig, in Asien ist es sonnig*.
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Kornelyuk, I.A., Sokolova, E.Y.
Digital Relays vs. Analogue Ones
National Research Tomsk Polytechnic University.

The paper shows the trend in replacement of the analogue relays by digital ones. The rea-
sons for their replacement are also considered in the given paper. It is concluded that digital
relays are more reliable, fast, compact and possess various operation functions.

The role of protective relaying in electric-power system is explained by a brief examina-
tion. There are three aspects of a power system that will serve the purposes of this examina-
tion. These aspects are normal operation, prevention of electrical failure, and the reduction
of the effects caused by electrical faults.

A protection relay is a smart device that receives input signals, compares them to set points,
and provides output signals. This is common for all types of relays (electromechanical, static
and digital devices). The input signals can be current, voltage, resistance, frequency or tem-
perature. Outputs can include visual feedback in the form of indicator lights and/or an alpha-
numeric display, communications, control warnings, alarms, and turning power off and on.

The first protection relays used for power system protection were electromechanical ana-
log devices. Over the last 40 years electromechanical relays have been progressively super-
seded, firstly by static analogue relays then by digital relays. The development of digital re-
lays has lowered cost and provided greater functionality within each relay.

The protective relaying causes fast removal and disconnection of any element of the
power system when it suffers short circuits or is under abnormal and emergency conditions.
Relay protection sometimes is even more reliable than the station operators or attendants.
The operator needs some time to evaluate the situation and correct it before any harmful
consequences develop while the relays respond fast and are able to tackle this problem
quickly.

It is well-known that each generator, transformer, bus bar, overhead transmission line are
equipped with different types of circuit breakers. Thus, any element can be completely dis-
connected from the power system. Moreover, the protective relays provide identification of
the location and type of failure.

The functional characteristics of any protective-relaying equipment are:
= gpeed. = sensitivity.
= selectivity. = reliability.
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First of all, any relaying equipment must be sufficiently sensitive so that it will operate
reliably. It must be able to select between those conditions for which prompt operation is
required and those for which no response is necessary.

One of the basic requirements of the protective relaying equipment is reliability. Other
things being equal, simplicity and robustness contribute to reliability, but they are not of
themselves the complete solution. Human factor must be taken into account too.

Like all other parts of a power system, protective relaying should be evaluated on the ba-
sis of its contribution to the best economically possible service to the customers. The contri-
bution of protective relaying is to help the rest of the power system to function as efficiently
and as effectively as possible in the face of trouble. How protective relaying does this is as
follows:.
= by minimizing damage when failures occur,.
= by the cost reduction of repairing the damage;
= py minimizing the likelihood that the trouble may spread and involve other equipment;
= by the time spent during the period when equipment is out of service.
= By the loss in revenue and the strained public relations while the equipment is out of ser-

vice [4].

Electromechanical relays

Electromechanical relays have been in use for almost 100 years and are still in use for
typical utilities throughout their power system. They have earned a well-deserved reputation
for accuracy and reliability.

The electromechanical protective relay converts the voltages and currents to magnetic
and electric forces and torques that press against spring tensions in the relay. The tension of
the spring and taps on the electromagnetic coils in the relay are the main processes by which
a user sets in a relay.

These relays are usually instantaneous in action, with no intentional time delay, closing
as soon after pickup as the mechanical motion permits. Time delay can be added by means
of a dashpot, or a clockwork escapement mechanism.

However, the timing accuracy is considerably less precise than that of digital relays.

Limitations of electromagnetic relays.

Low speed of operation.

Characteristics change during exploitation due to ageing effect.

Component failure causes relay failure.

Relay is massive: Because there are internal mechanical components with physical di-

mension restraints, the package size of an electromechanical Relay can limit the size of a

PCB design Excessive power consumption.

e Imposes high burden on CT.

e Electromechanical relays must make mechanical contacts in order to switch a load. At
the point of these contacts, oxidation breakdown occurs over extended life cycling (typi-
cally 100 operations), and the relay will need in maintenance.

e Bounce occurs at the contact site over a period of activated relay . Bounce creates a time
interval where the load circuit is flickering between open and closed, a condition which
may need to be considered in load design.

Digital relays

Digital relay is state-of-the-art relay that uses a microprocessor to analyze power system

parameters for detection of faults in process system. Digital relays can manage system pro-

72



tection, communication and coordination more precisely and economically than traditional
analog electrical-mechanical relays. Numerical algorithms are used in digital relays so any
device can be easily duplicate any of the ANSI protection functions with computer program.
A digital relay consists of processor, analogue input system, digital output system and in-
dependent power supply. Figure 2 presents a simplified block diagram of a digital relay.
Input Signal Relay Output

Analog Input System Digital Output System

1 ] 1
1 I 1
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Fig. 2. Block diagram of a digital relay.

The way of input signal processing is the main difference between analog relays and digi-
tal relays.

Current transformers and potential transformers generate only analog signal which is in-
put signal. In the case of digital relays, the input signals are converted into digital signals
before being processed.

The core of the digital relay is the relay algorithm stored in the processor. It determines
the way to reconstruct the input signal based on the digital samples from the A/D converter.
As the input signal may contain unwanted components such as harmonics and dc, the algo-
rithm is designed to remove them as much as possible. The algorithm functions as a digital
filter to extract the fundamental component of the input signal. The relay operation is carried
out based on the fundamental component.

In digital output system, a detection function is calculated based on the reconstructed sig-
nal. Such calculated function is then compared with the preset threshold. The decision on
whether the relay should operate is made according to this comparison. Sometimes an addi-
tional time delay is needed before the trip signal is sent out.

Advantages of digital relays

The main advantages of digital relays are as follows:.
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One digital relay can replace a bank of
analog devices.

Custom functions can be programmed.
Communication over a PMCS (Power
Management Control System).

Time stamped event recording.

But these advantages are not limited by the mentioned above.The main drawbacks are

Self-monitoring.
Reduced panel space.
Lower burden.
Improved performance.
High seismic withstand.

listed below:

Short lifetime due to the continuous development of new modern technologies. Their op-
eration response becomes obsolete rapidly.

Susceptibility to power system transients.

The complex and sophisticated design and construction of digital relay protection system
requires specially trained staff for proper maintenance of the settings and monitoring data.
Nowadays digital relays are the most reliable, fast, multifunctional equipment.

They haven’t drawbacks of analogue electromechanical ones. It’s preferable to use digital

relays for design new protective relaying.

no
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Korshunov K., Tarasova, E.S.
Comparison of gas reciprocating and gas turbine power units
National Research Tomsk Polytechnic University.

1.Introduction.

Power units or drive electric generators for isolated
™ plants can be diesel, gas reciprocating, micro-turbine
and gas turbine engines. A large number of controver-
sial and polemical articles were written about ad-
vantages of various generational installations and tech-
nologies. Thus, we will try to understand what is better.
Fig.1 (left) — Gas reciprocating engine.

Determining the selection criteria for the construc-
tion of power units is autonomous power issues fuel

consumption level of operational costs, as well as payback power plant equipment.

74



Important factors in the choice of powertrains are flexibility in application, the level of
maintenance and repair, as well as the repair performance place of power units. These issues
relate primarily to the costs and problems that may owner of isolated plant will have prob-
lems in future.

It should be taken into account such factors as the weakness and backwardness of the
generation equipment market in Russia. Actual sales are small in comparison with devel-
oped countries and leave much to be desired, and it is primarily displayed on the volume and
quality of proposals.

2. Operational costs.

The cost of gas- reciprocating engine
overhaul can be 30-35% of the original cost
of the power unit and no a whole plant when
major repairs carried replacement piston.
Repair reciprocating units can be produced
locally without sophisticated diagnostic
equipment once in 7-8 years.

Fig.2 (left) — Gas reciprocating engine.

Gas turbine plant repair cost is 30-50% of
the initial investment. As you can see, the costs are roughly equal. Real honest prices them-
selves turbine and reciprocating units of comparable capacity and quality are also similar.

On powerful gas engine installations oil change is not required. During continuous opera-
tion, it is simply producing without having to grow old. Oil in such facilities are constantly
topped up. These modes of operation are provided by a special design of high-power gas
engines and are recommended by the manufacturer.

One of the recommended motor oil for reciprocating machines is Pegasus 705 (MOBIL).
Its wholesale price is 100-110 rubles per liter.

Burn engine oil is 0.25-0.45 gram per produced kilowatt in hour. Fumes are always high-
er at lower loads. Typically, the kit of reciprocating gas engine includes a special reservoir
for continuous topping oil, and a mini-lab to test its quality and determination of replace-
ment.

Accordingly, oil filters or cartridges in them subject to replacement.

Since the engine oil still burns, reciprocating units have slightly higher levels of harmful
emissions than gas-turbine units. But since the gas burns completely and is one of the clean-
est fuels. For example, a pair of old Hungarian bus «Ikarus» damage to ecology much more
serious harms. According to environmental requirements, using reciprocating engines is
necessary to build higher stacks, based on already existing MAC level in the environment.

Same thing on the reciprocating power plants, engine oil consumption does not need to
be afraid, because oil is cheap. During normal operation of modern quality reciprocating
facilities costs under this heading are only 2-3 kopecks per 1 kW of generated electricity.

In modern gas turbine engines oil is only used in the gearbox. Its volume can be consid-
ered a negligible part. Replacing the oil is performed in a gas turbine gear in an average of 1
every 3-5 years, and it does not require topping up.

To carry out the service in full set of powerful gas reciprocating installation, an overhead
crane should be included. Using of overhead crane is removed heavy parts reciprocating en-
gines. For the overhead crane it is required high ceilings rooms machine in power plant. For
repairing of small and medium reciprocating units can do more simple hoists.

Delivered gas generators can be equipped with various repair tools and appliances. Its
presence suggests that even all responsible operations can be made by qualified personnel in
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place. Virtually all of the repair work with gas turbines can be carried out either at the facto-
ry or factory direct assistance specialists.

It is necessary to replace spark plugs once in 3-4 months. Replacement of spark is just 1-
2 pennies a cost of 1 kW / h of own electricity.

Reciprocating units are unlike gas turbines have water cooling, respectively staff auton-
omous power must constantly monitor the level of coolant and implement periodic replace-
ment, and if it is water, it is absolutely necessary to carry out its chemical preparation.

The above mentioned features of reciprocating units operation are absent in gas turbines.
In gas turbines are not used consumables and components, such as:.

« engine oil; * coolant;
* spark plugs; * sets of high-voltage wires.
» o1l filters;

But at the same time, gas turbine does not repair in place and greater gas consumption
cannot be compared with the cost of operation and consumables for reciprocating genera-
tors.

3. Ratio of power units capacity and ambient temperature.
~ If the temperature of the environment considera-
ble increases, gas turbine plant power falls. However,
at lower temperatures of a gas turbine electric power
installation conversely increases. Parameters of elec-
trical power on the existing standards ISO measure at
t+15°C.

Fig.3 — Gas turbine engine.

Sometimes the important point is the fact that the gas turbine plant is capable to give 1.5
times more free heat energy than the reciprocating unit of similar capacity. When using
large (50 MW) CHP autonomous utilities, for example, it can be crucial when choosing the
type of power units, particularly at high and uniform consumption is thermal energy.

Conversely, where the heat is not required in large quantities, and where it is needed to
emphasis in the production of electrical energy and it will be economically feasible to use
reciprocating systems.

4 . Comparison of efficiency.

Efficiency of the power plant is more than relevant, because it effects on a fuel consump-
tion. The average specific fuel gas consumption per 1 generated kWh / h is significantly less
in gas reciprocating installation and for any load conditions (although lengthy load less than
25 % are contraindicated for reciprocating engines).

Electrical efficiency of the reciprocating machine is 40-44% and a gas turbine is 23-33%.

If the consumer intends to use thermal energy isolated plant in full, which is usually un-
likely, that the coefficient of efficiency of autonomous power plant has no practical signifi-
cance.

By reducing the load to 50 % electrical efficiency of the gas turbine is reduced too.

Reciprocating units spend less a quarter or even a third fuel than gas turbine plants. And |
should pay attention that it is the main item of expenditure. Accordingly, when a similar or
equal the cost of the equipment, cheaper electric energy is produced by gas- reciprocating
units. Gas is the main item of expenditure in the operation of autonomous power.

5. Install dual fuel.

Well-known manufacturers of gas turbines have dual fuel units in their range. The main

feature of dual-fuel plant is its ability to work on both natural gas and diesel fuel. By using a
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dual-fuel installing duel fuels, it is possible to note a number of advantages in comparison
with mono fuel units:

* In the absence of natural gas system automatically switches to work on diesel fuel;

* During transients the system automatically switches to work on diesel fuel.

When entering the working mode by the reverse process of transition to work on natural
gas and diesel fuel. Do not forget about the fact that the first turbine was originally designed
to work specifically with liquid fuels — kerosene.

Dual-fuel plants have still limited application and are not needed for most autonomous
CHP, for this is a simple engineering solution.

6. Starts.

Gas reciprocating engine can be started and stopped any number of times, and it does not
affect its motor potential . But frequent start-stop piston units, with the loss of auxiliary sup-
ply may entail wear the most loaded nodes (bearing, valves, etc.).

Gas turbine unit, due to sudden changes of thermal stresses in the most critical nodes and
details of hot section of gas turbine unit with rapid start from a cold state, is preferable to use
a constant and continuous operation.

7. Overhaul.

Overhaul of the gas turbine is 40000-60000 hours. With proper use and timely routine
maintenance at the gas reciprocating engine, this figure also is 40000-60000 hours. Howev-
er, there are other situations when the overhaul comes much earlier.

8. Capital investments and prices.

The cost of building gas reciprocating power plants "turnkey" in a building equipped
with heat recovery systems and automation is a top-level, depending on the power plant ca-
pacity from 900 to 1300 euros per 1 kW of installed capacity.

9. Conclusions

Reciprocating installation can be used as well as a backup or emergency power sources.

The closest competitors of reciprocating units are gas micro turbines. However, prices for
micro turbines are strongly up ~ $ 2500-4000 per 1 kW of installed capacity.
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Kotov, V.V., Leonov, A.P., Stolyarova, A.K.
Cables for VFD systems
National Research Tomsk Polytechnic University.

Nowadays used a frequency method of smooth regulation of electric drives, built on the
bases of asynchronous motors with a short-circuited rotor. This method is based on the using
of frequency converters (FC). The power part of the FC consists of a controlled rectifier,
filter and autonomous inverter based on the pulse-width modulation (PWD). The great ad-
vantages of using frequency converters are of high accuracy and the ability to control con-
stantly the torque and speed of a motor. Also this system has some significant defects: there
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is strong electromagnetic emitting and high overvoltage in the power cable and the motor
windings.

The high level of electromagnetic interferences is caused by very short intervals of
switching-on and switching-off IGBT transistors and the high pulse of a frequency inverter
(up to 20 kHz). This leads to a distortion of the converter sinusoidal output voltage. It leads
to a distortion sinusoidal voltage on the inverter output. Generally strong electromagnetic
emitting is conditioned by a power cable. It induces interferences on the elements of distri-
bution network, devices and information networks. A good shielding of cables provides
some neutralization of this emitting.

Another problem is the increased electrical loads on the insulation system. The voltage,
generated by the frequency inverter, has the fundamental wave approximately a sinusoidal
form with a frequency from 0 to 400 Hz depending on the rotation speed. However, during
the operation some higher harmonics are produced at frequencies about 100 MHz. The sig-
nal of fundamental frequency and higher harmonics are transferred by a power cable to an
electric motor.

The passage of a pulse signal with a steep front induces the wave processes in the cable,
leading to overvoltages at the motor adapters.

Wave processes are most dangerous for the insulation of AD winding, because there may
arise significant overvoltages (up to 1000 V) at nominal voltage 400 V. When the voltage of
the electric field quickly rises on the front of the wave, noticeable dielectric losses arise in
the insulation of a machine. Increasing the carrier the frequency of PWD also leads to the
probability of occurrence overvoltage and dielectric losses. This is done to improve the en-
ergy component of a frequency converter and to approximate useful component of the out-
put voltage of a converter to sinusoidal. Because of these processes the insulation life of AD
was reduced to 3-4 years. PWD methods rendered beneficial effect on the output current of
autonomous voltage inverters (AVI) and approximated it to a sinusoid. Also these methods
simultaneously converted earlier "painless™ rectangular form of output voltage for the en-
gine to the series of rectangular pulses, following with a high frequency and having the lead-
ing edge of high steepness. Thus, the main drawback of the frequency control using are
large electrical loads on the electrical insulation and supply cable. The insulation is rapidly
destroyed and the system is failed under the influence of this load.

Electrical loads are adversely affected on the reliability of the supply cable. The for-
mation of impulse waves is possible during the work on the ends of the cables, created over-
voltages because of the harmonics reflections (the effect of the reflected wave). This effect
arises when the supply cable length exceeds the length of the harmonic wave. If the length is
less than the harmonic wave length, the transient processes take place at the output of the
frequency inverter. As a result generation the voltage exceeding is rated in 2 — 3 times. It
creates alternating loads on the polymer insulation. This factor must be taken into account
during designing the cable insulation to avoid insulation damages (for example, because of
the formation of an arc between a conductor and a shield). Moreover, overvoltages, acting
with the frequency up to 10 sec, can exceed the value of the voltage supply in 10 times. As
a result the life of the supply cable is reduced quickly.

Recently, special cables for variable frequency drives with a pulse-width modulation are
developed and produced by the leading international cable companies ("LAPPKABEL",
"The Okonite company", "AlphaWire", "HELUKABEL" and the others).

The design features of these cables:

1) Crosslinked polyethylene is used as an insulation. It has great dielectric properties and
resistance to corona discharge, giving it an advantage over standard polyethylene or PVC.
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2) In the shielding of cables copper or aluminum sheaths are used, providing a high noise
security for the low frequency range from 1 MHz to 30 MHz.

3) Symmetrical cable design is used. Bare stranded copper conductors, located in the out-
er layers of the cable, are used as a grounding.

Nowadays in Russian Federation the work by the creation of such a type of a cable is at
the beginning stage. There is not enough information about using the systems of a variable-
frequency drive, the methods and criteria of the resistance to overloads, the ways and means
of the protection to a corona discharge. In the course of the project is planned to develop
cable products, adapted to work in the VFD with the pulse-width modulation, as well as the
recommendations for its using.

Kudrov, A.l., Gorkaltseva, Ye.N.
Basic design and common types of nuclear reactors
National Research Tomsk Polytechnic University.

This article reviews the construction of the existing nuclear reactors. Due to the fact that
in many countries approximately 20% and even more of the generated energy is nuclear en-
ergy, the development of nuclear energetics is a priority today.

1. The fission process

Before considering the question about the basic design and common types of nuclear re-
actors we need to review the physical principles of generating heat and electrical energy by
a nuclear power station. Given enough fissile material, such as ***U, fission leads to the pro-
duction of a self-sustaining chain reaction in which the neutrons arising from a given fission
cause another fission reaction, which in turn causes another one and so on. Each fission re-
action produces two or three neutrons and with an
average of about 200 MeV energy. Since only one
neutron is required to cause fission, others are
available in excess.

One should note that there are supercritical sys-
tems, neutrons progressively increase the rate of
fission, which is basic of atomic bombs. However,
in a nuclear reactor excess neutrons are often ab-
sorbed rather than used to produce more fissile
material. In addition, thermal or slow neutrons
(kinematic energy of less than 10 eV) are used to
support the controlled chain reaction. Absorbing
excess neutrons often occurs by control rods and
slowing down occurs by the moderator.

2. The components common to most types of
nuclear reactors

To begin with, in the core, the fuel (uranium,
plutonium or thorium) undergoes fission so that a
lot of heat is released.

R RS

# Containment
structure

Control

g rods
£ Pressure

Figure 1. A schematic diagram of nuclear reactor.
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Usually it is pellets of UO; inserted into tubes to form fuel rods, which are arranged into
fuel assemblies in the reactor core. A schematic diagram is represented by Figure 1. The
next component is the control rods made of cadmium, hafnium or boron which are to regu-
late the rate of the reaction, and therefore heat yield, by absorbing the excess neutrons. The
core is immersed in the moderator (water or heavy water) and is enclosed in a very thick
steel pressure vessel. For instance, in a pressurized-water reactor the water, under high
pressure, serves both as a coolant and a moderator. In addition, a coolant is a liquid or gas
circulating through the core to transfer the heat to a heat exchanger (steam generator)
where water in a separate circuit is turned into steam, which rotates turbine to produce elec-
trical energy [1.P.28] The process

of fission, heat generating and wa- i
- . . ressurisef ———m
ter turning into steam occurs in a —__ Steam
big concrete and steel contain- eresel
- Heater —
ment structure. This component

- Feed water
protects the core from outside in-
trusion and the space around it Centrol rods
from radiation.
3. Common types of nuclear re-
actors.

A pressurized water reactor core
(PWR) is the most common type
of reactors in the world. The reac-
tor of this type was originally de- Steel

- . pressure — E
signed to drive nuclear subma- vessel el i
rines. L

Figure 2. A schematic diagram of PWR.

Electrical energy is generated in the following way: water at typically 150 bars is pumped
into a pressure vessel, which contains the reactor core. The water passes downwards through
an annulus between the reactor core and the pressure vessel and then flows up over the fuel
elements. Then it goes through a series of pipes, which pass to the steam generator. The
light water coolant also acts as a moderator for this kind of reactor.

In the steam generator, the hot water from the reactor passes through vertical U-tubes,
and water at lower pressure is fed into the steam generator shell and contacts the outside of
the U-tubes. Steam is generated approximately at 70 bars, passed from the steam generator
into the turbine, and further to the condenser, after the condensate returns to the steam gen-
erator through feed preheater. PWRs have typically two, three or four coolant loops. The
fuel elements have the form of uranium oxide pellets mounted in a tube made of zirconium
alloy. The tubes are mounted in bundles [2.P.43].

From the construction of a PWR, one can conclude advantages and disadvantages of it.
The first advantage is the capital cost, which is considerably less than of other types due to
the fact that the great reduction of size of the core enormously increases volumetric power
density and core rating. The second advantage is that a lot of PWRs can be constructed off-
site under factory conditions.

The most significant disadvantage that needs to be addressed is the problem of corrosion
on the secondary side of the steam generator. According to some experts this problem can
be easily prevented by design improvement. However, the most existing reactors are still
prone to the corrosion problems.
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A boiling water reactor (BWR) is another type of nuclear reactors (Figure 3), it does
not have a steam generator. Water at a Reactor

pressura vessel

pressure of about 70 bars passes
through the core, and about 10% of it
is converted to steam. Then the steam
is separated near the core to move to
the steam turbine. The steam from the
turbine passes through a condenser,
and then the condensate is returned to
the bottom of the reactor vessel by a
pump system. The fuel elements have
form similar to that in PWR and the
core power density in a BWR is about
half of that in a PWR [3.C.133].

Puamno

Figure 3. A schematic diagram of BWR

Considering the construction of the BWR one should note here that the most important
advantage of this reactor type is the elimination of the steam generator, which has been one
of the most troublesome features of the PWR.

Despite the great advantage, the BWR has a few drawbacks. The first one is that a cool-
ant passes through the core where corrosion products may be activated by the reactor neu-
trons to produce radioactive isotopes, which will circulate around the system. The second
problem is that the coolant may transport a small amount of radioactive substances leaking
from damaged fuel elements, including rare gases xenon and krypton. So, the reactor must
be operated with many external components working in radioactive conditions. The last
problem is cracking of stainless steel pipework due to corrosion under the highly stressed
conditions. This is similar to the steam generator problems in PWRs. It can be addressed by
using a different design approach. A pressurized heavy water reactor «CANDU»
(PHWR) is the type of reactor in
which heavy water is used as a
moderator. One cannot deny that
PWRs and BWRs require consider- | ¢ eam
able enrichment of the uranium in | GENERATOR
order to overcome the relatively
high absorption of neutrons by the
light water coolant. The disad-
vantages can be overcome by using
heavy water as a moderator and ei-
ther the heavy water or the boiling

STEAM ELECTRICAL
REACTOR TURBINE GENERATOR
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Figure 4. A schematic diagram of CANDU reactor.
CANDU reactors, similarly to BWRs and PWRs, have the massive thick-walled pressure
vessel. However, the fuel elements are placed in horizontal pressure tubes constructed from
zirconium alloy. These pressure tubes pass through a calandria filled with heavy water at
low pressure and temperature. In the CANDU reactor, heavy water coolant is passed over
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the fuel elements at a pressure of approximately 90 bars. It then passes to a steam generator,
which is very similar to that used in PWR. CANDU reactors have not experienced the same
steam generator problems as the PWRs. Experts suppose that it happens possibly because of
the lower operating temperature [2.P.48].

The fuel elements consists of bundles of natural UO, pellets clad in zirconium alloy cans;
individual bundles are about 50 cm long, about 12 of such bundles are placed into each pres-
sure tube. Another fact about CANDU is that the average volumetric power density in the
core is approximately one-tenth of that in a PWR.

Although the CANDU has operated with remarkable success, difficulties have been ex-
perienced with hydrating of the zirconium alloy pressure tubes. Even though it has a lower
fuel cost, CANDU needs considerable amounts of expensive heavy water, which makes its
capital cost higher. For this reason the CANDU reactor is less demanded than the PWR and
the BWR.

Conclusion

It is undeniable that science has been developing fast nowadays. Progress has influenced
the nuclear energy: several new nuclear reactors have been designed and built. These reac-
tors are safer but have higher capital costs, which prevents their large-scale exploitation. De-
spite this fact, experts are convinced that the number of nuclear power plants will increase in
the next 50 years and nuclear power energy will be able to compete with other types of en-

ergy.
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Figure 1 — General view conveyor.
This article is devoted to development of a control system of asynchronous electric motor
drive conveyor with two electric motors.
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A conveyor system is a common piece of mechanical handling equipment that moves
materials from one location to another. Conveyors are especially useful in applications in-
volving the transportation of heavy or bulky materials. Conveyor systems allow quick and
efficient transportation for a wide variety of materials, which make them very popular in
the material handling and packaging industries. Many kinds of conveying systems are avail-
able, and are used according to the various needs of different industries. There are chain
conveyors (floor and overhead) as well. Chain conveyors consist of enclosed tracks, 1-Beam,
towline, power and free, and hand pushed trolleys.

Conveyor systems are used widespread across a range of industries due to the numerous
benefits they provide.

e Conveyors are able to safely transport materials from one level to another, which when
done by human labor would be strenuous and expensive.

e They can be installed almost anywhere, and are much safer than using a forklift or other
machine to move materials.

e They can move loads of all shapes, sizes and weights. Also, many have advanced safety
features that help prevent accidents.

e There are a variety of options available for running conveying systems, including
the hydraulic, mechanical and fully automated systems, which are equipped to fit indi-
vidual needs.

To increase the capacity two electric motors are used. It is cheaper than buying a power-
ful motor. However, two motors must be synchronized.

There are two types of synchronized drives of two or more mechanically independent
shafts commonly known: one is the "power selsyn™ or "synchro-tie;" and the other might be
called the "simplified selsyn.” The first system uses, besides one or more prime movers, in-
dividual selsyn motors for synchronizing. The analysis and application of this type is very
well covered in literature. With the simplified-selsyn system, each single shaft is driven by
its individual motor, a wound-rotor induction motor, and these motors themselves are used
for achieving a synchronized drive, without any additional selsyn motors. So far, the pub-
lished analyses of this system are very poor and very little information, if any, can be ob-
tained from the literature, which could be used as a guide for planning of such drives. Rec-
ognizing this situation, the Armour Research Foundation of the Illinois Institute of Technol-
ogy made possible the performance of a series of tests which should furnish more basic in-
formation on the subject.

| ] | ume Figure 2 (left) — Diagram of a syn-
chronized drive with two duplicate
wound-rotor induction motors.

Figure 2 shows the wiring of
two wound-rotor motors for such a
MAIN MOTOR 1 maiN moTorR T Synchronized drive. The slip rings
of both motors are interconnected,
tying the equivalent rotor phases
together and a combined secondary
resistor is inserted between the tie
I: |: COMBINED ROTOR RESISTOR  10ads. The ohmic value of this re-

sistor is important for obtaining a
satisfactory operation. The two ex-
treme values of resistance are zero (resistor short-circuited) and infinite (no connection be-
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tween the rotor tie leads). In the first case, the two motors act as two independent squirrel-
cage induction motors without any synchronizing torque, and under different loads the slip
of the motors will be different. In the second case, with no connection between the ties and
with the rotors in synchronized position, both rotor voltages are in opposition and cancel
each other. No rotor current can flow, no torque can be developed, and the motors do not
start. The proper size of this secondary resistor is important. Defining BR as the base rotor

resistance, BR=E?/ \/§I2, where E; is the rotor voltage across rings; I, is the rated second-

ary current. The optimum value of this secondary resistor is around 0.23 BR. With the

transmitter motor fully loaded and this resistor, 0.23BR, inserted, a synchronized run is se-

cured if the load of the receiver motor is between a maximum 1.95 rated torque and a mini-
mum 0.2 rated torque. With a greater load, the receiver motor will be stalled, and with a load
smaller than minimum, the receiver will speed up to almost synchronous speed.

The customary stopping by disconnecting the motor primaries from the line is inconven-
ient, because there is no synchronizing action during the deceleration period. It is recom-
mended that the drive be stopped by opening the combined resistor circuit and leaving the
primaries line-connected. The drives come to rest under the influence of the load, friction,
and stop brakes, and an appreciable synchronizing torque is maintained during the decelera-
tion period.

To avoid failures in operation, the shortcomings of this system have to be realized. In the
first place, the synchronized run is secured, as previously indicated, only if the load differ-
ences between the two shafts do not exceed the permissible limit. However, there are very
few cases where the normal or accidental load differences (due to frozen bearings, jammed
gears, or the like) safely can be predicted. Furthermore, in case of failure of the power sup-
ply, there is no synchronizing torque developed and a displacement is very likely. Conse-
quently, in cases where proper alignment is paramount, the following arrangement of safety
devices is necessary:.

1. Automatic control of the angular displacement between the two rotors can be achieved
easily by two small selsyns, each rigidly coupled to one motor, and a conventional differ-
ential selsyn between the two. The differential selsyn permits observation of the angular
displacement at rest and while running, and develops ample torque for control purposes.
For example, it can actuate a sliding contact, which opens, through a contactor, the com-
bined resistor leads, in case the angular displacement exceeds the preset limit.

2. Control of displacement also can be achieved by limit switches.

3. The correct arrangement of the motor overload protection is also important. In case just
one of the overload relays trips, all motors have to be stopped. As previously mentioned,
it is very convenient not to interrupt the motor primaries with these safety devices, but to
disconnect the leads to the secondary tie resistor.

4. Another requirement is provision for realignment. This is achieved by arranging a key-

locked switch, which permits

Signal g;ititi ggi%”e‘;ﬂ:i operation of only one motor in
0..10B or h > both directions, and which by-
4..20mA passes all the alignment con-

» Al = Al trols

Figure 3 (left) — Synchroniza-

tion on the parallel interface.
However, another system
must be used for the conveyor,
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the system is more expensive but it is more efficient at the same time. It consists of two mo-
tors, two frequency converters and a controller. This system was the goal of my research.

It is possible to adjust the offset velocity by scaling an analog input frequency converter 2
or analog output of the frequency converter 1. It can be implemented almost on any models
of frequency converters with a good analog output (bit digital-to-analog converter not less

than 10).
In its simplest form, you can just give a parallel task like that:

T po
91 92 93 95 — 91 92 93 65
L1 L2 L3 PE 12 L1 L2 L3 PE 12
© 129456789101112131416161718 ©)
Fi 27
UV WPE UV WPE
96 97 98 9 96 97 98 99 Q
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e o © 272625242322212019 ©
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Kvz | | kv
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L1L2L3NPe

MﬁU:L< Rgi<
e M2p

Figure 4 — Schematic diagram. A circuit diagram which shows: a control device two fre-
guency converter and two motor, and various sensors has been introduced.
In Figure 5 we see the mechanical characteristic. On the characteristic 1+2 summed mo-

ments electric motors.

W -"'l Figure 5 (left) —
L Teamwork electric
W, 4 11"2 N
'S ol — motor operating in
.? different modes.
7

|
|
| |
| | -
I M [ Muz Mun
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Figure 6 — Simulation model in Matlab program.
A simulation model which is under development has been introduced as well. It will in-

vestigate such modes as jam mechanism jams, maximum load start, as well as the failure of
a single drive.
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Figure 7.
In Figure 7, we see two synchronized engine speed. This is the result of synchronization
Matlab program.
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Introduction
Issues of energy management and energy efficiency are of high importance in the world.
in %
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Fig.1 Structural Dynamics of GRP under comparable conditions relative to 2000.

87


http://h4e.ru/elektricheskie-mashini/136-rabota-dvukh-elektrodvigatelej-na-odin-val
http://www.elec.ru/market/offer-14937312501.html
http://stroy-technics.ru/article/sinkhronnoe-vrashchenie-dvukh-asinkhronnykh-elektrodvigatelei-v-sisteme-elektroprivoda
http://stroy-technics.ru/article/sinkhronnoe-vrashchenie-dvukh-asinkhronnykh-elektrodvigatelei-v-sisteme-elektroprivoda

Siberian Federal District (SFD) possesses fuel, energy and raw material recourses, satis-
fying not only own needs for fuel and energy resources (FER), but also being a major sup-
plier to other regions.

The Balance of electrical energy efficiency (EE) is a partial derivative of the composite
energy balance in SFD considered in [1, 2] and of the socio-economic level of development
of the territory, as well as an indicator of effectiveness concerning the implementation of the
State policy in the field of energy conservation.

Adoption in 2008 of the Presidential Decree number 889, and in 2009 the Federal Law
number 261 was the impetus for the development of long-term programs in the area of ener-
gy efficiency [1] The main indicators of energy efficiency in accordance with the legislation
are: the combined energy balance, private energy balances, indicators of socio-economic
development, energy and electricity production unit of gross regional product, the consump-
tion of energy resources and energy efficiency per capita.

kWh. / th.rub Despite the fact
300 that all developed
the paralysis of en-

250 % -
h ergy efficiency com-
200 _..._______//\ pared to 2009, the
\ authors in this paper
150 use statistical data
\ from 2000, as a large
100 selection  enables
<0 \ more correct predic-
tions for the future,
0 improving the accu-

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 racy of the models
and conclusions.

—Energy intensity at constant prices

. - Enerev intensitv in current prices .
Fig.2. GRP electricity intensity in current and comparable conditions.

Energy Efficiency Indicators
SFD is one of the few districts of Russia, which is almost self-sufficient in energy effi-
ciency of its own production, 96% of which goes to power plants and hydro. During the
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Fig.3. GRP electricity intensity in current and comparable conditions with
and without the energy saving potential.
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The most significant factor affecting power consumption is the gross regional product
(GRP), its structure and the possibility of changes in the future. Thus, in the current circum-
stances manufacture GRP SFD data regarding 2000 increased by 7.3 times. 66% generated
GRP accounts for the Krasnoyarsk Territory, Irkutsk, Kemerovo, Novosibirsk region. In the
industrial structure it is dominated by the GRP manufacturing (21%), transport and commu-
nications (13%), wholesale and retail trade (13%), organizations that work with real estate
and public administration (15%), extractive industries (10%).

Fig. 1 shows that the share of economic activity is really creating products in values of
66-69%. Depending Graphs shown in Fig. 2 show the natural decline of electrical capacity
in the current environment.

Fig. 3 shows us that in comparable prices GRP electricity intensity in 2011 were 216
kWh / thousand rubles, which are 40 kWh / thousand rubles less than 2000. Reduction oc-
curs mainly due to changes in the structure of GRP toward non-energy activities. If you save
electricity consumption trends observed in the SFD in the near future can be estimated using
the equation obtained in the program STATISTICA.

Wi = 2230,1409- x —4,2868-10° | mIn kWh.

Taking into account the implementation of energy-saving electric capacity assigned by
2020 it should reach 114 kWh / thousand rubles. In accordance with the state program of
energy saving potential it is supposed to achieve this by raising extra budgetary sources and

further reduce the proportion of non-energy activities in GRP. Equation takes the form:
Wp, = —2604,9007 - X +5,3973-10°, mIn kWh.

What changes in the pattern of capacitance by type of economic activity will occur in the
future, we cannot say now, because there is no forecast of socio-economic development of
the SFO until 2020. In 2011 values of electric capacity FEA have reached the following
rates (Table 1).

Table 1. Electric capacity production by economic activity

Economic activities kWh / thousand rub.
Extractive industries 59,1

Manufacturing industries 79,7

Production, distribution, energy efficiency, gas, water | 17,2

Construction 2,2

Agriculture and forestry 3,3

Transport and communications 18,4

Others 17

Mining and manufacturing industries (Table 1) are characterized by the production of electri-
cal capacitance; therefore, search for the major reserves of energy savings should start with them.

Conventionally, all economic activities can be divided into creating the means of produc-
tion and creating consumer goods [3] That is, the end user of direct and indirect products of
economic activities is the population. Purchasing consumer goods, the population pays elec-
trical component in the cost of production at unregulated prices for industrial consumers.
Consuming energy in households, the population pays its regulated prices approved by the
Departments of tariff regulation or the Regional Energy Commissions.

Table 2. Population

2000 | .....| 2010 |2011
Per capita income, thousand 1933 | ... | 15007 | 16568
Per capita consumption of EE kwWh | 958 ... | 1174 | 1282
Abundance, thousand 20333 | ... | 19252 | 19261
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In Siberia there is a stable trend of decrease of population alongside with rising consump-
tion of electric energy (EE) (Table 2). To explain the increase in per capita consumption of
energy efficiency on the background of ever-increasing rates is possible only against the
background of the welfare of citizens.

In terms of implementation of energy saving policy population — the most severe catego-
ry of consumers and the state is looking for incentives, for example — the social norm of
consumption of electricity for the population. On the other hand, it is a hidden increase in
tariffs for the population.

While maintaining the existing trends we obtain the following equation forecast relating
to electricity consumzption for this group.

W, =68,3287-x” —2,7362-10° - x +2,7394-10°,

On average, the increase in SFD equal to 1500 rubles per capita income will increase
consumption of electric energy corresponding to 100 kWh per year.

Consumer power balance part will consist of the sum of two units.

=Wegp +Wh.
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Fig.4. Study dynamics GRP SFD in the future from 2011 to 2020.

So, following the scenario of social and economic development of the 2030 Russia:
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Fig.5. Study the dynamics
of electric capacity (EC) GRP SFD in the future from 2011 to 2020.
I did some research changes relating to the dynamics of the GRP, by changing its structure.
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While not affecting the trend of GRP. Thus: with the increase of non-energy sectors (Ag-
riculture and forestry, Transport and Communications, Building) from 2011 to 2020 and de-
creasing share of energy from 2018-2020 (mining, manufacturing, production quantity and
distribution of EE), the share of GRP SFD continues to grow and the final year in compara-
ble terms increased by 34%.

Also was approximate forecast electric capacity 2020 in comparable prices. So with due
decrease of 18%, capacitance decreased by 13%.

Conclusion
The plan may include energy efficiency of the economy in my opinion:
1. Introduction of energy-saving technologies that will reduce the burden on the economy
due to lower energy consumption and reduce the cost of production.
2. Qualitative and accurate planning and forecasting, power balances;.
3. Implementation of innovative programs, as well as the introduction of new energy fa-
cilities and replacement of the existing outdated equipment.
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The application of HVDC transmission systems

The issue of application of HVDC transmission is very urgent nowadays since the use of
power electronics in this system enables to reduce power losses and as a result increase its
efficiency.

A high-voltage, direct current (HVDC) electric power transmission system uses direct
current for the bulk transmission of electrical power, in contrast with the more common al-
ternating current systems. For long-distance transmission, HVDC systems may be less ex-
pensive and suffer lower electrical losses. For underwater power cables, HVDC avoids the
heavy currents required to charge and discharge the cable capacitance each cycle. HVDC
allows power transmission between unsynchronized AC transmission systems. Since the
power flow through an HVDC link can be controlled independently of the phase angle be-
tween source and load, it can stabilize a network against disturbances due to rapid changes
in power. HVDC also allows transfer of power between grid systems running at different
frequencies, such as 50 Hz and 60 Hz. This improves the stability and economy of each grid,
by allowing exchange of power between incompatible networks.

Principle of operation

High voltage is used for electric power transmission to reduce power losses due to wire

resistance. Unfortunately at present there is no method to vary DC voltage level without any
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power losses. The most effective device for changing the voltage level is transformer work-
ing on alternating current.

Therefore, transformers are installed at the input of high-voltage transmission lines to in-
crease AC voltage. Equipment to convert alternating current to direct current is also installed
at the input of high-voltage transmission lines while the equipment intended to convert DC
to Ac is mounted in the output of these lines.

Practical conversion of power between AC and DC became possible with the develop-
ment of power electronics devices such as mercury-arc valves and since 1970 semiconduc-
tor devices such as thyristors, integrated gate-commutated thyristors (IGCTs), MOS-
controlled thyristors (MCTSs) and insulated-gate bipolar transistors (IGBT) have also been
widely implemented.

The components of an HVYDC transmission system

The three main elements of an HVDC system are: the converter station at the transmis-
sion and receiving ends, the transmission medium, and the electrodes.

The converter station at each end is replicas of each other and therefore consists of all the
needed equipment for going Converter Station

L R ) N S e I TransmlsslonL
from AC to DC or vice versa. : ngmmd‘ line or cable |
The main components of a + (excluded if .

converter station are:

- thyristor valves;

- voltage-source converters
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consists of two level or
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Figure 1. Components of HVDS transmission systems.
Comparison of AC and DC transmission
Advantages of DC are as follows:

- more power can be transmitted per conductor per circuit;

- use of ground return possible;

- smaller tower size. The DC insulation level for the same power transmission is likely to
be lower than the corresponding AC level. Also the DC line will only need two conduc-
tors whereas three conductors are required for AC. Thus, both electrical and mechanical
considerations dictate a smaller tower;

- higher capacity available for cables;

- no skin effect;

- lower short circuit fault levels.
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However, there are some inherent problems associated with HVDC:

- expensive converters. Expensive Convertor Stations are required at each end of a DC
transmission link, whereas only transformer stations are required in an AC link;

- reactive power requirement. Convertors require much reactive power, both in rectifica-
tion as well as in inversion;

- generation of harmonics. Convertors generate a lot of harmonics both on the DC side and
on the AC side. Filters are used on the AC side to reduce the amount of harmonics trans-
ferred to the AC system. On the DC system, smoothing reactors are used. These compo-
nents add to the cost of the converter.

- difficulty of voltage transformation. Power is generally used at low voltage, but for rea-
sons of efficiency must be transmitted at high voltage. The absence of the equivalent of
DC transformers makes it necessary for voltage transformation to carried out on the AC
side of the system and prevents a purely DC system being used,

- absence of overload capacity. Convertors have very little overload capacity unlike trans-
formers.

Conclusion

The most common reason for choosing HVDC over AC transmission is that HVDC is
more economic than AC for transmitting large amounts of power point-to-point over long
distances. High power HVDC transmission scheme generally has lower capital costs and
lower losses than an AC transmission link, when used over long distance router.

Even though HVDC conversion equipment at the terminal stations is costly, overall sav-
ings in capital cost may arise because of significantly reduced transmission line costs over
long distance routes. HVDC needs fewer conductors than an AC line, as there is no need to
support three phases. However, thinner conductors can be used since HVDC does not
suffer from the skin effect. The above mentioned factors can lead to large reductions in
transmission line cost for a long distance HVDC scheme.

Depending on voltage level and construction details, HVDC transmission losses are 3,5%
per 1,000 km, which is less than typical losses in an AC transmission system.
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Sometimes the importance of human skills for every workplace is underestimated. Now-
adays challenging economic situation means that it is no longer sufficient for new graduates
to have knowledge of an academic subject and it is necessary for a student to gain the skills
which will enhance their prospect of employment. And future engineers must learn and de-
velop in the classroom some knowledge and skills during studying. Because undergraduates
may not be aware of the importance of human skills for their future employment and profes-
sional development. They can meet the question like this: Beyond technical skills, what
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added value can you bring to our company? Therefore all your human skills are critical for
you.

There are two types of human skills, the first type is soft skills and the second one is hard
skills. Primarily the hard skills should be considered. The hard skills are identified as specif-
ic, teachable abilities that may be required in a given context, such as a job or university ap-
plication. Hard skills can be defined and measured. And usually they are acquired by getting
through different trainings and life experiences. They can be: facility with spreadsheets; typ-
ing; proficiency with software applications; operating machinery; software development;
speaking a foreign language; data and text processing and etc.

And the second type of human skills is soft skills. They are personal qualities and atti-
tudes. Honesty and respect; positivity and responsibility; creativity and teamwork; adapta-
bility to change; attendance or timeliness; leadership skills; making decisions, effective
communication and etc. are all included in soft skills. Below some of them are taken a look
at [1].

Honesty and respect. It is really important to be honest and show respect with people. If
you are respectful and honest with people, they will be honest and respectful with you too.
Therefore your virtues will work for you and you can govern your success in your social and
business life. And definitely you will be able to expect positive responses from the others by
giving respect and consideration because they determine how well and peaceful you will
relate with family, friends and people at large [2].

Positivity and responsibility. Denis Waitley said “You are responsible for your life, and
your ultimate success depends on the choices you make”. Usually people are irresponsible
because of their simple laziness or a fear of failure, through a sense of feeling overwhelmed
by the scale of a problem or a situation. All the causes of the irresponsibility are important it
might be failure in their job or their team or even they can fail to grow as individuals. There
are several signs when people are shirking their responsibilities. They can be such signs as
lacking interest in their work, blaming others for mistakes and failures, not taking risks,
avoiding taking initiative and etc. That is why it is necessary to provide people with skills
and resources needed to do their job by creating comfortable environment where it is easy to
take responsibility for their actions and decisions. If there is an irresponsible person some
steps can be taken to change him or her. These steps include talking with individual; ensur-
ing adequate resources; explanation of the role of the person; re-engaging; help to take con-
trol and etc [3]. And undoubtedly the positivity is also significant part of the soft skills. Peo-
ple often are predisposed to think negatively. Stress and depression make people think nega-
tively. Studies have shown that positivity, or optimism, is linked to longer life, increased
pain tolerance and better overall health. Thinking positively allows people to see the bigger
picture and make better decisions under duress. Ultimately, they make more money and are
more likely to get promotions. The difference between optimistic and pessimistic is that
when adversity has happened the optimistic will begin thinking of solutions and the pessi-
mist will think of despair. And the main way to change your mind and think positively is
concentration on good and perspective things [4].

Creativity and teamwork. Doubtless the creativity and the team working are inherent
parts of the work process especially in a big team. Effective team must have common ele-
ments: clear goal; a results-driven attitude; competent team members; unified commitment,
which means that all individuals must be directing their efforts towards the goal; a collabo-
rative climate; high standards that are understood by all; external support, encouragement
and principled leadership [5]. The productive team working includes effective communica-
tion. For useful and productive work people should use rounds. One of the major problems
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relating to working in a team is that it can be easy for the powerful to dominate the weak.
Using “rounds” enables the leader to manage the group in a democratic way, so that the
weak can be as powerful as the strong. Any participant can stop the discussion and ask for a
round. Each participant must then state his or her view on the subject, without fear of being
interrupted. Additionally working in the team you can also stimulate creative thinking. We
are all creative by nature — we just need to develop our internal creativity. Three easiest
ways to jump-start creativity are: keep a journal with you and you will be able to write your
creative ideas down; relax and take time to absorb your thoughts; create a thinking place that
encourages a positive and relaxed mood that will stimulate your creativity.

Adaptability to change. Adaptation is more than a merely attitude; it is a behavioral skill
which improves individual and organizational productivity. The most successful individuals
in negotiating and adapting to changes can see and embrace change as a catalyst for positive
results. The most useful activities in adaptation are: recognize that change does happen; be
aware of your surroundings; communicate with others; do a self-assessment and be flexible
[6].

Attendance or timeliness. Every employer expects you to be at work on time. Of course
there are some acceptable reasons for absence: illness; family sick leave; vacation and per-
sonal leave. Thus, employer pays you for a specific number of hours per day and expects
that you arrive at your assigned area on time. Therefore absence from work will mean that
the job, which you have to do, does not get done and somebody else has to perform your
work. No one of your coworkers will approve of waiting for you. Therefore, when you ar-
rive to workstation and appointments on time, you have an essential career soft skill. Mak-
ing decision. You must review all ideas and choose more optimal for an assigned task, ad-
visable to listening to different thinkers. For decision-making you can also use “round”,
which help discuss the best decision.

Effective communication. There are several ways for developing effective communica-
tion skills. Individuals' communication skills are a basis for an effective dialogue, and in-
volve both verbal and nonverbal communication skills. One of the main verbal communica-
tions is listening. Listening is probably the most used skill in everyday communication. It
involves hearing and paying attention to the speaker. Not everybody is a good listener —
some people prefer to talk [7]. Everybody knows the main rules: pay attention to the speak-
er, first of all, in order to show you are involved in communication. Respond both verbally
and nonverbally, showing that the message is being comprehended and followed. It should
not interrupt the speaker in the middle of a speech. Ask questions and confirm your under-
standing of the message [8]. And the second no less important verbal effective skill is speak-
ing. Because though everybody speaks every day, not everybody can do it well. Some peo-
ple are difficult to follow, some explain their thoughts in a complicated manner, and some
are simply boring to listen to. To make a fascinating statement plain and simple word should
be used unless the audience is specialized in the subject area. Use complete simple sentences
for the message to be easier to comprehend. Of course, one shouldn’t speak too fast. For a
more expressive speech one should make pauses. Structure and connect ideas. Major points
should be presented in a logical manner. And one should support ideas not only with words,
but with intonation and nonverbal means of communication as well.

Not all soft skills are presented in this paper, but the main soft skills. Every soft skill can
lead the worker to promotion and recognition by the coworkers. Thus, hard and soft skills
are often referred to when applying for a job. For most jobs, while the hard skills are essen-
tial to getting the interview, it's the soft skills that will offer the job because employers want
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someone who won't just perform their job function, but will be a good personality fit for the
company and make a good impression on clients [9].
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Malyanova M.S., Balastov, A.V.
Investigation of radiation by Geiger- Muller counting tube
National Research Tomsk Polytechnic University

At the moment there is a problem with radiation monitoring of the environment. For this
purpose, there are different technical devices such as dosimeters, ionization chambers, scin-
tillation counting-tube and Wilson chamber, solid-state device, bubble chamber. But the
most procurable and prevalent method for monitoring radiation situation is Geiger-Muller
counting tube, which allows to register the elementary particles and electromagnetic rays.

Radiation has no colors, no smell and can be detected only by special devices. This work
is devoted to the method of registration of elementary particles by Geiger -Muller counting
tube.

As it is known, effect of radiation was invented by Becquerel in 1896 year. Radiation is
spontaneous emission of elementary particles which cause the electromagnetic rays. There
are three radiation components: alpha-, beta — and gamma -rays. Alpha rays represent the
flow of nuclei helium, beta rays represent a stream of fast electrons and gamma rays repre-
sent electromagnetic rays. Beta and gamma rays are more dangerous. Quantity of radiation
for people is 5 mSv in years.

Registering apparatus is macroscopic system, which is in unsteady condition. Depending
on purposes and conditions of experiments, different register apparatus is used. Register ap-
paratus are notable for efficiency factor, minimum time of register, sensibility.
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Geiger-Muller counting-tube is one of the most important devices for automatic counting
of elementary particles. Action of device based on impact ionization. Geiger-Muller count-
ing- tube is mainly used to detect electrons and gamma rays.

That laboratory setup is made of modules such as supply equipment, voltage switch con-
verter, impulse counter, acoustic relay, pulse former.

A natural radiation background and radiation of materials were investigated by Geiger-
Muller counting tube. Materials ware tested at a distance of 0.1 meters from Geiger-Muller
counting tube. The experiments were conducted at different times of day. The more devia-
tions from natural radiation background showed materials such as granite, obsidian, rock
from the mine, coal, pyrite in coal .This is due to the fact that those materials are found at
greater depths of the earth, where level of radiation is high.

Ne Material Quantity of impulse 1/min., without a natural radiation
background
1 Granit 9
2 Obsidian 8
3 Rock from the 7
mine
4 Coal 7
5 Pyrite in coal 6
6 Pumice-stone 4

Table Nel.Investigation of radiation materials.

During the experiment, there were researched materials of different thickness. As radio-
active preparation was used needle of Wilson chamber. Materials such as plumbum, ferrite
in metal, graphite, glass, water, soap, hard wax, bronze, steel, foam plastic have a low level
of absorbency. This is because those materials have high density and properties.

Ne | Material Thickness, | Quantity of impulse 1/min., without a natural radi-
mm ation background

1 Plumbum 3,3 5

2 Ferrite 3 6

metal

3 Graphite 12,5 7

4 Glass 4 8

5 Water 15 10

6 Soap 15 12

7 Hard wax 35 12

8 Bronze 0,6 16

9 Steel 0,4 24

10 | Foam plas- 30 127

tic

Table No2. Absorbency materials of different thickness.

In the experiment, were used materials such as ceramic tile, wood, linoleum, cardboard
and plastic. By increasing material thickness absorbance was increased.

So in conclusion, despite the fact that there are similar devices, modular laboratory setup
was made in order to conduct investigation of radiation. Results of research match with re-
sults were published in the book. Also handheld indicator was made, which allows taking
subsoil in different places of a town for investigation.
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Mashina, V.V.
Problems of commercial gasoline production during the process of zeoforming
National Research Tomsk Polytechnic University.

Many researchers are engaged in problem of getting a motor fuels that meet the modern
requirements from primary products, on the basis of GOST 51866 — 2002 [1]. This is due to
the need for more rational use of available resources in the country, the lack of high —quality
and affordable motor fuel, as well as the struggle for environmental improvement [2].

Currently, the European Union (EU) and the United States of America (USA) identifies
the key requirements for motor gasoline until 2010, which are presented in Table 1. Major
changes are associated with a decrease in the sulfur content, aromatic hydrocarbons (primar-
ily benzene) and olefins in gasoline.

Table 1 — Requirements of EU countries to gasoline [4]

Data Values in different periods of time, year
2005 — 2009 2010
1 2 3
Sulfur content, ppm 50,0 10,0
Content,%:
Aromatic hydrocarbons 35,0 25,0
Olefins 18,0 15,0
Benzene 1,0 0,7
Oxygen 2,7 2,7
The volume fraction of vaporized gasoline,%:
at 100°C 46,0 46,0
at 150°C 75,0 75,0

To preserve the traditional markets, domestic refineries should produce commercial gaso-
line, which satisfies its quality characteristics with international standards.

On July 1, 2002 enacted the State Standard of the Russian Federation GOST R 51866 —
2002 “Motor fuel. Unleaded petrol. Specifications”, which is adapted under taken in the EU
environmental programs and standards for motor vehicle emissions. Table 2 presents the
main indicators of the quality of gasoline in Russia.

Table 2 — Key indicators of the quality of gasoline in Russia [1]

Data GOST R 51866 — 2002
1 2
Octane number (ON) (Research Method (RM)) / Octane 95/85
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Data GOST R 51866 — 2002
Number (Motor Method (MM))
Sulfur content, ppm 150
Content,%, not more:

Aromatic hydrocarbons 42
Olefins 18

1 2
Benzene 1
Oxygen 2,7
Saturated vapor pressure, kPa 45 + 60

The volume fraction of vaporized gasoline,%:

at 100°C 46 + 71
at 150°C 75

The importance of developing new catalysts and processes to obtain gasoline with high
octane number is relevant in connection with a reduction in consumption of leaded gasoline
and tighter requirements for the content of aromatic hydrocarbons, especially benzene.

Also very important to expand the resource base of this process by engaging in the pro-
duction of motor gasoline standard custom of hydrocarbons, such as gas condensate, con-
densate associated gas and so on, which is especially important for the Russian regions re-
mote from industrial centers of oil and hydrocarbon resources have their own materials [3].

Deactivation of catalyst coke is a reason for the decrease selectivity and drops octane
number of produced gasoline is also a key aspect of the technology of catalytic processes,
which determines the overall their efficiency.

The main perspective of Zeoforming process is that:

— Low operating costs and capital investments;.

— Simplicity of the technology;

— Less explosive — and fire dangerous for lack of hydrogen;.

— Low sensitivity to the catalyst composition and quality of raw materials.

These reasons make the process more cost — effective to implement. The main reaction of
this process can be present in the table 3.

Table 3 — The main reactions on zeolite catalysts
Reactions

_r CsHyo + C3Hs.
CsHis.
T~ CsHyo + C3Hg
CeHi1p —» CgHypo
5 C3Hg \ f CgHsCH3 + 2 C3Hg + CoHs.

3,75 C4Hg =L CgHsCH3z + CeHia +2 CHa,

2,5 CgHyo f X CgHsCH3 +CsHyo + CoHg + CHy
C4Hg + C4Hyp —» CgHis

CgHg + CoHy — CgHs5C,Hs

2 CgHyg —* C7Hg + CoHyp

CeHe+ CeHa(CHz), — 2CgHsCH;s

(CH3)2 S —» CoHs +H,S
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At moderate temperatures occur deep conversion of n — paraffin and naphthenes into high
— octane gasoline components iso — paraffin and aromatic hydrocarbons. On this type of cat-
alyst takes part and other reactions such as aromatisation, disproportionation, and so on.

The aim of this work is determined the optimal parameters of the fractionation unit with a
varying composition of catalysate. The main limitation: the fractional composition of the
gasoline product should be close to the requirements of GOST 51105 — 97 [1]. To achieve
this aim mathematical model of fractionation unit was designed with help of the program
HYSIS. Schematic diagram of a fractionation is shown in Picture 1.
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Pressure had the most significant effect on the composition of the desired product in the
columns of the fractionation unit. For example, varying the parameters of the stabilization
column leads to changes in the temperature of the beginning and end of the boiling mixture
and in the rectification column the boiling temperature of 10 %, 50 %, 90 % fractions is
changed. The optimal parameters equipment of the fractionation unit are shown in table 4.

Table 4 — Characteristics parameters of equipment and their products

Technological parameter Temperature of reaction
395 | 425 | 445 | 465

Stabilization column

Top pressure, MPa | 267 | 242 | 274 | 218
Distillation column

Top pressure, MPa | 092 | 118 | 140 | 136

Gasoline fraction
Yield, kg/h | 611,20 | 785,60 | 936,30 | 904,60
Diesel fraction
Yield, kg/h | 1755,80 | 1683,10 | 1588,10 | 1589,60

With increasing pressure, the temperature in the column is also increased. Parameters,
such as a minimum irrigation and / or the temperature on the trays, should be changed when
the error occurred. Table 5 shows the fractional distillation catalysts obtained at different
catalyst activity, and compositions of the desired product, corresponding optimal parameters
of fractionation unit.
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Table 5 — Comparison of the fractional composition of the catalyst before and after fractionation

N Temperature of reaction

2?]';]:9”9' GOST51105-97| 395 425 445 465
Catalyst|Petrol | Catalyst | Petrol | Catalyst | Petrol | Catalyst | Petrol

Tep,°C <30 36 | 262 37 |27,7| 37 |268| 38 |233

10% <70 64 |278| 65 |[336| 76 |305| 68 |253

50% <120 112 |129,0| 116 |1154| 119 |1158| 109 |120,4

90% <180 187 |144,3| 171 |140,6| 167 |139,7| 145 |136,0

Tep,°C <205 261 [155,7| 261 |152,7| 271 |152,1| 242 |145,1

The following conclusions may be made:

1. When the temperature increases, the output of commercial gasoline grows, the yield of
the heavy residue and gases falling;

2. Significant changes of the process will produce a commercial gasoline, regulated by
the state standard,;

3. As for fractional composition that meets the requirements [1] it is not sufficient to
change only one parameter, and we need to research all the factors that complicate the task.
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Matyushin, A.A., Tarasova, E.S.
Pharmaceutical nuclear waste disposal
National Research Tomsk Polytechnic University.

TREATMENT AND DISPOSAL METHODS.

The bulk of waste falls into the category of general waste, much of which can be recycled
or reused. With correct segregation, less than 5 per cent of the waste is likely to be classified
as clinical waste.

Clinical waste must be managed by approved treatment methods. Once treated by a pro-
cess acceptable to the relevant State or Territory authorities, it may be reclassified accord-
ingly before recycling or disposal.

The waste treatment options currently available have various capabilities and limitations.
As technology changes, health care establishments should evaluate treatment alternatives for
their safety, effectiveness, environmental impact, costs, and compliance with relevant State
or Territory licensing requirements. Large volumes of liquids (such as 24-hour urine collec-
tions) should generally be disposed of into an appropriate sluice. Precautions must be taken
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to avoid the hazards of splashing. Empty disposable containers may be disposed of as gen-
eral waste, whereas non-disposable containers must be rendered safe for the intended reuse.
Body fluids, particularly blood and fluids visibly contaminated with blood, should be treated
with caution. Bulk blood and suctioned fluids may be disposed of into the sewer, but care
should be taken to avoid splashing, which may cause health risks. A suitably experienced
and trained person should carry out this procedure. The disposal of large volumes of blood
into the sewer is subject to approval from the local sewerage authority.

There are special circumstances when a known infected material requires extra precau-
tions, such as specific handling procedures required before waste removal from a microbio-
logical laboratory. Moreover, community expectations for responsible clinical waste man-
agement require treatment of the waste before landfill disposal. Pathogenic microbiological
cultures transmissible by the aerosol route should be rendered sterile by an approved treat-
ment method before they leave the control of laboratory personnel. For special precautions
regarding disposal pathways of waste from cases of viral haemorrhagic fever and other
quarantinable diseases, eg Ebola or Lassa fever, refer to the relevant State or Territory legis-
lation. In addition, AS/NZS 2243 — Safety in Laboratories details risk groupings of micro-
organisms by type and Section 5 provides advice on degrees of hazard associated with vari-
ous micro-organisms.

Any treatment option for clinical and related wastes should:

+ render sharps incapable of causing penetration injury;

« render the waste unrecognisable;

* achieve a significant volume reduction;

« result in residues being suitable for approved landfill disposal without harmful leaching
to the environment;

« result in minimum levels of hazardous or toxic by-products, including organochlorines,
as approved by the relevant authority;

« reduce the potential for the transmission of infection;

* be verifiable for the treated wastes;

« have automatic controls and built-in fail-safe mechanisms;

+ have continuous automatic monitoring and recording;

« ensure that the waste cannot bypass the treatment process;

» meet occupational health and safety standards;

« have fail-safe alternative treatment and disposal in case of emergency;

 provide pre-treatment refrigerated storage facilities as licensed; and, where feasible, im-
plement materials and energy recovery strategies; and.

* in the case of autoclaves, be tested at least annually to ensure that optimal performance is
maintained.

Waste treatment and disposal methods currently approved in Australia include:

« autoclaving;

» chemical disinfection.

— grinding/shredding (sodium hypochlorite).

— grinding/shredding (hydrogen peroxide and lime);
+ landfill;

e microwave;

« regulated incineration;

* encapsulation; and.

» sewerage (as determined by relevant authorities).

Details on some of the treatment options follow.
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Autoclaving.

Autoclaving involves the heating of infectious waste by steam under pressure. The effec-
tiveness of autoclaving depends on the temperature, pressure, exposure time and the ability
of steam to penetrate the container. Confirmation that the required temperature has been
reached is imperative.

Noise emissions can be of concern with an autoclave and should be considered in design
and siting of the equipment. The energy costs for steam production could be high. Trained
staff are required to ensure proper operation. Autoclaving can produce offensive odours,
which require proper ventilation to satisfy the relevant State or Territory air emission stand-
ards. Autoclaving does not change the physical form of visually offensive waste.

Condensate and blow-down liquids may contain sufficient contaminants for the effluent
to be classified as hazardous. Excessive liquid contained by autoclaved waste can make the
surrounding working area constantly wet. This seepage problem persists all the way to the
final site of disposal. Autoclaving can be used for the bulk of clinical and related wastes.
Care must be taken to exclude body parts, pharmaceuticals, including cytotoxics, and radio-
active wastes. Autoclaved waste can be disposed of by landfill, provided that approval has
been obtained from the relevant State or Territory authorities.

Incineration.

Incineration is a term used commonly to describe all systems of burning, although only
one standard is considered to be effective. In these national guidelines ‘incineration’ is used
to describe the process of combustion carried out in a multiple-chambered incinerator that
has mechanisms for closely monitoring and controlling the combustion parameters.

Combustible waste can be incinerated provided that an appropriate incinerator is used.
Incinerator residues can generally be disposed of in landfills. However, if the residues con-
tain considerable heavy metal contaminants, the relevant State or Territory disposal codes of
practice or legislation must be followed. Where incineration is used, the following issues
should be addressed. Emission standards: Depending on the types of waste incinerated, gas-
eous emissions may involve toxic gases such as hydrogen chloride, nitrogen oxides, sulphur
oxides, dioxins and furans. Regular maintenance of any incinerator is therefore essential to
efficient operation. This will ensure that the appropriate emission requirements are met as
well as minimise the long-term total running costs. Ash disposal: A well-designed and -
operated incinerator will destroy any infectious and toxic waste by exposing it to a suffi-
ciently high temperature for a sufficient time, with sufficient oxygen to burn organic matter,
leaving a biologically inert ash with no combustible residue. There should be no recognisa-
ble plastic, paper or fabric in the ash. Care should be exercised in the removal and disposal
of incinerator ash:.

« it should be wetted for a sufficient time before handling to minimise the potential for
generating airborne dust and any fire risk;.

+ the amount of water used in wetting the ash must be controlled, because excessive wa-
ter in the ash may enhance leachate generation in landfill;

» all personnel handling the ash should wear face masks fitted with dust filters, heavy
gloves and protective clothing as a safety precaution;

* the removal of incinerator ash should be mechanised, and be designed to facilitate con-
tinuous or semi-continuous operation of the incinerator; and.

* the ash should be stored in enclosed containers and transported to anapproved landfill
site for supervised burial.

Flyash collected from particulate control devices may have high concentrations of heavy
metals. It may need special disposal treatment.
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The fire box, or domestic incinerator, is a single chamber in which combustion is usually
incomplete and involves uncontrolled temperatures. It is therefore unsuitable for the incin-
eration of clinical and related wastes and its use is no longer permitted.

Approved incineration is suitable for all types of clinical and related wastes, excluding
radioactive wastes.

Landfill.

Landfill is a traditional disposal method for waste. Some landfill sites used in the past are
unsatisfactory for disposal of clinical or other wastes because leaching can contaminate
ground water or public access is not controlled. If clinical and related wastes have been care-
fully segregated, most of the material can be safely landfilled.

Clinical and related wastes constitute a very small proportion of the total waste stream di-
rected to landfill (less than 1 per cent) and, when managed correctly, are no more dangerous
in the landfill environment than domestic waste.

Where clinical and related wastes are disposed of by landfill, the site must be confirmed
as suitable. A physically contained (engineered) site is preferable where movement of leach-
ate is controlled.

Public access to the point of disposal of clinical and related wastes should be restricted
during the active disposal period. The owner of the waste or their agent, who is trained to
deal with the waste, must deposit the material at the lower edge of the working face of the
landfill or in an excavation, and supervise immediate covering of the waste to a depth of one
metre. (This does not apply to the general waste component of the waste stream). Soil or
other solid waste may be used as cover. The recommended depth of one metre aims to pre-
vent scavenging and accidental recovery of the waste.

The landfill site operator should sign appropriate documentation completed by the trans-
porter. The transporter should hold proof of proper disposal.

Where landfill disposal of clinical and related wastes is intended, recognizable anatomi-
cal parts, pharmaceuticals and cytotoxic waste should be excluded at source. Landfilling of
liquid wastes is not permitted. Consult State or Territory regulations for approved landfill
disposal of clinical and related waste residues.

Sewerage.

Disposal of certain liquid wastes to sewer may be acceptable because the associated po-
tential hazards are reduced through dilutions and dispersals within the sewerage system.
Disposal to sewer must meet occupational health and safety guidelines. Bulk blood and suc-
tioned fluids may be disposed of into the sewer, but care should be taken to avoid splashing,
which may pose health risks. A suitably experienced and trained person should carry out this
procedure. The disposal of large volumes of blood into the sewer is subject to approval from
the local sewerage authority.

Approval should be obtained from the relevant authorities before any discharge of large
amounts of fluid waste into the sewerage system. Sewerage is not a suitable disposal method
for solid clinical and related wastes, pharmaceuticals including cytotoxics, or radioactive
wastes.

Microwave.

The microwave process usually involves the grinding and shredding of waste materials to
optimise radiation exposure. Water is sprayed onto the waste, which is then moved by an
auger through microwaves generated by a series of microwave power packs. Volatile mate-
rials and water are driven off by heat generated during the process. The resulting waste is a
relatively dry granular material suited to landfill.
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Microwaving is suitable for the bulk of clinical and related wastes, excluding body parts,

pharmaceuticals including cytotoxics, and radioactive wastes.
Chemical disinfection.

Chemical disinfection, which includes physical maceration (shredding or grinding) is a
suitable treatment for small amounts of clinical and related wastes. This treatment usually
involves an initial grinding/shredding of the waste, which is then soaked in a liquid disin-
fectant. Agents used include sodium hypochlorite, and hydrogen peroxide and lime.

Subject to the approval of the relevant State or Territory authorities, the spent liquid can
be discharged to sewers and the solid residue can be disposed of in a landfill.

Chemical disinfection is not a suitable treatment method for human body parts, pharma-
ceuticals including cytotoxics, or radioactive wastes.

Other treatment options.

Other technologies include:
 plasma arc torch;

» continuous-feed autoclave;

« pyrolysis and electro-oxidation;

* dry heat sterilisation involving quartz infrared treatment; and.
* radiation.

As technologies are continually being updated and developed, institutions should be
open-minded with respect to their waste disposal options.
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Murzakozhoeva, K.D., Matukhin, D.L.
Automatic system for commercial accounting of power consumption
National Research Tomsk Polytechnic University.

According to the purpose ASCAP can be divided into two types: the systems of commer-
cial accounting and technical accounting systems.

The commercial accounting — records electricity consumption (as well as gas, water, etc.)
for cash settlement for her supplier. Accounting for such devices requires high accuracy.

The technical accounting processes are required to control energy consumption within
the enterprise, all its enclosures, workshops, energy installations. Analysis of the statements
technical accounting system gives business a number of opportunities to reduce energy con-
sumption and power without impacting on production.

Operational-measuring by the method of collecting and processing information, these
systems can perform statistical and operational-measuring functions. Statistical ASCAP per-
forms the function of collecting and processing information for certain time periods, which
is produced on the basis of analysis and calculations for consumed energy sources. Opera-
tional-measuring functions of ASCAP allows to conduct real-time tracking modes of con-
sumption and quality of energy. This it applies not only electricity; but any type of energy —
gas, steam, water, thermal energy [3].

The benefits of implementing automated systems ASCAP are as follows:

- rational energy consumption and increase in energy efficiency;
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- ability to use different tariffs for the electricity consumption;

- automated data processing, storage and presentation of data in user-friendly mode;

- construction of multi-level systems and the ability to transfer data to other levels of the
system;

- possibility of operational data in a convenient mode for analysis;

- ability to obtain information remotely via the Internet;

- control and protection from criminals [3].

Disadvantages refer to greater complexity of data collection and technical impossibility
of applying meters with pulse output.

Modern computerized accounting system consists of three levels:

1. Measuring. It comprises measuring means and performs a function of measurements (low
level). Elements of this level are instruments that measure various parameters of the sys-
tem. These devices can be employed will various sensors.

2. Binding. It includes wardrobes data collection and transmission and a function of trans-
mitting information about this property or group of objects (medium);

3. Data collection and storage. It includes data collection center or information-processing
complex (computer, controller or server) (high level) [3].

Data collection can be carried out through various communication channels. Choice of
communication channels, as well as communication equipment carried out on the stage of
research and design. ASCAP supports the following types of channels: RS 232/485, PLC
modems, Internet, GSM, GPRS, radio modems (433 MHz), FM radio, DSL modems, etc.
As workstation user uses a PC-compatible computer, server database and server survey also
use PC-compatible computer. It is possible to spread the polling server and database server
on different equipment [2].

The key aspect of ASCAP selection is the quality and security of communication be-
tween levels, as well as the economic issue. Providing reliable, efficient and inexpensive
delivery system that will provide reliable and secure transmission and data exchange, be-
tween consumers and suppliers of energy is crucial choice of power supply systems [1].
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Risk assessment
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This article is concerned with the assessment of economic risks and suggests new meth-
odology.

A risk assessment is a process of identification and detection of potential hazards with
further analysis of the consequences of hazards. A business impact analysis is the process
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for determining the potential impacts resulting from the interruption of time sensitive or crit-
ical business processes [1].

Identification of the whole life assessment of the economic, environmental and risk per-
formance of new network assets is critical for making investment decisions. Thus, it is es-
sential to understand and assess possible future liabilities that occur from potential hazards.

Risk assessment is the process that includes the following stages:

o ldentification of hazards.

e Analysis or evaluation of the risk associated with these hazards.

o Determination of appropriate ways to eliminate or control the hazards.

In practical terms, a risk assessment can be defined as a thorough look at your workplace
to identify those things, situations, processes that may cause harm, particularly to people.
After identification is made, it is possible to evaluate how likely and severe the risk is, and
then decide what measures should be taken to prevent effectively or analyze the caused
harm [2].

Methodology

Life-cycle assessment (LCA, also known as life-cycle analysis, ecobalance, and cradle-
to-cradle analysis) is a technique to assess environmental impacts associated with all the
stages of a product's life from-cradle-to-cradle (i.e. from raw material extraction through
materials processing, manufacture, distribution, use, repair and maintenance, and disposal or
recycling). LCAs can help avoid a narrow outlook on environmental concerns by:

« compiling an inventory of relevant energy and material inputs and environmental releases;
« evaluating the potential impacts associated with identified inputs and releases;
« interpreting the results to help make a more informed decision [3].

Cost Categories

There are a lot of different factors that the whole life assessment depends on, such as his-
toric failure rates, vulnerability, weighting factor, exposure and hazard zones etc.

There’s one more factor that the whole assessment depends on. It’s a cost.

Cost is wusually  amonetary valuation of  effort, material, resources,  time
and utilities consumed, and risks incurred. All expenses are costs.

As costs occur from a lot of different sources, with varying degrees of certainty, accuracy
and methods of quantification, they are divided into five groups. These groups describe the
general source and significance of the costs assigned. The whole-life cost categories are:.

Type | — Direct costs (e.g. capital investment, labour costs, raw materials and waste dis-
posal and etc.);.

Type Il — Indirect or “hidden” direct costs( e.g. operational or site overhead costs not as-
signed to a single asset or project such as electrical losses);.

Type 111 — Contingent future costs and liabilities (e.g. compliance costs, fines, compensa-
tion payments or costs associated with unplanned maintenance, failures and other cata-
strophic events);

Type IV — Internal intangible costs (such as impact of asset failures on market share, staff
morale and reputation as a result of the project success or failure);.

Type V — External intangible costs (e.g. impact on the environment both locally and
globally, or the impact on society, e.g. cost of carbon that could be internalized in the future
i.e. carbon trading) [4].

Asset Policy Studies: Cable Tunnel Co-location

This case study was used to inform decision-making on the potential life time costs, and

the benefits or otherwise associated with co-location of 400kV transmission and 132kV dis-
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tribution cable lines, in comparison with single owner/occupier tunnel systems for each ca-
ble type.

The functional units for comparison were:

1. 1 x 3m tunnel for 132kV cables (a DNO perspective);

2. 1 x3m tunnel for 400kV cables (TSO perspective);

3. A combination of the two 3m tunnels;

4. 1 x 4m tunnel for co-location (regulator encouraged position).

It was found that there is a short-term capital investment saving and a long-term whole
life cost saving, and significant environmental benefits, from the adoption of a 4m diameter
co-located cable tunnel facility rather than the combined 3m diameter cable tunnels costs.

The economic benefit of the 4m co-location cable tunnel in regard to total Type I to 1l
costs, covering all direct, indirect and contingent liability costs, is equivalent to a saving of
between 26% and 36% over the combined 3m tunnel modal cost. When the intangible inter-
nal and external Type IV and V costs are also accounted for, the overall economic benefit of
the 4m co-location cable tunnel spans a saving of 11% to 27% with respect to the combined
3m tunnel modal cost.

However, the level of additional co-location risk must however be carefully considered,
particularly in regard to cable circuit operational factors such as thermal management, cable
current ratings and also the possibility of cable joint failures and tunnel fires.

Conclusion

The new methodology for whole life costing and risk assessment of assets provides a
powerful and insightful integration of assessments associated with economic and environ-
mental risks. It is a very useful an assessment of the risk of technology selection, operation
and management, overall policy and health and safety issues [5].
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Mechatronic device objectives
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1 INTRODUCTION TO MECHATRONICS.

Mechatronic is a term coined by the Japanese to describe the integration of mechanical
and electronic engineering. More specifically, it refers to a multidisciplinary approach to
product and manufacturing system design [1]. It represents the next generation machines,
robots and smart mechanisms for carrying out work in a variety of environments predomi-
nantly factory automation, office automation and home automation as shown in figure 1.1(a)
[3].

As a discipline, mechatronic encompasses electronics enhancing mechanics (to provide
high levels of precision and reliability) and electronics replacing mechanics (to provide new
functions and capabilities). Some examples where mechanics has been enhanced by elec-
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tronics are numerically controlled machines tools which cut metal automatically, industrial
robots and automatic bank tellers.
The products where electronics replaces mechanics include digital watches, calculator or
others. However, the products that really blur the distinction between electronics and me-
chanics are machines and robots
driven by numerical control [2].
Mechatromics  Japan is the first country in the
world to have mastered the NC ma-
chines technology and as a result the
Japanese machine tool industry has
flourished. This is because the Japa-
nese have mastered mechatronics, the
fusion of precision mechanics and
Factory electronics in design, engineering and
Automation manufacturing, which are popularly
depicted by the Japanese as shown in
figure 1.1(b) [3].

Figure 1.1 (a): Domains of mechatronics.
2 SCOPE OF MECHATRONICS. Design Eagineering N

Since the 1970s, there has been a
dramatic change in the technology
of these products, mainly an increas- Electronics
ing content of electric and electronic
systems integrated with the mechan- |

\I“chau—omc

ical parts of the products, mecha-
tronic. Example of products which
have already moved to mechatronic | ehemed
technology from simple mechanical

products are [4]:

Figure 1.1(b): Concept of mechatronics.

a. Machine tools incorporating computer numerical control (CNC), electric servo drives,
electronic measuring systems, precision mechanical parts, such as ball screws, antifric-
tion guide ways and each other’s.

b. Electronic watches incorporating fine mechanical parts and complex electronic circuits.

c. Electronic consumer products — washing machines, electronic cooking appliances, fax,
plain paper copiers and others.

In the last twenty years, the production technology has seen the introduction of high pre-
cision measuring instruments such as electronic gauges and measuring instruments, in pro-
cess gauge and quality control instruments, laser measuring systems and others to ensure
high dimensional accuracies, as well as increased productivity on the shop floor.

In the domain of factory automation, mechatronics has had far-reaching effects in manu-
facturing and will gain even importance in future. Major constituents of factory automation
include NC machines, robots, automation systems and computer integration of all functions
of manufacturing. Proper application, utilization and maintenance of these high technology
products and systems is an important aspect that enhances the productivity and quality of
products manufactured by the customers. To ensure correct selection of equipment, an accu-
rate estimation of the techno-economics of various manufacturing systems, developments in
the high technology machines and equipment are studied in detail. Also, proper maintenance
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of various mechatronic elements, diagnostics can increase the life of the various mechatron-
ic elements, which in turn will enhance the life of the product or system. Such inputs in
mechatronics can be best given by the manufacturers of hi-tech machines and manufacturing
systems. In fact, the machine tool manufacturers are now being called upon to offer a total
manufacturing for solution in production, by the customers, rather than supply of just the
stand-alone machines. This trend is already evident in many of the advanced countries. Evi-
dently, the design and manufacturing of future products will involve a combination of preci-
sion mechanical and electronic systems and mechatronics will form the core of all activities
in products and production technology.
3 TYPES OF MECHATRONIC DEVICES.

The types of mechatronic devices is used such as switches, relay, solenoid, power diode,

power transistor, thyristor, gate controller switch, rectifier, chopper, transducer and others [5].
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Nanotechnologies in the Electrical Energy Sector
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Nanotechnology is an interdisciplinary field of basic and applied science and technology,
which deals with the accumulation of theoretical basis and practical methods of investiga-
tion, analysis and synthesis, as well as methods of manufacture and use of products with a
given atomic structure by controlled manipulation of individual atoms and molecules.

Nanotechnologies are worldwide regarded as key technologies for innovations and tech-
nological progress in almost all branches of economy. Nanotechnologies refer to the target-
oriented technical utilization of objects and structures in a size in the range of 1 and 100 nm.
They are less seen as basic technologies in the classical sense with a clear and distinct defi-
nition, since they describe interdisciplinary and cross-sector research approaches, for exam-
ple in electronics, optics, biotechnology or new materials, using effects and phenomena
which are only found in the nano-cosmos.

Nanotechnologies provide the potential to enhance energy efficiency across all branches
of industry and to economically leverage renewable energy production through new techno-
logical solutions and optimized production technologies. In the long run, essential contribu-
tions to sustainable energy supply and the global climate protection policy will be achieved.
Here, nanotechnological innovations are brought to bear on each part of the value-added
chain in the energy sector.

Low-Loss Power Supply through Nanomaterials.

Considerable progress was made in the development of high-temperature superconduc-

tors in the last years through the production of yttrium-barium copper oxide (YBCO) on me-
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tallic carriers (so-called Coated Conductors, CC), which significantly extended the pro-
cessability and applicability of this material class. Cable lengths of over 600 m could al-
ready be realized. Superconductors will play a growing role in energy technology for low-
loss wired power supply, in coil windings and bearings of electric engines as well as in re-
sidual current circuit breakers in high-voltage grids. The most important challenge is the
production of all deposited layers (superconducting and buffer protection layers) by chemi-
cal means from low-cost precursor to decrease costs to an economically attractive value.
Nanotechnologies provide toeholds for the control of the microstructure in layer formation,
for example through specific insertion of nanoparticles in the form of particle inclusions in
the lattice structure. Currently, superconductive nanostructured systems from sol-gel precur-
sors are being developed in a project supported by the German Federal Ministry of Educa-
tion and Research (BMBF). In the long run, cables of carbon nanotube composites as high-
efficient conductors could be an alternative for a low-loss power supply line in high-voltage
grids. This, however, would require further significant progresses with regard to more effi-
cient production methods and technologies for the production of long CNT-fibers with uni-
form structure.
Nanostructured Insulation Materials for High-Voltage Power Lines.

Efficiency of power transfer in high-voltage power lines increases with increasing am-
perage. In Europe, current is usually conducted at approx. 400 kV, while in extensive coun-
tries like China and India high-voltage grids with up to 1500 kV are aspired. Due to in-
creased voltages and the required current compaction as a result of the feeding of decentral-
ized power generators and the supply of huge metropolitan areas, the electrical and mechan-
ical strains on high-voltage power lines are growing. Hence, a central task of high-voltage
technology is the further development of electric insulation systems, for example through
the application of nanomaterials. The material design on the nanoscale enables the optimiza-
tion of electric insulation properties like breakdown voltage, for example, through the appli-
cation of nanostructured metal oxide powder in varistors as protection elements against
overvoltages in power lines. Multifunctional, non-linear and auto-adaptive insulation sys-
tems are in development, the mechanical and electrical properties of which change with
field strength, temperature or mechanical stress and adjust optimally to the power demand.

Nanotechnologies within Smart Grids.

The worldwide increasing liberalization of the electricity market will significantly in-
crease the future demand on the flexibility of the power grids. Trans-European power trad-
ing requires efficient energy distribution even over long distances, a flexible adjustment to
temporarily strongly fluctuating demands and a quick controllability of the power flow to
limit the extent of grid failures and the risk of extensive blackouts. The existing power dis-
tribution grid encounters limits even regarding the growing decentral power supply from
fluctuating renewable sources. The future power distribution requires grids which enable a
dynamic load and failure management as well as a demand-driven energy supply with flexi-
ble price mechanisms. Nanotechnologies could contribute essentially to the realization of
this vision, for example through nanosensoric and power electronic components, which
could cope with the extremely complex control and monitoring of such grids. Here, minia-
turized magnetoresistive sensors on the basis of magnetic nanolayers provide potentials to
enable an area wide online-metering of current and voltage parameters in the grid.

Efficient Application of Wireless Nanocrystals.

Use of wireless technologies refers to the perspective trends characterizing the modern

stage of the scientific and technological development. In particularly, the tendency is rapidly
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evolving in the energy sector involving energy distribution and transmission, and nanotech-
nologies provide solutions to a variety of urgent problems in this area.

A wireless nanodevice that functions like a fluorescent light — but potentially far more ef-
ficiently — has been developed in a joint project between the National Nuclear Security Ad-
ministration's Los Alamos and Sandia national laboratories. The experimental success effi-
ciently causes nanocrystals to emit light when placed on top of a nearby energy source,
eliminating the need to put wires directly on the nanocrystals.

The energy source is a so-called quantum well that emits energy at wavelengths most
easily absorbable by the nanocrystals. The efficiency of the energy transfer from the quan-
tum well to the nanocrystals was approximately 55 percent — although in theory nearly 100
percent transfer of the energy is possible and might be achieved with further tweaking. The
work is another step in creating more efficient white-light-emitting diodes — semiconductor-
based structures more efficient and endurable than the common tungsten light bulb.

Reduction of lighting costs is of wide interest because on a world scale, lighting uses
more electrical energy per year than any other human invention. Nanocrystals pumped by
quantum wells generate light in a process similar to the light generation in a fluorescent light
bulb.

There, a captive gas permeated by electricity emits ultraviolet light that strikes the phos-
phor-coated surface of the bulb, causing the coat to emit its familiar, overly white fluores-
cent light. The current work shows that the nanocrystals can be pumped very efficiently by a
peculiar kind of energy transfer that does not require radiation in the usual sense. The pro-
cess is so efficient because unlike the fluorescent bulb, which must radiate its ultraviolet en-
ergy to the phosphor, the quantum well delivers its ultraviolet energy to the nanocrystal very
rapidly before radiation occurs.

Because the emissions of nanocrystals (a.k.a. quantum dots) can be varied merely by
controlling the size of the dot rather than by the standard, cumbersome process of varying
the mix of materials, no known theoretical or practical barriers exist to pumping different-
sized quantum dots that could individually emit blue, green, or red light, or be combined to
generate white light.

The quantum well, about three nanometers thick, is composed of a dozen atomic layers.
It coats a wafer two inches in diameter and is composed of indium gallium nitride. The film
is not fabricated but rather grown as crystal, with an energy gap between its different layers
that emits energy in the ultraviolet range at approximately 400 nm.

In this proof-of-principle work, the energy in the quantum well was delivered with a la-
ser. Although the difficulties of inserting energy into the quantum well using an electrical
connection rather than laser light are significant, it is considered to be feasible.

So, In view of a globally increasing energy demand, threatening climatic changes due to
continuously increasing carbon dioxide emissions, as well as the foreseeable scarcity of fos-
sil fuels, the development and provision of sustainable methods for power generation belong
to the most urgent challenges of mankind. Massive effort at political and economical level is
required to basically modernize the existing energy system. Growing efficiency and new
methods through nanotechnological know-how may play a key role for the required innova-
tion in the energy sector.

Nanotechnological components provide potentials for the more efficient utilization of en-
ergy reserves and the more economical development of renewables. Nanostructured insula-
tion materials are to be implemented in smart grids and, as a result, they will contribute to
the dynamic load and failure management as well as a demand-driven energy supply with
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flexible price mechanisms. Introduction of wireless nanocrystals is seen as a productive step
in creating more efficient white-light-emitting diodes that will allow to reduce lighting costs.

To sum up, the design of a future energy system requires new long-term investments in
research activities based on realistic potential assessments and careful adaptation of the in-
dividual supply chain components based on cutting-edge nanotechnologies.
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Poisoning the reactor with Samarium
National Research Tomsk Polytechnic University.

There are two types of poisoning the reactor Fission poisoning and liquid poisoning. The
first type is natural and the second one is manmade. The liquid poisoning type is used to
prevent the accidents in the reactor and to decrease the consequences. But in this presenta-
tion we will consider the fission poisoning (referred to as poisoning).

Poisoning the reactor — the process of formation short-lived products of fission in the
working reactor, which involved in unproductive capture of neutrons and thereby lowering
the reactivity margin in their accumulation and increasing it when they decay.

Slagging of fuel — is the process of accumulation stable and long-lived fission products in
the working reactor which involved in unproductive capture of thermal neutrons and thus
lowering the reactivity margin reactor.

The element Samarium-194 is a strong slag of the first group. Its half-life is 13,84 years,
it means that it’s almost stable. But why do we say about poisoning rather than slagging the
reactor?.

Yes, Samarium is a slag but its accumulating in fuel elements of the reactor has some pe-
culiarities which make the process of changes in Samarium concentrating similar in quality
to poisoning the reactor with Xenon. In difference to other slags, Samarium can not only be
accumulated in a working reactor but can be bombarded by neutrons. Thus, losses of reac-
tivity connected with Samarium accumulating can be either increased or decreased due to its
intensive bombarding at high levels of the reactor power. That’s why the process of Samari-
um accumulating was named poisoning rather than slagging.

Samarium isn’t practically formed as a product of fission in the reactor. In this case al-
most all its formation is connected with beta-decay of another product of fission — Prome-
thium-149. This element as a direct fragment of fission is also formed in small amounts. A
basic source of its formation is beta -decay of Neodymium-149. Thus, the processes of for-
mation and decreasing fission products can be shown as following.

References:

1. Mepznukun ['.51. OcHOBBI TeopuH AIEpHBIX peakTopoB. Kypc s sKcIutyaTaiioHHOTO
nepconana ADC. Cesacrononb: CUADuUIL 2001. 341 c.

113


http://www.hessen-nanotech.de/mm/NanoEnergy_web.pdf
http://www.bakerinstitute.org/programs/energy-forum/research/research/riceenergyprogram/nanotechnology.html
http://www.bakerinstitute.org/programs/energy-forum/research/research/riceenergyprogram/nanotechnology.html
http://www.photonicsonline.com/doc/wireless-nanocrystals-efficiently-radiate-vis-0002

Petrusev, A.S.
Increase of effectiveness of solar batteries by using of solar tracker
and acryl concentrator
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Currently in Russia there is an acute problem of the lack of cheap electricity in the areas
with decentralized electric power supply. Now that area is embracing about 70 % of the
country with a population of 20 million people [1]. Currently stand-alone diesel systems use
allowsr to get only a very expensive electric power, which in some towns costs under 56 ru-
bles per kW-h and above. It is therefore very important in such areas to use autonomous re-
newable energy sources, which include solar energy. Now solar power engineering devel-
opment is progressing at a rapid speed — 30% per year. In 2013 the solar power plants of
total power about 30 GW were put into operation, whereas the total power in 2012 was 102
GW. In addition, taking into account the purity and the prevalence of renewable energy
sources, solar energy is one of the most promising. But at the present moment solar power
plants have two weighty drawbacks, delaying their mass distribution. The drawbacks are the
high price of solar cells and relatively low efficiency of conversion the solar energy into
electric energy during the entire day.

The aim of this work is to search the appropriate methods of increasing the efficiency of
solar energy conversion into electric energy and to develop the experimental sample of the
installation.

The high price of solar power plants is determined primarily by high cost of photocells per
kW of electric power. If the efficiency of photocells is increased using, for example, instead
of single-crystal cell (efficiency 15-17%) gallium arsenide cells (efficiency 30-35%), the cost
is increased many times (about 40 times) — from about 2,5$ to 100$ per kW, respectively.
Therefore it is more promising not to increase the efficiency of photovoltaic cells, but to am-
plify the incident solar energy since the output power of photocell is almost directly propor-
tional to the incident solar energy. There are 2 ways to do this: to orient the solar panel on the
sun by using a solar tracker or to concentrate solar energy by using a solar concentrator.

Solar concentrator is a device that allows to collect solar energy from a larger area and
direct it to a smaller area. Now solar concentrators are mainly represented by parabolic mir-
rors and Fresnel lenses. There are also other various mirror systems with different degree of
concentration, but they are not widely used due to various weighty drawbacks. Parabolic
mirrors are very large and heavy because of their design, which does not allow to make
them smaller. Hence the system is subjected to an increased risk of breakage. The mirrors
also require very precise orientation to the sun and powerful cooling systems, otherwise
their efficiency is extremely reduced. Fresnel lenses have a smaller, but still substantial
thickness, and also require more precise orientation and more powerful cooling. Moreover
they are quite expensive.

In the present work a unique acrylic solar concentrator that solves the problems men-
tioned above is proposed. Fig. 1 schematically shows a cross section of the acrylic solar
concentrator. It corresponds a plate of plexiglass with thickness about 1 cm, consisting of a
special reflective surface and two wedges. The inclined planes of the wedges are directed
opposite to each other and have a gap between them filled with a special glue. The concen-
trator developed allows to collect solar energy by entire receiving surface and direct it into
the end faces where the photocells are placed. This occurs due to calculated and exactly
matched refractive indices in the concentrator’s medium, as well as the angles of the wedges
and the edges of reflective surface.
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Fig. 1 (left). Cross-section of

2 T 4 R] \
acrylic solar concentrator.
The principle of operation of
7 the solar concentrator is based

on the phenomenon of total in-
4 ternal reflection. Sunbeams, fall-

/~ ing on the working surface 3 of
the optical wedge 1, are partially
reflected, and the rest, undergoing refraction at the interface penetrate inside the wedge. De-
pending on the refractive index of the wedges’ material, optical medium 7 and the wedge
angle, the sunbeams trapped in the wedge 1 either are reflected from its surface 4, or pass
through it and optical medium 7 inside the wedge 2. The optical medium 7 has a refractive
index smaller than the refractive indices of the optical wedges 1 and 2. Due to the effect of
total internal reflection of the sunbeams reflected from the surface 4 of the wedge 1 fall ul-
timately on the base 5 of the optical wedge 1. The sunbeams which have passed through the
optical wedge 2, penetrate through its operating surface 3 and fall on light deviating element
6, which reflects the sunbeams back into the optical wedges 1 and 2. Light deviating ele-
ment 6 is performed so that the sunbeams reflected from it enter the wedges 1 and 2 at the
angles providing their total internal reflection within the wedges with a further incidence of
light on the end faces 5 of the wedges.

Since the relation between receiving surface area of one wedge end face of the solar con-
centrator is as 1 to 14, 7-fold concentration of solar energy with efficiency of 75% is
achieved. The efficiency is calculated theoretically and confirmed experimentally. The con-
centrator has a small weight and size, large directional pattern on the sun and does not re-
quire powerful cooling systems, allowing to use only passive radiators.

The calculations of the efficiency of the solar concentrator subject to the angle between
the concentrator surface normal and the line of sunbeams falling are carried out by ZEMAX
software. It was found that it works effectively in the range from —3 to —0,1 degrees on one
axis and from —30 to 30 degrees on the other. Therefore for the orientation only one plane is
needed. However, under such conditions, a solar tracker which performs a movement of at
least one axis is required.

Solar tracker is a device directing solar panel or solar concentrator to the sunbeams, al-
lowing to produce more energy during the day. Trackers are divided into active, passive and
manual. The most versatile are the active orientation systems, as they are able to operate au-
tomatically, as well as to find the most actively radiating light source, and not to rely on
prepared movement program. The trackers can be oriented either by one axis or by 2 axes.
Although the two-axis orientation gives a small gain compared to a single-axis one, it is
quite complicated and more expensive [2]. Therefore, in terms of given geographical loca-
tion, unique single-axis active solar tracker is proposed. Its principle of operation is based on
the analog-digital signal of control board, which avoids the use of microcontrollers and
stepper motors, allowing to reduce the system total costs and to simplify it, maintaining
quality and reliability.

The formula of the dependence between the power that reaches the photocells and the
angle of sunbeams incidence on the solar panel is derived. The tests which confirm the de-
pendence obtained were carried out.

The solar battery was installed in the initial position perpendicular to the incidence of the
sunbeams with a help of a tube in which there was a longitudinal through hole (the orienta-
tion took place before the occurrence of bright luminous point under the tube). Then, using
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the pyranometer installed the same way the amount of total solar radiation incident on 1
square meter perpendicular to the line of sunbeams incidence was measured.

After that the solar panel power was calculated by measuring its current and voltage at
different angles of incidence between the normal to the photovoltaic module and the line of
sunbeams incidence. The angle of incidence was regulated using a specially designed rack.
The photovoltaic module fixed on the rack could take stable positions with increments of 15
degrees. Three measurements for each angle were carried out. The arithmetic mean values
of the measurements was recorded in the table and noted on the curve of the solar panel
power-angle of incidence.

As a result, it was found that the points of the graph and the theoretical curve obtained
are almost completely coincided. Slight variations are due to the fact that the measurements
were not instantaneous, but within a ten minute period of time. The radiation power within
the period can vary. The accuracy of the orientation to the sun and measuring instruments
are also the factor of variations occurred.

Further calculations showed that without tracker solar panel loses about 40% of electric
power during the day [2].

The model of reduced scale, demonstrating the principle of operation of solar tracker,
was designed and assembled.

Main components are:

« Battery powering the motor and the external circuit (1);

« Control board that regulates the rotation of the installation (2);

» Motor performing rotation (3);

« Limit switches (4), which not allow the solar panel to rotate for more than 180 degrees,
preventing wire break;

 Solar cell (5), fixed at an angle of 45 degrees to the horizontal, which charge the battery;

 Switch (6), which enables or disables the system;

« Output jacks (7), connected to external circuit, allowing to supply some electrical equipment.

Limit switches correspond two boards fixed near the shaft which rotates the solar panel.
Their principle of operation is based on optocoupler principle. When the metal plate is
placed between the light emitting diode (LED) and photodiode the output current stops to
flow in the specified direction. This allows to turn off the tracker when it reaches a certain
critical angle.

The main part of the installation is the control board. Its principle of operation is based on
2 LEDs, arranged at an angle of 40 degrees relative to each other. Sensors for the control
board are LEDs and not photodiodes. Due to the fact that the principles of their operation
are similar in many respects, the LEDs can be used instead of more expensive photodiodes.

When photons of light hit the LEDs’ n-layer the electrons are knocked out. Most of them
are recombined due to the fact that they cannot overcome the much wider p-n junction than
that in photodiodes. Nevertheless, a small number of electrons still overcome it. The poten-
tial difference occurs and current begins to flow, which is amplified by means of transistor
amplifier installed in the board.

When the solar radiation falls more on one of the diodes of the board, the control signal is
generated. The signal enables the electric motor to rotate the entire installation.

Important feature of this board is the ability to adjust the step of tracking system. By
changing the resistance of potentiometer used in the board it is possible to change the time
between the solar tracker operations from a few seconds to several hours. This is essential
due to the fact that the sun moves around relative to a solar panel slowly and continuously
whereas switched on solar tracker consumes an excessive electric power. Therefore it is
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more efficient to put the solar tracker into operation for definite time intervals. The depend-
ences of the system’s power on the orientation step were calculated. They showed that the
most efficient system must have the orientation step of 1 hour for solar panels and 8 minutes
for solar concentrators.

The calculations of efficiency increase of solar panels with tracker were carried out. For
example in Tomsk region during the most bright and warm days, the power of total solar
radiation reaches a peak at 1100 W/m?, and in the cold winter indicator drops to 150 W/m?,
The graph of the total solar radiation for August 14", provided by the site of atmospheric
composition climatology of Tomsk region was taken [4] (on the 14™ of August, it was about
the average value of solar radiation between summer and winter). The data on azimuth and
zenith of the sun in the Tomsk region on August 14" were also provided.

The results of the calculations in the form of dependences of output power on time are
represented in Fig. 5. The curve 1 corresponds to the solar panel with solar tracker, the curve
2 — without it. It may be concluded that when the orientation system is used the output pow-
er is substantially higher than that for static solar panel, excluding the interval from 13 to 14
PM, when the sun is in the south.

W AP Fig. 5 (left). De-
500 pendgnce of output
450 electric power pro-
400 duced of orientable
solar panel (1) and
330 static solar panel (2).
300 According to the
250 1 results obtained by
200 5 S calculations the use
150 the solar tracker can
100 increase the efficien-
50 cy for 30-35% for
L solar cells and sev-

0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 p eral times for the
solar concentrators. Solar concentrator and tracker simultaneous application reduces the cost
of solar power by more than a factor of 2 for monocrystallic solar cells and 4-5 times for gal-
lium arsenide solar cells.

The laboratory installations of the solar concentrator (1 W) and solar tracker (10 W) were
created. The work on scaling the samples, as well as on the possibility of replacing the acryl
by polyester in solar concentrator is currently carried out.

Conclusion.

On the example of Tomsk region it is proved that solar power plants use for autonomous
electric power supply objects is efficient. Therefore, among the known ways the methods of
azimuth orientation of solar panels during the day are considered and implemented. Fur-
thermore, in order to increase efficiency it is proposed to use the acrylic solar concentrator.
The result of the work is the photovoltaic installation, which contains the photovoltaic mod-
ules and the original control system.
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Pleshkov, A.N., Stolyarova, A.K.
Experimental study of biomass drying softwood
National Research Tomsk Polytechnic University.

The topic of my scientific work is «Experimental study of biomass drying softwood».

The purpose of my work is Experimental determination of the evaporation rate liquid in
the softwood biomass.

In recent years in the world there is a greater interest in using of biomass for heat and
electricity, its involvement in the fuel and energy balance of the regions and countries on the
whole. This is proved by numerous studies in the European Union and the United States,
aimed at identifying the best ways of using biomass energy, as well as in Russia .The inter-
est in using biomass is defined by the following main factors: Environmental, associated
with the need to address, including global climate problems. It’s necessary to reduce the
consumption of non-renewable energy sources (gas, oil, coal), actively exhaustible in the
nearest future, and to replace them with the renewable sources. The biomass use is one of
the radical solutions of the problem to reduce the greenhouse gas emissions (CO2) power
plants using fuel, as well as to reduce the emissions of other harmful ingredients: trees and
plants that make up the main part of the biomass themselves absorb CO2 emissions: how
much CO2 is absorbed, so much produced by burning and does not increase by a concentra-
tion in the atmosphere; practically there is no biomass virtually sulfur, low nitrogen and ash
content.

The work relevance.

Examining and analyzing the literature a has been found that insufficiently reliable exper-

iments must be conducted by the experiments in this direction.
The practical significance.

Analysing and developing are the optimum parameters of drying softwood biomass, in
order to increase savings in non-renewable energy sources, as well as the funds spent on
their prey Improving the impact of the heat production.

How biomass is formed.

The atmosphere carbon dioxide and soil water by means of participating in the photosyn-
thesis process to produce the carbohydrates forming the biomass "building blocks". Thus the
solar energy used in the photosynthesis has stored in chemical form in the biomass structure.
If we burn the biomass efficiently, the extract chemical energy, the atmosphere oxygen and
the carbon contained in plants react forming the carbon dioxide and water. The process is
cyclic because the carbon dioxide can once again participate in the production of a new bi-
omass.

Biomass energy application.

The biomass taking the sixth reserves among the currently available energy sources be-

sides the oil shale, uranium, coal, oil and natural gas . Approximately complete biological
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land mass is estimated at 2,4 « 10*? tons. Biomass is the fifth performance of the renewable
energy source besides the direct solar, wind, hydro and geothermal energy. Every year, on
the ground are produces about 170 billion tons of primary biomass and about the same
amount is destroyed. The biomass is the largest by using of the world economy in a renewa-
ble resource (more than 500 million tons at . (Tons per year ) The biomass is used to pro-
duce heat, electricity, biofuels, biogas ( methane, hydrogen ) .The main part of the biomass
fuels (80% ), is primarily the wood, used for heating and cooking in developing countries.
The examples of using biomass.

In 2002, the U.S. electric power was installed 9733 MW of the generating capacity the
biomass use. 5886 MW of them worked at the waste of Agriculture and Forestry, 3308 MW
worked at municipal solid waste, 539 MW from other sources. In 2003, 4 % of all the U.S.
energy was produced from biomass. In 2004, the worldwide electricity was produced from
biomass power plants with the total capacity of 35,000 MW. Currently, The European coun-
tries are experimenting growing the energy forests for the biomass production . On the large
plantations have been grown fast-growing trees : poplar, acacia, eucalyptus and others. Test-
ed about 20 species of plants. Plantations can be combined when the trees are grown be-
tween the rows of other crops, such as poplar, combined with barley. There is a energy for-
ests rotation for 6-7 years.

Boilers for biomass.

The Biofuel boilers successfully combine the advanced automation, the heat exchangers
and the modern convenience dignity with the unique pellets . The pellets themselves have
been compressed under a high pressure from a small wood waste or vegetation. No artificial
additives in their manufacture have been applicable.

Conclusion.

When burning there are absolutely harmless products, as well as a natural and pleasant
smell . The remained ash after it can be used as a fertilizer in your garden . Thus the envi-
ronmental cleanliness is one of the important characteristics of biofuels.

References:

PaceB A.W. Cymika npeBecunsl: YuebHoe nocobue. 1U3a. 4-e. — M.: MI'YJ1,2000.

2. Xonmanckut A. C., Copoxkuna E. 0., Tlopee H. A., Kypranos A. A.
BeicTphiit Mponu3 kiaeTyaTku. — DIeKTpoHHbIN kypHan «MccnenoBano B Poccum» —
http://zhurnal.ape.relarn.ru/articles/2004/123pdf, 2007r.

3. Kaccupos I'.'M., Jlonatun B.B., Cexucos @.I'., Cmepnos O.B., Jlu Xynna. [Ipumenenue
BY pa3zpsnoB npu cymike apeBecuHsl / CTaHOBIEHHE U pa3BUTHE HAYYHBIX MCCIIEIOBA-
Hu#l B Beiciel mkoine: CO. TpynoB MexnyHap. Hayd. koHd. — Tomck, 2009. — T. 2. — C.
264-269.

4. T'opemneB M.A., Kazapun A.H., AnekceeB M.B. MonenupoBanue TerigoMacconepeHoca
JIpeBECUHBI IIPH HAarpeBe B Kamepe ¢ MOHWKEHHBIM JaBiieHneM // COBpeMEeHHbIE TEXHUKA
u tex"ojoruu: CO. TpynoB XVI MexayHap. HaydHO-TIPAaKT. KOH(. CTY/IE€HTOB, aCIUpaH-
TOB U MOJIOABIX yueHbIX. — Tomck, 2010. — T. 3. — C. 172-173.

5. PaceB A. 1. TemmoBas o6paboTka u cymka apeBecunbl: YdeOnuk. — M.: T'OY BIIO
MI'VJI (MockoBckuit rocyjapcTBeHHbIH yHUBepcuTeT Jieca), 2009. Ctpanuir:360.

Hayun. pyk.: byns6a E.E., k.1.H., mom. kad. TIIT.

=

119


http://zhurnal.ape.relarn.ru/articles/2004/123pdf

Romanenkov, A.l., Matukhin, D.L.
Implementation of a solar-diesel power plant in decentralized area
of the Republic of Altai
National Research Tomsk Polytechnic University.

More than 16 million residents in Russia refer to the decentralized power supply. Human
need for electric energy is doubling every 10-15 years. Stand-alone sources of energy are
used in the territory with decentralized power supply. In the paper it is considered an exam-
ple of the Republic of Altai, which uses one of the first in the world solar-diesel power
plant. Until that time, a diesel power plant has operated for many years.

Villagers of Yailu are provided with electricity only sixteen hours a day. It is associated
with the limited capacity of the diesel power plant, rate issues and difficulties with the pur-
chase and transmission of fuel. Solar-diesel power plants represent a new solution to the
problem. That combines energy of the sun and diesel generation.

The solar-diesel power plant was built in a short time, in the period from November 2012
to March 2013. The project was implemented within the framework of a state contract of
Ministry of Education and Science of Russia on creation pilot projects in the field of solar
energy, implemented in the framework of the Federal Target Program «Research and devel-
opment on priority directions of scientific-technological complex of Russia». At a power
plant was installed equipment from leading manufacturers. On the one hand, this project was
a scientific research. On the other hand, it provides continuous power supply for one of the
most remote areas of the Republic.

Power plant implemented in the Republic of Altai consists of: diesel engine and alternator
(made in Japan) — device which generates electricity via fuel combustion; solar panel (made
in Japan) — converts solar energy into direct current; inverter (made in Germany) is device
that converts direct current to alternating current, and change, voltage and frequency; battery
(made in China) is used for energy storage; controller (made in Turkey) monitors the battery
charge. Made by «SMA», «YANMAR»y, «kDATAKOM Electronics Limited» and others.

Solar-diesel power plant has a number of advantages:

1. Safer for the environment. 5. Long service life.

2. No need to connect to the centralized 6. Reducing diesel fuel consumption.
power grid. 7. Power plant operates 24 hours a day.

3. Fully stand-alone system. 8. Reducting the cost of electricity.

Production Diesel and PV from 3/9/2014 to 4/8/2014
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Figure 1 — Diagram of the production of electricity solar — diesel power plant.
Solar-diesel power plant has several of disadvantages:
1. The need to accumulate energy produced by solar modules.
2. High construction costs associated with the use of trace elements (indium and tellurium).
3. The need for periodic maintenance.
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Hybrid power plant in the Republic of Altai is able to provide reliable, stable power sup-
ply for remote areas (See Figure 1).

Operating solar-diesel power plant has reduced by 50 percent the annual consumption of
diesel fuel and saved 1.8 million rubles.

Developers are going to continue the experiment. Such power plants should be built in
areas with high level of diesel generation. These are Yakutia, Tuva Republic, Transbaikal
territory, Far East. It will lead to reducing budget expenditures.
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Rudnik, V.Ye., Ryndin, I.A., Obskov, A.V.
New prototyping of Google Corp. will travel in Global Business: Google Glass
National Research Tomsk Polytechnic University.

In our day and age, technology is omnipresent and an integral part of our live. However,
although the main purpose of technology is to make our life easier, the reactions and opin-
ions on technology are very diverse. Every people would like to make our life easier.
Google glass can solve this problem. It is absolutely new design from Google. You can see
the world more colorful. For example, you may capture all that happened during the day.
Walking down the street, you often look into your smartphone and it may be dangerous for
your health: you can stumble and fall. With Google glass you forget about it. Interaction
with user happens by voice commands. Some words helps you enter the Internet, use map,
and check weather. As a result, Google glass includes three main functions: augmented Re-
ality, mobile telephony+ Internet, video diary [1].

Touchpad: A touchpad is located on the side of Google Glass, allowing screen. Sliding
backward shows current events, such as weather, and sliding forward shows past events,
such as phone calls, photos, circle updates, etc. Camera: Google Glass has the ability us-
erstocontrolthedevicebyswipingthroughatimeline-likeinterfacedisplayedontheto take photos
and record 720p HD video. While video is recording, the screen stays on while it is doing
so. Display: The Explorer version of Google Glass uses a Liquid Crystal on Silicon (LCoS),
field-sequential color, LED illuminated display. The display's LED illumination is first P-
polarized and then shines through the in-coupling polarizing beam splitter (PBS) to the
LCoS panel. The panel reflects the light and alters it to S-polarization at active pixel sites.
The in-coupling PBS then reflects the S-polarized areas of light at 45° through the out-
coupling beam splitter to a collimating reflector at the other end. Finally, the out-coupling
beam splitter (which is a partially reflecting mirror, not a polarizing beam splitter) reflects
the collimated light another 45° and into the wearer's eye [3].

Technical specifications it is based on Android 4.0.4 and higher, 640x360 Himax hel-
IoHX7309 LCoS display5-megapixel camera, capable of 720p video recording, Wi-Fi
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802.11b/g, Bluetooth, 16GB storage (12 GB available), 682MB RAM, 3 axis magnetometer
(compass).
Ambient light sensing and proximity sensor.

Voice commands (Base command: “ok glass”, after that, you must say real command),
gestures, recognized by touchpad and audio system with bone conduction [1].

Some voice commands: «ok, glass, recordavideo.», «ok, glass, takeapicture.», «ok, glass,
google [search query].», «ok, glass, google photos of [search query].», «ok, glass, send a
message to [name].», «ok, glass, send [name] that [message].», «ok, glass, how is the
weather in [place]?».

Device Interface was demonstrated in video, February 2013. In March Google used exhi-
bition to show first applications for the Glass. Currently the company is working over the
sample for people with bad vision [2].

So whether technology is aiding our life and making it easier, or creating new challenges
and stress for us, really depends on how we react and interact with the new technologies. If -
- when technology solves one of our problems -- we keep immediately coming up with new,
larger problems, no technology will ever be able to satisfy our constantly new needs. How-
ever, if we allow technology to make our life easier, and focus more on the quality, rather
than the quantity of life, and also learn how to use technology to our greatest advantage --
such as how to use it to influence others -- we can all greatly benefit.
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Ryskeldi, M., Matukhin, D.L.
Economic efficiency of the transition from conventional
to renewable power engineering
National Research Tomsk Polytechnic University.

At the beginning of the XXI century world consumption of energy exceeded 500 EJ/year
(1 EJ = 1018 J) or about 12 billion year. According to various forecasts by 2020 world
power consumption will increase more than by one and a half times. Requirement of the
population increase with increase in the population. In the conditions of gradual exhaustion
of cheap stocks of organic fuel opportunity full and with acceptable expenses of satisfaction
of growing energy needs causes serious fears. The nuclear power after a number of serious
accidents on the nuclear power plant yet doesn't cause trust of the public. Besides, energy
consumption by mankind makes only about 2/10000 total receipts of energy of sunlight on
Earth surface. At the same time, in comparison with the energy going for processes of
photosynthesis (about 40 TVt), the world power is commensurable and, by estimates,
reaches about 20% of it that points to basic possibility of noticeable global influence of
power on the biosphere. The power is responsible approximately for 50% of all harmful
anthropogenous emissions in environment, including greenhouse gases[1].

Mankind for a long time I am familiar with renewables. Such types, which, in process of
human size not exhaustible, ecological pure both an economic favorable electric and thermal
power source. Renewables are the sun, a wind, oceanic inflow, warmly terrenewabltrial
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depths and chemical energy. These types of nonconventional types of energy would become
the solution of everything of problems in energy drinks, economy and human wants. In 1981
in the city of Nairobi (Kenya) Conference of the UN at which the world action program on
use new and renewables was accepted Took place[2].

As we know from school physics every body has a lot of energy and we also know that
the energy is not lost and it does not disappear just move from one to another form of
energy. In such way we understand energy not probably to destroy or spend. Energy is in the
nature, and our task to transform them in necessary to us a type of energy. Staff of the
Ariston company showed one of these examples having presented on the market wall
coppers for heating and hot water supply with efficiency of 107%. She allows to use the
hidden energy which contains in combustion gases, i.e. transforms on the energy necessary
to us. The person has a lot of opportunity to receive energy from the nature. Question in that
that, what potential at nonconventional sources of an enegriya and what economic benefit?
Whether will be able, renewables to replace traditional sources?.

Potential of the renewables (R) on the indication experts, are very great. For example, the
development of renewable energy in Russia is 4.6 billion tons of fuel, which is more than
four times the current energy consumption.

This is a very large sum, and shows high potential for renewable energy. But, at the same
time makes you wonder if such a high potential of renewable energy, why, world level of
introduction of Renewabl makes only 20%, and plans to raise to 2020 to 24% and by 2050
to 50%. Thus the share of renewables in electricity production should reach 38.6%, the heat
— 14% biofuel — 13.2%. And why is it such a big country as Russia, which is 70 % of its
territory with a population of about 20 million people located in the area of decentralized
power is not transferred to the non-conventional sources of energy. According to various
estimates, ensuring through alternative sources composes from 25 to 50 % of energy
consumption. On the one hand, this eco-friendly best sources . With the help of renewable
energy could reduce the serious disadvantages of conventional energy sources . Since Earth
is a large house shared humanity, the use of renewable energy would affect the safety of
Environmental Activities, improve human health and economic stability. But despite all this,
the development of renewable energy occur very slowly[3].

Above the told UN Conference in 1981 has been created experts Commission . After 10
years, a group of UN experts analyzed the state of affairs in the energy sector and using a lot
of materials around the world, has assessed the environmental impacts of different types of
alternative energy sources . The overall conclusion of experts suggests that the existing
notion of renewabl as a completely environmentally friendly sources erroneously . And
since then this look is object of research . And till today revealed some shortcomings of
Renewabl. The disadvantages primarily relates that renewabl are characterized, as a rule, a
small energy flux density :

solar radiation. wind flow.

on a clear day — 1000 W/m2. atv=10m/s—-500 W/m2.

in an average year — 150-250 W/m2. atv=5m/s—-60W/m2.
water flow.

forv=1m/s—500 W/m2.

In traditional power installations density of power streams reaches hundred kW or even
several MWt/sg.m. As a renewablult, need for big surfaces for collecting energy and need of
use of big accumulators of energy that causes cost growth. Collecting, transformation and
management of power streams of the small density, in some cases having daily, seasonal
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and weather instability, demand considerable costs of creation of receivers, converters,
accumulators, regulators, etc [2].

Renewabl forces to create the big areas of power installations "intercepting” a stream of
used energy . It leads reception surfaces of solar installations, the area to a big material
capacity of similar devices, therefore, to increase in specific capital investments in
comparison with traditional power installations. However, increased investment
subsequently recouped by lower operating costs, but in the initial stage they beat sensitive
afford those who want to use renewable energy.

As for "free of charge" the majority of types of Renewabl, this factor is leveled by
considerable expenses on acquisition of the corresponding equipment. Some paradox,
consisting that the rich countries though more developing countries need it are capable to
use free energy, mainly, renewablults, but owing to the poverty have no funds for
acquisition of the necessary equipment. The rich countries as Russia, don't show power
hunger and show interenewablt to alternative power engineering for reasons of ecology,
energy saving and diversification of power sources[3].

Therefore large-scale application of renewabl is a problem which demands system
approach which is shown in many countries, and substantially — through legislative base.
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Safyannikova, V.I.
Solar power towers
National Research Tomsk Polytechnic University.

The solar power tower, also known as ‘central tower' power plants or 'heliostat’ power
plants or power towers, is a type of solar furnace using a tower to receive the focused sun-
light. It uses an array of flat, movable mirrors (called heliostats) to focus the sun rays upon a
collector tower (the target). Concentrated solar thermal is seen as one viable solution for re-
newable, pollution-free energy.[1].

Picture 1, The 11MW PS10.
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One of the most known towers is The 11IMW PS10 near Seville in Spain. Because of
strong bright light dust and moisture glow in the air, and we can see rays. On the field there
are 624 mirrors, each is 120 square meters and the height of the tower is 115 meters. To
build this station costs 33 million euros and it occupies several square kilometers. But the
output energy can provide electricity to 6000 houses.

Sun rays turn water to steam.Steam is heated to 500 °C to drive turbines that are coupled
to generators which produce electricity. Such towers use direct high temperature chemical
reaction such as liquid salt. Thus, we can make the transformation of water. This method
allows to accumulate energy in big tanks with hot salt and a plant can work in cloudy
weather. It can provide steam generator’s working for 16 hours without sun and it also can
work all night long.[2].

There are other solar power towers, for example, in the USA, Turkey, Spain, Germany.
There was a project of building SolarTres for 15 MW in Spain too. The project aims at
building a tower with 2493 mirrors, each of which is 96 square meters.

In the second picture we can see the structure of this plant. Pink —is a storage of hot salt,
blue — is a storage cold salt, red — is a steam generator which is connected with the turbine
and the condenser. The European Commission has allocated 5 million euros for this con-
struction. The International organization SolarPACES with the companies from Spain,
France, Czech Republic and the USA manage this project.[3].
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Picture 2.

Different solar power towers have differences in their structure, because everyone wants
to make the production of energy more effective and cheaper. For example, Solucar in
Sanlucar la Mayor try to use various technologies such as parabolic concentrators with
Stirling engines and parabolic cylindrical mirror with pipes for heating the coolant.

The price for erection of these plants is high and its energy is expensive, but due to the
development and improvements in this sphere it will be cheaper. Also such manufactures
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have positive influence on the environment. In the nearest future they will prevent the emis-
sion of near 600,000 tons of carbon dioxide per year.[2].
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Sakvina, M.A., Tarasova, E.S.
EUROSTAG: power system dynamic simulation for transient, mid
and long term stability
National Research Tomsk Polytechnic University.

EUROSTAG® is a software developed by Tractebel Engineering GDF SUEZ and RTE
for accurate and reliable simulations of power systems dynamics.

It is dedicated to the dynamic simulation of the power systems, and fulfils the following
three basic requirements. First, a single software program to simulate fast and slow phenom-
ena in a continuous way. Second, for any phenomenon, a performance at least equal to those
of the specialized software programs. Third, faster and easier studies.

EUROSTAG is based upon a unique algorithm using a continuously and automatically
varying integration step size, featuring:

— A unique program using unique modelling of processes for a whole range of applications,
— A continuous display for both fast and slow phenomena.

EUROSTAG integrates all power system components and actions necessary to produce
an accurate and faithful dynamic simulation: Generators — Motors — Controllers — Protection
devices — Control equipment.

The advanced dynamic functions of EUROSTAG allow for the full range of transient,
mid and long-term stability to be covered thanks to a robust algorithm using an auto-
adaptative integration stepsize. The differential and algebraic equations are solved simulta-
neously with a variable integration time step. The stepsize varies automatically according to
the actual behavior of the system (typically from 1 ms to 100 s) in order to secure a constant
accuracy of the calculation process. In fact, the truncation error is calculated at each step for
the determination of the exact step length to be used.

Open to import and export data in various international formats, the software is also re-
nowned for its flexibility. Indeed, the user can directly access a vast library of power system
models or modify them using a flexible graphical modelling language.

Various manoeuvres and operations can be initiated at predetermined momenta or during
the simulation by user intervention. This is made possible by the graphic monitoring of the
changes of the system's main quantities.

EUROSTAG can read the data in international formats and can recover models and pa-
rameters used in older programs, allowing knowledge acquired with other tools to be saved.
It goes further in result exploitation through export to specialized programs (Microsoft Of-
fice, Matlab).

The following operations can be carried out:
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opening and closing circuit breakers Seven if a separation or resynchronization occurs,
the relevant phenomena being simulated);

shutdown and start-up of generating units;

shutdown and start-up of induction motors;

switching loads and compensation means on and off;

transformer tap-changer operations;

changes in set-points of controllers.

In order to help you understand and analyse in depth all your critical system phenomena,

EUROSTAG software embeds the following calculation tools:

Load Flow computation: system analysis in normal steady-state situation, the starting
step to any power system study.

Application Program Interface (API): allows for the integration of the power of EURO-
STAG dynamic simulation engine into an external process through Matlab, Python, C or
C++ code.

Critical clearing time calculation: automatic determination of the faults clearing times to
avoid instabilities on power systems.

Full-scope dynamic analysis: dynamic simulation of wide range of incidents, topological
modifications or process commands happening in a power system.

Eigenvalues computation and system linearization: entry points of small signal stability
analysis, study of the behavior of the system subject to small fluctuations around an op-
erating point.

In conclusion, with more than 25 years of continuous development, the pioneering dy-

namic analysis tool EUROSTAG presents the following features:

Efficient and powerful algorithm, able to manage large power systems and enable the
simulation of extended scenarios thanks to an auto-adaptive integration stepsize

Wide range of applications, allowing users to solve conventional but also highly complex
power system problems (black-out scenarios, voltage collapse...)

Flexible and secure modeling, thanks to its unique editors: File Editor, Model Editor,
Network Editor

Advanced post-processing, for both interpretation of results and the editing of reports
Open software, permitting the import and export of various data from international for-
mats

Reliable simulations, due to daily use and continuous improvement over 25 years by
world class experts
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Currently in the world there are several large-scale problems. One of them is the deple-
tion of natural resources. There is an increasing demand to use huge amounts of oil and gas.
Therefore involuntarily a question arises: how long will fossil fuels last, its use in the same
huge volume will go on? According to statistics based on mathematical calculations, the de-
posits of planet's natural resources will have exhausted by the end of the next century. Thus,
future generations will have nothing to use for energy production? No doubt fossil fuels ad-
versely affect the environment around the world. Therefore, mankind is now thinking more
about alternative sources of energy to reduce the dependence.

Renewable energy sources (RES) energy constantly exist in natural processes on the
planet, as well as energy products, life biocenters plant and animal origin [3].

A special feature of renewable energy is cyclical origin, which allows you to use these
resources without time constraints.

Usually, renewable energy sources refer to solar radiation, water flows, wind, biomass,
heat of the upper layers of the earth's crust and oceans.

RES can be classified by types of energy [3]:

1. Mechanical energy (wind and water);
2. Thermal and radiant energy (solar radiation and geothermal);
3. Chemical energy (biofuel).

Major opportunities of RES are virtually unlimited because they don’t contribute to the
depletion of natural resources, land resources but inadequate use of equipment and technol-
ogy, lack of the necessary structural and other materials makes it extensive to use renewable
energy.

Under certain conditions, in low-capacity autonomous power systems, renewable energy
can be economically profitable than traditional resources.

Wind power

Wind power is one of the fastest growing industry in the world markets. Growth in recent

years makes 31% of total RES consumptions [2].
Hydropower

Currently, hydropower is more than 60 % of all renewable energy sources and is the most

productive one (modern hydroelectric efficiency equals about 85-95 %).
Solar energy

The sun is one of the most important sources of renewable energy. Consequently, energy
of the star is increasingly being used by humans for producing electricity. Indeed, solar radi-
ation, amounting to the entire surface of the Earth, has tremendous power of 1.2 kW * 1014,
which in turn raises questions about the global use of this type of resource.

Biomass Energy

Biomass includes all substances of organic origin. At the moment, the use of biomass as

a source of renewable energy is under development and implementation for mass use.
Prospects for the development of renewable energy in Russia
Wind power.

In the Russian Empire, there were more than 20,000 windmills with a total capacity of 1
million kW.

Evaluation of the use of wind energy resources shows that for energy use of renewable
source is suitable about 8 million km? area where the average wind speed exceeds 5 m/s. If
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humanity used only 1% of the area to set up wind turbines, their installed capacity would
exceed 300 million kilowatts [2].
Hydropower
Russian hydropower resources are estimated to be 852 billion kW / h per year. This so-
called economic potential is suitable for industrial use. Largest hydropower Russia takes 2nd
place in the world.
Distribution of hydropower in Russia: European part — 25%, Siberia — 40% and 35% Far
East. Hydropower potential in the European part is used almost entirely.
Solar power
Russia has a huge potential of solar energy. Southern Russia, the Far East and Trans-
Baikal have a high level of solar radiation, which is comparable with the southern regions of
Europe, where solar energy has already gained intensive development.
Bioenergy
One of the most promising renewable energy resources in Russia is biomass. In the
meantime, this source is less involved. However, in fact, approximately 10% of the total
world consumption makes timber [1].
Conclusion
Reserves of Earth are depleting, the population is increasing every year, but the demand
for electricity is growing.
Today humanity is increasingly using renewable energy opportunities, but out dated
equipment and technology, lack of necessary structural and other materials do not allow us-
ing widely these resources.
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Senkiv, K.1.
The current state of alternative energy in post-Soviet Union countries

Alternative energy — is a set of promising ways of generating, transmitting and consum-
ing energy, which are not as widespread as traditional, but are of interest due to the use of
profitability and low risk of environmental at pollution.

Kazakhstan.

President Nursultan Nazarbayev said that by 2050 at least half of the total energy con-
sumption must account for alternative and renewable resources of energy.

By 2030, the share of electricity generation in coal-fired power plants will amount to 75
per cent. The share of such energy should make about 10 per cent.

By 2015 it is planned to generate by the alternative sources about 1 billion kilowatt
hours.

Share of renewable energy in total energy consumption must be 1.5 per cent by 2015, and
more than 3% up to 2020 year.
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By 2015, it is planned to construct a wind power plants with installed capacity of 125
Mw to produce 400 million kwh.

Potential maximum of renewable resources is 450 million kwh.

The biggest wind power plants are Selekovskij corridor and Atyrau. with capacity 100
MW.

Dzungarian vorota by wind characteristics is the most promising platform for wind farm
construction in the world, but their area IS small.
The Dzhungar gate will develop a total output of more than 1000 Mw.

It’s planned to put into operation about 250 MW of power by 2015, and about 2000 MW
by the year 2030.

Main regions of wind power engineering are North and South of Republic.[1].

Ukraine.

The main disadvantage of alternative energy in Ukraine is its high cost compared with
traditional energy sources.

However, taking into consideration high environmental parameters today cost of electric-
ity generated by wind power and thermal power stations are the same.

Today Ukraine has commissioned 10 biogas plants with a total capacity of approximately
7 Mw. The rate of "green tariff" for biogas was not approved, but several bills are under
consideration. Up to the year of 2020 production rate could achieved at 8 billion cubic me-
ters of biogas.

Advisable to place solar power plants in southern Ukraine.[2].

Armenia.

The main sources of renewable energy in Armenia are considered to be hydroelectric
power, followed by geothermal sources, as well as the generation of electricity through wind
and solar potential. The energy generated at the nuclear plant makes 40% of the total vol-
ume of the country's electricity, gas makes 37% and 23% refer to renewable energy. The
most promising area of renewable energy in Armenia is Hydro power. Now the country has
got 95 small hydropower stations with a total capacity of 124 Mw, which produce 387 mil-
lion kwh of electricity. Over the next 10-15 years the number of small hydropower stations
is expected to rise up to 164.

Most biggest pow Hydro power plant is Tatev station. Total capacity is 616 MW [3].

Advantages of renewable resources:

1. Inexhaustibility. Proven reserves of oil, gas and uranium may last at least 50 years Wind
and Sun resources are unlimited [3].

Environmental safety. Solar and wind power don’t produce harmful emissions.

Cheap maintenance. These plants do not require periodic servicing.

5. Autonomy. You can use away from power lines.[4,5].

Disadvantages:.

1. Low capacity. Installed capacity and efficiency of green power is not comparable with
the traditional.

2. Large investments. It requires significant investment and may not pay off.

3. Dependence on external factors. If the wind is gusting, and the sky is cloudy, the effec-
tiveness of green power is low.

4. Significant areas. Windmills and solar panels require large territories [6].

Currently, the share of renewable energy sources is relatively small. But now the con-
struction of wind, solar and hydroelectric power plants, and the development of relevant
laws is underway. This will in future considerably reduce the share of non-renewable
sources of energy and improve the environment in the countries of the former Soviet Union.

wn
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Synthesis and characterization of ultrafine tungsten carbide
in a discharge plasma jet
National Research Tomsk Polytechnic University.

1. Introduction

Superhard tool materials play an important role in engineering and manufacturing. The
characteristics of these materials are high hardness, strength, thermal stability, wear re-
sistance, corrosion resistance. One of the best known superhard materials is tungsten car-
bide. It is used in the fabrication of various tools for metal cutting and rock drilling, for the
manufacture of armor-piercing bullets and shells core.

At present there are a lot of methods for obtaining tungsten carbide. Tungsten carbide
nanopowders are synthesized by electric discharge machining followed by annealing under
nitrogen atmosphere [1]. Another method for obtaining tungsten carbide (WC) is a single
step synthesis of nanoparticles directly from scheelite ore, which contains tungsten [2].
Tungsten carbide nano-particles are formed by carburizing tungsten/tungsten oxide/non-
stoichiometric tungsten oxide particles obtained from a wire explosion process with multi
walled carbon nano tubes [3].

Theoretical and experimental data analysis shows that one of the most promising ways is
to obtain crystalline phases of nanodispersed tungsten carbide in the gas-phase system using
carbon and tungsten powders as precursors. The required P, t-parameters can be obtained in
the leading-edge shock wave of the supersonic pulsed carbon plasma jet impinging upon the
chamber filled with gaseous nitrogen at the velocity up to 10 km/s.

2. Experimental

Experimentally the above described interaction is achieved with a pulse (up to 500 ms)
high-current (about 10°A) coaxial magneto-plasma accelerator (CMPA) with graphite elec-
trodes [4, 5]. Initial mix of carbon and tungsten powders (total weight is 0,75 g with weight
ratio W/C=2:1) is loaded into the zone where high-current Z-pinch arc discharge plasma
structure accelerated in the coaxial system is formed. The accelerator is powered by a current
pulse generator with a maximum stored energy of up to 360 kJ. In the experiment charging
voltage is 3 KV and charging capacity is 6 mF that corresponds to 54 kJ of energy. Plasma is
shot into the sealed reactor chamber filled with argon gas at normal conditions. The chamber
is opened and the synthesized powder is collected after cooling and complete precipitation of
suspended particles in the argon atmosphere. As a result, 0,485 g of dark gray powder prod-
uct is obtained. The untreated synthesized material is examined with X-ray diffraction (XRD)
using Shimadzu XRD7000 (CuK,-radiation) diffractometer and high-resolution transmission
electron microscopy (HRTEM) (JEOL JEM 2100F microscope).

3. Results

Figure 1 shows the X-ray diffraction pattern of the plasma-dynamic synthesis product. It
is obvious that the obtained material consist of several ultrafine crystalline phases: tungsten
W, tungsten carbides W,C and WC,.x and graphite gC. Phase analysis of the product was
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conducted with Powder-Cell and Powder Diffraction File PDF 4 programs. The main phase
of the synthesized product is a cubic tungsten carbide WCy.x (more than 95%).

Fig. 1 (left). XRD pattern of
the synthesized powder
product.

Figure 2 shows the results
of the high-resolution trans-
mission electron microscopy
of the product. The analysis
of HRTEM images shows
that the product consists of
two types of objects (Fig.
2a). The first one is rounded
particles sized up to 120 nm,
which might be tungsten
carbide phases. The second
60 70 80 20,deg ON€ is less dense objects,

corresponding to nanosised
carbon. In the selected area of the electron diffraction (SAED) image (Figure 2c) two diffuse
rings (supposedly nano-sized graphite phase) and individual point reflex corresponding to
interplanar spacings of tungsten carbide phases can be identified. Figure 2b is HRTEM im-
age of a single tungsten carbide particle sized about 30 nm. The object has a rounded shape
surrounded by a shell consisting of nano-sized graphite.
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Figure 3 shows the histogram of particle size distribution in the range from 10 nm to 120
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Fig. 3. Particle size distribution histogram.
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4. Conclusion
Tungsten carbide is synthesied from the mix of pure tungsten and carbon black with
plasmadynamic method using the system based on the coaxial magnetoplasma accelerator.
The plasmadynamic synthesis product is composed of tungsten W, tungsten carbides W,C
and WCjy.x and graphite gC. The main phase of the synthesized product is cubic tungsten
carbide WCy.x (more than 95%). Particles of tungsten carbide WC,.4 are sized up to 120 nm.
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Witricity — Wireless Electricity
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What is WiTricity ?
[ WiTricity is nothing but Wireless elecTricity.
[J Transmission of electrical energy or power from one object to another without the use of
wires is called as WiTricity.
1 Because of WiTricity some of the devices won't require batteries to operate.
History of Wireless Power.
[J In 1891, Nikola Tesla Proposed a method of Wireless Power Transmission. As it is in
Radiative mode, most of the Power was wasted and has less efficiency.
) In 2005, Dave Gerding coined the term WiTricity which is being used today.
Kortpgragtic N | _ ] Forgotten invention was reborn in 2007 by the MIT re-
< searchers.
Basics of WiTricity.

Electricity: The flow of electrons (current) through a
conductor (like a wire), or charges through the atmosphere
(like lightning).

Magnetism: A fundamental force of nature, which
causes certain types of materials to attract or repel each

\, < other.
Nomesaehic 28 g ‘:;;lu;"ﬂmwm"v Electromagnetic Inductions: Is the production of voltage
(induced current) across a conductor moving through a
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magnetic field. For example, it turns out that an oscillating magnetic field produces an elec-
tric field and an oscillating electric field produces a magnetic field.

Electromagnetism Energy: A term for the
interdependence of time-varying electric and
magnetic fields.

Power Coupling: It occurs when an energy
source has a means of transferring energy to
another object.

Resonance: Is the tendency of a system to
oscillate with larger amplitude at some fre- )
quencies than at others. These are known as Secondary
the system's resonance frequencies.

Resonant Magnetic Coupling: Magnetic coupling occurs when two objects exchange en-
ergy through their varying or oscillating magnetic fields. Resonant coupling occurs when the
natural frequencies of the two objects are approximately the same.

WiTricity Technology.
[1 There is WiTricity power sources (transmitter) and capture devices (receiver).
[ Power source provides power to the devices where as capture device received it to work.
[ Power source and capture devices are specially designed magnetic resonators.
[1 Magnetic resonators efficiently transfer power over large distance via the magnetic near-
field. (2 )

Diagram Of Power Source And L1

Capture Device. _
Invention Of WiTricity. o
Coupled resonators. W i

1 Two resonant objects of the same }

resonant frequency tend to ex- (3]

change energy.

[1 It exchange energy strong-

ly,while interacting weakly with : ’
living beings and other environ- 6
mental objects. ©

[ Coupled resonators are said to be operate in strongly coupled regime to avoid material
absorption and radiative loss.
Strong coupling.
[1 The rate of energy transfer is significantly higher than rate of energy lose.
[J Energy transfer is very efficient. e
[ Strength of interaction is very high. rsz L
How WiTricity Could Work? ' :
1. Power from mains to antenna, which is © S
made of coppe. \m/5
2. Antenna resonates at a frequency of
10MHz, emitting electromagnetic waves.
"Tails' of energy from antenna 'tunnel’ up to 2.5m (8.2ft ).
4. Electricity picked up by laptop's antenna, which must also be resonating at 10MHz. En-
ergy used to re-charge device.
5. Energy not transferred to laptop re-absorbed by source antenna. People/other objects not
affected as not resonating at 10MHz.
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WiTricity Technology Can Provide.

1. Direct wireless power : when all the power a device needs is provided wirelessly, and no
batteries are required. This mode is for a device that is always used within range of its
WiTricity power source.

2. Automatic wireless charging : when a device with rechargeable batteries charges itself
while still in use or at rest, without requiring a power cord or battery replacement. This
mode is for a mobile device that may be used both in and out of range of its WiTricity
power source.

WiTricity Applications.

1) Consumer Electronics: automatic wireless charging of mobile electronics (phones, lap-
tops, game controllers, etc.)in home, car, office.

2) Industrial: direct wireless power and communication interconnections at points of use in
harsh environment (drilling, mining, underwater, etc.).

3) Transportation: automatic wireless charging for existing electric vehicle classes: golf
carts, industrial vehicles.

Conclusion.

() The transmission of power without wires is not a theory or a mere possibility, it is now a
reality. The electrical energy can be economically transmitted without wires to any dis-
tance.

1 Wireless transmission of electricity have many merits like high transmission integrity and
Low Loss (more than 90% efficient) and can be transmitted to any where in the globe
and eliminate the need for an inefficient, costly, and capital intensive grid of cables, tow-
ers, and substations.

[1 The system would reduce the cost of electrical energy used by the consumer and get rid of
the landscape of wires, cables, and transmission towers.

[1 It has negligible demerits like reactive power which was found insignificant and biologi-
cally compatible. It has a tremendous economi ¢ impact to human society.

Finally.
Now you can Imagine the future in which wireless electricity makes everyday products
more convenient, reliable, environmentally friendly and safe electricity | think the world
will be change and you can say goodbye wires.
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Reactive power compensation in electrical networks
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ABSTRACT.

The paper outlines methods of compensating reactive power in electric lines. To reach
the aim the two types of compensation devices are used including synchronous compensa-
tors and battery capacitors.

INTRODUCTION.

Reactive power is one of the main indicators characterizing the operation of the electrical
system. The term "reactive power" is introduced in relation to the established modes of
symmetric circuits with sinusoidal alternating current and voltage. In case of sinusoidal
power transmission the positive half-wave is characterized by power transmission from the
source to the consumer. Energy return occurs in the event of negative half-wave. The aggre-
gate total power characterizing flows within power system is divided into active and reactive
components.

The appearance of reactive power (RP) is associated with the presence of elements in the
system that are able to accumulate and transfer electricity. These elements are: long lines of
high and ultra-high voltage, coupling capacitors, cable lines, shunt capacitors having a large
capacity. Other consumers have on the contrary inductive type of load, such elements in-
clude: asynchronous motors, induction heating furnaces, transformers, reactors. RP in the
resulting system is equal to zero, so the costs of its production do not occur.

Application of static reactive power sources (RPS) in load nodes, helps to solve a number
of problems associated with economic mode of the power system and the consumer. Also
the use of the RPS has a positive effect on the quality and efficiency of power supply design
objects.

U Generation of active component
is associated with the consumption
Ir I 1 Of power load and performing useful

P s - L C . .
/ NS work. Generqtlon of active power
N needs a certain amount of primary
74 : A energy in power plants. The second
; X component is related to the ex-
' change of energy between the sys-

tem and the source.

The main criterion of active pow-
er balance in the system is the fre-
quency. When under load consump-
tion and power generation power
line frequency is maintained constant at the level of 50 Hz.

At loss of synchronism of the system, the remaining generators in the power take the
power from generators that are not able to cope with, the frequency of their rotation falls and
as a result the system frequency also falls. Indicator of production consumption balance in
the RP system is voltage.

Moreover, the figure for the RP is not a system, as a balance must be maintained in each
node where the voltage level is controlled. Despite the overall compliance between produc-
tion and consumption of the reactive power, the balance in the individual nodes can not be.
Therefore it is very important to observe the availability of RP where there intake.
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Synchronous compensator

Synchronous compensator (SC) is a synchronous motor running in an idle mode. Effec-
tiveness of compensation reactive sources depends not only on the power equipment, but
also on the regulatory systems that control these sources. So, for the SC regulatory effect
increases significantly when using automatic voltage regulation (AVR). Such systems pro-
vide excitation control not only when supervised parameter deviations, but when you reject
modes of the compensator and power system as a whole.

However, the possibilities of AVR are limited by inertia windings of synchronous ma-
chines. This problem can be solved by rapidly changing magnetic flux due to the saturation
of individual sections of the artificial magnetic circuit with its special magnetizing windings.

Synchronous compensator (SC) in underexcitation mode consumes from the system cur-
rent with inductive component, the inductive component, the more, the more underexcita-
tion . With overdrive SC consumes network of capacitive current, loading line with reactive
power and thereby reducing the voltage at the node. At a current equal to the excitation cur-
rent idling compensator network of active current is consumed due to losses in the windings
of the equipment.

Capacitor batteries

Along with the SC, capacitor batteries have become widespread for the purpose of RP
compensation. They got a lot of popularity for cheapness and ease of operation . Introduc-
tion of new technologies and materials for manufacturing these sources RP has allowed to
reduce the specific volumes, increase the service life, reduce power losses in capacitors,
leading to cheaper equipment. BC to an applied sinusoidal AC give the network outpacing
capacitive current thereby relieving power lines to transport RM. Voltage in this node in-
creases.

Voltage regulation using the capacitor takes place stepwise, when connecting or discon-
necting of additional capacitors. Gradual control is one of the most significant shortcomings
of the SRP.

CONCLUSION.

In comparison with the voltage regulation capacitors a compensator has considerable ad-
vantage. Since regulation is smooth and combined with the latest systems of AVR compen-
sators regulation occurs continuously, constantly maintaining high static stability. When de-
signing electricity supply system the choice of a means of compensation have to be evaluat-
ed. Investments to install SC and BC vary considerably, however, and their effectiveness
varies.
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Shvab, S.A., Tarasova, E.S.
Water as reactor coolant
National Research Tomsk Polytechnic University.

The coolant is a liquid or gaseous substance which is used for the removal of heat from
the core. This heat is released in the process of nuclear fission.
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The heat must be captured and transferred for use in electricity generation. To do this, re-
actors use coolants that remove heat from the core where the fuel is processed and carry it to
electrical generators.

The coolant of the reactor determines its design, safety performance and economy of nu-
clear power plant (NPP).

General parameters for a good coolant.

Reliable long-term operation of a nuclear reactor can be implemented, if heat is inten-
sively produced from nuclear fuel and moderator.

For efficient coolant work, it must fulfill a number of key specifications. Most basically,
it must have efficient heat transfer properties. The coolant must also be a fluid that can fill
the interstices of the core and be pumped to a steam generator or turbine.

Relevant considerations for reactors are:

- A large specific heat. - High reliability.
- High efficiency. - Low operating pressure at high tempera-
- Cost-effectiveness. tures [4].

The choice of the coolant is determined by the requirements of reactor installations and
depends on conditions of their use.

I’d like to note that the coolant affects significant aspects of the reactor itself, such as the
operating temperature and pressure, the size of the core, and methods of fuel handling.

Currently, water is widely used in different fields of industry as a coolant, due to the wide
distribution of water in nature and its special thermodynamic properties, which associate
with the structure of molecules.

The two major types of water-cooled reactors are light water reactors (PWR) and boiling
water reactors (BWR).

In a boiling-water reactor (BWR), the water boils directly in the reactor core to make
steam that is piped to the turbine.

In a pressurized-water reactor (PWR), the coolant water is kept under increased pressure
to prevent boiling. It transfers heat to a separate stream of feed water in a steam generator,
converting that water to steam.

For both boiling-water and pressurized-water reactors, the water serves as the moderator
as well as the coolant. Both light water and heavy water are excellent neutron moderators.
Reactors using heavy water operate on natural uranium fuel. The high pressure necessary for
water-cooled power reactors determines much of the plant design [1], [6].

To meet the varied requirements to the quality of the water consumed in generation of
electric and thermal energy, there is a need special physical — chemical treatment of natural
water. This water is essentially the raw material, which after treatment (purification) is used
for the following purposes:

1. As source materials for the production of steam in boilers, steam generators, nuclear re-
actors, boiling — type evaporators, steam converters;
2. To condense exhaust steam in steam turbines;
3. For cooling of various machines and units TPP and NPP;
4. As the coolant in the heating systems and hot water systems.
The most important properties of water are:
- Heat capacity: specific heat is the amount of heat that must be passed 1 kg of a substance

(e.g., water) to warm it up by 1 degree. Conversely, a substance gives the same amount

of energy when cooled.
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The volume change during heating and cooling: all natural materials expand when heated
and contract when cooled. The only exception to this rule is water.

Characteristics boiling when changing external pressure: if water is heated in an open
tank, it boils at a temperature of 100 degrees C. If you measure the temperature of boiling
water, it will appear that it is equal to 100 C. Therefore, the constant consumption of heat
is used to evaporate water, i.e. changes in its physical state.

Cavitation: cavitation is the formation of gas bubbles in the result of pressure below the
pressure of vaporization of the pumped liquid to the impeller inlet [7].

The use of water as a coolant and coolant — moderator in nuclear plants has several ad-

vantages.

1. The technology of such reactors is well studied and practiced.

2. Water, having a good heat transfer properties, is simply pumped and at low-cost power.

3. The use of water as a coolant allows direct steam generation in the reactor (boiling water
reactor).

4. Conventional chemically desalinated water is cheap.

5. The use of water ensures the safe operation of the reactor.

6. In reactors with water coolant-moderator it’s possible to achieve a negative temperature
coefficient of reactivity, which protects the reactor from a higher power.

7. The ability to create blocks of capacity up to 1600 MW [2], [5].

Disadvantages of water.

1. The presence of impurities and gases makes water chemically reactive with metals. Wa-
ter has a high corrosive ratio to most metals.

2. Water freezing. This is especially true in areas where winters are cold. As a result of
freezing, which leads to an increase in the amount of water turned into ice, pipes may
"burst".

3. The possibility of an accident with a leak of coolant and the need of funds for its com-

pensation.
In conclusion, I’d like to summarize that water is a common coolant and meets general

parameters for a good coolant.

The use of water as a nuclear reactor coolant requires some features in design and opera-

tion of the power plant.

Water is incompressible fluid, capable of accumulating heat and when cooling it can re-

lease large amounts of heat.

Water is always available, you just need to supply it to the heating system. It is the source

of life on our planet and any possible leakages do not pose a threat to health.
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can be increased above that of the set constant speed.
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Sondor, D.V., Tarasova, E.S.
Variable Speed Diesel Generator (VSDG)
National Research Tomsk Polytechnic University.

Introduction

Research into VSDGs was motivated by the desire to improve performance at part load,
in terms of efficiency and running cost. VSDG have been proposed as a technological solu-
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Figure 1. Schematic diagram of VSDG.

Advantages

tion for the diesel
generator market
for over a dec-
ade. With recent
cost reductions
in power elec-
tronics, the
VSDG has start-
ed to make more
economic sense

[1].

consumer

The constant speed mode of operation is never more efficient than the variable speed and
only ever matches it at near full load. Variable speed operation of a diesel engine is benefi-
cial in terms of efficiency and therefore fuel consumption. Variable speed operation also
allows more power to be produced from the same sized engine in most cases, as the speed

As well as being more efficient and cleaner, variable speed operation can also be quieter
than constant speed, given that it runs at lower speeds when part loaded. This can be im-
portant for systems close to properties that run during the night, when the diesel engine load
is likely to be low and noise pollution is more of a problem. As with the pollution control,
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This allows them to run more efficiently, especially at lower loads when excitation power
becomes a larger proportion of the power balance in a conventional generator (Synchronous
& asynchronous).

PMG have the ability to be more reliable than conventional generators, because they are
selfexcited and can be mounted directly on to the engine crankshaft, which removes the slip
rings and bearings fitted to standard genset that would otherwise need regular maintenance.

On Figure 2 it can be seen that the permanent magnet generator is more efficient than the
synchronous generator for all load situations, At part load, the Permanent magnet generator
performs much better than the synchronous generator, never dropping below 90% efficiency
which is greater than the maximum achieved by the synchronous generator. Using a PMG
gives the complete generator and converter system an overall efficiency of around 85-90%
(0.95*0.93=0.88), which is comparable to a synchronous generator on its own.

Disadvantages

All variable speed generators need converters to control the voltage and frequency of
power supplied to the grid. A good converter can run at up to 95% efficiency, but all have
losses associated with switching devices and static elements such as capacitors, diodes and
inductors. Permanent Magnet Generators (PMG) are more efficient than other generators,
owing to their absence of electrical excitation, this allows them to reinstate some of the loss
from the converter.

The additional cost of power electronics and PMG dramatically increases the cost of the
diesel genset, but also increase the control requirements, complexity and therefore total cost.
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Figure 3. Diesel Generator Loading.

The additional torque available at any given moment is the diesel engine maximum pow-
er (top line) minus the steady state operation set point (bottom line), demonstrated by the
variable speed arrow in Figure 3 [2].

The torque available to meet step load increases for the constant speed generator (right
arrow) at the same power starting point as the variable speed operation (left arrow), is much
larger. The instantaneously available torque significantly affects the generators dynamic sta-
bility. If a step load above the available power is applied to the generator, it will not be able
to meet the demand quickly and the diesel engine could stall causing a blackout. For a small
generator sized for a community of 10-15 households, the equivalent demand of two electric
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kettles (3 to 4kW) being switched on or a small drop in wind speed for a high penetration
wind-diesel system could be enough to seriously compromise the VSDG stability. To com-
pound matters any load increase may initially decrease the engine speed leaving less availa-
ble power to meet the load change. If a step load increase is large enough to use all the im-
mediately available power, the generator would then be in a very dangerous/unstable condi-
tion, as it would be unable to accelerate to the new set speed, and even a small load increase
after that would be capable of crashing the system.[3].

VSDGs are a new technology and therefore the reliability of the systems has a level of
uncertainty attached to it. This is a significant obstacle to up take, especially in remote
communities where it would be used as the main source of power.

Although power electronics are generally seen as reliable and require very little if any
maintenance, their addition can also take away the communities ability to fix faults impact-
ing on their independence. The modularity of many power electronic components also
means that even if a suitably qualified person is available to find faults and carry out repairs,
spare parts would need to be readily available. As these components are often expensive,
they are not likely to be stockpiled and so they would need to be ordered in. Many power
electronic components are in short supply and therefore can have long lead times adding to
the transport delays, which can also affect these remote areas.

Summary

To summarize, conventional diesel gensets are a reliable but expensive way to supply
electricity. The main reason for their expense is the price of diesel fuel, which is further ag-
gravated by the inefficient running of the diesel engine at part load. To overcome this prob-
lem, the running of the diesel engine at the optimum speed for the load (i.e. variable speed)
has been suggested. Although this is not a new idea, the increased cost of the variable speed
diesel generator, mainly because of the need for power electronics, is only just starting to be
offset by the fuel savings. Variable speed operation of the diesel genset is expected to be
beneficial for most offgrid community applications.
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Stavitsky, S.A., Kobenko, Ju.W.
Automatische Wiedereinschaltung
Nationale Polytechnische Forschungsuniversitdit Tomsk.

Die Automatische Wiedereinschaltung (AWE) ist ein Begriff aus der elektrischen Ener-

gietechnik. Sie wird in der Regel an mit Hochspannung betriebenen elektrischen Freileitun-
gen, sowie an der Sammelschiene und am Transformator eingesetzt.
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Kommt es auf einer Freileitung zu einem Kurzschluss, entsteht hdufig ein Storlichtbogen,
der nicht von selbst verlischt. Der Strom steigt und der Relaisschutz erzeugt das Abschal-
tungssignal.

=S AWE Abb. 1. Schema der Arbeits_weise eines AWE,.
wo: G — Generator, Q — Leistungsschalter, RS
l_l — Relaisschutz,.
G Ll AWE - automatische Wiedereinschaltung, FL
@ Q FL > — Freileitung, L — Last.

Da durch den Lichtbogen die Fehlerursache
haufig beseitigt wird (z.B. ein Ast, der auf die Leitung gefallen ist, verbrennt; ein Blitzein-
schlag), fiihrt man eine automatische Wiedereinschaltung durch.

AWE schaltet den Leistungsschalter nach kurzer Zeit ("Pausenzeit™) wieder automatisch
zu: bei einpoligen Fehlern nach etwa 0,5 bis 3 Sekunden, bei dreipoligen Fehlern nach 0,2
bis 0,5 Sekunden.

Besteht nach dem Wiedereinschalten der Fehler nicht mehr, spricht man von einer erfolg-
reichen AWE (AWE mit Erfolg).

Besteht der Fehler immer noch, spricht man von einer erfolglosen AWE (AWE ohne Er-
folg). In diesem Fall schaltet der Relaisschutz den Leistungsschalter aus und dieser bleibt
ausgeschaltet.

Zurzeit existieren folgende Typen der AWE:

e drei- und und einpolige AWE;
e automatische Eintakt- und Zweitaktwiedereinschaltung.

Die dreipolige AWE ist einfacher in der Nutzung, als einpolige AWE.

Deshalb werden die dreipolige AWE an elektrischen Freileitungen mit Spannungsebene
bis 500 kV eingesetzt. Und die einpolige AWE von 500 kV.

Breite Anwendung hat die automatische Eintaktwiedereinschaltung bekommen.

Automatische Zweitaktwiedereinschaltung wird nur auf Verlangen der Verbraucher hin
eingesetzt.

Stepanchenko, O.E.
Harvesting lightning energy
National Research Tomsk Polytechnic University.

What do we know about lightning? We know that lightning — a powerful electric discharge.
Also we know that lightning has enormous power voltage and current. And some people
wonder: Is it possible to catch lightning and transport to energy grids? Talking about this has
been going on for a long time, but it is possible that someday we will see such stations.

Describing this process, it is necessary to start with question «How is lightning formed?».

Lightning formed when water and ice move around inside the cloud; forced up by warm
air currents, down by gravity, and compressed in the cloud. The particles in the cloud be-
come charged. It’s not clear how it happens, but charges separate in the cloud. Positive
charges move up, and negatives move down.

Once a significant charge separation has built up, the positive and negative charges seek
to get each other an neutralise. ‘Streamers’ come up from the ground to form a pathway.
Once a pathway is completed a spark forms, neutralizing the charge.
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As the negative charge races down, the air surrounding it heats up. The spark is very hot
at almost 20,000 degrees Celsius, and it fast heats the air to create a shock wave.

Considering light travels very fast — about 300 million metres per second, and that sound
only travels at 300 metres per second; light is a million times faster than the sound pro-
duced. To find out how far away the storm is, you can count how long you hear the sound
after the lightning. For every 4 seconds between the flash and the rumble, the thunderstorm
is 1 mile away.

Let us now proceed to consider data NASA.

By using data from the NASA Tropical Rainfall Measuring Mission (TRMM) satellite, a
study published in the August 2006 issue of the Bulletin of the American Meteorological
Society identified the regions on Earth that experience the most intense thunderstorms.

The researchers examined global thunderstorm data supplied by TRMM from 1998-

2004. To determine an individual storm's intensity, they specifically examined the height of
radar echoes, radiation temperature, and lightning flash rate, each measured by separate
TRMM instruments.
Image  (left):
This map re-
veals the une-
ven distribution
of worldwide
lightning with
color variations
indicating the
average annual
number of
lightning flash-
es per square
kilometer. Pro-
duced by NASA Marshall Space Flight Center's Lightning Imaging Sensor Science Team,
the map includes data taken over an 11-year period from NASA's Optical Transient Detector
and TRMM's Lightning Imaging Sensor. The yellow and red colors indicate higher concen-
trations of lightning. Credit: NASA/MSFC.

Let's imagine if a harnessing method were derived, the primary drawback of lightning
power is its inconsistency. Storms might come regularly into some regions, but would
enough lightning potential fall within the range of the device to make it worth while? See
NOVA's special on Lightning (1989), to see how difficult it is to draw down lightning even
in the most prone areas, using rockets attached.

"One of the things that has chilled my excitement about harnessing the tremendous pow-
er in lightning is to realize that some of the same electrostatic and possibly even cosmic
forces that drive lightning might also be at work in some of the other free energy technolo-
gies such as overunity electromagnetic generators -- but in a much more constant and relia-
ble manner." -- Sterling D. Allan, Aug. 5, 2010.

"Each year lightning destroys more property and causes more injuries than hurricanes,
floods and tornadoes combined? It can cause structural damage to buildings, destroy elec-
tronics and damage electrical and communication systems....the cost of this damage can be
astounding!™.

Voltage: A typical lightning bolt bridges a potential difference (voltage) of several hun-
dred million volts.
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A typical lightning bolt may transfer 1020 electrons in a fraction of a second, developing
a peak current of up to 1000 kiloamperes.

Current: Most measurements have been in the range 5,000 to 20,000 amps. Currents over
200,000 amps have been reported.

Assuming that you are lucky and get a lightning bolt to hit your conductor, there would
be major difficulties in storing the energy and then converting it to alternating current so it
can run your appliances. In addition, any solution to these problems would need to be able
to withstand the enormous surges in energy generated by each strike.

Finally, much of the lightning bolt’s energy goes into heating the surrounding air to tem-
peratures greater than the surface of the Sun. So even if you managed to overcome the prob-
lems of collecting, storing and converting the energy from the lightning to make it useful,
you would still only be harnessing a small proportion of the lightning bolt’s power.

Moving on to our next point — The experimental setup.

ROANOKE, VA -- October 11, 2006 -- Alternate Energy Holdings (PINKSHEETS:
AEHI), announced the successful development of a model prototype to demonstrate the
‘capturing' capabilities of AEHI's marketable lightning farm technology.

By collecting power from the ground area surrounding a lightning strike and converting it
into usable electricity to be sold through existing power grids, AEHI is able to harness the
natural energy delivered in a bolt of lightning. Lightning harvesting is a clean energy solu-
tion that will not only eliminate numerous environmental hazards associated with the energy
industry it will also significantly reduce the costliness of power production. When amortized
over 4-7 years, a lightning farm will be able to produce and sell electricity for as low as
$0.005 per kilowatt hour, thus significantly undercutting the current production costs of its
competing energy sources.

In the summer of 2007, an alternative energy company called Alternate Energy Holdings,
Inc. (AEHI) tested a method for capturing the energy in lightning bolts. The design for the
system had been purchased from an Illinois inventor named Steve LeRoy, who had report-
edly been able to power a 60-watt light bulb for 20 minutes using the energy captured from
a small flash of artificial lightning. The method involved a tower, a means of shunting off a
large portion of the incoming energy, and a capacitor to store the rest. According to Donald
Gillispie, CEO of AEHI, they "couldn't make it work," although "given enough time and
money, you could probably scale this thing up... it's not black magic; it's truly math and sci-
ence, and it could happen.".

A relatively easy method is the direct harvesting of atmospheric charge before it turns in-
to lightning. At a small scale, it was done a few times with the most known example being
Benjamin Franklin's experiment with his kite. However, to collect reasonable amounts of
energy very large constructions are required, and it is relatively hard to utilize the resulting
extremely high voltage with reasonable efficiency.

According to Martin A. Uman, co-director of the Lightning Research Laboratory at
the University of Florida and a leading authority on lightning, a single lightning strike, while
fast and bright, contains very little energy, and dozens of lightning towers like those used in
the system tested by AEHI would be needed to operate five 100-watt light bulbs for the
course of a year. When interviewed by The New York Times, he stated that the energy in
a thunderstorm is comparable to that of an atomic bomb, but trying to harvest the energy of
lightning from the ground is "hopeless".

In consequence, it can be concluded that the probability of obtaining energy from light-
ning is extremely small. But technology does not stand still, and perhaps in the future, such
stations still appear.
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Suchkov, I.K., Buran, A.L.
The influence of geomagnetic storms on transformers
National Research Tomsk Polytechnic University.

The aim of the article is to describe the influence of geomagnetic storms on transformers
and connection with the magnetic field of the earth.

A geomagnetic storm is a temporary disturbance of the Earth's magnetosphere caused by
a solar wind shock wave and cloud of magnetic field which interacts with the Earth's mag-
netic field.

Geomagnetic storm could be one of the biggest natural disasters. It will disrupt telephone
communications, television, radio, and Internet.

On September 1-2, 1859, there was the largest recorded geomagnetic storm. From Au-
gust 28 until September 2, 1859, numerous sunspots and solar flares were observed on the
Sun, the largest flare occurred on September, 1. It is called a Solar storm of 1859 or the Car-
rington Event.

It can be assumed that a massive coronal mass ejection, associated with the flare, was
launched from the Sun and reached the Earth within eighteen hours — a trip that normally
takes three to four days. A prominence is a large, bright, gaseous feature extending outward
from the Sun's surface, often in a loop shape. This is coronal mass ejection. Coronal mass
ejections release huge quantity of matter and electromagnetic radiation into space above the
sun's surface, either near the corona, or farther into the planet system, or beyond. More se-
vere proton events can be associated with geomagnetic storms that can cause widespread
disruption to electrical grids. Power grids are only sensitive to changes in the Earth's mag-
netic field.

The increase in the solar wind pressure initially compresses the magnetosphere and the
solar wind's magnetic field interacts with the Earth’s magnetic field and transfers an in-
creased energy into the magnetosphere. Both interactions cause an increase in movement of
plasma through the magnetosphere and an increase in electric current in the magnetosphere
and ionosphere. Electric field weakens and starts to fall charged particles. Bulk charging oc-
curs when energetic particles, primarily electrons, penetrate power grids and deposit their
charge. Transformers connected to long, overhead power transmission lines, induced cur-
rents in the solar storm cause saturation of the core, and it begins to melt due to magnetic
perturbations.

Modern power grids are working to maximum efficiency, which means that the system is
not amortized, there are no additional transformers that do not have additional lines. Trans-
formers will be destroyed and we cannot do anything but to create new ones. Today, large
areas of the planet plunged into darkness for 10 years or more.

The solution of this problem is to build power grids to have more transformers. There is
still an expensive option, transformers immersed in water.
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Tanishev, A.O., Tarasova, E.S.
Nuclear Contamination
National Research Tomsk Polytechnic University.

Nuclear contamination (or sometimes it’s called nuclear pollution) is a presence of radio-
active substances on environment. It’s the presence of radioactive substances on surfaces or
within solids, liquids or gases (including the human body), where their presence is unintend-
ed [2]. Of course it’s very harmful for our organism and for all living creatures that inhabit
our planet. The environmental impact of nuclear power results from the nuclear fuel cycle,
operation, and the effects of nuclear accidents.

The routine health risks and greenhouse gas emissions from nuclear fission power are
small relative to those associated with coal, oil and gas. However, there is a "catastrophic
risk" potential if containment fails which in nuclear reactors can be brought about by over-
heated fuels melting and releasing large quantities of fission products into the environment.
The public is sensitive to these risks and there has been considerable public opposition to
nuclear power [4].

Nuclear Contamination is pollution caused by nuclear waste which is generated from the
unusable radioactive products from different fields. Unfortunately, humans are polluting the
Earth... and radiation, which is dangerous, though there in nature.

o s AT <. Fig.l (left). “Sources of
Radiation” diagram [6].
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IS not desired. It is im-
portant to remember that radiation does not spread or get "on" or "in" people; rather, it is
radioactive contamination that can be spread. A person contaminated with radioactive mate-
rial will receive radiation exposure until the source of radiation (the radioactive material) is

removed [3].

Pl Bl Pl
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Water is needed to cool the reactors in nuclear power plants. Cold water from lakes and

rivers is used for this process. As a result of this a lot of hot water is generated. It's called
thermal pollution since organisms die when temperatures rise [1].
Low-level radioactive waste is waste, which is spent nuclear fuel or highly radioactive waste
produced if spent fuel is reprocessed. High levels of radioactive contamination — unlike low
levels — may pose major risks to people and the environment. People can be exposed to po-
tentially lethal radiation levels [5].

Figure 1 shows a diagram "Sources of Radiation”. As can be seen, nuclear industry
which is yellow — only 1% of the global pollution. The most — is radon (42%). But others
sources wasn’t considered in this paper.
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Employing electric resonance for reducing transmission losses
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Abstract

The subject of the paper is power transmission losses caused by reactance losses. Possi-
ble solution to the problem with resonance-based equipment is considered and necessary
calculations are presented.

Key words: resonance, transmission losses, power line, reactive impedance, compensation,
frequency, reactive impedance, capacitor bank, overvoltage, shunt reactor, power line phases.

Introduction

Reducing power transmission losses is one of the most important issues of modern power
engineering. There are different reasons for transmission losses, one of which is reactance loss-
es, causing hazardous overvoltage. To solve this problem various devices have been developed
and resonance-based equipment is considered to be one of the most efficient and promising.

Theoretical foundation.

Resonance is a sharp increase in the amplitude of forced oscillations when impressed fre-
quency is close or equal to the natural frequency of the oscillatory system. Resonance can be
of two types: mechanical resonance and electric resonance.

Mechanical and electrical resonance have some common features: in both cases reso-
nance occurs when impressed frequency coincides with fundamental frequency of the sys-
tem. Impressed frequency is equal to the source frequency, while natural frequency of any
electric system depends on the relation between inductance and circuit capacitance. Electric
resonance is divided into acceptor resonance and parallel resonance. In case of acceptor res-
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onance inductance and capacitance are connected in series, in case of parallel resonance they
are connected in parallel.

Devices employing the properties of electric resonance are widely applied in power engi-
neering to reduce transmission losses and prevent overvoltage hazardous for electrical insu-
lation equipment at substations.

For better understanding of the device construction and operating principles the equiva-
lent circuit and real variables of a three-phase overhead transmission line are to be exam-
ined. Any power transmission line can be presented as a line of infinite active and reactive
impedances and conductivities evenly aligned. In the given paper a simplified method for

calculating series com-

Ui R X U pensation is considered.

@ | :_m | @ The power line is pre-
sented as an equivalent-

Pi with series coil re-
sistance (R) and induct-
L gp B/ —L ance (X). Capa_citiv_e
susceptance (B) is di-
vided and inserted at the
o e L sending and receiving

ends of line (fig.1):

Fig.1.
Calculations

For further calculations we will consider a 500 kV overhead transmission line with a def-
inite set of parameters:

power line voltage-margin U= 575-500 kV.

capacitive conductivity per square kilometer bo= 3,62:10°° S.

specific charge capacitance qo,= 0,905 Mvar.

inductance X, = 0,35 w/km.

coil resistance R, = 0,02 w/km.

line length | =500 km.

It must be noted that power line coil resistance is more than 10 times less than induct-
ance. Therefore major transmission losses account for reactive impedance X = X,l. Reactive
impedance can be compensated if a bank of capacitors will be inserted in the split of the
power line. The required capacitor bank will be calculated with the acceptor resonance for-
mula at the industrial circular frequency: wL = 1/ @C or X, | =1/ @C. Thus, C=1/ (w X, 1) =
1/(314- 0,35-500) =18,2 pF.

The capacitor bank inserted into the split of the power line is called a series compensator
(dotted line in fig.1).

Every power line has a certain charge capacity of Q = q, I. Therefore, a power line is a
reactive power source. It can result in end-overvoltage (substation bus bars) hazardous in
some modes to electric insulation.

To prevent overvoltage shunt reactors are successfully used in power engineering. Shunt
reactors are heavy-gauge bus duct coils embedded in concrete. Due to their simple and ro-
bust construction dry shunt reactors are the most cost-effective means to provide for the
power line capacity compensation.

Shunt reactors are inserted between power line phases and ground and provide power line
compensation (fig.1). Evidently, in this case parallel resonance (current resonance) occurs.

We shall determine capacitive susceptance of the power line being examined:
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B =bylL,B =3,62- 107%-500 = 1,810-1073s.
Knowing the power line capacitive susceptance, we shall find out charge capacity of the
power line at rated voltage:.
Q, = U?B,Q, = 500000%-1,81-10"3 = 4,525 108 Var.
In case of open transmission line (zero transmission capacity), power line charge capacity
is equal to reactor charge capacity, i.e. Q; = Q..

. . 1
Now we shall deduce resistance from the reactor charge capacity formula: Q,- = U 2 o
T

U? 25100

from here. x,, = —, x, = ———— = 552 w.
Qr 4,525-108

Now we shall determine cumulative inductance of two reactors, necessary for full com-
pensation of the power line charge capacity:

X X 552
Lr=—r= L = = 1,76 H.
w 2nf 2-3.14-50
Conclusion

Therefore, installation of a capacitor bank and two shunt reactors with the calculated val-
ues will ensure full reactance compensation and power line conductivity, considerably re-
duce transmission losses, and prevent hazardous overvoltage.
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Abstract

Disputes between supporters of AC and DC take place since the time of Tesla and Edi-
son. Which is better? In this paper we try to understand this poll. First, we consider the ad-
vantages and disadvantages of AC and DC. Next, consider the option of combined AC and
DC. In conclusion, we can conclude which of the two options would be preferable.

Introduction.

Consumption of electricity is an essential life process of modern society. Electricity is
used everywhere, starting with the largest industrial facilities, ending appliances in our
homes. Energy consumption is growing every year, increases the amount of power transmit-
ted over power lines. This greatly affects the stability of the power system. Increasingly,
there are questions about transmission of electric power. Nikola Tesla and Thomas Edison
divided technical society into two parts, which are still in their irreconcilable views: direct
current or alternating current. Which is better?.

Comparison between AC and DC transmission system (with their advantages and
disadvantages)

Electric Power can be transmitted in both AC and DC. But there are some advantages
and disadvantages of both systems. So it is important that we discuss technical advantages
and disadvantages of both AC and DC Systems.
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DC Transmission:

Advantages:

DC 1. There are two conductors used in DC
transmission while three conductors required in AC
transmission.

| 2. There are no Inductance and Surges (High
Voltage waves for very short time) in DC transmis-
sion.
3. Due to absence of inductance, there are

6
7
8.
9.
1

0.

11.
12.
13.
14.
15.
16.

1.
2.

3.
4.

5.

very low voltage drops in DC transmission lines
compared with AC (if both Load and sending end voltage is same).
There is no concept of Skin effect in DC transmission. Therefore, small cross sectional
area conductor required.
A DC System has a less potential stress over AC system for same Voltage level. There-
fore, a DC line requires less insulation.

. In DC System, there is no interference with communication system.
. In DC Line, Corona losses are very low.

In High Voltage DC Transmission lines, there are no Dielectric losses.
In DC Transmission system, there are no difficulties in synchronizing and stability problems.
DC system is more efficient than AC, therefore, the rate of price of Towers, Poles, Insu-
lators, and conductor are low so the system is economical.
In DC System, the speed control range is greater than AC System.
There is low insulation required in DC system (about 70%).
The price of DC cables is low (Due to Low insulation).
In DC Supply System, the Sheath losses in underground cables are low.
DC system is suitable for High Power Transmission based on High Current transmission.
In DC System, the Value of charging current is quite low, therefore, the length of DC
Transmission lines is greater than AC lines.
Disadvantages:
Due to commutation problem, electric power can’t be produced at high (DC) voltage.
For high voltage transmission, we can’t step the level of DC voltage (as transformer can’t
work on DC).
There is a limit of DC switches and circuit breakers (and costly too).
Motor generator set is used for stepping down the level of DC voltage and the efficiency
of motor-generator set is lower than transformer so the system makes complex and costly.
The level of DC Voltage can’t be changed easily. So we can’t get the required voltage for
electrical and electronics appliances (such as 5
AC Volts, 9 Volts 15 Volts, 20 and 22 Volts etc) di-
rectly from transmission system.
AC Transmission:

Nowadays, the generation, transmission and dis-
tribution are mostly in AC.
Advantages:
1. AC circuit breakers is cheaper than DC cir-

2.
3.

cuit breakers.
The repairing and maintenance of AC substation is easy and inexpensive than DC substation.
The level of AC voltage may be increased or decreased by step up and step down trans-
formers.
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Disadvantages:

In AC line, the size of conductor is greater than DC line.
The cost of AC transmission lines is greater than DC transmission lines.
Due to skin effect, there are more losses in AC system.
In AC lines, there is capacitance, so continuously power loss when there is no load on
lines or the line is open.
Other line losses are due to inductance.
More insulation is required in AC system.
Also corona losses occur in AC System.
There is telecommunication interference in AC system.
9. There are stability and synchronizing problems in AC system.
10. DC system is more efficient than AC system.
11. There are also re-active power controlling problems in AC system.

The combination of AC and DC electric power transmission

To date, no satisfactory design created switches high voltage DC. Disconnecting the DC
line closes the gates of the RS (rectifying substation). Therefore DC transmission has bloc
diagram: RS — DCL — IS without the addition of another IS at intermediate points of the
line. The technical difficulty of the branched transmission lines caused by DC also features
the regime of regulation, to ensure sustainability, the need to contain the accident.

In turn, we can’t use the AC line to connect two or more power systems operating in dif-
ferent phases, as this could cause huge equalization currents asynchronous mode. Especial-
ly, we can’t join systems with varying frequency.

In such situations, the application will be in simultaneous use of AC and DC.

DC

-
-

CS CS

APwbn e

o No O

Pic.1. DC transmission.
pc

Systeml | CS CS | System?2

Pic.2. Inset DC.

In DC power is only used to transport electricity from remote power plants in the receiv-
ing system, or from one system to another. For this purpose, an AC electric power generated
by the generators of the transmission system must first be converted into DC power, then
transmitted by a line, then converted, but in the AC power and transmitted to the receiving
system.

When using a direct current inset, at a distance of transportation of energy is carried out
using alternating current. Moreover, typically this distance is relatively small, since the liner
is used to communicate to each other adjacent systems. Direct current only plays the role of
managers, which fully unleashes the connected systems in frequency and, from this point of
view, making them independent of each other.

Conclusion

Having two substations (rectifier and inverter) — expensive and complex to operate — hin-

ders widespread use of DC lines. Application of DC electrical energy for transmission can
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be an alternative for long-distance AC lines (1500 km and above and the transmission power
of 2,000 MW). To a lesser extent DC power is used in solving technical problems of for-
mation of interconnected power systems which cannot be solved by using AC power (ensur-
ing stability of parallel operation, not synchronous communications of power systems, long
distance cable lines), as well as in cases where the construction of aircraft and cable lines for
AC transmission line is not economically feasible, for example, crossing the sea space. In
other cases it is justified to use alternating current electric power for transmission. It is worth
noting quite successful practices relating to combined work of both methods.
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Hydro Power Plants
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Hydroelectricity is the term referring to electricity generated by hydropower; the produc-
tion of electrical power through the use of the gravitational force of falling or flowing water.
It is the most widely used form of renewable energy, accounting for 16 percent of global
electricity generation — 3,427 terawatt-hours of electricity production.

The main aspects of hydro power plants:  2) Generating methods.

1) Design and Operation. 3) Advantages and Disadvantages.
Design and Operation

Operation of HPP 's not much harder than where he worked first station . Thanks circuit
hydraulic structures provided the necessary water pressure forces acting on that turbine
blades drive a generator . Just today, for HPP does not need to use the Niagara Falls. Hydro-
electric their hands can also produce the right amount of energy. Achieve the necessary
force head through the construction of a series of dams. Note that in using various types of
hydroelectric turbines. The main factor that affects the choice — the power head .All power
equipment is located in the power house . In addition to the engine room, which houses all
hydraulic units are departments that contain extra equipment, transformer station, device
.. control and manage-
inside a Hydropower Plant ment of hydropower
etc.

Generating methods

Conventional (dams)
— Most hydroelectric
power comes from the
potential energy of
dammed water driving
a water turbine and
generator. The power
extracted from the wa-
ter depends on the vol-

Dram Powerhouse

Power Lines

Transformer

Control Dt ow

GCate

intake Penstock Turbine
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ume and on the difference in height between the source and the water's outflow. This height
difference is called the head. The amount of potential energy in water is proportional to the
head. A large pipe (the "penstock™) delivers water to the turbine.

Pumped-storage — This method produces electricity to supply high peak demands by
moving water between reservoirs at different elevations. At times of low electrical demand,
excess generation capacity is used to pump water into the higher reservoir. When there is
higher demand, water is released back into the lower reservoir through a turbine. Pumped-
storage schemes currently provide the most commercially important means of large-scale
grid energy storage and improve the daily capacity factor of the generation system. Pumped
storage is not an energy source, and appears as a negative number in listings.

Run-of-the-river — Run-of-the-river hydroelectric stations are those with small or no res-
ervoir capacity, so that the water coming from upstream must be used for generation at that
moment, or must be allowed to bypass the dam.

Tide — A tidal power plant makes use of the daily rise and fall of ocean water due to
tides; such sources are highly predictable, and if conditions permit construction of reser-
voirs, can also be dispatchable to generate power during high demand periods. Less com-
mon types of hydro schemes use water's kinetic energy or undammed sources such as un-
dershot waterwheels. Tidal power is viable in a relatively small number of locations around
the world.

Underground — An underground power station makes use of a large natural height differ-
ence between two waterways, such as a waterfall or mountain lake. An underground tunnel
is constructed to take water from the high reservoir to the generating hall built in an under-
ground cavern near the lowest point of the water tunnel and a horizontal tailrace taking wa-
ter away to the lower outlet waterway.

Advantages and Disadvantages of HPP’s
Advantages :

- use of renewable energy;

- very cheap electricity;

- work is not accompanied by harmful emissions into the atmosphere;

- fast (relatively CHP / CHP) output to output mode after the operating power station.

Disadvantages:

- flooding of arable land;

- construction is carried out only where there are large reserves of water power;

- mountain rivers are dangerous because of high seismic areas;

- environmental problems : reduced and nonregulated water releases from reservoirs for 10-

Structure of electricity production in Russia in 2013 15 days ( until their

absence), lead to a
restructuring of the

67,8 % 15,1 % 17,2 « unique  floodplain
ecosystems  across

’ / the river stream, as

TR S eey a result, pollution of

% ﬂ@ rivers, reducing the

trophic chain, re-
HPS NPP ducing the number
of fish, aquatic in-
vertebrates elimina-
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tion animals, increased aggressiveness components midges ( gnats ) due to malnutrition lar-
val stages, the disappearance of many species of nesting migratory birds, inadequate hydra-
tion floodplain soils, vegetation succession negative ( depletion phytomass ), reducing the
flow of nutrients in the oceans.
Hydropower in Russia.

Hydropower is a good alternative for Russia, unnecessarily in our country there are many
large and powerful rivers, as well as a large share of electricity generation refers to the TES,
which is harmful to the country's ecology.
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Renewable sources of energy — the solution to climate change
Hayuonanvnouii uccnedosamenvckuii Tomckuti noaumexHuyecKuil YHugepcumen.

Climate change is arguably one of the greatest environmental threats the world is facing.
The impacts of disruptive change leading to catastrophic events such as storms, droughts,
sea level rise and floods are already being felt across the world.

While the Kyoto Protocol, which aims to reduce greenhouse gas emissions, is slowly im-
pacting on energy markets, scientists are increasingly advising policymakers that carbon
emission reductions of beyond 60% are needed over the next 40-50 years [1]. How will we
achieve such a dramatic reduction in carbon emissions?.

At the heart of the issue is an energy system based on fossil fuels that is mainly responsi-
ble for greenhouse gas emissions. On the contrary, renewable energy provides one of the
leading solutions to the climate change issue. By providing ‘carbon-neutral’ sources of pow-
er, heat, cooling and transport fuels, renewable energy options such as wind, solar, biomass,
hydro, wave and tidal offer a safe transition to a low carbon economy.

This outlines the role that renewable energy can play in reducing greenhouse gas emis-
sions such as carbon and methane. It highlights the success to date and the activity already
happening across Europe and the rest of the world. It assesses its potential, and identifies
how renewable energy is central to climate change policy and delivering large carbon diox-
ide reductions.

According to the vast majority of climate scientists, climate change is already underway.
The past decade has seen the warmest 6 years since records began. A third of global habitats
are at risk, and extreme events such as floods, storms and drought are becoming more fre-
quent. The financial consequences of climate change are also becoming apparent — with insur-
ance claims due to weather-related damage increasing dramatically over the past few decades.

The following effects of an increase in global average temperature have been identified:

e Steady rise of the sea level. e Water shortage.

e Flooding of coastal areas. o Devastations.

¢ Frequent extreme weather conditions. o Loss of biodiversity.
e Frequent poor harvest. ¢ Increase of infections.

The climate change problem is essentially a fossil fuel energy problem. While agricul-
ture, land-use changes, cement production and the use of chemicals all contribute to green-

155



house gas emissions, more than 70% of the problem is due to the unsustainable use of fossil

fuels. The climate change challenge means shifting away from fossil fuels in the home, in-

dustry, at work and the way we travel. Furthermore, global energy demand is predicted to
rise as countries industrialize and population continues to grow.

Renewable energy offers safe, reliable and increasingly cost-effective alternatives for all
our energy needs — predominantly heating, cooling, electricity and motive power for
transport. It can provide everything that fossil fuels currently offer in terms of energy ser-
vices and by that dramatically reduce climate change gas emissions:

e Heating — a range of renewable sources including solar water heating, passive solar heat-
ing in buildings, geothermal and the use of biomass such as forest residues and fast-
growing energy crops.

e Cooling — from biomass-powered systems or also solar cooling systems.

e Electricity — from wind power, small-scale hydro, geothermal, biomass, PV cells, tidal
and wave power.

e Transport fuels — from liquid ethanol and biodiesel produced from plants.

e Chemicals — biofuels can provide a wide range of products currently based on oil and gas.
The natural flows of energy on planet earth provide a huge potential for harnessing car-

bon-neutral energy for society. Powered by the sun, the flows of wind power, hydro power,
biomass, wave, tidal and solar heat and power — which can be captured by modern technol-
ogy — are more than enough to provide for all our needs. The sun powers planet earth and
allows us to survive. With smart technology it can also provide heat and electricity. It is also
the driver for wind power. Wind in turn creates waves, a huge potential power source being
tested worldwide in prototype schemes. The sun also powers the evapotranspiration cycle,
which allows water to generate power in hydro schemes — currently the biggest source of
renewable electricity in use today. Plants photosynthesize in sunlight and create a wide
range of so-called biomass crops ranging from wood fuel to rapeseed, which can be used for
heat, liquid fuels and electricity. Interactions with the moon produce tidal flows which can
be intercepted and produce electricity.

Though humans have been tapping into renewable energy such as wood, solar and water
power for thousands of years, so far we have managed to capture only a fraction of the tech-
nical and economic potential of renewables. The recent development of smarter and more
efficient technology has been impressive. In the past 20 years these technologies have im-
proved and costs have fallen dramatically. For solar photovoltaic (PV) cells, stimulated ini-
tially by the space programme, unit costs have fallen by a factor of 10 in the past 15 years.
Onshore wind power at good sites can compete with traditional fuels, and modern biomass
heating is invariably cheaper than oil heating [2].

While renewable energy technologies are often on a smaller scale than big fossil fuel and
nuclear projects, they can be brought on-line quickly and with lower risks. Renewables al-
ready have a significant share in many countries. Denmark now gets 18 % of its electricity
from wind power, and created an industry that has more jobs than the electricity sector itself.
Spain has leapt from virtually nothing to become the second biggest wind power country in
Europe with over 6000 MW of capacity. Countries such as Finland, Sweden and Austria
have supported the development of very successful modern biomass power and heating in-
dustries through fiscal policies, sustained R&D support and synergistic forestry and indus-
trial policies. As well as saving significant CO2 emissions, equipment from all three coun-
tries is now exported worldwide [3].

Renewable energy technologies are already available, but not used enough.
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If all countries would focus on renewables in the same way as the most successful countries
in terms of renewable energy technologies growth rates, the results would be impressive.

Renewable energy technologies do have an impact on the environment, as do all energy
technologies. However, the relative impacts of renewables are far less than those of fossil
fuels and nuclear power. A major EU study concluded that when climate change and the
possible impact of catastrophic accidents of nuclear plants are taken account of, renewables
have a significantly lower environmental impact.

Thus, in conclusion it should be mentioned that renewable energy should no longer have
the alternative tag — it is a mainstream set of energy options able to provide cost-effective
and reliable low-carbon energy. After extensive R&D and commercialization over the past
20 years, wind power, biomass heating and power, solar heating and power and the other
renewable energy options are important elements of the modern energy mix. Renewable en-
ergy has some different characteristics to fossil fuels and nuclear power. Some of the tech-
nologies offer more intermittent power, and are less concentrated than oil or uranium. Taken
as a group however, and utilizing modern energy grids and networks, renewable can be in-
tegrated to provide predictable and reliable energy solutions.
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The Green Smart Grid Initiative.

Few issues are getting more attention within the energy industry and among policymakers
these days than the smart grid and climate change. Yet most do not see these two areas as
being connected. More precisely, the smart grid — and smart grid practices like demand re-
sponse — is not being viewed as having a role in the attainment of climate change goals [4].

The Green Smart Grid Initiative (GSGI) is an effort to demonstrate that the smart
grid indeed can be a major positive force in addressing climate change. Among the issues it
seeks to help parties gain an understanding of are the following:

1. Smart Grid and Renewable Energy;

2. Smart Grid and Energy Efficiency

1. Energy Efficiency.

Major building block in plans to address climate change is energy efficiency. Most ener-
gy efficiency efforts are focused on replacement of devices and equipment with more effi-
cient items, or focused on energy efficient design and labeling of products and buildings.
The smart grid introduces and fosters new types of energy efficiency by allowing the opera-
tion of the electricity system to be dynamically optimized at all times. Also, and important-
ly, the smart grid does not stop at the customer's meter. It provides customers with new pric-
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ing and billing options and stimulated be more efficiency. The latter has been shown to spur
customers to take actions to be more energy efficient overall in their electricity usage [4].

New figures from Bloomberg New Energy Finance show 7% growth in global smart grid
investment in 2012. The company expects just over 10% compound annual growth for the
next five years, nearly doubling the market to $25.2bn per annum by 2018.

London and New York, 24 January 2013 — Utilities worldwide spent $13.9 bn in 2012,
up 7% on the previous year, on smart grid technologies such as advanced metering and fault
management, according to figures released today by research company Bloomberg New En-
ergy Finance.

Roughly half of the total — $7.1bn — was spent on smart metering and related infrastruc-
ture and services. The next biggest category was distribution automation, followed by inte-
grated demonstration projects in areas such as demand response, home energy management
and smart electric vehicle charging [3].

2. Renewable Energy.

Some engineers think that the increasing use of renewable energy is a key component of
any strategy and plan for addressing climate change. What is less known is that many renewa-
ble energy options provide power on an intermittent and variable basis or do not deliver power
at times of peak demand — when the demand for power is greatest and emissions can be higher
than average. By using smart grid technologies, and smart grid practices like demand re-
sponse, the electricity system can accept and manage the amount of renewable energy that
policymakers and the renewable energy industry desire and expect to be developed [4].

The National Renewable Energy Laboratory's (NREL) Renewable Electricity Futures
Study (RE Futures) is an initial investigation of the extent to which renewable energy supply
can meet the electricity demands of the continental United States over the next several dec-
ades. This study explores the implications and challenges of very high renewable electricity
generation levels —from 30% up to 90%, focusing on 80%, of all U.S. electricity generation
—in 2050. At such high levels of renewable electricity generation, the unique characteristics
of some renewable resources, specifically geographical distribution and variability and un-
certainty in output, pose challenges to the operability of the nation's electric system.

Key Findings.

Renewable electricity generation from technologies that are commercially available to-
day, in combination with a more flexible electric system, is more than adequate to supply
80% of total U.S. electricity generation in 2050 while meeting electricity demand on an
hourly basis in every region of the country.

Increased electric system flexibility, needed to enable electricity supply and demand bal-
ance with high levels of renewable generation, can come from a portfolio of supply- and
demand-side options, including flexible conventional generation, grid storage, new trans-
mission, more responsive loads, and changes in power system operations.

The abundance and diversity of U.S. renewable energy resources can support multiple
combinations of renewable technologies that result in deep reductions in electric sector
greenhouse gas emissions and water use.

The direct incremental cost associated with high renewable generation is comparable to pub-
lished cost estimates of other clean energy scenarios. Improvement in the cost and performance
of renewable technologies is the most impactful lever for reducing this incremental cost [2].

Emissions.

By increasing the use of renewable energy and energy efficiency, the smart grid will lead
to a major decrease in the carbon emissions that are leading to global climate change. It will
also increase other types of efficiency that lead to additional CO2 reductions. Below you
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will find some facts relating to the contribution that the smart grid can make to reducing
carbon emissions. The Smart Grid can reduce emissions by 60 to 211 million metric tons of
CO2 a year by 2030. Basis data you can see in the Table 1. The Smart Grid helps reduce
emissions by managing electricity peak load. CO2 emissions on peak can be 230% higher

than off peak [4].

Table 1. Basis for Direct Energy/Carbon Reduction Estimates

Direct Reduction Mecha-

Reduced Energy Consumption (2030)

Baseline Energy Consumption

nism i
Est |Low [High End Use Sectors

Conservation Effect of|g 1 10 Residential
Demand Response Con- .
sumer Information 1 10 Sm./Med. Commercial
Measurement and Verifi- S
cation for Efficiency Pro- 7 5 20 Residential (Heat Pump & AC)
grams: Marginal Efficien- : .
cy Measures Enabled by|7 5 20 Sm./Med. Commercial (HVAC+ Light-
Acurate M&V ing)
Smart Grid-Enabled Di-|15 10 20 Residential (Heat Pump & AC)
agnostics in.
Residential and : :
Small/Medium Commer-|20 10 30 iSnrg)./Med. Commercial (HVAC+ Light-
cial.
Buildings
Conservation Voltage Re-
duction and Advanced|2 1 4 Total Electric Supply
Volt/\VVAr Control
Load Shifting from De- .
mand Response 0.04 |0.02 |0.06 |Total Electric Supply
Support Additional Elec-
tric Vehicles (EVs) /Plug- 3 2 5 Light Vehicle Transportation (cars, vans,
In Hybrid Electric Vehi- SUVs, light trucks)
cles (PHEVs)

. _|(Note: Estimates for extra regulation required for meeting a 25%
g?a:ta}gn Photovoltaic (Izrg(()e/o RPS with solar PV integration are not available, but may be simi-

RPS):Reduced Energy for
Regulation

lar to that for wind. If so, and PV is used instead of wind, or to
supplement it, in meeting a 25% RPS requirement, the savings
are already included in the estimates for wind integtration.)

Wind Energy Integration
(20% RPS):Reduced En-
ergy for Regulation

20

10

30

Additional Regulation

mand response.

Climate Impact.

Climate change will have a major impact on the electric grid. Rising temperatures will
lead to increased air conditioning use, stressing the grid during times of peak demand. Se-
vere weather may destroy air grid. Smart grid technologies such as synchrophasors, ad-
vanced control and monitoring equipment, and smart meters will make the electric system
better able to respond to the impacts of climate change, whether it is through preventing
power outages, speeding up outage restoration times, or limiting peak demand through de-
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Between 2003 and 2012, weather-related outages are estimated to have cost the U.S.
economy an inflation-adjusted annual average of $18 billion to $33 billion. Continued in-
vestment in grid modernization and resilience will mitigate the costs of weather-related out-
ages over time. These investments may include installing smart grid technology such as
smart meters, outage management systems, synchrophasors, and advanced control capabili-
ties [1].
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Tugarinova, E.A.
Arrangement and functional concept of a gas-fired power plant
National Research Tomsk Polytechnic University.

Gas is a major source of electricity generation. Approximately 21% of the world’s elec-
tricity production is based on natural gas. The global gas-fired generation capacity amounts
to 1168 GW, (2007). The combustion (gas) turbines being installed in many of today's natu-
ral-gas-fueled power plants are complex machines, but they basically involve three main
sections:

. The compressor, which draws air into the engine, pressurizes it, and feeds it to the
combustion chamber at speeds of hundreds of miles per hour.
. The combustion system, typically made up of a ring of fuel injectors that inject a

steady stream of fuel into combustion chambers where it mixes with the air. The mixture is
burned at temperatures of more than 2000 degrees F. The combustion produces a high tem-
perature, high pressure gas stream that enters and expands through the turbine section.

. The turbine is an intricate array of alternate stationary and rotating aerofoil-section
blades. As hot combustion gas expands through the turbine, it spins the rotating blades. The
rotating blades perform a dual function: they drive the compressor to draw more pressurized
air into the combustion section, and they spin a generator to produce electricity.

There are two types of gas-fired power plants, viz. open-cycle gas turbine (OCGT) plants
and combined-cycle gas turbine (CCGT) plants. Open-cycle gas turbines (OCGT) for
electricity generation were introduced decades ago for peak-load service. Simple OCGT
plants consist basically of an air compressor and a gas turbine aligned on a single shaft
connected to an electricity generator. Filtered air is compressed by the compressor and used
to fire natural gas in the combustion chamber of the gas turbine that drives both the
compressor and the electricity generator. Almost two-thirds of the gross power output of gas
turbine is needed to compress air, and remaining one-third drives the electricity generator.
OCGT generators have relatively low electrical efficiency ranging between 35% and 42%
(lower heating value, LHV). Aero-derivative gas-turbines provide efficiency of 41-42% but
their size is limited to 40-50 MW,.
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Since theearly 1990s, combined-cycle gas turbines (CCGT) have become the technology
of choice for new gas-fired power plants. CCGT plants consist of compressor/gas-turbine
groups — the same as OCGT plants — but the hot gas-tubine exhaust is not discharged into
the atmosphere. Instead it is re-used in a heat recovery steam generator (HRSG) to generate
steam that drives a steam-turbine generator and produces additional power. Gas-turbine
exhausts then leave the HRSG at about 90°C and are discharged into the atmosphere. CCGT
plants commonly consist of one gas turbine and one steam turbine. Approximately two-
thirds of the total power is generated by gas turbine and one-third by the steam turbine.
Large CCGT power plants may have more than one gas-turbine.

State-of-art CCGTs have electric efficiency of between 52% and 60% (lower heating
value, LHV) at full load. Combined-cycle gas turbine is mature technology. It is one of the
dominant options for both intermediate load (2000 to 5000 hrs/yr) and base load (>5000
hrs/yr) electricity generation. In the last decade, many CCGT plants have been built in North
America, Europe, Asia, and the Middle East. These plants have become the workhorses of
independent power producers all over the world. With individual heavy-frame gas turbines
available in unit sizes of up to 300 MW, CCGT plants offer modular flexibility and adapta-
bility to the electricity demand and grid requirements. In general, gas-turbines can burn not
only natural gas but also heavy/crude oil, distillate and other liquid and gaseous fuels. Obvi-
ously, large heavy-duty gas-turbines with big combustion chambers are more suitable for
burning heavy fuels, while small, aero-derivate gas-turbines, with several little burners or
combustion chambers, are more sensitive to changes of combustion parameters. In general,
CCGT plants are designed to respond relatively fast to changes in electricity demand and
service. They may be operated between 40% and 100% of nominal capacity with moderate
efficiency drop (58-59% at full load to 50-52% of the full load). Due to the high efficiency
and the use of natural gas, the best available CCGT power plants emit approximately 50%
less CO; and up to nine times less NOy per kWh than modern coal-fired power plants.

One key to a turbine's fuel-to-power efficiency is the temperature at which it operates.
Higher temperatures generally mean higher efficiencies, which in turn, can lead to more
economical operation. Gas flowing through a typical power plant turbine can be as hot as
2300 degrees F, but some of the critical metals in the turbine can withstand temperatures
only as hot as 1500 to 1700 degrees F. Therefore, air from the compressor might be used for
cooling key turbine components, reducing ultimate thermal efficiency.
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Unutov E. K., Cheremisina Harrer, |.A.
Power converters
National Research Tomsk Polytechnic University.

Power converters are devices designed to convert electric energy parameters (voltage,
frequency, number of phases, waveform). Power converters are used in electrical engineer-

161



ing, power engineering and the electric power industry. Power converters are composed of
semiconductor devices, since they provide high efficiency. Table 1 below outlines compo-
nent base of power converters.

Table 1. History of converters components
Period of use | Component base
1880 Motor-generator (umformer), Still are used (dinamotor), albeit limited
1880 Transformers
1930-1970 lonic devices (ignitron)
1960-2014 | Semiconductor diodes, thyristors and transistors
Often, the emergence of new devices does not eliminate the need to use a number of in-
struments that existed before. For example, many semiconductor devices use transformers, but
in a better high-frequency range. As a result, the device acquires the benefits of both devices.

One way of classifying power conversion systems is based on converting alternating cur-
rent (AC) into direct current (DC) or direct current into alternating current. These properties
are used in such power converters as inverter and rectifier.

Functions of converters: o transformation and regulation,

e conversion, e transformation and stabilization.

Rectifier — a device for converting AC power source into DC. They are used in urban
transport systems, such as trams, trolleybuses. Inverter — the device, whose task is the in-
verse rectifier converting DC to AC power. Inverters are used in solar and wind-diesel pow-
er stations.

Inverters are divided into two classes: the slave, or dependent network and autonomous.

Dependent inverters.

Slave inverters convert DC power into AC to return it to the AC mains that is carried out
the transformation inverse rectifier.

Stand-alone inverters.

Stand-alone inverters are devices that convert direct current into alternating with constant
or variable speed and run on stand-alone (not connected to AC power) load.

By the change in level voltage converters are divided into voltage stabiliser, linear regu-
lator, transformer or autotransformer, voltage converter, voltage regulator. This equipment is
used in various systems of electricity: atomic power station, solar power plant, wind power
station, hydro power plant. And the final classification is based on the change in frequency.
They are called variable-frequency transformers or converters of frequency. Frequency con-
verters are used in the DC drive.

Power converters play an important role in the electric power industry and in the DC/AC
drive. Thanks to the power converters, mankind has made a big step forward in its develop-
ment and improved our lives.
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Vasilovskaya K.O., Nizkodubov, G.A.
Power systems with improved energy performance
National Research Tomsk Polytechnic University.

This article focuses on reduction of the power factor. It presents the research of power
supply with improved energy performance taking a reverse thyristor converter as an exam-
ple.

Definition of active and reactive power has an obvious physical meaning for circuits with
a sinusoidal voltage and current. Active power P characterizes fraction of the instantaneous
power (s = ui) which can be converted into other forms of energy (thermal, mechanical,
chemical, electromagnetic and others). Reactive power Q characterizes the exchange energy
between the source and the load, which loads the circuit (it creates interference) but it can’t
be used useful. Vector sum of active and reactive components of the current (voltage) in a
circuit leads to a geometric addition of active power P and reactive power Q in the resulting

power called the apparent (full) power: S = Q/PZ +Q%.

Full power is a calculated value that characterizes the resource costs of device implemen-
tation. In other words, full power characterizes the total cost (in a scale) resources (copper,
steel, insulation and so forth) for the implementation of this device.

Determination of the total power is significantly complicated when energy processes of a
circuit are non-sinusoidal. Nonsinusoidal processes arise due to the presence of non-linear
elements in the load. This leads to appearance of higher harmonics in the current and volt-
age waveforms.

It is known, that useful work in a load can be performed only by the power which is car-
ried by the first harmonic. All harmonics transfer power, which, as well as reactive power Q,
characterize the energy exchange between the source and the load. This energy can’t per-
form useful work in load, but its physical nature completely differs from the physical nature
of reactive power Q. 4 B r
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Figure 1 — Three-phase bridge anti-parallel circuit and a diagram explaining the operation
of the scheme.
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Voltage unbalance in three-phase circuits with non-uniform loading phases provides a
similar impact on the mains supply. It leads to a considerable complication of determining
the total power and estimation of the influence of electrical installations in networks.

At present, the evaluation of the negative impact of these factors in the supply mains is
carried out by using the full power factor. It is the ratio of active power PA and apparent
powerS: y =P, /S.

Full capacities consider not only the active P and reactive power Q, but also distortion
power T, which is carried by higher harmonics, and unbalance power N, which is carried by

the reverse sequence and zero sequence of currents: S = \/ P?+Q°+T*+N?.

Today the problem of harmful effects reduction at electrical installations in supply net-
works is an important task in the global electrical engineering because it is a very important
economic problem.

The power section of conversion device is a reverse thyristor rectifier which is made by a
three-phase bridge circuit. Also it includes a power (matching) transformer, control system
and protection system of the drive. Rectifiers connect antiparallel, power Kits are separately
controlled (Figure 1).

Anti-parallel circuit with close-coupled thyristor groups is the most promising circuit
with separate management. This design significantly reduces the size reversible converter.

Influence of electric power systems to the thyristor converter is shown by the distortion
of current and voltage of synchronous generators, increase of additional losses in generators,
induction motors, transformers, trouble with the automatic and computing machinery, net-
work loads by additional reactive power and distortion power, reduction of the power factor.

Network impact on the thyristor converter increases the harmonics of the rectified volt-
age, reduces stiffness characteristics of the external transducer malfunction, control systems
of a thyristor converter.
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Figure 2 — The amplitude spectrum of input control current harmonics for angles A) a=10°,
B) a=20°, C) a=30°, D) 0=40°, E) a=50°, F) a=60°.
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Experiment
It is necessary to determine the harmonic
composition of the rectified voltage and cur-
rent of a three-phase bridge, which is con-
trolled by a rectifier, that works with an ac-
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The fifth harmonic can be greatly reduced by using a parallel LC —
filter tuned at 5 harmonics in each phase of the transformer second-
ary winding.

Resonance occurs in a parallel resonant circuit with the reso-
nance condition current when the current in the inductance and ca-
pacitance filter equal in magnitude and opposite in phase. As a re-
sult, the resulting harmonic current is zero (Figure 5).

7 harmonic also has a significant impact on the operation of thy-
ristor converter. However, its removal is not economically viable,
as it would require the installation of another filter. The installation
of the filter will take more money than could have been saved in
eliminating harmonic 7. The power factor y for different control

angles was calculated.

three-phase bridge rectifier with LC-filter.
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Figure 7 — The amplitude spectrum of input control current harmonics for angles A) 0=10°,
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From the results it can be seen that the dependence of the third harmonic is greatly dimin-

ished. Theoretically, the third harmonic should be zero when it connects the transformer

primary winding in a triangle, but in practice, due to the switching processes the third har-

monic can’t completely disappear.

This article describes the measures taken to reduce the impact of higher harmonics of the
frequency converters. Thus, the third harmonic is substantially reduced by the schematic,
connecting the primary windings of the transformer in the triangle. All data of theoretical
calculations were verified experimentally, the amplitude of the third harmonic is really no-
ticeably diminished. Fifth harmonic has been significantly reduced by parallel LC — filter,
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Vassilyeva, Yu., Balastov, A.V.
Power apparatus and systems malfunction diagnostic on the basis of its own
electromagnetic emission analysis
National Research Tomsk Polytechnic University.

With the modern strategies development in order to organize the main electrical substa-
tion equipment, power lines maintenance and repair there appears so called "on-condition"
[1] repairs concept. In this respect, technical diagnostics becomes extremely important in
any industries. The Economic Effect of high voltage equipment diagnosis is associated with
its ability to determine the current technical condition and equipment residual life for detect-
ing defects at an early stage of their development and the really required repair works. Now-
adays there are a lot of different technical diagnostics methods but the most preferable are
the automated methods of controlling the state of the energized equipment [2-4].

One of the perspective diagnosis methods that are able to determine the technical state of
the object and track the defects dynamics is to analyze the changes in the electrical equip-
ment electromagnetic radiation.
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The main idea of this work is to study autotransformer technical state via spectral analy-
sis of the electromagnetic radiation changes.

Problem Statement:.

1. Get an array of diagnostic information about the object electromagnetic field;.

2. Create the data processing algorithm;.

3. Identify diagnostic feature of the defect specific type.

The idea of monitoring frequency high voltage equipment electromagnetic radiation is
based on the revealed electrical discharges manifestations intensity from increasing insula-
tion degradation and the defects appearance in structural elements.

Equipment technical condition assessment is based on the high-frequency component
spectral analysis of the electromagnetic radiation signal that has a number of distinct ad-
vantages over usual methods.

« data about the defect appears at a very early stage of its occurrence when it is impossible
the register it by any other methods.

* in the high frequency area is almost impossible to tune out noises, which are the corona
discharges (CR) source, superficial partial discharge (PD), high-frequency communica-
tion, etc.

« techniques development is possible with extensive capabilities in terms of the both inter-
nal and external equipment defects registration.

CR, as well as the surface PD duration is usually ten nanoseconds or more, while the du-
ration of the current flow in the PD internal insulation is a few nanoseconds. Natural elec-
tromagnetic radiation emitters are elements of the equipment design which essentially act as
the dipole antennas. Taking into consideration these antennas characteristics and their reso-
nance frequencies allows us to specify the defect location. Thus, the upper part of its own
electromagnetic radiation can be divided into sections specific to the individual radiation
sources. Pulses from discharges have different amplitudes and time constants, so the elec-
tromagnetic spectrum due to a pulses series is polymodal.

Transformer diagnosis device consists of the electromagnetic radiation receiving antenna,
input connector, 1 / O board, laptop. The object of study is autotransformer ATDCTN
500000/500/220 located in Kazakhstan hydroelectric power station.

Information about the defects presence in autotransformer insulation windings should
immediately appear in the registered electromagnetic field spectrum.

Radiating elements are the structures isolated from the grounded tank high voltage bush-
ings, discharges, enclosed in insulators conductors, etc. In our case, the radiating antenna
input is 500 kV, 220 kV and power groung.

Inputs dimensions acting as radiating conductors are: 4.24 m., 2.72 m. and 0.59 m.

Inputs in this case are radiating antennas with resonant frequencies of the radiation level.

(foi )a = nc / (4hy),.

ati=1,2, ..., imax — Input; n =1, 2, 3, ... is the number of harmonic Fourier series; ¢ —
light velocity in m/s; h; — height of the i-th input, m.

Useful information possess bandwidth (Af,) n which can be defined as (Afyi) N = (fi) n /
Qin, at Qin — the equivalent Q factor of the antenna being in the
range 2 to 5.

Table 1 shows informative frequency bands for the first resonant frequency of 500 kV
autotransformer bushings.
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Table 1. Range of frequencies and frequency bands for the information of 500 kV autotrans-
former.

Input Ne Inform. frequency Frequency band The main resonance
band width in MHz | boundaries in MHz frequency in MHz
Input 1, 500 kV (Afo1)1=5 ot 15,2 10 20,2 (f,1)1=5
Input 2,220 kV (Afp2)1:8 oT 23,6 o 3 1,6 (fp2)1:8
Input 3, power ground (Afp3)1=36 ot 110 1o 146 (fp3)1=36

Monitoring procedure is as follows:

Incoming inputs definition.

Resonance frequencies emitting antennas calculation.

Informative frequency bands for the first resonant frequency determination.

Resonance frequencies and informative frequency bands for the higher harmonics calcu-
lation.

Electromagnetic waves integral power factor determination.

6. Equipment assessment.

As a receiver, it is desirable to use standard industrial receiver with integrated analog-
digital converter and microprocessor, enabling them to handle with the electromagnetic
waves energy spectrum in the desired frequency range.

The equipment assessment for the integrated power factor electromagnetic oscillations is
calculated in a given informative band. Integrated power factor K, of the spectrum qualify-
ing characteristics is the most revealing and is determined for each n-th informative fre-

quency band as the ratio of the integrated power to the equipment P, ... reference to the
P .

n.st *

Hwbh e

o

integrated power
K= Pn monit! Pr st,-

at Ph= L o Sﬁ (f)df _ equipment integral power factor; S,(f) — integrated radiation

n.min

power density.

Koruf The figure 1 shows integral power
154 factor changes during 6 month period.
As you can see it describes the stable
e | operation of the equipment that the vari-
‘ S ation coefficient ranging from 1.06 to
1.23. These data is confirmed by the

10
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Fig.1 Integral power factor changes.
In conclusion it is necessary to add that the electromagnetic emission analysis can serve
as the basis for technical diagnostics creation. The high-voltage equipment assessment crite-

ria can be the integral radiation power and integral power factor.
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INTRODUCTION

Current scenarios predict a global demand for electricity 2-3 times higher in the next 50
years compared to nowadays. Today there are about 440 nuclear power reactors operating in
30 countries, most of which will exhaust their resources by 2050. If nuclear's energy share
of the worldwide energy production will remain unchanged at a level of 14%, at least 1,000
nuclear reactors would have to be built.

Thus in 2001, nine countries (Argentina, Republic of Korea, Brazil, Canada, Republic of
South Africa, United Kingdom, France, United States and Japan) signed the founding doc-
ument of Generation IV International Forum (GIF) in order to develop nuclear systems that
can fulfill the increasing world electric power needs.

SCWR

Currently, there is a number of Generation IV SCWR concepts under development
worldwide. It is a high-temperature, high-pressure water-cooled reactor that operates above
the thermodynamic critical point of water (above 374°C, 22.1 MPa). The main advantage of
the SCWR is improved economics due to increase in thermal efficiency from 30 — 35% to
approximately 45 — 50%. Moreover, the use of a high-temperature, single-phase coolant al-
lows to simplify plant’s operations and lower expenses by decreasing its electrical-energy
costs [1].

SCWR DESIGN OPTIONS

The reactor core may have a thermal or a fast-neutron spectrum, depending on the core
design. The concept may be based on current pressure vessel or on pressure tube reactors,
and thus use light water or heavy water as a moderator. It opens the way for a number of
concepts.

LIGHT WATER REACTOR

The SCWR concept was developed at the University of Tokyo in 1989 and became a
global concern after being selected by the Generation IV International Forum in 2002. It’s
Pressure-vessel, since 1989 (thermal version) and 2005 (fast version) [2].

CANDU-SCWR

Another concept proposed by Canada is generically called CANDU-SCWR, It is a pres-
sured tube type reactor with fuel channels separating the light water coolant from the heavy
water moderator [2].

CONCLUSION.

Nuclear energy systems are essential to meet the world’s growing energy demand while

providing competitively-priced and reliable energy in a safe and sustainable way.
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As the world fossil fuel reserves diminish, alternate energy sources will become increas-
ingly important. One of the most commonly discussed forms of alternative energy is nuclear
power. Although there are a number of pros and cons to nuclear power generation, one as-
pect that has received some attention in the news over the past few years is the long-term
storage solutions for nuclear waste from both past, current, and future productions.

Nuclear Waste

Nuclear waste currently in storage comes from three principal sources: spent fuel from
commercial or research reactors, liquid waste from the reprocessing of spent fuel, and waste
from the nuclear weapons and propulsions industry. Most of the storage concerns relate to
so-called ‘high level’ nuclear waste, which are highly radioactive, require cooling and con-
tainment because their decay gives off heat and radiation, and have an extremely long half-
life. In particular, some radioactive isotopes such as Tc-99, Se-79, and 1-129 are mobile in
water, requiring a storage solution that reduces their ability to move into the groundwater.

In the US, most nuclear waste storage is temporarily done on site. Spent nuclear fuel is
kept in pools of recirculated water to keep it cool while the increased radioactivity dies
down before it either reprocessed to recover the plutonium or kept in dry storage for eventu-
al deposit into a geological repository. For the nuclear waste resulting from weapons devel-
opment, the majority of the waste is stored at the Hanford site in southeastern Washington,
where the plutonium for the US weapons was produced. Much of the waste there is stored in
177 buried tanks as a combination of both high-level and low-level liquid waste. These
tanks were never intended for long-term waste storage and several are known to be leaking.

Vitrification

The desired long-term storage form for nuclear waste is a relatively insoluble, compact
solid. As a solid, the waste becomes easier to store and handle; a small volume is desired
because there are likely to be few candidates for long-term storage spaces and thus space
will be at a premium. Keeping the solubility low reduces the chances of groundwater con-
tamination. The resulting solid is then likely to be packaged, which provides additional bar-
riers to contamination of the environment, but the effects of radiation on the surrounding
matrix packaging are not negligible.

Amorphous borosilicate’s have been identified as one option for nuclear waste storage
forms. To produce the glass, the waste is dried, heated to convert the nitrates to oxides, and
then mixed with glass-forming chemicals and heated again to very high temperatures (ap-
proximately 1000 °C) to produce the melt. This is then poured into a containment vessel
where it cools to form a glass. The containment vessel can then be sealed, decontaminated,
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and placed into a long-term (or temporary) storage facility. Studies of archeological glasses
have agreed with models showing the immobilization of the important mobile nuclides dur-
ing the critical time period where they are highly radioactive, encouraging the continued
study and use of this methodology. This process is used to prepare waste for storage at a
number of nuclear power plants in Europe.

Growing Need

Although much of the work has focused on cleanup and storage of nuclear waste already
present, it is clear that as more nuclear plants are added there is an increased need for waste
storage capacity and eventually a long term storage location. Vitrification continues to be
studied as a long term treatment plan, but the glass produced is still radioactive and needs to
be stored somewhere.

For a 1000 MW plant, 30 tonnes of high level nuclear waste are produced a year. With
104 nuclear plants of roughly that size in the US, this produces 3120 tonnes of high level
nuclear waste a year in the US alone. Multiple the number of nuclear plants by 5 to compen-
sate for all the natural gas plants, for example, and the nuclear waste issue scales as well. In
comparison, the abandoned Yucca Mountain Nuclear Waste Storage Repository was only
planned to hold 77,000 tonnes of material, all of which is currently stored elsewhere. Even if
the storage facility was not required for any of the currently existing waste, the current rate
of high level nuclear waste production would fill the facility in 24.7 years, excluding any
increases in capacity.

While nuclear power may prove to help alleviate the upcoming energy crisis, it becomes
apparent that while some of the challenges relating to the storage of nuclear waste may have
been solved, there are still major issues that remain before increased capacity becomes a vi-
able solution over the long term.
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Das Wasser ist ein Hauptzerstorer der metallischen Konstruktionen. Besondere Gefahr
stellt das Erfrieren des Wassers vor. Das Eis, das sich in den Kapillaren der Poren bildet, hat
einen grolen Umfang, deshalb im Material entstehen die starken mechanischen Anstren-
gungen.

Das ataktische Polypropylen ist ein wasserfestes Material. Das ataktische Polypropylen
ist ein ganz einzigartiges wasserisolierendes Material. Es ist bei der Bearbeitung der Ober-
flache des Betons, des Metalls zwecks der Verhinderung der Durchdringung der Feuchtig-
keit in die Konstruktionen der Stromversorgungen, bei der Elektroisolierung der abgeson-
derten energetischen Knoten, bei der oberfldchlichen Bearbeitung der elektrischen Leitun-
gen zwecks der Verhinderung ihrer Vereisung (1, 2) effizient.

Die Zeichnung 1 zeigt die Erforschung des ataktischen Polypropylens mit Hilfe der Me-
thode der Spektroskopie.
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Die Zeichnung 1. Die Spektren des ataktischen Polypropylens.

Im Spektrum des abgeénderten Musters kann beobachtet werden, dass die die relative In-
tensitdt des Streifens der Absorption bei 720 cm-1 (die Pendelschwingungen der S-S-
Verbindung in die Gruppen (CH2) vergroBert wird, was zusammen mit der Verkleinerung
der relativen Intensitit des Streifens der Absorption auf dem Gebiet 1376 cm-1 (die Defor-
mationsschwingungen der Gruppen (CH2)) von der Anwesenheit der Ketten zeugt, die sich
zwischen der Methyl-Gruppe und der Hauptkette in Form der Alkyl-Abzweigungen befin-
den [5,6,7. Die Haupteigenschaften des Ausgangs- und abgeénderten Polymers sind in der
Tabelle 1 dargestellt.

Tabelle 1
nach der Oxidation

Parameter Anfangs 180°C2u. [ 250°C.o 0.
M, -107 36,0 29,0 5,0
Mw/M, 55 7,0 11,0
Anteil die Carbonylgruppen, % 0,0 0,29 0,95
Anteil die Verunreinigungen, % 14,0 2,0 0,5

Die Eindringtiefe der Nadel 25°C, 0,1 mm | 112,0 99,5 96,5

Die Ergebnisse der Forschungen (die Adhésionseigenschaften in der Oberfliche der Ma-
terialien, die in den Konstruktionserzeugnissen der Energetik verwendet werden) sind in der
Tabelle 2 dargestellt.

Tabelle 2

Parameter | £ 102 | Wi x10° | Wagx102 | Wio x1072 | f

Konzentration 12 %
Beton 1,8+0,1 4,5+0,3 21,3+0,4 | 42,504 | -21,2+0,7
Stahl 2,1-0,3 5,2-0,5 24,6-0,2 | 49,0-0,4 -24,7-0,8
Konzentration 14 %

BEON 151502 |53:05 |265:05 | 52,9409 | -264+0.7
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Parameter FLos_X 10'3 WLOS X 10'3 WAdX 10'2 WKO X 10'2 f
Stahl 25-0,3 |63-06 315-0,1 |628-08 |-313-04

Konzentration 16 %
Beton 2,4+0,3 6,3+0,7 64,6+£0,8 | 129,1+1,4 | -64,5+1,1
Stahl 2,8-0,5 7,3-0,5 74,8-05 |149,3-14 |-745-1,2

Konzentration 100 %
Beton 8+0,2 20+0,8 21,5+£0,7 | 248,4+1,3 | -226,9+1,3

Stahl 9,5-0,1 23-0,7 25,5-0,3 |294,8-1,7 |-269,4-14
Die Kraft der Loslosung. Die Arbeit der Adhésion, J/m2.
F,,=ma : G5
o | Y 3);
Die Adhésionshaltbarkeit, J/m2. ' _ b_
AV > < 2): Die Arbeit der Kohésion, J/m2.
Der Spreizkoeffizient Tropfen J/m?;
= VY (5).

Das ataktische Polypropylen ist ein Nebenprodukt des sibirischen chemischen Kombi-
nats. Das heif3t, es sind Abfille oder Atommiuill.

Aber wenn es modifiziert wird, so wird sich das ataktische Polypropylen ins anwen-
dungsreiche Material verwandeln.

Die Bearbeitung: zuerst muss es bis zu 150 C erwdrmt werden und dann bis zu -30 C ge-
kiihlt werden und am Ende wird es noch einmal erwérmt.

Danach erwirbt das Material die einzigartigen Eigenschaften. Das sind Wasserdichte, die
Temperaturbestdndigkeit und der Vereisungschutz. Wenn eine Stromleitung mit ataktischem
Polypropylen bearbeitet wird, kann das Problem der Vereisung fiir immer geldst werden.

Es sind die Rechen- und Experimentaldaten der Parameter der Adhésion angegeben, die
eine der wichtigsten Charakteristiken sind, die die Qualitdt der Hydroisolation bestimmen.
Es ist erwiesen, dass das abgednderte ataktische Polypropylen im energetischen Zweig als
Korrosionsschutzmaterial bei metallischen Konstruktionen und in der Stromisolation ver-
wendet werden kann.

Das ataktische Polypropylen ist billig, weil es zu Abfillen gehort. Jedoch wenn das Ma-
terial bearbeitet wird, so wird es iiber die einzigartigen Eigenschaften verfiigen. Aber die
Produktion des Polypropylens in den industriellen MaB3stéiben kostet viel Geld.
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Aoauna3zapos, C.A.
Berposnepreruka
Hayuonanvnolii uccnedosamenvckuii Tomckuti notumexHuyeckuti YHugepcumen.

Berposnepretuka — oTpacib SHEPreTUKH, CHEIHATN3UpPYIOIIascs Ha Mpeodpa3oBa-
HUU KUHETUYECKON SHEPTHH BO3AYIIHBIX MacCc B atMoc(depe B dIEKTPUUIESCKYIO, MEXaHHUe-
CKYI0, TEIJIOBYIO WM B JIIOOYI0 Ipyryto popMy 3HEpruu, yIoOHYIO Uil UCIOIb30BAHUS B
HapoJHOM XO03siicTBe. Takoe mpeoOpa3zoBaHUE MOXKET OCYILECTBIISATHCS TaKMMH arperara-
MH, KakK BETpOreHeparop (Il TMONy4eHUs DIIEKTPUYECKONW HHEPruu), BETpsHas MeElbHU-
1a (st mpeoOpa3oBaHusi B MEXaHUYECKYIO SHEPTHIO), Mapyc (U1 UCTIOIb30BaHUS B TPAHC-
MOpTE) ¥ IPYTUMHU.

DHEpPrui0 BETpa OTHOCAT K BO3OOHOBIISIEMBIM BHJIaM DHEPIUHU, TaK KaK OHA SBIISCTCS
cienctBueM pAestensHocTr ComnHila. BerposHepreruka siBisercss OypHO pa3BHBAIOIICHCS
oTpacibto, Tak B KoHIle 2012 roga oOriast ycTaHOBICHHAs MOIITHOCTh BCEX BETPOr€HEPATO-
poB coctaBmia 282,6 rurasart. B 2010 TOJly KOJUYECTBO JIEKTPUYECKONU IHEPTHH, MPO-
M3BEIEHHON BCEMH BETpOreHepaTopamu Mupa, coctaBuiio 430 tepaBarT-dacos (2,5 % Bceit
MIPOU3BEAEHHON YEIIOBEUYECTBOM DIIEKTPUUYECKON 3Hepr1/11/1).[2][3] Hekotopsie ctpanbl oco-
OEHHO MHTEHCHBHO Pa3BHBAIOT BETPOIHEPIeTUKY, B yacTHOCTH, HA 2011 rox B Jlanuu c mo-
MOIIIbIO BETPOrEHEPATOPOB Mpou3BoauTcs 28 % Bcero asnektpuuectBa, B llopryramum —
19 %, B Upnannuu — 14 %,[4], B Mcnanuu — 16 % u B 'epmanuu — 8 %.°1 B mae 2009 rojga
80 cTpaH MHpa UCTIOIB30BAIA BETPOIHEPTETUKY HA KOMMEPUECKON octose.*

KpyrmiHbie BeTpsiHbIe AJIEKTPOCTAHIIMU BKIIOYAIOTCS B OOIIYIO0 CeTh, 0OJiee MEJIKUE HC-
TIOJTB3YFOTCS JUTSI CHAOKEHUS SJICKTPUIECTBOM YAAJIEHHBIX PaiioHOB. B oTimdme ot nckona-
€MOr0 TOILJIMBA, SHEPTHS BeTpa MPAaKTUUECKU HEeUcUepraemMa, IoBCEMECTHO JIOCTYIHA U 00-
nee sxosiornyHa. OJIHAKO, COOPYKEHHE BETPSHBIX JIEKTPOCTAHIIMI COMPSHKEHO C HEKOTO-
PBIMU TPYIHOCTSMH TEXHUYECKOTO M SKOHOMHYECKOTO XapakTepa, 3aMeISIONIMMH pac-
MIPOCTPAHEHUE BETPOIHEPTETUKH. B YaCTHOCTH, HEIIOCTOSHCTBO BETPOBBIX TTOTOKOB HE CO-
3maét mpobrieM Mpu HeOOJBIIOW MPOMOPLIHK BETPOIHEPTETUKU B OOIIEM MPOU3BOJICTBE
ANIEKTPOIHEPTUH, OJHAKO TPU POCTE ITOU I onolpuml, BO3PACTAIOT TAKXKE U MPOOJIEMBI
HaIEKHOCTH TPOU3BOJICTBA AIIEKTPOIHEPTUH. S Tng pelieHus MOA0OHBIX MPOoOJIeM HC-
TOJIb3YETCSl MHTEIUICKTYalIbHOE YIIPABICHUE PACTIPEICTICHUEM DIICKTPOIHEPT HH.

MHorue xenaronme yCTaHOBUTh DKOJOTHMYHYIO YHEPrOCHCTEMY W3-3a HEIOCTaTKa MH-
dbopmManuu cpasy ynmparTcs B 3Ty npobiemy. Kakyio cucremy myurie moctaButb? Coi-
Heunyro? Berpsanayo? Obe cpazy?.

Hauboiree Haie)KHBIM HCTOYHHKOM DHEPTUU SBISICTCS COTHEYHAS TMaHelb. [loToMy 49To
OHa TapaHTUPOBAHO BBHIPAOATHIBAET DJEKTPUYECTBO KXl JeHb. PacmpocTtpanen mud,
YTO B MACMYPHYIO TIOTOJTy COJTHEUHAsl MaHeNb He paboTaer. 1o He Tak. [Ipu paccesHHOM
cBeTe OyAeT BbIpabaThIBaTHCS MEHBIIIE SHEPTHH, HO DIIEKTPUYECTBO Bce-Taku Oymet. [Ipu-
YHHA, TT0 KOTOPOH COJTHEUHAs! SHEPreTHKa eIle He TTOKOpHiIa MUP, 3aKITF0YaeTCsl B JIOPOTO-
BU3HE M3TOTOBJICHUS COJIHEYHBIX MaHENeW U3-3a CI0KHOTO TEXHOJOTMYECKOTO Tpollecca.
CoitHevHas IMaHeNb 3HAYUTEIEHO KOMIIAKTHEE BETPSHOTO TEHEpaTopa U HE COJCPKHT JIBH-
KYIIMXCS YacTel, HO TPU COTIOCTABHUMOI MOIITHOCTH OOXOIUTCS B HECKOIBKO pa3 JOPOKE.
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http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%82%D1%80%D0%BE%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D0%BA%D0%B0#cite_note-4
http://ru.wikipedia.org/w/index.php?title=%D0%92%D0%B5%D1%82%D1%80%D0%BE%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D0%BA%D0%B0_%D0%98%D1%81%D0%BF%D0%B0%D0%BD%D0%B8%D0%B8&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%82%D1%80%D0%BE%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D0%BA%D0%B0_%D0%93%D0%B5%D1%80%D0%BC%D0%B0%D0%BD%D0%B8%D0%B8
http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%82%D1%80%D0%BE%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D0%BA%D0%B0#cite_note-wpa_update-5
http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%82%D1%80%D0%BE%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D0%BA%D0%B0#cite_note-wor-3
http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%82%D1%80%D1%8F%D0%BD%D0%B0%D1%8F_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%82%D1%80%D0%BE%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D0%BA%D0%B0#cite_note-6
http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%82%D1%80%D0%BE%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D0%BA%D0%B0#cite_note-6
http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%82%D1%80%D0%BE%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D0%BA%D0%B0#cite_note-claverton-energy.com-8

[TosTOMY CoJTHEUHbBIE TAHENH MCIIONB3YIOT OOBIYHO B TEX CIy4YasiX, KOrja ecTh HeOOIBIIOE,
HO CTaOMIIBHOE 3HepF0H0TpC6J'IeHI/Ie.[1] [31:

Betporenepatopsl B HacTosIee BpeMsl SBISIOTCS JIMICPaMHU MPU MPOU3BOJCTBE OOIIb-
X 00bEMOB PHEPIUM M UCHOJIB3YIOTCS KaK JUIsl YaCTHBIX MOTpeOuTeNel, TaKk U B MPO-
MBIIIICHHBIX MaciTadax. CTporo roBops, €ciii Obl BEeTpsiHAS YHEPreTHKa MOyqana CTONb-
KO K€ JOTalMii OT roCy1apcTBa, UTO U TEIIOBas, THIPO U aTOMHAsi, TO BeCh MUp o0ecIreyu-
BaJics TOJBKO dHepruer BeTpa. Ho "oOBMHBIX" 3JIEKTPOCTAHINI YK€ TIOCTPOCHO MHOTO, a
710001 KOMITaHUM TPaJUILIMOHHBIX YHEPrOHOCUTENEH elle CIUIIKOM cuibHO. [loaTomy ceii-
4ac MPOUCXOAUT IIOCTEIIEHHOE, HO YBEPEHHOE YCWIIEHHE JOJIM BETPSIHOW JHEPreTUKU BO
BceM Mupe. K coxalleHnIo oka B CTOPOHE OT pa3BUTHS 3€JI€HOM SHEPreTUKHU ocTaeTcst Poc-
cus. [ToBIHMATE HA ATO MOXKEM TOJIBKO MBI C BaMHU, HE J0KUAASCH, TIOKa OCTa0HET aTOMHOE
1006u B Bepxax. HUKTO He 3amperaeTr MCroJib30BaHUE YAaCTHBIX BETPOI€HEPAaTOPOB, a UX
pa3HoOOpa3ue W KaueCcTBO Ha MHUPOBOM PBIHKE TOCTOSIHHO pacteT. Pacmpoctpanen mug o
HEHAJIe)KHOCTH BETPSHOM IHEPreTUYecKOr CUCTeMbl. /leckarh, HET BeTpa — HET SHEPruu.
Oto He Tak. Bo-mepBbIX, XOTh B BETPSIHOM, XOTb B COJIHEYHOM CHCTEME BbI HCIOJb3YETE
SHEPrHUI0, 3aMaCCHHYIO B aKKYMYJISTOPax U MOTpeblieHHe He MOJICOSAMHEHO K BETpOreHepa-
TOpPY WJIN COJIHEYHOM IaHeIu HanpsMyro. A BO-BTOPBIX, COBCEM OE3BETPEHHOI MOr0/Ibl HU
B KaKOM TeorpamueckoM peruoHe UTUTEIbHOE BpeMs He ObiBaeT. Ecnm BeTporeHeparop
YCTAQHOBJICH MPABUIILHO M HE 3aKPBIT OT BeTpa penbedoM, 31aHUSIMH U CTEHOU J1ePEBbEB,
TO y Bac Bcerga Oyaer aiekTpuuecTBo. Hae)kHOCTh Kak MPOMBIIIICHHBIX TaK M YaCTHBIX
BETPOIHEPIreTUUYECKUX YCTAHOBOK YK€ JIaBHO CPaBHSIACH C TPAJAULIMOHHBIMH UCTOYHUKAMHU
sHepruu. M y Bac ckopee 3aKOHYMTCS TOIUIMBO B IU3€EJIE, YEM Y BETPsIKA HE XBAaTUT BETPA.

Jluteparypa:
Global Wind Power Capacity Increased 19 Percent in 2012,
World Wind Energy Report 2010 (PDF).
Wind Power Increase in 2008 Exceeds 10-year Average Growth Rate.
Renewables.
«Wind Energy Update» (PDF). Wind Engineering: 191-200.
Impact of Wind Power Generation in Ireland on the Operation of Conventional Plant and
the Economic Implications.
7. "Design and Operation of Power Systems with Large Amounts of Wind Power", IEA
Wind Summary Paper (PDF).
8. Claverton-Energy.com.

SoukrwdE

Byo6nos, B.B.
DJ1era3oBblie BLIKJIIOYATEIN
Hayuonanenoiii uccneoosamenvckuil Tomckull noaumexHudyecKuti yHusepcumen.

O0mas nupopmanus

DJ1era3oBblii BBIKJIKYATEIb — 3TO Pa3HOBUIHOCTh BBICOKOBOJIETHOTO BBIKIIFOUATEIIS,
KOMMYTAI[MOHHBIN armapar, UCTIOJIb3YIOIUi 37era3 (mectudTopuctyio cepy, SF6) B kaue-
CTBE Cpebl TAIECHUS JIEKTPUIECKON TYTH.

l"amenue 1yru B anerase NPOMCXOJUT B OECTOKOBYIO May3y M HE BBI3bIBAET MEpEHAIPSI-
KEHUI. DTO rapaHTUPyeT JJIUTENIBHYIO JJIEKTPUUECKYIO KU3Hb BBIKIHOYATENS U OrpaHuye-
HUE KOJIMYECTBA JUHAMUYECKUX, JUIIEKTPUUYECKUX U TEPMUUECKUX CTPECCOB DJIEKTPOYCTa-
HOBKH B 1enoM. [pyxxunnsiit mpusoa tuna ESH ¢ ycrpoiictBoM cB0OOIHOTO pacienieHus
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http://svetdv.ru/sun/index.shtml
http://svetdv.ru/veter/index.shtml
http://svetdv.ru/veter/index.shtml
http://www.renewableenergyworld.com/rea/news/article/2013/04/global-wind-power-capacity-increased-19-percent-in-2012
http://www.wwindea.org/home/images/stories/pdfs/worldwindenergyreport2010_s.pdf
http://www.worldwatch.org/node/6102?emc=el&m=239273&l=5&v=ca5d0bd2df
http://www.eirgrid.com/renewables/
http://www.windpoweringamerica.gov/filter_detail.asp?itemid=746
http://www.eirgrid.com/media/2004%20wind%20impact%20report%20(for%20updated%202007%20report,%20see%20above).pdf
http://www.eirgrid.com/media/2004%20wind%20impact%20report%20(for%20updated%202007%20report,%20see%20above).pdf
http://www.ieawind.org/AnnexXXV/Meetings/Oklahoma/IEA%20SysOp%20GWPC2006%20paper_final.pdf
http://www.ieawind.org/AnnexXXV/Meetings/Oklahoma/IEA%20SysOp%20GWPC2006%20paper_final.pdf
http://www.claverton-energy.com/wind-energy-variability-new-reports.html

MO3BOJISIET MPOU3BOAUTH HAACKHOE BKIIIOUEHHWE M OTKIIIOUEHUE BBIKIIIOUATENII Ha MECTE
YCTAaHOBKM M JuCTaHIMOHHO. K monoxurenbHpiM kadecTBam Bbikitouatess OHB moxHO
OTHECTH KOMIAKTHOCTh, CTOMKOCTh K HEOIArompusITHBIM BO3ICHCTBHIM OKPYXKAIOIIECH cpe-
JIbl 1 MEXaHUYECKYIO HAJIEKHOCTb.
KoHcTpykuus 3/1€ra30Boro BbIKJIH04YaTe s
Ilo KOHCTPYKIUM PA3JIMYAKT KOJOHKOBbIC U 02aKOBbIE BBIK/JIIOYATEIH:

e KoJ/ioHKOBBIE HUM BHEIIHE, HU IO pa3MepaM MPUHIUIHAIBHO HE OTJIMYAIOTCS OT MaJlo-
MAacCJIsTHBIX.

e BakoBble 3Jera3oBble BBIKIIOYATEIN UMEIOT TOpa3 0 MEHbLINE IadapuThl 1O CpaBHE-
HUIO C MacIIIHBIMHU, UMEIOT OJMH OOILIMI MPUBOJ HA TPHU IOJIOCA, BCTPOCHHBIE TPaHC-
(opmaTopsl TOKA.

CrangapThl 4 TeCThbI
Brixmrouatrenmu OHB cootBerctBytoT cranmapry IEC 62271-100 — camoii coBpeMeHHOI

BepcuM crangapra MOK juis BBICOKOBOJIBTHBIX BbIKIItOUaTesied. OHU MPOXOIAT BCE YKa-

3aHHBIC HUKE TECThI U 3TO rapaHTUPYET OE30MACHOCTh U HAJCKHOCTH almnapaToB B AKCILTY-

aTalliu B COCTaBe JIIOOBIX 3JIEKTPOYCTAHOBOK.
Tunosbie TECTbI:.

* TEeMIEpaTypHBII TECT;

*  JIMBJIEKTPUYECKUI TECT;.

* TECT Ha COCOOHOCTh KOMMYTHUPOBAHUS TOKa KOPOTKOE 3aMbIKaHUE,

* BPEMEHHOM TECT HAa TOK KOPOTKOE 3aMbIKAHUE;.

* MEXaHMYECKUU TECT.

Il1aHoBBIE TECTHI:

* | MUH. HapsKEHUE NPOMBILUIEHHON YaCTOTBHI;.

* TIPOBEPKA U3OJISIIIUKM BTOPUYHBIX IEMEH;.

* U3MEpEHHUE CONPOTUBIICHUS ITABHOW LEMNH;.

*  MEXAHWYECKHUU U DJIEKTPUYECKHUI ONEPAllMOHHBIN TECT.

IIpenmymiecTBa U HEIOCTATKH 3J1€ra30BbIX BhIK/JIIOYATEIeH
K npeumymecTBam 3/iera3oBbiX BbIKJIIOYaTE/1€il MOKHO OTHECTH:

* TalleHue IyTU MPOUCXOANT B 3aMKHYTOM 00BbeMe Oe3 BhIXJIona B aTMochepy;

* OTHOCHUTEIILHO Malible rabapuThl U Macca;

* BBICOKAs OTKJIIOUAIONIAsl CIOCOOHOCTB;

*  MaJIbli U3HOC JTyTOTaCUTEbHBIX KOHTAKTOB;

+ OecurymMHas paboTa;

* BO3MOXXHOCTH CO3JIaHUs CEPUM ¢ YHU(PHUIIMPOBAHHBIMHU y3JIaAMU;

* MPUTOJHOCTb JUUIsl HAPYKHOM M BHYTPEHHEN YCTaHOBKHU.

K HegocTaTkam 3/1era3oBbIX BBIKJ/IIOYATEIeid MOKHO OTHECTH:

* CJIOXHOCTb U JIOPOTOBH3HA U3TOTOBJICHMUS;

* TeMmIeparypHble HenocTatku SF6;

* HEOOXOIUMOCTh CIIEIUATLHBIX YCTPOUCTB JIJIsl HATIOJHEHHUS, IEPEKauKu U OUHCTKU SF6;

* OTHOCHUTEJIBHO BBICOKast CTOMMOCTh SF6.
be3onacHocTh IKCIIyaTALMH
Jlns obecrieueHust TapaHTUil O0e30macHOM JKcrutyaTanuu B Beikimodarene OHB mpeny-

CMOTpPEHBI MEXaHUYeCKasl U SJIEKTpUIecKasi OJTOKMPOBKH.

Jluteparypa:
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1. KpaBuenko A. H., Merennckuit B. I1., PaccanbckuitA.H. BricokoBONBTHBIE BBIKIIIOUATE-
au 6 —10 kB // Dnexrpuk. 2006. (c.11-13)(/laTa obpammenwus: 19.04.2014).

2. Comsakun A. T'., TTaBnoB M. B., Ilasnos U. B., XKenro U. I'. Teopust u KOHCTpYKIUU
BeIkTrouarenei. (¢.350)(/lara oopamenus:19.04.2014).

3. ®emopoB A.A. «CrpaBOYHHK TIO AJIEKTPOCHAOKEHHIO H 3JICKTPOOOOPYHIOBaHHIO» (B
IBYX ToMax, M.: DHeproatomusnart, 1987r.) (c.60-74) (Mlara oopamenus: 19.04.2014).

I'ep0, A.B.
Jlamna HakaJIuBaHUs
Hayuonanvhwiti uccneoosamenvckuil TomcKuil ROAUmMexHUYeCcKull YHUEpCcumen.

Jlamria HakanMBaHMS — ATO AIEKTPUUYECKUA UCTOYHHMK CBETA, KOTOPBIA M3Ty4aeT SJIEK-
TPOMarHUTHBIE BOJHBI B IIMPOKOM CHEKTPAIILHOM JHarna3oHe (BKJIOYas BUIUMBI) Omaro-
naps Tely HaKaJuBaHUs, Yepe3 KOTOPOE MPOTEKAET AMEKTPUUECKUI TOK. Teno HakaTuBaHus
MIOMEILIEHO B COCYZ ¢ BAKyyMOM HJIM UHEPTHBIM I'a30M. B kadecTBe Tesla HaKaaMBaHUs HC-
MOJIB3YIOT CIUPATh U3 TYrOIUIABKOTO MeTauia Boib(pama. Ciemyer MOMHUTh, YTO TepBast
3alaTeHTOBaHHAS JIaMITa HaKaJTMBaHus Obl1a n3o0pereHa B 1838 roxy Oenbruiiiiem YKobap.
Pa3psan B Hell POMCXOOUT B OTKPBITOM BO3JyXE MEXIY ABYMS YrOJbHBIMHU CTEPKHSMHU.
[lepByto, MOX0XKYI0 Ha COBPEMEHHYIO, JITaMITy HAaKaJIMBaHWs 3allaTEHTOBAJI PYCCKUM HHXKE-
Hep Anekcannp HukonaeBuu Jloapirua 11 urons 1874 roga. B 1890-x romax Jloabirua
YCOBEPIIIEHCTBOBAJI CBOIO JIAMITy U MPE3EHTOBAI HECKOJIBKO BUJIOB JIAMIT C HUTSIMH HaKaJH-
BaHUA W3 TYrOIUIaBKOrOo MeTajula. B jmamme mcnosib3yercss NpUHUUI TEPMOAJIEKTPOHHOM
smuccud. [Ipyu NMpoxokIeHUn IIEKTPUUYECKOTO TOKA Yepe3 TEJI0 HAKAIUBAHHS JIEKTPUYEC-
CKOTO TOKa OHO HarpeBaeTcs 1 HAUMHAET U3Ty4yaTh AJIEKTPOMATHUTHOE TEIJIOBOE U3ITyye-
HUE B COOTBETCTBHUH C 3aKOHOM [Lnanka. JIumb HEOOIBIIYIO T10JI0 TOTPEOISIEMO SHEPTUN
Jamra mpeodpazyeT B BHIMMOE HM3IIydeHHe, OOJNbIlas 4acTh PacCEeMBAETCs B BUIE TeIlia.
Jns noBeimenust KIIJ] nmammbl crienyer yBenwuuTh TemrmepaTypy Hakaia HuTH. Camas
OospIasi TemrepaTtypa miasieHus y Bonbdpama — 3410 °C. Hanpumep, Ui nogydeHus
cBeTa 1o cnekTpy kak y CoJHIa Hy>)KHO pa3orpeTb HUTH 10 Temmneparypsl 5771 K, uro co-
oTBeTcTBYeT Temneparype dorocdepsl Connna. Temmneparypa Tena HakalMBaHUs Malla 1O
CPaBHEHHIO C COJTHIIEM, IIOATOMY CBET U3Ty4aeMbIi JJaMIOW MO CHEKTPY OJIMKE K KPACHO-
My. DHeprus cBera cBsa3aHa ¢ setoM. Ha puc. 1 moka3ana 3ta cBA3b.

Ileer JUnHa BoHbL,

M
Op anxen vt 620-590
ZRenid
T ony6oft _ he
Cnnoit A
Puc. 1.T.K.

B armocdepHOM BO3ayxe NpH BBICOKMX TeMIIEparypax BoOJb(ppam
OBICTPO OKHCISIETCS B TPUOKCU BoJib(hpama, 00pa3ys XapaKTepHbIN Oesnblii @
HaNET Ha BHYTPEHHEH MOBEpXHOCTH Jiamnibl. [1o 3Toi npuunHe, BoIb(ppamMoBoe TEJO
Hakaja MOMEeLaloT B TEPMETUYHYIO KOJIOY ¢ BaKyyMOM HJIM 3aIlOJHSIOT MHEPTHBIM Ta30M —
00BIYHO aproHoM. B konbax MamoMouHbIx jJamn (10 25 BT) co3garoTr BakyyMm, a B MOIIIHBIX
JIaMIIax 3aroJIHSAIOT UHEPTHBIM ra30M: aproH, a30T win KpumToH [1]. KoncTpykuus nammsl
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HaKaJIMBaHUs TpeACTaBiseT coboit: 1 — komba; 2 — moaocTh KOJObI (¢ CO3/IaHHBIM B HEH Ba-
KYyMOM WJIM 3allOJJHCHHAass WHEPTHBIM ra3oM); 3 — Telo Hakama; 4,5 — 3JIeKTpoasl, 6 —
KPIOYKH, KOTOpBIE JIepKaT TeJIO Hakaja; 7 — HOXKKa JIaMIlbl; 8 — IpeAoXpaHuTeNb; 9 — 1o-
KoJb; 10 — u3omsiTop 1okods (cTekno); 11 — KOHTaKT TOHBIIIKA 1TOKOJIA. B 0OBIMHBIX OBITO-
BBIX JIAMITaX MPEIyCMaTPUBACTCS MPEAOXPAHUTEND — 3TO 3BEHO U3 (PEpPOHUKENIEBOTO CILIa-
Ba, BBAPEHHOE B Pa3pbIB OJJHOIO M3 TOKOOTBOJOB U PACMHOJIOKEHHOE BHE KOJIOBI JAMIIbI —
KaK IpaBUJIO, B HOXKKE. HazHaueHue mpenoxpaHuTess — NpeJoTBPaTUTh pa3pylLIeHue KoJl-
Obl 1py 0OpHIBE HUTHU HaKajia B mporiecce padoTel. J[eno B TOM, YTO MpU 3TOM B 30HE pasz-
pbIBa BO3HUKAET 3JIEKTpUYECKas Jyra, KOTOpas pacIUIaBIsieT OCTaTKW HUTH, Kallld pac-
IUIaBJICHHOTO METaJljla MOTYT Pa3pyLIUTh CTEKIO KOJIOBI M MOCTYXHUTh MPUYUHON MOXKapa.
[IpenoxpanuTenb pacCyuTaH TaKUM 00pa30M, YTOOBI IPU 3KUTAHUU AYTU OH pa3pyIlasics
0J1 BO3JCWCTBUEM TOKA JIYT'H, CYIIECTBEHHO MPEBBIIIAIOIIEr0 HOMUHAIBHBIM TOK JIAMIIBIL.
@deppoHUKENEBOE 3BEHO HAXOAUTCS B TIOJIOCTH, TJI€ IaBICHHE PAaBHO aTMOC(EPHOMY, a TI0-
TOMY Ayra jerko racHer [2]. JlaMma HakaluBaHUS UMEET CBOU IOJIOKUTEIIbHBIE CTOPOHBI
IIPU UCIIOJB30BaHUU B MPOMBILUIEHHOW U OBITOBOM CpefaXx OTHOCHTENbHO APYIHMX HUCTOY-
HUKOB cBeTa. K mpenmMyiiiecTBamM OTHOCSTCS:.
1) CriekTp U3ITydCHUS IPUBBIYHBIN IS TJ1a3;
2) YCTOWYHMBOCTD K 3JICKTPOMArHUTHOMY UMITYJIbCY;
3) B0o3MOKHOCTD peryIMpOBaHuUs IPKOCTH;
4) CTOMKOCTb K IIeperay TeMIIepaTyp;
5) HanaxeHHOCTbh B MACCOBOM IPOM3BO/ICTBE;
6) Hu3kas 1ieHa u npocrora yCTpONCTBa,;
7) HeGomnplire pa3mMepsl;

Crnenyer OTMETHTb, YTO IOMUMO IIPEUMYIIECTB UMEIOTCSI HEKOTOphle HepocTaTtku. K no-
CJIEZIHUM OTHOCATCSI:
1) HeGomnplirast cBeTOBast OTIAYA;
2) HeGomb110ii cpok cirykObr;
3) XpynKocTh KOJIObI, YyBCTBUTEIBHOCTD K yIapaM U BUOPAIIUSIM;
4) Mansrit KIT [3].

Pestomupysi Bce BbIlIECKa3aHHOE, CIEAYET OTMETHTbh, YTO JlamIla HaKaJuBaHWs ObLia
JI0JITO€ BpeMs BOCTpeOOoBaHa OOIIECTBOM, HO YUUTHIBAs COBPEMEHHbIE TOTPEOHOCTH B KO-
HOMMWH 3HEPTUH, YEJIOBEUECTBO BHIOPAIIO JIIOMUHECIIEHTHBIE JIAMITBI.

JIureparypa:

1. Jlamnana KaJIMBaHUs // Bukunenus[cair]. URL:
http://ru.wikipedia.org/wiki/JlaMna_nHakamuBaHus.

2. Jlamna nakanuBanus. Kpatkue cBenenusi, mpuHuun neiictBus // CailT snekTpudecTBa u
AIIEKTPOTEXHUKHU [caift]. URL.: http://elektridestwo.ru/osveshenie/18-lampa-
nakalivaniya.html.

3. Jlammier  HakanwBanus //  HoBoctm  Haykm w Texmuku  [cait]. URL:
http://marsiada.ru/357/465/728/2997/.

ApeBanb, M.A.
AJIbTepHATHBHbIE HCTOYHUKHU YHEPTUHA
Hayuonanvnoiii uccnedosamenvckuii Tomckuti notumexHuyecKul YHugepcumen.
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http://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D0%BC%D0%BF%D0%B0_%D0%BD%D0%B0%D0%BA%D0%B0%D0%BB%D0%B8%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
http://elektri4estwo.ru/osveshenie/18-lampa-nakalivaniya.html
http://elektri4estwo.ru/osveshenie/18-lampa-nakalivaniya.html
http://marsiada.ru/357/465/728/2997/

B coBpemenHOM Mupe, KOrAa Mmoka3aTeiau MOTpeOsIeHUs! pacTyT, a KOJIMYECTBO SHEPro-
PECYPCOB OTPaHUYECHO, HAOMPAET 0OOOPOTHI PA3BUTUE TEXHOJIOTHIA TOOBIYN YHEPTUU U3 allb-
TEPHATUBHBIX, BO30OHOBIISIEMbIX UCTOUHUKOB. K TaKMM MCTOYHHMKAM OTHOCATCS, B MEPBYIO
o4epe/ib, COJTHEYHAs! U BETPOBasi SHEPTUH, T€OTEPMATBHOE TEIUIO.

B nHacrosiee Bpemst albTepHATUBHBIE HCTOYHUKH SHEPTUHU YK€ IIUPOKO UCHOIb3YIOTCS
JUISL pelieHHs MPo0JieM SHEProcHa0KEeHUs, KaK B MPOMBINUICHHBIX MaciiTabax, Tak U B
YacTHOM ceKTope. JloCTyImHOCTh TEXHOJIOTHI MOTy4yeHHsI SHEPTHH U3 HEUCUEpIIaeMbIX HC-
TOYHUKOB TTO3BOJISIET CTPOUTH YHEPrOHE3aBHCHUMBIE JIOMa C SKOJIOTHUECKH YHCTON MH(pa-
CTPYKTYPOIl B yJaJIeHHBIX palloHaX M pemiaTh MpoOJIeMbl SHEPrOCHAOKEHUS yXKe CyIlle-
CTBYIOIIUX OOBEKTOB.

AnbTepHAaTUBHAs SHEPreTHKa — COBOKYIHOCTb MEPCHEKTHBHBIX METOAUK MOTyYEHHUS,
nepenavd, a Tak jK€ MCIOJIb30BAHUS MCTOUYHMKOB SHEPTHH, KOTOPBIE PACIPOCTPAHEHBI HE
TaK IIKUPOKO, KaK KIACCUYECKHE, HO MPEACTABISIOT UHTEPEC BBITOJHOCTH WX MPUMEHEHHUS,
KaK IPaBIJIO, M3-32 HU3KOT'O PHCKA IIPUYMHEHUS Bpeia OKPYKaromIeH cpere.

B 3710i1 cTratbe MBI mpeasiaraéM BaM PacCMOTPETh KPATKOE OMHCAHUE CYIIECTBYIOIIUX
WCTOYHHMKOB aJIbTEPHATHBHOMN YHEPTUH, & TaK Ke UX MPEUMYILECTBA U HETOCTATKH.

[Touck m FKCIUTYaTaIys aabTePHATUBHBIX (HETPAIUIIMOHHBIX) HCTOYHUKOB SHEPTHH SIB-
JSIeTCS. OCHOBHBIM HAIPaBIICHHEM AallbTEPHATHUBHON SHEPreTUKU. VICTOUHUKU SHEprum —
«BCTpEYAIOIECS B TPUPOJIE BEIIECTBA M IMPOIECCH, KOTOPHIE MO3BOJISIOT YEJIOBEKY H3-
BJIeYb HEOOXOAMMYIO JUIsl CYIIECTBOBaHMS SHepruto» [1]. AnbTepHATHBHBIM HCTOYHUK
SHEPTUH SBIISIETCS BO30OHOBISIEMBIM PECYPCOM, KOTOPBIN 3aMEHSIET TPaJUIIOHHBIE HCTOY-
HUKU SHEPTHH, UCTOJB3YIOIIUE HEPTh, TOOBIBAEMBI MPUPOAHBINA ra3 U YIib, 00pa3yIoIIHe
IIPU CTOPAaHUU YTJICKUCIIBIA Ta3 B aTMOC(epy, KOTOPHIA BBI3bIBACT MAPHUKOBBIA dPPEKT U
rnobanbHoe moreruieHue. OCHOBHAS MPUYMHA MOMCKA AbTEPHATUBHBIX MCTOYHHUKOB DHEP-
THU 3aKJTI0YaeTCs B HEOOXOAMMOCTH TMONYYaTh €€ M3 MPAaKTUYECKH HEHCUYEPIaeMBbIX WIIH
BO300HOBIISIEMBIX TIPUPOIHBIX PECYpcoB U siBeHUiA. [Ipu BbIOOpE anbTepHATUBHBIX UCTOY-
HUKOB MOXET OpaThCsi BO BHUMAaHHE WX JKOJIOTUYHOCTh M 3KOHOMHYHOCTh. Ha JaHHBIN
MOMEHT CYIIECTBYET TPH BHJIa allbTEPHATHBHBIX UCTOYHHUKOB DHEPTUU: COJIHEUHAs, BETPS-
Hasl ¥ TeoTepMasIbHasl.

WznydyeHneM CoJHIIA MOKHO BOCIIOJIb30BaThCSl Kak JJIsl MOJIyUEHUS dJIEKTpUYecTBa (C
TIOMOIIBI0 (DOTOITEKTPUUECKHUX DIIEMEHTOB), TaK W JUIA HYXI TerutocHaOxeHus. BceBos-
MO>KHBIE TeTHOYCTAaHOBKH HCIIONB3YIOT COJIHEYHOE U3TY4YeHHE B Ka4eCcTBE aJbTePHATUBHO-
IO UCTOYHUKA 3HEPruu. DPPEeKTUBHOCTH NPE0OpPA30BaHUs IHEPTUN Y COJTHEUHBIX OaTapeit
nocturaet 20% U 3aBUCHT OT YHCTOTHI KPEMHHS U TEXHOJOTHH WX MPOU3BOJACTBA. TeXHO-
JIOTHSI CTPEMUTENIBHO Pa3BUBAETCS U TMOKa3aTesb d((GEKTUBHOCTH MOCTOSHHO pacTeT. Co-
Heunble AnnekTpoctannuu (CIC) pabdorator 6onee ueM B 80 cTpaHax. Bo3oOHOBIsIEMOCTD,
0eCITyMHOCTh, OTCYTCTBHE BPEIHBIX BEIOPOCOB B aTMOC(HEpy MOKHO OTHECTH K IPEUMYIIIe-
CTBaM JIaHHOTO MCTOYHMKA dHeprur. [[oTpeOHOCTh B OTPOMHBIX IJIOMIAISAX TSl CTPOUTEIb-
CTBa COJTHEYHBIX DJICKTPOCTAHIIHIA, a TaKXKe, 3aBUCUMOCTh HHTEHCUBHOCTH COJTHEYHOTO W3-
Jy4eHUs] OT CE30HHOTO U CYTOYHOTO PUTMa SIBISIOTCA MX HepocTaTkamu. Mcnosb3oBaHue
STOBUTBHIX W TOKCHYHBIX BEIIECTB MPH M3TOTOBICHUN (DOTOITEKTPHUSCKUX JIEMEHTOB (IS
TeJIMOCHUCTEM) SIBIISIETCS HKOJIOTMYECKOM MPOoOIeMOil, UTO co31aéT cepbe3HyI0 MPodIeMy X
YTHTHA3AIAHN.

Berep sBnsieTcst OqHUM U3 EPCIEKTUBHEHIIINX UCTOYHUKOB dHEpPruu. [IpuHimn paboTsl
BETPOTeHEPATOPa MPOCT: JIJIsl TOTO, YTOOBI IPUBECTH B JABIKCHUE BETPSHOE KOJIECO HCIOTh-
3yercsi cujia BeTpa. B cBOIO ouepenp 3TO BpallleHHe Nepenaércsi poTopy dJIEKTPHUECKOro
reHepaTtopa. B permonax, rae cpemHsisi CKOPOCTb BeTpa oT 4.5 M/C U BBIIIIE, CTPOST BETPSI-
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HBIC JJIEKTPOCTAHIMHA. B MECTHOCTSX, TJie 4acTO ObIBa€T BETPEHO, BETEP MOXKHO CUUTAThH
MIPaKTUYECKH HEHCUEpHaeMbIM HCTOUYHUKOM 3Hepruu. [IponsBoas sHepruro, BeTporeHepa-
TOPBI HE 3arpsI3HAIOT aTMocepy BpeIHbIMU BBIOpOcaMu. HepocTaTku 3TOro THIa SHEPTHH
3aKJII0YAIOTCA B HETIOCTOSHCTBE CHJIBI BETpa U HEOOJBIION MOIIHOCTU €IMHUYHOTO BETPO-
reHepaTopa, TaK K€ OHU MMPOU3BOJIAT MHOTO IIIyMa, BCIEACTBUE YETO UX CTapaIOTCI CTPOUTH
BJIAJIM OT MECT IIPOKUBAHUS JIFOJICH.

C HemaBHUX IMOP MHOTHE CTPAaHbl PACHIUPSIOT HCIOIb30BAaHUE BETPOIHEPTETUUECKUX
yctaHoBOK. Yamie Bcero nx ucnoiib3ytoT B MUuauu, B CIIA, Kutae, B ctpanax 3amamHoi
EBponst ([lanusi, ®PI', BenukoOpuranus, ['omtanaus). Ceromust anus momyuaer 25 %
SHEPruu U3 BETpa.

B riyOunax 3emin XpaHUTCSI OTPOMHOE KOJIMYECTBO TEIUIOBOM SHEPrUu. ITO 00YCIIOB-
JIEHO T€M, 4TO TemIiepaTypa siipa 3eMJI OUY€Hb BbICOKAa. B HEKOTOPBIX MeCTax 3€MHOIO I1a-
pa IPOUCXOAUT HEMOCPEACTBECHHBIN BBIXO/ BHICOKOTEMIIEPATYPHOU MarmMbl Ha TIOBEPXHOCTh
3emiu (ByJIKaHWYECKas NEATEIbHOCTh — rOpsiYMe UCTOYHUKU Mapa, Bojbl). CTOPOHHUKU
reoTepPMaIIbHOM SHEPTETUKH MPEJIaraloT UCIIOIb30BaTh 3Ty SHEPTUIO B KAYECTBE alIbTEPHA-
TUBHOI'O UCTOYHMKA. ['€e0TepMalibHbIE HCTOUHUKH KCIIOJIb3YIOT 110 —Pa3HOMY: OJJHU HCTOY-
HUKH CITYXaT JJIsl TIOJyYeHUs SJIEKTPUYECTBA U3 TEIJIOBOM 3HEPIHH, JPYTUe — JJsl TEIUIo-
cHaOxeHusi. CTOUT OTMETHUTb, YTO ITOT BUJ SHEPTUU MPAKTUUYECKH HEHUCUYEpIIaeM U HeE 3a-
BHUCHUT OT BPEMEHU CYTOK U BPEMEHU Trojia. TepMalibHbIE BOJIbI CUIIBHO MUHEPAIN30BaHbl, U,
YacTO, HACBIIEHBl TOKCHYHBIMH COCIMHEHUSIMH, YTO SIBJISIETCSI HEAOCTATKOM. DTO JeNaeT
cOpoc reoTepMallbHBIX BOJ B IOBEPXHOCTHBIE BOAOEMBI HEBO3MOXKHBIM. OTpaboTaHHYIO
BOAY HEOOXOJMMO 3aKauMBaTh B TMOJ3€MHBII BOJOHOCHBIN TOpu30HT. HekoTopsie yuéHbie-
CEeMCMOJIOTH BBICTYIAIOT MPOTUB JJAHHOTO BMEIIATENbCTBA B TIIYOOKHE CIOU 3eMJIH, YTBEP-
MKJ1ast, YTO ITO MOXKET CIIPOBOLIMPOBATH 3€MJICTPSICEHUSI.

B crpanax LlentpansHoii Amepuku, Ha OumunnuHax, B Mcnanauu OONbIIyi0 YacTh
AJIEKTPOIHEPTUH BBIPAOATHIBAIOT HA F€OTEPMANIBHBIX AJIEKTpOCTaHIMsIX. Vcnanaus sBisieT-
Csl CTPaHOM, B KOTOPOI TepMasbHBIE BOABI IIMPOKO MCIIONB3YIOTCS Uil OTOTUICHHS U 000-
rpesa.

00600111251 BCe BBIIIE U3II0KEHHOE, MOJKHO CIeNaTh CIASIYIOIINI BBIBOI:.

O} PeKTUBHOCTH UCIIOIIB30BAHUS TE€X WU MHBIX aJTbTEPHATUBHBIX UCTOYHUKOB DHEPTUU
HaMpPsSMYIO 3aBUCHT OT PEeruoHa, B KOTOPOM HE0OXOAMMa ycTaHOBKa. KauecTBEeHHBII MOHU-
TOPUHT SHEPTOMOTEHIIMAIA TIO3BOJISET ONPENeATh HauOoJee MOAXOISIIYI0 TEXHOJIOTHUIO U
paccunThIBaTh €€ OKYMaeMOCTh Ha TOJIbl BIEPE/, a TaK K€ UCKITI0YAeT OLIMOKH, CBSI3aHHbIE
C peruoHaIBHBIMUA OCOOCHHOCTSIMHU.

[Torckn HOBBIX MCTOYHMKOB SHEPTHM CUYHTAIOTCS OJHUM M3 BaKHEHIINX TpeOoBaHUMN
BpeMeHH. OrpaHrueHHBIE 3arachl €CTECTBEHHOTO SHEPreTHYECKOTO ChIpbs: HePTH, YT,
raza, KOTOpble Ha JAHHBI MOMEHT SIBIISIFOTCSI OCHOBHBIMH BHUJAaMH TOILIUBA, TPEOYIOT MO-
WCKa IPYTUX MyTeH Pa3BUTHUS YHEPTeTUKH —()()EKTUBHBIX UCTOYHUKOB dHEPTUU. | JTaBHBI-
MU KPUTEPUSMHU B ONPEACICHUU [aHHBIX HAMpPABICHUN PA3BUTHUS SHEPTETUKH OOS3aHBI
cTaTh OE30MACHOCTh M YKOJOTHYecKast YucToTa. [locTeneHHbIil mepexo 1 Ha UCTIOIb30BaHUE
aIIbTEPHATUBHBIX HCTOUHUKOB YHEPTUU 3alMET JAECATKHU JieT. B nanubIil epuoa HeoOXoau-
MO TIPEINPUHUMATH MEPHI 10 HanboJiee ONMTUMATBHOMY HCITOJIb30BAHUIO YHEPTHH, YBEIIH-
4yeHuto 3(p(PEeKTUBHOCTH SHEPTeTUUECKUX MCTOYHHUKOB U SHEProcOEpPEeKeHUs B Pa3IMYHBIX
OTpacCIIIX MPOMBIIIUICHHOCTH. B HACTOSIIIMIT MOMEHT UMEETCS PSJT MPEJIOKESHUH IO TTOBBI-
IeHNI0 YPPEKTUBHOCTH aKKyMYJIHPOBAHUS U TPAHCIOPTUPOBKH SHEPTUU, KOTOPBIE CBsI3a-
HBI C UCTIOJIb30BaHNEM TIEPEIOBBIX SHEPTOCOEPETAIOIINX TEXHOJIOTUH.

Jluteparypa:
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Ecronénok, A.IL
CHMHXPOHHBIN ABUTaTEb
Hayuonanvnouii uccnedosamenvckuii Tomckuti norumexHuyecKul YHugepcumen.

B Hacrosimee Bpemsi Ba)XKHO TOHMMATh MPOLECC IEKTPOMEXAaHUYECKOTO MpeodpazoBa-
HUS HE TOJIBKO MH)KEHEPaM-3JIEKTPOMEXAaHUKaM, CO3AI0IIUM 3JIEKTPUUECKUE MAIMHbI, HO
Y MHOTHM JIPYTUM CHEIHaTNCTaM, JEATEIbHOCTh KOTOPBIX CBS3aHA C AJIEKTPOMEXaHUKOI.
OnHy U3 INIaBHBIX POJIEH UTPAOT AIEKTPUUECKUE CUHXPOHHbIE MalllMHBL. be3 HuX He MoXxeT
pa3BUBATHCS HU OIHA Hay4YHas padorTa.

CuHHXpOHHas MallliHa — 3TO IEKTPUUYECKash MallliHA MEPEMEHHOr0 TOKa, 4acToTa Bpa-
IICHUSI pOTOPa KOTOPOM paBHA YACTOTE BpAILlEHUS] MArHUTHOTO TOJSI B BO3AYIIHOM 3a30pe
[2].

Ponb NOCTOSTHHBIX MarHUTOB B CUHXPOHHBIX MalllMHAX O4eHb Beluka. OCHOBHBIE (DYHK-
LMY, KOTOPbIE OHM BBIMOJIHAIOT: 1) 3HAYMTEIbHOE YMEHBIIECHHE BHEIIHUX OuYepTaHHM
IIPEAMETOB 2) Macca JaHHOTO JIBUTATENs] UM MAaIlUHbI (4€M MEHbIIIE BEC MAILIMHbI, TEM BbI-
rojgHee paboTaTh ¢ Hel) 3) MPOCTOe CTPOCHHUE.

4) ckopocTh pabOTHI MaIIMHBI JOJDKHA YBEINYMBATHCA 5) HAAEKHOCTh YCTPOWCTBA IS
MIPUMEHEHMsI B TeXHUUecKou cdepe [2,3].

B CHHXpOHHBIX MallIMHAX MMOCTOSHHBIE MATHUTHI CO3JIaHbl JUIsI AKTUBHOT'O MAarHUTHOTO
T0J1s1, TIOCTOSTHHO HAaXOoJSLIerocs B JBI)KEHUU. B HEM IMpOMCXOIAT BaKHbIE MPOLIECCHI, HE
CBSI3aHHBIE C BHEIIHUMH YCJIOBUAMU U cuiaMu. O4YeHb Ba)KHO, 4TOOBI B MpoLecce MPUCYT-
CTBOBAJIM TOJILKO MOCTOSIHHBIE MarHUThl, IOTOMY YTO OT CTPOEHHUS KaTYIIEK 3aBHCUT MpO-
TEKaHHWEe MOCTOSIHHOTO ToKa. Mcronb3ys KOMOMHUPOBaHHOE BO30YXKJEHHE, MOIYUYUTh pe-
3yJbTaT OyAeT ropaszo Jierde, Tak Kak €CTb BO3MOXHOCTb PETYJIMpPOBATh JJaHHBIE XapaKTe-
PHUCTHKH U BEIWYHMHBI B TOM HalpaBlI€HUH, KOTOPOE HaM HYXKHO, IIPU 3TOM HalpspKeHUE U
4yacToTa BpalleHus: OyIyT NPOUCXOIUTh PU MaJ€HbKOW MOIIHOCTH, TaK KaKk OHU HE 3aBU-
AT OT KoauimenTa HanpsoxkeHus [1].

BaxxapIM ycroBreM pabOThl CHHXPOHHOM MallluHbI SBISIETCS MepeMeHHbIN Tok. Takue
MaIllMHbl B OCHOBHOM HCIIOJIB3YIOTCSI B POJIM JIBUTATEINS WM T€HEpaTopa. DTH JBa HJIEMEHTA
CUHXPOHHASI MaIlTMHA MOXET JIETKO 3aMEHUTH [3].

[IpuMeHEeHNEe CHHXPOHHBIX [BUTaTeNIell NPOMCXOIUT NpU IepeAade MaKCUMalbHOU
MOIITHOCTH, BBIXOJIAIIEH 32 paMKU cTaHaapToB. Hanpumep, Ha 3aBojiax pabouune MpUBOIST B
JBMKEHUE TIOMIIBI U IPYTHE YCTPOicTBa, paboTa KOTOPHIX MPOUCXOIUT C MOCTOSHHON CKO-
pocThio. Ha aekTpruueckrx CTaHIMsIX TaKoW MeXaHU3M He paboTaeT, MOATOMY MPUXOIUTCS
pa3pabaTbIBaTh CHENMAIbHBIE MAITMHbI UM YCTPOUCTBA, KOTOPBIE NIEPEIAOT B CETh aKTHB-
HYIO MOIITHOCTb, B KOTOPOU HY)KJIA€TCsl CHHXPOHHAsI MaIuHa [2].
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JlaHHOE YCTPONCTBO OTHOCHTCS K 00JIACTH MpUMEHEHHs Tpex(a3Hbix MamuH. OCHOBHAs
L[eJIb KOTOPOM COCTOUT B MOJIYYEHUH 3JIeKTpodHeprun. JlaHHas CTpyKTypa BKIIIOYaeT B ceds
Tpex(}azoBbIil CHHXPOHHBINA ABUraTeNlb M TpeX(a3oBblii CHHXPOHHBIN renepatop. Crtarop
JIBUTaTeNsl, pOTOp U TeHepaTop UMEIOT SIPKO MPOsBICHHbIE nomoca. OOMOTKU cTaTtopa Bep-
TATCSI HA 3TUX Nontocax. IlocTosHHBIE MarHUTBI, KOTOPbIE HAXOAATCS B IBUKEHUH, paclio-
JararoTcsl B CHMHKax poTopa. Iloiroca B 3TUX CIIMHKaX HE COEAMHEHBI MEXIy coOoM, mo-
3TOMY IPOCTPAHCTBO, KOTOPOE OCTAETCSI MEXIYy HHUMH, 3aHUMAIOT [MOCTOSIHHBIE MAarHUTBI
[1,2,3].

[Tonroca poropa UMEIOT LIEHTP, B KOTOPOM TECHO (PUTYPUPYIOT KOMITCHCAITMOHHBIE I10-
CTOSIHHBIE MAarHUTBI, OTJIMYAIOLIUECS 110 CBOEMY CTPOCHHUIO. [10CTOSIHHBIE MarHUTBI UIMEIOT
IUIOCKOE CTPOCHHUE, JIETKO MPOBOJIAT SJIEKTPUUECKUN TOK, KOTOPBIA HE0OXoauM st AP dek-
TUBHOM paboTHI [1].

[IpuHUIMD CUHXPOHHOW MaIIMHBI IpU €€ padoTe OCHOBAH Ha CBSA3U M COIJIACOBAaHUM IpU
TOM MarHMTHBIX ToJieil cratopa u poropa. CormacHo cxeme (puc.l), MarHHUTHOE TOJje
craropa M300pakaeTcs IOJIFOCAMU MarHUTOB, ABIJKYILMXCS B IPOCTpaHCTBE. [[BukeHue
00yCJIOBJICHO BpallleHUEeM, CKOPOCTh KOTOPOTO 3aBUCHT OT CKOPOCTH MAarHUTHOTO OIS
craropa. [lome poropa aHaIOrMYHO MOYKHO H300pa3suTb B TOM JKE€ BHUJE. YCIOBHE
€IMHCTBEHHOE — MIOCTOSTHHBIA MarHUT, BPAILLIAIOLIUICS C IoJieM cTaTtopa [3].

Puc.1.

1 — cniunka cratopa.

2 — MOJTFOC CTaTopA.

3 — 0OMOTKa cTaropa.

4 — nosroc poTopa.

S — CIIMHKa poTopa.

6 — BO30yX/I€HHbIE MarHUTBHI.

OCHOBHBIM 3JIEMEHTOM CHUHXPOHHOIO JBHTraTess
ABJISIETCS CUHXPOHHBIN KOMIIEHCATOP.

CHUHXpOHHBIM KOMIIEHCATOp — H300pETEHuE,
CBSI3aHHOE C TNPUMEHEHHEM CHHXPOHHBIX MAIlWH
Tpex¢a3zHOro THUMA, CTPOCHHWE HMX CBOEOOpasHO U
UMEET 0COOEHHOCTh — BO30Y)KIEHUE OT MOCTOSIHHBIX
MarHuToB. Ha gaHHBII MOMEHT 3Ta TeMa SBJISETCA OTKPBITOM ISl JTUCKYCCHM, TaK Kak
MHOT'H€ UCCIIEIOBATENN HE TPHUIILIN K €JMHOMY BBIBOAY 110 JaHHOU mpobiieme [1].

OCHOBHBIM HEIOCTATKOM CHHXPOHHBIX MAIlIMH SIBJISIETCS MOTOK BEKTOpPa MarHUTHOW
MHAYKLUH, KOTOPBIA CO3JaeTCsl MOCTOSIHHBIMY MarHUTaMHU, T MarHUTHI PACcIOJIararoTcs B
MOJIIOCaX ~ pOTOpa, IMEepeceKaronMX MPOBOJHUK OOMOTKM  craropa. [Ipoucxoaut
3aKOHOMEPHOCTb, HE CBOMCTBEHHAsl IIPU OOBIYHOM pexkuMe. ['anpBaHMUYecKass MOIIHOCT B
reHepaTope paBHAa MEXaHMYECKOW MOIIHOCTH, KoTopas TpeOyercs reHeparopy. llorepu
SHEPIUU IIPU 3TOM HE YUMTHIBAKOTCS KaK B CTATOpE, Tak M B porope. Takoi ke mporecc
MPOUCXOAUT B JBurarene. DH(eKTUBHOCTh, KOTOpasi U3JI0KEHA MPHU pabOTe CUHXPOHHBIX
MalllMH, BCeria MeHbIIe eTuHUIH [ 1,2,3].

Ocu moneil poropa m cratopa OyIyT COCIUHATHCS B €IWHOM TOYKE TOTJA, KOrja
BpALIAIOLINIA MOMEHT OyJIeT UX OOLIUM HEeHTpoM [3].

K poropy mMoxeT npukiaaplBaThCs BHEIMIHUM MOMEHT, KOTOPBIA CO3/1Aa€T YCKOPEHHE, TO
€CTh CKOPOCTh CTAHOBUTCS TOpa3Zo OOJbIlle CKOPOCTU NPHIIOKEHHOTO MOMEHTa WIIH
MOJTHOCTBIO OTCYTCTBYET [2].

CHHXpOHHBIE [BUTATEIM MMEIOT LIMPOKOE HCIOIb30BaHME. be3 HHMX COBpeMEHHas
TEXHHKA HE MOXET pa3BUBaThCs ObICTphIMU TemMnamu. CHHXpOHHAs MalllHA, MPeXae
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BCET0, pa3pylIacT HOPMbI TEXHUYECKON JesITeNbHOCTH. OHAa UMEET NOCTOSIHHYIO CKOPOCTb,
YTO OYEHb BBITOJHO U1 COBPEMEHHOM palboThl. CKOpOCTh BpallleHHs M IOKa3aTellb
MOIIHOCTH KOJIEONMIOTCS B OTPOMHBIX jauamna3oHax. OHM MoOryT paboTaTh Ha MOJIHYIO
MOUIHOCTb WJIM YaCTUYHO, B 3aBUCUMOCTHU OT TOT0, 4TO TpeOyeTrcsi. CHHXPOHHBIE ABUTATENIN
OTJIMYAIOTCSI OT T€HEPATOPOB HAJIMYMEM Ha pPOTOPE KOPOTKO3aMKHYTOM OOMOTKH, KOTOpas
IIO3BOJISICT COKPATUTh BO3AYILHBIE 3a30pbl MEXIY CTaTOPOM M POTOPOM. Y CHHXPOHHBIX
nBurareneil ypoBeHb 3(p(QEeKTUBHOCTH TOJIE3HOTO ACHCTBUS OYEHb BBICOKHH, a Macca Ha
€MHUILY MEHBIIIE MOIIHOCTH [2,3].

CHHXpOHHBIM JABUraTeiab SBISETCS YHUBEPCAIbHBIM CPEICTBOM JUIsl BBIIOJIHEHUS
pa3IUyUHbIX (YHKIMH, KOTOpPbIE HAa JAHHBIA MOMEHT SIBJIAIOTCS MEPBOH HEOOXOAUMOCTBIO.
Ero 3HaueHune B TEXHHMKE OYEHb BEJIMKO, TaK KaK PA3BUTUE OTOW MAIIMHBI JOCTHUIIIO
MaKCHUMAJILHOT'O YPOBHSI, ITPU KOTOPOM BBIIIOJHSIETCS paboTa, HE0OX0J1MMasi COBPEMEHHOMY
WHXXEHEPY JUIs TOCTHKEHUS BBICOKMX PE3yJIbTaTOB.

Jlureparypa:
1. 3abyackuii E.W. Dnexrpuueckue mamuabl. M.: Beicin.ik., 2008 195 c.
2. Kanman M.M. DrekTpudeckre MamuHbl ¥ TpanchopmaTopsl. M.: Beicm. mik., 1976. 261
c.
3. Kucmuupa A.JI. Cuaxponnbie Mamuabl Yl TVY., 2000. 108 c.

Maabuen, H.A.
PeJsieiinas 3ammra
Hayuonanvnouii uccnedosamenvckuii Tomckuti noaumexHuyecKul yHUgepcumen.

Hu onuH s1eMeHT 351eKTpOIHEepPreTHUecKoi cuctemsl (reHepaTop, Tpanchopmarop, Ju-
HUSL BJIEKTpoIiepeiaun, COOpHbIE IIMHBI U JIp.) He 00iagaeT abcoMoTHOM Haae)KHOCThIO. C
OOoJbIIEH UM MEHBLIEH BEPOSATHOCTHIO OH MOKET OBITh MOBPEXK/IEH, IPUYEM OOJIBIIMHCTBO
MOBPEXKIEHUM COMPOBOXKIAETCSI BOSHUKHOBEHHEM KOPOTKOTO 3aMbIKaHMsl. PexXUM KOpPOTKO-
ro 3aMbIKaHHS OMACEH JJISi SHEPrOCUCTEMBI: yCTOMUYMBas pabOTa 3HEProCUCTEMBI MOXKET
OBbITh HapylleHa, W3-3a CYIIECTBEHHOI'O HMCKaKEHHsI MapaMeTpOB PEKUMa 3HEPrOCHCTEMbI
MOTPEOUTENHU IEKTPOIHEPTUN TEPSIIOT IEKTPONUTAHUE, JUIMTEIbHOE CYIIECTBOBAaHHE TO-
KOB KOPOTKOT'O 3aMbIKaHUS pa3pyllacT MOBPEANBILINICS 2JIEMEHT SHEPTOCUCTEMBI 10 HEpe-
MOHTOITPUTOTHOTO COCTOSTHUSL.

HazHaueHuem peneliHON 3allMThl SBISETCS BBIBICHUE ITOBPEXKICHHOIO JJIEMEHTAa U
OBICTpelilliee ero OTKIIOYEHHE OT dHeprocucteMbl. Kpome Toro, ycTpoiicTBa peneiHou 3a-
LIUTHI TOJDKHBI IPEAYIPEkKAATh OBPEKICHUE HIEMEHTA SHEPIOCUCTEMBI B CIIy4ae BO3HHK-
HOBEHHSI HEHOPMAaJIbHOT'O U ONACHOTO JJIsl HEro peXrMa paboThl TaKue Kak Meperpyska win
HETMOoJIHO (ha3HbIM PeXHUM U TaK JaJiee.

OcHoBHBIE TpeOOBaHUS, IPEABSIBIISIEMbIE K YCTPOICTBaM peleiHOM 3alUThI:

1. CenekTUBHOCTh — CHOCOOHOCTh YCTPOMCTBA pesICHHOM 3alUThI BBHIIBUTH U OTKIIOUUTH
MTOBPEKICHHBIN JIEMEHT YHEPTOCUCTEMBI.

2. BeicTpoaelicTBiEe — CIIOCOOHOCTh pPeNeHON 3alMThl B KpaT4alIIui MPOMEXYTOK Bpe-
MEHH BBISIBUTH U OTKIIOYUTH OBPEXKICHHBIN 2JIEMEHT SHEPTOCUCTEMBI.

3. UyBCTBUTEIBHOCTh — CIIOCOOHOCTH YCTPOMCTBA PENEHHON 3aIlUThl YETKO OTIMYATh pe-
KUM KOPOTKOTO 3aMbIKaHUS JII000To Buaa (TpexdaszHoe, aByxdazHoe, omqHodazHOe KO-
POTKOE 3aMBIKaHHE) OT BCEBO3MOXKHBIX, JIAKE YTSKEICHHBIX PEKUMOB pabOTHI 3allUINA-
€MOro 00beKTa MPU OTCYTCTBUH KOPOTKOTO 3aMbIKaHMUS.
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4. Hane:xHOCTh — OTCYTCTBHE OTKA30B HJIH JIOXKHBIX cpadaThbIBaHUI pEeNeHON 3aIIUThI, YTO
obecrieunBaeTcsl Kak (yHKIHMOHAIBHOW, TaK M alapaTHOM HaJeKHOCTbIO yCTpOMcTBa
3aIUTHI.

YcTpolicTBa peneHOM 3alUThl PEarupyroT, €CTECTBEHHO, HA 3HAYECHUS [TapaMeTpoB pe-
KHMMa 3alIMIIaeMoro o0bekTa (TOK, HanpshKEHUe, HalpaBlieHHe MOITHOCTU U 1p.). [To cro-
co0y obecrieueHHsl CeIeKTUBHOCTU YCTPONCTBA PENICHHON 3alUThl OAPA3CISIIOTCS Ha J1BE
IPYIIIBL: ¢ OTHOCUTEIBHON CEJIEKTUBHOCTBIO U € a0CONIIOTHON CENIEKTUBHOCTBIO. CENneKTHB-
HOCTb 3allUT NEpBOH IPYIIbI 00€CIEUNBAETCSI BHIOOPOM 3HAUEHMH IapaMeTpoB cpadaThl-
BaHUS 3aIIUTHl, & CEJIEKTUBHOCTh 3aIlIUT BTOPOW I'PYMIIbI OOECTIEYMBAETCS NPUHLUIIOM HX
NEeUCTBHUSA, T.€. 3aIIUTHI C A0COIIOTHON CEIEKTUBHOCTBIO 110 MPUHLIUITY CBOETO AECHCTBUS HE
pearupyroT Ha BHEIIHHUE 110 OTHOIICHHIO K 3aIIMINAEMOMY 00BEKTY KOPOTKOTO 3aMBIKAHHS.
K 3ammram ¢ OTHOCUTENIBHON CEJIEKTUBHOCTBIO OTHOCATCSI B OCHOBHOM TOKOBBIE U JMCTaH-
LIMOHHBIE 3aIUTHI, a K 3alllUTaM C a0COJIFOTHOM CEJIEKTUBHOCTBIO MPOJIOJIbHBIE U MONEpey-
Hble U depeHnranbHble 3allUThl, HAlPaBJIEHHbIE 3alUThI ¢ BBICOKOYACTOTHOM OJIOKUPOB-
KoM, muddepeHnnanbHo-(pa3Hble 3alUThI, a TAKXKE 3alIUThI, PEarupyIOIie Ha HEdJIEKTPH-
YecKue napaMeTpsl (razoBas 3aliuTa TpaHcopmaropa, AyroBas 3aliuTa HIMH U Ap.).

JIroboe ycTpONCTBO peNelHOM 3alUThl COAEPKUT, KaK MPaBUIIO, TPU COCTABHbBIC YACTH:
M3MEPUTENBHYIO, JIOTUYECKYIO U UCIIOJHUTENBHYI0. B cOCTaB M3MEPUTEIBHOM YaCTH MOXKET
BXOJUTh OJIMH WM HECKOJIBKO ITyCKOBBIX OpraHoB. Ha3zHaueHueMm M3MepUTENbHON 4acTu
3aIIUTHI SBJISACTCS CPABHEHHE TEKYIIUX 3HAYCHUH MapaMeTpoOB PEKMMA 3aIIUIIAEMOTr0 00b-
€KTa C 3a/laHHbIMU 3HAUEHMSMH, [IPU KOTOPBIX 3allUTa JI0JDKHA cpalaTbiBaTh, T.€. C yCTa-
HOBKOI. B 3aBucumoctu ot Buna P3 Takumu nmapamerpaMu MOTyT OBITh TOK, HalpsDKEHHE,
HaIpPaBJICHNE MOUIHOCTH, OTHOLLIEHUE HAPSHKEHUS K TOKY, T.€. COIPOTUBIIEHUE, U Ap. Ecin
3alMTa JOJKHA cpabaThiBaTh NPU 3HAYEHUSAX MapaMeTpa pexuma OOibIINX YCTaBKH, OHA
Ha3bIBAETCSI MAKCUMAJIBHOM, a €CJIM IIPU 3HAUYEHUSAX MapaMeTpa MEHBIIMX YCTaBKH — MUHU-
MasibHOM. {711 oGecrieueHust HopMajIbHON paboThl SHEPreTUUYECKO CUCTEMBI U NTOTpeduTe-
Jiel 3IEKTPOIHEPTUM HEOOXOJMMO BO3MOXKHO OBICTpee BBISBIATH M OTIENSATH MECTO IO-
BpPEXKJICHUS OT HENOBPEXKICHHON CETH, BOCCTAHABIIMBAs TaKMM ITyTEM HOPMAJIBHBIE YCJIO-
BUS pa0OTHI PHEPIOCUCTEMBI U TIOTpEOUTENEH.

OmnacHble TOCHEICTBUSI HEHOPMAJIbHBIX PEKUMOB TaK)KE€ MOYKHO MPEAOTBPATUTH, €CIU
CBOEBPEMEHHO OOHAPY)KUTh OTKJIOHEHHE OT HOPMAJIBHOTO PEKUMa M MPUHSTH MEPHI K €ro
YCTpaHEHHIO (HalpuMep; CHU3UTh TOK MPHU €ro BO3pacTaHUM, MOBBICUTH HANPSHKEHHUE MPU
€ro CHWKEHUH U T. 11.).

B cBsi3u ¢ 3TUM U BO3HUKAeT HEOOXOAMMOCTh B CO3/IaHUM U MPUMEHEHUU aBTOMaTuye-
CKUX YCTPOWCTB, BBIIOJHAIONIMX YKa3aHHbIE ONEPAllMH U 3aILUIIAOIIUX CUCTEMY U €€ dJIe-
MEHTHI OT ONACHBIX MOCJIEACTBUN NOBPEKICHUI U HEHOPMAJIbHBIX PEKUMOB.

IlepBoHauanbHO B KAUECTBE 3ALIUTHBIX YCTPOWCTB MPUMEHSIINCH IUIABKUE MPEAOXPaHU-
Tenu. OgHAKoO MO Mepe pOcTa MOLIHOCTH M HAIPSDKEHMS JJIEKTPUYECKHX YCTaHOBOK W
YCIO)KHEHHS UX CXeM KOMMYTALMH TaKOH croco0 3aluThl CTajdl HEJOCTATOYHBIM, B CUILY
4yero ObUIM CO3JaHbl 3alIUTHBIE YCTPOWCTBA, BBHIOJHSIEMbIE MPU MOMOIIU CHEIMAIbHBIX
aBTOMATOB — peJie, MOJyYMBIINE Ha3BaHUE pEJICHHON 3alunThl. PeneliHas 3amuTa sBisieTcs
OCHOBHBIM BHJIOM 3JIEKTPUYECKOM aBTOMATHKH, 0€3 KOTOpO HEBO3MOKHA HOpMallbHAs U
HaJle)KHasi paboTa COBPEMEHHBIX HEpPreTndyeckux cucreM. OHa OCYIIECTBIISET HENpephIB-
HBI KOHTPOJIb 32 COCTOSTHUEM U PEKUMOM pabOThI BCEX IEMEHTOB SHEPrOCUCTEMBI U pea-
THpyeT Ha BO3HUKHOBEHNUE ITOBPEXKACHNN 1 HEHOPMAJIbHBIX PEKUMOB.

[Ipy BO3HUKHOBEHHHU MOBPEKACHUN 3aIllUTa BBIABISET U OTKIIOYAET OT CHCTEMBI IO-
BPEKICHHBIN y4acTOK, BO3JIEUCTBYsI Ha CIELIMAIbHbBIE CHUJIOBBIE BBIKIIFOUATEINH, [IpEJHA3HA-
YEeHHbIE JJIs1 pa3MbIKaHHsI TOKOB MOBPEXICHHUSL.
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IIpu BO3HMKHOBEHNN HEHOPMAIBbHBIX PEKUMOB 3alllUTa BBIABISAET UX U B 3aBUCHUMOCTU
OT XapakTepa HapyLIeHUs IPOU3BOAUT OIepaluu, HeoOXOAUMBIE ISl BOCCTAHOBJICHUS
HOPMAaJIBHOTO PEXXHUMa, WK M0IaeT CUTHAII Ie)KYPHOMY IIepcoHally. B coBpeMEeHHBIX 3i1ek-
TPUUYECKUX CHCTEMAax peJieiiHasl 3alllMTa TECHO CBsA3aHa C JJIEKTPUYECKONM aBTOMATHUKOM,
IIpeIHa3sHauYEHHOM /17151 OBICTPOr0 aBTOMATUYECKOI0 BOCCTAHOBIIEHUSI HOPMAJIBbHOIO pEXXUMa
U NIUTaHUsA OTpeOuTENEH.

K OCHOBHBIM YCTpONCTBaM TaKOM aBTOMATHKH OTHOCSITCS: aBTOMAThI IIOBTOPHOT'O BKJIIO-
yeHust (AIIB), aBTOMaThl BKIIIOUYEHHs PE3E€PBHBIX MCTOYHUKOB IMHUTAaHHUS M 00OPYHOBAHUS
(ABP) u aBromMaThl yactoTHOM pa3rpy3ku (AYP).

PaccMotpuMm Gosiee mopoOHO OCHOBHBIE BUBI MOBPEXICHUN U HEHOPMAJIbHBIX PEXKH-
MOB, BO3HUKAIOIINUX B AJIEKTPUUYECKUX YCTAaHOBKAX, U UX MOCIIEICTBHSL.

BonbIMHCTBO MOBPEXAEHUHN B IEKTPUUECKUX CUCTEMaX IPHUBOAUT K KOPOTKUM 3aMbl-
KaHMsIM (pa3 Mexay coOol WM Ha 3eMiro. B 0OMOTKax 3JEKTPHYECKUX MAIIMH U TPaHC-
($bopmMaTopoB, KpoMe TOro, ObIBAIOT 3aMBIKAHUS MEX/Ty BUTKAMH OJIHOU (ha3bl.

OCHOBHBIMU TIPUYMHAMM TOBPEKICHUN SIBIISIOTCS: HApYIICHUS WU30JISILUY, BbI3BAaHHbBIC
CTAPEHUEM €€, HEYAOBJIETBOPUTEIBHBIM COCTOSHUEM, NEPEHANPSHKCHUAMH U MEXaHHUYe-
CKUMHU TIOBPEIKIACHUSIMU (OOpBIB MMPOBOIOB, HAOPOC HA MPOBOJIA U JP.), U OIIHOKH ITepcoHa-
J1a TIpy onepanusix (OTKIOYEHUE Pa3beJUHUTENEN 1101 Harpy3KOi, BKIIOUEHUE MO/ Harpsi-
’KEHUE Ha OCTaBJICHHYIO 3aKOPOTKY U T. I1.).

Bce noBpexxaeHus SBIAIOTCS CIEACTBUEM KOHCTPYKTHBHBIX HEIOCTATKOB MJIM HECOBEP-
LIIEHCTBAa 00OPYJOBaHMsI, HEKAUE€CTBEHHOI'O €ro M3rOTOBJIECHHUS, A€(EKTOB MOHTAXa, OLIM-
OOK IpH MPOEKTHPOBAHHUH, HEYAOBICTBOPUTEIFHOTO WIIM HEMPABIIBLHOTO yXO/a 3a 000py-
JIOBaHHEM, HEHOPMAIbHBIX DPEXHUMOB paboThl 00opynoBaHus. [losToMy mnoBpexaeHus
HEeJb3sl CYMTATh HEN30€KHBIMU, HO B TO Y€ BpEMsI HEJIb35l U HE YUUTHIBATh BO3MOXKHOCTb UX
BO3HUKHOBEHHS.

Kopotkue 3ambikanust mojapasiensitorcs Ha TpexdasHble, 1ByX(da3Hble u oHO(Da3HbIE B
3aBUCHMOCTH OT YHMCJIa 3aMKHYBIIUXCS (a3; 3aMbIKaHUA ¢ 3eMiIeil 1 6e3 3eMJTH; 3aMbIKaHUs
B 0/1HOM U 1ByX Toukax cetu. [lpu (K3) BcnencTBue yBennueHHs TOKa BO3pacTaeT MajeHne
HaNpsDKEHNS B DJIEMEHTAX CUCTEMBI, YTO NMPUBOAUT K MOHMKEHWIO HANpSDKEHUS BO BCEX,
Toukax cetu. Hambosnplnee cHuxeHue HampspkeHus npoucxonuT B mecte (K3) u B Hemno-
CpPEIICTBEHHON OJMM30CTH OT Hero. B Toykax ceTH, yJaJeHHBIX OT MecTa MOBPEXICHHS,
HaNpsOHKEHWE CHIDKAETCS B MEHBIIEH CTerneHu. B mMecTe moBpekaeHHs TO TEIIo U IuiaMs
ANIEKTPUYECKON TYyT'M MPOU3BOIAT OOJBIINE pa3pyLIeHUs, pa3Mepbl KOTOPOrO TEM OOJIbIIIE,
yeMm Oonbiie Tok (K3) u Bpems. IIpoxo/is Mo HEMOBpexkA€HHOMY 000PYJOBAHUIO U JTUHUSIM
anekTpornepeaayn, Tok (K3) HarpeBaeT ux BbIlIE JOMYCTUMOTO Mpesena, YTO MOXKET BbI-
3BaTh MOBPEXACHUE M30JSILMU M TOKOBEAYIIMX yacTeld. OCHOBHBIM MOTpPEOUTENIEM 3JIEK-
TPORHEPIUU SIBIISIOTCSI ACUHXPOHHBIE NIEKTPOABUraTeNId. MOMEHT BpalleHMsl ABUraTeaeu
MIPONOPIIMOHANIEH KBapaTy HaNpsDKEHUS Ha UX 3axumax. [loaTomy npu rirybokoM cHUXke-
HUM HAIpPsDKEHWs. MOMEHT BpAILEHUS 2JIEKTPOJBUTATENIEH MOXKET OKa3aTbCs MEHBIIE MO-
MEHTa COTPOTUBIICHUS MEXaHU3MOB, YTO NMPUBOAUT K UX ocTaHoBKke. HopmanbHas pabora
OCBETUTENIbHBIX YCTAHOBOK, COCTABIISIOIIMX BTOPYIO 3HAUUTEIbHYIO YacTh MOTpeOUTENeit
ANIEKTPO’HEPIUH, MpPHU CHIDKEHUHM HaNpspKeHUs Takke Hapymaercs. OcOOeHHO 4yBCTBU-
TEJIbHBI K MIOHWKEHUSIM HAIIPSDKEHUS! BBIYMCIIUTENBHBIE U YIIPABIISAIOUINE 3JIEKTPOHHbBIE Ma-
IIMHBI, IIUPOKO BHEJPSIEMbIE B TIOCIIETHEE BPEMSL.

Bropsim, Hanbosee TsSHKeIbIM MOCIeICTBUEM CHUKEHUS HAIIPSDHKEHUS SIBIISIETCS Hapylle-
HHE€ YCTOMYMBOCTH TApauUIeTbHOM pabOThI TEHEPATOPOB. ITO MOXKET MPUBECTH K pacmaay
CHCTEMBI U MPEKPAIEHHIO TUTaHUs BCEX €€ MOTpeOuTemne.

Tak e cyliecTByeT HEeHOpMaJbHbIE PEKUMBI paboThl Toka. K HEHOpMaIbHBIM OTHOCST-
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CSl PEKUMBI, CBSI3AHHBIE C OTKJIOHEHUSIMU OT JIONYCTUMBIX 3HAYEHUN BEJIMYMH TOKA, HAIPsI-
KEHUS M YaCTOThI, OMACHBIE /Uil 0OOPYAOBAaHUS WIH YCTOWYMBON pabOThl SHEPTOCHUCTEMBI.
PaccmoTpuM Hamboree xapakTepHble HEHOPMAITbHBIC PeXUMBL. [leperpyska o6opympoBaHus,
BBI3BAHHAS YBEIIMYCHUEM TOKA CBEPX HOMUHAIBHOrO 3HaueHUs. HoMuHanbHBIM Ha3bIBacT-
Csl MAKCUMAJIbHBINA TOK, JIOMYCKAeMBbIH Ui TAHHOTO OOOpPYIOBaHHS B TCUCHUE HEOTPAHU-
YEHHOr0 BpeMeHU. Eciy TOK, MpOoXosmuii o 000pyA0BaHUIO, MIPEBHIIIAET HOMUHAIEHOE
3HAUEHHUE, TO 3a CUET BBIJCIIIEMOTIO UM JIOTIOJIHUTEIBLHOTO TeIJia TeMIIEpaTypa TOKOBEIY-
IMX YacTed M M30JSLUU 4Yepe3 HEKOTOPOE BpeMsl IMPEBOCXOAUT JOIMYCTUMYKO BEJIMYHHY,
YTO NMPUBOJUT K YCKOPEHHOMY M3HOCY U3OJISIIIUU U €€ MOBPEeXIeHUI0. Bpems, nomyctumoe
JUISL TIPOXOKJICHUS MTOBBILIEHHBIX TOKOB, 3aBUCHUT OT MX BEIWYMHBL. /(1151 mpeaynpexaeHus
MOBPEXICHHSI 000PYIOBAHUS IIPH €T0 MEperpy3ke He0OXOAUMO MIPUHSITH MEPHI K pas3rpy3Ke
WM OTKITFOYEHUIO 000pYI0BAHUS.

CHIDKEeHUE YacTOThI, BBI3BIBAEMOE HEAOCTATKOM TI'€HEPATOPHOM MOIIHOCTH, OOBIYHO
BO3HUKAET MPU BHE3AITHOM OTKIIFOYCHHUU YacTU PabOoTaIOUINX reHepaTtopoB. [Ipu cHbKeHNH
YaCTOThI TTOHIKAETCS MPOU3BOAUTEILHOCTh MEXAHU3MOB U HAPYIIAETCS TEXHOJIOTUYCCKUI
MIPOLIECC TEX arperaToB, JUIsl KOTOPBIX UMEET 3HAYEHUE MOCTOSHCTBO CKOPOCTH BPALLEHUS
3JIEKTPOIBUTATEIIEH.

[ToBbilIeHNE HAMIPSKEHHUST CBEPX JTOIMYCTUMOTO 3HAUYEHUSI BO3HUKAET OOBIYHO HA THUIPO-
reHepaTopax Ipu BHE3AITHOM OTKIIFOUEHUU UX HArpy3ku. Pasrpy3uBLimiicss ruporenepaTop
YBEJIMUYMBAET CKOPOCTh BpPAIEHUS, YTO BbI3bIBaeT Bo3pacranue J. /. C. craropa a0 omac-
HBIX JUIS €0 M30JSIMU 3HAYCHUN. 3aluTa B TAKUX CIIy4asX JOJDKHA CHU3UTh TOK BO30YX-
JICHUS TEHEPATOPa WIH OTKIIOYHTH €TO.

OmnacHoe I M30JALKMU O0OPYIOBaHUS TOBBIIICHUE HAMPSHKEHHUS MOXKET BO3HUKHYTh
TaK)Ke MPHU OJHOCTOPOHHEM OTKIIFOUEHUHM WA BKJIIOUEHUHU JUTMHHBIX JTUHUM 3JIEKTpoIiepe-
Jadu ¢ OOJNBIION eMKOCTHOM MPOBOIUMOCTBIO. KpoMe OTMEUeHHBIX HEHOPMAIbHBIX PEXKH-
MOB, UMEIOTCSI M JIPyTHE, TUKBHUIAIMS KOTOPHIX BO3MOXKHA TIPH TIOMOIIM PEJICHHON 3aIiu-
THI.

OOBIYHO YCTpOICTBA pPENICHHON 3alUThI COCTOST M3 HECKOJBKUX pejie, COSIMHEHHBIX
JIpyr ¢ OpyroM TO oOmpeAesieHHOil cxeme. Penme mpencraBnsier co®oil aBTOMaTH4YecKoe
YCTPOWCTBO, KOTOPOE MPUXOAUT B JIeHCTBHE (CpabaThIBAaeT) MPHU ONPEACICHHOM 3HAUYECHUU
BO3JICUCTBYIOLIEN HA HETO BXOJAHOW BEIUYMHBL. B pesieliHON TEXHUKE MPUMEHSIOTCS pee ¢
KOHTaKTaMH — JJIEKTPOMEXaHUYECKHe, U OECKOHTAKTHBIE — Ha MOJIYIPOBOJHUKAX WU Ha
(beppOMarHuTHBIX dNIEMEHTaX. Y TMEPBBIX MPU CpadaThIBAHUM 3aMBIKAIOTCS WM pa3MbIKa-
FOTCS KOHTAKTBI. Y BTOPBIX — MPHU OMPEICIIEHHOM 3HAYCHUH BXOHOW BEIMYMHBI CKAYK000-
pa3HO MEHsEeTCS BBIXOAHAs BEJIMUMHA, HAIPUMEp HampsKEeHUE.

Kaxxmoe ycTpoiCTBO 3alIUTHI M €r0 CXeMa TMOJPa3ACIIOTCS Ha JIBE YacTH: pearupyro-
IIYI0 ¥ JIOTW4YecKyto. Pearupyromas (MM M3MepUTeNbHAs) 4acTh SBISETCS TJIaBHOM, OHA
COCTOHT M3 OCHOBHBIX peJie, KOTOPbhIE HEMPEPHIBHO MOTYYArOT HHPOPMAITUIO O COCTOSTHUH
3alMIIAeMOro 3JIEMEHTa U pearupyroT Ha MOBPEXJICHUS WM HEHOPMAJIbHBIE PEKUMBI, T10-
JaBasi COOTBETCTBYIOIINE KOMAH/IbI HAa JIOTHYECKYFO YacTh 3amuThI. Jlorndeckas 9acTs (Wim
orepaTHBHAs1) SIBJIIETCS BCIOMOTATEIbHOW, OHA BOCIPUHUMAET KOMaHbl pearupyromieu
YaCTH |, €CJIM UX TOCIIEI0OBATEIbHOCTh M COYETAHNE COOTBETCTBYIOT 3a/IaHHOM TIpOrpamMme,
MIPOU3BOJIUT 3apaHee MPEAYCMOTPEHHBIE ONEpaly U MOJAEeT YNPAaBISIOUMN MUMITYJIbC Ha
OTKJIFOUEHHE BBIKJIIOUaTesnei. Jlornueckas 4acTh MOXKET BBITOJHATHCS C TMOMOIIBIO AJIEK-
TPOMEXAHHUECKUX Pelie MM CXEM C UCMOIb30BAHUEM IEKTPOHHBIX MPHUOOPOB — JIAMIIOBBIX
WJIM TIOTYTTPOBOTHUKOBBIX.

B cootBeTcTBUM € 3TUM MOJpA3AE€TIECHUEM 3AIIUTHBIX YCTPOICTB peJie TaK XKe JIEISATCs Ha
JIBE€ TPYMIBI: HA OCHOBHBIC, PEarHpyIONINEe Ha TIOBPEXKICHUS, W BCIIOMOTATEIbHBIE, JICH-
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CTBYIOIIME 1O KOMAH/IE MEPBBIX U UCIOJIb3yEMbIE B JIOTUUECKOM yacTu cxeMsl. [Ipu3Hakom
nosiiienust (K3) moryr cinyxuTe Bo3pactanue Toka I, moHmkenue Hanpsokenus U u
YMEHBIIIEHUE COIMPOTUBICHUS 3alIMIIAEMOT0 Y4YacTKa, XapaKTEepU3yeMOI'o OTHOIICHUEM
HaIpsDKeHUS K TOKY B TJaHHOM Touke cetH, Z = U/I.

COOTBETCTBEHHO 3TOMY B Ka4€CTBE pPEarupyrolux peiie IPUMEHSIOT pejie TOKOBbIE, pea-
THPYIOIIUE Ha BEJIMUMHY TOKA, pelie HalpsHKEHHs, pearupyroliie Ha BEIUYUHY HarpsoKe-
HUSs1, U peJie COMPOTUBIICHUS, PEarupyrole Ha U3MEHEHUE CONPOTUBIIEHUs. B coueranuu ¢
YKa3aHHBIMHU peJi€ YacTO MPUMEHSIOTCS Pejie MOIIHOCTH, pearupyroulye Ha BEIWYUHY U
Harpasiienue (3Hak) mourHoctu (K3), mpoxopsieit yepe3 MecTo yCTaHOBKH 3amuThl. Pere,
JEUCTBYIOIIME MPU BO3PACTAHWHU BEIMYMHBI, HA KOTOPYIO OHHM pPEarupyroT, Ha3bIBAIOTCSA
MaKCUMAaIIbHBIMH, a pelie, paboTaoNue MPU CHUKCHUN ITON BEITUYMHBI, HA3bIBAIOTCS MU-
HUMaJBHBIMU. [ 3alIUT OT HEHOPMAJIBHBIX PEXKHUMOB, TakK k€ Kak ¥ Juisd 3amuT oT (K3),
HCIIOJIb3YIOTCA pejie TOKa U HarpsbkeHus. [lepBbie cimyaT B KauecTBe pelie, pearupyrommx
Ha TIepEerpy3Ky, a BTOPbIE — HA ONACHOE MOBBIIIEHUE WU CHIDKEHHE HANPSHKEHUS B CETH.
Kpome toro, npumensercs psj crieluaibHBIX pejie, HalpUMEp, pelie 4YacTOThl, ACUCTBYIO-
[[Me TPU HEJOMYCTUMOM CHIKEHMU WJIM TOBBIIIEHUU YaCTOTHI; TEIJIOBBIE pelie, pearupy-
IOIIIME HA YBEJIIMYEHHUE TEIUIA, BBIEISIEMOI0 TOKOM IIPH Meperpy3Kax, 1 HEKOTOPbIE APYyTHre.
K 4ducny BcriomMoraresbHbIX pelie OTHOCSTCS: pele BPEMEHH, CIyKallyue Uil 3aMelJICHUs
JICMCTBUS 3alllUTHI; pelie yKazaTelbHble — JJIsl CUTHAIM3ANK U (PUKCaluy JeWCTBUS 3allu-
TBI; pesie IPOMEXYTOUHBIE, TIEPEIaolIne JIeHCTBUE OCHOBHBIX pejie Ha OTKIIIOUEHHUE BBI-
KITIOYaTeNnel U CIy)Kallue Ui OCYIIECTBICHUS B3aHMMHOM CBSI3U, MEXJY, SJIEeMEHTaMH 3a-
IIATHI.
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1. Bukunenus CBoOoHas SHIMKIIONIEUS [caiit].
URL: http://www.ru.wikipedia.org/wiki/Peneitnas_3ammra u_aromatuka (/lara oOpa-
menus: 23.04.2014).

2. M.®. KoctpoB U.1. ConoBbeB A.M.DenoceeB OCHOBBI TEXHUKH PEIICHHON 3aIlUTHI.
1999. (c.11-13).

Mapkos, C.A.
I'a3onmopiHeBbIe 3JIeKTPOCTAHIMHA
Hayuonanvnouii uccnedosamenvckuii Tomckuti noaumexHuyecKul YHugepcumen.

Pa3zBuTHe SHEpreTHKY B HAIM JTHU SIBSIETCS] OJIHOM M3 CaMbIX TJIABHBIX 33]1a4, Beb 3a-
nacel He)TH M Traza MOTYT UCTOIUThCA B Omkaiime necartunetus. C KaXAbIM TOJI0M B
MHUpE TOABJSETCS Bce Ooublie U OOMbIIE HOBBIX YCTPOMCTB AJIsi TIOJTYYEHHUS AIIEKTPOIHEP-
TMH. JTa CTaThsl MOCBAILEHA OAHOMY U3 TaKUX YCTPOMCTB — ["a3omopiiHeBast 3JIeKTpOCTaH-
TSI

["azonopiiHeBas >IEKTPOCTAHIUSI — 3TO CHUCTEMa TE€HEpalllM, CO3[laHHAash Ha OCHOBE
MOPIIIHEBOTO JIBUTATENSI BHYTPEHHETO CropaHus, pabOTaloNIero Ha IpUPOIHOM WK APYTOM
roptoyeM raze[3]. [laHHas ycTaHOBKa HE MCHOJIB3YeTCs JJIs OOECIeueHHs SHEpruen ropo-
JIOB, OHA TMPEIHA3HAuYEHA ISl YACTHBIX MPEANPUITUAN, 3arOPOJTHBIX JOMOB U JIPYTHX MOTpPE-
outenel AMEKTPOIHEPTHH, KOTOPBIE XOTAT CHU3HUTH 3aTpaThl MO IJIaTe)aM U mpuodpectu
HE3aBUCHUMOCTb OT LIEHTPAIN30BAaHHBIX CETeH YHEPTOCHAOKEHUSI.

["a3omopiiHeBbie dMEKTPOCTAHIIMKN BhIPAOATHIBAIOT HE TOJIBKO AJIEKTPOIHEPTHUIO, TAKKE
OHH BBIPA0ATHIBAIOT TEIUIO U X0J0J. BO3MOXKHO moiydyeHue JByX BUJOB YHEPTUU: TEIUIO U
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AJIEKTPUYECTBO(ITOT MPOIECC HA3BIBAETCS — KOTreHepalus). Takxke MOXKHO MOJydaTh TPU
BUJIA DHEPTUU: TEIUIO, JEKTPUUYECTBO M XOJOA(TAaKOM Ipolecc Ha3bIBaeTCs — TpUreHepa-
1Us1). DIEKTPOCTAHIIMU KOTOPHIE BHIPAOATHIBAIOT TPU BUA SHEPTHH aKTyaJdbHBI HA TPE-
MIPUATHUSAX KOTOPBIE 3aBUCST OT BEHTUISILIMU U MPOMBIIUIEHHOTO OXJIaXKICHUS CKIIJIOB.

[IpyuHIMnI nefcTBHUS TakOM YCTaHOBKH JocTaTodHo Ipoct. I'TID(razomopiiHeBas 3iek-
TPOCTAHLIMS) MpeCTaBiIsieT co0O0i IBUTAaTENb BHYTPEHHETO0 CrOpaHMsl C BHEITHIUM CMeceo0-
pa30BaHUEM U UCKPOBBIM 3a)KHTAHUEM TOpIOYEd CMECH B KaMepe CropaHusi, UCIOJb3YIO-
1M B KayecTBE TOIUIMBA ra3 u padortaromuid nmo uukiy OTTo. DHeprus, BbLACTUBIIASACS
P CTOPAHUU TOIUIMBA, B TA30BOM JIBUTATEIIC IPOU3BOIUT MEXaHHUYECKYIO0 paboTy Ha Baly,
KOTOpast UCIOJIb3YeTCs /ISl BRIPAOOTKH AJIEKTPOIHEPTUU TEHEPATOPOM IIEKTPUUYECKOTO TO-
ka. ['a30BbIe BUTATENN HUCIONB3YIOTCS ISl paOOThI B COCTaBE T€HEPATOPHBIX YCTaHOBOK,
MpeaHa3sHauYeHHbIX [T IOCTOSIHHON M MEepUONUECcKOi paboThl (TMKOBbIE HATPY3KH) C KOM-
OMHHPOBAHHOW BBIPAOOTKOM AJICKTPO3HEPIHH M TCIIA, 4 TAK)KE B KAUSCTBE aBAPUIHBIX HC-
TOYHUKOB dHeprun. Kpome Toro, oHu MOryT paboTarh Kak B COCTaBE XOJOAWIbHBIX yCTa-
HOBOK, TaK | I MPUBOJA HACOCOB U ra3oBbIX KommpeccopoB[l]. Cama KOHCTPYKIIUS JIBH-
rarens, paboTaroIIero Ha ra30BOM TOIUIMBE, HE MOABEP)KEHA CHIIBHOMY U3HOCY 32 CUET OT-
CYTCTBHUS B Ta3€ YacTHIl, KOTOPbIE MOTYT MOBPEAUTHh €ro HU3HYTpu. OTIMUYUTEIHHONU 0CO-
OCHHOCTBHIO KaYeCTBEHHBIX T'a30MOPIIHEBBIX YCTAHOBOK SIBIISIFOTCS HU3KHUE 0OOPOTHI JIBUTA-
teneii — 750 B MmunyTy. Ha Goiiee MOIIHBIX arperarax KOJIHMYECTBO OOOPOTOB COCTaBJISCT
120 — 130 B munyty! Takme HH3KHE OOOPOTHI CHIDKAIOT M3HOC OOOPYAOBAHUS W 3HAYH-
TEJBHO MOBBIIIAIOT PECYPC Ta30MOPIIHEBBIX arperaroB — rapaHTUPOBAHHBIN CPOK CITYKOBI
cocrasisier 300000 gacoB —35-40 ner HenpepbIBHOW paboThl. [lepBbIii KanUTaIBHBINA pe-
MOHT TIOHAI00UTCS TOJILKO uepe3 12 ner.

[MpeumymectBa: 1.CebeCTOMMOCTD 37IEKTPOIHEPTHH, BHIPAOaTHIBAEMOH T'a30IOPITHEBbI-
MU DJIEKTPOCTAHIIUSMH, B HECKOJIBKO pa3 HIDKE TapudoB, MpeiaraéMbIX [EHTPAIN30BaH-
HBIMH CETSIMHU.

2.Pacxon raza s nonyuyenus 1 kBt snekrtpuuectBa cocraBiser Bcero 0.23-0.29 w3,
IIPYU ATOM JIOTIOJIHUTENILHO BbIpabaThkiBaeTcs OecruiaTHas TerioBas sHeprus (10 4,5 kBr).

3.Cpennuil CpoK BO3BpaTa MHBECTULIMI B Ta30MOPIIHEBYIO 3JIEKTPOCTAHIIUIO COCTABIISIET
Bcero 3-5 yieT. YUuThIBas MOBBIIAIONIHECS Tapu(bl HA DJIEKTPOIHEPTHUIO U BHICOKYIO CTOH-
MOCTh TOAKIIOUEHHS K HEHTPAIM30BaHHBIM CETSM, 3TOT CPOK MOXKET OBITh JIaXKe COKpa-
e[ 2].

PaboTaroT Takue cTaHIIMKM Ha pa3TUYHBIX BHJAX ra3a: MPUPOTHBIN, Ta3bl C HU3KOW Tem-
JIOTBOPHOM CIOCOOHOCTHIO, HEBBHICOKMM COJIEpP>KaHWEM METaHa U HU3KOW CTEMEHBIO JIETO-
HAIMH WM Ta3bl C BHICOKON TEIJIOTBOPHON CIIOCOOHOCTHIO- (pakeNmbHBIN, MpomaH, OyTaH a
TaK)K€ OHU MPHUCTIOCOOJIEHBI K TIEPECTPOMKe it pabOThl ¢ OAHOTO BHJA Ta3a Ha JIPYToOu.
Taxoke, ecTb BO3SMOKHOCTh MPUMEHEHUS ABYTOILTMBHBIX JIBUTATENEH, pabOTaONINX OJHO-
BPEMEHHO Ha JKUJIKOM M ra3000pa3HOM BHIaX TOIUIHBA.

OnHUM U3 HEOCTATKOB TAKMX YCTAaHOBOK, SIBJISETCS BBICOKAsh KOHLIEHTPALMS BPEIHBIX
BEIIECTB B BBIXJIONAX,UYTO TPeOyeT MpUMEHEHHE BEChMa JIOPOTOCTOSIINX KaTaIN3aTOpPOB.
Bpennbie BemiecTBa B BBIXJIONE MOSBISIOTCS M3-3a CTOPAaHUsi MOTOpPHOro Macna. [{ns cHu-
YKEHUS BPETHOTO BO3JICHCTBUS HA OKPYXKAIOIIYIO CPENy IEKTPOCTAHIUSAM TPEOYIOTCS BBI-
COKHE JIBIMOBBIE TPYOBI.

["a3omopiiHeBbie YCTAHOBKH OTIMYAIOTCS BBICOKOW YAETHLHOW MOIIHOCTBIO TIPH HU3KOM
pacxojie TOIIMBA, TIOATOMY UX CTPOUTENHCTBO SBISETCS SKOHOMHUYECKH I1E71€CO00pa3HbIM
Ui MHOTUX nipeanpusituil 1 00bekToB KKX. CTpouTenbcTBO 31€KTpOCTaHIMM TPOBOIUTCS
JUISL TIOJTyYEHHSI SHEPTreTHUECKOW He3aBUCUMOCTH M YBEJIMUYEHHSI MOIITHOCTH dHEprocHabxke-

189



HUsS IpeanpusaTus. Jlis CHUKCHHS 3aTpaT OYCHb YJI00HA PEKOHCTPYKIHS CYIISCTBYIOIIHMX
KOTEJBHBIX U UX MEPEBOJT Ha 0a3¢ KOTeHEPAITMOHHBIX YCTAHOBOK B peKUM MUHU-TOC.
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Cuboaraesn, C.A.
IlepcneKTHBBI PA3BUTHSI YJIEKTPOIHEPTeTHKH
Hayuonanvhutii uccnedosamensckuii Tomckuil noIumexHuvecKutl YHusepcumen.

DHepreTrKa JISKHUT B OCHOBE Pa3BUTHUS MMPOU3BOACTBEHHBIX CHII JIFOOOTO TOCYAApCTBA U
obecrieunBaet OecriepeOoiHy0 padoTy IPOMBIIIUIEHHOCTH, TPAHCIIOPTA, HAPOAHOTO XO3sTiH-
crBa. CTaOWIBHOCTh PAa3BUTHS HAIIMOHAIBLHOW AKOHOMHMKH HEBO3MOXHA 0€3 MOCTOSHHO
pasBuBaronieit sHepretuxu [S]. [lo omenkam skcreptos, k 2050 r. moTpediieHne SHEPrun
yIBOHTCS, UTO, B CBOIO Ouepellb, MPUBENET K yaBoeHUto conepxkanus CO, B atmocdepe u
yCWJIeHUIO mapHUKoBOro >ddekra. B HacTosmee BpeMsi HcclieioBaHUE U pa3pabOTKH 1O
aJIbTEPHATUBHOM HHEPreTUKE SIBISETCS OJHUM U3 MPHOPUTETHBIX HANpPaBICHUEM PA3BUTHUS
Hay4yHO-TeXHUYecKoro kKomruiekca Poccun Ha 2014-2020 rompl. T0 mporpamMma Moaaep-
KMBaeTcs pa3nuuHbiMU DeiepanbHBIMU 1ETIEBBIMU ITpOrpaMMamMu MUHHUCTEPCTBOM 00pa-
30BaHusA U Hayku PO.

OnHuM M3 criocoOOB MOJTyYEHUsI SHEPTUM SIBIISIETCS BO30OHOBIIsIEMblEe UCTOYHUKU. Of1-
HOW M3 NPUYMH Pa3BUTHSI 3TOTO HAINpaBJICHUs SBJISIETCS UCTOIIEHHUE 3a1acoB YIIIEBOA0POAA
Ha IUIaHeTe, YUYeHble U MPAKTHKH CUUTAIOT, YTO yXKe ceiiuac HeoOXOJMMO HauMHATh Tepe-
XOJ] Ha UHbIE BU/IbI TOIUINBA.

Bo0306HOBIIsIeMbIE HCTOYHUKU 3HEPTUU MOAPA3JEIAIOT Ha JIBE MOATPYIIIbI: TPaIULMOH-
HbIE, K KOTOPBIM B IIEPBYIO OYEPEIb OTHOCIT THIPOIHEPIreTUKY M YaCTUYHO SHEPTHI0 OHO-
Macchl, M HETPaJUIMOHHBIC, TaKK€ Ha3blBa€Mble aJIbTEPHATUBHBIMH, Kyla BXO-
JIUT BETPO3HEPreTHKa, COJHEYHasi U MPOoYrMe MCTOYHHKH, IIHPOKOE HCIOJIb30BaHHUE KOTO-
PBIX HAYAJIOCh CPABHUTEIBHO HEAaBHO. AJIbTepHATHBHAS SHEPIreTHKa CTAHOBUTCS Bee Oosee
MIOTYJIIPHOM U B TOCIIEHUE TOJIbI MOSIBIISIOTCS HOBBIE IIPOPHIBHBIE TEXHOJIIOTUHU B 3TOU 00-
JacTH. JTO B CBOIO Ooyepelb BEJET Ha yAelIeBIeHue BbpabaThiBaeMoil sHeprun. CeroaHs
Ha JIOJII0 aJIbTEPHATUBHOMN AJIEKTPOIHEPreTHUKH Npuxoautcs Bcero 2% (534 mipa. kBt.u) ot
MHPOBOT'0 TPOU3BOJICTBA JIEKTPOIHEPrur. 3 HUX Ha OMOMACCOBOIO SHEPTEeTHKY U YTHUIIH-
3a1uio Mycopa npuxoautces 47% (253 mupa. kBT.4); Ha BeTpsinyro suepretuky — 39% (210
mipa. kKBrt.4); Ha reorepManbHyto 3HepreTuky — 11% (60 mupa. kBT.4); Ha COMHEUHYIO U
MIPUIIMBHYIO 3HEPreTHKy — nopsiaka 2% (11 mupa. kBr.u) [7].

buoromniMBo sABISETCS OJHUM M3 CaMBIX PACHPOCTPAHEHHBIX BO30OHOBIISIEMBIX MCTOY-
HUKOB 2HEPTUH, UCIOJIb3yEMbIX B MUPE B HACTOSIIIEE BPEMsI, KOTOPBIN NMEET BHICOKUH TeX-
HUYECKHHA MOTEeHIMAN At Oy1yiero riodansHoro sHeprocHadxkenus. OCHOBHBIMU TOTpe-
ourensMyu OWOTOIUIMBA SBISIOTCS HU3KOA(P(PEKTUBHBIE YHEPreTUUECKHUE CHUCTEMBI MUIIe-
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[IPUTOTOBJICHUSI U OTOIUIEHUS, a TAKXXE TPAHCIIOPTHBIE dHEPreTUYECKHE YCTAaHOBKH, IO-
TpeOIoNINe )XUIKOE ONOTOIIITUBO.

XXI Bek xapakTepusyercsi akTHBHBIM BHEIPEHUEM BO BCe c(hepbl KM3HENEATETbHOCTH
aJIbTEpHATUBHBIX BUJOB HEPTUH, B TOM UHUCIie OMOIHEPreTUKH, KOTOpasi MpuoOpeTaeT Bce
OOJIBIIYIO COLMANIBHYIO BOCTPEOOBAHHOCTh U B HACTOSIIEE BPEMs BXOAMUT B YKHCIIO OCHOB-
HBIX MPUOPUTETOB MHHOBAI[MOHHOTO Pa3BUTHS SKOHOMUKH. bruosHepreTuka 310 HampasJie-
HHUE, BO3HUKIIEE HA TPAHMIIE COBPEMEHHBIX OMOTEXHOJOTWH, XUMUYECKON TEXHOJOTUU U
SHEpreTUKH, M3ydarolee U pazpadaTbiBaroliee MyTH OHOJIOrMYecKOW KOHBEPCHU COJIHEY-
HOW SHEPIHH B TOTUIMBO M OMOMAacCy U OMOJIOTUYECKYIO U TEPMOXHUMHUYECKYIO TpaHCQOp-
MaIT{Io TOCIIEAHEH B TOTUIMBO M 3Hepruto [3]. CyiecTBeHHOE MECTO B OMOIHEPreTHKE 3a-
HHUMaeT 0MOMAacca, Kak MOCTOSHHO BO30OHOBIISIEMbII UICTOYHUK OMOTOILIHMBA.

buomacce oTHOCAT Bce BHJBI BELIECTB PACTUTEIHHOIO U SKMBOTHOTO MPOUCXOXKICHHUS,
IIPOAYKTHI JKU3HEAEATEIIbHOCTH OPraHM3MOB U OpPraHUYECKUE OTXObl, 00pa3yroliuecs B
mpoleccax Mporu3BOACTBA, HOTPEOICHUS MPOIYKIIMH U Ha ATalaX TEXHOJIOTUYECKOT0 IHKIIA
OTXOJIOB.

OObemMbl UCTIOIB30BAHUSI OOMACCHl B MUPE B HACTOSIIEE BPEeMsi TOYHO HEU3BECTHBI, TaK
KaK 3TO YYUTHIBAIOTCS TOJBKO B OOJBIIMX XO3siicTBax. Vcnosnb3zoBaHue Omomacchl Jyis
MIPOM3BOACTBA YHEPTHH SKCIEPTaMH OlleHMBaeTcs mpuMepHo B 10 % rimobansHOTO oTpeo-
JICHUS] SHEPTUHU BCeX BUAOB, Wiu 0koJio 1070+240 MiaH. T HEPTIHOrO KBHUBAJICHTA B TOJT
[6]. OcHoByY chipheBOit 0a3bl it OMO’HEPreTHKH B POCCHM COCTaBIIAIOT OpraHUuecKast
O0uomacca pacTHTEIbHOTO M KMUBOTHOTO MPOHMCXOXACHHUS M PA3UYHbIE BHJIBI OTXOJOB,
MIPUTOTHBIE JUTSI TIepepabOTKH.

ITo nporuozy MDA, ucnonb3oBanue ouoromiusa B Mupe k 2050 rogy yBenuuuTcs mo-
9TH B 4 pa3a ¥ MOXKET COCTaBUTh 23% 0011ero noTpedIieHus MepBUIHON dHEprud, wiu 3604
MJIH TOHH HE(TSIHOTO SKBUBAJICHTA B TOJI, VI Y€ro HeoOX0AMMO Mpou3BoACTBO 15,0 Mipa
TOHH Ouomacchl. [IpuMepHO TOJIOBMHA 3TOT0 00BbEMa OyIeT 0OecleunBaThCsl €CTECTBEH-
HBIM TIPUPOCTOM OMOMACCHI C TOJIEH U JIeCOB, a Jpyrasl MOJOBUHA MOTpeOyeT ee MCKYyC-
CTBEHHOI'0 BOCIPOM3BO/ICTBA HA COOTBETCTBYIOIINX IIAHTAIMSIX, IO Jb KOTOPHIX MOXKET
COCTaBUTH puMepHO 50% Bcex 3eMenbHbIX mommaneit Adpuxu [4].

Crnenyer oTMETUTHh MOTEHIMAIbHBIE 3amackl 3HepreTuueckoi duomaccsl B Poccuu, no-
CTaTOYHbIE JUIS CO3JaHMs 3JIEKTPOCTAaHIMK MOIIHOCThIO He MeHee 5 MBT [1]. B Poccun
ANEKTPOCTAHIIMA MOLIHOCTBIO 5 MBT MOHO CO3/1aBaTh MpU HCIIOJIB30BAHUU JIPEBECHHBI,
Topha U KypuHOTO MOMETa MpHU UX CKUTaHWU. Hapsigy ¢ HUMH, OOMNBIION MHTEpec Mpe-
CTaBJISIET MCIIOJb30BAaHME B KAaueCTBE HMCTOYHMKA SHEPIrUM TBEPABIX OBITOBBIX OTXOOB
(TBO), oOpa3yromuxcsi B pe3ysbTare KU3HEAEATEIbHOCTH HacedeHus. OObeMbl HaKoIuIe-
Husa ThO B coBpemenHoM ropoje coctaBisitoT oT 250 mo 700 kr/gen. B roa. B pa3BuThix
CTpaHax 3Ta BEJIMYMHA €XKEroJJHO Bo3pacTaeT Ha 4-6%, 4TO MpeBbIIAET TEMIIbI IPUPOCTA
HaceleHuss. MOIIHOCTh JIEKTPOCTAHIIMU Pa0OTaOIIel Ha TBEPIbIX OBITOBBIX OTXOAAX CO-
craBiseT okoso 60 Teic. MBT anexkrposneprum u 225 toic. ['kan tenna B rog. MouHocTh
nepepabotku THO — 180 ThIC. T B rox [2].

B Poccuu B 2006 T. 00111€€ TOr0JI0OBbE KPYMHOTO POraToro CKOTa MO BCEM KaTErOpUsSM
XO3SIMCTB COCTaBISLIO 23.9 MIIH. rojIoB, CBUHEH — 17 MIIH. TOJIOB, UTO B roa maeT mo 240
MJIH. T HaBo3a. VX mosnHas nepepaboTka B OMora3 mo3BOJIUT MOTYYUTH 10 9.6 Mipa. Ky0. M
i 19.2 mapn kBt-yac npu k.1m.71.33% [1]. [Ipu ucronb3oBaHny KOT€HEPAIMOHHBIX yCTa-
HOBOK BBIXOJI 2JIEKTPO3HEPTHU OyJeT BhILIE U OJHOBPEMEHHO 110 45% Ouorasa tpancdop-
MHUpYETCS B TEIJIOBYIO SHEPTHIO.

JIis KpYIHBIX XO34MCTB, KOTOPBIX HACUMTHIBAETCS 10 18.7 THICSY roJIOB U UMEIOIIUX JI0
114 mmH. T/Ton BeIX0M Omoraza cocTaBUT 4.6 Mip/. KyO. M, M DJIEKTPOIHEPTHUH, COOTBET-
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CTBEHHO, 9.2. Mipa. kBt/rox. O6mas MOIIHOCTh 3JEKTPOCTAHIMKA COCTaBUT Oonee | ThIC.
MBT i 200 nITHMEroBaTHBIX CTAHIIUH.

Oco0eHHOCTh OMOHEPTeTUKH B OTIMYHE OT APYTHX BHIOB B80300HOGIAEMbIX UCTNOYHU-
K06 9Hepauu COCTOUT B TOM, OHA MO3BOJISIET MIOJYYaTh SHEPTUIO U3 Pa3IMUHBIX BUIOB OHO-
Macchl. B nepByto ouepeib, 13 MHOIOUYHUCIEHHBIX OPIraHUYECKHUX OTXOZ0B PACTUTEIBHOIO U
KHMBOTHOT'O IPOUCXOXKIECHHSI Hapsy C TOIJIMBOM U SHEPrUed MoydaTh BEICOKOIPHEKTHUB-
Hbl€ OpPraHWYECKHE BEIIECTBA MHUKPOOHOro mnpoucxoxacHus. [losydeHHYyI0 NpOAyKLHIO
MOYHO HCIIOJIb30BaTh B Pa3HBIX OTPACISAX CEJIbCKOXO3IHCTBEHHOI'O IPOU3BOJCTBA: B pac-
TEHUEBOJCTBE — y100pEHHUs, B )KUBOTHOBOJICTBE U B NTHUILIEBOACTBE — KOPMOBBIE JPOKKH,
KOpMOBOMH npenapar BUTaMuHa B-12, 0enkoBO-BUTAMUHHBIE KOPMOBBIE IpENapathl, CTY-
MIEHYATO BBIJIEIsIEMbIE U3 METaHO-T€HHOT'0 KOHcopIuyma [3].

Takum o6pa3oM, pa3BuTHE OMO’HEPIETUKU MOXKET CTaTh OJHUM M3 CIIOCOOOB PELICHUS
SHEPreTUUECKUX NpolIeM 3HaYUTENbHON YacTH Tepputopuu P®. C o1HOM cTOPOHBI MOXKET
CBITPATh IJIABHYIO POJIb B 00ECIIEYEHUH 3aMEHbl TPAAULMOHHOIO MOTOPHOIO OMOTOILIMBA
Ha 3KOJIOrMYecKH 0€30MacHOe, U3rOoTaBIMBAEMOE HAa OCHOBE BO30OHOBIIIEMOTO CHIPBS, a C
JpYroi MO3BOJIUTh COKPATUTh BBIOPOCHI ABYOKHMCH YIJIEPOJa, CIOCOOCTBOBATH obOecreye-
HUIO YCTOWYMBOI'O PAa3BUTHUS SHEPTETUKH U IKOHOMUKH B LIEJIOM.
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CkakyHos, U.A.
I'enepaTop nepeMeHHOro Toka
Hayuonanvnuuii uccneoosamenvckutl Tomckuii nonumexHuyecKull yHueepcumen.

B Hacrosiiee BpeMsi TeHepaTop IMEPEMEHHOI0 TOKA UMEET BaXKHOE 3HAYEHUE HE TOJIBKO B
TEXHUYECKOH cepe, HO U B TTOBCETHEBHOM KM3HU KaXKIOT0 uenoBeka. Ha maHHbBII MOMEHT
9Ta TeMa SABJSIETCS aKTYaJbHOM Cpely y4YeHBIX U (PU3UKOB, MOCTOSHHO OOCYXKIAIOTCS BO-
MPOCHI, KOTOpPbIE B JajdbHEHIIIEM MOMOTAIOT NMPUWTH K €IUHOMY BBIBOAY. B pabote pac-
cMaTpHUBaeTCsl JEMOHCTpallMOHHAs Mojenb "['eHeparopa nmepeMeHHOro Toka" HCHOJb3ye-
Masi KaKk B TPaJWIMOHHOM, TaKk M B YIIyOJEHHOM Kypce (M3UKH NpU HU3YYEHUU TEMBI
"JnekTpoMarHuTHas UHAYKIMA". B MpoBe1leHHOM HaMM HCCIIeIOBaHUM OBLIO YIEJIEHO 0COo-
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00o¢ BHMMaHWE TPUHIUITY paboOThl reHepaTopa MepeMeHHOTro Toka. OCHOBHAS 3ajava WC-
CJIEZIOBAHUS — PACCMOTPETH I0JIb3Y FeHepaTopa NEPEMEHHOT0 TOKA U €ro MPUMEHEHHUE.

['enepaTrop mepeMEHHOT0 TOKa CIIYKUT Ul PeoOpa3oBaHUsl MEXaHHMUECKON SHEPIUU B
ANEKTPUUYECKYI0, HEOOXOUMYIO JUIsl MTUTaHUSI BCEX MPUOOPOB AIEKTPOOOOPYI0BAHUS aBTO-
MOOHJIS, KpOME CTapTepa, U I 3apsiaa akKyMyJIATOpHOH Oatapeu. B Hacrosiee Bpems Ha
aBTOMOOWJISIX IITUPOKO UCIIONB3YIOTCSI TeHEPaTOPhl IEPEMEHHOI0 TOKa, KOTOPBIE SIBIISIOTCS
IIPEUMYILECTBOM ISl UX KOHCTPYKLMH HaJl FeHEpaTopaMH MOCTOHHOro Toka. K atum mnpe-
UMYIIECTBAM MBI MOXEM OTHECTH cleqyrolue (akTopbl: MEHbIAs Macca, JUIMTENIbHBIH
CPOK CITy>KOBbI, MEHBIIIEE KOJIMIECTBO ME/IH, TPEeOyeMOe JIJIsl H3TOTOBJICHUST OOMOTKH (B 2-2,5
pa3a), MOBBIIICHHE MTEPEIaTOYHOTO YHCIIa OT JBUTATENs K reHeparopy Ao 2,5-3,0. YBenuye-
HUE MepeIaTOYHOr0 YHUCIIa OT ABUTATEINsl K TEHEPATOPy CIIOCOOCTBYET OTAa4a MOITHOCTH OT
reHeparopa K akKyMyJIsiTOpHOU Oarapee Ha aBTOMOOWIIE, YTO yaydinaeT 3QpPeKTUBHOCTD ee
3apsijia, ¥ CIIe0BaTeNIbHO, 00JIee IIMTENbHBII CPOK CITyxObI [1].

[TpuHumun paboThl TeHEepaTopa MEPEMEHHOT0 TOKa — TO MpeoOpa3oBaHUEe MEXaHHMUYECKON
(KMHETUYECKOI) PHEPrUM B AJIEKTPOIHEPIHI0. B sHepreTuke MCIosb3yIOTCS TOJIBKO Bpa-
HIAIOIIMECS] ANEKTPOMAIIMHHBIE TE€HEPaTOphl, OCHOBAHHBIE HA AIIEKTPOABIDKYILEH cuUe
(B3AC) B nmpoBOIHUKE, KOTOpasi IEHCTBYET HAa U3MEHSIOIIEECs MarHuTHoe nose. Mumgykro-
POM Ha3bIBaeTCsl 4acTh IEHEparopa, NpeAHa3HaYeHHas Ul CO3JaHUs MAarHUTHOIO TOKa, a
4acTh, B koTopor unayuupyercst 9JIC — skopeM. Bpararomasicss 4acTb MalIlMHbl Ha3bIBa-
€Tcs POTOPOM, a HENOJBU)KHASL 4aCTh — CTaTOPOM. PoJib MHIyKTOpa B MallliHaX MOCTOSIHHO-
IO TOKA BBIMOJHSAET CTaTOP, @ B CHHXPOHHBIX MalllMHaX MEPEMEHHOro Toka — poTop. B aTux
CITy4asix WHAYKTOP TNPEICTaBISIET COOOW JIBYX-WJIM MHOTOIOJIOCHYIO DJIEKTPOMArHUTHYIO
cucteMy, CHaOXEeHHYI0 OOMOTKON BO30YKIIEHHS, MUTAEMON MOCTOSHHBIM TOKOM (TOKOM
BO30YXKAEHUS), HO CYIIECTBYIOT U MHIYKTODPBI, COCTOSIIINE M3 CUCTEMBI TIOCTOSIHHBIX Mar-
HUTOB. B HacTosiIee BpemMst B aCHHXPOHHBIX (MHIYKIIMOHHBIX) F€HEpaTOpax MepeMEeHHOr0
TOKa SKOPb M MHAYKTOp MOYTH HE OTJIMYAIOTCA JAPYr OT Apyra. Takum oOpa3oMm, MOKHO
HPEINOI0KHUTh, YTO CTATOP U POTOP SBISIFOTCS U IKOPEM, U HHIYKTOpOM [2].

Ha nansbiii MoMeHT 95% 311€KTpO3HEPruM MPOU3BOANUTCS € MOMOIIbIO CHHXPOHHBIX I'e-
HEpaTopoB NMEPEMEHHOro TOKa. MarHuTHOe IoJjie, HaBOAsIee B CTaTOpHOU TpexdazHoi
ooMoTke mepemenHyo DJIC, ¢ 4acTOTOM, COOTBETCTBYIOIIEH YacTOTE BpallleHUs POTOpa,
CO3J1aeTcs MpH BpallleHUH MHAYKTOpa. [Ipy 3TOM pOTOp HAXOANUTCS B CHHXPOHHOM 4acTOTe
BpallleHUs] UHAYKTOpa, €CIM B MHIYKTOPE MMEETCs JiBa IOJI0Ca, a 4acTOTa BpALLEHUsS —
3000 r/min (50 1/s), To mepemennas 3JIC craTopHOi OOMOTKHM WHAYIHPYETCS C YaCTOTOU
S0Hz.

I'eHepaTophl TOKa pa3IMyarOTCs MO HANPSHKEHUIO HA €r0 BBIXOJIE, a TAKXKE MO HENHUHEH-
HOW 3aBUCHUMOCTH OT BHEIIHUX ycJI0BHHA. K HUM MBI MOXEM OTHECTH peajbHble F'e€HepaTo-
PBI, CO3JIAIOLINE IEKTPUUECKUN TOK B HEKOTOPOM JIMana3oHe HanpshkeHUs. B aTom cioydae
HanpsHKeHUEe MUTaHUS! UICTOYHUKA OyJIeT 3aBUCETh OT BEPXHETO MOPOra.

VlcTOuHMKH TOKA HAIlUTK IIMPOKOE MPUMEHEHUE B aHAJIOTOBOM camoTexHuKe. Hampumep:
MUTaHHUE 3JIEKTPUUECTBOM H3MEPUTENHHBIX MOCTOB, KacKaa0oB U depeHInaIbHBIX YCUITU-
tenei. K anekrpoMexaHMyeckuM HCTOYHHMKAM TOKa OTHOCSATCS: 1) MCTOYHHUK TOKA, YIpaB-
nsiemblit Hanpspkenrem (MTYH), 2) ucrounuk Toka, ynpasisembiid Tokom (UTYT) [3].

Ocobast He00XO0IMMOCTh B T€HepaTopax MepeMEeHHOro TOKa BO3HUKIA B 1876 rony, Ko-
raa pabotarouuii B To Bpems B [lapuxe pycckuii anekrpotexnuk Ilaen S10104koB paspa-
60Ta yroBble JaMIIbl, KOTOpPBIE MCIIOIb30BAIUCH JJIsI OCBEIEHUSI TOPOJICKUX YIUIL. DTH
JIaMITbl IEPEMEHHOT0 TOKa BIlocieIcTBUM Ha3Baiu "Cedamu S61oukoBa”. 3eH00 Teoduinb
I'pam co3nan mepBble TeHEpaTOPhl, MPeHa3HAYEHHbIE s 00ecreueHHs JIEKTPUYECTBOM
JJaMIIOYeK MepeMeHHOro Toka. B 1879 roay nmepeMeHHBI TOK MOTEps CBOE 3HAYEHUE, B
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CBSI3U C MacCOBBIM IPOM3BOJICTBOM JIAMII HAaKaJIMBAaHUS, HO BHOBb OOpEN aKTyaJlbHOCTb B
cepenune 1880 roma. B 1888 —1890 rogax cepOckuii anektporexuuk Hukoma Tecna u pyc-
ckuit anekTpoTexHuk Muxawmn [lonnBo-J{oOpoBosibckuii pa3padboTanu TpeXpasHyr CHUCTe-
My MEPEMEHHOro ToKa. B pe3ynbraTe cozmanus Tpex(azHO CHCTEMbI IEPEMEHHOIO TOKa
Hayaj0Ch POU3BOACTBO BCE 00JIEE€ MOLIHBIX CHHXPOHHBIX T€HEPATOPOB IEPEMEHHOT'O TOKA,
KOTOpbIE BIOCIEACTBUM OBLIM HCIIOJIb30BaHbl B MPOMBIIUIEHHOCTH, Ha TEIUIO- U THIPO-
AJIEKTPOCTAHLIUSAX.

OpaHUM U3 TTIaBHBIX 3TANOB B Pa3BUTHUU TYpOOT€HEPATOPOB MOXKET CUUTAThCA pa3padoT-
ka B 1898 rony uununapuyeckoro poropa Yapmzom xenom Jlancenorom bpaynom. Ilep-
BbIl T'€HEpaTop, OCHOBAHHBIM Ha BOJOPOIHOM OXJaXICHUH (MoIIHOCTBHIO 25 MW), ObL1
co3nan B 1937 rony amepukanckoi gpupmoii Jxenepan DNeKTpUK, a ¢ BHYTPHUIIPOBOTHBIM
BOSIHBIM OXJIaKJIeHHuEM — B 1956 roay anrnuiickoi ¢pupmoit Merpononuten Bukkepc[4].

CoBpeMeHHbII reHepaTop MEPEMEHHOI0 TOKa — 3TO BHYIIMTEIBHOE COOPYKEHUE U3 Me-
HBIX [IPOBOJIOB U BCTABOK, M3OJISIIIMOHHBIX MAaTEPUANIOB U CTALHBIX KOHCTPYKIMil. JleTany,
KOTOpble B rabapurax JOCTUTalOT HECKOJIbKO METPOB, M3rOTABIMBAIOTCS B TOYHOCTU JI0
MUJUTUMETPOB. B mipupoze He BCTpedaeTcsi TaKoe COUYETaHHUe JBIKYIIUXCS YacTel, KOTOphIe
MOTJIH OBI TOPOXKIATH SJEKTPUIECKYIO SHEPTHIO CTOJIb e HETTPEPHIBHO U SKOHOMUYHO.

B Hacrosuiee Bpemsi noTpeOieHNe PHEPTUU U €€ IMPOU3BOJICTBO UIPACT Ba)KHYIO POJIb.
I'maBHast 3a1a4a SHEPreTUKU CTOUT B MOJYYEHUH dHEpruu B popme nmorpedienus. B mpo-
1ecce MOTpedICHUs SJHEPTHSI IEPEXOAUT BO BHYTPEHHIOIO SHEPTHIO (TEIUIOTY). DTO SBIISET-
Csl O/IHUM M3 BaXKHEHIIINX MOKa3aTeeil pa3BUTHS TPOU3BOICTBEHHBIX CHII OOIIECTBA.

OCHOBHYIO POJIb B OOIIECTBE MIPaeT SJEKTPHUYECTBO — ITO camas YHHBEpCAIbHAs U
ynoOHas gopma snepruu. Ecnu 3a 25 et notpebiieHue IeKTpUUecTBa B CPETHEM YBEIH-
9UTCs B 2 pa3a, TO MOTPEOICHUE DIEKTPHUECKON YHEPTUH YBEIUYHUTCS B 2 pa3a B CPEAHEM
3a 10 ser. DTOT QakT 03HAyaT, YTO YEIOBEK BCe OOJIbIIE U OOJIBIIE UCIONb3YET MPOLECCHI,
CBSI3aHHbIE C TOTPEOICHUEM SHEPropeCYpCoB B (pOpME AIIEKTPUUYECTBA.
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Crapues, H.A.
HccnenoBanue BIUSIHUA COTOBBIX Tes1e(DOHOB HA OPraHU3M 4YeI0BeKa
Hayuonanvnoiii uccnedosamenvckuii Tomckuti noaumexHuyeckul YHugepcumen.

Bpenen nu tenedon s Hamero 370poBbsi? CylIecTBYET MHOXKECTBO HCCIICTOBAHHM,
BBIJIBUTAIOTCA W OMPOBEPraloTCs pa3NuyHble Mpeanonoxenus. [lomp3oBareneil coToBou
CBA3HU BOJIHYCT OTOT BOIIPOC, OAHAKO CKO.]'II)KO-HI/I6y,Z[I) BpPasyMHUTCIIBHOTO OTBETAa HAa HETO
MOKa He Jajl HUKTO: HU y4EHbIEe, HU O(QUITHATbHAS MEIUIIUHA, HU TIPOU3BOJUTEIH COTOBBIX
teneoHoB. OJHU CIIEITUATMCTHI TOBOPSIT, YTO COTOBBIA TeledOH omaceH He Oolee, YeM
T00bIe OBITOBBIC MTPUOOPHI, a IPYTHe CUUTAIOT €ro OJHOW U3 MPUYMH MHOTUX CEPbE3HBIX
3a0oneBanuii [1]. 3a mocneaane 7-8 neT MOOUIIBHBIN TeTePOH CTaT HEOTHEMIIEMON YacThIO
Hateit sxu3Hu. CerofHs HaMm yXe TPYIAHO MPEACTaBUTh, KaK 3TO MBI paHbIlle 00XOIUINCH
0e3 Takoi HYXHOU, YA0OHOM, IPOCTO HEOOXOAMMOMN BEIIU. BOJBITMHCTBO JIFO/IEH, Clydai-
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HO BBIW/IS HA yuIly 6e3 MOOMIIbHUKA, YYBCTBYIOT ce0s Kak «0e3 pyK», Wi 0e3 BaKHOU Je-
TaJIM OICXKIBI — B 00IIEeM, HEKOM(OPTHO U HEYIOTHO. HekoTopble mpencraButenu oduim-
aTbHOM MEIUIIMHBI, @ TAKXKE BEIyLIHe YUEHBIE CUMTAIOT, YTO TeNE(POHBI OMACHBI HE TOJIBKO
VISl B3POCIIBIX, HO OCOOCHHO Ui JIETEH, ¥ BOOOIIE MPEICTABISIFOT YIPO3y IS 30POBbS
BCEro yenoBevyecTBa. Bep OONMBIIMHCTBO JIO/ICH pa3roBapUBAalOT 110 MOOWJIBHOMY IO He-
CKOJIBKY YacOB B CYTKH, IPUYEM B JIF000€ BpeMsi cyTok [2]. Hamr Mo3r morsomaer 3Hauu-
TENBHYIO YacCTh JIEKTPOMATHUTHON 3HEPTUH, KOTOPYIO H3IIydaeT Tele(oH Al TOTo, YTOOBI
CBsI3aThCs ¢ 0A30BOM CTAHIIMEH CBS3M, KaK CIICIICTBHE, Y JIFOJICH, KOTOPBIC TOCTOSHHO TTOJIb-
3YIOTCSI MOOWJIBHBIMH TeJIe)OHAME MOTYT Pa3BUTHCS psJl 3a00eBaHMiA: 00JIe3Hb AJBITeH-
Mepa, Pa3IMYHbIE OMYXOJIM MO3Ta, IEMPECCUU Pa3InIHON CTETICHH TSDKECTH, MPHOOPETEH-
Hoe cnaboymue, MU30(PEHUs U APYrue pa3pylnTeabHbIE IPOIECCH B CTPYKTYPE TOJIOBHO-
ro mo3ra. OcoOEHHO BEPOSITHBIM CTAHOBHUTCSI Pa3BUTHE 3TUX 3a00JICBAaHUHN Y JIETEH, KOTO-
pble ToJB3yIoTCs TeraeoHoM B paHHeM Bospacte, oT 5 1o 10 ner. He Tak maBHO y4éHbIe
EBpocoro3a npoBeii 04eHb CepbE3HOE UCCIICIOBAHUE, PE3YIbTaThl KOTOPOTO TIOKA3AJIHU, YTO
IpU ONPENEeEHHOM YPOBHE 3JICKTPOMArHUTHOTO W3JTYYEHHS BO3MOXHBI TOBPEXKICHUS B
crpykrype JHK. [lns onpeneneHus: BpeAHOCTH BO3IEHCTBYS Tene(OHa, CYIIECTBYIOT CTaH-
JapThI, ONPEENAIOMNE BO3ICHCTBIE HA YEJIOBEKA PAMOYacTOT, U3ITydyaeMbIX MOOWJIbHBI-
MU TeneOHAMH U HCIIONB3YIOT Takoe moustue, kak SAR (Specific Absorbtion Rate) — eau-
HUILY U3MEPCHUS yICIbHON BEIMYMHBI MOTJIONICHUS U3JTYUYSHHsI OPraHU3MOM YesioBeka [3].
B kauecTBe 3KCTIepUMEHTa, 51 UCCIE0BAT MOJICNHN TeIe(OHOB, UCTIONB3YEMbIX CTYACHTAMHU
MIEPBOTO Kypca.
JlaHHbIE PUBEEHBI B TAOJIUIIE:

Moenu TenedoHOB SAR (Specific Absorbtion Rate)
Apple iPhone 5 0.95
Apple iPhone 4S 0.99
Apple iPhone 4 0.74
Samsung GT-19100 Galaxy S 11 S2 | 0.35
Samsung GT-19300 Galaxy S 111 S3 | 0.34
Samsung GT-N7000 Galaxy Note | 0.26
Samsung GT-i8160 Galaxy Ace2 | 0.50
HTC 79292 HD7 HD3 0.66
HTC Touch Diamond2 0.78
HTC T8585 HD2 Leo 0.63
Asus P835 0.34
Sony CMD-X2000 0.70
Nokia 900 Lumia RM-808 1.24
Nokia 900 Lumia RM-823 1.33
Nokia 306 Asha RM-768 0.71
Motorola RAZR V3 0.89
LG P990 Optimus 2X Star 0.55
LG KM900 Arena 1.10
LG KM570 Arena Il 0.99
LG E510 Optimus Hub 0.71
HP iPAQ 910 0.79

Hcxons u3 MOMy4eHHBIX JaHHBIX, MOJIENb caMoro Oe3omacHoro tenedona Samsung GT-
N7000 Galaxy Note, Tak kax 3Hauenue Specific Absorbtion Rate siBisiercst HAUMEHBIITUM 1O
CPaBHEHHIO C APYTUMH MOJIEISIMU.
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A cambim BpenabiM siBisiercst Nokia 900 Lumia RM-823 ¢ yposaem SAR — 1,33.

J1i1s TOro, 4TOOBl YMEHBIIUTH BPE/l, KOTOPBIH MOXET MPUHECTH UCIOJIh30BAHUE COTOBO-
ro tenedoHa, ¥ MpH 3TOM MPOAOIDKATH MOJIB30BATHCS 3TUM HYKHBIM JJIsi TIOBCEIHEBHOM
KHU3HU MPUOOPOM, HEOOXOJIUMO COKPATUTh BPEMS CeaHca pa3roBopa J0 MUHHUMyMa U BbI-
Oparh Tapu(HBIA TUIAH MO JOPOXKE, YTOOBI HE XOTEJIOCh JO0Ir0 pa3roBapuBaTh. [lokymas
COTOBBIH TesiehoH, BEIOUpANTE TOT, Y KOTOPOIO0 MUHHUMAJIBHBIN YPOBEHb H3IydeHHs. Eciu y
Tene)OHa eCTh BHEIIHSSL aHTCHHA, HE CTOUT 0e3 0c000# HYXIIbI T00aBIISITh K HEH YCHITUTE-
. O0BEM M3ITYYEeHHUS] YMEHBIIACTCS TAaKXKe IPU HCIOJIb30BAHUU TapHUTYpPHI. TenedoH B
3TOM CiIydae Jydile AepKaTh B KapMaHE BEPXHEH OACKIbI WIM CYMKE, HO HE B KapMaHe
Oprok (OJIM3KO K PerpoAyKTUBHBIM OpraHaM) WIIM Ha PeMeEIIKe, HaJIeToM Ha Iieto. Ecii Bbl
9acTo €37MTe B aBTOMOOWMJIE, TO YCTAHOBUTE BHEUTHIOK aHTEHHY — TaK Bl YMEHBIIUTE 00-
Jy4eHHE W YIYUIIHTE CBSI3b. B HOYHOE BpeMsi COTOBBIM Tele()OH CIICAYET BBIKIFOYATh, €C-
JIM, KOHEYHO, BBl HE SBJISICTECHh YSIIOBEKOM ONPEICIEHHON pod)eccru, M He KAETE BaKHBIX
3BOHKOB UMEHHO 110 HoyaM. COTOBBIi TenedoH, padoTas HOUbIO B PSKUME OXKUIAHUSA, CIIO-
coOceH HapymaTh (ha3bl cHa. Eciu BBI MOJIb3yeTech MM Kak OYAWIBHHKOM, TO MPOBEPHTE
(GyHKIMU — ceroiHs y OONBIIMHCTBA Tesie(OHOB OYAUIBHHUK cpabaThIBaeT, aXke €ClU arl-
MapaT BBIKITIOYCH.

Cremyst TPOCTBIM COBETaM, BbI COXPAHUTE CBOE 3/I0POBbE.
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Crenanos, JI.A.
BakyyMmHbIe BBIKJIHOYATETH
HayuonanwvHuuii uccnedosamenvckuii Tomckuil nonumexHuyecKuti yHusepcumen.

BakyyMHBII BBIKIIIOYAaTEIb — 3TO BBICOKOBOJIBTHBIM BBIKIIIOYATENb, B KOTOPOM BaKyyM
CILY’KMT CpEIOH JJIA TallleHMs] dJIEKTPUYECKON Ayrv. BakyyMHBI BBIKIIFOYATEb IIPEHA3HA-
YeH I KOMMYTalui (onepanuii BKIIOYEHUS-OTKIIIOUEHHS) JIEKTPUYECKOr0 TOKa, HOMH-
HAJIBHOT'O U TOKOB KOpOTKOT0 3aMbikanus (K3) B anexkTpoycranoBkax [1].

IlepBble pa3pabOTKM BaKyyMHBIX BBIKIIOuaTeneld Obutn Hayatel B 30-e rogsl XX Beka,
JEHCTBYIONIE MOJIEITH MOTJIM OTKJIOYaTh HEOOJBIME TOKU Mpy HanpspkeHusx 10 40 kBT.
JIoCTaTOYHO MOIIHBIE BaKyyMHBIE BBIKIIIOYATENN B T€ TOJBI TaK U HE OBbUIM CO3/1aHBI U3-32
HECOBEPLICHCTBA TEXHOJIOTHH U3TOTOBJICHUSI BAKYYMHOM aIlliapaTrypsl U, IPEXKIE BCETO, U3-
3a BOHUKIIMX B TO BPEMs TEXHUYECKHX TPYAHOCTEH MO MOJIepKAHUIO TITyOOKOr0 BaKyyMa
B T€pMETHU3UPOBaHHON Kamepe [2. ¢T.350].

B HacTosiee Bpems BBIKJIIOYATENM C BAKYyMHBIMH M 3JI€Ta30BBIMU JYTOTacAIIMMU
ycrporictBamu (/1Y) HaumHaroT Bce OOJIbIIE BBITECHSTHh MACISHbBIE, SJIEKTPOMArHUTHBIE U
BO3/YIIHBIE BBIKJIFOYATEIN. JTO 3HAYUT, YTO AYroracsiuue yCcTpouCTBa, BAKyyMHBIE U dJie-
ra3oBbIe He TPEOYIOT PEMOHTA, MPHOIM3UTENHHO, B TedeHue 20 JieT, B TO BpeMsi Kak B Mac-
JISTHBIX BBIKJIFOYATENSAX MACJIO MPH OTKIIOUEHUSX 3arpsa3HAETCs YacTUI[AMU CBOOOHOTO YT-
Jepoaa 1, KpoOMe TOT0, U30JISIMOHHBIE CBOWCTBA MAacia CHUYKAKOTCS M3-3a TOMAJaHUs B He-
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ro BJIard u Bo3ayxa [3. cr.12]. DTo mpuBOAUT K HEOOXOJMMOCTH CMEHBI Macia He pexe 1
pasza B 4 roga. Jlyroracsiinye ycTpoiicTBa 3J€KTPOMAarHUTHBIX BBIKJIFOYATEIeH MPUMEPHO B
TaKUe K€ CPOKH TPEOYIOT OYMCTKH OT KOMOTH, MbUTA U Biary; JIY BakyyMHBIX U 3Jera3o-
BBIX BBIKJIIOUaTeNeil 3aKII0UEeHbl B TEPMETHYHBIE 000IOUKH, U UX BHYTPEHHSISI M30JISIHS HE
MO/IBEpraeTcs BO3JICHCTBUIO BHEIIHEH Cpeibl. DJIEKTpUUECKas Jayra Mpu OTKIIOYEHHUAX B
BaKyyMe HJIM B 3JIera3e NMPaKTHUYECKU HE CHIKACT CBOMCTB Ayroracsiueil U W30JUpYIoIIe
cpensbl.

CoBpeMeHHbIE BBIKIIIOYATENH JIOJIKHBI 00J1a7]aTh KOMMYTAalIMOHHBIMU U MEXaHUUYECKUMU
pecypcamu, 00ecIeUnBaOIMMU MEKPEMOHTHBIN Tiepuoy B dKcIuryaraiuu 15 —20 ner [2.
¢1.350]. OTH ycnoBUs TPYIHOBBIIOJIHUMBI IPU TPAAUIIMOHHBIX METOAAX TallleHUs AYTH B
Maclie WM Bo3JlyXe. BO3MOXHOCTH HagbHEMINEr0 CYIECTBEHHOTO COBEPIIEHCTBOBAHMS
BBIKJIIOUaTeNeil ¢ TPaJUIIMOHHBIMU CIOCOOAMM TallleHHUs] TyTU MPaKTUYEeCKH HCYEpIaHBbI,
OJIHAKO BBIMTYCK 3TUX BBIKIIIOUYATENIEH MOKa OyAeT MPOJOHKAThCA U3-3a TOTO, YTO TEXHOJO-
T'Hsl KX U3TOTOBJICHHSI MPOCTA M MX LIeHA HIKE BHOBb OCBAUBAEMbIX BO3IYIIHBIX U 3JIETra3zo-
BBIX BBIKJTIOUaTeneu [4. cr.74].

B CCCP pazpabotanst u ¢ 1980 roga cepuitHO U3rOTOBISIOTCS BaKYyMHBIE BBIKITFOUATE-
mu Ha HanpspkeHne 10 kB ¢ HomuHATBHBIME TOKaMu oTkItodeHus 10 80 kKA. Ha ceromsimi-
HUH JICHb B MUPE HATAKEH MPOMBIIUICHHBIN BBITYCK BRICOKOHAICKHBIX OBICTPOICHCTBYIO-
IIMX BaKyyMHBIX BBIKJIIOUATENeil CIIOCOOHBIX OTKIIOYATh OOJBIINE TOKH B AJIEKTPHUYECKUX
cetsix cpenuero (6, 10, 35 kB) u Beicokoro Hanpspkenus (10 110 kB BkitounTensho) [1].

[TpuHUIMD AEWCTBUS 3aKIIOYACTCS B CIEAYIOIIEM, B MOMEHT pa3MbIKaHHsS KOHTAKTOB, B
BaKyyMHOM IPOMEXKYTKE KOMMYTHPYEMBIH TOK WHULIUMPYET BO3HUKHOBEHHUE DJIEKTpHYE-
CKOTO pa3psiia — BaKyyMHOM JyTH, CYILIECTBOBAaHUE KOTOPOW MOJICPKUBAETCS 32 CUET Me-
TaJuia, UCHAPSIOMIETOCS C TTOBEPXHOCTH KOHTAaKTOB B BaKyyMHBIM MPOMExXyTokK [4. cT.70].
[Ina3ma, oOpa3zoBaHHasT MOHU3WPOBAHHBIMHU TMapaMy METalljIa, MPOBOIMUT JIIEKTPUUYECKHIMA
TOK, TTIO3TOMY TOK MPOTEKAET MEXKy KOHTAKTaMH J0 MOMEHTA €ro Mepexo/ia yepe3 Holb. B
MOMEHT IEPEexX0/ia TOKA Yepe3 HOJIb JIyTra TacHET, a OCTaBUIMECS Mapbl METAJJIa MTHOBEHHO
(3a 7 —10 MHUKpOCEKYH/1) KOHCHCUPYIOTCSI Ha TIOBEPXHOCTU KOHTAaKTOB U JAPYIHX JeTalei
Jyroracsiie Kamepbl, BOCCTAHABIIMBAsl 3JIEKTPUUECKYIO NMPOYHOCTh BAaKyYyMHOI'O IpOMeE-
KyTKa. B TO e Bpemsi Ha pa3BeEHHBIX KOHTAKTaX BOCCTAHABIMBACTCS MPHIOKEHHOE K
HUM Hanpspkenue [4. cr.60].

Cy1iecTByIOT Takve BUIbI BAKYYMHBIX BBIKJIFOUATENIEH KaK:

1. BakyymHBIE BBIKITIOUYaTenu 10 35 kB;
2. BaKyyMHBIE BBIKITIOUATENH BhIe 35kB;
3. BaKyyMHBIE BBIKIIIOUYATETIN HArPy3KH — COBPEMEHHAs 3aMEHAa aBTOTa30BBIM BBIKJIIOUATE-

JIIM Harpy3Ku, TO €CTb ABTOIa30BbIi BHIKJIKOYATEb;

4. BakyyMmHbIe KOHTaKTOpbI 710 1 cBbiiie 1000B.

ABTOra3zoBbli BBIKJIKOYATENb — 3TO KOMMYTAIlMOHHBIN anmapar, npeIHa3HauYeHHbIA I
OTEePATUBHBIX KOMMYTAIUN AIEKTPOOOOpYyI0BaHUS. B OTIMYMe OT APYrUX THUIOB BBHIKIIO-
yaTesiell TaleHus! MIEKTPUIECKON TYTU OCYIIECTBIISIETCS Ta3aMu, TEHEPUPYEMBIMH CaMUM
BBIKJTIOYATEIIEM.

OcCHOBHBIE JOCTOMHCTBA BaKYyMHBIX BBIKITFOYATEICH, OMPEIEISIONINEe WX IIMPOKOE
MIPUMEHEHHE:

1. Bricokast '3BHOCOCTOMKOCTh IPU KOMMYTAITMH HOMHUHAJIBHBIX TOKOB 1 HOMHHAJIBHBIX TO-

KOB OTKJIFOYEHHUS;

2. Pe3koe CHIKEHHME DKCIUTyaTAaIMOHHBIX 3aTpaT 10 CPABHCHHIO ¢ MAJIOMACIISTHBIMHU BBI-

KJIFOUATEIISIMHU;

3. TlomHast B3ppIBOOE30MIACHOCTD M TIOKAPOOE30TaCHOCTD;
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4. lllvpokuii Auana3oH TEMIEpaTyp OKpY)Karolled cpelbl, B KOTOPOM BO3MOXHa pabota
BJK;

5. IloBblIeHHass yCTOWYMBOCTh K YAAPHBIM U BHOPAIIMOHHBIM Harpy3kam BCJIEJCTBUE Ma-

JIOW MacChl U KOMITAKTHOM KOHCTPYKIIMH allapara,

[Tpou3zBosibHOE paboyee MOIOKEHUE U MAJTbIe Ta0apHUTHI,

beciryMHOCTB, 4UCTOTA, Y10OCTBO OOCITYKUBaHMS;

OtcyTcTBHE 3arpsI3HEHMS OKPYKAIOLLEH CpelIbl;

Beicokast Haie)KHOCTh M 0€30MaCHOCTh 3KCIUTyaTallMM, COKpAlllEeHHe BPEMEHH Ha MOH-

TaX.

K nenocratkam BB cnenyer oTHECTH NOBBIIICHHBI YPOBEHb KOMMYTALIMOHHBIX IIE€pe-

HAIIPSPKCHUH, YTO B pAAC CIIY4acB BbI3bIBACT HCO6X0,D;I/IMOCTB MNPpUHATUA CIICHUAIIBHBIX MCP

I10 3aIUTe 000PYIOBaHUS.

©®~No
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CyBopos, A.A.
TexHo0rMsI MOAEJIMPOBAHMS YIIPABJIAEMOr0 IIYHTHPYIOLIET0 peakTopa
Hayuonanvnoiii uccnedosamenvckuii Tomckuti norumexHuyecKuil YyHugepcumen.

CyllleCTBEHHOE TOBBIIIEHUE YIPaBIIeMOCTH U 3(PPEKTUBHOCTH (YHKIIMOHUPOBAHUS
ANIEKTPOIHEPTETHUECKUX CUCTEM MOKET OBbITh JIOCTUTHYTO ITyTE€M NPUMEHEHUs YIpaBJsie-
Mmbix TexHonoruit u ycrpoiicte FACTS (Flexible Alternative Current Transmission
Systems), K KOTOpBIM OTHOCSITCS: yIpaBisieMble HIyHTUpytomue peakropsl (YILP), craru-
yeckre THpuctopHble komneHcatopsl (CTK), crarmyeckne CMHXpOHHBIE KOMIIEHCATOPHI
(CTATKOM) u npyrue. Cpenu FACTS ycrpoiicTB Hanbosee pacpocTpaHEHHBIM B HACTO-
siiee BpeMsi, 0COOCHHO B POCCHIMCKHUX CeTAX, siBisieTcst YIIIP, ocHOBHBIE Ha3HAYEHUS KOTO-
pOro: KOMIIEHCAIMsI pEaKTUBHOM MOIIHOCTHU AJISl PETYIMPOBAHUS HANpPSHDKEHUS U MUHUMU-
3alMsl OTEPH 3a CUET YMEHBIIECHHS IOTOKOB PEaKTUBHOM MOIIHOCTH. B pOCCHICKHX CeTsIX,
Kak TIpaBuiio, npuMensitotres 1ea tuna YIIIP: VIIIP tpancopmaroproro tuma (YILIPT) u
YHIP ¢ nonmaranuuBanueM (YIIPII), kotopoMy nocpsiiieHa fJaHHas padboTa.

YIIPII BeInonHsIeTCS HAa OOIIMX MPUHIMIAX TPAaHCHOPMATOPOCTPOSHUS U, KaK MIPABUIIO,
Ha OOIIEM CEepJCUYHUKE PEaKTOpa pacroaraeTcsi cereBas 0OMOTKa, KOMITEHCUPYIOMasi 00-
MOTKa U 00MOTKa ympanieHus. CereBasi 0OMOTKa SBJISIETCSI OCHOBHOM paboueil 00MOTKOH,
yIpaBisiiomias MOJKIOYEHA K PEryJupyeMOMY [0 3HAUYEHUIO HCTOYHHKY IOCTOSIHHOTO
HanpspkeHusa. Kaxas u3 oOMOTOK CO37aeT CBOM MarHUTHBIE ITOTOKH: CeTeBas 0OMOTKa —
MepeMEeHHbIN MOTOK MPOMBIIUIEHHOW YacTOThI; YIPABJIAIONIas — MOCTOSHHBIN, perynupye-
MBI 110 3HAYEHUIO TIOTOK NoAMarHuunBaHus. I1ocTOSAHHBIM MOTOK NOJMAarHMYMBaHUs CMe-
1[aeT MepeMEHHBIN MOTOK B 00JAaCTh HACHIIMICHUS KPUBOM HaMarHWUYUBAHMS CTalIH, YTO U
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IIPUBOJUT K HM3MEHEHUIO HMHIYKTUBHOI'O COIIPOTUBIEHUS ycTpoucTBa. lIpu HacelmeHun
CEpACYHMKA BO3HUKAET UCKAKCHUE CUTHAJIA, @ UMEHHO IOSBIIACTCS TOK TPEThEH rapMOHM-
KM, JUIl OTPAHUYEHUSI KOTOPOTO IIPUMEHSETCA COCAUMHEHHAsI B TPEYIOJbHUK KOMIICHCALIU-
OHHas oomoTKka [1].

[Ipu dopmupoBaHuM ypaBHEHHH, ONMMCBHIBAIOMIMX Iporecchl nporekaromue B YIIIPII,
YUUTBHIBAETCS B3aMMOJIEHICTBUE KaXK10i 0OMOTKHU (ha3bl ¢ COOCTBEHHBIM OCHOBHBIM MarHUT-
HBIM TTIOTOKOM M TIOTOKOM paccenBaHus. CoriaacHo 0003HAYEHHOMY IOJIXOAY CO3/1aBacMast
MareMaTudeckass MoJeNlb JI0JDKHA OOBEeJUHATh B cede cucreMy ypaBHEHHMH Tpex a3
TPeX0OMOTOYHOTO PEAKTOpa, KOTOpast BKIIOYAET B CEOS:.

1. YpaBHEHMsI MarHUTOCBA3aHHBIX OTOKOM (ha3bl KOHTYPOB Ka)KaA0il OOMOTKHU:.

,% L _&+r .. =u.. W ,% % i..=0
COi dt COi dt COi"COi COi KOi dt "KOi dt KOi"KOi
W, 4P L hvo lvodvor = U rJie: W, — YHCJIO BUTKOB j — OW OOMOTKH; i — (a3l
Vo g +Lyoi dt"'yO[in—in y TACT Wy ] - y 1=
A B, C;

2. YpaBHEHHsI MarHUTOIBMKYILIUX CHJI JUISl K&XKHOH (hazbl:

Weor *cor +Wicor * i +Woyi “loyi = B
rne F,, — HaMarHuuuBarolas cuia Juist (assl i, onpenensemMas ¢ y4eToM BO3MOKHOTO

HaChIICHUA CTAJIA BBIPAXKCHUCM. F

i = K, D

[lomyueHHble cUCTEMBl YpaBHEHUH IMO3BOJISIOT CUHTE3MPOBATH COOTBETCTBYIOLIYIO Ma-
temaruueckyro Mozens YIIPII, BocnponsBozsiiyto npouecchl B 0OMOTKaX, ¢ y4eTOM Mar-
HUTOITPOBO/JIA U €0 HEJIMHEWHOCTH, a TAK)KE MPOrPaMMHO-AIIIAPATHON peain3alyy JaHHON
MOJIETIH, KOTOpasi MO3BOJIUT O€37€KOMITIO3UIIMOHHO U HEIPEPHIBHO B PEabHOM BPEMEHH U
Ha HEOrPaHMYEHHOM MHTEpPBAaJ€ OCYLIECTBISATH 00pabOTKY TaKOro poAa MaTeMaTHYeCKUX
MOJIeJIeH, coieprKaliX KEeCTKYI0 HeJTMHEHHYI0 cucTeMy TudQepeHInaTbHbIX YpaBHEHHH,
C rapaHTHPOBAHHOM TOYHOCTHIO. PerieHne Takol Mojenu YMCIEHHBIM MyTeM He 3pdek-
TUBHO, B CBSI3M ¢ HEOOXOAMMBIM JUIsl 3TOTO YIPOILEHUEM U OrpaHUYEHUEM MaTeMaTH4eCcKOn
MOJIENIN, U KaK CJIEJCTBHE COKPAIIEHUEM MOJIHOTHI U JJOCTOBEPHOCTU MOJIEIIMPOBAHUS.

Co3nanue ykazaHHOM MOJIENU U pa3paboTKa albTEPHATUBHOIO MYTH PEIIEHHs, a TaKKe
IIPOrpaMMHO-AINAPaTHBIX CPEJICTB, aAANTUPOBAHHBIX Ul MPUMEHEHHUS B COOTBETCTBYIO-
el cpeae mognenelt DOC sBIsAEeTCA BECbMa aKTyaJlbHOM 3a/adyeil, C PELIEHHEM KOTOPOU
CBsI3aHHA JlaHHas paboTa, BKIIOYAIOIIAsi CHHTE3 0003HAYEHHOM MaTeMaTHYecKOW MOAETH U
CO3JIaHME IPOTrPaMMHO-AINAPaTHBIX CPEACTB — CIIEHUAIN3UPOBAHHOrO mpoueccopa YIIIP
(CIIP), cTpyKTypa KOTOpOro n3o0pakxeHa Ha pUCyHKe 1.

B coctaB CIIP Bxonsr:

1. Muxkponponeccopusiii yzen (MIIY), ¢ nomompto kortoporo moxenupyercs CAY
YHIPII u Bc€ unpopmanmonHoe yrpasienue. MIIY comepkuT HeHTpanbHbI U nepude-
PHUIHBIIT MUKPOKOHTpOJUIEp M aHajoro-mudposoi npeodbpazosarens. CAY YIIPII nmeer
TPU KaHaja: M0 HaMpsHKEHUIO, N0 TOKY U M0 peakTUBHOM MolrHocTH. Kakaplii kaHai co-
JeP>KUT 3alUTy OT MEPErpy3Ku U OT nepeHanpskeHus. EcTb pexumsl GpopcrpoBaHHOM 3a-
rpy3ku U pasrpysku YIIPII. M3menenue conporusnenus YIIPII nponopunoHansHO OT-
KJIOHEHUIO HAIPSDKEHMSI, TOKA WM PEaKTUB-
HOM MOIITHOCTH OT YCTaBKH.

2. 'mGpuanbIi compolieccop peakropa
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creMbl au¢ hepeHInanbHbIX ypaBHeHUH MaTremarndeckoit mogenu YIIIPII B peansHOM
BPEMEHHU M Ha HEOrpaHUYEHHOM HHTepBaiie. Boixoausle nepemennsie ['CP npeacrasnstorcs
BBIXOJIHBIMU HAITPSDKCHUSAMHE, KOTOPbIE TPe00Pa3yroTCs ¢ MOMOIIbIO Tpeodpa3oBareeit U/
B MojieNbHbIe (pu3nyeckue Toku. HerpepbiBHas HHPOpMaILKs O HAIPSKEHUSAX B BBIXOIHBIX

y3J1ax ¢ IOMOILBIO IOBTOPUTENS HarpsbkeHuil BBogures B I'CP.
Pucynok 1. CTpykTypa crienuaau3upoBaHHOro npoieccopa YIIIP.

3. Jlns ocylIecTBIEHUS] BCEBO3MOXKHOTO CIIEKTpa Tpex(a3HbIX U Mo(ha3HBIX MPOJOIBEHO-
nonepeunsix kommytanuil (IIK) ucnones3yercst nudpo-ynpapiseMble aHAJIOTOBbIE KIIOUH.
[lepexomHOE COMPOTHUBICHNE KOMMYTAIMN PEATM3YETCS C MIOMOIIBIO HU(DPO-YIIPaBISEMbIX
COMPOTHUBIICHUM.

PazpaboTannsiii mogoousM oopazom CIIP amantupoBan 11 ucmonab3oBaHus Bo Beepe-
KMMHOM MOJIEIUPYIOIIEM KOMIUIEKCE PEalbHOrO0 BPEMEHU 3JIEKTPOIHEPreTHUYECKUX CH-
CTE€M, KOTOPbI ObUI CO37aH B DHEPreTUYECKOM MHCTUTYTE TOMCKOro MOJIMTEXHUYECKOTIO
yYHUBEpcUTETA [2].

Jlureparypa:

1. Bpsnues A.M. Ynpasisiemble MOoJMarHiYuBaHUEM SJICKTpUUYECKUE peakTopbl. M.: 3Hak,
2004.

2. boposukos 0. C., I'yceB A. C., CynaitmanoB A. O. [IpuHIMIIBI TOCTPOSHHS CPEICTB
MOJICIMPOBAaHUSl B PEAJIbHOM BPEMEHU HMHTEIJIEKTYAJIbHBIX dHEPrOCUCTEM. DJIEKTpUYe-
cTBO, 2012, Neb.

Hayun. pyk.: I'yceB A.C., A.T.H., mpod. xad. IIC.

YucTuxun, A.A.
JlanbHue dJIeKTponepeaavyu NepeMeHHOro U NOCTOSTHHOT0 TOKA
HA CBEPXBbICOKHMX HANPSKEHUAX
Hayuonanvnoiii uccnedosamenvckuii Tomckuti norumexHuyecKuil YyHugepcumen.

B nanHoli ctathbe MHOI OyAyT pacCMOTPEHBI OCHOBHBIE BOIPOCHI, CBSI3aHHBIE C TEOpHUEN
nepefadu NIEKTPUUECKOW DHEPrHMM MEPEMEHHBIM M IOCTOSHHBIM TOKOM, IIPEUMYIIECTBA
nepeqavu MEKTPOIHEPTHH HAa CBEPXBBICOKUX HANpPSIKEHUSX, BIMSHUE HANPSIKEHUS dJICK-
Tponepenay Ha ux 3(dexkTUBHOCTb. Takke CTaThsl COJAEPXKUT OOIIME MOHATUS U CBEJICHUS
00 3HEpreTUYECKUX CUCTEMaxX U JIMHUSX JIEKTporepeiad.

1.PoJb 371eKkTpOnepenay CBEPXBbICOKOI0 HANPSKEHUSI B JHEPreTHYECKHUX CHCTeMax

DJeKTporepeaud CBEPXBBICOKOTO HANPSHKEHHs 3aHMMalOT 0CO00€ MECTO B COBPEMEH-
HBIX SHEPreTUUECKUX CUCTEMAX U UTPAIOT BAKHYIO POJIb B COBPEMEHHOM SHEPIETUKE, SIBIISI-
SICh CBSI3BIBAIOIIMM JJIEMEHTOM BO BCEH 3Heprocucteme cTpanbl. Ob6magast OOJBIION MPo-
MIYCKHON CIIOCOOHOCTBIO, TaKHe Mepeiauyd SBISIOTCS CUCTEMOOOPA3YIOIMMH JHHUSAMH U
MOBBIIIAIOT HAJEKHOCTh M AKOHOMHYHOCTH pabOThl 3HEprocucreMsl. YernoBeuecTBo Bce
BpeMsl CTapaeTcsi OBBICUTH HAIIPSHKEHUE B AJIEKTpoIepeaayax /Uil MOBbIICHU UX dPdek-
TUBHOCTHU. Pa3BUTHE SHEPreTHUYEeCKUX CHCTEM BO BCEM MHPE XapaKTEpU3yeTCs MPOILIECCOM
WX CIIUSHUS BO BCe Ooyiee KpyMHbIE 00BEINHEHHsI. DTOT MPOILIECC COMPOBOXKIAETCS COOPY-
KEHHEM MOIIHBIX MEXKCHCTEMHBIX CBSI3€H, XapaKTep KOTOPBIX OMpeAessieTcs yAajleHHO-
CTBIO O0BETMHAEMBIX CUCTEM U YCIOBHSAMHU OajaHca aKTUBHOM MOIIHOCTH B K)XJOM U3 Ya-
cTell 00beTMHEHHOM CUCTEMBI B TOT WJIM HOM 1eproJ] BpeMeHu. [pu aTom, 3a1aya nepenaun
IEKTPUUECKON SHEPIMU HA PACCTOSHUE HE CBOAMUTCS TOJIBKO JIMIIb K TPAHCIIOPTY JJIEKTPO-
SHEpPruy WJIM BblJIau€ MOIIHOCTU KPYMHBIX CTaHIUI B ceTh. Cepbe3HOl sBIseTCs Jpyras
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3ama4ya- 00pa3oBaHUE IEKTPUUECKUX CHUCTEM, O€3 KOTOPBIX HENb3s IPEICTaBUTH cede pas-

BUTHE COBPEMEHHOM 1 TeM Oosiee Oyaymiel sHepreTuku. Takum oOpa3oM 3j1eKTponepeiaun

OOBEAMHSIOT HEPTeTUUECKUE CUCTEMBI, YTO YBEJIMYMBACT HAJCKHOCTH PAOOTHI CHCTEM H

obecrieunBaeT HaUBBITOAHEHIIINE PEXUMBI PAOOTHI 3TUX CUCTEM.

2. KOHCTPYKTHBHBbIE 0COOEHHOCTH JIMHHI CBEPXBBICOKOT0 HATIPSIKEHU S

OnHOl M3 OCHOBHBIX OCOOEHHOCTEW BO3JYLIHBIX JIMHUHA CBEPXBBICOKOIO HAIPSKEHUS
SBJISIFOTCSL paclIeIUIeHHbIe TIpoBosia (a3, TO eCTh Kakaas (paza JTMHUU BBIOJIHIETCS B BUJIE
CHELUATIbHOM KOHCTPYKLMM W3 HECKOJIBKUX IPOBOAOB, PACIHOJIOXKEHHBIX IO BEPLIMHAM
IIPaBUIIBHOIO MHOTOYTOJIbHUKA Ha OINPENIEIEHHOM PacCTOSHUM ApYr oT Apyra. Yucio npo-
BOJIOB B (pa3e MoxeT KojebaTbes oT 2 10 10 u Oosiee B 3aBUCUMOCTH OT KJIacca HAIIPSKEHUS
JIMHUY, TaK, HanpuMep, Ha JuHUsIX 330 kB mpuMmenstoTcs ABa nmpoBoaa B ¢ase, B TO BpeMs
kak juist Jiuauid 1150 kB ucnons3ytor 8-10 npoBooB. [IprunHbI MCIIONB30BaHUS paclier-
JeHHOU (ha3pl 00YCIIAaBIMBAIOTCS HECKOJIBKMMHU (DaKTOpAaMH: YBEITHMUEHHEM IPOITYCKHON
CIIOCOOHOCTH, CHM)KEHHEM HANpSHKEHHOCTH M KakK CIIEACTBUE YMEHbBLICHUEM TIeHepaluu
MOMEX ISl BHICOKOYACTOTHOM CBSI3U.

3. Buabl 3HepreTn4ecKux CHCTeM

DJEeKTPOIHEPreTUYECKON CUCTEMOM Ha3bIBAaeTCd OOBEAMHEHHE OTAEIbHBIX 3JIEKTPO-
CTaHIIM{ JIMHUSMH JJIEKTPOIIEpeadd Ha TapajuIeNbHYI0 padoTy Ui JIEKTPOCHAOKEHUS
oTpedUTeNe, Takas SHepreTudecKas CUCTEMa YIPaBJISIeTCsl TUCTIETYEPCKUM YIIpaBIeHUEM
PaccmarpuBasi pa3nuyHble 3JEKTPOIHEPreTUYECKHE CUCTEMBI, MOYKHO 3aMETHUTbh, YTO OHU
pa3IuyaroTCcs MEXJy COOOH MO COOTHOUIEHUIO MOIIHOCTEH CTaHLUM, BXOASIIMX B COCTaB
CHCTEMBI, a TaKXe [0 PEeKUMaM Harpys3ku. Takum oOpa3oM SHEPreTH4ecKUe CUCTEMbI MO-
I'YT OBITh Pa3Je/eHbI HA MATh TUIIOB!

1) 'uaposHepreTuyeckue, UMErOIIUe B cBoeM cocraBe Oonee 50% I'DC(mo sHeprum).
Hanuuue paBHUHHBIX WM TOPHBIX THAPOCTAHIMHA CYLIECTBEHHO BJIMSAET Ha OCHOBHBIE
SHEPrO’KOHOMYECKUE XApAKTEPUCTHKH T'MJIPOIHEPIeTUUECKUX CUCTEM M UX OOBbeIuHe-
HUM.

2) Temnodukarponnsie cuctemsl, boee 50% TOLI.

3) KoHzeHcalMoHHbIe, UMEIOLIME B CBOEM COCTAaBE KOHICHCAIIMOHHBIC arperarbl, B TOM
YuCJIe HAa AaTOMHBIX AJIEKTPOCTAHLUSAX, BEIpaboTKOM O60mee 50%.

4) CucreMsbl, XapaKTepPHU3YIOIINECs] IPUMEPHO PABHBIM COOTHOIICHUEM BCEX 3 THIIOB AJICK-
TPOCTaHIUH.

5) DHepreruyeckue cucTeMbl, cocrosiiue Toiapko w3 ['DC u TOL, obnanaromue BechMa
COBEPIICHHBIMH YHEPTOIKOHOMHYECKAMH XapaKTEPHCTHKAMHU.

Ho nHorna Bo3MOXXHO CyIECTBOBAaHUE CHCTEM C TaK HA3bIBAa€MOM MOABHXKHOM CTPYKTY-
poii. Tak, 00beTMHEHNE CUCTEM IPOUCXOIUT C IOMOILBIO CEKIIMOHUPOBAHUS 3JIEKTPOCTaH-
LU, KpyIHBIE arperaTbl KOTOPOH MOTyT paboTaTh TO B OJHOMH, TO B JIPYTOil cCHCTEME, YTO
MIPUBOJUT K CHCTEME TOABIXKHON CTPYKTYPBI, TO €CTh IPU CMEHE BHEITHUX BO3JCHCTBHIA,
KOTOpbIE MOTYT OTPULATEIBbHO CKA3aThCsl HAa BBITOJHOCTH IOCTaBOK 3JEKTPOIHEPIHHU, CH-
CTeMa MO PaCHOPSLKEHUIO AUCTIETYEpa MOKET U3MEHSATh CBOIO CTPYKTYPY JUISl OJIAEP KaHUS
MIPOM3BOCTBA AIEKTPOIHEPTUU HA CTAHJIAPTHOM YPOBHE.

4. Ilepenaua 3JIeKTPOIHEPIrUU HA OCTOSTHHOM M NepeMeHHOM Toke. [IpenmymecrBa

U HEI0CTATKH

Kak wu3BecTHO, cymiecTByeT 2 crnocoba nepenadr 3JIEKTPOIHEPru: Ha MEPEMEHHOM U
MIOCTOSTHHOM TOKe. B 3aBHcHMOCTH OT (akTOpoB BbIOMpaeTcs Hanbosee MOAXOASIIMNA THIT
TOKa JJis Haubosee F3PPEKTUBHOIO U SKOHOMUYHOIO TpaHCIOpTa AJIEKTposHepruu. I'nas-
HBIM IITIOCOM ITOCTOSIHHOTO TOKa SIBJISIETCSI TO, YTO JOIyCTUMAs HaNpsDKEHHOCTh JIEKTPH-
YECKOTO TOJISI JIsl KabeJel TOCTOSITHHOTO TOKa B 5 — 6 pa3 BbIIIe, YeM NSl Kabenen nepe-
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MEHHOTO TOKa. [lJil mprMepa MOXHO CKa3aTb, YTO KaOenu, pacCuUTaHHBIE IS PabOTHI C
HOMUHAJIbHBIM HamnpsbkeHueM 35 kB mepeMeHHOro Toka, MOTyT ObITh MCIIOJIB30BaHBI VIS
ocTostHHOro Toka HampspkeHueMm 200 xB. [loaromy, HecMOTpst Ha OOJIBIIYI0 CTOMMOCTb,
repesiaun MOCTOSIHHOTO TOKa ¢ KaOeIbHBIMM JIMHUSMU 1pH AnuHax 30 —40 kM cTaHOBSTCA
COM3MEPHMBIMU 0 CTOMMOCTH € KaOeJIbHBIMU Nepe/iauaMy IMEPEMEHHOT0 TOKa MJIH JIaKe
BeIrofiHee ux. Ho ecnu nepenayn Ha MOCTOSHHOM TOKE BBIFOZIHEE U AP PEKTUBHEE, TOYEMY
K€ TOrJa B HEKOTOPBIX CIIydasX HUCIOJb3YIOTCA INepenaud Ha nepeMeHHoM Toke? Ilpexne
BCET0 IIOTOMY, YTO HEOCTATKaMU II€pead MOCTOSHHOIO ABIISIOTCS 3HAUUTEIIBHBIE TPYIHO-
CTHU TIPU BBIMOJIHEHUU ITPOMEKYTOYHBIX OTOOPOB MOILTHOCTH U BBICOKasi CTOMMOCTH IIpeo0-
pa3oBaTeIbHBIX NOACTAaHLUHN, KOTOPbIE HYKHBI AJIs1 IPeoOpa3oBaHMsl IOCTOSIHHOIO TOKA B
MEPEMEHHBIN TOK, KOTOPBIA HCIOJB3yeTcs B ObITy. M3-3a 3TOro COXpaHseTcst MHTEpeC K
npo0seMe yBeINYeHUs MPOITyCKHOW CIOCOOHOCTH JIEKTpoIepeay NepeMeHHOro ToKa, Oc-
HOBHBIM CpEICTBOM JOCTHKEHHSI 3TOM L€NU SBJSETCS MMOBBIIIEHHE WX HOMHUHAJIBLHOIO
HalpspKeHUs, A7l Toro, 4roOsl yBennuuTh ¢ dextuBHocts U K11/ nepenau Ha nepemen-
HOM TOoKe. Takum oOpa3oMm, ¢ y4€TOM 3aTpar Ha U3MEHEHHUS TOKAa C IIOCTOSHHOTO HA Iepe-
MEHHBIH, PH JaJIbHUX 3JIEKTpoIepesadyax NOCTOSHHbBIM TOK Oyzaer Oosiee BBIFOJHBIN, YeM
IIEpEMEHHBIH, a MPH JIOKAJIbHBIX- HA000POT.

B 3aximroueHne He0oOXOIMMO ellie pa3 MOJUYEPKHYTh BCIO BaKHOCTh IEKTpOIepeaad, He
TOJIKO C TOYKHU 3PEHUS NIEpEeady SJHEPTUH, HO TAK)KE C TOUKU 3PEHUS CO3/1aHUs SHEPIeTH-
YEeCKUX CHCTEM, 0€3 KOTOPBIX HEBO3MOKHO IPEICTABUTH COBPEMEHHYIO dHepreTuky. OmHoi
13 IVIaBHBIX 3a]1a4 COBPEMEHHON YHEPreTUKH SBIISETCS MOBBILLEHNE MOIIHOCTH IIepeayd Ha
MEPEMEHHOM TOKE H3-32 TOTO, YTO TEPEMEHHBIH TOK 0o0jiee BHITOJCH B AKOHOMHYECKOM
IUIaHE, HO YCTYIAEeT B MOIIHOCTH IIepefadaM Ha IIOCTOSIHHOM TOKE, YTO CKa3bIBA€TCs Ha Iie-
penavax sHepruu Ha OOJIbIINE PACCTOSHUS.
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IOpses, I1.A.
JyleKTpUYeCcKasi JIAMIIOYKA
Hayuonanvnoiii uccnedosamenvckuii Tomckuii notumexHuyeckul yHUsepcumen.

CoBpeMeHHOMY YeI0BEKY TPYAHO MPEACTaBUTh, YTO BCETO CTO C HEOOBIIUM JIET Ha3a]
AIIEKTPUYECKHE JIAMIIOUKH B HAIlIeM OBITY JeJajIi CBOU MEPBbIE IIATH.

Crincok m3obperareneit OOJMBIIMHCTBA COBPEMEHHBIX YCTPOMCTB, KaKk MPaBUJIO, OTPaHU-
YMBAETCSl OJHOW-IBYMs nepcoHaMu. CylECTBYIOT U BECbMa MHTEPECHBIE MCKIKOUYEHUS U3
sToro npasuia. Hampumep, namna HakanuBaHus. [1oBepUTh B TO, YTO MPOCTYIO JAMIIOUKY
n300pen He OJIMH, a TPUHAATh YYEHBIX, JOBOJBHO CIOXKHO. Ta jJamia, KOTOpyiO MBI HC-
MOJIb3YEM CETOJIHS, CYIIECTBEHHO OTJINYAETCs OT TO, KOTopas ObU1a H300peTeHa.
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Pycckuii u anrnuiickuii ¢pusuku Bacunmii [lerpoB n JleBu mojouim Havyano u3o0pere-
Huto Jamrnodkd. OHU 00a MOIXY4UIIM BOJIBTOBY AYTY, MOJB3YsCh OOJbLION OaTapeeil 3ie-
MEHTOB, MEX/y KOHI[AMU CTeP>KEHBKOB M3 ApeBecHoro yris. O0a ¢u3uka caenaiu BbIBOJ,
YTO BOJIBTOBA JIyra MOXKET MCIIOJIb30BaThCs B LENAX ocBelleHHs. CTEepKHU U3 IPEBECHOTO
YIJISL CTOPAJIM 32 HECKOJIBKO MUHYT M OBUIM MAJIOTIPUTOJIHBI ISl IPAKTHYECKOTO UCTIONB30-
BaHUSI.

Ecnu B3sTh 1BE MPOBOJIOKH, MOAKIIOYUTH UX K JOCTATOYHO CUJILHOMY MCTOYHHKY TOKa,
COCMHUTB, a 3aTE€M Pa3JIBUHYTh Ha PACCTOSIHHE HECKOJIbKUX MUJUIUMETPOB, TO MEXKILY KOH-
[[aMH TIPOBOJHHUKOB 00pa3yeTcst HEYTO BPOJE IUIAMEHHU C SIPKUM cBeToM. Dddekt Oyner
KpacuBee U sipye, eCId BMECTO METAJUIMYECKHX MPOBOJOB B3STh JIBa 320CTPEHHBIX YrOjb-
HBIX CTEPXKHSI.

Anrmnyanul Jlenapro, co3gan B 1809 roay nepByto JIaMIoyKy HaKaJIMBaHUS C IJIaTUHO-
BOIl HUTKIO. [IepByt0 AYTroByIO JIaMIly ¢ PY4HBIM PEryJIMPOBaHUEM JUIMHBI IyTH CKOHCTPYH-
poBai B 1844 rony ¢paniry3ckuii ¢puzuk dyko. /[peBecHbIN yroyib OH 3aMEHUIT MaJ0YKaMH
u3 TBepAoro kokca. B 1848 roay oH BnepBble IpUMEHWII AYTOBYIO JIAMITY Ul OCBELICHUS
OJIHOM U3 MAPHIKCKUX IJIOIIAIEH.

B 1875 rony IlaBen S165109KOB MpeioKui MPOCTOE pelIeHUe AJisi TyroBbixX jami. OH
pacIoyioKU YroJdbHBIE AJIEKTPOAbl HapajlyIeNIbHO, Pa3feivuB UX H3OJUPYIOIIUM CIIOEM.
N3o0perenne nMeno KojoccalbHbIA ycnex. BcemupHas BbicTaBKa, OTKpbIBIIasicss B 1878
rofy, MO3HaKOMMJIa MHOTHX 3JIEKTPOTEXHUKOB C 3TUM 3aMeuaTesIbHbIM n3o0perenuem. [lon
Ha3BaHUEM «PYCCKUH cBeT» cBeud S0J0YKOBa HCIONB30BAIUCH TMOKE IS YIMYHOTO
OCBEUICHUS BO MHOTHX TOPO/Iax MHUpA.

B 1874 rony unxenep Anekcanap JloapiriH 3anaTeHTOBAN «HUTEBYIO JaMily». B kade-
CTBE HUTH HaKaja UCIOJIb30BAJICS YTOJIbHBIA CTEP)KEHb, [IOMEILIEHHBIN B COCY] C BAKYYMOM.
B 1890 rogy JlogsIruH npugyMan 3aMEHUTh YTOJIbHYIO HUTh IPOBOJIOKOM U3 TYrOIUIaBKOIO
Bosib(pama, ¢ TemnepaTypoit Hakana 3385 rpagycos. B 1906 rony Jloasirun npogaér na-
TEHT Ha Boib(pamoByto HUTH kKommnanuu General Electric. M3-3a BbICOKOI cTOMMOCTH
BOJIb(ppaMa N300peTEeHNE HAXOAUT OTPAHUUYEHHOE TTPUMEHEHHE.

Hacrosmmii mepeBopoT B CO3AAHMU JIAMIIOYKH COBEPLIMIIM ONBITHI AMEPUKAHCKOTO
n3o0peratens DnucoHa. OH pa3padoTai MoAPOOHBIE CXEMBI DJIEKTPOCTAHIIMN U KOMMYHU-
KaIMOHHBIX JUHUHN K 31aHusAM. [lojcunTan ceGecToMMOCTh BCEX MAaTEpHaIoOB U BBIUMCIIHIL,
YTO I[eHa JJTAMIIOYKH ISl IOTPEOUTENS HE T0JDKHA TIpeBhIaTh 40 1EHTOB.

C 1878 rona on mposen 6onee 12 ThICSY ONMBITOB B cBOEH 1abopaTopuu. Ero momouHu-
ku orpoboBasii He MeHee 6000 pa3TUYHBIX BEIIECTB U COSAMHEHMIA, HA OMBITHI ObUIO U3-
pacxonoBaHo cBbiiie 100 ThicAY 101IapOB.

DMCOH 3aMEeHIIT JOMKUN OyMakHbII yrojek 0osiee MpOYHbIM, IPUTOTOBIECHHBIM U3 yT-
JI51, TIOTOM CTaJl A€JaTh OMBITHI C PA3IMYHBIMU METAJJIaMH U, HAKOHEL, OCTAHOBUJICSA HA HU-
TH U3 00YTJIeHHBIX 0aMOYKOBBIX BOJIOKOH. B 1879 romy B mpucyTCTBUHM TpeX ThICSY Yelo-
BEK DJHMCOH MyOJIMYHO JEMOHCTPHPOBAT CBOM 3JEKTPUUYECKUE JIAMIIOYKH, OCBETHB MMH
CBOM JIOM U HECKOJIBKO MPHJIETAIOIINX YITHII.

Ot0 ObUIA TIEpBasi JAMIIOYKA C MPOJOKUTEIBHBIM CPOKOM CIIYKOBI, MPUTOAHAS IS
MaccoBOTO ITPOU3BO/ICTBA.

3aciyra DIUCcOHA HE B TOM, YTO M300pel JaMIIOUKy, a B TOM, YTO OH JIaJl Ha4yajo Mpo-
MBIIIUIEHHOMY ITPOU3BOJICTBY JIAMIT M €€ COCTaBJISIIOIINX: Kalenel, AByX(pa3HbIX reHeparo-
POB U 3JIEKTPOCUYETYUKOB. [1aTpoH M 1IOKOJb, a TaKXKe MHOTHE JAPYTHE DIIEMEHTHI JIEKTPU-
YECKOIro OCBEUICHHUS, COXpaHUBIIMECS 0e3 M3MEHEHHH MO HaIlMX JHEH — BBIKIIIoYaTesu,
NPEAOXPAHUTENH, FICKTPHUUECKUE CUCTUYHKH U MHOTO€ JApYyroe — ObLIM TaKke M300pEeTeHbI
OIMCOHOM.
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CpenHsis 10IroBeYHOCTh JIaMIouky DaucoHa coctasisia 800-1000 yacoB HenpepbIBHO-
ro ropenus. Iloutn TpuaUaTh J€T JIAMIIOYKHU M3rOTABIMBAINCH CIIOCOOOM KOTODBIM pa3pa-
60Tan DIHUCOH.

Hauano XX-ro Beka — 3T0 nepBbI€ MONBITKU HANAAUTh MAacCCOBOE IPOU3BOJICTBO JAMIIO-
YeK ¢ BOJIb()PaMOBBIMH HUTSIMU HAKIMBAHH. DTO CTAJI0 BO3MOXKHBIM JUIIb B 1906-M roay
Onarogaps yeunusam Anexcanzapa Jloneirnaa u Buesama Kynumxa, TpyanBImxcs Haj J10-
CTYIIHBIMU METOJIaMH ToNTydeHus: BoibppamoBoil HuTH. B 1910 rogy Bumbsm Kymumx
n3o0peTaeT yaydIIEeHHbIM MeTOoJ] IPOM3BOACTBA BOJb(pamoBoi HUTH. Brocnencrsum
BOJIb()paMOBasi HUTh BBITECHSIET BCE PYrUe BUAbI HUTCH.

[locneaHuit 3Tam ycOBEpIIEHCTBOBAHUS JIAMIIOUKHM — HCIIOJIB30BAHUE OJIarOpOHBIX
MHEPTHBIX Ta30B [yl 3alloJIHEHUs IOJOCTH Jiamnbl. biaronaps 3ToMy HOBOBBEIEHHIO,
npeanoxeHHoMy MpBuHrom JIeHrMoopoM, COBpEMEHHBIE JIAMIIOUYKH HE TOJIBKO SIPKH, HO U
JIOJITOBEYHBI.

KoHcTpykumuy 1amMin HakajauMBaHUSL BECbMa pa3HOOOPA3HbI U 3aBUCAT OT MX Ha3HAUCHMS.
OO0muMH SIBIISIOTCS TEJIO HaKayla, Koja0a M TOKOBBOALL. B 3aBHCHMOCTH OT 0COOEHHOCTEHN
KOHKPETHOI'0 THIA JIAMIIbI MOT'YT NPUMEHSATHCS JEpiKaTeau Tela Hakajla pa3jiuyHON KOH-
cTpykuuu. Kprouku-iepxkaTenu Tena Hakaja jJaMIl HakaJuBaHUs (B TOM YMCIIE JIaMII HaKa-
JUBAHMS OOIIEro Ha3HAYCHMUS) U3TOTOBIIIOTCS U3 MonubaeHax|1]. Jlammel MoryT u3roras-
JIMBAThCSI OECLIOKOJIBHBIMHM WM C LOKOJIIMH PA3JIMYHBIX THUIIOB, UMEThH JIOTOJHHUTENbHYIO
BHEIIHIOI KOJIOY U MHBIE JIOTIOJIHUTENIbHBIE KOHCTPYKTUBHBIE 3JIEMEHTHI.

B koHCTpyKIIMM J1am1 001ero Ha3HaueHUs MPeyCMaTpUBAeTCs IPEAOXpaHUTeb — 3Be-
HO U3 (PEepPOHUKENICBOTO CIUIaBa, BBAPEHHOE B PA3phIB OJHOTO W3 TOKOBBOJOB U PACIIOIIO-
KEHHOE BHE KOJIOBI JIaMIlbl — Kak IpaBWJIO, B HOXKe. Ha3HaueHue mnpenoxpaHurens —
MIPEAOTBPATUTH pa3pylleHHe KOIObI Ipyu 0OpbIBE HUTH HaKaja B mporecce padoTsl. Jleno B
TOM, YTO TPU 3TOM B 30HE Pa3pblBa BO3HHMKAET JIEKTpUUECKas 1yra, KOTOpas pacIulaBisieT
OCTaTKH HUTH, KAIlJIM PacIUIaBIEHHOTO METajljla MOT'YT Pa3pylIUTh CTEKIJIO KOJIObI U MOCITY-
KWUTh TPUUUHON nokapa. [IpegoxpaHuTens paccuuTaH TakMM 00pa3oM, YTOOBI MPH 3aXKH-
TaHUU JIyTH OH pa3pyllajcs MoJ BO3JEHCTBUEM TOKA YT, CYIIECTBEHHO MPEBBIIIAIOIIETO
HOMMHAJIBHBIN TOK J1amnbl. DeppoHUKENEBOE 3BEHO HAXOAMUTCS B IIOJIOCTH, I'ZIE JAABJICHHUE
paBHO aTMOC(EepHOMY, [TO3TOMY JIyTra JIETKO racHeT. B HacTosiiee BpeMs OT UX NMpHUMEHe-
HUS OTKA3JIMCh U3-3a MaJION 3((EKTUBHOCTH.

[lo ¢pyHKIIMOHATPHOMY Ha3HAYEHUIO U OCOOCHHOCTSIM KOHCTPYKIUH JIaMIIbl HaKaJIuBa-
HUS IOAPA3ACIAIOT Ha!

e JlaMnbl o0miero HazHaueHus (1o cepeauHbl 1970-X rofoB NpPUMEHSUICS TEPMHUH «HOP-
MaJIbHO-OCBETUTENbHbIE J1aMIlbl»). Camast MaccoBasi Tpymia JlaMIl HaKaJIuBaHWA, Tpe-
HA3HAUYEHHBIX JJIs 1eJie 0011ero, MECTHOTO U JAEKOpaTUBHOro ocBelieHus. Haunnas c
2008 roma 3a cu€T MPUHATHS PSIJIOM TOCYAAPCTB 3aKOHOIATEIBHBIX MEp, HaPaBICHHBIX
Ha COKpAIlEHHE TPOU3BO/ICTBA U OTPAHNYECHUE IPUMEHEHNS JIaMII HAKAJTUBAHUSI C LIEIIBIO
sHeprocOepeKeH sl, UX BBIITYCK CTal COKpaIlaThCs,

® JIEKOpPATUBHBIEC JIAMITbl, BBIITyCKaeMble B (pUrypHBIX Kojbax. Hanbomnee maccoBeIMU SIB-
JISIFOTCST cBeYeoOpaszHble KOJIOBI AMAMETPOM OKOJIO 35 MM M cepruecKkue IuaMeTpoM
OKOJI0 45 MM;

® JIaMIIbl MECTHOTO OCBEILIEHUS, KOHCTPYKTUBHO aHAJIOTWYHbIE JJaMIaM OOIIero Ha3Haue-
HUs, HO PacCYMTaHHBIE Ha HU3KOe (Oe3omacHoe) pabodee Hanpspkenue — 12, 24 wm 36
(42) B. Obnacts npuMeHEeHHsI — py4YHbIe (IEPEHOCHBIE) CBETHIILHUKHU, a TAK)KE CBETUIIb-
HUK{ MECTHOT'O OCBEILIEHUS B POU3BOJCTBEHHBIX TOMEIICHUAX (HA CTaHKaX, BEpCcTakax,
/i€ BO3MOXKEH CITydaitHbIN 00 TamIib);
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® JUTIOMHUHAIIMOHHBIC JIAMITBI, BHITYCKAaeMbIe B OKpaIlIeHHbIX KoiOax. HasHauenue — wi-
JFOMHMHAIIMOHHBIE YCTAaHOBKU PA3IMYHBIX TUNOB. Kak MpaBmiio, JamIibl 3TOr0 BUIa UMe-
10T Manyro MomHOCTh (10-25 Br). OkpammBanue Kojad 0OBIYHO MPOU3ZBOJIUTCS 33 CUET
HAHECCHUsI HA UX BHYTPEHHIOIO MOBEPXHOCTH CJIOSl HEOPraHWYEeCKOro MurMeHra. Pexe
UCIOJB3YIOTCS JIaMITbl ¢ KOJI0aMU, OKpAIIeHHbIMUA CHapY)KU LIBETHBIMU JIaKaMU (I[BET-
HBIM IIAIIOHJIAKOM), UX HEJAOCTATOK — OBICTPOE BHIIIBETAHUE ITMTMEHTA U OCBIITAHUE JIAKO-
BOU IUIEHKH U3-3a MEXAHUYECKNX BO3ACUCTBUN,

® 3CpKAIbHBIC JIAMITB HAKAJIMBAHUS UMEIOT KOJOY CrenuaIbHOM (POpMBI, 4acTh KOTOPOI
MOKPBITA OTPAKAIOLINM CJI0EM (TOHKAs! IUIEHKA TEPMHYECKH PACIBUIEHHOTO aJIFOMUHHS).
Haznauenue 3epkanu3zanuu — IpOCTPAHCTBEHHOE Mepepacipeie]IieHe CBETOBOrO MOTOKa
JIaMITbl C 1ebi0 Hanbosee 3PPEKTUBHOrO €ro MCIOJB30BaHUS B Ipeenax 3aJaHHOTO
tenecHoro yria. OcHOBHOe Ha3HaueHHe 3epKanbHbIX JIH — jokanu3oBaHHOE MecTHOE
OCBEILICHHE,;

® CHUTHAJIbHBIC JIAMITBI UCHONB3YIOTCS B PAa3IMYHBIX CBETOCHUTHAIBHBIX IMpuOOopax (cpea-
CTBaxX BHU3YyaJbHOTO OTOOpa)keHHs MHGOpMALKHK). DTO JaMIIbl MaJlOil MOIIHOCTH, pac-
CUUTaHHBIC HA JJIUTEIBbHBIA CPOK CITY)KOBI, B HACTOSIIEE BPEMS BBITECHSFOTCS CBETOINO-
JaMH;

® TPAHCIOPTHBIE JIAMITBI — YPE3BBIYAWHO MIMPOKAsi TPYIIA JIaMIIl, peIHa3HAYCHHBIX JUIS
paboThl HA Pa3IMYHBIX TPAHCIIOPTHBIX CPEACTBaX (aBTOMOOWIIAX, MOTOLMKIIAX U Tpak-
TOpax, caMoJETax U BEPTONETaX, JOKOMOTHUBAX M BarOHAX KEJE3HBIX JOPOT U METPOIIO-
JMTEHOB, PEYHBIX M MOPCKHX CyJax). XapaKTepHbIe 0COOCHHOCTH: BBICOKasi MEXaHHUe-
CKasi MPOYHOCTh, BUOPOCTOMKOCTh, MCIIONB30BAaHHUE CIEIHATIBHBIX IIOKOJICH, MTO3BOJISIO-
mMX ObICTPO 3aMEHSTH JIAMIThI B CTECHEHHBIX YCIIOBHUS M, B TO K€ BPEeMs, IIPEIOTBpaIia-
IOIIMX CaMOMPOM3BOJIBLHOE BBINAJCHUE JIaMIT U3 MaTpoHOB. PaccunTaHbl Ha MUTaHUE OT
OOpTOBOM IEKTPUYECKON CETU TPAHCIIOPTHBIX cpelicTB (6-220 B);

® TIPOKEKTOPHBIE JTAMITBI OOBIYHO UMEIOT OOJBINYI0 MOIIHOCTE (10 10 kBT, paHee BbImyc-
Kamuch Jammbl 10 50 KBT) U BBICOKYIO CBETOBYIO OT/ady. MCMoOMb3yrOTCSl B CBETOBBIX
nprubopax pazIMYHOTO Ha3HAYCHHUS (OCBETHTEIBHBIX U CBETOCHTHAJIBHBIX);

® JIaMIbl ISl ONTHYECKUX MPUOOPOB, K UYUCIY KOTOPBIX OTHOCSTCS M BBIMYCKAaBIIHECS
MaccoBO JI0 KOHIIa XX BeKa JIaMIIbl 11 KHHOMPOSKIIMOHHON TEXHUKHU, UMEIOT KOMITaKT-
HO yJIO)KEHHBIE CITUPAIN, MHOTHE ITOMEIIAIOTCS B KOJIOBI CrielainbHOi (hopmbl. Mcnomnb-
3YIOTCSI B Pa3NUYHBIX MpHOOpax (M3MEpUTENbHBIE MPUOOPHI, MEAUIIMHCKAS TEXHUKA
UT. 1),

® KOMMYTAaTOpPHBIE JIAMITBI — PA3HOBHIHOCTh CUTHAIBHBIX Jamil. OHU CITY>KWUJIH UHIUKATO-
paMu Ha KOMMYTaTOPHBIX TMaHeNsiX. [IpencTaBisroT co0oi y3Kkue JIMHHBIE MUHUATIOP-
HBIE JIAMITbI C TJIaJKUMU MapajjieNbHbIMU KOHTAKTaMH, UYTO MO3BOJISET JIETKO UX 3aMe-
HATh. Beimyckanucs Bapuantel: KM 6-50, KM 12-90, KM 24-35, KM 24-90, KM 48-50,
KM 60-50, rae nepBas nudpa o3HavyaeT pabodee HaMPsHKEHUE B BOIBTAX, BTOpasi — CUITY
TOKa B MAJUTHAMIIEpaXx;

e @oTtonamIia, mepeKalbHas JIaMIa — Pa3HOBUIHOCTH JIAMITbI HaKaJIWBaHUs, TpeIHa3Ha-
YeHHast 17 padOThl B CTPOTO HOPMHUPOBAHHOM (DOPCUPOBAHHOM TIO HAMIPSHKEHHUIO PEKH-
Me. [lo cpaBHEHMIO ¢ OOBIYHBIMHM UMEET MOBBIIIEHHYIO CBETOBYIO oTnady (1o 30 mm/BT),
MaJIblii CPOK CITYOBI (4-8 "acoB) U BRICOKYIO I1BeTOBYIO TemriepaTypy (3300-3400K, no
cpasaennio ¢ 2700 K). B CCCP Beimyckanmuck ¢otomamibl MoitHOCTEIO 300 1 500 Br.
Kak npaBuiio, Mer0T MaTUpOBaHHYIO K0JI0y. B HacTosiee BpemMs MpakTUYECKH BBIIILIN
u3 ynotpebienus, 6aaroaapsi MOsSBICHUIO OoJiee JOITOBEYHBIX YCTPOMCTB CpaBHUMOM U
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1)
2)
3)
4)
5)
6)
7)

8)
9)

6oree BHICOKOM 3 (eKkTHBHOCTH. B doTomabopaTopusx 0OBIYHO OCYIIECTBISIIOCH ITUTA-
HHE TaKUX JIaMII B IByX PEXKHUMaX:.
[TunotHoe ocBemenne — HanpsbkeHue cHkeHo Ha 20-30 % c momompio JIATPa. Ipu
ATOM JIamIia pabdoTaeT ¢ HEIOKAIOM M IMEET HU3KYIO [[BETOBYIO TEMIIEPATYDY.
Homunansaoe Hanpsukerwue.[3].
V namm HaKaIMBaHUS €CTh CBOM IMPEUMYILECTBA U HEOCTATKH.
[Ipeumymecrsa:

BBICOKHI MHJIEKC I1BeTonepeaaun, Ra 100;

HaJIAXKCHHOCTh B MaCCOBOM IIPOHM3BOJICTBE;

HH3Kas 11eHa,

HEeOOJIbIINE Pa3MEPHI;

OTCYTCTBHE ITyCKOPETYJIUPYIOIIEH anmnapaTypsl,

HEYYBCTBUTEIILHOCTh K MOHU3UPYIOILCH paJualn;

YHCTO aKTHBHOE DJICKTPUYECKOE CONPOTUBIICHHUE (€AMHUYHBINA KOI(PPHUIUEHT MOIIHO-

CTH);

MTHOBEHHOE 3a)KUT'aHHE U TIepe3aKUTaHHE,;

HEBBICOKAsl YyBCTBUTEIBHOCTD K COOSIM B MUTaHUU M CKAYKaM HAIPSDKCHUS;

10) OTCYTCTBHUC TOKCUYHBIX KOMIIOHCHTOB U KaK CJICICTBUC OTCYTCTBUC H606XOI[I/IMOCTI/I B

HHPPACTPYKTYpPE 10 COOPY U YTUIIH3ALIHH;

11) BO3MOKHOCTH pabOTHI Ha JTIFOOOM POJIE TOKA,
12) HeuyBCTBHTEIBHOCTH K MOJSIPHOCTH HAMTPSHKCHHUS,
13) BO3MOKHOCTH M3rOTOBJICHHS JIAaMIT Ha CAMO€ Pa3HOe HampsuKeHue (0T J0JICH BOJIbTa JI0

COTEH BOJIBT);

14) ue3zametHoCTh Mepiianus it 60 BT, mpu GOIBIINX MOIITHOCTAX KOI(DDHUIUCHT MMyJIbca-

LM MEHBIIIE) TpH paboTe Ha IEPEMEHHOM TOKE (BaXKHO Ha MPEANPUITHSAX );

15) orcyrcTBHE Ty/eHHS IPU pabOTe HA TIEPEMEHHOM TOKE;

16) HenpepbIBHBINA CIIEKTP U3TYUCHNUS;

17) mpusITHBIA ¥ IPUBBIYHBINA B OBITY CIIEKTP;

18) ycTOWYHMBOCTD K 3JIEKTPOMArHUTHOMY UMITYJIbCY;

19) BO3MOXHOCTB HCIIOJIB30BaHHS PETYISITOPOB SIPKOCTH;

20) He OOosITCS HU3KOW ¥ MOBBIIICHHOW TEMIEPATyphl OKPYXKAIOUICH CPelbl, YCTONYUBBI K

1)
2)
3)
4)
5)
6)
7)

8)

KOHJICHCATYy.
Henocrarku:

HU3Kas CBETOBAsl OT/Jaya;

OTHOCHUTEJIBHO MaJIbIil CPOK CITYKOBI;

XPYIKOCTb, YyBCTBUTEILHOCTD K YAAapy U BUOpaLuy,

OpOCOK TOKa MpH BKIIOUEHUH (IPUMEPHO JECATUKPATHBIN);

IIpY TEPMOYAape WU pa3pblBe HUTH I10] HAPSHKEHUEM BO3MOKEH B3pBIB OaJIOHa;
pe3Kkasi 3aBUCMOCTb CBETOBOM OT/Ia4yM U CPOKa CITYXKObI OT HAIPSKEHMUS

JaMITbl HAKaJIMBAaHUS IPEACTABISAIOT MOXKapHYI omnacHocTh. Yepes 30 MuHYT mocie
BKJIFOUEHHUS JIaMI HaKaJIMBaHUS TeMIIepaTypa HapyHOM IMOBEPXHOCTH JAOCTHUTaeT, B 3a-
BHUCUMOCTH OT MOIIHOCTH, chenyromux Benuuud: 25 Bt — 100 °C, 40 Bt — 145 °C, 75 Br
— 250 °C, 100 Bt — 290 °C, 200 Bt — 330 °C. IIpu cOmprUKOCHOBEHHHU JIAMII C TEKCTHITb-
HBIMH MaTepHajaMd UX Kojba HarpeBaercst emé cuibHee. CoioMma, Kacaromasics Io-
BEPXHOCTH JIaMIIbI MOIIHOCTBIO 60 BT, BCIIBIXMBAET MPUMEPHO uepe3 67 MUHYT;

HarpeB yacTel J1amIibl TpeOyeT TEPMOCTOMKOM apMaTyphl CBETUIILHUKOB;
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9) cBeToBOI KOA(DGHUIIMEHT MMOJIE3HOTO JCHCTBUS JaMIT HAKAIMBAHUS, ONPEICISCMbI Kak
OTHOLICHHE MOIIHOCTH JIy4eil BUIUMOIO CIIEKTPa K MOIHOCTH, IIOTPEOIIIEMO OT JJIeK-
TPUYECKOW CETH, BeChbMa Majl U He mpeBbimaeT 4 %. BKiIroueHHe AIIeKTpoIaMIibl 4epes3
JMO, YTO YacTO MPUMEHSETCS C LIENbI0 MPOMJICHHS pecypca Ha JIECTHHYHBIX IUIOIIA/I-
Kax, B TaMOypax ¥ IpOYMX 3aTPyJHSIONINX 3aMEHY MecTax, emé OoJble ycyryomnser eé
HEJ0CTaTOK: 3HaunTeNIbHO yMenbinaercs KI1/I, a Taxke MosBisieTcst 3SHAaYMTENIbHOE Mep-
nanue csera.|3].

Celiuac coBpeMeHHas HayKa JIeJlaeT TaKkoe IPOCTOe U TaKoe He3aMEHUMOE H300peTeHHUE

KakK JIaMIT04Ka eliie mpoie 1 3pGeKTuBHEee, HO UMEHA TeX, KTO TPYAWIICS HaJl €€ CO3aHHEM

B [TPOLIJIOM, YK€ 3aITUCaHbI 30JI0TBIMUA OyKBaMHU B HCTOPHIO MUPOBOI HAYKH.

Jluteparypa:
1. MonmubaeH DHIMKIIONEIUYECKU CciioBaph roHoro xumuka. 2-¢ m3n. / Coct. B. A.
Kpunman, B. B. Craano. M.: [legaroruka, 1990. C. 147-148.
Tay6kun C. U. IToxap u B3pbIB, 0COOCHHOCTH UX AKCTepTu3sl M., 1999 c. 104.
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