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THE COEXISTENCE OF THE FORMS OF HETEROGENEOUS ACTIVITY IN IMM

Corina-Ana Borcosi', Mirabela-Lavinia Borcos?

“Constantin Brancusi” University of Tg-Jiu, Geneva Street, Nr. 2, Gorj, corina_ana@hotmail.com
2 Consiliul National al Intreprinderilor Private Mici si Mijlocii din Romania, Bucuresti, sondaje@cnipmmro.ro

ABSTRACT. The small and intermediate companies are economic and social entities in witch they are produced goods and services destined to the market for
satisfying the needs of the clients and obtaining profit. Even if, initially, at the making of an IMM it exists a single principal activity object, the desire to be competitive,
to last on a market witch is in a continuous transformation has generated also the appearance of other activities witch the firm does, this coexisting in the same firm.
The joint of these diverse activities at the level of IMM isn’t easy to do, this paper work containing the presentation of the specific and the ways of combining in an

entity.

CBHBMECTHO CbLUECTBYBAHE HA PA3NIW4HN BUOOBE AEMHOCTU B MC

Kopuna-AHa Bopko3s?, Mupabena-flasuHus bopko3?

" Yuusepcumem “KoncmanmuH bpankyw”, Tepey XKuy, yn. XKenesa Ne 2, l'opdx, corina_ana@hotmail.com
2 HayuoHaneH cbeem Ha yacmHume npednpuemayu 8 PymbHus,bykypeuw, sondaje@cnipmmro.ro

PE3IOME. Marnkute 1 cpegHu NpesanpusiTis ca MKOHOMWYECKU U COLMAnHN eQUHULM, B KOUTO Ce MPOW3BEXAAT CTOKM U YCryru, NpeaHasHaveHn 3a nasapa ¢ uen
YOOBMETBOPsIBAHE Ha HYXOWTE HA KNWEHTW W nonyyasaHe Ha nevan6a. [Jopu, korato npu cbagasaHeTo Ha MCIT To pa3BuBa camo efHa eauHCTBEHA [EVHOCT, B
noCrneaCTBYE XENaHNETO 3a KOHKYPEHTHOCMOCOGHOCT M NO3WLMK Ha Na3apa, KOeTo 03HayaBa HempeKkbCHATO TpaHC(OopMUpaHe, reHepupa Cb3faBaHeTo U Ha apyri
[eHOCTU 3a (hMpMaTa, KOUTO CbLUECTBYBAaT eAHOBPEMEHHO. OBeaMHABAHETO HA Tean AeHOCTU He e necHo Ha Hueo MCII. HactoswmsaT poknag npefcraes

CI'IeLLVICbVNHI/ITe nbTULla 3a KOMGMHVIpaHe Ha eiHOCTUTE B €4HO npeanpuaTue.

1. Introduction

The IMM-s thro the nature of their structure witch is less
complex than that of the big companies, have a bigger
adapting capacity to the always changing needs of the market.
This adaptation presumes the realization to a lot of distinct
activities, harmonizing continuously the resources and the
structure of the company whit the new types of activities
introduced. Distinct activities witch can coexist swimmingly at
the level of o single IMM can be: production activities render
services, unrepetitive activities and innovation activities.

2. Production activities

The classic structures of the IMM-s were conceived for the
production of material goods. The splitting of the production in
phases is considered the key of the concept of structure. Every
phase of the goods production is defined as the exploded view
assembly of the capacities, behaviors and technical means of
witch specific allows obtaining the effect of experience.

Initially the effect of experience is accredited to the learning
of the work witch has to be made dew to repetition, reducing
the time of execution and of the rerun. Latter we distinguish
more factors of internal experience:

- the learning, witch concept it bents over the production

systems and conceiving products;

- innovation, witch allows the more easy development of
the production, more cheeps, allowing the growth of the
product quality.

To these internal factors are joining some external ones like
the series effect. The longer the series are, it is manifested the
interest of purchasing some automatic means. These generate
the reducing of the production costs and of those annexes of
working the tools, with stops for changing the fabrication.

Earning experience leads to standardization and leveling the
product. If the bid overcomes the demand they are no
problems, because the demand is the main engine of the
market. In this context until were we can go? How can coexist
the big and the small series? These are questions witch the
companies’ debate more and more often. A lot of time the
fabrication of long and short series was considered
incompatible, dew to the difference of the means of realization,
rigid in one case and flexible in other.

To be able to profit fully of the advantages of the big series
production there has to be right forecasts. Small series allow a
higher incertitude. It's difficult the coexistence of a large series
production and a small one in the same firm, because it
generates technical contradictions, the type of the equipment,
and the degree and nature of automation.



It exists and some structural contradictions, the specialization
degree and the coordination way, because the big series is
more mechanist, in contradistinction to the small series, more
organic. We meet even cultural contradictions, because the big
series needs a higher conformity and strict exercise of the
hierarchy and doesn’'t admit improvisations. In change the
short series need a higher freedom of action.

The time of execution distinguishes big series from the small
ones thro the horizon, allocating and delays. The differences
between the companies with mass production and the ones
with low series production have the tendency to be stopped.
Small series allow a different attention and a prompt answer is
the demand of the clients. Big series generate the reducing of
the production costs and the accessibility of the product of a
large number of consumers. To be competitive the companies
have to accumulate advantageously the two situations.

About the structure of the IMM-s, we notice two major
changes. A global and transversal organization examines
permanently the product under all aspects: style, technical,
realization method, to count the threats and opportunities of
every aspect. The study departments and methods are
reorganized to create area managers. The business managers
consider the fully realization of an assembly. The
responsibilities agents are associates in a department
becoming the animators of a competence network.

Adapting to the client exigency brings new elements of
variation and tension. For example, it is necessary the shorting
of the delay thro the separation of the demand from the
process of delivering, witch drives to the shorting of the series
lanced in fabrication. The simple optimization of the internal
functioning isn’t possible any more. The chain of values has to
be rethought and conceiving products has to be made in the
idea of minimization of the lanced costs and those generated
by changes in fabrications. The optimization can’t be realized
on the entirety chain of value, but must searched the
optimizations on phases. what it is lost now must recover from
the existent conexion between products. This could be realized
internal, if the guy and the diversity of product allow this thing,
or appealing at the tradesmans of big series. This evolutions
was made remarked in more compartments: textiles
(Benetton), automobiles, furniture (IKEA) etc.

It is a very important evolution because rehabilitate in
discussion the integrated conception of factory organize for the
optimizations of entirety chane of values. This phenomenon is
happening in the organized factories in that manner so is
realizing the concentration on the important phases (design,
assembling, commercialization post-sell services) on a part or
the involving a entirety of partners which occupy the studies of
chane values realizing important series on the other hand.

The success of this type of restructuring depends by the
capacity of integration in a common perspective by the
dynamics of market, more independent than in situation of
hierarchic coordination.

3. Activities of prestation services

The service is defined like a prestation with immaterial
character to a client. The service place the client to a particular
position of coproducer. Alain Dumont says: ,, the services have

like finality the transformation of human competence , by an
sick motif in a healthy on , by an ignorant in one educated [...]
the world of services is the kingdom of those who know what
they doing , which creating a binder between humans”.

The service can't be stopped because is realized and
consumed concomitantly. If so immaterial the service offer
must be materialized. That materialization is more necessary
with so is speaking about by a service with an impalpable and
powerful content. Neither factory can't defalcate to the delivery
activities of services that occupying a place more or less
preponderant.

The service can be associated with a physic product. It can
be incorporate to one or many products having a
complementary function in the satisfaction of a need
(satisfacting the needs of displacement by an assembly
compose by putting at finance, the assurance).

Because of immateriality the facilitation of accessing to
services is an element induced for its activity. The location a
strategically variable fundamental in this area.

The growing participation of the client has a preponderant
function in the obtain satisfaction. Whatever will be the
complexity of processes needed for realizing the service, the
client satisfaction depends by the contact between front-office
and the direct relation with the client. The client participation
can be settling from conception to the commercialization of the
service and could have a direct consequence to the cost and to
his profitableness. If the administrate on in front-office made or
not call to an interpersonal relation, the client involving offers to
the information and communication an essential function.

The human dimension has a direct function to the client
satisfaction. She represents another variable agent of offer.
The aptness of the employs from front-office (commercial,
institutional, technical) fluctuate in function of the nature of
relation with the clients them level of complexity not being
always compatible with the level of subaltern employs.

The impossibility aculation of services made more difficult
taking serious the variation of demanding and adaptation to the
clients demand. Plus this correspondence demand-offert has a
directly function to the client satisfaction. The possibility of
equalize the frequency demand by tariffs it is one of few
instruments, available but without universal application.

The quality of services is a delicate problem. The client has a
global perception and limited to the components of the service.
His global satisfaction could be decreased by the weaklinessof
a component also if it is marginal. Because of relative
perceptions, the thinking of clients it isn't homogenous
depending by the accounts with the services producer and by
aleatorys elements which don’t depends necessary by the
delivery conditions.

The adaptation of structures centered on products at
commitment of services performance isn't spontaneous. The
services administration implicates a reflection departing by the
client, by his expectances, by the type and his grade of
implication. A central structure of production tends to
accentuate the fabrication of its products. If we wish the



disposition of the client in the center of structure, we have
three operations with key function in organizations: marketing,
the transaction of human resources and communication.

The services administration made difficult pedimental division
of works. Pedimental because the executors must understand
the concept of service at who they must contribute for being
performant.  Horizontal because must evitated the
strengthening of adaptation capacities immediate by reason of
distributing compartments.

The services administration needs more tacit understanding,
the contact agents with clients must be teachable with an
important capacity of initiative. The services administration and
bureaucracy isn’'t compatible, with exception of situation when
the client is in an absolute and dependent position.

One of the services administration target is to adapt to the
individual kind of which client and each situation. The
avalanche of services in majority of the factories isn't strange
by the priority accorded to the client and by the symbolic
switching of hierarchic pyramid.

The characteristic of activities conduct to the modifications of
the classic model of structure of procedure, norms, necessary
standards for them who works directly with the client and also
those for the back-office. The appreciate of necessity of the
requirement of derogation must be most frequently quick, just
instantaneous, in consequently, the treatment of the
exceptions have not to be complete on hierarchical line.

The development of outsourcers is achieved frequently
through the multiplication of the duty point's independent one
from the others. Thus are formed meshes of agents, shops,
hotels, restaurants. Depending on nature job and the density
customers from one zone, these meshes intend to cover a
geographical space more or less dense. Their development is
rested on instruments of growth as franchise.

4. No repetitive activities

In an environment in full of scientifically development, with
possibility of diversify the bid of products and jobs, the
innovation represent the initiatives of enterprise.

The numerousness failures and successes bring into prime
even the idea that must be the first in order to obtain from
innovation competitive important advantages. Therefore, the
enterprise must not only to stand large opened to exterior,
responsive to evolution of society but also capable of generate
quick new products and jobs and to offers them at the
opportune moment.

The Innovation don't is reduced only to the technically or
technological content and calls into play an ensemble of
complex process organizational, relational and intellective. This
process regards whole productive system in which activities
the enterprise.

The enterprise discover in a space of innovate which is built
temporally through interactions with and between investigatory,
education and industrial institution. At her turn the enterprise

must to create and to develop a new bid, new markets, new
contacts with the partners, the customers, the purveyors.

The innovation cause cooperations and decisions who
exceeds the frame of the enterprise. In certain schemes, the
technique innovation tends to externalize it self with the
purpose to enable the enterprise to focus on the market, to
theirs customers.

The hierarchical-functional model drives to division of
responsibility of the innovation between the development
department and research department. Due to the specifically
work, constrain whereat they are submissive and the external
factors wherewith enter into relationships, the engineers which
works to innovate belong to a professional communities that is
expanded outside of the frontiers of the enterprise.

Innovation doesn’t adjust to the possibilities and rhythms
from the functional hierarchical frame where the reiterative
activities take place. The cyclical vision of exploitation involve
a rapport with time in which times limits can be excided while
the innovation needs for his production a much more regular
time. The plugging dates represent for innovation fundamental
elements in challenge of decisions or arbitraries which cannot
be achieved in uncertainty.

In the innovation domain the concept of project found a
privileged way of utterance. Organize on projects determine a
change of work system and allow the proximity of some jobs
whose eclecticism do not allow cooperation in a normal way. It
introduces multiple relations and varied agreement between
professionals, about replacement of collective and iterative
processes, and linear processes produced by horizontal and
vertical division of work.

Regardless of organization’s maturity, it is necessary to
transform the structure on functions in a structure which
intercross the functions and the projects of innovation. This
transformation is easier for a company with a powerful
transversal maturity, in which exists the custom of
communication between the personnel. When administrating a
continual flux of innovations, this intercross can go fill a
matricidal structure where the innovation is incorporated to
exploitation in a perspective on a medium term corresponding
to a life cycle of a gamut of products. This way obliges to
identify the new actors, to create a process with union of
different functions.

The first difficulty is to accept the projects on functions. On
the other side, introducing a global tackling of the optimization
which can undermine the optimization on functions, it is
consolidate the level of technical constraint instigate at a
compromise.

The second difficulty ensues in construction of a
multidiscipline but limited team. The third difficulty is to adopt
the organization on logical functions of project, designate
responsible at level of studies, methods and fabrications for
entireties defined while conceiving the project.

Regardless of the meeting with difficulties, the successful
union of inconsistent activities from a company contrive at its
development.



5. Conclusions

The different activities and the coexistence forms under
which they appear, either referring on the product of material
goods, services or innovation, they diversified, adapting on the
requirements of the society which evolves.

The production of goods, either is a small or large serial, has
as a base the client’s needs. In the performing services activity
the client is seen as a co producer of that service, this relation
contribute at the standardization of some difficult services, the
relation with the client being a source of performing variation.

The no reiterative activities represent an exception,
exceptional commands of goods and services and the
manufacture of prototypes. The success of this commands
depend on optimization of production capacities available. The
achievement of an exceptional command requires changing
the structure on functions, which is useful only in the reiterative
commands. Sometimes it must be build an operationally
structure which intend only to reach the purpose settled: to
perform carry out an exceptional command the innovation of a
product or service. This new structure is similar to a company
whose existence limits itself to a certain goal.

To obtain from an innovation competitive advantages, the
company must be perceptive to the changes, sensitive to
society, to evolution but also capable to generate products and
services which have been offered to the market at the timely
moment. In innovation case is also used the projects structure
which determine the transformation of the work system and
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allow the approach of the professions whose eclecticism
doesn’t permit the normal cooperation.

The tensions between functions and projects are a source of
progress if they have as a result detection of technical and
organizational practices objectives, development of knowledge
and functions or projects abilities.

The coexistence of the heterogeneous activities forms at the
company level about the harmonization of the classical
structure on functions with the ones structured on projects is
the essence of company’s evolution which must be always
adapted to the market's requirements.

References

1. Dumitru Constantinescu, Tudor Nistorescu, Constantin
Tumbar, Gheorghe Meghisan — Economia intreprinderii,
Ed. Economica, Bucuresti, 2002.

2. Michel Cremadez — Organisation et strategie — Ed. Dunod,
Paris, 2004.

3. Pascal Charpentier, Xavier Deroy, Odile Uzan, Rolande
Marciniak, Stephane Luong, Gerard Benoist Du Sablon -
Organizarea si gestiunea intreprinderii, Ed. Economica,
Bucuresti, 2002.

4. Ovidiu Nicolescu — Managementul intreprinderilor mici si
mijlocii, Ed. Economica, Bucuresti, 2001.



ITOONLIHWK Ha MunHo-reonoxkus yHuBepcuteT “Ce. ViBaH Puncku”, Tom 51, C.III, Mexann3sauus, enektpudmkanms u aBTomatusaums Ha MuHnte, 2008
ANNUAL of the University of Mining and Geology “St. Ivan Rilski”, Vol. 51, Part lll, Mechanization, electrification and automation in mines, 2008

THE AFFAIR PLAN - IMPORTANT APPLIANCE MANAGERIAL
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ABSTRACT. In the actual situation of Romanian integration in European Union, the major directions of development of the country will be assign be lead with
programs witch will structurate the legal bed, economic, social in witch they could use the UE fund’s. The ability to have idea’s of affair's realistic, incorporated in
projects and plan’s of affair professional elaborated assures the access to the fund’s unreadable but repayable (in the case you address to a bank to obtain a borrow)
and contributes to the development of own affair.

MNAH 3A DEACTBUE - BAXHO CPEACTBO 3A YNPABJIEHUE

KopuHa-AHa Bopko3!, Mupabena-flasuHus bopko3?

" Yuusepcumem “KoncmanmuH bpankyw”, Tepay Xuy, yn. XKenesa Ne 2, l'opdx, corina_ana@hotmail.com
2 HayuoHaneH cv8em Ha yacmHume npednpuemayu 8 PymbHusi, Bykypeuw, sondaje@cnipmmro.ro

PE3IOME. Mpu peanHoTo WHTErpupaHe Ha PymbHMS B EBpOMMICKMS CblO3 OCHOBHWTE HACOKM Ha pa3BMTME Ha CTpaHaTa ca CBbP3aHW C Mporpamu, KOUTO
CTPYKTypWpaT 3aKoHOBaTa paMmKa, KaKTo U MKOHOMUYECKWTE W COLManHUTe acmekTy Mpu ycBOsSIBaHETO Ha oHposeTe Ha EBponeickus cbros. CnocobHocTTa 3a
reHepupaHe Ha WAEeW M BbBEXAAHETO UM B MPOEKTV W Cb3[aBaHETO Ha NpoecOHanHM NnaHoBe 3a AeiiCTBUE OCUTypsiBa [OCTbN A0 (hOHOOBE (JOPM B Cryvai,
koraTo ce obpbLuaTe kbM HaHka 3a NonyyaBaHe Ha 3aeM) U AoNpUHACs 3a pa3BUTUETO Ha coBCTBEHNS G13Hec.

1. Introduction F. The financial plan;
The affair plan is a method of management witch anticipates G. Appendices;
the future witch the enterprising want's for his affair. Exists
even other situations beside acquire a borrow, for witch to dra In continuance will we present each component of the plan
a affair plan: in the case to associate with another firm, in the affair to understand what really means a affair plan.
case of privatisation of the company, in the case to be quoted
at the stock exchange. Beside his use in the situation distinctes The synthesis of the affair plan comprise a short information
attendanced anterior, the affair plan wont be a appliance presentation of the firm, informations about products/services
managerial if he with not be use periodic in next aims. offered, about their market. It's describe the approach of
- evidenceat affects of different factors externalto the firm realization and assignment products/services to clients. The
(the market, the bed economic-legislativ etc.) synthesis is finished with the necessary of funds granted and

the sources of financing, making a analyse economic-financial

- the dra of proections financial for future, with the care : e )
witch demonstrates the efficiency of the affair.

that the analyse economic-financial to be favorable to

the firm, that means the indicators economic-financial to The presentation of the firm is a chapter introductory witch

reflect the return of future affair evolution . familiarize with society. They comprise here information such

o . . as: the name of the firm and administrator, behavior judicial,

To update periodic the content of a affair plan, this becomes the profile of the firm, short historical concerning the activity
a appliance decisional important of the manager. evolute.

The description of the products and services of the firm

2. Structure of a affair plan assumes the presentation of the tips of products and services
Although the structure of a affair plan is not a structure obtained, the description of processes of fabrication witch lead

standard, however, all affair plans includes the same essential at ther e realisation, to point the features characteristic of

elements : products/services accomplished (cost, attribute, performance,

A. The synthesis of the affair plan; etc.) accentuate the necessity of technology changes,

B. The presentation of the firm; indicates the evolution of techniques and technology in the

C. The description of the products and services; respective domain, at world level.

D. The program of marketing and sales;

E. The development of the products and services;
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The marketing program and sales describes the segment of
market witch the products/services address to, present the
situation of sales in the past, present and future, comprises the
possibility's of promotion and distribution of products/services,
sale conditions and payment. This chapter is very important
chiefly because him should convince the fact that the affair has
market and he is and will be gainful.

The development of the products and services comprise
informations about the future generation of products/services,
own actions of research, development, innovation, determined
the products/modern services, the market segment for each
product/new  service, valuation elaboration of new
products/services in next years. These chapter is accentuation
the band between the activity of research-development and
what the market wants.

The financial plan explains in numbers the efficiency of
activity's made be the firm pointing the success of the affair.
Here are information’s and foreseeing s concerning the costs
performed and finance collected be the firm, a situation of
cash-flow, making a foreseeing on medium term of this with the
specification of sources of financing possible. In this chapter is
very important that the foreseeings for next years to be as
more as realistic, being necessary for this for informations as
more as exact.

The plan affair is finishing with the attaching of documents
with reference to the activity and performance of the firm, to
bring a plus of information favourable, necessary to maintain
the affair plan. This documents are grouped in addition to the
affair plan, witch comprise between others and: balance
accountant agreement, agreements with actual clients, to
prove the intention of future clients to buy products/services
witch they will accomplish, price offers for machinery,
technology wich will be acquire, price offers for raw materials,
materials necessary technology process. Laying out for a affair
answers the needs to be informed on the next elements
banded on own affair:

- opportunity of the affair;

- the factors — key witch depend the success of the affair;
- resources used in starting/developing the affair;
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- the opportunity’s in evolution of the agent internal and
external witch could disturbance the starting/developing
the affair.

3. The implementation of the affair plan

The implementation of the affair plan assumes the inking to
the level of the firm witch he was made for. For his unwinding
could be extended on more years, the implementation carry’s
and revision and his adaptation to the new reality’s of the firm.
The revision of the affair plan means in fact the test of the
validity of the objectives determineed, the financial plan, the
marketing plan and their accommodation to the new situations
internal and external of the firm. Because a plan affair to be
applied with success it's necessary that the revision should be
made terminal.

In the implementation of the affair plan could appear
situations unforeseen like: modifications legislative, strikes,
natural calamity’s, etc. witch they can actuate even at the
necessity to make another affair plan.

4. Conclusions

The plan affair, as method of management, is use be
managers for setting up and development of the affairs. This
it's address with priority to management of high level of the
firm, the potential investors and creditors, making it easy to
communication internal and external over what it wants to be in
the firm in future.

The importance of building a affair plan is given be the fact
that this is an appliance of work that actuate at cognition and
conviction of the future affair partners: investors, creditors, on
affair success.
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ABSTRACT. The vector control which consists of maintaining the orthogonality between the flux and active current, strengthens the advantages of using the induction

motors, compared to the continuous current motors.

BEKTOPEH KOHTPOI NP UHAYKUMOHHUTE MALLWHK

Wnus Bopko3!, Anuna Junya?, JaHuena He6yHy 3, AHmoHu Hukonae*

" Yuusepcumem “Koncmanmut bpankyw”, Tepey Xuy, yn. enesa Ne 2, [op0x, ilie_b@utgjiu.ro
2 YHugepcumem “KoHcmarmuH bpankyw’”, Tepey XKuy, alina@utgjiu.ro

3 YHusepcumem “KoHcmarmuH bparkyw”, Tepey Kuy, dana@utgjiu.ro

4 YHusepcumem “KoHcmarmuH bparkyw”, Tepey Xuy, antonie.nicolae@uitgjiu.ro

Pestome: BeKTOpHIAﬂT KOHTpON, KomTo npeacraenaea noadbpXaHe Ha OPTOrOHANHOCT MeXAY NOTOKa W peanHua TOK AaBa NpeayMCTBO Ha WU3MNON3BaHETO Ha
WHAYKUMOHHMTE eNnekTpoaBuUraTenin B CpaBHeEHNE C eNeKTpoABUrateniTe Ha HenpeKkbCHaT TOK.

1. Introduction

For a long time, the induction motors were not a technical
solution for adjustable control (driving), even though they are
superior to the continuous current motor considering
dimensions, weight, rotor ineptness, effective power, cost,
reliability, exploitation expenses, etc.

Along with the recent developments in the power industrial
electronics domain, with applications in variable speed driving,
the adjustable driving with induction motors are used in a wide
scale.

| talk about two development directions: one connected to
the semiconductor devices (electronic valves) and the other
one connected to their command circuits.

From the point of view of the automated speed adjustments
systems with alternative current motors, a different approach
must be considered, compared to the case with continuous
current motors. At the continuous current motors, the flux and
current in the induced circuit are independent (not coupled)
and because of this, simple adjustment schemes have been
designed, fully controllable and with good dynamic
performances.

2. Asynchronous motor control principles
Until recently, the most used revolution adjustment method
for an asynchronous motor was “Scalar Control” (or “V/HZ").
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For this method, the motor works in an area in which the rotor
flux is constant (volts proportionally to speed).

In case of the asynchronous motor with short-circuited rotor,
the static converter must ensure the motor with the necessary
active and reactive power for magnetization, because it
external sources for excitation don’t exist. They must be found
in the statoric coiling of the asynchronous motor, both currents:
excitation (reactive) and couple generator (active).

Field oriented control uses the spatial phases for modeling
the AC motors, their complex structure being able to be
transformed in one similar to the CC motor, characterized by
the orthogonality between flux and current. As a consequence,
the electromagnetic couple developed by the motor has
permanently an expression of scalar product between flux and
current, similar to the couple developed by the continuous
current motors with separate excitation and so, maximum
value. Adjustment of the couple through this method is done
through decoupling the active and reactive components of the
statoric currents, generators for couple and flux.

Because the expression of the electromagnetic couple may
be written in different referential systems, solidary with the
statoric, rotoric or magnetization flux, there are a lot of variants
for adjustment schemes for each type of command.

Field control is made in a referential system which is solidary
with the flux we need information about. The components of
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the statoric current in the corresponding referential system are
similar to the excitation and to the induced current, from the
CC motor case. To elaborate a corresponding command for
the inverter, the statoric currents must be in report with a fixed
coordinates system, solidary with the stator, through a simple
coordinates’ transformation, function of the system the
command was elaborated into.

The implementation of the vector command with orientation
after the rotoric field is the most used method.

The vector command with statoric filed orientation presents
as disadvantage the necessity of measuring the statoric
tensions which in the case of the inverters with pulse width
modulation, very often used in practice due to their
advantages, are very strongly deformed and difficult to
measure.

In the specialty literature there are command modalities with
magnetization flux orientation.

There are a lot of vector command modalities, no matter the
type of orientation, with direct and indirect methods.

Direct methods need measuring of the flux (command with
flux reaction) through direct measuring of the specific
quantities with Hall sensors, measurement inductivity or
measure from the statoric coiling. These methods have been
abandoned because they present a series of disadvantages:

- the Hall sensores, mounted orthogonally, measure the
powerfully deformed signals because of the rotor's cuts’
effects and they are mechanically and thermally
solicited. The method needs special construction motors;

- the measurement coils eliminate the effects of the rotor’s
cuts through geometric mediation, but they need special
motors. Also, the measurement coils detect the flux
variations, which determines a weak behavior at low
frequencies;

- use of statoric coiling as measurement coils eliminate

the necessity of some special motors, but there is
necessary to compensate the drop of resistive tension
before integration.

Indirect command methods are based on determining the
amplitude and position of the flux phase from the so called flux
model on the basis of the measured quantities (tensions,
currents). These methods, despite their sensibility to the
machine’s parameters’ variation and of the necessity of the
speed transducer to be expensive and precise, they have a
high applicability because they don't need field transducers
(special motors). Another advantage is that two statoric
currents and the rotation speed are necessary as reaction
measured signals, the other reaction signals being calculated
in real time from the “in current’ model of the motor. That
means the stator's parameters don't affect the model, because
the statoric currents are measured.

The only important parameter of the asynchronous motor
which can be modified is the time rotor constant, Tr, which
increases in the high speed domain (decrease of flux),
because of the desaturation of the machine and decreases
with the increase of the resistance, at high temperatures.

Because of this reason, the indirect vector adjustment
methods for the speed of asynchronous motors are mostly
used, even though these methods need calculating the
reaction quantities, development of the digital signal
processors (DSP), they allow the implementation of the
complex control functions specific to the AC motors, using the
software instead of hardware components (which are more
expensive)

In fig. 1is shown a FOC control system. The AM is driven by
the conventional voltage-source inverter. This system can be
implemented using the DSC sZdspTMS320F218 and some
additional hardware.
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The C2812 is generating six pulse width modulation (PWM)
signals by means of space vector PWM technique for six
power — switching devices in the inverter. Two input currents of
the AM (ia and i) are measured from the inverter and they are
sent to the ¢218 via two analog — to — digital converters. The
current on the third phase is not necessary to be calculated
because it is obtained from the relation:

I, +1, +1, =0

The rotor position is required for variable transformation from
stationary reference frame to synchronously rotating reference
frame. The rotor position is obtained from the encoder. As a
result of this transformation, the so called Park transformation,
the g-axis current will be controlling torque while the d-axis
current is forced to zero. In this case “d” means direct and “q”
means Quadrature.

The Park transform has been around for 78 years. This
theory requires very much mathematical calculations (matrix
multiplications), which can be made in real-time with the help
of DSPs.

This theory is not limited to sinusoidal distribution and can be
applied to any kind of vector.

We start from the alimentation voltages’ vector (Vs) of the
stator (the voltage vector applied to the stator):

Vs1
Vs =|Vs2

Vs3

In fig. 2 is shown the change of the reference through Park

transformation.
v COst
/ .

Fig. 2

This referential change transforms the Vs vector in a new
vector as written below:
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Vs3 Vso Vso Vs3
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For a three-phase balanced system the following relations
can be written:

Vg +V, +V =0

Vg Vg =0
Vg Vg =0
Ve Vo =0

sq
where:

- (Vsd, Vsq, Vso) are called the Park coordinates;

- Vsq — is direct Park component;

- Vsq— is squaring Park component;

- Vso— is homo-polar Park component;

- vsois null for a three-phase balanced

- each pair of components is perpendicular to each other.

In specialty literature is used the normalized Park transform

for which the inverted matrix is much easier to calculate and
which allows building an orthogonal referential change:

0)]- 2

€0s O

cos[es—ﬁ) —sm(e —Ej
3 3
cos[ﬂs—ﬂ) —sin(es—42—nj
i 3 3

The normalized Park can be seen as a result of the
combination of the Clarke transform combined with a rotation.

—sinfg
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Clarke transform converts balanced three-phase quantities
into balanced two-phase orthogonal quantities, as in fig. 3:
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Vd

95 ost

Vs1= Va
V3

Fig. 3

Combining the Clarke and Park transforms as defined above,
we move from the three-phase rotating domain to the
stationary domain: we just need to control DC quantities in
real-time.

To drive the power switches with new values we have to re-
transform these stationary control values back into the three-
phase rotating domain. This is done with a similar transform
function called “Inverse Park’, as in fig. 1. The control itself is
done with 3 instances of a C-cellable function “PID".

3. Conclusions

The vector control offers to the asynchronous motors major
advantages in report to the CC motors for the revolution
adjustment systems.
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FUZZY ALGORITHM FOR THE COMMAND OF THE POSITION FOR THE PISTON OF AN
ELECTRO-HYDRAULIC SYSTEM
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ABSTRACT. This paper presents the way to create a fuzzy regulator used to command a fluid flow servo-valve with force reaction, this servo-valve being the
execution element of an electro-hydraulic adaptation system which adjusts the position on one axel. Practically, beginning from a value of the reference (the position
in which we wish to move the free extremity of the hydraulic cylinder’s piston’s cane), for example at half the distance the piston covers and at a value of the speed
with which the piston moves at a certain moment, the paper goes through all the stages of fuzzy algorithm and a firm value of the command which the regulator
produces in this case. The spread of the applications’ field of the numerical systems for adjustment and control of the technological processes is, obviously, sustained
by the superior performances achieved by such systems, as is the case of the fuzzy system, comparing to the conventional analogical automated systems.

ANrOPUTHM 3A YNPABINEHUE BYTANOTO HA ENEKTPOXUAPABITUYHA CUCTEMA
KonHcmanmun Kpucmunen Bunan, He6yHy [JaHuena, Kepken KoHcmaHmuH
YHugepcumem “KoHcmaHmuH Bpaxkyw”

PE3IOME. To3u [oknaj MpeAcTaBst HAauMH 3a Cb3fiaBaHe Ha PerynaTop 3a ynpaBneHuWe Ha cepBo-kmana 3a noToka Ha (hnywpa, kato Tasu cepBo-knana e
W3MbIHUATENHIUS eNEMEHT OT ENEKTPO-XWAPAaBNMYHA CUCTEMA, KOSTO Perynupa nosuuusiTa Ha efHa OT ocuTe. Ha mpakTuka, 3anouBaiikv OT JajeHa CTOMHOCT
(No3uuwsiTa, OT KOUTO MCKkaMe Aa NPUABWKIM BYTANoTo Ha XWAPABNUYHNS LUMUHOBP), HAMPUMED, HA NONOBUHATA OT PA3CTOSIHUETO, MOKPUTO OT BYTANoTo U CKOPOCT,
C KosITO ByTanoTo ce ABUKM B ONpesernieH MOMEHT, oKNadbT NpeMUHaBa Npe3 BCUYKM €Tany Ha anropuTbMa W CTOMHOCTTa Ha koMaHaaTa, KoATo Aasa perynatopa B
Aafiedns cnyyait. LLMpoKOTO pasnpocTpaHeHUe Ha MPUMOXEHWUE Ha YMCTIEHUTE CUCTEMM 3a perynupaHe U ynpaBneHue Ha TEXHOMOMMYHUTE MPOLIECH 0YEBUAHO Ce
MoALbPXa OT XapaKTEPUCTUKUTE HA Te3U CUCTEMM, KakTO e B Crlyuyasi Ha pasMUTUTE CUCTEMM, B CPaBHEHME C KOHBEHLMOHANHWTE aHanoroBi aBTOMAaTU3MpaHu
cucTemu.

INTRODUCTION The experimental model (fig. 1) we designed to observe the

In the last years, a significant increase of the number of ways in which a fluid flow servo-valve with force reaction can
various fuzzy applications has been noticed. be controlled, is a one axel positioning system.

Applications of this type have extended upon different The servo-valve we used is one of the 72 series, built by
domains, such as: hi-tech filming devices (photo and recording MOOG and is voltage controlled (-10 + +10 Vcc), with 300Q
cameras), washing machines, micro wave devices, and also resistance at the command coil.
upon the industrial control systems and the high performance
medical instruments. The hydraulic cylinder with double effect has a distance of

250mm for the piston to cover and piston’s diameter of 60mm.
‘Fe*' The position transducer WE used is a resistive transducer
Servo- Position (multiple shift potentiometer), and consists of a system which
D valve Etransducer converts the translation movement of the piston into a rotation
~ “with force L \ .
Acquisition reaction movement which is transferred directly to the potentiometer.
———— <@ board—
The control of the process is made with the help of the
computer through an acquisition and control board which is
Engine @ P based on a ATMEL 89C52 microcontroller, and which
PUP communicates with the calculus system though the serial port.
The acquisition system has:
: a _’Hyd_raulic — an analogical input to read the potentiometer;
- cylinder —an analogical output for the numerical-analogical
|TJ|< converter which controls the servo-valve;
an

— a serial communication channel for the connection with
the computer.

Fig.1. The functional scheme of the designed
experimental system
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DESIGN OF THE FUZZY REGULATOR
CHOOSING THE LINGUISTIC VARIABLES AND TERMS

To adjust the position of the cylinder's piston, we defined
three linguistic variables, associated to the input quantities
(position error and movement speed of the piston) and output
quantities (command):
- position error — an input linguistic variable which varies
between [emin <+ €max] mm;
- movement speed of piston — the second input linguistic
variable which calculates as the ratio of the distance between
two successive readings of the position transducer and the
time between the two readings, with values in the interval [Vmin
- Vmax] mm/s;
- command - output linguistic variable which varies between
[Umin +Umax].
Observation: The variation domain of the output (command) is
considered in unities of the numeric-analogical converter
(NAC) MAX 536, used for the command of the servo-valve.
This is a convertor on 12 bits with differential output (-2,5 +
+2,5), the domain in which the command of the fuzzy regulator
varies is (0 + 4096). So:
- when we want a 0 command, the number of NAC must be
2048;
- when we want a (-2,5 + 0)V command, the number of NAC
unities must be between (0 + 2048) ,
- when we want a (0 + +2,5)V command, the number of NAC
unities must be between (2048 + 4096).

It follows a vague representation of the position error for the
variation domain [emin + emax] mm and of the movement speed
of the piston for the [ vmin + Vmax] mm/s domain, through the
affiliated functions and a vague representation of the command
for the [Umin +~Umax] domain.

The linguistic variables position error may be vaguely
characterized through the following linguistic terms:
e€mn — high negative position error - with the affiliation
function:
MsMn=(emin , €min, €Mn, ezen) (1)
¢man — medium negative position error - with the
affiliation function:
Mzmdnz(eMn , €mdn , 0) (2)
€26 — Z€ro position error - with the affiliation function:
Msze=(ezen ,0, ezep) (3)
emdp — Medium positive position error - with the
affiliation function:
Hsmdp=(0 , €mdp , eMp) (4)
emp — high positive position error - with the affiliation
function:
Msz=(ezep, €Mp , €max, emax) (5)
where emin , emax ,6zen AND ezep are given as initial
data, and other parameters are to be calculated for generality
with the following relations:

Uip = emax/3; Uin = emin/3; €min = - 250, Emax = 250, €Man = 2* Uip,

€mnd = Uin; €mdp = Uip, (6)
EMap = 2* Uip;, €zen = - 100; €zep = 100;

As is observed in fig. 2a and b, for the linguistic variables:
position error and movement speed of the piston, the shapes
of the affiliated functions afferent to the linguistic terms ewmn,
Vin, €Mp, Vivp, IS like a trapeze, and for the linguistic terms eman,
Vimdn, €ze, Vze, Emdp Si Vmdp IS triangular symmetric.
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Linguistic variable speed of movement of the piston can be
vaguely characterized through the following linguistic terms:
vmn — high negative speed with the affiliated trapeze
function:
MvMn = (Vmin , Vmin , VMan ,Vzen) (7)
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Fig.2. The shape of the affiliated functions for the linguistic
variables: position error and speed of piston
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Fig.3. The shape of the affiliated functions for the linguistic
variable command

vman — medium negative speed with the affiliated
triangular function;
Mvmdn= (VMan , Vmdn ,O) (8)
Vze — zero speed with the affiliated triangular function:
Mvze= (Vzen ,0, Vzep) (9)
vmdp — zero speed with the affiliated triangular
function:
Mvmdp= (0 , Vmdp ,VMap) (10)
vmp — the high positive speed with the affiliated
trapeze function:
Mvmp= (Vzep , VMap ,Vmax , Vmax) (1 1)



To represent vaguely the linguistic variable speed of
movement for the piston, | adopted the following calculus
relations:

Uip = Vmax/3; Uin = Vmin/3 ; Vmin = - 100, Vmax = 100, VMan = 2* Uip,
Vmnd = Uin; Vmdp = Uip, (12)
VMap = 2 *Uip; Vzen = '40; Vzep = 40,

The linguistic variable command can be vaguely
characterized through the following linguistic terms:
Um.n — high negative command with the affiliated
trapeze function:
Mum-n = (Umin y Umin , UMan , Umdn) (13)
Umdn — medium negative command with the affiliated
triangular function:
MUmd-n = (UMan, Umdn, Uzen ) (14)
Unn — low negative command with the affiliated
triangular function:
Humn= (Umdn , Uminn, 0) (15)
Uo — zero command with the affiliated triangular
function:
Muo = (Uzen, 0, Uzep) (16)
Ump — low positive command with the affiliated
triangular function:
Mum-p = (0, Uminp, Umdp) (17)
Um¢p — medium positive command with the affiliated
triangular function:
MUmd-p = ( Uzep, Umdp, UMap)
Uwp — high positive command with the affiliated trapeze
function:
Mum-p = ( Umdp, UMap, Umax , Umax) (18)
To represent vaguely the linguistic variable
command, | adopted the following calculus relations:

Umin= 0; Umax= 4096; Uzen= 2000; Uzep= 2096; uin= (Uzen— Umin)/3;
Uminp=2048+ (Umdp - 2048)/2; Uminn= 2048- (Umdp - 2048)/2 ;
Umdp=2048+ Uzep + Uin} Umdn=2048- Uzen - Uin; Ump= 2048+Uzep +
2*Uin; UMn= 2048-Uzep + 2*Uin; (19)

The shape of the affiliated functions afferent to the linguistic
terms Uwn si Unyp is a trapeze, while the one of the Umdn, Um,
Um-p, Umda-p and Uo are triangular symmetric as seen in fig. 3.

When | built the base of rules, | took into account:

- the number of sequences of the base of rules (not to
mistake the number of sequences with the number of rules) is
equal to the number of linguistic terms of the input linguistic
variable position error;

- we continue to consider that the position reference is
situated at the half of the piston distance to cover;

- we consider the high positive position error when the piston
is retired into the cylinder;

- we consider the zero position error when the piston is close
to the half of the distance;

- we consider the high negative position error when the piston
almost got out the cylinder;

- the speed is positive when the piston moves to right (forward
move) and negative when it moves to left (withdraw move);

- also, the command can be low, medium and high in a
positive way when the piston goes forward, so that its speed to
become positive, low, medium and high in a negative way
when the piston retreats, and zero command when the piston
doesn’'t move.
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Taking into account the considerations above and all the
situations which may appear in the regulated process, the
whole resulted base of rules is:

R1: IF (emn ANDvwn) THEN Uwn;
R2: IF (emn AND Vman) THEN Umn;
R3: IF (emn ANDvze) THEN Uw.p;
R4: IF (emn AND vmgp) THEN Umn;
R5: IF (emn AND vmp) THEN Um_p;
R6: IF (Emdn AND VMn) THEN Umd n,
R7: IF (Emdn AND Vman ) THEN  Umd_n;
R8: IF (Emdn AND Vze) THEN Umd_n;
R9: IF (gmon AND vmgp) THEN Unn;

R10: IF (€man AND vmp) THEN Unmin;
R11: IF (Eze AND vwn ) THEN  Um_n;
R12: IF (Eze AND den) THEN Un_n;
R13:1F (¢ze ANDvze) THEN Uy;

R14:IF (€ze AND Vmdp) THEN Unmp;
R15:IF (€22 ANDvmp) THEN Umdp;
R16: IF (€msp AND vmn) THEN  Umd p;
R17:IF (€mdp AND Vman ) THEN  Umd_p;
R18: IF (€msp AND vze) THEN Umd_p;
R19: | (Emdp AND Vidp ) THEN

R20: |

F
F
F
F Umdfp;
Unm_p;

UM?p;
UM_p;

F (Emdp AND VMp) THEN
R21:IF (emp AND vmn) THEN
R22: IF (emp AND vman) THEN
R23:IF (emp ANDvze) THEN Ump;
R24:1F (emp AND vmgp) THEN Unm p;

R25: IF (emp AND vmp) THEN Uw_p;

For another value of the reference, the basis of rules will
have to be modified accordingly, in order for that a new
sequence of the basis of rules to be evaluated function of the
value. To reduce the complexity of this algorithm, we'll
consider the reference at half the distance between min and
max.

VAGUE INFERENCE. EVALUATION OF THE IF ...THEN
RULES

The vague inference is the algorithm after which the
implications IF (premise) — THEN (conclusion), reunited in a
base of rules, are evaluated. In the evaluation of the inference
we can use the MAX - MIN, MAX - PROD or SUM-PROD
compositions.

To understand the inference mechanism which is the base of
a fuzzy regulator, we have the following case study: We
consider that at a certain moment, the position error has the
value 125 and the movement speed of the piston is 25 mm/s.

To determine the affiliation degrees of these firm quantities at
the corresponding linguistic terms, we used the affiliated
functions of triangular and trapeze type.

The afferent value of the affiliation degrees of firm quantities
¢ = 125 to defined linguistic terms are according to relation
(17).

£0=10,0.,0,05,037) (20)

Proceeding in the same way for calculation of affiliation
degrees of firm quantities v=25 of piston movement speed, this
are according to relation (18).
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In any T moment, fuzzy algorithm activate rules from BRF
(as parallel process). The output of each fuzzy rule is a fuzzy
value, which result from basic operations in fuzzy logic.
Therefore each rule from BRF represent a logic expression
realized with conjunction AND operator.

Thereafter we apply AND operation of fuzzy sets, after that
on output we obtain a punctual minimum of affiliation functions
from entire definition domain of output variables.
So, for a rule from BRF with form:

R1: IF (emn ANDvmn) THEN Umn
we have:
wUwm_n=MIN (0, 0) = 0;
where:
wUw_n— is activation scalar value of fuzzy set Uu_n.
So this is a rule which won't use because the activation scalar
value of fuzzy set Uw_nof output variable is zero.

(22)

Follow up we retain only the useful rules for the supposed

numeric case which are 4.

R18: IF (emdp AND vze) THEN Umdp
For this rule the activation scalar value is: w uma_p = MIN (0.5,
0.37)=0.37;

R19: IF (imdp AND Vmdp ) THEN Umd_p
For this rule the activation scalar value is: w uma_p = MIN (0.5,
0.75) = 0.5;

R23: IF (emp ANDvze) THEN Ump
For this rule the activation scalar value is: w um_p = MIN (0.37,
0.37)=0.37;

R24: IF (emp AND vmgp) THEN Um_p
For this rule the activation scalar value is: w um_p = MIN (0.5,
0.75)=0.5.

We remark that in inference process the rules can have like
result the same output fuzzy set, in generally activated by the
different wi coefficients. This is the case of rules R18 and R19
from this example which have the output fuzzy set the
command Umd_p, respectively R23 and R24 which have the
output fuzzy set the command Uw_p. Thereafter, the inference
operation is analyzed on the entire level of BRF through a
composition technique of the elementary inferences results
(from each i rule activated).

In this case we use the composition method noted as MAX,
according whom the rules which have the same output fuzzy
set, this (output fuzzy set) is activated (ponderate) with the
maximum value of w i coefficient.

Therefore the rules R18 and R19 the output fuzzy set Umd_p
will be ponderated with w Uma_p coefficient calculated in this
way:

W Umd_p= MAX (w18, w19) =
=MAX (0.37,0.5)=0.5 (23)
respectively for the rules R23 and R24, the output fuzzy set
Uwm_p will be ponderated with w Um_p coefficient calculated in
this way:
W Um_p= MAX (w23, Wa4) =
MAX (0.37,0.5)=0.5 (24)

The form of each activate fuzzy set from entire domain of

output variable, depends on used “coding” diagram.
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We will use a coding process with correlation by product,
according to the fuzzy output of the system result by the
multiplication of the affiliation functions of the output variable,
with activation scalar value of i referred rule.

For supposed example the fuzzy output of the system is:
0 = MAX (w1s, W19) M umd_p +
+ MAX( wz3, wa4 )-mum_p (25)
which geometrical is summarized to the reunion of determinate
areas by fuzzy sets resulted from coding, figure 4.

Hu
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0,57
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2048
Fig. 4 Output fuzzy set

UNFUZZYING VAGUE INFORMATION

In this application we opted for the most used method of
unfuzzying, which offer the most consistent results, the weight
center method (centroid). According with this, if output fuzzy
sets are determinate by the inference method with product
correlation, then we may calculate global weight center from
local weight centers of each i rule from BRF, as:

+ | c +...
Umd_n Umd_n Umd_n
+..+0 |
M_p uM_p

| +o |

M_n UM_n md_n u

md_n

et o |
UM_p

| +o |
M _n U|\/|_n md

C
UM_p UM_p

+..1+0 |
M_p UM_p

(26)

(0)
v _n U md_n

where:
- wiis activation scalar value of i rule from BRF;
- liis surface area (triangle area or trapezoidal area);
- ciis the ordinate of weight center of output fuzzy set fit to i
rule.
For this numeric case the value of output is:

+o | c
"Mpmp UM _p
|

UM_p

® | c
U = Umd_p Umd_p Umd_p
k™ ® - +®
Umd_p Umd_p U
~0,5-333,3-2762,2+0.5-583,2 - 3620

0,5-3333+05-532

M_p
=30959

@7

Because the number obtained is a real number and digital —
to — analogical converter work only with integers, the value
3095,9 is rounded to proximate integer, that is 3096.

In figure 5 is represented the command interface of the
experimental system implemented in LabWindows CVI. On this
interface can observe the shape of the real response of
positional system to few variation of position reference. The



small variation of the system response around reference in
stationary condition is due to impreciseness of the position
resistive transducer.
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Fig. 5 Interface with real response of the system
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CONCLUSIONS

The control fuzzy algorithm implemented in this example with
LabWindows CVI software offers betters performances so in
transitory condition and in the stationary condition than classic
PID algorithm. (this is based on practice) being visible the
fuzzy control anticipation effect of next evolution of the piston.
The advantage comes even from capability to modify the
variation interval of linguistic defined terms, the capability
offered by relations (6), (12), (19).
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ABSTRACT. Using Digital Signal Processor (DSPs) for command and control of asynchronous motors, make these much more important in comparison with direct
current motors. The extension of numeric systems is preferable because they improve the performance and the reliability.
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PE3IOME. V13non3saHeTo Ha LMcpoBY NPOLIECOpU 3a yNpaBneHue Ha acHXPOHHU ENEeKTPOMOTOPY T MpaBy Aaned Mo-4eCTo W3NoN3BaHu OT eNexkTpPOMOTOPHUTE C
npas Tok. MpeanoynTa ce U3NoM3BaHeTo Ha LGPOBUTE CHCTEMM, ThiIt KATO Te MOAOGPSBAT XapaKTEPUCTUKUTE W HAAEXOHOCTTA.

1. Introduction With all these advantages, DCM have, compared to ACM,
The industrial processes use actuation systems which help some disadvantages:
start mechanical systems. To convert different forms of energy - have a bigger size and are more expensive for the same
(electric, hydraulic, pneumatic, thermal) into mechanic energy, developed power;
the help of motors is required. - need higher maintenance expenses because of the
brushes’ presence and of the collecting lamellas which
Usually, the electrical actuation is used because of: deteriorate in time and need to be replaced.
— electric power’s availability;
— simple connection to energy source; In the last 20 years, the revolutionary development of the
— electric motors robustness which allows overcharge in electronic systems and of the power semiconductors has been
large limits for mechanical load; determined by certain requirements regarding rational use of
- very good dynamic performances (Short time for response electric energy, reactive power Compensation, miniaturized of
between the moment when the common is applied and the the electronic systems. In this period new power
moment of it’s execution) semiconductor devices appeared and have been improved
— high energetic efficaciousness (modules with power transistors, DMOS and IGB + transistors,
— high reliability other devices with high performance isolated grill, hybrid
— low price, cost and maintenance cost systems, intelligent modules).

— possibility to modify revolution in large limits

— compatibilities between the command systems and electric
motors Texas Instruments designed the platform TMS320F2812
destined to the command and digital control of electric motors.
It ensures a high performance level, and also a low cost for the
whole command system, its architecture being built around a

DC motors, compared to the AC ones, have much higher DSP microcontroller.
performances.

— command circuits are more simple

- large domain for revolution adjustment (between 5%-
100% from the nominal revolution)

They allowed inventing (building) new types of converters.

Electric motors used in actuations may be: DC motors (Direct
current motors), AC motors and stepper motors.

Command numeric systems’ expansion is preferred because:

- they ensure an unitary character for information process
because only numeric calculus is used;

- increases and reliability of the adjustment systems;

23


mailto:%20alina@utgjiu.ro
mailto:marian@utgjiu.ro
mailto:marian@utgjiu.ro
mailto:%20alina@utgjiu.ro
mailto:marian@utgjiu.ro
mailto:marian@utgjiu.ro

2.

simplifies the structure of the equipments through
elimination of analogical regulators, of digital-analogical
converters and of the electric device which measures the
angular speed or electric voltage;

influences of the environmental conditions are
substantially reduced, and also the technological
dispersions upon static and dynamic performances of the
adjustment systems are reduced,;

the performances and reliability of the regulators are
improved, the numeric adjustment system is a
mathematical relation, adapting or changing the algorithm
assumes a simple change of the relation’s parameters or
of the whole formula and not of the circuit which
implements the algorithm;

the cost price decreases significantly.

Description of the system

The performance of the exclusively digital structures are
limited by the sampling in duration, which affects the dynamic
of the system (response time), and of the sampling in
amplitude of the signal, which affects the adjustment precision

Fig. 1

in amplitude. To compensate these disadvantages, the
following measures can be taken:

designing some performing adjustment algorithms, which
must compensate the sampling errors;
use of fuzzy techniques and of the neural networks;

The use of DSPs offers a supplementary series of
advantages:

higher speeds of operation and higher resolutions;

there can be used highly competitive adjustment
algorithms which make it possible to reduce the number of
sensors and transducers that are being used, and
implicitly of the decrease of the cost price of the entire
actuation system;

lots of data can be calculated in a short time being gifted
with powerful instructions (simultaneous addition and
multiplication)

allow the implementation of the adaptive driving systems,
because they have the necessary calculus speed to
monitor and drive the actuation system;
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- can monitor the frequency specter of the mechanic
vibrations through use of spectral analysis and of the fast
Fourier transform and, on this basis they can make a
diagnosis, meaning that they can predict, in incipient
phases, the damage states;

- allow the synthesize of the narrow band absorption filters
with which the mechanic resonance (which may determine
an instability of the adjustment system) is avoided.

In fig. 1 (below) is presented the block diagram of the speed
of a AC motor from an adjustment system:

The current through the motor is measured with the help of
two Hall transducers, mounted on two phases. The signal
output from the transducers is adapted with the help of circuit
in fig. 2.

The current transducers are LTS 25-NP type (LEM) with Hall
effect and has the transfer characteristic:
Vout = f(Ip), as in fig. 3

Vout [V]
A

Fig. 3

For a certain pin connection, the effective nominal current
from the primary circuit,
Ipn = 8A,
and the nominal output voltage is
Vour = (2,540,600)V.

In this application, the nominal current of the motor is 0,6A
and the maximum value of the current through the motor is 1A.
In this case, the maximum output voltage from the transducer
is:

Vour = (2,540,6/8)V = (2,5+0,075)V
with a 75 mV variation.

The Operational Amplifiers (OA) from the adaptation circuit
must have the offset voltage as low as possible, or even zero.

The first OA eliminates the 2,5V level, and eventually the
offset, and the second one concentrates the signal to 1,5V
because the DSP allows on the analogical inputs signals of
0+3V.
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The DSP’s analogical-digital converters are on 12 bits and
the signal will have to be adapted to 2,8672V for F, = 1A.

The signal at DSP’s input will have maximum variation
(1,5%1,3672)V with 0,7V/quantum.

To adapt the output signals into PWM and the digital input
ones, logical circuits, open collector type, are used.

3. Conclusions

Command numeric systems’ expansion is preferred because:

- they ensure an unitary character for information process
because only numeric calculus is used;

- increases and reliability of the adjustment systems;

- simplifies the structure of the equipments through
elimination of analogical regulators, of digital-analogical
converters and of the electric device which measures the
angular speed or electric voltage;

- influences of the environmental conditions are
substantially reduced, and also the technological
dispersions upon static and dynamic performances of the
adjustment systems are reduced;

- the performances and reliability of the regulators are
improved, the numeric adjustment system is a
mathematical relation, adapting or changing the algorithm
assumes a simple change of the relation’s parameters or
of the whole formula and not of the circuit which
implements the algorithm;

- the cost price decreases significantly.

The use of DSPs offers a supplementary series of
advantages:

- higher speeds of operation and higher resolutions;

- there can be wused highly competitive adjustment
algorithms which make it possible to reduce the number of
sensors and transducers that are being used, and
implicitly of the decrease of the cost price of the entire
actuation system;
lots of data can be calculated in a short time being gifted
with powerful instructions
(simultaneous addition and multiplication)
allow the implementation of the adaptive driving systems,
because they have the necessary calculus speed to
monitor and drive the actuation system;
can monitor the frequency specter of the mechanic
vibrations through use of spectral analysis and of the fast
Fourier transform and, on this basis they can make a
diagnosis, meaning that they can predict, in incipient
phases, the damage states;
allow the synthesize of the narrow band absorption filters
with which the mechanic resonance (which may determine
an instability of the adjustment system) is avoided.
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ABSTRACT. Because of the intermittence of the cutting at milling, the tool and the material are subjected to periodic oscillations, caused by the interaction of the tool
and the material processed.

Often, at processing by cutting autooscillations begin and this as a rule, brings to unsatisfactory quality of the processed surface and sometimes, to the tool breaking
and the blank damage.

The beginning of autooscilations brings to disturbance of the steady periodic motion of the tool centre, i. €. there is a presence of instability.

In the paper is researched the tool oscillation at milling by numerical simulation on the basis of simulative model of the milling process, including the tool dynamics
(the calculation scheme of the model is composed with rendering an account of the experimental dependences of the alteration of cutting force at metal processing
and the dynamic characteristics of the elastic system, determined experimentally by modal analysis) and the parameters of unevenness of the obtained surface. The
Poincare section is used in the analysis of simulation.

Dependences of cutting forces at the processing of rock materials are suggested.

The model adequacy regarding the regeneration of the surface at the rock materials processing is researched, which allows the field of the model application to be
assessed and enlarged.

The approach suggested, allows the zone of autooscillations of the system technological parameters to be determined and the quality of the processed surface to be
assessed.

LMePOBO MOOENUPAHE HA COBCTBEHWTE KONEBAHUA NPU OBPABOTKATA HA METANKU U CKANTHU MATEPUANU
YPE3 ®PE3OBAHE

Mukos U. H.", Llememoe M. I'.2, Poi6uH A. I'.2, MeseHyesa U. J1.2, CmechaHosa H. H.?

T Mockoscku ObpxageH MuHeH yHusepcumem, Pycus

2 HayuHouscriedogamesicku UHCMuUmym no aguayuoHHU mexHonoauu, Mockea, Pycus

3 MunHo-2eonoxku yHugepcumem "Ce. UsaH Puncku", Cogpus, brreapus

PE3IOME. [Mopagu npekbCHATOCTTa Ha psisaHeTo npu (ppe3oBaHe, MHCTPYMEHTLT W MaTepuambT ca MOANOXKEHW Ha MEpPUOAUYHM KonebaHus, NpeanssukaHn ot
B3aWUMOZECTBUETO UM.

Yecro, npu obpaboTka upes psizaHe, Bb3HWKBAT COOCTBEHM KonebaHWsi, KOETO, KaTo MpaBuro BOAM A0 HEYOOBMETBOPUTENHO KAayecTBO Ha obpaboTeHata
MOBBPXHOCT, @ NOHSKOTa - 0 CYyNBaHe Ha MHCTPYMEHTa 1 MOBpeX/aHe Ha 3aroToBkata.

Bb3HukBaHeTo Ha cobcTBeHN konebaHus B cucTemata npean3BuKBa HapyluaBaHe Ha PaBHOMEPHOTO MEPUOAMYHO ABWXKEHME Ha LEHTbPa Ha MHCTPYMEHTa, T. €
nory4asa ce 3aryba Ha yCTON4MBOCT.

B pabotata ce uscreaBa kone6aTenHoTo ABUKEHWE HA UHCTPYMEHTa Npu (hpe3oBaHe C M3MoN3BaHe Ha LMdpoBo MoAenupaHe Ha 6asaTa Ha cuMynaLuoHeH Mogen
Ha npoueca pe3oBaHe, BKMIOYUTENHO AWHAMMKATa HA MHCTPYMEHTa (M34MCIUTENHATa CXema Ha MOLena e CbCTaBeHa C OTYMTaHe Ha eKCriepyMMeHTanHuTe
33BMCUMOCTM Ha M3MEHEHWETO Ha YCUNMETO MpW psi3aHe npu MeTanoobpaboTka M AMHAMUYHWTE XapakTepUCTUKW Ha enacTWyHata CUCTeMa Ha MaluuHarta,
onpedeneHe eKkcriepuMEHTanHo, ¢ NOMOLLTa Ha MoAaneH aHanua). W napameTpute Ha HEPaBHOCTUTE Ha MONy4eHaTa MOBbPXHOCT. 3a aHanu3 Ha pesyntatute ot
MOZENMPaHETo e M3non3saHo n3obpaxeHnTa Ha MoaHkape.

B pabotata ca npeanoxeHu 3aB1CUMOCTM 3a CUNUTE Ha psisaHe npu 0bpaboTkaTa Ha ckanHu Matepuany. MscneaBaHa e agexkBaTHOCTTa Ha MOLiena o OTHOLLEHWE
pereHepaLsTa Ha NOBBLPXHOCTTa Npy 0bpaboTkaTa Ha ckamHu MaTepuani, KoeTo No3BonsBa Aa Ce OLieHM 1 pasLumpyn 0bracTTa Ha NpUNoXeHne Ha Mofena.
lMpeanoxeHnsT NoaxoA N03BoMsBa a Ce ONpeaeni 3oHaTa Ha COBCTBEeHUTE konebaHus B TEXHOMOMMYHUTE NapaMeTpu Ha cUcTeMaTa M Aa Ce OLEHU KayecTBOTO Ha
0bpaboTeHaTta NOBBLPXHOCT.

Quality of the surface obtained at milling is influenced by the stable cutting and obtaining of the required surface quality are
tool chatters and the forces arising between the tool and the provided to be separate.
blank. Depending on the values of the technological
parameters it is possible the values of these factors to become Different methods for assessment of the periodic oscillations
unacceptable in some areas. In such cases, it is said that a of the tool at milling have obtained wide use in the field of
loss of system stability appears, and more precisely, it has to metal working (Altintas Y., 2000; Inspeger, T., Stepan, G.,
be said that a loss of stability of its periodic motion appears. It 2000; l'ycbkoB A.M., Puibun AT, 2002). The adaptation of
is important the areas of processing parameters, where a computation models allows the use of these approaches also

at stone processing.
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The oscillating motion of the tool at milling will be computed
by use of numerical modeling on the basis of simulation model
of the milling process with analysis of the tool dynamics and
the roughness parameters of the surface obtained, suggested
for working of metals (Mukos W.H., Puibun A.l., MeseHuesa
n.01., 2008).

The computation diagram for the model in question is
presented in fig. 1.

The main parameters are: cutter radius R , teeth number Z ,
feed of the toothS,, axial cutting depthb. Elastic
characteristics of the tool fastening: rigidity k , damping
value d , natural frequency of the system P, -

Fig. 1. Computation diagram

The projection of the cutting force on the axes OX and
Oy can be recorded as follows:

F=-F Sin( J)_ R COS(goj)
F=F, COS(¢1 )- ! Sin(¢i)

(1)
(2)

The forces in radial and circumference directions could be
approximated by the dependencies (I'ycekoB A.M., PbibuH
AT, 2002):

s )(h Y
Frj = grabbz( b \) (SJZJ
s\ (hY
Fll' = gxo_bbz( b \J (SiJ

Where ,,0d, - dimensionless factors, characterizing the

(3)

(4)

condition of the tool cutting edges; b - axial depth of cutting
[m]; o
S i
[m]; g - non-linearity factor of the dependency of the cutting

force on the chip thickness. It has to be mentioned that such a
form of the record is preferable from the point of view of the
dimensions theory and is invariant with respect to the system
of the used quantities.

- strength limit of the processed material [N / m? ];

8

- feed of the tooth [m]; h. - second chip thickness

z

The full system of equations, describing the kinematics and
dynamics of the system is as follows:
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X, =X, +S,Zt+u(t)

Y. =Y, +v(t)

Xy =X, + Rsin((pJ

X‘i = yc - RCOS(¢J)

_ = Fy Sin(qoj )_ Fy COS((”] )(5)

U=-piu-2dp,u+

3|~ 3|+

ﬁ:—p:V—deo‘}‘i‘ Frj COS(¢J' )_ Fq‘ Sin(q)j)

j-0
h, < Alx,,v,,5)

In the model presented, the second chip thickness is
determined with rendering an account of the shape forming of

the surface S . The processed surface S is determined as an

array of points S = {P | P(Xk Y ),k =1,2.. }

The trajectory of the cutting edge is approximated to another
circle determined by three points (three consecutive positions
of the cutting edge). Points located on the cutting edge
trajectory are added to the surface array in case of crossing of
the approximating curve and the polygon restricting the
surface. The points, which "have to be cut’, are extracted from
the array.

The chip thickness is determined as a distance from the
cutting edge to the point of intersection of the line connecting
the center of the cutter and the cutting edge with the line of the
surface.

The research in stability is made by the Poincare section. At
the section plotting, the points of intersection of the phase
trajectory of the system with some non-tangential straight line
have to be fixed, in this case, with the axis of ordinates of the
phase plain. This way, n points of the Poincare section
correspond to the steady periodic motion. In case of stability
loss, the number of points in the section alters. The plotting of
the section depending on any parameter (in this case, on the
spindle turning velocity) gives the bifurcation diagram.

The modeling has been made for milling at the following
parameters: cutting with two-tooth cutter with diameter
14 mm, feed of a tooth 0, 1MmM, radial cutting depth 1,

5mm. Parameters of fastening:
k=3-10°H/ m, &=0,06,v=300Hz
Factors for force dependences:

9,=2,0,=1, q=1,0, =750MPa .

The computations have been made for velocities of tool
turning 9000 min-' and 10000 min-'. In the first case, the
frequency of the system excitation (frequency of the teeth
cutting-in) is equal the natural frequency of the non-damped
system. The cutting axis depth has varied from 4, 0 to 9,
6mm.

The Poincare section and character of oscillations of the
centre of cutter mass obtained according to the computation
results are presented in figures 2 and 3.



The graphics show that in the resonance area the
oscillations of the mass center in the total range, the alterations
of the axial cutting depths corresponds to the periodical motion
with growing amplitude. In case of processing at velocity 10000
min', the loss of stability begins at cutting axis depth 5,
2mm. With the increase of the cutting axis depth, the
oscillations amplitude becomes bigger than the oscillations
amplitude at resonance frequencies. From the bifurcation
diagram a conclusion can be made that in the concrete case at
loss of stability begins Poincare- Andronov- Hopf bifurcation.

Poincare section Cutter mass center movement along the axis Z

XX lg T
0.0004 “R-’.‘- ..... il 0.0004
x ; 5
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Fig. 2. Bifurcation diagram and oscillations of the centre of cutter
mass(axial cutting depth 9.6 mm) at processing at velocity of the
spindle turning 9000 min-*

The approach suggested also allows the quality of the
processed surface to be assessed.

Figure 4 shows the profile of the processed surface,
obtained as a result of modeling.

Poincare section
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Fig. 3. Bifurcation diagram and oscillations of the centre of cutter

mass(axial cutting depth 5.2mm) at processing at velocity of the
spindle turning 10000 min-!
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Fig. 4. Unevenness of the surface after processing at velocity
10000 min-' and axial cutting depth 5.2 mm
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For the unevenness of the processed surface has been
plotted a section, similar to that made for the oscillations. The
area of stability loss has also been well shown by the sections
obtained.

Traditionally, abrasive mills are used at processing of rock
materials, and the process of milling of stones is brought to
grinding. In order to be used, the suggested model of natural
oscillations analysis has to be adapted.

51)
Surface of the tooth -:_utlihg
Dxial cutling depth _ﬂ’lE hlank matetial
— I

iLEn ! : L Contour

e ' — oltmined by milling
Pxual cutting w 'l-. :
deptn Aa % 2 Blank

4 e
. w )
fociz of sutber furming

5.2) Cylindrical part at z =D _,_fctg @f2 + a,

Blank , __.
l\f S Front angle . Cortour,
i { * akained by milling

Contour onthe hlank from
Ban:k sngle the previous tooth

Cortour ¢
oh the hlahk from the-surretit tooth

5.3) View A. Cylindrical part of the stone breaking
Surface of the blank -

a . ta

pi T B Bxial cutting depth

Compaction sore —_
Fadial cutting depth

O
':“rrem':;ﬁe??fﬂq_ : ! Contour on the klank from the
ah :5‘ -l - Presdions
Fiaclial cutng o —t"" Cl:-m[;gglxhl:- ‘ 5
adial sutting depth 4urface-:-fﬂqetmﬂq

Cottour on the hlanhfmm FF,. cuting the biank
the surrert tooth

Fig. 5. Shank cutter at contour milling

Stone processing by milling according two or three co-
ordinates is similar (analogous) to breaking out of the edge at
presence of one or two free surfaces (IMpotacos t0.1., 1995).

Under the influence of forces F, , Fy and F, the tool breaks
out layers- chips. The stone breaking consists in the following:
for example, at the motion of the cutting edge along the
axis Oy, the force Fy deforms a volume Vo of the stone

creating a compaction core (fig. 5.3). The forces Fx and F; act
respectively at motion along the axes OX andOz. The
compaction core compresses in direction of the force action
and expands in direction perpendicular to it, i.e. to the free

surface, working against the reaction force P of the stone. At
that a volume V of the stone is broken out. In connection with
the shape forming three phases has to be considered:



1. Micromotion of the cutter along the axis Z = H ;.

In this case, there is no milling, but the cutter operates as a
gouge (fig.6)

In this case the cutter will drive in to depth Hmin
(Mpotacos t0.W. 1995) if

116BkH
l:z min — — (6)
Hon
View B. Conical part at contour micromilling
Cutter ' F
Penctration T zmn
in the blank oy _— Blank
z=H [ ? g . -
Ay yt— ;J Initial breaking out

“at impact on the edge

Fig. 6. Shank cutter at contour microcut-in

2. Milimotion of the cutter along the axis z =H
within the limits of the cutter conic end (fig.7). In this case the

total force is a vector sum of F and F . Then

z.min y.min

oBkH

I:ymin ~ A 1.

View B_ Conical part at millicuting-in
z=Deutterf2cigy /2

Contour on the blank front

from the current tooth . Contour on the blanc front
)

from the previous tooth

Milling depth H *

Fig. 7. Shank cutter at contour millicut-in

3. Operating motions of the cutter along the axis Oz
within the limits of the cutter cylindrical end. (fig. 5.2, 5.3 and
8). In this case the total force is the vector sum

F F and Fy .

z.min ? © y.min

View B_ Conical part at working milling-in
z= D, fictapl? + a
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Fig. 8. Conical part of a shank cutter at a contour millicut-in

In (Mpotacos t0.W., 1995) could be find the dependency of
the cutting force along the axis y.

_ oBKkH
ub

Where: o — tensile strength limit of the rock [N/mz]; B-
length of the operational part of the tool cutting edge, axial
cutting depth [m]; K - factor rendering an account of the
boundary conditions of stone breaking and ductility; H -
radial cutting depth [m]; L — Poisson’s ratio; b - factor of
the shape of the breaking out stone volume. Taking as a basis

F

y

, (8)
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, o ,
the general expression for the force F, = in local co-

ub
ordinates of the grain, a similar approach for description of the
forces can be used for each grain separately. Here A -
working area of the grain, similar to the product B- H . Then
the cutting forces influencing the instrument could be
presented as:

F =Y Fcosg
N

F, :;E sing,



where @, — angle of the inclination of the normal of the grain

cutting platform to the immovable co-ordinate system; N -
number of the examined grains. At summation by grains more
appropriate is the probabilistic approach to be used, for
example as it is suggested in (Rogelio L. Hecker, Igor M.
Ramoneda and Steven Y. Liang, 2003).

At the adaptation of the model for computation of natural
oscillations at every step of integration it is necessary the tool
contact line (described as a circle) with the blank to be
examined.

The suggested approach allows the area of beginning of the
natural oscillations of the system technological parameters to
be determined and the quality of the processed surface to be
assessed. The method allows the character of the stability loss
(the bifurcation type) to be disclosed. The frequencies of the
beginning oscillations are determined by the results of
computation, which is expedient to be used for identification of
the areas of natural oscillations at experimental researches.
The advantage of the numerical modeling is the fast adaptation
to the required conditions. For example, it is possible the
influence of hard inclusions in the rock material to be
researched by determination of their distribution in the
processed surface on accidental principle.

Recommended for publication of Editorial board
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ABSTRACT. A fragment of a complex bas-relief is presented and the types of its shape, waviness and roughness deviations are shown.
The distribution of dimensions of the slime chip particle at stone cutting with sharp and blunt cutter and the roughness obtained at these cases are presented.
A stand for spectral analysis is processed. Results of superposition of the spectrum of marble cutting with a sharp and blunt tool and its natural frequencies along the

axis Z are presented.

A dynamic analysis of the machine elastic system closed by the cutting process of marble is carried out (amplitude and phase frequency characteristics).
The oscillations of the tool point at tuming of marble with rendering an account of the tool sharpness are shown.

BNUAHUE HA ENACTUYHATA CUCTEMA HA MALLMHATA U UI3BHOCBAHETO HA MHCTPYMEHTA BBPXY
OTKNOHEHUATA OT ®OPMA HA NOBBPXHOCTTA NPU KOHTYPHA OBPABOTKA HA CKAITHU MATEPUATU
Mukoe U.H.', Kozoykun M.I1.2, CmegpaHosa H.H.3, MeseHyeea U.J1.1

T Mockoscku ObpxageH MUHeH yHusepcumem, Pycus

2 EKcnepUMeHmaneH HaquouscneOoeameHCKu UHCMuUmMym 3a memarsiopexewju MalwuHu, Mocksa, PyCUFI

3 MuHHo-2eonoxku yHusepcumem “Ce. UeaH Puncku’, Cogpusi

PE3IOME. MpeactaseH e hparMeHT oT cheTaBeH bapened 1 ca pasrneaaHu BUAOBETE OTKIIOHEHWst OT hopMa, BbIHOOGPa3HOCT 1 rpanasocT.
TpeTupa ce pa3snpefeneH1eTo Ha pa3MepuTe Ha4acTULMTE Ha CTpyXKaTa Npu psi3aHe Ha CkanHu MaTtepuani ¢ 0CTbp U ThM UHCTPYMEHT, W MonyyaBaHaTa npu Tesm

Cryyau rpanasocT.

PasrnefaH e cTeH 3a npoBeXaaHe Ha CnekTpaneH aHanus. npeﬂCTaBeHVl Ca pe3ynrtatute OT HanaraHeTo Ha CNeKTpbpa HanpoLleca Ha pA3aHe H MpaMop C OCTbp U
TbN UHCTPYMEHT, U HEroBeTe cobCcTBEHN YecToTH No oc Z. HanpaBeH € AVHaMn4yeH aHanus3 Ha enactuyHaTa cucTeMa Ha MallmMHaTa, 3aTBOpeHa OT NPOLEC Ha psa3aHe

Ha Mpamop (aMNANTYAHO-(ha30BI YECTOTHN XapaKTEPUCTHKM).

[Nokasanu ca konebaHusTa Ha BbpXa Ha MHCTPYMEHTa Npu CTpyroBaHe Ha Mpamop, C 0T4YMTaHe Ha 0CTpoTaTa Ha MHCTPYMEHTa.

The volumetric images with complex profile on the surfaces of
hard materials, including the bas-reliefs are wide used as
architectural details, facing elements and at the manufacturing
of interior articles as well. The use of different materials
(several types of marble, for example) in a bas-relief, allows
the article artistic expressiveness to be increased. At that, it
has to be taken into account that the materials combined could
considerably differ in their physical and mechanical properties
and consequently, in degree of workability. As a rule, such
composite bas-reliefs have fragments with complex front
surfaces, constrained by curvilinear three-dimensional limits.
At the assembly, it is important the joint of these fragments to
be provided, so the requirements to the shape accuracy of the
fragments and the quality of their surfaces are of substantial
significance.

Fig. 1 shows a fragment of composite bas-relief of general
type (Mukos U.H., MeseHuesa W.J1., 2008). The base of such a
bas-relief is a plain. The lateral surface represents a sector of a
straight cylinder, which generatix is perpendicular to the plain
xOy. The projection of the cylinder on the plain xOy has the
profile (contour) of the bas-relief fragment on this co-ordinate
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plain. The front surface of the bas-relief is the bearer of the
artistic image. In the general case, the bas-relief front surface
is constrained by a three-dimensional curve. At the bas-relief
assembly, the joint surfaces are the base and the lateral
surface. At that, of great importance is the lateral surface,
which connects to the analogous surfaces of the adjoining bas-
relief fragments. The difficulty consists in the connection of the
three-dimensional curve, constraining the front surface of the
bas-relief fragment, to the analogous curves of the adjoining
fragments.

The types of deviations from shape, waviness and roughness,
characterizing the bas-relief quality, are presented in fig. 2.
Nominal front surface, real front surface, respectively upper
and lower positions of the points of the real front surface.
Deviation of the front surface of the bas-relief fragment is the
distance A between the points of the real and the nominal front
surface of the bas-relief fragment, measured along the normal
to the nominal surface (fig. 3), (Pagkesuy A.M., Cxuptnagse
AT., NaktoHoB B.W.). The tolerance T of the front surface
deviation consists of the sum of the tolerances Tn and T.
determining the location of the points of the real front surface,



respectively disposed upper and lower of these of the nominal
front surface. If the values of Tw and Tv. are determined to be
constant for the whole front surface, the latter would be locked
between two plains, which are equidistant to the nominal (fig.
3). The upper and the lower surfaces determine respectively
the upper and the lower limits of tolerance. In case, when the
plain tangent to the nominal front surface is insignificantly
inclined to the plain xOy, it is possible the deviation to be
measured by the difference of the z-coordinate of the points of
the real and nominal front surfaces. But the error at such a
measurement increases at growth of the angle of inclination of
the tangent plain. The cutting of marble is at the expense of
breaking down of small particles of the material.

Fig. 1. Fragment of a composite bas-relief: 1 - front surface; 2 -
latteralsurface; 3 - basis; 4 - line constraining the front surface; 5 - profile
on the plain xOy (line constraining the basis); 6 -generatix of the latteral
surface.

[ DEVIATION OF THE SURFACE OF THE BAS-RELIEF FROM THE SHAPE AND QUALLITY |

Deviation of the surface of the bas-relief from shape

Quality of the fragment surface of the

has-relief
[
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Deviation from shape of
the horizental blank

) dl)
Surface ronghness
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of tool movement
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profile in the plain
0y

Deviation from
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blank surface

c2) d3)
microroughness of
the front surface,
connected with the

step of processing

b3) Deviation of the
line restricting the
front surface

Summary deviation
from plain and

parallelism of the front

blank surface

c3)

Fig. 2. Types of deviations from shape, waviness and roughnes of the bas-relief sfragment.

At research of the particles obtained at turning with sharp and
blunt cutter, a conclusion could be made about the connection
of their size and the tool wear. The sharp cutter provides slime
chip (cracked) with particles 1-3 ym and the blunt — with 6-
12um. The quantity of the larger fraction in the whole mass of
chips is bigger at operation with blunt cutter. The distribution of
the size of the particles, formed in the cutting process with
sharp and blunt tool is shown in fig. 4.

L J

Y
Fig. 3. Deviation of the front surface according to the equidistant: 1 -
nominal front surface; 2 - real face surface; 3 and 4 - respectively the
upper and lower positions of the points of the real front surface.

The cutter wear brings to growth of the cutting force. The
oscillating processes in this case are more intensive, which
causes increase in roughness and deviation from the specified
profile. The data obtained at research in the slam chip and the
processed surface, according to their connection with the wear
is presented in Table 1.

The statistics of the roughness of marble blank surfaces,
obtained after turning with a sharp tool, tool with off-taken
edges and blunt tool, at t=1mm, n= 400min-! s= 0,12 m/min
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and material of the tool - hard alloy plate - are presented in fig.
5, Table 2 and fig. 6.

A PROBABILITY

Sharp cutter
1

1 Blunt culter

01t 2T 3T o4t 5T T T ¥ 3T 11

Fig. 4. Distribution of the size of the particles for a sharp and blunt tool.

Fig. 6 shows examples of profilogrammes of marble detail
after turning with hard alloy tool, according to the fig. 5. It could
be seen that the wear influences negatively the quality of the
surface, increasing its roughness.

The cutting process of brittle materials, for example cutting of
marble (fig.7) is accompanied by the variable and steady
components of the cutting force (Kosoukun M. M., 2005). The
reason for the origin of the variable component of the cutting
force in this case is the fact that, as it has been already
mentioned, the cutting of brittle materials (for example marble)
is at the expense of breaking down of the material small
particles.



Table 1. Chip and roughness of the surface.

Dimond-abrasive | Sharp cutter | Blunt cutter
processing
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g g 3 1-3 | 612 | 46 | 6-12 Fig. 5. Surface of a marble blank after processing with a sharp tool, tool
S65 with off-taken edges and blunt tool.
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Fig. 6. Examples of profillogrammes of marble processed surfaces.
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Fig. 7. Stand for brittle material turning and record of the vibrosignal.

An example of the acceleration spectrum, registered on the
tool holder at the marble turning is presented in fig. 8. Fig. 9
shows an example of the spectrum, obtained in full accordance
with the conditions of fig. 8 but at turning with blunt tool. The
comparison shows that the wear has not only changed the
amplitudes of different frequencies, but has altered the ratio as
well: the amplitudes of high frequencies have decreased, while
those of the low frequencies have increased.

While for a sharp tool the ratio of amplitude of frequency about
10Hz to the amplitude of frequency close to 10 KHz is about
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0,12, for a blunt tool the ratio is 0,94, i. e. has increased almost
8 times. The change of this ratio to a great extent depends on
the dynamic characteristics of the elastic system of the used
turning machine. At high dynamic rigidity of the machine and
the tool, this ratio could alter not so significantly but the
experiments show that the decrease in amplitude of the high
frequency component of the vibration signal, according to the
wear of the cutting edge at marble processing displays
normally.
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Fig. 8. Spectrum of the vibroaccelleration at turning of marble with a sharp cutter.
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Let examine the summary of oscillating movements of the
cutter point, which are consequences of its oscillations along
the axes and bring to deviations of the surface shape
(roughness).

The co-ordinate connection reveals as follows: in general case

under the influence of the force applied, the cutter point strives
to move not only in the direction of the cutting force, but also in
orthogonal direction. It happens because of the tool unit
different rigidity in the different directions, i. e. main axes of
rigidity & and & exist, which usually do not coincide with the
co-ordinate axes Z and X of the machine (KyguHos B. A.,
1967).

Fig. 10 shows the amplitude-frequency and phase-frequency
characteristic of a turning machine along the axis Z, at
application of impact force along the axis Z, according fig. 7. If
an impact force is applied along the axis X, as well as at the
first example a movement is observed along the axis Z and its
frequency characteristics are presented in fig. 11.

This way, the joint movements of the cutter point along the
axes Z and X appear even in case when the force action is

1
496 ] 7oz
Fig. 9. Spectrum of the vibroaccelleration at turning of marble with a blunt tool.
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directed along one axis, which brings not only to deviation of
dimensions, but also to deviation of the surface quality.

The trajectory of the cutter point movement in octave 1000 Hz
at operation with a sharp cutter is shown in fig. 12 and with a
blunt cutter in fig. 13.

+roree (Conventionalunts) o

Spectrum 1

83
TMovemem acelleration (C U)

 Spectrum 2 . \ S
! — ~——
Novement(C U] /T N n
:Amplitude-frequency characteristic // ——
"%Phase (ange) — e~
e v
L‘TEU ________________________
Coherency factor
T@F = =

f, KHz

i L i L i | i | i L i L i I i L 1 i

01 51 1.01 1,51 201 251 3 35 4 45

Fig. 10. Amplitude-frequency and phase-frequency characteristics of a
turning machine along the axis Z, at application of impact force along the
axis Z, acoording fig. 7. |- Impact spectrum (excitation, input signal) ; Il -
Movement spectrum (oscillations; output signal, reaction to the
excitation) ; Il - amplitude-frequency characteristic of the machine elastic
system; IV - phase-frequency characteristic of the machine elastic
system.
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#\Pﬂ | ’ﬁ qreny ;ll\\w-’i" Fig. 13. Trajectory of the cutter point movement in octave 1000 Hz at

Sl _ s operation with a blunt cutter.

RO T T T ltcould be seen that the lack of chip provokes big deviations

. ) ) _f KHz iatiney i

T T By T 5 n = along the normal to the surface depreciating its roughness.
The units along the axes are conventional, because the ratio

Fig. 11. Amplitude-frequency and phase-frequency characteristics of a of amplitudes is important in this case.

turning machine along the axis Z, at application of impact force along the

axis X, acoording fig. 7.

Fig. 12. Trajectory of the cutter point movement in octave 1000 Hz at
operation with a sharp cutter.

It could be seen that the oscillations along the normal

predominate over the tangential. Such a type of trajectory is
Conventional units typical of operation with a sharp and blunt tool. At the contour
processing, this brings to worsening of the anyway unfavorable
conditions.

The spectrums of the cutter natural frequencies along the
axes Z and X at vertical impacts on the cutter point, are
presented in figures 14 and 15. These spectrums are
connected both to the blunt and sharp cutter.

Amplitude of oscillations

(conventional units)

A‘\/\f\/\/\/\/\
A TN et

sl Frequency of osculatlons KHz
00,91 181 271 3,61 4,51 54 63 72 81

Fig. 14. Spectrum of the cutter natural frequencies along the axis Z at vertical impacts on the cutter point

! Amplitude of oscillations

(conventiomal units)

| Frequency of oscnllatlons KHz

5 91 1 81 271 361 451 54 6.3 7.2 8.1

Fig. 15. Spectrum of the cutter natural frequencies along the axis X at vertical impacts on the cutter point.
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From these figures follows that at determination of
technological regimes influencing the frequency of the variable
component of the cutting force, it has to be taken into account
that this component coincidence with one of the tool natural
frequencies will bring to increase in forced oscillations and
respectively to deviation of the surface shape.

REFERENCES

Kosoukmn M. T1. 2005 . Bubpoakyctuyeckas AuarHoCTuka
TexHonornyeckux npoueccoB. — M.: VKO «Kamanoe».
p.196.

Recommended for publication of Editorial board

38

KyanHos B. A. 1967. [JuHwamuka cmaHkos. - M:
MalumHocTpoeHue. p. 359.

MukoB W.H., MeseHuesa W.J1. 2008 T[lorpewHoctn npu
obpabotke conpsraembix GapenbedHbIX NOBEPXHOCTEN
Ha craHkax ¢ UMY. TopHeii  MHpopmayuoHHo-
Ananumuyeckuli bronnemens, M.: MITY, Ne 8 .

Pagkesny  AM., Cxuptnapse AT., JlaktnoHos bB.J.
MeTponorus, craHgapTvsaums u cepTudukaums. — M.
M30-e0  Mockosckoao  eocy0apcmeeHHe0 — 20pHO20

yHugepcumema, 2003. - 788 c.



ITOONLIHWK Ha MunHo-reonoxkus yHuBepcuteT “Ce. ViBaH Puncku”, Tom 51, C.III, MexaHn3sauus, enektpudmkanms u aBTomatusaums Ha muHute, 2008
ANNUAL of the University of Mining and Geology “St. Ivan Rilski”, Vol. 51, Part lll, Mechanization, electrification and automation in mines, 2008

MATHEMATICAL MODELING AND MODAL ANALYSIS OF THE TWO DRUM DRIVER
SYSTEM FOR BELT CONVEYORS
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ABSTRACT. In this work are theoretically analyzed the processes witch can produce vibration phenomena in forming process of the traction force between the drum
driver and belt into the two drum driven belt conveyors. There are defined the natural frequencies and conclusions about potentiality resonances into the driver system
in different working regimes.

MATEMATWYEH MOJEN U MOOANEH AHAINU3 HA IBYBAPABAHHA 3AIBUXBALLA CUCTEMA 3A NEHTOBU
TPAHCINOPTbOPHU
Lieeman QamsiHos!, JTbyesap Jlazoe?, [Temko Hedsinkoe?

T MY “Ce. UsaH Puncku”, 1700 Cogpus; e-mail: zId47@mgu.bg
2 TexHuyecku YHusepcumem — Cocpusi, Mawurocmpoumenen ®akynmem, 1756 Sofia; e-mail: Icho@mail.bg, nedpetko@tu-sofia.bg

PE3IOME. M3BbplueH e TEOPETUYEH aHanu3 Ha mpoLecuTe, KOUTO nopaxaat konebaTenHu seneHus npu GopMupaHe Ha TErMUTENHa Cuna MeXay 3afBWKBaLLuTe
6apabaHu 1 NeHTOBOTO NnaTHO B BybapabaHHUTE 3afBIKBALLM CUCTEMU Ha NEHTOBUTE TpaHcropTsopu. OnpeaeneHn ca cobCTBEHUTE YECTOTH U Ca HanpaBeHu
13BOAM OTHOCHO Bb3MOXHOCTUTE 3a PE30HAHC B CUCTEMATa Ha 3afiBIKBaHe NPy pasniunyHu paboTHN pexuMu.

1. Preface reason to provoking the cyclic loadings in all of the working
As it is known the rubber - belt conveyor transport systems regimes of the conveyor elements.

with two — drum driver stations are one of the most powerful

and high — productivity machines with continuous production The aim of this research is to establish the risks of inducing

in the mining industry. Working together with mining resonant regimes in belt conveyor leading system.

machines such like bucket — wheel excavators gave the

possibility to realize high — productivity mining technologies in

open coal mining. That is why the work on improvement of

their exploitation - technical parameters and power o %w)
5 4

consumption decreasing is high significant. Prea

2. Problem status

Fig. 1 shows the two — driver leading group for one of the
leading drums working together with steel rope armored
rubber — belt type St 3150 in RBT(Rubber — Belt Transporter)
2250, which are expotated in open coal mines Mini Maritca
Iztok EAD. This construction characterizes by the console
pendulum mountings of the driver — transmissions groups :
(2X1000 kWt) on the both ends of shaft — 1. From previous Fig. 1 Two - sided leading drum from RBT 2250, Mini Maritca Iztok EAD -
FEM analyses of the deformations and stresses under Ileading drum; 2- bearing supports; 3-pendulum - mounted gear
staticial loading of this type shaft (JamsHo 2007) is known reducers; 4 - belt
that it is subjected to the significant cyclic bending
deformations with cycle frequency “fs" about 1 Hz.

3. Modeling and simulation of the two - drum
The other side of the problem is that often in exploitation belt conveyor leading station.

are leading stations with some misalignment in mounting of This type of the researched object is chosen through its wide
the gear reducers to the leading drum shaft. Unsuitable spreading and importance in two — drum leaded rubber belt
combination of these constructive — technically factors is the conveyors, uppermost used in Mini Maritca Iztok EAD
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transporting systems. The exploitation expenses relative to
extracted and transported material unit in these systems are
significantly great than these for the bucket — wheel
excavators. That's why the improvement in exploitation
security of the RBT is with substantial importance. One way
to achieve this is decreasing value of mechanical loadings in
the system elements, subjected to the high statical and also
to the high dynamical loads. Part of these loading is taken by
the vibration loading and circumstances to induce resonant
effects leading to unallowable high values of stresses in the
belt conveyor components.

Main problem of this research is frequency analysis of
modeled two-drum mechanical leading system shown in fig.2

by

FIX

For=150 kN

Fig. 2 Dynamical model of two — drum leading system with two degrees
of freedom, where:

1 - first leading drum;

2 - second leading drum;

3 - elastic - damper units.

There will be considered two typically realizable starting
cases for this system

3.1. Two mass model with two degrees of

freedom

Shown on fig. 2 the reduced two — mass model represents
mechanical system containing rotational moving mass
elements with point masses and referred to leading drums (1
and 2) axles inertial moments (J1 and Jz2) connected through
elastic — damper connection (3).

This model characteristics cases which starting of the
system is by the simultaneously switching both of the leading
drum groups. The model loadings contain both of leading
groups load. In this case:

- Kinetic energy of the system is:

1

T ={ ‘]l'¢12 + J2-¢221|;

2

- Potential energy of the system is:

1 2
H=2{C1-((P1-R1)Z + Clz.((pl.Rl—goz.sz}

- Dissipative energy of the system is:

B:;{ bl{gbl.lez ; blz.[(pl.Rl—(pz.szz]
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Considering using LaGrange differential equations from
following form:
d|or | ot o B _

dt a0 o
"og) % % o

Q “

Differential equations describing the system’s dynamics are:
Jl-¢1+ (:1'¢1-R12 +012-R1-(¢71-R1_¢2-Rz)+ (5)
+ b1(p1 -R12 + b12-R1~(¢’1 'R1 - (bz 'Rz) =0

3,0, C Ry (@R = 9,.R,) = 0,.R,. (9, R - 9, .R,) = Fon.R,

Following this logic it is easy to determine the elements of the
stiffness matrix by potential energy twice differentiation:

o°T1
" 8,00,
which leads to stiffness matrix:
RZ(c,+¢C,) —CuR.R,
-C,.R.R,

: (6)

ij

C= (7)

2
C,-R,

Analogically it is possible to determine damper coefficients
matrix:

R (b, +b,,) —b,.R.R, @

-b,.R.R, blz.Rz2
and mass elements matrix:
m=| > O, 9)
0 J,

The values of mass inertial moments of the leading drums with
corresponding to them reduced point masses of the belt and
burden are: Jr = 98953 [kg.m?]; J2 = 29356 [kg.m?]

Stiffness of the belt depends on the length of the interested
section. For transporter belts with steel rope armors similar to
type St 3150 is accepted resulting stiffness to be equal to the
steel wire stiffness and neglecting stiffness of the rubber
material.

Parameters of RBT belt type St 3150 are:

Number of the steel ropes — n =146;

Steel rope diameter- d = 8 mm;

Steel rope section area - A = 7.d%/4 = 5,03 m?;

Elasticity modulus value for steel used in the armoring ropes:
En=2.10" N/m?

Considering ropes section to be continuous the used elasticity
modulus is need to be reduced in: — E = 5§ En/8 = 1,25.10"
N/mz; (Cnusakosckui, 1982 Laxmeiictep, 1978)

Length of the first section is - L1=246m, of the second is - L12
=20m.

In this case the length of the first section is 1/6 from the full
length of burden carrying line (de'Silva 2001), and the length of
the second section is equal to the full length between the two
leading drums.

In these conditions the stiffness of the belt is calculated by the
following:



c, = ”'C‘E ~3,729.10° N
m

¢, ="AE 45867107 N
m

2

Damper coefficients br and b2 are accepted to be 0,5%
from the ¢1 and C: (according to de’Silva 2001) and are
calculated to be:

b, =1,8645.10° NS
" (1)
b,, = 2,2934.10° %

Definining amplitude — phase matrix in the following view:

W=[c-o’M +i0B[" (12)
and using Matlab to calculate the natural frequencies for the
system: f=0,6850 [Hz] and f,= 5,7454 [Hz]; also Matlab

gave the view of the amplitude — frequency characteristic
shown on fig. 4.

Fig. 3 Amplitude - frequency characteristic of two - drum driven system
-f1=0,69uf,=574

These results are confirmed with FFT spectrum analysis —
shown on fig. 5. — of the elastic force — shown on fig. 4 —
witch is produced between the leading drums when rising
difference between their angular velocities(damsHos, J1a30B,
Hepasnkos 2007).

o1t

%

=
;
éz*z
§

; - ;
Fig. 4. Diagram of elastic force between the leading drums using two -
mass dynamical model.

Fig. 5. Amplitude spectrum of the elastic force between the leading drums

3.2. Dynamical model with single degree of
freedom

This part of the research deals with dynamical model of the
same double drum driving station but when is switched on brake
of the first driving drum. This case represent the real situation for
the switching process with overtaken (2 seconds) switching of
the second drum before switching the first drum. Using this
control function of the driving electrical engines ensures always
the needed value of the tension force in the belt witch is
precondition for forming sufficient tractive force for the starting
process (damsHos 2007).

The scheme of dynamical model with single degree of freedom
is shown on fig. 6. Moving elements are — second leading drum
and belt unit between first and second drum.

Fig. 6. Dynamical model of the double — drum driving system with single
degree of freedom

Differential equation of motion is:

J,.¢,—C.R>.p, —b.RZ.¢, = FOon.R,

., CR;  h.R} . _ Fon.R,
@, 3, -, 3, P, J,
. ) Fon.R
Py — 2N, — @ p, = J—Z
2
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where:

c.R?
0)2 = 2 N
‘]2

_bR?
2.3,

n , .
& = — - relative damping;

o
J2 = 29356 [kg.m?] — reduced mass inertial moment with
added belt mass.

Here is accepted greater value of relative damping factor ¢ -
10%. Reasons to accept greater values for this factor are —
using the maximal value of relative damping that will not
change significant natural frequencies of the system(cause
small influence over the natural oscillations of the system); -
the value of this factor is not well known; - to permit
experimental verification of model.

o, =+J1-E%.0=0,99.0 (15)

The values for stiffness of the belt are the same like two —
degree of freedom model — n, A n E but with different value
for L2=20 m, result is — ¢12 = 4,5867.107 [N/m]. Drum radius is
the same— R2=0,8 [m].

Hence the natural angular frequency is - @ = 31,622 rad/s
and the cycle frequency is — f = @ /27 = 5,0346 Hz. In this
case the frequency witch can cause resonant phenomena is
only one.

x10° Elastic Force, [N]

time, [s]

Fig. 7 Diagram of elastic force between the leading drums using single
- degree of freedom model.

4. Conclusions

The upper results afford to draw general conclusions:

4.1 — Quantity appraisal of the results relates only for RBT
2250 from Mine 1 in Mini Maritca Iztok EAD and the quality
appraisal relates for all RBT systems with double — drum
driving and overtaken switching of the second drum.

4.2 — Model with single degree of freedom characterizes a
brief starting part (2 to 3 seconds), in which oscillation
processes envelop only second drum and belt unit with length
20 m - between two leading drums. In this case the
circumstances for resonance are lacking because of high
natural frequency — fr =5.0346 [Hz] and is greater than
working frequency in steady state regime f,=1,17 [Hz]

4.3 — In system represented with two — mass model there
are preconditions for stimulation of resonance when leveling

the first natural frequency frr = 0,6850 [Hz] and variable
working frequency — fy=var (0 to 1,17 Hz) ;
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44 - Resonance phenomena which can cause linear

oscillations are unacceptable because of the following reasons:

= Pulsing tension force — tension force in the belt start
pulsing in the first drum outgoing section which decrease it's
traction limit and increase preconditions for skidding;

= Additional pulsing loads — additional pulsing changes
of the tension force in this section increase general loading
acting at all mechanical elements of driver system — bearings,
welding construction of the drum driver, drum shaft and etc.

Knowledge about and decreasing of vibrational loadings in
powerful multi — driver leading stations of rubber - belt
conveyors is important technical — exploitation problem. By this
analysis and conclusions about existing possibilities for creation
of low frequency resonance oscillations with high amplitude of
tension force in the belt and all connected mechanical elements
are shown the importance of researched problem and work
about minimization of unfavorable effects about exploitation
security and power consumption should follow the next
generalities:

—  Précising dynamical model according to constructive —
technical parameters of the system for starting and stationary
regime;

— Research about influence of tension force over
frequency parameters of the system;

—  Optimization of the control function of tension system;

— Organize the comparison experimental research and
validation of the results;
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TEOPETUKO-EKCNEPUMEHTAINEH CPABHUTENEH AHAIIU3 HA ®YHKLIMOHANHATA
3ABMCUMOCT MEXAOY NAPAMETPUTE HA 3ATUXBALLUTE TPENTEHUA B

MEXAHWYHU CUCTEMU
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PE3IOME. Ha Ga3aTta Ha CbLieCTBYBaLLUTE TEOPETUYHM pa3paboTki e Cb3aaaeHa MeToANKa 3a NabopaTopHO eKCNepUMEHTANHO U3CeaBaHe C LieN YTOYHsBaHe Ha
3aBMCUMOCTUTE MEXOY YECTOTHUTE NapameTpy 1 AeMndepupalLuTe CBOICTBA Ha MexaHNyHW 0BekTH. [onyYeHnTe aHaMMTUYHN W eKCIEPUMEHTANHU pesynTaTy ca
0606LLEHN, N3BBPLUEH € aHanu3 W Ca YCTaHOBEHM rPaHULMTE Ha MpaKTUYecka MPUMOXUMOCT 3a MofoGpsBaHE HA AMHAMMYHOTO BUOGPALMOHHO HAaTOBapBaHE Mpu

paboTa Ha MEXaHU4HU CUCTEMN.

THEORETICAL, EXPERIMENTAL AND COMPARATIVE ANALYSIS OF THE FUNCTIONAL DEPENDENCE BETWEEN THE
PARAMETERS OF THE DAMPING VIBRATIONS IN MECHANICAL SYSTEMS

Tsvetan Damyanov!, Evgeni Kostadinov?

T University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, e-mail: zld47@mgu.bg
2 University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, e-mail: e_kostadinov@yahoo.com

ABSTRACT. Based on the existing theoretical works there are methods created for laboratory and experimental research with the goal of specifying the dependence
between the frequency parameters and damping characteristics of mechanical objects. The received analytical and experimental results are generalized and analyzed
and limitations of the practical applicability are established for improvement of the dynamic vibration loading when working with mechanical systems.

1.YBop

EkcnepumeHTanHoto u3cnegsaHe Ha  BMOPALMOHHOTO
HaTOBapBaHe Ha MEXaHWYHWTE CUCTEMU B peanHu paboTHu
YCNOBWS € MpOoLec C ronsMa npurnoxHa npaktnyecka
3HauumocT. EfHa OT rnasHMTE 3afauu B TO3W cryyai e
YTOYHSBAHETO Ha MOMyYeHnTe Mo TEOPETUYEH MbT pesynTaTy
33 (DYHKUWMTE Ha KMHEMATWYHWUTE BENMYMHU W Ha CUnUTE,
KOMTO Bb3HWKBAT BCMEACTBME Ha Te3n HebrmaronpusaTHu 3a
eKcnnoaTaLMoHHaTa CUrypHOCT Ha cucTemata paboTHu
pexumn. MeTogukata 3a npoBeXAaHe Ha  TakuBa
u3crnefBaHus ce OCHOBAaBa BbpXy M3MepBaHe Ha BpeMeBuTe
(YHKUAM HA KMHEMATMYHUTE MapameTpu (Hal-4ecTo Ha
YCKOPEHWETO) B XapaKTepHU Touku oT obekTa. CbllecTByBaT
cnyyan, npu KOUTO MOHTMPAHETO Ha aKCcenepoMeTPUYHM
patiuM B U3MEPUTENHUTE  TOYKM €  MpaKTUYECK
HEBb3MOXHO UM TOraBa Ce Hanmara W3rnorn3BaHeTo Ha
aHaNUTUYHM METOAM 3a W3YNCIIABAHE Ha Te3n BennuuHM. 3a
Tasn Uen e HeobXxoguMO Aa Ce MO3HaBaT CTOMHOCTUTE Ha
koedMUMeHTUTe Ha KopaBuHaTa W AemndepupaHe 3a
pafeHata KOHCTPYKUus Ha obekTa npu CbOTBETHaTa CTEneH
Ha ceobopa (DOF). B mHoro cnyyan  eKCrnepuMeHTarnHoTo
onpefensHe 1 Ha Te3n napameTpu He e Bb3MOXHO, NMopaau
KOETO € Bb3HWKHama HeobxoguMOCT OT  TEOPETUYHO
n3cneaBaHe W HaMUpaHe Ha aHanUTUYHU METOAM 3a TAXHOTO
onpegensHe.
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2.Haquo-TeopeTMqHM npeanocTaBKu

OT wn3BbplleHUs nNperneqs Ha HayyHu nybnvkauum B
HanpaeneHweTo Oe YCTaHOBEHO, Ye Hail-3agbnboyeHo M ¢
MHOTO ronsiMa NpunoxHa Haco4eHocT e pabotara Ha (I Jiosan,
2003). B Hes aBTOpbT € W3BEn W [okasan aHanMTUYHM
3aBMCUMOCTU MEXZY KoeduUMeHTUTE Ha gemndepupare & u
Pe30HaHCHUTE YeCTOTW (» Ha cucTemata, Ha 6asata Ha koeTo
npegnara  aHanuTUYeH  MeTO4  3a  OnpedensHe  Ha
AeMnepupaHeTo 1 KopaBuHaTa Npy ApYru rpaHuyH YCroBus
(DOF) 3a obekta Ha u3cnedBaHe. [10 TO3M HauMH, ako ce
MosHaBaT €enacTU4HO-geMndepHUTe napameTpu npu  4ge
PE30HAHCHM YECTOTM Ha AafeHa MexaHUYHa KOHCTPYKUMS MoraT
Ja ce nonyyar Te3u napameTpu M 3a Apyra TakaBa YecToTa, 3a
KOATO CblyMTe Ca HEU3BECTHM M He MoraT fa ce W3MepsiT
eKcrepuMeHTanHo. [maBHaTa Len Ha Tasn HayyHa pabota e
M3BBPLUBAHETO HA CPABHUTENIEH aHaNM3 M OLieHKa Ha TOYHOCTTa
1 obnacTTa Ha Npunoxexue Ha metoga Ha (Indrajit Chowdhury,
2003), ocHoBaBalM Ce Ha TEOPETUKO-eKCepUMEHTANHO
ucnegBaHe  Ha  (PM3MYECKM M MeXaHO-MaTeMaTuyeH
KOMMIOTBbPEH MoZen.

3.0nuTHa NocTaHOBKa M MeToAMKa Ha
eKCnepuMeHTa U pesyntaTtu

3a uenuTte Ha ekcnepumeHTa 6e cb3aafeH eqHOMAcoB Mogen
C TakKaBa KOHCTPYKUMA, KOATO NO3BONABa Ada Ce nony4ar
PEe30HaHCHM YeCcTOTU 1 AedopMaLMOHHM (HOpMM Ha OrbBaHe B
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[iBE OT OCHOBHWTE PaBHWHK Ha NpaBobrbnHa K.C. v eaHa Ha
YCYKBaHE OKOJIO efiHa OT ocuTe Ha cbilata K.C.

myJ;

288mm
n,,J,
@#121mm

o

®ur.1

Ha our.1 e nokasaH CAD mopen Ha KOH30MHO CBbp3aHa
cbcpegoToyeHa Maca (no3.2) u (noa.1), kosTo e dmkcupaHa
(DOF=0) B ropHus Kkpai Ha wwuHaTa (2). MamepBaHeTo ce
“3BbPLLBA Ype3 TeH30 mMocToBa cuctema (nos.3). [obpe ce
BUXKOA KakTO opueHTauusaTa cnpamo K.C. Taka cblo u
pPa3norNOXEHWETO Ha CUNMTE M MOMEHTa, 4pe3 KoWTo ce
Bb30yK4a NpYHYAEHOTO CMYLLABALLO Bb3AENCTBHE.

(mx] /Y, /& (v
5. K g by

ms

F——Gwe?r-—————1

) Fit)

a) b)

mo) Fit)
o

Y

®ur.2

Mo TO3M HauMH MoraT fa OboaTt M3MEpeHW 3aTuXBaLy
konebaHus B paBHuHUTE XY M YZ, KakTO M TOPCWOHHM
konebaHus okono octa Y. Ha dwmr2a, 2b u 2c e
npeacTaBeH 3amecTBaLLWAT npuBefeH eAHOMAacoB Mojen ,
KOWTO € W3rpafieH CbrnacHo MeToda 3a MNpuBexaaHe Ha
macosuTe napametpu no (bupepman, 1972).

I'IonyquMTe pesyntatu oT EKCNnepuMeHTanHoTo
n3cneaeaHe Ha Taka YTOYHEHWa moden e 6boar
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W3MoN3BaHN 3a W3BBLPLUBAHE HA CPABHWUTENEH aHANN3 W OLEHKa
Ha aHanuTU4HKa Metog Ha (Indrajit Chowdhury, 2003).

M360pbT Ha MacoBMTE W TeOMETPUYHM NapameTpu Ha

uscneaBaHust 06eKT € M3BbPLUEH LienecbobpasHo 1 No3Bonsaea
VHTEPECYBALLMTE HW PE30HAHCHM YECTOTU Aa ce nonyyat B
HuckoyecToTHaTa obnact (go 100 Hz), koeTo € TMMMYHO 3a
ronemorabapuTHI 1 TEXKM MEXaHNYHN CUCTEMM.
MeTognkata Ha eKkcnepuMeHTa ce W3passBa B KOMMIOTbPHO
u3MepeaHe U rpauuHO NpeAcTaBfHe Ha  OrbBaluTe
konebaHuATa Ha Mogena B YTOUHEHWTE MO-rOPe ABE OCHOBHM
PaBHWHU 1 TOPCMOHHO oKkono efHa oT ocute Ha K.C (JamsHos,
2007).

ToBa npegnonara U3BbLPLUBAHETO Ha TPW CEPUM OT ONUTW NPK
koeTo nocnegoBatenHo 6sxa Bb30byaeHu 3aTuxsalum konebaHus
ypes WMMyncHO npwunaraHe Ha CWMOBO M TOPCWMOHHO
Bb3geiictene (FxFz u M,)) cbrnacHo dur.1. TonyyeHute
pesynTaTh ca CUCTEMAaTU3MPaHW W NpeacTaBeHun B TabnuyeH u
rpadpmyeH Bug.

B Ta6nv|u,a 1 ca fageHu OCHOBHWUTE MacoBK napamMmeTpu Ha
MofJena KakTo cneasa:

Tabnuua 1

Ne w a 7 K b

1 5 | 350E03 | 00036 | 10 Nain
2 | % | sze03 | o003 | 10 i
3 33’28 1.09E-03 | 0.0011 Nr1n?r5ad I\?r(r)l();/:d

KbpeTo: w — pesoHaHCHa 4ecToTa;
O — NIOrapUTMUYEH AEKPEMEHT Ha 3aTWXBaHE;
¢ — KoeuuMeHT Ha aemndepupaHe;
K — KOHCTaHTa Ha KopaBuHa;
b — nemndepHa KOHCTaHTa;

CroitHocTUTe Ha M3BpOeHWUTE napameTpu ca NOoMmyvyeHu Ha
0as3aTa Ha M3BECTHUTE aHanUTU4HK 3aBucumocTh Mo (de Silva,
2000).

B T

1ol 4 3aTuxBalm konebaHus B paBHUHa ZY ||
1-Ba pe3oHaHCHa YecToTa ]
|

[ERnE 15 | . | | 153 - 1S4 KRB 96 s ) O s
e T
723 466 7 8 0 10111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 26 28 30

our.3

Ha courypu 3, 4 n 5 ca nokasaHm 3atuxeaiyute konebaHus Ha
Mogena CbfNacHo MeTOAMKaTa Ha eKCrepuMeHTa 3a MbpBuTe
TPU PE30HAHCHM YECTOTM.



| | 1 |
22 | 3amuxeawy konebaus B pahuHa XY | |
04 2-pa pe3oHaHCHa YecToTa
]
0,0
-0,2
-0,4
0,6
-0,8{f
40
-1,2
14

0 1 3 4 5 7 8 9 11 12 13 15 16 17 19 20

dur.4
0,020 ! —
3atnxgaym konebaus okonoocY |
0,015 I
' 3-Ta pe3oHaHCcHa yecTora
0,010 1 i

0,005

0,000

i

Pur. 6

Ha Tasn 6asa e M3BLPLUIEHO NpecMsiTaHe Ha enacTUyHo-
JemndepHnte napametpun (£, k) Ha TpeTata pes3oHaHCHa
yecToTa Ha o00ekTa Ha wW3cnedBaHe, KOsSTO B NpuUMepa
XapaKkTepusmpa MexaHuyHUTe KonebaHus npu  TOPCUOHHA
aedopmauns no octa Z. AHanu3bT Ha EKCMEepUMEHTaNHO

nonyyeHata  (PyHKUMOHanHa 3aBMCUMOCT (w) nokassa, 4e
, CTOMHOCTM 33 PE30HAHCHUTE YeCTOTM Ca PasnofioXeHN B
0015 | HavanHarta obnact Ha kpuBaTa &(w) — ¢ur. 7.
-0,020 ‘ i { I ‘ s
0 5 10 15 20 25 30 35 40 o
<A
dur. 5

4.TeopeTUYHU NPeANoCTaBKU, pe3ynTaTh U
aHanus

lMpecmsTaHeTo Ha koedumumeHTa Ha Aemndepupare ¢ 3a
Heu3BeCTHaTa TpeTa pe30HaHCHa YecToTa MOXe Aa CTaHe no
cnegHata dopmyna cbrnacHo (Indrajit Chowdhury, 2003):

gen—>l

KbaEeTo:
¢ e KoeuuneHT Ha gemndepupaHe;
@ - BITNOBA CKOPOCT;

B To3n cnyuait, Ye wi > wm TpsAbBa fa ce uMa npes Bug 1
orpaHWyeHneTo m<i<25m npu KoeTo u3paswbT (1) We ce
npeobpasyBa kakTo cneaga:

_ é:m _§l
& _7(@)eri —n, )+§1 ................ 2)
O~
Mocouexnte n3pasu npeacraBAT KaTo NuHeHa
nHTepnonauuaTta camo Ha KpaVIHaTa YyacTt oT

(PYHKLMOHaNHaTa 3aB1CUMOCT &()- BUX dur.6
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&1=0.0036

E=0.003 -

.;’:3‘7 =0.0014

&35=0.0011

0 8.4 16.2 36.8
m>» M3

.

w,Hz

[OF]

dur. 7

Ot gpyra cTpaHa eKcnepuMeHTanHUTe AaHHW Ha 6asata, Ha
KOMTO € M3YMCneHa CTOMHOCTTa Ha & 3a TO3W MoZen nokasear,
Ye yHKuMATa &(W) CbLO € NpaKTUYeckn nuHeiHa. Tosa
no3BonsBa fa Ce NpueMe, Ye 3a aHanMTUYHOTO OnpesensiHe Ha
&2 C IWHEMHa WHTeprnonauus Moxe Aa 6bgaT nonyyveHu
[OCTOBEpHN pe3ynTaTi 3a ronemMuHata Ha koeduuneHTa Ha
Jemndepupare npu U3BECTHU &1, &, w1, ap W ai

&—% (

53:‘?’:1_

Mou  &=0.0036.; &= 0.003;

wi=84Hz, w=162Hz; ws=36.8 Hz

OT aHanuTU4YHOTO npecMATaHe 3a &3
£1=0.0014

ExcnepuMeHTanHo nomyyeHaTa CTONHOCT e
£=0.0011

Cce nonyyaea -



Ha ¢ur.7 ekcnepumeHTanHaTa kpusa Ha yHkumsTa E(w) e
nokasaHa C NNbTHA NuHMA oT T.1 oo T.32, a aHanUTUYHO
noflyYeHaTa CTOMHOCT 3a &31 — C opanHaTaTa Ha 1.31.
OTKNOHEHMeTO MeXay ABeTe CTOMHOCTU € AE= 0.0003.

Tean pesyntaTy noka3saT Manka abcomoTHa pasnvka B
CTOMHOCTUTE Ha 32 M &31, HO KATO OTHOCMTENHO OTKIOHEHME
Mexgy koeduuueHTUTe Ha AemndepupaHe, cbliata He
MOXe [a Ce Onpedenu 3a npuemnuMeBa WM nopagu TOBa
TbIIKYBaHETO HA MONy4YeHWUTE PEe3ynTaTu OT U3CreABaHeTo

we 6bgar orpaHuMyeHM npegumHo B obracTTa  Ha
KaueCTBEHMUTE OLIEHKU.
MpeunsHoto  pasrnexgaHe Ha  QyHkumaTa  Ex(w),

nonyyeHa Ha 0asaTa Ha eKCMepUMEHTarnHuTe AaHHU 3a
€nacTuyHo-AeMndepHUTE napameTpu 3a MOAena, KoWTo e
00eKT Ha n3cneaBaHe, NoKa3Ba CbLUECTBEHA HEMMHEMHOCT B
HavanHaTa obnact Ha kpuBaTa. B TOBa OTHOLLEHWE € Hannue
pasnuka OT npeAcTaBeHOTo B pabotata Ha (Indrajit
Chowdhury), kbaeTo Ta3u yacT OT kpuBaTa e nuHeiHa u ou
Morma fda ce wu3nonsea kato pabotHa obnact 3a
nauncnseaHe Ha & . Tyk crefsa Aa ce uUMa npeg Bug, Ye
BBMPEKM BCUYKO TOBA, TO3M aBTOP HE Mpeanara Bb3MOXHOCT
Ja Ce  13non3Ba  HEroBUAT aHanuTMYeH MeTop 3a
OnpegensiHe Ha koeduumeHTa &, ako pe3oHaHCHaTa 4YecToTa,
3a KOSITO Ce MpecMsTa e B cbluaTa obnact.

5. 3aknoyeHue

B M3BLPLIEHOTO TEOPETUKO-EKCNIEPUMEHTANHO  HAY4HO
ncneaBaHe € [JoOKasaHa MpakTudeckata Bb3MOXHOCT 3a
onpegensHe Ha KoeguUMEHTUTe Ha [emndepupaHe 3a
MEXaHWYHWN KOHCTPYKLMM C MO3HATU MacoBu napameTpu W
OrpaHWYeHUsl Ha CTEMEHUTe Ha  MOABWXHOCT. Ype3
CbYeTaBaHe Ha W3BECTHW aHANUTUYHU  METOOM C
eKCepUMEHTaHW TakuBa, € NoMyYeHa HOBa Bb3MOXHOCT 3a
onpeaensiHe Ha TO3M MHOTO BaXeH napameTbp, yucreHara
CTOIHOCT, Ha KOWTO e Heobxoguma MpW pellaBaHeTo Ha
rorsiMa rpyna 3agaus OT YeCTOTHO-DE3OHAHCHWS aHanua
AVHaMUKaTa Ha MaLLMHUTE.

lMpenoptyaHa 3a nybnukysaHe ot
Kategpa “Mexanusaums Ha MuHuTe”, MEM®
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B Tasu Bpb3ka MmoraT ga Obgar HampaBeHM CriegHuTe
obobuwaBalLm nssoam:

—  Heobxogumo e npeuusspaHe Ha anpokcuMupaliaTta
(byHKUMSA Ha KoedmuMeHTa Ha aemndepupaHe ypes gobusaHe
Ha eKCrepuWMeHTanHo MonyyeHun CTOMHOCTW B cepust OT
W3credBaHWs Ha pa3nuyHM  XapakTepHu Mogenn. Toea e
Heobx04MMo 3a [Ja Ce NOTBbPAMW UMK Kopuripa LencTBUTeNnHaTa
(PYHKUMSA Ha M3MeHeHMe Ha KoeduumeHTa Ha gemndepupane &
B [JafeHaTa yecToTHa obracT;

— o cobwara npuumHa npeacTaBnsBa WHTEPEC M
YTOUHSIBAHETO Ha 6as3aTa Ha eKCnepuMeHTarnHuTe W3BECTHM
CTOMHOCTM Ha ¢ 3a [afdeHu PpesOHaHCHM YecToTH, Ha
YHMBEpCanHuTe koeduumeHT Ha Rayleigh (koeduumeHTn Ha
maTpuLaTa Ha aemndepupate);

— Ha Gasata Ha [OCTaTb4yHO  EKCEPUMEHTANHM
CTOMHOCTM, Ja Ce MOTbPCM W HENMWHENHa anpokcUMauus Ha
yHKUMATa E(W), C KOBTO MOXe Aa Ce paslimpy MpaKTUYeCKoTo
npunoxeHne Ha metoga Ha (Indrajit Chowdhury) n B no-
HWCKoYecToTHaTa paboTHa obnacTTa;

— [la ce npeuuanpaT SOMbIHNATENHO BCUYKM NOMTyYEHU MO
eKkcnepuMeHTaneH MeToa pesynTaty, Ypea napaneneH MoganeH
aHanM3 Ha CbLUMTE MEeXaHU4HU ODEKTW C MHCTPYMEHTWUTE Ha
nogxopswa komniotbpHa (CAE) nporpama.
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OTHOLWEHKWE HA MOLLHOCTUTE HA ABUIATEJIUTE HA OCHOBHUA U
CMOMATIATENHUA TPAHCNOPTBOP MPU TPAHCIMOPTLOPU C FOPHA

NMPUTUCKALLIA NNEHTA
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PE3IOME. OnpepeneHu ca MOLYHOCTATE Ha ABMraTenuTe Ha OCHOBHWS W CMOMaraTerlHWsl TPAHCMOPTLOP MPU Pa3fNyHM BIMM HA HakMOH. OTHOLLEHWETO Ha

MOLLHOCTWUTE HamansABa C yBenMyaBaHe Ha brbfla Ha HakMoH.

RATIO OF THE MOTOR POWERS OF THE MAIN AND AUXILIARY CONVEYOR IN SANDWICH CONVEYORS

Hristo Sheiretov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, sheiretov@abv.bg

ABSTRACT. The motor powers of the main and auxiliary conveyor are determined at different slope angles. The ratio of the motor powers increases when the angle

decreases.

BbBepeHue

TpaHcnopTbopuUTe € ropHa nputuckawa neHta (dur.1) ce
“3non3yBaT 3a NO4EeM Ha MOMe3HO W3KOMaemo B OTKPUTUTE
PyOHWLM, 3@ HaToBapBaHe Ha OyHkepu, BbB BepTUKanHU
LUaxTW, 3a HaToBapBaHe Ha kopabw u npu poTopHuTe barepy.
Morat ga TpaHcnopTupaT MaTtepuan npu HaknoH ot 30° go
90°. MpomssogutenHoctTa um goctura 9000 t/h, ckopocTTa Ha
LBWKeHWe - 6m/s, BUCOUMHATA Ha U3AMraHe Ha maTtepuana —
90m ¥ WnpoYMHaTa Ha neHTata—3 m.

®ur.1 Cxema Ha TpaHCNOPTLOP C FOPHA NPUTUCKALLA NNeHTa

OnpepgensiHe Ha  NIMHEMHMS  HATUCK  Ha

NPUTMCKALLMTE POSTKM
YpaBHeHmeTo 3a IPaHM4YHOTO paBHOBECWE Ha Martepuana €

(dour.2):

T,+T,2>q,.sing, (1

KbaeTo:
T1 — cuna Ha TpuWeHe Mexdy MmaTepuana W neHTata Ha
OCHOBHMS TPAHCTIOPTBLOP 33 Y4aCTbK C AbMKKMHA 1m;

T — cuna Ha TpueHe Mexgy maTepuana M feHTata Ha
cnomaraTefiHus TPaHCMOPTLOP 3a Y4acTbK C AbImkuHA 1m;

Gu [N/m] - nnHeitHo Terno Ha maTepuana;

B [°] — BrbN Ha HakNoHa Ha TPaHCNopTMpaHE;

®ur.2 Cxema 3a onpepensiHe Ha paBHOBECHETO Ha MaTepuana
T.=(q, +a, +plu.cos f ,Nm @
T, =(q, + p).cos  ,N/m 3)
Qn [N/m] = nuHEHO Terno Ha nexTara;

p [N/m] — nuHeeH HaTUCK Cb3AaBaH OT MPUTUCKALLMTE POSIKK;
U — KoebMLMEHT Ha TPUEHe MeXAaY NeHTaTa 1 Matepuana.
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ToraBa 3a fga Gbe Bb3MOXHO TPAHCMOPTMPAHETO Ha
MaTepuana TpsiGea 4a e U3MbIHEHO YCOoBUETO:

tgﬂsw_# ()

M

Ako peluum ypaBHeHue (4) cnpsiMo p, 3a NMHEHUS HAaTUCK
L€ MOMy4MM:

p> Q. (;gﬂ _1) -q, (5)
u

Ot ypaBHeHwe (5) ce BiKaa, Y€ KOMKOTO € MO-TOMsAM brbiTbT
Ha HaKIoH B, ToMkoBa no-ronsam Tpsiea Aa Gbae v IMHENHNAT
HaTUCK Ha NPUTUCKALLMTE POJTKM.

OnpegensHe Ha  CLNPOTMBNEHMATa  MpU
ABWKEHMe Ha OCHOBHWA U CroMaraTenHus
TpaHCnopTLOP

3a OCHOBHMS TPAHCMOPTLOP CLNPOTUBIEHNSATA B TOBAPHMSA
MpasHWs KNOH CbNPOTUBIEHUSITA Ca CbOTBETHO (Gour.3):

®ur.3 Cxema 3a onpepensaHe Ha CbNPOTUBNIEHUATA NPU ABUXKEHUe

W, = [(2-% +0,, +0, + p)w. cos +(q, +k;.q,, )sin ,BJL

N (6)
W, = l(qﬂ +0,, )w. cos f—q,,.sin ,BJL N (@)

KbOETO:
gp’ [N/m] — NMHENHO TErNO Ha POIIKOBWUTE OMOPU B TOBAPHMS
KITOH;

gp” [N/m] — nMHENHO Ternio Ha POJIKOBUTE OMOPU B Mpa3Hus
KITOH;

W — KOE(ULIMEHT Ha CbNPOTUBIIEHWE NPU JBUKEHNE;

k1 — KOE(MLMEHT, KONTO OTYMTA KakBa 4acT OT TErnoTo Ha
maTtepuarna ce noema oT OCHOBHUS TPAHCNOPTLOP;

L [m] - Ob/KUHA Ha TPaHCMopTLOpa.

CToHOCTUTE Ha Qu, Gn, Go' W Gp’ MOTaT Aa Ce ONpeaensT no
copmynuTe:

X 6 . G
= =15.9.B
36 a, g ap m

A

Il
o0
h=}

Il

KbaeTo:
Qn [t/h] — NpOM3BOAMTENHOCT Ha TPAHCMOPTLOPA;

g = 9,81m/s? — 3eMHO yCKOpEHMUE,;

v [m/s] — cKOpOCT Ha TpaHCNOpTMpaHe Ha maTepuana;

B [m] - wupoumnHa Ha neHTara;

Gp' [N] - Terno Ha ponKkoBMTE ONOPY B TOBAPHUS! KITOH;

Gp” [N] - Terno Ha ponkoBUTE OMOPY B NPA3HUS KIOH;

Iy’ [m] — pascTosiHMe MexXZy PONMKOBMTE OMOPU B TOBAPHMS
KIOH;

Ip” [m] — pascTosiHMe Mexay pofiKOBUTE OMOPY B NPa3HUS KMOH.

3a cnomaraTenHus TPaHCMOPTLOP CbMPOTUBMEHUATA B
TOBAPHUS W NPa3HWsl KIOH ca:

Wmo = [pW COos ﬂ+(qﬂ + k2'q,11)'5inﬂ]'|- ’ N (8)
W, = [(q,, +q,, )w. cosﬁ—qﬂ.sinﬂJL N 9)
KbAETO:

ko — KOE(ULMEHT, KOMTO OTYMTA KakBa 4acT OT TErnoTo Ha
MaTtepuarna ce noema oT cnomaraTeNiH1s TPaHCMOPTLOP.

KoethuupeHTuTe k1 1t ko MOXeM aa onpefenum no ChneaHus
HaumH. O3HaYaBame OTHOLLEHWETO Ha TPUELLUTE CUMK C K.

(T 0,0, 4P (10)
T2 q,7+p

Cnep peluaBaHe Ha cuctemara:

k, (1)
ki +k, =1
1
Ky = —— 12
27 k41 (12)
k, =1-k, (13)

OnpenenﬂHe Ha MOLWHOCTTA Ha ABuUratesinte Ha
OCHOBHMA 1 cnomaraTtesiHuA TpaHCNOPTLOP

Morat aa ce onpeaensT no opmynuTe:

W +W

N, =—mo o\ (14)
1000,
W W

MZM_V KW (15)
10007

KbAeTo:

1 — KMNA Ha 3a0BUXBaHETO.



Onpe.qenﬂl-le Ha OTHOLIeHMEeTO Ha MOLLHOCTUTE
3a Pa3niMyHn b Ha HaKioHa

Llle HanpaBuMM M34YMCNEHWS NPU CMEJHUTE BXOAHM AaHHM:
Qr=2500 t/n , L=57 m, v=5,33 m/s ,G,=450 N , G,"=370 N
H=09m, [’=1,8m, u=0,6 , w=0,04, B=1,524m, n=0,9.

B Tabn.1 ca [JafeHM nonyyeHuTe pesyntat¥  npu
n3uncnsBaHeTo Ha MowWHOCTUTE Nago M Noec , OTHOLLIEHMETO
Nogo/Noec M HaTUCKa Ha NPUTUCKALLMTE PONKKU P NPU Pa3NUYHK
BIN Ha HaKIoHa.

Tabnmua 1.

Pesynmamu om usyucnerusima 3a Heobxo0umume
MOWHOCMU Ha 0guzamenume, OMHOWEHUEMO Ha
MOWHOCMUMe U Hamucka Ha npumuckawume posku

BI[°] 65 |70 75 |80
Naso [KW] 286 | 278 | 268 | 258
Nasc [KW] 139 [ 162 | 184 | 201
N,,, 2,05 [ 1,71 [ 146 [ 1,28
N()ec

p[N] 1016 | 1610 | 2736 | 4840

lMpenopbyaHa 3a nybnukysaHe OT
Kategpa “MexaHusaums Ha Munute”, MEM®
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U3Boau

MMonyyeHuTe pesynTaTk NOKa3gBaT, Ye NpW yBENMYaBEHE Ha
brb/1a Ha HaKNOH Ha TpaHcnopTbopa B, 0THOLLEHNETO Nogo/ Noec
HamansBa, kaTo ce u3meHs ot 2,05 npu 65° go 1,28 npu 80°.
lMpn BEpTUKANHO TpaHCMopTMpaHe ToBa OTHOLLEHWe e Obae
PaBHO Ha eduHuLa, Thbil KaTo ABaTa TpaHCMnopTeopa paboTaT
npu efgHakeu ycnosus. B npaktukata ca  MOHTUpaHu
TPaHCNOPTLOPY C OTHOLLEHME Ha MowHocTute 1, 1,5 1 2. Mpm
MankM bIMM Ha HakNoOHa Ce MOHTUpa [JBuraten camo Ha
OCHOBHWS! TPAHCMOPTLOP.

Nutepatypa

KyamaHoB, A.M. 1986. TpaHcnopm & obozamumenHume
¢habpuku. C, 247 c.

Continental high angle conveying. Continental Conveyor.
Kararnor, 8 p.

Sandwich conveyors. The Bulk Materials Handling Knowledge
Base.
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CPABHABAHE HA METOAWKWUTE 3A ONMPEAENAHE HA MOLLHOCTA HA ABUIATENA

HA NNEHTOBWU TPAHCTMOPTbOPU

Xpucmo Llletipemos

MurHo-eeonoxku yHusepcumem “Ca.MsaH Puncku”, 1700 Cogbus, sheiretov@abv.bg

PE3IOME. LlenTta Ha HacTOSILLETO M3CneABaHe € [a Ce CPaBHAT Pe3ynTaTuTe 3a MOLLHOCTTA Ha [BUraTenst MofyyYeHn npu pasnuyHu METOAMKM 33 M3YMCISBAHE.
HanpaBeHu ca U3uncneHus Ha AEBET TPAHCMOPTLOPA MPY Pa3nnYHU MPON3BOANTENHOCTM U AbITKMHU HA TPAHCNOpTUPaHe.

COMPARISON OF THE METHODOLOGIES FOR THE DETERMINATION OF BELT CONVEYORS MOTOR POWER

Hristo Sheiretov

University of Mining and Geology “St.Ivan Rilski”, 1700 Sofia, sheiretov@abv.bg

ABSTRACT. Aim of the present study is to compare the calculation results for the motor power, when different methodologies are used. Calculations of nine belt

conveyors with different capacities and lengths of transportation are done.

BbBeaeHue

MeToaukn 3a M34MCnsBaHe Ha MEHTOBW TPAHCMOPTLOPU Ca
pajeHn B yyebHMUMTE M PBKOBOACTBATA pasrnexgaly
TPAHCMOPTHM ~ MalWHM € HerpekbCHAaTo  AeiCTBUe
(Bacunbes,1991;  [bsko,1986), B craHgapTMte  3a
usuncnasade (CEMA; DIN22101), a CbLlo OT HsKOM pypMK
npoussexaalLy TpaHcnopTHU neHTu (Dunlop; Phoenix).

Wma yTouHeHn (oetainHu) metogukn (Bacunbes,1991;
[bskos,1986; CtaHes,1975; CEMA; DIN22101) u npubnuxeHu
(opueHTUpoBBYHM) MeToauku (Bpax,1957; KyamaHos,1999) 3a
onpegensiHe Ha HeobxoanmaTta MOLLHOCT Ha 3adBIKBaHe.

Mpu HsKoM yTOuHeHW meToamkn (Bacunbes, 1991; [bskos,
1986) ce onpedensT cunuTe Ha OMbH BbB BCUYKM TOYKM OT
KOHTypa Ha neHTata. Crieq TOBa OT CUNMTE BbB BMN3ALLMA U
M3NN3aLLMs KINOH ce onpedenst obLoTo CbMpoTUBNEHWE U
MOLLHOCTTa Ha 3a[BWKBaHe.

Mpu gpyrn metoguku (Cranes,1975; CEMA; DIN22101;
Dunlop) 06Lw0To CbNPOTUBIEHME Ce ONpeSens 0T CYMUPaHETO
Ha CbMPOTUBNEHUSITA B TOPHMS W [AOMHMS KNOH W Ha
JOMbIHUTENHUTE  CbNPOTMBNEHMS.  CbNpOTUBMEHUsSTA B
BapabanuTe ce oTUMTaT Ypes KOeULMEHTH, y4acTBalLM BbB
¢hopmynnTe 3a CbNPOTUBNEHNUSTA B ABATA KIOHA.

Mpwn npubnuxkennte metogukn (Bpax,1957; Kyamanos,1999)
MOLLHOCTTa Ce onpeaenst o OPUEHTUPOBBYHN HOPMYIIU.

LLenTa Ha HacCToALLeTO u3cnedBaHe € [a Ce CpPaBHAT
pesyntatute 3a Heobxogumara MOLLUHOCT Ha [Buratend
nony4yeHn no pasnnyHUTE METOANKN.
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OnucaHue Ha METOAUKUTE 3a U3YUCNISIBAHE

Cnopes wstounuun (Bacunbes, 1991; [bskos, 1986)
(MeToguka Ne1) nocnemoBaTENHOCTTa Ha W34UCTISIBaHE €
cnegHara (dur.1):

1) OnpepensT ce CbNPOTUBMEHWATA B TOBApHWSA M NpasHus
KIOH Ha TPaHCMopTLopa Mo hopmMynuTe:

Wmlzl(q +0,, +d, )W.cos/31+(qj+qM).sinﬂlJLl N
( +0,, +0, )WCOS,B2 (a, +qw)sin,82JL2,N

l( +q; Jwcos 4, —q,sin AL N
I.( )W.COS,BZ—q_,,.SInﬂZJLz :

(1)

KbOETO:
Gn [N/m] — nuHeHO Terno Ha neHTara;

Gw [N/m] — nuHelHo Terno Ha Matepuana;

Qo' ¥ qp” [N/m] — nuHeAHn Terna Ha BLPTALWMTE CE YacTu Ha
POSKOBMTE OMOPY B TOBAPHMS 1 NPa3HUS KIOH;

W — KOEULIMEHT Ha CbNPOTUBIEHWE MPY LBUKEHUE;

B1 1 B2 [?] — BIM HA HaKNOHa Ha TPAHCMOPTUPaHE Ha fBaTa
y4acTbka;

L1 n L2 [m] — AbMXWHM Ha fBaTa yyacTbKa.

2) Onpegens ce MWHMMAanHaTa Cuna Ha OMbH B NeHTaTa oT
ycroBusiTa 3a nunca Ha bykcyBaHe U MakcMarHO NpoBUCBaHE
Ha neHTaTa:

Ky .A

Sl = e,u.(alﬂzz) —k2.k12

Sl :8q7|"'3 ’ N (2)
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KbaeTo:

kr=1,2 — KOE(ULMEHT Ha pe3epB OT TpUeLLa cuna;

1 — KoehULMEHT Ha TpUEHe Mexay neHTata 1 6apabaHa;

a1 u a2 [rad] — brnm Ha 06xBaT Ha 3aaBukBaLLMTE HapabaHu;

k = 1,05 — KoeuuMeHT oTuMTall CbMPOTMBIEHMETO B
obpvlLuatentus 6apabak;

ki = 1,03 - KoeuUMEHT OTuMTaLl CbMPOTUBMEHUETO B

OTKMOHUTENHMS 6apabaH;

Ip” [m] — pa3cTosHMe MeXY PONKOBUTE OMOPU B NPA3HUS KMOH;
W4 [N] - conpoTMBREeHWe OT HaTOBapBaHe Ha MaTepuana;

Wp [N] - cbnpoTuBReHmMe 0T pa3ToBapBaHe Ha MaTepuana.

3) OnpegensT ce oCTaHanuTe CWUMW B NeHTaTa No MeToAa Ha
obxoxpgaHe:

Sz = k'Sl 83 = SZ +WI’12 S4 = kl'SB
Se =ky.S- Sg = Sg +W,,, +W, (3)

®ur.1 Cxema Ha TpaHCNOpPTLOPA

4) OnpepensiT ce 06WOTO CbNPOTUBIIEHME W MOLLHOCTTA Ha
gsuratenss (npu gOBa 3agBwxBawy 6GapabaHa obuwata
MOLLHOCT Ha ABUraTenuTe) :

W =S-S5, +k,(Sg+S;) N 4)

Wy
%1000

, KW ()

KbeTo:

ks = 0,03 — koeMLMEHT Ha CbNPOTUBNEHNE B 3a[BUXBALLNTE
HapabaHu;
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Ha 6asaTa Ha Tasu meToamka e paspaboTeHa nporpama ot
aBTopa B cpeda Excel ¢ nsnonaysaHe Ha mMakpocu (nporpamu
Ha Visual Basic) 3a onpefensiHe Ha TbpPCEHUTE BEUYMHU
(Pur.2). Cunute Ha OMbH B NlEHTaTa Ce onpegensT Aea mbTy.
Mpu mbpBOTO 0OX0XAAHE NUHEWHOTO TErno Ha feHTaTa ce
npvema opueHTUpoBbYHO. Cried TOBa OT MakcUmanHata cuna
ce n3bupa neHTa no katanor. paeu ce BTOpPO 0bxoxaaHe 3a
onpegensiHe Ha curnuTe ¢ TErnoTo Ha n3bpaHata nexTa.



Qh [t/h] 5000 k 1.05
p [t/mA3] 0.9 k1 1.03
v [m/s] 5 u 0.25
copma 4 al+a2[rad] 6.45 S1[N] 77740
5[] 35 WhHar [N] 3450 S5 [N] 72040
B1[] 0.6 Wpas [N] 3000
B2 [] 5 kt 1.2 Smin [N] 72040
amax[mm] 200
L1 [m] 500 S1[N] 74240 S1[N] 77420
L2 [m] 500 S2[N] 77950 S2[N] 81290
martepwuan 3 S3[N] 68690 S3[N] 64570
T-TbOP 1 S4 [N] 70750 S4 N] 66500
S5 [N] 74540 S5 [N] 72030
B [m] 1.6 S6 [N] 76770 S6 [N] 75630
S7[N] 139580 S7[N] 142690
Gp' [N] 482 S8 [N] 143760 S8[N] 146970
Gp" [N] 382 S9 [N] 323410 S9 [N] 340070
dp' [mm] 159
dp" [mm] 194 z 0 z 0
Ip* [m] 12 Sp[N/m.sn’ 2500000 Sp[N/m.Bn. 2500000 & 20°
Ip" [m] 3.6 qn [N/m] 580 qn [N/m] 580
qp' [N/m] 401 sopma 1 eopMa 2
qp" [N/m] 106 W1 [N] 63610 W[N] 275170
qm [N/m] 2725 W72 [N] 190100 n 0.85
qn [N/m] 340 wn1[N] 5530 Nas [KW] 1618 20" 30" ,35°
Wn2 [N] -16720
w 0.025 @opmMa 3, 4, 5
W11 [N] 59360
W2 [N] 176650 Martepuan: 1-rmuHa, NAchbK, LMMEHT, 3bPHO 2-sbrnvwa go 150mm, pyga, ckana go 80mm 3-pyna, ckana go 500mm
Wn1 [N] 3790 TpaHcnopTbop: 1-cTaunoHapeH 2-nonyctaunoHapeH  3-mectum  4-nopsemeH
Wn2 [N] -9260

®ur.2 Mporpama Ha Visual Basic B cpena Excel

Cnopen Hemckusi cTangapT DIN 22101 (CtaHes, 1975;
Phoenix) (metoguka Ne2) mowHOCTTa Ha [fBuratens ce
onpegens no opmynure:

f (cboTBETCTBA HA W) — KOBULIMEHT HA CLMPOTUBMEHUE NPU
[BWXEHME;

M’Ro, MRy [KG/M] — NUHENHN MACK Ha BBPTALLMTE CE YaCTW Ha
PONKOBUTE OMOPM B FOPHUS 1 JONHUS KIOH;

Fo v m’ [kg/m] — NuHeRHa Maca Ha nexTara;
Puert = W (6) my. [kg/m] - nnHeitHa Maca Ha maTepuana;
ges &1, 02 [?] (cboTBETCTBAT Ha B1 M fB2) — BIMM HA HaKMoHa Ha
TpaHCnopTUpaHe 3a ABaTa y4acTbKa;
Fw =Fyq +Fy +Fs  +Fs N 7 H [m] - aenviBenaLys Ha TPaHCNOpTLOPA.
Fau =Faot + Faoz + Faur + Fauz N (8) KoedhuumeHTsT C ce Hapuya KoehuuMeHT Ha JOMbAHUTENHO

Fro, = f.Ll.g.[m'RO +(m;3 +m'L)cos 51J
Froz = f.Lz.g.[m'RO +(m;3 +m'L)cos 52J

Fru = f.Ll.g.[m'Ru +Mg.C0S 51J

CbMpOTUBIEHME W OTYMTa CbNPOTUBNEHNSTA B DapabaHuTe Ha
TpaHcnopTbopa. Toit ce yBenuyaBa npW HamanseaHe Ha
BbiKMHATa Ha TpaHcnopTbopa. [pu gbmkuHa L=1000m
(L=L1+L2) C=1,05, npu L=500m C=1,2, a npn L=100m C=1,8.

Ako npueegem dopmynn (6)+(12) KkbM O3HaueHusTa OT
meToguka Net e nonyuum:

Fruz = f.LZ.g.[m'Ru +Mg .00 52J N 9) .

Fy =(C-1)F, ,N (10) %6 = 1oog.n o 13
Fs,=H.gm_ N (11) W=F, +Fy +Fg+Fs N (14)
H=L,.sind, +L,.sind, ,m (12) Frol =W.L1.[q'p +(q, +q,, ) cos ﬂlj

KbaeTo: Froz :W'LZ-g-[qlp +(q, +q,, ) cos ﬂzJ

Puert (cb0oTBETCTBA Ha Nog)— HEOOXOAMMA MOLLHOCT Ha
ABuratens;

Nges (CHOTBETCTBA HA ) — KN, Ha 3aBUKBAHETO;

Fw (cvotBeTcTBa Ha W) — 0610 CbNPOTUBNEHNE;

F+ — OCHOBHO CbNPOTUBNEHME;

Fn— BTOPOCTENEHHO CLMNPOTUBIEHNE;

Fst— cbnpoTUBREHME OT HaKIOHa;

Fs — pOmMbnHUTENHO CHMPOTUBIEHKE;

FHot, FHoz, Frut, Fruz — CbNpPOTUBNEHUS B FOPHUS W JOMHMS
KNOH 3a [BaTa y4acTbka Ha TPaHCMopTLOpa;

Fru = w.Ll.[q:, +Q,.C0S ﬂlj

Fruz =W.L2.lq; +(Q,.008 ﬂZJ N (15)
F =Hg, N (16)
H=L;sing +L,.sing, ,m (17)
Fs =W, +W, N (18)



®opmynu (8) n (10) He ce NpoMeHsT.

Cnopeg amepukaHckus ctaHaapT CEMA (CEMA; Conveyor
Design) (meToaunka Ne3) obL0To (eheKTUBHO) CHNPOTUBNEHNE
Te (cvoTBeTCTBa Ha W) ce onpeaens no dopmynarta:
N

KbaeTo:

Th — CbNPOTUBNEHME 33 XOPU3OHTANHO NPEMeCTBaHe Ha
neHTaTa u Matepuana;

Tiit — CbNPOTMBIEHME 3a U3ANraHe Ha MaTepuana;

Ty — AOMBIHATENHO CbMPOTUBIEHME.

T, = Lalk, +k, W, +W,, )+0,015W, | ,N (20)
k, =0,00068.(W,, +W,, )+0,022W; ,kg/m 1)
Tiw =gW,.H N (22)
KbaeTo:

L =1L, +L, [m]-AbmK1HA HA TPAHCMOPTLOPA;

ky (cboTBETCTBYBA Ha W) — KOEULMEHT HA CHNPOTUBIEHNE
npu ABUKEHWE;

Wh [kg/m] — nuHeltHa mMaca Ha neHTaTa;

Whm [kg/m] — nuHeitHa Maca Ha MaTepuana;

Wi [kg/m] - cyma OT nMHenHUTe Macy Ha BbPTALLMTE Ce YacTu
Ha POrKOBUTE OMOPW B FOPHUS 1 AONHUS KITOH.

Mpu npusexaaHe Ha dopmynu (19)+(22) kbM 03HaYeHUsTa
oT meTogmka Ne1 e nonyyum:

W=T,+T;z +T, N (23)
T, =L[k, +w(q, +q, )+0,015q,] ,N (24)
ke =0,00068.(q, +q,,)+0022(q, +q)) ,Nm  (25)
Tix =9,,-H N (26)
T, =W, +W, N (27)

MoLuHocTTa Ha ABuraTens ce onpegens no gopmyna (5).

MopobHa Ha npeguiuHaTa € MeToaukata Ha dupma Dunlop
(Dunlop Conveyor Belt) (meToguka Ned). Mpu Hes :

Te=T,+T,+T,+T, ,N (28)

KbaeTo:

Tx— CbNpPOTMBMEHME Ha NPa3eH Xog;

Ty — CbNPOTMBNEHWE 33 XOPWU3OHTArHO TPaAHCMOPTUPaHe Ha
matepuana;

T, — CbNPOTUBIEHWE 3a U3OUraHe Ha MaTepuana.

T, =9G.f,.L, ,N
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T, =0Q.f,.L, N (30)
T,=9QH ,N (31)
KbaeTo:

G [kg/m] — nuHeiiHa Maca Ha ABWKeELLMTE Ce YacTy;

fx (CbOTBETCTBA Ha W) — KOE(ULMEHT Ha CbNPOTUBIIEHNE MPK
LBIKEHME;

L, = L+70[m] - kopuripaHa AbImKiMHa Ha TPaHCMOPTLOPa;
Q [kg/m] — nuHeHa maca Ha maTepuana.

Mpw npuBexaaHe Ha opmynu (28)+(31) KbM 03HaYeHNsTa
oT meToguka Ne1 e nonyumm:

W=T,+T, +T,+T, ,N (32)
T, = (qp +0q, +2.4, )W.Lc N (33)
T,=q,wL, ,N (34)
T,=q,H ,N (35)

B wnatounnk (Kyamanos, 1999) (metogmka Ne5) e papeHa
OpWEHTMPOBBYHA (POpMyna 3a onpefensiHe Ha MOLWHOCTTa Ha
[BUraTens:

0,000055.L.q,,.v +0,00055.L.Q; +0,01.Q,.H
N,, =11. ,

n

KW
KbaeTo:

(36)

o =0p +0p +2.0, , NIm - MMHeiHO Terno Ha ABMKewMTe

ce YacTu;
_Qy :
Q, = 36 kg/s — cekyHHa NPOM3BOANTENHOCT;

Qn [t/h] - YacoBa NPOM3BOAMTENHOCT.

B uatounuk (bpax, 1957) (meTogmka Ne6) e npeanoxeHa
thopmyna 3a onpefensHe Ha MOLLHOCTTA Ha BUraTens:

N()@=(3,6.W.qo.L.v+W.Qh.L+Qh.H)% KW (37)

KbaeTo:
k — koetuumeHT oTumTal, 6post Ha Gapabanute. Mpu [Ba
BapabaHa k=1,1, npwu yeTvpm bapabaHa — k=1,25 u npu wect
BapabaHa - k=1,35;

[ — KoeduLUMeHT oTumMTaLY SbMKMHATA Ha TpaHcnopTeopa. [pu
L=100m - |=1,07, npu L=500m — /=1,02 1 npn L=1000m - /=1.

PesynTatu oT u3cnegBaHeTo

HanpaBeHn ca m3umMcneHuss Ha [EeBEeT TpaHCnopTbopa, Npy
TPY NPOU3BOAUTENHOCTM M TPU ABIKUHM NO cxemarta o1 dur.1.
MpueTtn ca cnegnute obwym napametpu: p=0,85t/m3 (nbTHOCT
Ha TpaHCMopTMpaHWs Matepuan — 3a Bbrnuwa), y=30° (bron



Ha HaKNoOH Ha CTpaHwuHuTe ponku), 0=35° (brbi Ha
€cTecTBeHNs oTkoc Ha Matepuana), $1=0,6°, f=5°, w=0,025,
a1+02=6,45 rad, n=0,85. Pesyntatute OT u3uucnewusTa ca
AapeHu B Tabn.1, Tabn.2 v Tabn.3.

Tabnuua 1.

Pesynmamu om usyucnerusima 3a Heobxodumama
MOWwHoCm Ha dgu2amesisi No pasnudHuUme Memoouku
npu Qx=5000t/h u v=5m/s

L [m] 1000 500 100
L1 [m] 500 250 50
L2 [m] 500 250 50
Metoawnka Ne1 1620 800 190
[bskos, Bacunbes

u=0,25

MeToauka Ne1 1530 770 190
[bsikoB, Bacunbes

=035

Metoamka Ne2 1500 780 220
DIN 22101

Metoamka Ne3 1430 710 170
CEMA

MeToauka Ned 1510 760 210
Dunlop

MeToamka Ne5 2230 1050 210
KyamaHoB

Metoamka Ne6 1760 850 180
Bpax

H[m] 48,8 24 4 49
C 1,05 1,2 1,8
/ 1 1,1 1,7
Qn [N/m] 580 376 329

B=1m, q»=401N/m, q’,=106N/m, qu=2725N/m
Wi+ Wp=6600N
B - wupoynHa Ha nexrara

Tabnuua 2.

Pesynmamu om usyucneHusma 3a Heobxo0umama
MOWHOCM Ha 0guzamesisi no pasfuqyHume MemoOuku
npu Qv=500t/h u v=2m/s

L [m] 1000 500 100
MeTogmka Ne1 186 97 30
[bsikoB, Bacunbes

1 =0,25

Metoamka Ne1 179 95 30
[bskos, Bacunbes

u=0,35

MeToauka Ne2 172 96 32
DIN 22101

Metoamka Ne3 163 85 25
CEMA

Metoamka N4 174 93 31
Dunlop

MeToauka Ne5 257 125 25
KysmaHos

Metoamka Ne6 196 106 32
Bpax

Gn [N/m] 229 206 206

B=1m, qp=178NIm, q’;=44N/m, qu=681N/m
Wi W,=4500N
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Tabnmua 3.
Pesynmamu om u3yucneHusma 3a Heobxodumama
MowHoCM Ha dsueamerisi N0 pasfuyHUme Memoduku
npu Q=100th u v=1m/s

L [m] 1000 500 100
Metoauka Ne1 43 23 9
[bskos, Bacunbes

=025

MeTtoauka Ne1 41 23 9
[bskos, Bacunbes

u=0,35

Metoauka Ne2 40 23 9
DIN 22101

MeTtoawuka Ne3 37 20 7
CEMA

MeTtoavka Ne4 40 23 9
Dunlop

Metoauka Ne5 58 28 5
KyamaHoB

Metoauka Ne6 43 23 7
Bpax

B=0,65m, qp=85N/m, q’»=21N/m, qu=272N/m
Wit W,=3750N

N3Boaun

Mpn Mamkn ObIXKWHA W Manku  NPOM3BOLWUTENHOCTY
HeoOXoOMMMTE MOLUHOCTM Ha [BuraTens nomyvyeHn npu
pasnuyHuTe MeTogukn ca ¢ 6nusku  ctoiHocTM. [lpu
Qn=100th, L=100m wn L=500m (1abn.3) pesyntatute no
metoouku |, 1l n IV ca egHaksm.

Mpu opueHTMpoBBYHUTE MeToaukn (Ne5 n Ne6) mpu marnku
BBIKMHN pesynTaTute ca 6nusku 4o Tean Ha yTouHeHuTe. Mpu
rofiemMu ObIKWMHM Ha TpaHcropTbopa obade, npu Tax ce
nomny4aBat peaynTaTi CbC 3Ha4YNTENHO MO-BUCOKM CTOMHOCTH.

Mpu meTogmka Ne1 ce oTuuTa KoeduUMeHTa Ha TpueHe
Mexgy neHtata u GapabaHa y. [Npu Manmku AbKMHA Npu
1=0,25 n u=0,35 3a MOWHOCTTA Ha ABuraTens ce nonyyasart
€[HaKBW pe3ynTaTi, HO MpU roNemMu ObIDKWHU pasnukaTa e
3HaunTenHa.
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E®EKTUBEH METO[] 3A YBEITMYABAHE HA BUCOYMHATA HA NOAEM HA
BAPABAHHWU PYAHWYHU NOOEMHWU YPELIBU

Unus Uoyes

“Pyomeman” ALl , 4960 ep. Pydosem

PE3IOME. B foknapa e HanpaBeH kpaTbk 0030p Ha Bb3MOXHUTE METOAM 33 YBENMYaBaHE Ha BUCOYMHATA Ha MOAEM Ha PYAHWYHUTE NOAEMHM ypeabu. MsnoxeH e
MeToA MpUMoXVM 3a NoemHa ypeaba ¢ ABa ckuna, Mpy npunaraHeTo Ha KOWTO ce MocTura Moy BOVMHO YBENWYaBaHe Ha BUCOYMHATa Ha nogem. Vsseaenm ca
aHanUTM4YHM 3aBUCUMOCTW GasvpaHn BbpXy TeopusTa Ha PYAHUYHUS MOAEM, Bb3 OCHOBA HA KOWTO Ca HanpaBeHW M3BOAW M MPenopbku, Heobxopummn 3a
npaKTu4yeckaTa peanusauns.

ARE EFFECTIVE A METHOD FOR INCREASE IN HEIGHT OF RISE OF DRUM-TYPE MINE ELEVATING INSTALLATIONS
llia lochev
“‘Rudmetal” AD, 4960 Rudozem, Bulgaria

ABSTRACT. In the report the short review of possible methods for increase of height of rise for some types of mine elevating installations is made. The method is
considered we will put for installations working with two skips. Through this method it is possible to achieve about two times of increase of height of carrying. In the
report are deduced analytical dependences, which are based the theory of mine elevating installations. On their bases conclusions and recommendations about
practical the method appendix are drawn.

YBoa Kpauwiata Ha bsraluTe HaMOTKW Ce CBbP3BaT KbM NOAEMHUTE
cvgoBe - ¢ur.1. Tlpu TOBa Ce ocurypsiea efgHOCIONHO
B npoLeca Ha ekcnnoaTtauusTa CbpoBOAEHa C M33eMBaHe HaBMBaHE Ha 6ap363Ha, WKOHOMUA Ha efHa MblHa ObJTKUHA,
Ha NoNesHUTe U3KOMaeMW, MUHHIUTE NPeanpUATUS BCE NOBeYE yBENN4aBaHe Ha TOBAPOMOAEMHOCTTA U NPON3BOANTENHOCTTA
HaBnM3aT B AbNOOYMHA. B noasemMHUTE MWUHM TO3M npoLec Ha noaemHara ypezba.
YeCTO BOAM [0 M34eprBaHe Ha Bb3MOXHOCTATE Ha HanUYHUTE
nofieMHU ypeabu aa OCUrypsiT 13BO3 Ha Xopa M TOBapu OT 3a MbpBM MbT NO TO3M HAYMH B oTpacbna npes 1990 roa. e
HeobxoanMaTa abnboumnHa. MoZepHu3MpaHa nogemHa MawwHa BM  3000/2030-4A, B

[oxbac, YkpaitHa.

Bb3HukBa He06X0AMMOCT OT NOAMSHA UMK PEKOHCTPYWUpaHe
Ha pyBHW4HUTe nogemHu ypegbu (PITY). BapuaHTsT, npu
KOMTO Ce paswWwmpsBaT Bb3MOXHOCTUTE Ha CbLUECTBYBALLMTE
PIY e nkoHomMuuyeckn edpekTmBeH, a 3a HeroaTa peanusauus
ca HeoDXOOMMM MMHWMANHM KanWTarnoBnOXeHUs. Hskou ot
Bb3MOXHWTE HAuUMHM 3a YyBENWuYaBaHe Ha BMCOYMHATA Ha
nofeM ca cregHuTe:

e npepaboTBaHe Ha GapabaHHa nogemHa MalmHa B
MaLUvHa ¢ ,0sralin’ HaBUBKMA Ha TPUEHE;

e  MPEeMWHaBaHe KbM [ABYCMOWHO WAM MHOrOCHOMHO
HaBMBaHe Ha MOAEMHWTE BbXeTa — CblWO MNpy
BapabaHHUTe MaLKHK; D

e BapWaHT 3a ABYCKMMOBA NOAEMHa ypenba, npu KoWTo
ABaTa ckuna ce OkauyBaT Ha BbXeTa C PasfuyHa

our. 1. MpepaboTBaHe Ha 6apabaHHa NoAeMHa MallMHa B MalUWHa B

ObIMKNHA. ,ofrawu” HaBUBKM Ha TpueHe
MbpBUAT BapuaHT e pasrneaaH noppo6Ho B Voves (2002). BapuaHTbT Ha ABYCMOIHO HaBMBAHE Ha NMOAEMHUTE BbXeTa
3a pasnuka OT OOMKHOBEHOTO 3akpenBaHe Ha MOAEMHUTE — our. 2 (Mioyes, 2002) € N1ECHO U3MBIHUM B NPaKTUKaTa, HO &
BbkeTa kbM peGopaa Ha 6GapabaHa Ha MalwwuHaTta u HEOoBXOAMMO f1a Ce M3BLPIIM MOHTaX Ha  KIMHOBMOHM
OCUTYpsiBaHe Ha HAKOMKO (3-5) KOHTPOMHWM W HepaboTHM €NeMEHTI MpW Mpexofa OT MbpBUS KbM BTOpUS CMOM Ha
HaMOTKW Bbpxy GapabaHa, B MopepHu3upaHaTa MalunHa HaBuBaHe. ToBa € 3abIKUTENHO NPM ABYCONHO HaBMBAHE U
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nogem Ha xopa u xopa 1 ToBap (IpaBunHuK no 6esonacHocT

Ha Tpyga, 1969). OcBeH ToBa, C Len nopobpseaHe Ha HauMHa

Ha HaBMBaHE Ha BbXXETaTa BbpXYy 6ap668HMTe e Heobxoanmo

na ce N3BbPLUM ONTUMU3NPAHE Ha brnnTe Ha aesunaLnA.

i

®ur. 2. NpemnHaBaHe KbM ABYCNOIHO (MHOTOCNONHO) HaBUBaHE Ha
nogeMHUTe BbXeTa
(

B HacToswms aoknag e u3noxeH nocnegHns ot n3bpoeHnTe

no — rope BapuaHTW. [oNsMO HEroBO NMPeaMMCTBO e, Ye Mpu
peanu3npaHeTo My e Bb3MOXHO [ja Ce NOCTUTHe MOYTU ABOHO
yBENM4YaBaHe Ha BMCOYMHATA HA MOMEM, KOSTO MOXe fAa
cTurHe npubnuautento go 1800 m.

CbLHOCT Ha MeTOAA

MMpn pearvavpaHe Ha TO3M METOL € HYXHO ABaTa ckuma ce
OKayaT Ha MOAEMHM BbXeTa C pa3nuyHa ObmkuHa (ur. 3)
TaKa, Ye Ckvn 2 fa ce ABMXKW Camo B A0MHaTa, a ckun 1 - camo B
ropHaTa nosioBuHa OT LuaxTaTa. [bimkvHaTa Ha MogeMHOTO BbXe
3a ckun 1 CbOTBETCTBYBA HAa MOMIOBMHATA OT BWCOYMHATA Ha
nogem Ho, a pabotHaTa My yacT, HaBuBaHa Bbpxy 6apabaHa e
paBHa Ha MONoOBWHaTa OT Tas3u AbMXWHA, T. €. Ha H+hn.
Bucounnata hn e Heobxoguma 3a npeToBapBaHeTo OT
€[MHMS CKWN Ha gpyrus.

[ObmkuHaTa Ha NogeMHOTO BbXe Ha Ckun 2 CbOTBETCTBA
Ha MbHaTa BUCOYMHA Ha nogem Ho, a pabotHata vacT Ha ToBa
BbXe HaBWBaHa BbpXy bapabaHa cbluo e paBHa Ha H+hn.

Mpy TakoBa OkayBaHe Ha ABaTa CKMNa Ce OCUrypsiBa BICOUMHA Ha
nogeM, AocTUralja npubnuauTenHo f[Ba MbTW gbikuHaTa Ha
BBXETO, KOETO € Bb3MOXHO [1a Ce HaBue Ha bapabaHa.

3a npeToBapeaHe Ha MaTepuarna oT CK1M 2 B Ckvn 1 B LaxTaTa e
HeoBGXoaMMo [a ce MOHTMpa Bb3en 3a npeTosapsaHe. Ha dur. 4
€ MokasaHo MPUMepHO YCTPOICTBO Ha TakbB Bbaer, paboTely no
CIIEHNS HAYMH:

MpucTuralmsT OT  [ONMYy HATOBAapeH CKWN HaBnM3a B
pa3ToBapBaLLMTE KpUBW 1, KOWUTO OTKIOHABAT ABHOTO MY Haf
ynes 2. [pes ToBa Bpeme npucTUraLus oTrope npaseH ckun 1
3acTaBa nog ynes 2. 3ageicTea ce AbHHUS 3aTBOP Ha CKUM 2 1
HeroBusi ToBap Ce npetoBapea B ckun 1. 3a ynaBsHe Ha
pascumaHWs Matepuan B Mpoueca Ha NpeToBapBaHe ca
npeaBuaeHN 3aluTHOTO orpaxaeHne 4 n ByHkepa 5, koWTo e
CHabaeH CbC CEKTOPEH 3aTBOP 7 W 3a[BWKBALL, CUIOB LIMMMHABP
6. Tyk H e BucoumHaTa Ha nogem npeau  PeKoHCTPYKUMATa Ha
nogemHata ypegba, a Hx e yBenvueHneTo Ha Taau BMCOUMHA.
Kakto Gelle crnomeHato Hx moxe fa [OCTUTHE MakCuMym A0
CToiHOCTTa Ha H.
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Mpu NpemuHaBaHe Ha NO-[OMEH XOPU3OHT cnefpa aa Gbae
MpemMecTeH 1 Bb3ena 3a MPeToBapBaHe Ha CKUNOBETE B LLaxTaTa.

(

Mpn HeobxogMMOCT OT HamansiBaHe Ha HeypaBHOBECeHaTa
yacT Ha PITY e Bb3MOXHO Aa ce 13nonsyBa ypaBHOBECABALLO
BbXE C NoAXoAALo nogbpaHa nuHenHa maca.

(
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ur. 3. CxemMa Ha ABycTeneHHa CkUroBa NojemHa ypenba C egHa nogemHa
MallMHa MOHTUpaHa Ha NOBLPXHOCTTA: 1 - NpueMeH GyHkep, 2 - GapaGaH Ha
nopeMHata MalumHa, 3 - OyHKkep 3a npeToBapBaHe Ha MaTepvana oT eAMHUA ekun
B Apyms.
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dur. 4. Bb3sen 3a npeToBapBaHe Ha CKUMOBe B laxTaTta: 1 - pasToBapHU
KpuBY, 2 - ynew, 3 - Nnowaaka 3a o6enyxBeaHe, 4 - 3aWMTHO orpaxaeHue, 5 -
©GyHKep 3a ynaBsiHe Ha pascunaHusa Marepuan, 6 - CUoB LMNUHALP, 7 - 3aTBOP.
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B pasnnyHm nuTepaTypHu U3TOUHULM Ca ON1CaHW ABYCTEMEHHM
cxemm Ha PITY ¢ egHa nogemHa MaluvHa, MOHTUpaHa Ha
MOBBPXHOCTTA W C MOCIeoBaTenHO OkayeHW NMOAEMHM CbAoBE,
(no OBa Ha BCEKM KIMOH Ha MOLEMHOTO BbXe). Tasu Cxema,
HE3aBMUCMMO OT Bb3MOXHOCTUTE 1 3a YBENNYaBaHe Ha BUCOUMHATA
Ha rnogeM, He e nonyyuna npakTU4Yecko NPUNIOXEHUe
nopagn HAKOW CbLECTBEHW HeJoCTaTbLy, MpOn3TUYALLM OT
cnepHuTe 00CTOSTENCTRA:;

e HeoDXoQMMOCT OT HSKOMKO Ha Opon
ByHkepw;
e  TBbpAE Texka ypenbda ¢ TBbpAE CNOXHO 06CnyKBaHe
W ynpaBneHue;
e  MBPTBOTO TErNO Ha ABa MNOCNEAOBATENHO OKa4eHu
CK/Ma € Mno-ronsMo B CPaBHEHWE C TErNOTO Ha eauH
CKMM, KOETO HamarnsiBa TErnoTo Ha MonesHust ToBap
npw 3agaaeHa AbnboynHa Ha NoAeM MK BbaMOXHaTa
AbnboumnHa Ha nogem npu 3afjageHa
TOBapOMNOAEMHOCT Ha CKUNa;
e  YCTIOXHSBA CE KOHCTPYKUMSITa Ha CKMMoBETe OT
M3NCKBAHETO 3a OKa4BaHe Mof, TAX Ha MOAEMHO BbXe C
BTOPYSt NOAEMEH Cb.
OmuceaHata nogemHa ypepba B HAacTosWMA OKNAL HsMa
MOCOYEHUTE HeJoCTaTLLM.

MEXOMHHN

W3non3saHeTo Ha OOWMKHOBEHW CKMMOBE C ABbHHO pasToBapBaHe
(o eawH 3a BCAKa CTeNeH Ha MoAeM), a ChLLO Taka CpaBHUTENHO
npocTaTa KOHCTPYKLMA Ha Bb3era 3a NpeToBapBaHe B LUAXTara,
fe3 M3BbpLBAHE HA [OMBLAHUTENHWM MaWWHHU pabotn u
MOHTaX Ha MEXOMHHM NOA3eMHN ByHKepW ¢ 403aTopu, NpaBsT
Ta3un PITY npakT14eckn HambITHO NPUNoXuMa.

KoHTpon Bbpxy Mpoueca 3a npeToBapBaHe Ha Matepuana ot
€[MHIS Ha BTOPUSI €KUM € Bb3MOXHO [a Ce OCbLLEecTBsBa OT
MOBBPXHOCTTA C MOMOLW{TA HA MPOMMWLLIIEHA TEMEBM3MOHHA
ypenba. CbBpeMEHHUTE TEXHUYECKM CPEACTBA 3@ aBTOMATUYHOTO
yrpaBrieHne 1 KOHTPON OCUrypsiBaT HagexpHa pabota Ha
BCWYKM Bb3NK 3a [ByCTeneHHa ckunosa Pr1Y.

OnucaHara cxema Ha PIY e Bb3vOXHO Aa Hamepu LUMPOKO
npunoxeHue Ha WaxTn ¢ HeronaMa u cpegHa npou3BoAUTENHOCT,
Korato Kato numuTMpaLy qpaktop ce sBfBa He 3ajapjeHara
NPOM3BOANTENHOCT, @ BUCOYMHATA Ha NOLEM.

HanpaBeHuTe W34MCrIEHNS NMOKA3BaT, Y€ MpU BUCOYMHA Ha
nogem B AuanasoHa ot 1100 -1800m npu u3nonssaHe Ha
OBMKHOBEHN CTaHOapTHW eaHoBbXeHn PITY e Bb3MOXHO fda ce
[OCTUTHE NPOM3BOAMUTENHOCT MO OMMCaHaTa CXemMa B rpaHuuuTe oT
20x1n.T. oo 800 xun.T. nonesHo 13kornaemo 3a roavHa.

ToBa B MHOTO Cryyau Mo3BosisiBa Aa Ce peluat 3agaunTe 3a
0TpaboTBaHe Ha MONesHUTe M3KoMaeMu Ha roriemMu JbnbounHM
©e3 CbLLECTBEHM Pa3xoaM 3a PEKOHCTPYKLMATA.

Heo6xoauMn M34UCIIUTENTHN M HACTPOEYHM
AEWHOCTN NpU NpUnaraHe Ha MeToAa

Mpw NpunaraHe Ha M3NOXeHUs B HAaCTOALLMS JOKNad MeToq
Ce yBenuyaBa AbIKMHATA HA NOLEMHOTO BbXe, Ha KOETO €
okayeH ckun 2 ¢ Hx cbrnacHo 06o3HaveHusTa Ha cur. 3. B
pesyntar Ha ToBa Ce Hanara Aa Ce W3BbpLlaT onpesenequ
MPOEKTHU U3YMCIIEHNS.



OnpepensiHe Ha MakCUMaNHUA OKa4yeH TOBap Ha KIOHa Ha
BBLXKETO Ha ckun 2 Qckz M U3YMCNIIBAHE Ha KoedhuLMeHTa
Ha curypHocT Kc Ha cbloTo

QCKZ = QM.CI(Z +Q17.CK2 + p(H +h' + Hy )’ N (1)

kbaeTo Qu.ck2 € MbpTBOTO (CO6CTBEHOTO) TErno Ha ckun 2 ,N;

Qr.cx2 — nonesHoTo Terno Ha ckun 2,N;

P — NMHEAHO TErNO Ha NOAEMHOTO Bbxe, N/m;

H - makcumanHata BMCOYMHA Ha MOAEM nNpeau
PEKOHCTPYKUMSATa Ha nofeMHata ypeaba, m;

hl - BiCOYMHaTa OT OCTa Ha HanpaBnsBaLYMTe LWanbu
[0 HMBOTO Ha pa3ToBapBaHe Ha ckuni,m;

Hx < H - yBennyeHaTta BUCOUMHA Ha NogeM,m.

Qe

Qcxz

KC

kboeTo Qp e paskbcBaluata cuna Ha BbxeTo,N

MonyyeHaTta CTOMHOCT Ha Kc ce cpaBHsBa CbC CTOMHOCTUTE
JIMMUTMPAHN OT HOPMATMBHUTE AOKYMEHTM (MpaBurHUK no
BesonacHocT Ha Tpyga, 1969) 3a cbOTBETHWTE Crhyyan Ha
NoaeMm.

OnpepensiHe Ha OKayeHUs ToBap [AeWCTBal, BBLPXY
BbXeTo Ha ckun 1 — Qckr:

Qexr = Qurcr ¥ Qucra + p(H +h' )a N 3)

kbaeTo Qu.ck.1 € MbpTBOTO (CO6CTBEHOTO) TErno Ha ckun 1,N;
Qr.ck 1 — noneaHoTo Terno Ha ckun 1,N.

OnpepensiHe Ha MakcUManHaTta crtaTUyHa pasnuka Twax.cr
Mexay ToBapuTe ge/icTBalyyM B ABaTa K/TOHa HA BbXeTaTa

Onpepens ce kato pasnuka oT uapasute (1) u (2), kaTo Hal-
TEXbK cnyqa|7| MMame npu noTernaHe Ha ckun 201 HaI7I-,ElOJ'IeH
XOPW30HT MbiIEH U COTBETHO CKWM 1 OT Hal-TOPEH XOPU3OHT
npaseH:

Tuaxcr = [QM.CKZ +Qpera + p(H +h' + Hy )]_

_(QM.CKl + phl )a N 4)

Axo npuemem, ye Quck 2= Qu.ck1, Qnek 2= Qmeks n H = Hx

Chef kaTto U3BbPWMM  CbOTBETHUTE  Npeobpa3oBaHus
noryyasame:

TMAX.CT:QH.CK+2pH’N ()
M3uncnutenHa npoBepka Ha Bb3MOXHOCTUTE  Ha

cnupayHata cCuctema Ha CblyecTByBallaTa MnoAeMHa
MallnHa pa60Teu4a NMpu HOBU eKcnnoaTalMoOHHU TOBapU
Bkntoua cnegHUTE OCHOBHU MOMEHTH:

U3yucnsieaHe Ha mMomeHma Ha npednasHume cnupayxku
npu usduzaHe UnU cnyckaHe Ha usyucneHust moeap — M
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M, 23M, (6)
KbOeTo McT € MaKCUManHWAT CTaTWdeH MOMEHT, onpegeneH
no chopmynara:

MCT :TMAX.CT'ROH’ N.m (7)

Kbaeto Rox e paanyCbT Ha OpraHa Ha HaBMBaHe ,m.

U3yucnseaHe Ha momeHma M2 Ha npedna3Hama cnupayka
npu u3knoyeaHe Ha ce80600HO nNocmaeeHuss Ha eana
6apabaH 3a pe2ynupaHe

Mpn CamMoCTOATENHO 3afBWXBAHE Ha CrMpadkaTa 3a BCEKY
HapabaH:

M, >12M,,,N.m ®)

Vi

Mpu 06LLO 3aBUKBaHe Ha CiMpayKkaTa 3a BCeku GapabaH:

N.m

M, > 2.M (9

1P

KbAeTo Mnp e CTaTU4HMS MOMEHT Ha NpasH1A KNOH 3a BCEKU
enuH o1 HapabaHnTe, HO B Clyyas Ha KMOHa Ha Ckun 2 kaTto
No-HaTOBAPEH:

M = Qu o + P(H +h' +Hy ) N.m (10)

W3qucnseaHe Ha npednasHusi cnupavyeH MOMEHmM npu
cnyckaHe Ha usqucneHuss mosap M

Heobxognmo e pa 6bae  cnaseHo W31CKBAHETO,
3aKbCHEHWETO Aa He e no-Mmanko ot 1,5m/s2. Mpegnonarame,
ye nogemHata ypegba crnycka ToBap (4pes crneumanHo
YCTPOEHO MpeTOBapBallo YCTPOWCTBO), ABaTa Ckunma umat
e[HaKBW MbPTBM U NonesHu Terna u Hx=H. Cnupaynara cuna
€ Han-ronsma B Kpas Ha CryCKaHeTo —BbMpoca € pasrnefaH
nogpo6Ho B Kosaues (1990):

M, > [(2-k)Q, o +2pH +1.5m;|R,,,, N.m(11)

KbA€TO K €  KOe(MULMEHTBLT
CbNPOTUBIEHNS MPU  [BIKEHME Ha
(k=1,15 3a ckunosu PY );

Mo - NpuWBeLeHaTa Maca Ha BCWYKW [BWXELWM Ce 4acTu Ha
nogemHata ypeaba KbM OKPBXHOCTTa Ha HaBMBaHe.

oTyuTaly  BpegHuTe
nogemHata ypepba

W3yucnsieaHe Ha npednasHusi cnupayeH MOMEHmM npu
u3dueaHe Ha oka4eHust moeap My

Heobxoaumo e pa 6bae  cnaseHo U3WCKBAHETO,
3aKbCHEHVWETO Aa He e no-ronsmo oT 5m/s2. [MogemHaTta
ypenba u3gura ToBap, a cnupayHata cunia e Hail — mManka B
Hayanoto Ha nogema. OTHOBO npegnonarame, 4e fgata
CKMNa UMaT eiHaKBI MbPTBM W NONe3Hn Terna u Hyx=H :
M, <(5m, —kQ,, .« —2pH )R, N.m (12)
JonbnHUTeNHU U34ncneHns

Heobxogumo e owwe fa 6bgar M34MCreHn CTOAHOCTUTE Ha
CNefHNTe NapameTpu:



e [lpousBoguTenHocTTa Ha nogemHata ypepba —
0BWKHOBEHO HamarnsBa OKOMO YeTUpu MbTu B
CpaBHeHMe C Ta3un Npeay pekoHCTpykuuaTa Ha PITY;
CnupayHmaT MOMEHT Ha paboTHaTa Cnmpauyka;

Bpost Ha cmupayHuTE TexecTu Ha npegnasHata
cnupavka;

e  MollHocTTa Ha rnaBHUs enexkTpogsuraTer.

M3BbpluBaHe Ha M3NUTaHME Ha CmMpayHaTa cuctema Ha
nogeMHaTta MalwuHa paboTela npu HOBMTe HaTOBapBaHMA
MopobeH BbApoC e pasrnenaH B Moues u SAnesa (2004).
WssbplwBa ce uypes ocuunorpadupaHe Ha npoueca Ha
cnupaHe, Npu KOeTo ONMUTHO Ce ONPEAEnsT CTONHOCTUTE Ha:

e BpEMETO 3a NPa3eH XO4 Ha CrupaykaTa;

e  BpemeTo 3a cpaboTBaHe Ha cnmMpavkara;

e  (hakTMyeckaTa  CTOMHOCT  Ha  CMMPaYHOTO
3aKbCHeHMe npu cpaboTBaHe Ha npegnasHata
cnupadka npy cnyckaHe Ha U34ncreHus Toeap;

e  (hakTMyeckaTa  CTOMHOCT  Ha  CMMPaAYHOTO
3aKkbCHeHMe npu cpaboTBaHe Ha npeanasHata
cnupadka npy 13guraHe Ha U3YMCheHns Toeap.

M3Boau
|-|pl/| H606X0,E|,VIMOCT OT yBEN4aBaHe Ha BMCOYMHATa Ha Noaem Ha
Py c [Ba Ckina € Bb3MOXHa [a Ce NPUNOXu MeToaa U3IOXEH B

[MpenopbyaHa 3a nybnukysaHe 0T PeakuMOHeH CbBeT
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HACTOSALLVSA OKNa/, Herosy OCHOBHI MpeavMCTBa Ca NpocToTaTa Ha
peanuavpaHe 1 Huckara CTOMHOCT Ha KaruTarnHUTE BIOKEHHS.

Mpv NpunaraHe Ha To3u MeToA € HeoBXOoUMO Aa Ce M3BbpLLaT
HEOBXOIMUMITE MSHMCTIUTENHI U HACTPOBYHM [EAHOCTV NPECTABEHN
no-rope.
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U3MON3BAHE HA LEHTPOBEXHW NOMMWU KATO TYPBUHW B MUHHUTE
NPEANPUATUA

Unus Uoyes

“Pyomeman” ALl , 4960 ep. Pydosem

PE3IOME. B noknaga e uscnefsaHa Bb3MOXHOCTTa 3a M3MOM3BaHe Ha CTaHAAPTHU NOMMNM KaTo TypbuHW. B MUHHUTE NpeanpusiTs YeCTo ce Cb3gaBaT YCroBus 3a
13TM4aHe Ha BoAa OT MO-BMCOKN KbM MO—HUCKM XOPU3OHTW. EHeprusiTa Ha Tasu Boaa nopagm pasninyHv NpUYMHN OCcTaBa HewsnonseaHa. MocpeacTBOM CTaHgapTHH
nomnu pabotely B TypOuHeH pexum To3u npobrem ce peliaBa ¢ MUHUMAMHW KanuTanoBnoxeHus. CtaBa Bb3MOXHO W3rpaXgaHeTo Ha MUHU U MUKPO BOZHM
€neKTpUYecKm LieHTpanu. B goknaga e nokasaHo, Ye npu onpeAeneHu yCrnoBms NoMnMTe MoraT Aa paboTsT kaTo TypbuHu ¢ goctatb4Ho Bucok KIp.

USING OF CENTRIFUGAL PUMPS AS TURBINES IN THE MINING ENTERPRISES
llia lochev
»Rudmetal” AD, 4960 Rudozem, Bulgaria

ABSTRACT. In the report the variant acquisition of standard pumps as turbines is investigated. In mining the enterprises are often created conditions for course of
water with top on the bottom horizons. For various reasons energy this water do not use. This problem can a life is solved by means of standard pumps working as
turbines about the minimum expenses. On mining the enterprises it is possible will construct small hydraulic power plants. In the report it is shown, that pumps can
work as the turbine with high efficiency.

B'bBep‘eHMe HEe Ce onon3oTBopsBa. 3a pa ce usberHe TO3M (baKT ca

EgHa oT OCHOBHWTE [OEHOCTW CbnpoBOXgawa aobusa Ha Bb3MOXHU CNEeHUTE BapuaHTn:
MOMEe3HN U3KOMaemMi B CbBPEMEHHUTE MUHHUTE NPeaNpUATUS
€ pyaHu4Hus BogooTine. OBMKHOBEHO BogaTa ce akymynupa
BbB T. Hap. BOZOCOOPHMLM, KOUTO B 3aBUCMMOCT OT
n3bpaHaTta cxema Ha BOAOOT/IMB Ca PA3rONOXEHN Ha Ham-
HUCKMS UMW Ha HSKOMKO XOopu3oHTa. Mo TO3M HaumH ca
Cb3AafeHN YCroBuUs 3a NPOTUYAHE Ha HEMArKW KOnuyecTBa
Boga (0,05 - 0,2 mds) npu BUCOUMHU (HapWyaHu oLle
nagose) 50 - 250 m. OueBugHO Tasu Boga npuTexasa
EHEprus, KOATO Hali-4ecTo He Ce 13MoN3Ba.

B AHelLHO Bpeme, B YCNOBWE Ha HEJOCTUT HA EHEPTUAHNTE
W3TOYHULM, BBNPOCLT CBbP3aH C MPOW3BOACTBOTO Ha
enekTpuyecka €Heprus  OT  Bb30OHOBSEMM  W3TOYHMLM
(kakbBTO € BOAaTa) € 0coBeHO akTyaneH M eKONMOrU4HO

LenecbobpaseH.
e

Ha cour. 1 e nokasaHa cxema Ha BOAOOT/IVNB Ha NOf3EMeEH ®ur. 1. Cxema Ha pyAHUEH BOAOOTNMB: 1 — NOMNEH arperar, 2— HanopeH
PyOHUK, NPK KOATO BOdATa ce akymynupa B kamepa 4 (CTapa TpbOONpoBoA, 3 —NperpagHa cTeHa, 4 — BOAOCLOMpaTenHa kamepa.
ranepus) ¢ NoMoLLTa Ha nperpaaHaTa cteHa 3. B HowHuTe
yacose, nocpeacTsom L|J|/|6'bpa MOHTUpPaH KbM nperpagHata ° pr60npOBo,£l,bT, no KOWTo ce cnycka BopjaTta ce
CTeHa, BoAaTta Ce Mnponycka B CMykaTenHaTta WaxTa, a oT CBbp3Ba KbM CMyKaTesnHmna d)ﬂaHeU' Ha
Tam upes nomneHns arperat 1 u HanopHus TpLBONPOBOA 2 [OMbIHUTENEH MOMMEH arperat, Kato eHeprusTa,
Cé u3nomneBa Ha MNOBBLPXHOCTTA. ToBa pelieHne e KOSATO TOM e u3pasxonsa Lie e |'|p|/|6ﬂV|3V|TeﬂH0
npoAuKTYBaHO OT HeO6XOD,MMOCTTa M3NOMMNBAHETO Ha paBHa (an PaBHU ﬂe6V|TV|) Ha pasnnkaTta OT Tasn
pydHu4yHata BoAa pfAa CTaBa NO Bb3MOXHOCT CaMO B Ha nomneH arperaT1 W eHeprnaTa Ha napailiata
HOLWIHUTE 4acoBe, KoraTo LieHaTa Ha eNleKkTpoeHeprudata e BOAa;

3HAUNTENHO MO - HUCKa. EHeprusiTa Ha cryckaliaTa ce Boga
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e TpbOoONpoBOALT, MO KOWTO Ce Chycka BogaTa Cce
cBbp3Ba KbM TypbWHeH arperaTt — ur. 2, KOWTO
e npousBede €nekTpoeHeprus CbOTBETCTBALLA
Ha gebuta u Hanopa Ha nagaliarta soga — ¢ur 2.
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arperar: 1 — nomneH arperar, 2 - HanopeH Tpbbonposog, 3 —nperpagHa
CTeHa, 4-BogockOMparenHa kamepa, 5 - TypbuHeH arperar.

OnpepeneHo BpemMe Cred  MpeycTaHOBsBaHe  Ha
(DYHKLIMOHMPAHETO Ha AafieH NOA3eMEH PYAHMK, ChLUMAT Ce
3ambrBa U3Usno ¢ BOfA, YMSITO eHeprus e LienecbobpasHo
[a ce onon3oTBOPK Ype3 MOHTMpaHe Ha TypbuHeH arperat B
onpegeneHa HanopHa 4act. Ha ¢wur. 3 e nokasaHa cxema Ha
NUKBUAMPAH PYAHMK, YMETO OTPabOTEHO NPOCTPAHCTBO €
3aMblHEHO C pygHMYHA Boga. TypOWHHWAT arperat Le
pabotn ¢ [ebut nNpubnuaUTenHo paBeH Ha BOJOMPUTOKA
npeayw NUKBUAMPaHe Ha PyAHUKA M Hanop CbOTBETCTBALY Ha
AbnbounHaTa Ha pygHuka.

®ur. 3. llukenanpaH noasemeH pyaHUK: 1 — 3ambiHEHO C BOAa MPOCTPaHCTBO
OT MMHHM U3paboTkW, 2 - nperpagHa creHa, 3 —TypbuHHa kamepa ¢ TypOuHeH
arperar.

CobluecTByBalluTe ycrnoBus 3a NPOW3BOACTBO  Ha
€NEKTPOEHeprus B AENCTBALLM 1 NINKBUMAMPAHN PyaHWLNM ca
TaKu1Ba, Ye nosy4yeHuTe MoLHoCcTH ca B rpanuuute 10 — 250
Kw. B cpaBHeHWe C eneKkTpoLeHTpanuTe ekcnnoaTupaHu B
[HELLHO BPEME, Te3W MOLLHOCTM Ca Manku W XapakTepHu 3a
MuHU M Mukpo BELL (BogHO enekTpuyecka LieHTpana).
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Ycnosusi Heob6xoaumm 3a paboTa Ha
LIeHTPOOEXHNUTE MOMNMU KaTo TYPOUHM

EaHa oT OCHOBHWTE 3agjaun npu u3rpaxgaHe Ha MWHM K
mukpo BEL| e cBbp3aHa C onpefensHeTo Ha Tuna W
napametpute Ha TypbuHHOTO obopyasaHe. Ha cur. 4 e
nokasaHa cxema 3a u3bop Ha Tuma Ha TypbuHuTe B
3aBUCMMOCT OT HETHUS (YncTns) Hanop 1 gebuta Ha Boaara.
MopobeH Bbnpoc e pasrneaaH B Chapallaz (2007), kakto u B
po3es 1 O6peTeHoB(1991).

Mo cBosiTa CbWHOCT LeHTpobexHaTa nomna paboTewa B
TypOUHEH pexum npeactasnsea TypbuHa Tn PpaHumc Ges
HanpaBrsBaW nonaTk4 Ha Bxoga Ha paboTHOTO Koreno,
CNyXeLyn 3a perynupaHe Ha pexuma Ha pabota. ETo 3aulo,
MPUNOXEHNETO Ha LEHTPOBEXHUTE NOMMU B TYPOUHEH PEXMM
B OOWWM NMHMW Ce MpUNOKpMBa C TOBa Ha TypOUHUTE  TWN
®paHuuc, Ho 3a febutn fo okono 1md/s.

M3BecTeH e npuHuMna 3a 06paTMMOCT Ha BCAKa NonaTkoBa
xvapomalumHa (Typbomatumua) (Mposes n ObpeteHos 1991),
T.e. TR MOXe fa paboTu KaKToO KaTto momna, Taka M Kato
TypbuHa. OcBeH TOBa NOMMEHOTO PabOTHO KOMEno e mo-
npucnocobeHo ga pabotn B TYpOMHEH pPeXuM, OTKONMKOTO
TYpOMHHOTO B MOMNMEH.
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our. 4. U36op Ha TMNa Ha Typ6GuHaTa 3a KOHKPETHY YCroBus Ha paBoTa

Ha ¢ur. 5 e nokasaHo NPUIOXEHNETO Ha PasnuyHW TUMOBE
nomnu B TypbuHeH pexwm. MogobeH pesyntat e nybnukysaH B
Shafer (1981). Tpsibea fja 6bae 0Tbens3aHo, Ye B NpakTukaTa ce
M3NON3BaT kaTto TypOWHM Hail-Beye €OHOCTBMANHATE €dHO M
[BOVHOBTMYALLM LIEHTPOOEXHM MoMnK, nopagyu NPOCTOTO Cu
YCTPOMCTBO W fecHa noaapbxka. Hait-yecto nomnyyaBaHuTe
MOLLHOCTW OT nomnuTe paboTewm kato TypOuHu ca B rpaHuumTe
00 500 Kw npwu HeTHK nagose ot 5—90 m B cT. 1 aebutn 0,01 -1



m3/s. MpunoxeHneTo Ha LEHTPOBEXHN MHOrOCTBMAMHN NOMMK €
OrpaHWM4eHo Mopaam CMOXHOTO UM YCTPOIACTBO W TPYOHUTE UM
MoAAbPKaHe U PEMOHT.
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®ur. 5. N36op Ha TMNa Ha NoMnuTe paboTeLuy KaTo TYPGUHN 3a KOHKPETHU
ycroBusi Ha pabota

Ha ¢pur. 6 ca usobpasenm 3aBucumoctute Ha KIN[ ot gebura 3a
PasnuyHN TUNOBE TypBMHWM W momnK paboTewm Kkato TypbuHM.
MopobHu pesyntatn ca nybnukysanum B Shafer n Agostinelli
(1981). OT uryparta ce Hanara 13soga, 4Ye NoMnUTe mMorat ga
paboTAT B TYpOUHEH pexum ¢ goctaTbyHo Bucok KI1, koito
YCMEWHO Ce KOHKypupa CbC CTAHAAPTHUTE TWUMOBE TYPOMHM.
ToBa TBbpAeHNe, 0baye € BAPHO 3a TBbPAE TECHM MPaHNLyM Ha
pebuTHoTO none. Buxpaa ce, ye npu No-CbLyecTBeHa NPOMsHa
Ha Oebuta oT npoekTHUTe cToiHocTw, KM Ha nomnata B
TYpOMHEH pexuM ps3ko Hamansea. To3W (hakT Hanara
OrpaHUYeHNe Ha 13NON3BaHETO Ha NOMMM KaTo TypbuHN camo
3a TeM yyacTbUM, MpU KOUTO BOAHMAT Oebut wuma
OTHOCUTENHO MOCTOSHEH Xapaktep. Bogwwar pgebut B
PYOHWYHY ycrnoBust (cpur. 2 u cour. 3) € NOCTOSIHEH UMK NIECHO
MOXe fa ce nofabpka B HeoOXOQUMUTE rpaHuLW B paMKuTe
Ha eHO AEHOHOLLMe.
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®ur. 6. 3aBucumoctu mexay KM v peburta Ha pa3nvynu TUNOBe TypOUHM:
1 - MenToH Typ6uHa, 2 - KannaH Typ6uHa, 3 — ®paHumc TMpbuHa, 4 -nomna B
TYPOUHEH PeXUM.

OcHoBHaTa npuunHa 3a ynotpebarta Ha LeHTpoBEeXHM noMnu
KaTo TypBMHM € BUCOKATa LieHa Ha MpoeKTMpaHe W
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n3paboTBaHe Ha Knacuyeckn TYpOUHM 3a KOHKPETHM YCMOBMS.
Korato nonyyeHute MowHocT ca Manku (o 500 Kw)
W3non3BaHeTo Ha TypOUHM € MKOHOMMYECKN HEOBOCHOBaHO, a
CPOKBT 3a OTKYNYBAHETO HA CbOPBXEHUETO € MHOTO FoNsiM.

B oHewHo Bpeme ca pa3paboTeHn u ce npoussexpgat
MHOXECTBO TUNOpasMepn MOMMWU, KOWTO MOKpPUBAT
BCUYKM U31CKBaHMS Ha  MPOMMULLNIEHOCTTA. B
DENCTBMTENHOCT MOXe fAa ce nopbepe craHOapTHa
nomna 3a BCSIKaKBW CbyeTaHMs Ha Hamnop u gebuTt. Toea
cepuitHo NPOW3BOACTBO Ha noMmnu npasu
cebecTofHOCTTa MM 3HAYUTENHO MO-HUCKA OT Tas3n Ha
TypOuHNTE W M NpeBpbLya B CEpuo3Ha anTepHaTuBa 3a
Manku MOLLHOCTM.

OCHOBHM 3aBUCMMOCTH NpU NomnuTe
paboTewm B TYpOUHEH peXUM

OcHOBHMTEe napameTpu Ha nomna paboTela KaTo
TypbuHa ce pasnuyaBaT CbLECTBEHO OT TE3W Npu nomna
paboTewa kato nomna. 3aBoguTe Npom3BoauTENM asat
B TEXHUYECKUTE XapakTepuUCTUKM AaAHHW 3a nNOMnu, a He
3a TakuBa pabotewn B TypObuHeH pexum. ETo 3awo e
HeobXxo04MMO NpW U3NON3BaHe Ha LEHTPOBEXHUTE noMnu
KaToO CUNOBW MalUNHU aa 6'b/:|aT M3BBbPLUEHN HAKOWU
NPOEKTHU U3YNCNEHUA, KOUTO oGycnaam e(i)eKTI/IBHaTa
paboTa Ha mMawuHaTa.

W3pasxogeaHaTta MolHocT Pn Ha nomnata pa6oTela
B MOMMEH peXuM ce onpeaens CbrnacHo uapasa:

PH — ngHHU ,W
Mn

KbOETO Nn € KOeMUUMEHTHT Ha MoNe3Ho AeiCTBME Ha

nomnara paboTella B NOMMEH PEXUM;

p - NABTHOCTTA Ha Bogarta, kg/ms;

g - 3eMHOTO yCKOpeHue, m/s?;

Qn- obemHuaT gebut Ha nomnarta paboTewa B NOMMeH

pexum, ms/s;

Hn - HanopbT Ha nomnaTa paboTella B NOMNEH PEXnM,

nomyyeH KkaTto cyma OT reofesnyHaTa BUCOYMHA W

3arybute B TprbonpoBoaa,m.

(1

MowwHocTTa P, K0ATO Lie ce Nofy4yn Ha Bana Ha nomna
pabotewa B TypOuHeH pexum ce onpegens no
topmynara:

P=n,0090,H;W

KbOETO NT € KoedUUMEHTLT Ha MONE3HO AelCTBME Ha
nomnara paboTewa B TypbUHEH pPeXuM, NpuOGNU3MTENHO
paBeH Ha TO3W Ha nomnaTta paboTella B NOMNEH PEXUM;
p - NBTHOCTTA Ha Bogarta, kg/ms;

g - 3eMHOTO yCKOpeHue, m/s?;

Qr- 06emMHuMAT fedbut Ha nomnarta paboTewa B TypOMHeH
pexum, ms/s;

Hr - HanopbT Ha nomnara paboTela B TYypOuHeH pexum,
MoNyyeH KaTo pasfuka OT reofesnyHaTa BUCOYMHA M
3arybute B TpbbonpoBoaa,m.

(2)



Mogd cneyndnyHa YecToTa Ng Ha BbPTEHE Ha nomnara
B TypOUHEH pexum (To3n BbMPOC e pasrnegaH B Shafer n
Agostinelli 1981) ce pa3bupa YecToTaTa Ha BbpTEHE Ha nomna
pabotewa B TypbuHeH pexum npu Hanop 1m n gebut 1md/s
1 Ce onpeaens CbrnacHo 13pasa:

_ Ny QT
- 3 (3)
H,4
KbdEeTO Nt, Min'! e yecToTaTa Ha BbPTEHE HA NomnaTa B
TypbuHeH pexum. [lpu CUHXPOHEH reHepaTop ToBa €
CUHXPOHHATa 4YecToTa, a Npu acCUHXPOHEH reHepaTop —
CMHXPOHHATa 4yecToTa 3aBuweHa ¢ 2-3% .

Cneuucuynata yectoTa Ha BbpTeHe NS Ha nomna
pabotewa B TypOuHeH pexum npu Hanop 1m wu
ocsoboxpaBawa  mowHoct P = 1kW ce onpegens
CbInacHo uspasa:

1
2

4)

CneundguynaTta no

topmynara:

CKoOpoCT Vv Cce onpepgensa

Q. /)

V= a)—3
(2.g.H, )
KbAeTo (@ e brnosaTta ckopocT, rad/s.

I'IpM npunaraHe Ha nomnu Kato Typ6VIHM ca B cuna
cnegHuUTe 3aBUCUMOCTHU:

- Ns=15-300;
- ng= 5-100;
- v=0,032-0,634.

flonycTumaTta cMmykaTenHa BUcouMHa Hc Ha nomnaTta B
TYPOMHEH PEXMM € BaXeH napameTbp 3alloTo e CBbp3aH
C fBNeHueTo kasutauus - dur. 7. Wsuucnasa ce
cbrnacHo 3asucumoctTa (Viana, 1987):

H. <10-0.00122.A—

0,025(1+107*nZ, JH,, m  (§)

kbaeTo A e HagMmopcKkaTa BUCOYMHA HA MSACTOTO, KbAETO
pabotu TypbuHaTta,m;

nqA- CﬂeLlMd)VNHa YyecToTa, onpepensilia ce CbrnacHo

n3pasa:
N, ../Q

Ny =——— 5107 M
(9-H, )
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KbAETO n-l— ,51 e yectoTtaTa Ha BbpTEHE Ha nomMmnarta B

TYPOMHEH pexum, HO 3a pasnuka OT 3aBUCUMOCTH (3) U
(4) e ¢ apyra pumeHcus.

CwlecTtyBa nogobHa 3aBMCMMOCT 3a onpefensHe Ha
CMyKaTenHaTa BMCOYMHA Ha nomnaTta paboTela kato

TypbuHa (Chapallaz, 1992), kosTo AaBa NpUONM3NTENHO
CblLMS pesyrnTar.

/
2 —
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ey

®ur. 7. OnpepensiHe Ha AomycTMMaTa CMyKaTenHa BMCOYMHA Ha momna
paborelua kaTo TypouHa

U360p Ha nomna 3a paboTta kaTto TypOuHa
NP1 KOHKPETHU YyCNnoBUA

3apavaTa ce cBexaa Aa Ce OnpegensT KatanoxHuTe
napameTpu Ha ueHTpobexHa nomna no 3agageHu gebut
Qr n HeTeH Hanop Hr 3a onpegeneH yyacTbk 3a paboTa
Ha TypbuHaTa. Ha dur. 8 ca nokasaHu xapakTepuCTMKN
Ha ueHTpobexHa nomna paboTella kaTo nomna u Kato
TypbuHa (Chapallaz, 1995).

\ [lomna kKamo

mypbuHa
X

Fnn

|
Qnn Q

®ur. 8. XapaKkTepucTvki Ha LieHTpoOexXHa nomna paboTelya kato nomna u
Karo TypGuHa



Cnep aHanu3 Ha xapakTepuCTMKUTE WITCTPUPaHM Ha
tur. 8 ce HanaraT cnegHuTE M3BOAMN:

e [lpu paBHu obopoTu 3a nomnata u TypbuHaTa,
HanopbT H, aebutbt Q ¥ mMowHocTTa P Ha
nomnarta paboTewa B TypOuHeH pexum ca no-
ronemMu OT Te3un B MOMMEH PEXUM;

e KMA Ha nomna pabotelya B TypOUHEH pexum e
PaBEH Ha TO3M B MOMMEH PEXUM.

MoHacToAlEM CblEeCTBYBAT pasnUyHM Teopun 3a
onpegensiHe Ha KaTaroxHWTe napaMeTpW Ha nomna
paboTewa B TypbuHeH pexum. Te ce pasnuyasaT no
CBOA anroputbm, HO pAasaTt I'IpVI6J'II/I3I/ITeJ'IHO eAHaKBU
pesyntatu. Cnopep efHa ot Teopuute (Viana, 1987) ca B
cuna crnegHuTe 3aBUCUMMOCTY:

(8)

H,=c,.H,

Q= Co Q; ©)

KbeETO CH € Koe(MUMEHT Ha Hanopa onpeaensi, ce CbriacHo
dur. 9;

Ca - koeduuneHT Ha pebuta, KOWTO CbWO Ce onpeaens
cbrnacHo ¢ur. 9.

Cy
Q l CQ

0.2

0.0 T T T T
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®ur. 9. OnpepensiHe Ha KoedMUMeHTa Ha Hanmopa U koedMuMeHTa Ha
nebuta B 3aBUCMMOCT OT cneuuduyHaTa yecToTa I’lc| A onpepeneHa

cbrnacHo 3asucumoct (7) (Viana, 1987).

W3uncneHnte 3a wm3bop Ha nomnara Hanop W gebut
cbrnacHo 3asucumoctute (8) u (9) Buxa Bunm gocTaTbyHM 3a
n3bopa Ha momna 3a pabota kato TypbuHa OT 3aBOLCKM
kaTtaror, npx NOMIOXEHWe, Ye NomnaTta B HOPMarHu ycrioBus
Ce BBPTM CbC CUHXPOHHA MMM HAACWHXPOHHA YecToTa.
N3secTHO e obaue, Ye 3aBOaAWTE MPOW3BOAMUTENM HA  MOMMM
N34MCnsBaT M OKOMMNEKTOBAT MpOM3BEXAaHUTE OT  TAX
CTaHZAPTHM MOMMU C aCUHXPOHHW ABUraTeni, KONTo ce BbPTAT
C YecToTa Manko Mo-HWUCKa OT CuHXpoHHaTa. C apyru gymu
nomna, npegHasHadyeHa aa paboTi C acCMHXPOHHa YecToTa Lue
yBenuuu aebuta M Hamopa Cu MpW Mo-BUCOKaTa CHUHXPOHHA
WM HafOCMHXPOHHA uecToTa. ETO 3awo e Heobxomumo
HanopbT U AebuTbT onpepeneHn cbrnacHo (8) u (9) ma ce
3aHWKaT KaTo Ce MPEeU3YUCHIAT CbMIacHO  M3BECTHUTE
3aBMCUMOCTH:
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KbOETO Hnk € KaTanoxHUAT Hanop Ha noMnara u34mcnsBaqa
3a paborta kaTo TypbuHa;

Nk — KaTajoxHata 4YecToTa Ha BbpTEHE Ha nomnara
uaumncnsBaHa 3a pabota kato TypbuHa;

Qnk - KaTanoxHWaT AebuT Ha nomnata M3YMCnsiBaHa 3a
paboTa kaTo TypbuHa.

Mo nomyyeHuTe CTOMHOCTW Ha Hamopa M Aebuta CbrnacHo
3asucumoctute (10) u (11) ce n3bupa no 3aBOACKM kaTanor
LeHTpobexHaTa nomna 3a paboTa kato TypbuHa.

Pesyntatu u ussogu

Cnen M3BbpLUBaHE Ha aHanu3 Ha [OaHHUTE W3NIOXEHU B
HaCToALWMA OOKNaA Ce Hanarat cnegHuTe n3sodn:

e B WMWHHWTE npennpusTUS HEPSBKO CbLUECTBYBAT

ycroBus 3a uarpaxgaHe Ha manku BEL, koeTo uma

WKOHOMMYECKM UM eKonmormyeH ediekt CBbp3aH ¢

NpOW3BOACTBOTO ~ HA  €MNeKTpoeHeprs  OT

Bb30OHOBAEMM M3TOYHULK;

B ycrnoBust Ha Mankv MOLHOCTY e(PEKTUBEH BapUaHT

3a TypbuHHO obopygBaHe e U3non3BaHe Ha

LieHTPOBEXHW NOMAK KaTo TypOMHY;

e  LleHtpobexHnte nomnu npu pabotra B TypOuUHEH
PEX/M YBENWYaBaT 3HAUMTENHO Hanopa, Aebuta
CneqfoBaTeNlHO MOLWHOCTTA CU B CpaBHEHWe C
MOMMEHNS PeXUM Ha paboTa;

e [lpn npaBunHO opasmepsiBaHe Ha LEHTPODEeXHN
nomnu kato TypbuHu ce noctura ucok KA Ha
pabota B TypOMHEH pexuM, KOWTO € paBeH Wnu
He3HauuTenHo no-mMambK OT TO3M  MPW MOMMEH
PEXUM;

Tpsabea na 6bae otbenssaHo, ye B nepuoga 1992-1999r. B
,Lopy6co JTeku” All ca usrpagequ age manku BELL npu konto
kaTo TypOuHM paboTaT LeHTpobexHn nomnu tun ,550 [ 22" n
,300 4 70",

Mpe3 2006 r. B ,Fopy6co 3natorpan” Al e BbBegeHa BEL| ¢
Tpu  TypOMHHM arperata CbCTaBEHM OT  CTaHAAPTHM
LeHTpobexHN nomnm ,450[132” 1 aCUHXPOHHU ABUraTENN.

He3aBucumo OT cBOSITa OTHOCUTENHO Manka MolyHocT 300 —
400 kW, Te3un LeHTpanu ca CbLUeCTBEHO MPUXOAHO Mepo 3a
MWHHUTE NPEeSNpUSTIS, YUSTO COBCTBEHOCT Ca Te.
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ONTUMU3ALIUA HA MPOLIECA PA3AHE HA CKAITHWU MATEPUAIN C AUAMAHTEHHU
ANCKOBE

Bopuc bopucos, CmeghaH AHeenos, Hukonati [Tfemkoe

TexHudecku yHusepcumem — Cogbusi, hakynmem Asmomamuka, 1000 Cocbusi, ashmodean_@abv.bg

PE3IOME. O6paboTkata Ha CkanHW maTepuany BKiiouBa MPOLIECH, KOHCYMMpALLM 3HA4YMTENHa enektpoeHepris. OnTummsaumsta Ha paboTHUTE pexumu 3a
nocTuUraHe Ha MakcumasHa Npov3BOANTENHOCT C KOHKYPEHTHO KaYeCTBO NPW HaManeHa eHepriiiHa KOHCyMaLms e 3afada ¢ onpeaerneHa aktyanHocT. B foknaga, Ha
0asaTa Ha aHanM3 Ha aHanuTUYHK 3aBUCMMOCTYW OT TeopusATa Ha psisaHeTo, Ce Mpeanara MeToAonorms 3a 13bop Ha OMTUMAnHM enekTpPOMEXaHUYHM napameTpy
(ckopoCTu, CUNK, MOLLHOCTH) 3a PeXMMa Ha psaaHe. MeTogonorvsTa e Npunoxuma npy U3nomnasaHe Ha CbBPEMEHHN CUCTEMM 3a eMNeKTPO3aABUKBaHE 1 ynpasreHine
Ha AMCKOBM PEXeLL MaLLMHA.

PROCESS OF ROCKY MATERIALS DIAMOND DISC SAWING OPTIMIZATION
Boris Borisov, Stefan Angelov, Nikolay Petkov
Technical University of Sofia, Faculty of Automatics, 1000 Sofia, ashmodean_@abv.bg

ABSTRACT. The treatment of rocky materials is a process that consumes significant quantity of electrical power. Working regime optimization for maximal
productivity and high quality achievement in the condition of reduced energy consumption is a task of great importance and significance. This report offers
methodology of choosing of optimal electromechanical parameters like speed, force and power that reflect the mode of sawing, based on the theoretical analysis of
analytical saw relations. The methodology can be applied in contemporary electrical drive control systems that contain disc sawing machines.

BbBeneHue MaTepwan fja ce OCbLUECTBABA CbC CHEHUTE, NPELBAPUTENHO
/IHTEH3MBHOTO  pa3BWTME Ha  MUKpOMpoLiecopHata W yKa3aHu napameTpu:

curoBata npeobpasyBaTenHa TEXHUKM MO3BOMMXA MPe3 - - KOHCTPYKUMS 1 pasMepU Ha pexeLnst Auck, AMameTsp

nocneaHoTo [JeceTuneTve fa ObaaT Cb3gageHn Ha no- D,(2R,)[MM], wWwMpouMHa Ha [MAMaHTEHUs CerMeHT

[OCTBIHA LeHa kameHHO-0BpaboTBaLm MaLLWHK,
YAOBMETBOPSABALM MO-MbAIHO  KPUTEPUS 338  MaKCMMarHo
npou3BedeHa KOHKYPEHTHA MpogyKuMs Mpu  MUHUMYM - pbnbounHa Ha pssaHeto H [MM];
NPOV3BOLCTBEHN PA3X0aM.

d 1 [MM] (nebenuHa Ha cnosi, KoraTo e HerpekbeHar);

- nepucepHa ckopocT Ha aucka V :

OnTuMM3aLmMsTa Ha paboTHUTE PEXUMK MO TO3M, UAK OpYr
Bnn3bk Ha Hero kputepuii € Guna 3afada BUHar akTyanHa, Ho V. = 7.Dyny, [wicex] (1)
TPYAHO pelnma, ocobeHo 3a paHHUTE eTanu B pasBUTMETO Ha °©
yNpaBneHNETO Ha TE3W MalUWHU, OCHOBHO MOPaju:

- HEe3a[oBONWTENHATA TOYHOCT Ha HeobxomumoTo 3a

3afiaBaHa 4pes obopoTuTe Ha aucka - N ; [06/MuH];
LenTa mMaTeMaTuyecko OnMucaHue Ha ¢usmkata Ha npouecute

npy kameHooBpaboTkara: - CKOpOCT Ha XOPW3OHTanHOTO NOaBaTerHo ABWXEHWe
- OrpaHU4eHnsAT 0beM Ha eKkcnepuMeHTanHNUTe u3cneasa- Vy [MmmH].

HWSl, HacOYeHM KbM MOBMLIABAHE TOYHOCTTA Ha YECTO

uneanusmpaHuTe B TEOPETUYHO OTHOLLIEHWE pasrnexaaHus. C ps3aHeTo ce 3a1aBaT W NINHEHUTE pa3Mepy Ha CKarHuTe

MaTepuanu — pAebenvHa, LIMPOYMHA, AbMKMHA. [lOCTOSH-

PsidaHeTo C [AMamaHTeHW [UCKOBE €  3afbiKUTerNHa CTBOTO B pa3MepuTe Ha 0BNULOBBYHITE NNOYK € ONpeLensiLLOo

onepauus npu obpaboTkaTa Ha ckanHu matepuanu. Herosute 3a Ka4yecTBOTO MM. ETO 3allo ydacTealiute npu psizaHeTo

nokasatenu 3a KayeCcTBO MNpW pasrnexngaHeTo My KaTo cnomaraTenHu aBuxeHus Tpsbea ga 6baar opasmepsBaHu W

Npou3BOACTBEH Mpouec 3a NOo4YTM BCUYKUA  U3NON3BaHM yMpaBrsBaHu, KaTto MO3ULMOHHW CUCTEMM CbC 3ajafeHa

TEXHOMNOrMN €a ONpeaensn Kakto 3a NMPou3BOAUTENHOCTTA, TOYHOCT NPY Crinpanxe.

Taka M 3a LeHaTa Ha npogykta. CnpsMo (pyHKUMOHanHNUTe

Bb3MOXHOCTU Ha pexewmTe MallMHW, ONTUMM3auusTa Ha B npunoxeH acnekT, WHTepecbT Ha MAafdeHa upma

PeXMUTE NPaKTUYECKN 03HAYaBa PA3AHETO Ha [JafieH ckaneH obpaboTBalla ckanoobnnLOBbYHM MaTepUani KbM ONTMMm3a-

LUnATa Ha pexuMmnTe Ha pAa3aHe, ce CBeXxaa A0 nonyvyaeaHe Ha
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yKa3aHus 3a obnekyeH (4pes guarpamu, Tabnmum u gp.) nsbop
Ha ropenocoYeHnTe napameTpy Ha AUcka M CKOpOCTUTE Ha
OBVWXeHWsITa npu AageHa aebenvHa Ha pssaHeTo, 3a AafdeH
TMn obpaboTBaH MaTepuan. B CbBPEMEHHOTO MPOM3BOACTBO
3a nobus n 06paboTka Ha ckanHu MaTepuan He € Bb3MOXHO
Aa 6baat nonyyeHn fobpu UHAHCOBK pesynTaTu, ako He Cce
otuiTaT  creundmyHmMTe 3a  mpoueca Ha obpabotka
ocobeHoCTN Ha ckanHusg MaTepuan. 3a dmpwma, paboTewa B
Bonrapus, Hait-gobpe e ropHuTe napameTpu [fa kacasT
obpaboTtkata Ha Macoso pobusaHute mpamopu (CTpymsHM,
WnungeHuw, KonpueneH) n BapoBWka OT paiioHa Bpaua —
Mesgpa. B TbpceHeTO Ha Bb3MOXHMTE OTFOBOPW Ha
MoCTaBeHUTe BBMPOCK € 1 LenTa Ha npegnaraHns no-gony
aHanms.

B crtpaHu, Bogewm 3a kameHoobpaboTkata, (Butter, 1974;
Mamalis et al, 1979; AnekcaHgpos, 1979) ce nosiBuxa K
MbpBUTE pe3ynTaTu OT u3crnegoBaTtenckata AEMHOCT, C Len
onTMMM3aLMS Ha pexuma ‘guckoBo pssaHe” (Yu, 2003;
Konstanty, 2002; Denkena et al, 2003; AnekcaHgpos W
Meunuk, 1997). Y Hac asTopute Ha nybnukauuute 3a Tasu
obnact ocHoBHO ca npenopasatenu B MIY “Cs. VBaH
Puncku’, rp. Codonst unm TexHn BbanuTanmum (Mbpxos, 1993,
2003; LsetkoB w [lposesa, 2002; u pAp.). LbpxaBHo-
(PMHAHCMPaHO Hay4YHO-M3CNEAOBATENCKO 3BEHO, HEMPeKbC-
HaTo paboTeLyo no npobnemnte Ha kameHoobpaboTkaTta y Hac
He € UMarno kakTo B B/IM3KOTO MUHAMO, Taka U B nepuoga cneg
CMsHa Ha cobcTBeHocTTa. TOBa € MpuUuMHa 3a CpaBHUTENHO
OrpaHuyeHnst  6poit  nybnukauum WM Hay4YHO-MPUMOXKHN
paspaboTku y Hac. C ToBa ce 0bsCHsBa 1 YyBCTBOTO Ha rnag B
TEPMWUHOMOTMYHO OTHOWEHWe. Hsma pobpe Hanoxunu ce
MOHATIAS, HanNpUMep W3BECTHAaTa Ha BCekW OT Tasu cdepa
“chawa” ce cpela kato “newta, meuua” u ap. Mo nogobeH
HauMH CTOM M BbBMpOCA C aHrWUICKOTO NoHsTHe “slab”, ¢
OykBanHns npeeog Yy Hac “crnab’, HasoBaBaHa B HSKOU
M3TOYHMLM “Tonama nnova” u ap.

ABTOpUTE Ha [OKMAZa ce CrMpaT Ha TO3W BbAPOC, 3ali0TO
TE3W MOHSTUS Ca OCHOBHW MpU AMCKOBOTO psidaHe. [Mpu
paspsisBaHeTo Ha cnaba ce nonyyasar allm, a Npu TAXHOTO
HapA3BaHe Ce nonyvasat nno4u. Kato npuemar Tesu
HanoXxunun ce TepMNUHONOrMYHO NOHATUA, aBTOPUTE CYMTAT 3a
HeuenecbobpasHa paboTaTa no nogmsaHaTa um.

OTHOCHO U360pa Ha NapameTpuTe Ha AUCKa

Ha cpur. 1 ca nokasaHu yyacTByBaluTe CUAW B MpoLeca Ha
pasaHe: F.- TaHreHuwanHa, F, - HopmanHa, F, -

XOpW3oHTanHa, F, - BepTukanha.

Ha cur. 2 e gageHo 13non3saHoTo oT MHoro asTopu (Yu,
2003; Konstanty, 2002; Denkena et al, 2003; Xu et al, 2002; Li
et al, 2002) mpeanuaupaHo npefcTaBsHe Ha obema OTHeT
mMatepuan npu pssaHeTo OT €AHO AWamaHTeHO 3bpHo. [lo
aHanorus ¢ Metanoobpabotkata e MnpueTo, 4Ye OTHeTus
MaTepuan e HenpekbcHaTa CTpy)ka ¢ MakcumanHa aebenvHa

h

c_max *

Our. 1. [inarpama Ha cunuTe AeMCTBaLM B NPoLieca Ha psisaHe.

MocTosHEH € CTpeMexa Ha (hvpMUTe MPOW3BOAMTENM Ja
nofobpsBaT KauyecTBOTO Ha AMAMaHTEeHWTE OWCckoBe W Aa
HamansBaT LUeHaTa WM. [lpu edHakeu [Opyr mokasaTenu
BaXHM 3@ ONTUMM3ALMATA HA peXuUMa Ha pssaHe ca
napMeTpuTe Ha [ucka, NpeameT Ha u3Bop npu Nokynkata My:

nvametp D, 1 WwinpuHa Ha anamanTeHns cerment d o .

OnpaBpaHo e xenaHneTo Ha paboTewuTe B TO3M OTPacHN
[a pexar no-aeben ckaneH matepuan ¢ no-Mambk AuameTsp

Ha gucka D q-

OcBeH Mo-HMCKaTa MOKYMHA CTOMHOCT Ha Aucka U Ha
pexelyata MallMHa Kato LMo Ce HamanssaT MHEPLMOHHUTE
MOMEHTW 1 CWUnK, KOeTo npegnonara no-4obpo banaHcupaHe
Ha Aucka 1 no-manko “OueHe” npwm pabotata mMy. O6UKHOBEHO
QUCKOBETE C MO-ManbK AMameTbp MMaT W no-Manka LwupuHa
Ha OuamaHTeHUTe cermeHTH (dur. 2).

hcmax

CCTMCHT

N

—

Mpamop

Dur. 2. MHIOCTpaLIMﬂ Ha ugeanusupaHa CTpyXxka ceansHa ot eauH
AWAMaHT ¥ KaHana cpfA3aH B MaTepuana oT CerMeHTUTe Ha AUCKa.



B (Han et al, 2007) ekcnepumeHTanHo € fokasaHo, Ye mpu
paBHn  gpy  ycnosus  (oebemvHa  Ha  psi3aHeTo,
MPOW3BOAUTENHOCT U Ap.) MpU psisaHe C ABa MbTW MO-TbHBK
auck ce noctura 30% HamaneHMe Ha KOHCymupaHaTa
ENneKTpoeHeprus. YCTaHOBEHO € U 3HAYMTENHO HamaneHue Ha

OTHOLLEHNETO Ha TaHreHuuanHuTe Cunu npu pasaHe C neben
Frag v oHek auek Frpp (Frpp= 1.3F,;). Coobuasa ce
CblUO 1 33 HaMansBaHe Ha CbOTHOLUEHMETO Ha HOpMarnHuTe
cunn.

KoHcymmpaHata oT  pmeuratena mowmoct P, npu

npeofonaABaHe Ha TaHreHymManHara cuna FT e

P,=M,0=R,F.0=FV, W )
KbAeTo:. M/_] MW @ Ca CbOTBETHO MOMEHTa W ®brinoBaTa
CKOpOCT Ha ABuratens.

Kato pesynTaHTHa CbnpoTvBUTENHATA CUNa
F=F +F [N] (3)
kbaeto F, —cunara, cBbp3aHa ¢ paspyluaBaHe Ha CKanHus
MaTepuan (CbLLMHCKOTO ps3aHe);

F g — CUna Ha TpUeHe Ha iMaMaHTUTe C MaTepuara;

+F

PM

+F

mn3x

F,py — CUNa Ha TpueHe mexay paGoTHaTa MOBBPXHOCT W

OTHEeTUs (pa3pyLLeHWs) MaTepuarn;
Fliax cunata, HeobxoguMa 3a M3XBbPMsHe

0TnaabyHNA MaTepuan U3BbH Cpesa.

Ha

B Fp, v F sy ce BkouBaT M cvnuTe, Heobxoaumu 3a
pa3gpobsiBaHe Ha OTMafbyHUS MaTepuan Ao CTPYKTypaTa Ha
NO3HaTUs HM LWnam. Bbnpeku, Ye ronemmHata Ha F, 3aBuci

OT peauua dakTopy (BUA Ha MaTepuana, MpoU3BOAUTENHOCT U
ap.) cbrnacHo (AnekcaHgpos u ap, 1984) 19 He npesuwasa

1/5 ot F; . 3a HamansBaHe Ha F.,, u F,;, e xenatenHo
[a ce pexe C no-Marka KoHTaKTHa MOBbPXHOCT MeXy AucKa 1
matepuana, npu H, =const osHauasa no-mambk

fvametsp D ;.

MogobeH e edekta M Mpu psasaHe C KbCW CTPYXKW. [lpu
paBHM 06eMM Ha upeanuavpaHaTa CTpyxka OT ¢ur.2 e no-
pobpe fga ce pabotu ¢ no-gebenn, HO KbCu CTPYXKM T.e.

yBennyeHo h npy HamaneHa AbmkuHa L .

c_max

L. =pR, = /Dy H, [uv]

KbAETO: ¢ € blbfla Ha KOHTAKT Mexay Oucka U pA3aHud
matepuan (Anekcanapos, 1979):

()

2H
@ =arccos(l— 5 2) (5)

A

CvrnacHo (Xu and Li, 2003) npunoxHata Tovka Ha
pesynTaHTHaTa cuna F, ce Hammpa Ha bron:
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ko =06+ p =arctg g—T + arctgli—x (6)

H B

lonemuHata Ha brmute O W ﬂVISpaSEHVI CbOTBETHO C

F, /F,n F,/F5ce nonyyasar Kkato TPUrOHOMETPUYHM
3aBUCUMUCTY OT pur. 1.

an 3afjafeHa npon3BoAnTENHOCT

2
Q =V, H, [M /muH] (7
W no-MankbK AuaMeTpbp Ha pexewms auck (no-manko L. )
BIBABLT (@ HapacTea, koeTo e MpeanocTaBka 3a Mo-ronemm
cToitHocTn Ha K. m npu k = const . 3a npegnountaxuTe
ro-ronemm CToitHocTi Ha otHowwetueto F, /F,, (Denkena et

al, 2003; Xu and Li, 2003) cboTBETHO M J HapacTBa, KOeTo
onpeaens Kato XenatenHo no-rofieMu CToiHocTH Ha K. .

WHTepec npefAcTaBnsiBa eKCNEPUMEHTANHOTO NOTBbPXAEHME
Ha ToBa OYakBaHe Mpu 06paboTka Ha pa3nu4HM MO CBOWNCTBA
matepuani.

OTtHocHo u3bopa Ha ckopocTute V, U V,

[MpOHMKBAHETO Ha OWamaHTeHUTe 3bpHa B 0bpaboTBaemus
maTepuan, OT NoAaBaTenHoTo ABWxeHue (ckopocT V) M
paspyliaBaHeTO Ha MaTepuana OT BbpPTEHETO Ha [ucka
(ckopocT V) ca [BeTe B3aUMHOCBbP3aHU AENCTBUA npu
puamaHTeHo  abpasuBHOTO psidaHe. [bnbounHata Ha
NpoHWKBaHe, T.e. AebennHata Ha OTHEMaHus MaTepuan
N, na: MOKe f[a Ce pasmexaa kaTo WMHAMKATOp Ha

HaTOBApPBaAHETO, KOETO U3NNTBa AlNamMaHTa Npwu pA3aHeTO.

B npoueca Ha pssaHe peauua (hakTopu NPOMEHST
ronemunata Ha h, .. . MoaabpxaHetoHa h, ... =const.e
NPaKTUYeCK Hepeanuayemo, Ho e XenaTenHo U3MeHeHUsTa B
ronemuHata My a Gbaart B onpesenexi rpaHmnLu.

Mpn papgeHa AbnbounHa Ha pssaHe H, =constaa

yBenn4yaBaHe Ha Npon3BoANTENHOCTTa Q e Heobxoagumo aa

ce 3afjafe no-BUCOKAa CKOPOCT Ha NofaBaHe Ha matepuana
V, . Mpu ToBa Hapacteatu Fru F,, (Xuand Li, 2003; Xu et
al, 2002;). YBenuyaBa ce pebenuHata Ha waeanuavpaHata
ctpyxka h, . .

Mpu CTOMHOCTM MO-Manky OT Te3u OT XemnaHus [AuanasoH,
HopmanHaTta cuna F,, e HegocTaTb4Ha 3a NpeofjonsBaHe Ha
eNnacTUYHNTE CUMM Ha MaTepuana, OT TyK He cnegga U
paspyLlaBaHeTo Ha CTPyKTypaTta My, T.€. HsiMa psidaHe. ToBa e
NpOLieC Ha TpUeHe C ronsama CTonHocT Ha Fp, , CBBbP3aH CbC
3HauMTENHA KOHCYMaLMsi Ha eneKkTpOeHeprus, Npu KOWTo ce
32005197 pexewute pbbOBE Ha AMAMaAHTEHUTE 3bpHa, a OT

Tam KaTo LSO 1 pexellara cnocoBHOCT Ha UHCTPYMeHTa ce
HamansBa. XapakTepHu 3a TO3M PEXUM Ca rofemute



cromHocTM Ha F; u F, ©n Mankoto uM OTHOLIEHUe

F, /F,, (Xuand Li, 2003).

Mpw croitHoct Ha h Mo-rofieMn OT W3MbKBAHETO Ha

C_max

OnamaHTa Ce OCblleCTBABa AMPEKTEH KOHTaKT Mexay
obpabotBaemnsi MaTepuan W CBpb3kaTta (MatepuarnbT,
CBbp3BALY AMaMaHTWTE), a TOBa BOAM [0 YBENWYaBaHe Ha
F;p,, ¥ 0O MHTEH3MBHOTO 1 M3HOCBaHe. PAi3aHeTo ¢ ronemu

CTOMHOCTU Ha hc_m € npouec, npu KouTo AnamaHTeHuTe

ax
3bpHa Ca CUIHO HaToBapeHu (ronsma cToitHoct Ha F. ), a

TOBa CbYeTaHO C HamareHaTa 3afbpxallia CnocobHOCT Ha
6bp30 M3HOCBALLATA Ce CBpb3ka, MPEAM3BUKBA TSXHOTO
U3KbpTBaHe. ToBa € PEXMM C roMsiM Pasxof Ha WHCTPYMEHT.
OnckbT  Gbp3o  ce u3xabsea nopagu  dhakta, ye
HOBOPa3KpUTATE AMAMaHTV He MoraT Aa KOMMeHcupaT Gbpao
3arybeHuTe OT roremuTe HaTOBapBaHUs PEXELM AUaMaHTy.

Mokasatenst “Pasxoa Ha uHcTpyment” - C,[m 2/ mm],

uanonasaH B nutepatyparta (Yu, 2003; Li et al, 2002; Liao and
Luo, 1992; Luo, 1996) e peuwnpoyeH Ha mnokasaTens
“M3HOCOYCTONYMBOCT”, KaTO Ce Onpeaens OT OTpsizaHaTa noLy
3a eVHULA pagnarnHo U3HOCBaHe Ha aucka.

CBegeHa [0 CbCTOSHMETO HA AMAMAHTEHOTO  3bPHO,
pasrmexgaHata B [OKnaga  ONMTMMM3auMs  O3Ha4aBa
OCUrypsiBaHe Ha BMCOKa pexeLla crnocobHOCT Npu MUHUMAIHO
W3HOCBAHE Ha 3bpHATa, CbYeTaHO C MUHUMYM Ha
KoHCymupaHaTa eHeprus. B nutepatypara (Li et al, 2002; Liao
and Luo, 1992; Luo, ,1995,1996) To3n pexum ce Hapuya “Free
cutting”. ToBa € ebeKTUBEH PeXUM Ha psisaHe, 0cBOBOAEH OT
NPUCBLCTBMETO Ha HeoMpaBAaHo ronemu cunu. [pu Hero
HaTOBapBaHETO Ha 3axabeHute pexewy pbboBe no
AVaMaHTEHUTE 3bpHa e TaKoBa, Ye Te Ce YynsT KaTo Cb3aasar
HOBM OCTpU. To3n mpouec Ha OOHOBSBaHE Ha pexeLiuTe
pb0OBE € C MUKpO XapakTep U BoaW 40 DaBHO M3HOCBaHE Ha
pvamaHTuTe. CTeneHTa Ha M3HOCBaHe Ha CBpb3kaTa OTroBaps
Ha Tasn Ha M3HOCBAHETO Ha AuamaHTuTe. Te ce paskpueat
YyMepeHo B Mpoueca Ha psisaHe, KOeTO MM npegnassa oOT
npubbp3aHo cyynBaHe, T.e. HamansBa Ce pasxoda Ha

uHctpyment C,,. ToBa e pexum c neronemn F, n F,u
ronsiMa CToiHOCT Ha oTHowwewwneto F; /F,, . CToitHocTuTe Ha
h ce NOAAbPXKAT B rPaHULMTE Ha XenaHus A1anasoH,

Cc_max

FapaHTMpaVIKVI npwn T0Ba MakCMasnHa npon3BOANTENHOCT.

3a nomnyyaBaHeTo Ha pexuMa e HeobxoaMMO fa ce U3BbpLLN
nogxogsy u3bop Ha peguua napameTpu, Kato CKOpOCTTa Ha
nogasaHe V, , nepucepHara ckopoct V,, AbnbounHata Ha
pasaHe H,, Tuna Ha pucka C TexHWyecku [aHHM 3a

ronemMnHaTa Ha KOHLUEHTpaunAaTa Ha JamaHTa, TBbpAoCTTa Ha
CBpb3KkaTa, AMaMeTbpa Ha Ancka, WMpUHa Ha CermeHTa.

B3auMHO 06Bbp3aHM B MpoLeca Ha psidaHe, BCUYKM Tesu
napameTpu ca BKMIOYEHM B U3pasa 3a ronemuHataa h,

(Yu, 2003; Konstanty, 2002):
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h o |—3¥  He
M V,.AtanéK , \Dy,
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“\VoitanoK, L ]

KboeTo: 26 e brbnia Npu Bbpxa Ha AvamaHTa, dopmmupaly u
brba B OCHOBATa Ha CTPpYXKaTa, CbrnacHo ¢ur. 2,
K, e Opoit Ha paboTewuTe AnamaHTi B npoueca Ha

pA3aHe n
A e OTHOLLUEHMETO MEXAYy AbIKUHUTE Ha
CerMeHTUTe N KaHanuTe Ha gucka.

Tasu 3aBucumocT e 6asa 3a pasrnexgaHara onTummU3aLns
Ha pexuma Ha psisaHe, npu obpaboTka Ha KOHKpETEH
maTepuan. CbBpEMEHHUTE CUCTEMW 3a 3aaBWXKBaHe W
yNpaBneHne Ha pexewwmTe MalWHM MoraT fa rapaHtupat
NOAAbPKAHE C AOCTaTbYyHa TOYHOCT Ha XenaHWTe CTOMHOCTY

Ha V, n V,, Heobxoaumn 3a ocurypsiBaHe Ha KenaHute

croitHocTn Ha h, ., (pexum Free cutting), cornaco (Li et
al, 2002; Liao and Luo, 1992).

BepnHara TpsibBa fa ce 0TOENexy, Ye U3BLH TEOPETUYHMTE
pasrnexaaHus 3a MpaKTUYECKOTO BbBEXOaHe Ha pexuMa e
HeobxogMMo fa ObaaT HanpaBeHW LOCTATb4yHO No obem u
MPOABIKUTENHOCT eKCepUMEHTAINHN U3CREeBaHus, KacaeLlm
obpaboTkaTa Ha KOHKPETHUS MaTepuarn, Unm rpyna matepuani
¢ 6nn3ky ceoiicTaa.

OcHOBHO W3cneaBaHnsATa ce cBexaar ao:
1. OnpepensHe xapakTepa Ha M3MeHeHue Ha cunute F;

n F, , npu npomsHa Ha ckopoctTa V, 1 pasnuyHm
V, =CONSt 3a pasnuyHin MO TN 1 XapaKTepUCTUKA
pexelyn auckoBe npu Q = const.

2. ExcnepumentanHo  cHemade CEeMeincTeo
3aBMCUMOCTH, kacaeLm KOHCyMupaHaTa
€NeKTPOEHEPrs 33 eduHMLa pasps3aHa nnow, u

V, =var (V,=const), u obpatHo, npu
pasnuuny febenuhm Ha psisaHeTo H,, .

3. EkcnepumeHTanHu w3cnedBaHWs Ha CTEMeHTa Ha
BMUsHME, BbPXY KA4YeCTBOTO Ha PeXnMa Ha psidaHe, 3a
OYaKBaHUTE  W3MEHEHWs B  CTOMHOCTUTE  Ha
1361paemMuTe Npu ONTUMU3ALNSTA NapaMeTpU.

Ha

B ny6rvkauum B nocnesHUTE roAMHU BCE NO-YECTO Ce AaBaT
pesynTat OT NOJoGHM eKcrepuMeHTanHu M3cneaBaHms,
HaCoYeHM MMEHHO KbM NoaobpsBaHe kayecTBOTO Ha PexMMa
Ha ps3aHe.

B (Denkena et al, 2003) e aageHa 3aBucumocTTa Ha F,, 1
otHoweneto F, /F,  mpu pasnuunu CTOAHOCTM Ha
ckopoctTa V. .YcTaHoseH € MuHuMyM Ha F, 1 makcumym
Ha otHowenveto F, /F,, npu onpepenena cromHocT Ha V,, .

(qur. 3,4) Mpu ontummusauns Ha pexumute (pexuma Free



Cutting) e xapaktepHa HamareHata CTOAHOCT Ha F,, u
Makcumym Ha otHowewueto F. /F, . B Tasu Bpb3ka e u

NpaBUIHO MNoCO4YeHa CbOTBETHAaTa CKOPOCT Ha VX KaTo
onTuManHa 3a npoBeaeHna eKCnepuMeHT.

1000 /I
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©
E 400 /|
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g \\ /
200 N
0
0 25 5 75 10 125 15 mmin 20
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®ur. 3. Bnusnmne Ha ckopocTa Ha nopaBaHe Vx (feed rate Vft) Bbpxy
HopmanHata cuna FH (normal force Fn) npu o6pabotkara Ha rpaHuT Tun:

Imperial Red.
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®ur. 4. OTHoweHme Ha FT/FH (force ratio) B 3aBMCUMOCT OT ckopocTa
HanogaBsaHe Vx (feed rate Vft) npu npu o6paboTkara Ha rpaHuT TMn:
Imperial Red.

B (Li et al, 2002) ekcnepumeHTanHo ce W3cneaBa
3aBucumocTTa 3a pasxod Ha wHctpymeHt C, =T(V, )

npmQ =constuV, =const.

OnpepaeneHa e cToiHocTTa Ha h Mpy KOSITO PSA3AHETO

c_max ’
Ha nocodeHua wmatepuan € C  MUHUMYM pasxod Ha
MHCTPYMEHT.

W3cnegBaHns Mo OTHOLLEHWE HA W3HOCOYCTOMYMBOCTTA Ha
Pa3NUYH MO TMM [OWUCKOBE MPWU MPOAbIKUTENHA pabota ce
paeat B (Liao and Luo, 1992, 1993; Luo, ,1995, 1996).
JlokasaHo e uYe NpoAbLIKUTENHOCTTA Ha paboTa e CUMHO
cbkpaTeHa 3a [OMCKOBE, Henoaxoaswo u3bpaHn no Tum,
CrpsIMO KauecTeaTa Ha 06paGoTBaeMus MaTepuan.

MocoyeHUTe  MO-rope  eKClepuMeHTanHuM  pesyntaty,
pasrnefaHi KaTo CaMOCTOSITENHI Hay4YHN CbOBLLEHMS KacasT
OTAEMNHW CTPaHU Ha MpoLieca Ha ONTUMM3ALMA Ha PA3aHeTo.
TaxHOTO obeanHeHne Ha 6asaTa Ha (hUanYeckuTe NPeACcTaBm
3a npoueca, NOTBbPKAaBa MHTYUTUBHO O4YaKBaHU BPB3KW W
3aBUCMMOCTI, HEOBXOAUMM 3a ONTMMM3ALMATA, KOUTO YUCTO
TEOPETUYHO He MoraT fAa ObaarT uM3BedeHM, 3apaan
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HETOYHOCTUTE HA MATeMaTMYeckoTO OMMCAHME Ha Mpoueca.
ToBa chopmupa 1 ybexaeHneTo, Ye mpn JOCTaTbyeH 06em
eKCrepuMeHTanHu W3cnedBaHusi, NPOBEAEHW B METOAMYHA
nocrefoBaTeNnHoCcT, € Bb3MOXHO [Ja Ce  MOCTUrHE
ONTUMM3ALMSATA Ha PEXUMA MO pasrnexgaHus KpUTepU.

MU3Boau

B 3aknioueHue, OTHOCHO MonyyeHuTe B paboTtaTa pesyntaTm
MoraT fia ce HanpaBsT CleHUTE U3BOAM:

1. Ha 6a3a aHanu3 Ha 13BeCTHM 3aBMCUMOCTM OT TeopuaTa
Ha [AMaMaHTeHo - abpasvBHOTO psi3aHe U MHOXECTBOTO
npoyyeHu nybrukyBaHn pesyntaTu, e nokasaHa Bb3MOXHOCTTa
32 ONTUMM3ALMA Ha pexuMa Ha psisaHe, M3MCKBalla
HanMuMeTo Ha  ONMpedeneHn  eKCrepUMEHTanHO  CHETM
pesynTati, OTuMTalyM W CBOWCTBaTa Ha obpaboTBaemus
matepuan.

2. lNokasaHo e, Ye ako Mpu PS3aHETO Ha onpefeneH Bua
MaTepuan ce MofLbpxa B ONPeAereHn, eKcnepuMeHTanHo
MOTBbPAEHM T[paHMuW, CTOMHOCTTa Ha febenvHata Ha
OTHEMaHWsi MaTepuan OT AWaMaHTEHOTO 3bpHO, TO TOBa €
[OCTaTb4HO  YCMOBME 3a ONMTMMANHOCT Ha  npoueca.
/3bupaemn napameTpu ca CKOpocTTa Ha MogaBaHe Ha
MaTepuana, nepudepHaTa CKOPOCT Ha OMPeAEeneHust Tun
AMCK, KaKTO M NapameTpuTe My AMaMeTbp, LMPUHa Ha
CErMeHTa W KOHLIEHTPaLMS Ha AuaMaHTuTe.
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CbNPOTUBUTENHU CUNMK N MOMEHTW NPU PA3AHE HA CKAITHU MATEPUANN C
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PE3IOME. Ps3aHeTo ¢ BbxeHa pexelya MallmHa ce OCbLUECTBSABA NPU CUMHO MPOMEHSLLM Ce CbMPOTUBUTENHM CUIN U MOMEHTU. KaTo pe3ynTaT OT Bb3HUKHANUTE
OVHAMWYHW HaToBapBaHus ce HabnoaaBaT YeCT KbCaHUs Ha BLXETO Uim aBapun B MEXaHU4HaTa 4YacCT Ha MalluHaTa. B poknapa, BbxeHata pexella MallnHa ce
pasrnexpga kato MHOroMacoBa enekTpomexaHuyHa cuctema. OnpeueneHM Ca CTaTU4YHUTE HAaTOBapBaHUsA 1 Cce npeanarat pelleHnsa 3a orpaHMyaBaHe Ha ronemnHaTa

Ha ANHaMWUYHWUTE HaTOBapBaHMA.

RESISTIVE STRENGTHS AND TORQUES DURING THE PROCESS OF SAWING WITH DIAMOND WIRE SAWS

Boris Borisov!, Nikolay Petkov?,Stefan Angelov?
T Technical University of Sofia, 1000 Sofia,

2 Technical University of Sofia, 1000 Sofia, nikipetkov_tu@abv.bg
3 Technical University of Sofia, 1000 Sofia, ashmodean_@abv.bg

ABSTRACT. The sawing with diamond wire saws is performed in very harsh environment where highly variable resistive forces and torques are taking place.
Frequent tearing of the rope and failures in the mechanical parts of the machine are observed due to the variation of the dynamic loads. In this paper the diamond
wire saw machine is threaded as a multi-mass mechanical system. Determination of the static loads is offered and special attention is paid to the limitation of the

dynamic loads.

BbuBepeHue

EgHo cTonetve pasgens MexayHapogHus naHavp B Mapux
npe3 1889 r., KbOeTo 3a MbPBM MbT € WU3NOXEeHa MalliHa 3a
psi3aHe Ha CKanHW MaTepuanit C rbBKaB UHCTPYMEHT (BbXe) U
1983 r., B k0sATO (pupmata “Diamant Boart” BbBeae BTYMKM C
MHOTOCMOHa CTPYKTypa Ha OWamaHTEHWTe 3bpHa, ocuryps-
BallM e(heKTMBHOCT Npu Psi3aHeTO Ha TBBbPAM CKanHu maTe-
puanu, HapuyaHu oT Hac 4ecto ‘rpaHuTn” (Ozcelik et al.,
2006).

KakTo B TO31 nepuop, Taka v B TOAMHUTE Cried Hero OCHOBHA
3ajaya 3a cneuwanuctute oT Tasu obnact e paboTaTta
HacoyeHa KbM MoaoGpsiBaHe TeXHUYEckUTe nokasaTens Ha
AVaMaHTEHOTO BbXKE, CBbP3aHy C NOBULLABAHE Ha:

- npousBoauTenHoctTa Q, [mz/h]

- W3HOCOYCTOMYMBOCTTa My, M3pa3eHa 4pe3 OTpsizaHaTa
MMoLL, 0T eAMHILA NUHEHA AbITKMHA OT HEro, [mz/m]

- SIKOCTHWTE CBOWCTBA Ha BLXETO, C LieN HamarsiBaHe Ha
€BEHTyanHusi GpON Ha CKbCBaHUSTA MY.

B pesynTaT Ha Teau ycunus ce LOCTUrHAa [0 TEXHWUYECKO
HWBO, KOETO Onpeaeny B NOCNEAHOTO AECETUNETUE PEXELNTE
MaLUVHK C AMaMaHTEHO BbXe, Npu gobusa u obpaboTkata Ha
no-mMeku Matepuany 6e3 antepHaTiea. ToBa ce bIXM rMaBHO
Ha CNeAHNTE UM NO-BaXHM NPeAUMCTBa:
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- € NO-TOYHUTE NO pasMep M Mo-rnafkn paspesu ce
pobuat  gobpe  odopmeHn  BrokoBe,  ygobHu  3a
AOMbMHUTENHUTE CTaHAApTHW 06paboTku, 6e3 3HauUUTenHM
3arybu Ha maTepuan. ToBa CHWXaBa CUITHO U EHEPrUAHNTE K
TPaHCNOPTHM pasxoau,

- B CpaBHEHMe C [pyrUTe HauMHW Ha psasaHe, npu
[AMAMaHTEHOTO BbXE MPaKTUYeCKM HsMa OrpaHUyYeHns no
OTHOLUEHME Ha roneMuHaTa Ha pesa, HeroBaTa HavanHa
copma 1 ap. Bb3MOXHO e paspesbT Aa 6bae Xopu3oHTaneH,
BepTMKaNeH, U Nof HAKakbB b,

- no-gobpa MobWNHOCT Ha MalmHWTe, bnarogapeHne Ha
no-mankute UM rabaputHM  pasmepu UM Mo-mankara
WHCTa/MpaHa MOLHOCT. 3a MacoBO M3MOM3BAHWTE MaLUMHMK,
ABUraTeNsT Ha 3afBuxBaLlaTa Wwaitba e okono 30 KW, koeTo
€ CblUECTBEHO NpeauMCTBO, OTuMTalkW npobnemute ¢
OCUrypsiBaHe Ha ronsimMa 3axpaHBalla enexkTpuyecka MOLHOCT
B KapuepuTe.

YgobcTBaTa Ha psi3aHETO C AWAaMAHTEHO BbXE YMENo ce
13NON3BaT OT Cb3faTennTe Ha kKaMeHooOpaboTBaLLM MaLLVHW.
Ceugeten cMe Ha pasnuyHK No NpegHasHaveHne, MOLLHOCT U1
KOHCTPYKUMM MalUMHW, C edHO WM NOoBeYe eAHOBPEMEHHO
pexeLy BbXeTa.

lNo-manko y6eﬂI/ITeI'IHVI Ca npegumcTeaTta Ha Te3n MallnHKU
npu pA3aHeTo Ha TIpPaHUTK. 3a nocturaHe Ha eaHaKBa



MPOW3BOAMTENHOCT C Mpamopa, MPUIOXEHUTE CUIKU  MpU
ps3aHe Ha rpaHuTa Tpsbea Aa Obaar nouTM Ha NopsabK no-
ronemu OT TE3W Npu Mpamopa, Kato Nnpu ToBa ce KoHCymmpa 5
nbTh noBeye enektpoeHeprus (Cai and Mancini, 1988).

[Mpu paboTa cbC 3HaYUTENHM NO rONEMUHA HAaTOBapPBaHKSA Ha
BBHXETO CE YBENMYaBa W GposT Ha CKbCBAHMATA MY, KOETO €
OCHOBEH HeOOCTaTbK Ha PEXEeWWTe C AWaMaHTeHO BbXe
MaLUmHW. Bbnpeku Ye Boan v O HamansiBaHe Ha NpoW3BOaM-
TENHOCTTA, OCHOBHO NPOSIBNIEHME HA TO3M HeJoCTaTbK €
Hemankus puck fa 6bgat 3acerHatu paboTewm nuua oT
OMacHo JBWXELLOTO CE C BUCOKA CKOPOCT CKbCAHO BbXe, UK
W3XBbPIIEHUTE NPY TOBA AMAMAHTEHN BTYIKN.

HesaBucyMO OT Te3u ycnexu, 0T YNACTO NPUMOXKEH acnekT Ha
Ta3n TEXHONOMS, B TEOPETUYHO OTHOLLEHWE CTOST HEPELLEHN
OCHOBHM 337ja4v KaTo:

- MaTeMaTM4ecko OMMCAHWE Ha Mpoueca Ha ps3aHe C
AVaMaHTEHO BbXe W MpeanaraHe Ha uapasu 3a onpepensiHe
rONeMMHIUTE Ha y4acTBaLLMTE NPK PSISAHETO CUMM U MOMEHTM,

- OleHKa Ha [OMHaMukaTa Ha Mpoleca Ha psisaHe W
BMMAHWETO HAa OMHAMUYHWTE MOMEHTM BbpPXYy SKOCTTa
(ymopata) Ha BbXeTo U ap.

ETo 3awo B peauua nybnukauuW, BKIIOUATENHO U B
HacTosiLLaTa, aBTOpUTE WU3MON3BAT 3aBUCUMOCTY, U3BELEHM 3a
MEXaHu3MM, CXOOHM C (u3nkata Ha mpouecute mnpu
AMaMaHTEHOTO psi3aHe, KaTo [YMEHO—NEHTOBM TpaHCnop-
THOPU, PEMBYHI NPeAaBky, NMETOBE U Ap.

B Ta3n Hacoka, Aa ce Aane [OPY W MalTbK YacTUYEH OTFOBOP
Ha HepeLleHuTe, MOCOYEHU MO-TOPE TBLPAE CreLMdUYHK
BbMPOCK, € M LienTa Ha HanpaBeHuTe No-4ony B [oknaja
pasrnexaaHus.

OCHOBHM 3aBUCUMOCTU U CHLOTHOLIEHUSA

3a KkMHemaTU4HaTa Cxema Ha pexellata MalumHa ot dur. 1
Ca BamnuaH1 CNeAHNTE ChbOTHOLLEHUS 3@ MOLLHOCTUTE:

M,w,Nn; =M, w, =F,R,w, =F,v, (1
&
T 1" i R
sl
F, wy Ny N, T
0 O

®ur.1.KuHemaTyHa cxema Ha KaMeHOpe3Ha MalMHa C AWaMaHTEHO
BBbXe.

KbaeTo:

M, — MOMeHTa Ha Bana Ha gsuratens [ig 8 [N.m]

w, — BITI0BA CKOPOCT Ha AsuraTenst & [rad/s)

My, [Nm] e Momenta Ha 3amBuxBalwaTa  Laiiba,
onpefeneH oT npunoxexata cuna Fu,[N] 1 pagnyca Ha
wanbata Ry, [m]

Vo = wy.Ry — NIEpHdhepHa CKOPOCT Ha BbXETO B [m/s]

Ny =N.Np.N3 - 06WMA KOEULMEHT HA MONE3HO AencTBne
(knp) Ha npegaBatenHus mexaHusbM MM, mexay asuratens u
BBXETO, OnpefenieH 0T oTaenHuTe kna, (Hanpumep n1, n2, n3)
Ha nocrnefoBaTeNHO CBbp3aHWTE B MeXAWHHATa npenaBka,
MEXaHN3MMU.

MepucbepHata cuna Fu € Heobxogumarta Ternewa cuna,
npunoxeHa KbM LWanbaTa M npepafeHa Ha BLXKETO 3a
npeogonssaHe Ha CyMapHUTE CbNPOTUBUTENHM CUNK:

FcZ = Fp"'AF:ar - Fp+F1+F2 (2)

KbOETO:

F, - cunata, cBbp3aHa C npoLeca Ha pssaHe

AF . — cunv Ha 3arybu

Fy — cunm Ha TpueHe Mexay BHKETO U kaMbka

F, - cunu cBbp3aHM C W3XBLPMSHE Ha OTNadbyHUS
MaTepuan ot cpesa.

KopekTHo € fa ce oTbenexu, ye npu HeobxoanMocCT, cunute
Ha 3arybu, moraT fga ce pa3buaT Ha no-ronsam  6pon
cbeTaBAwy. B cnyvas e ca okpynHeHn go Fy u F, .

3a HanuumeTo Ha HeobxoaumaTa 3agBuxBalla cuna Fu , He
TpsbBa ga uma npunmb3saHe (ByKCyBaHe) Mexay BBHKETO W
3agBwkBallata ro waiba. B Tasu Bpb3ka TyK ¢ AOCTaTbyYHA
TOYHOCT MOXe a Ce 13Mnon3ea ypaBHeHneTo Ha Onnep:

Fux SFey€® 3)

AaBaLLo HeoBX0AMMOTO COTHOLLEHWE MEXAY CUIUTE Ha OMbH
Ha Bxogawms Fg, w n3xopswms F, (MO OTHOLWEHWE Ha
pa3ps3BaHus BNOK) KNOH Ha BbXETO, KaTo TAXHaTa pa3nnka e:

Fus =Fex = Fu 4)

Tyk 4 € KoedUUMEHT Ha TpUeHe BbXe-lwaiiba, a 0 e brbna
Ha obxsaLyaHe (cour. 2) (Dunda,1996):

Fuax —>

Fo

®ur.2.3apBnKBaHe Ha 3aABWXBaLlaTa Wanba.

Pexumu Ha pasaHe

CTaTyHM pexmMu

PasaHeto C [OMaMaHTEHO BbXe MNpUHALNEXM  KbM
A1aMaHTeH0-abpa3uBHOTO psi3aHe, YnATO uamka Ha npolieca
ce cBexaa Ao Ase AeicTaus. [POHUKBAHE HA AMaMaHTEHWUTe
3bpHa (Ha BTYMKUTE) B CkanaTta W MPUABWXBAHETO MM B Hes,
paspywasaikn  cTpyktypata K. ToBa ce  noctura



BnarofapeHue Ha enacTYHOCTTa Ha BLXETO U AENCTBUETO Ha
CUNUTE Ha OMbH B HETO, MOPOLEHM OT NpunoxeHata cuna F, ,
KbM JBWXKeLLaTa ce nnatgopma Ha MalmHaTta (ur.1).

B nepudpepusita Ha 3agBukBalLaTa wanba, onpegeneHa ot
brbna Ha obxsawlaHe O, AEMCTBYBAT CWNW Ha HaTUCK (OT
HOpManHaTa CbCTaBka Ha cunara) C KOMTO Ce ocurypsisa
JOCTaTbyHa CTOMHOCT Ha koeduuueHTa Ha TpWUEHe | Ha
npegaBkata Warnba-Bbxe, a KaTo pesyntar Ha BCUYKO ToBa U
Bb3MOXHOCT 3a MpedaBaHe Ha Ternella cuima W MexaHuvHa
MOLLHOCT Ha BBXETO.

Ot gpyra cTpaHa B NWHMATA Ha cpe3a Cbllo AelCTByBaT
CUMM Ha HaTUCK MEXOy BBLXETO W ckanmaTta (0T HopmarHaTta
CbCTaBka Ha cunara) kouTto TpsibBa fa bbgat LOCTaTbyHK MO
roremMuHa 3a NPOHWKBaHEe Ha AMaMaHTUTE B pa3psi3BaHus
matepuan.

Mpwn yBennyaBaHe Ha F, ce noctura npoHWKBaHE Ha no -
ronsam 6poii auamaHTL, Ha no-ronsma AbnboynHa B ckanara.
ToBa onpegens no-ronsMa CTOMHOCT Ha cunata F,
(pasrmegaHa kaTo CymapHa TaHreHuwanHa cuna). Toea Lie
JoBede Ao yeennuaBaHe Ha cunata Fe, a oT Tam M Ha
ronemuHata Ha onbHa F,, , ¥ 0O HamansBaHe Ha OMbHa BbB
BXOASLLUMSA KNOH Fgy . AKO TE3M TEKyLM CTOAHOCTM Ha Fuy W
Fsx yBoBnertBopsBaT ycrosueto Ha Oinep, To npegaskaTta
Wwanba-Bbxe He NpuniTb3aga. pu No-HaTaTbLHO yBENUYaBaHe
Ha Fes, Fux MOXe Ja QOCTUTHE CTOHOCTM, KOUTO CbOTBETHO
C HamaneHute CTOMHOCTW Ha Fg, , 4a He ypoBneTBOpsBaT

ycnoeueTo Ha Oiinep W NpaKkTMYeckn B pesyntaT OT ToBa
npeToBapBaHe LUge Ce MOMy4u NpUnITb3BaHe Ha NpeaaBkaTa.

Tosa nocTaes ¢ ocobeHa OCTpOTa BbMPOCa C MpaBuUHUS
n3bop Ha ronemuHara Ha sagageHarta cuna F, .

B Hayanoto npu 3ano4yBaHe Ha [fAafeH pas3pes, BbXEeTo
KOHTaKkTyBa C Hal-M3MbKHANMTE YacTyh OT CKarnHus marepuan B
JIHUATA Ha pes3a. Cunata F; e cbC cunHo npoMeHnnBe

Xapakrep. f1BsBaT ce AuHaMuuHn cunn Fp,, OT pasnukata:

FFlVIH = Fm - FcZ (5)

I'Ipvl Maca Ha BbXeTo m, = const.:

dv,
anm =M.

dt ©)

M3meHeHusATa  Ha CKopoCcTTa vy Ca [Mpu4MHa 3a
HabntogaBaHe Ha HexenaHu konebaHusi B ABaTa KnoHa Ha

BbXETO. 3a TO3M eTan OT 3apsi3BaHETo € Heobxoanmo 6aBHO 1
nnaeHo yBenuyaBaHe Ha cunata F, .

B npoueca Ha psisaHe, KOHTAKTHUTE TOYKU MEXIY BBHXETO U
ckanHws matepuan 6aBHO MpepacTBaT B YacT OT NpeKbCHaTa
KpuBa, KOMTO CE CbeauHsBaT B JaZeH MOMEHT OT psisaHeTo B
HenpekbcHaTa. TpaekTopusiTa Ha Taan Kpuea ce NPOMEHst KaTo
HavanHata 1 gopma 3aBUCK OT Tasu Ha CKarHus matepuarn.
AKO B Tasu TpaekTopus umMa y4acTbLu, kouTo Buxa mornn fa
Ce anpoKCUMMpaT KaTo 4acTW OT OKPBXKHOCT, ¢ pagnyc R;
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(dur. 1), To HopmanHaTa CbCTaBka Ha cunute (no R;) e
obpaTHONpONOpLMOHanHa Ha ronemuHaTa Ha paauyca. B tesu
yyacTbLy BBKETO YNpaxHsBa MO-rofsM HATUCK BBbPXY
ckanaTta, psi3aHeTo TaM € MO-MHTEH3WBHO, KOETO BOAM A0
yBeNnM4yaBaHe Ha paguyca W KbM  MO-pPaBHOMEPHO
pasnpefeneHne Ha CunuTe MO TpaekTopusTa Ha pesa.
MocnegHata ce npeBpblia B YaCT OT  OKPBXKHOCT C
HenpekbCHaTo HamansiBaly pagunyc (Liu et al.,2004).

Ako B TO3M pexuUM Ha psisaHe ce 3adage noaxofsiia cuna
F, Moxe [ja Ce OCUIypu PexuMm Ha MHTEH3WBHO psidaHe (T.e.
no-ronsimMa CTOMHOCT Ha Fcs ) 1 KOETO € No-BaXHO, C NO-Marnku
konebaHust B CTOMHOCTTa M. Tyk € Bb3MOXHO fAa Obaar
HabniogaBaHW Makap M C  Manka  MPOAbMKWUTENHOCT
yctaHoBeHu pexumn Fu=F;. Ha dwur. 3 e nokasaHa
Amarpamarta Ha CUnuTe BbB BbXKETO, 3@ YCTAHOBEH PEXMM Ha
pabota. HanpexeHusTa ca Hal-mManki BbB BXOASALUMS KMOH, 1
Ce yBenuyaBaT Nno MPOTEXEHNETO HA BBHXETO KbM W3XOAALMS
KIOH.

®ur.3.lnarpama Ha cMnNUTE B CTaTUHEH PEKNM.

Ourypata paBa npeactaBa fa  6baar  onpegeneHu
obnactute, KbaeTo € Han-BeposTHO Aa Ce CKbCa BbXeTo. B (
Dunda and Kujundzic, 2001; Huang and Xu, 2006 ) ca
HanpaBeHW 13CMeABaHNs 1 € NOKa3aHo, Ye Hal-4ecTo BbXKeTo
ce Kbca:

- B TOYKaTa Ha CbeauHsBaHE Ha Kpauwiata My,

- B HanpeyHUTe CeYeHWs Ha BHXETO, HaMUpaLLM ce Ha
rpaHuuaTa c BTyfKuTe,

- B HanpeyHuTe CeYEHNs Ha BbXETO Mo cpeaata Mexay

ABe BTYIKN.

[nHaMUyuHN pexnumm

MawwmHuTe 3a ps3aHe Ha CkanHu MaTepuani ¢ AMamaHTeHo
BbXe NpefcTaBNsBaT MeXaHWYHW CUCTEMW C pasnpeaeneHun
Mo Ab/KMHATA Ha BLXKETO MapamMeTpu: mMaca Ha BBKETO,
€NacTUYHOCT Ha BbXeTo. HannumeTo Ha enactuyeH paboTteH
OpraH npegonpefens Bb3HWKBAHETO Ha konebaHus. 3a
onucaHue Ha paboTaTa Ha MaluMHaTa B AMHAMUYEH PEXUM
pasnpefeneHnTe napameTpu Ce 3aMeHsIT C eKBUBAaNeHTHU
CbCPEeOTOYEHU TaK1BA: Macu, eNacTUYHOCTTU 1 cunin (cour.4).

FC.VI3X. mwzx

—»

cVIJX

Fu

m¥

F$—

Fo/2
—»

Fo /2%

®ur.4.EkBUBaneHTHa cxema
CbCpeAoTO4EHN NapameTpu

Ha KaMeHope3HaTa MallMHa CbC



Ha ¢urypata ca nokasaHw cnegHuTe 03HaYeHNs:

-Myz U Mgy - MACK, CbOTBETHO Ha U3XOAALUMS U BXOAALLMUS
KIIOHOBe Ha BbXeTo, [Kg]

-Cux W Cex - KOBULMEHTU HA TBBPLOCT HA U3XOAALMS U
BXxoAsiLms knoH, [N/m]

-Feumx. M Feex. - pe3ynTaHTHu cbnpotueutentm cunm, [N]
- my- NpuBEAEHa KbM MOCTLMATENHOTO [BWXKEHME Ha
BLXETO Maca Ha enexkTpo3aaBkBaHeTo [kg.]

[MHaM14HMS MOZEN Ha kamMeHope3HaTa MallMHa € NokasaH
Ha cur.5 (Knoues u Tepexos,1980):

Xy, Xu_y, Xor_y,

Fu _p
Fo/a_Q_W\_Q_W_QEgZZ
Fenx. Cux Cox Fe.ex.

M My M

®ur.5.Cxema Ha KameHOpe3HaTa MallMHa, KaTo TpUMacoBa cucTema

[lBKEHNETO Ha cucTemMaTa Ce OnMCBa CbC CcucTeMaTa
ypaBHEHUS!:

Fu - Cex (Xm - Xgx )' Cuax ( Xy = Xuax )= my Xy
Cox ( Xuw - Xax )'( Fc.ax. - Fo/z )= Mgy xBx
Cuax ( Xu = Xux )'( Feumx. + F°/2 ) = My X

, KbAeTo:
- Xuw, Xex , Xumx -
my , Meyx , Myx (m)

NbTULLATa, KOUTO W3MWHABaAT Macute

- Xu,Xex, Xux - YCKOPEHWS HA Macute my ,Mex,Mux |

(m/s?)

T KaTo 3a yyacTBalluTe CUAM He CbLUECTBYBAT
aHanuTMYHU 3aBUCMMOCTM, 33 TAXHOTO OMpedensHe, npu
aHanusa Ha cuctemarta, Te lWe Obgar onpenensHu
ekcnepumeHTanHo. Tosa e Gbgewa paboTa Ha asTopuTe U
pesyntatute OT aHanu3a le Obgar npegMeT Ha gpyra
nybnukauus.

N3Boau

HanpaBeHnte pasrnexgaHus no OTHOLIEHME HA BBbXEHUTE
PeXeLLM MallvHK1, NO3BONABAT Aa ObaaT HanpaBeHW CrnegHuTe
Npenopbky, Kacaelly eTana Ha TAXHOTO NPOeKTUPaHe:

1.MNo oTHOWEHWe Ha ABuraTens, 3afBWxBall LianbaTa e
Lienecbobpa3Ho M3MOM3BaHETO Ha YecToTonpeobpasysaTen.
3a Tean MOLHOCTY B MOCMEAHMTE FOAMHW CMEe CBUOETENM Ha
MOEBTUHSBAHETO UM, KOETO BEYe ' MpaBu MO-HOCTHMHK 3a
uanonasaHe. C yectoTonpeobpasyBaTenuTe Lie Ce OCurypu:

MpenopbyaHa 3a ny6rukyBaHe oT PeaakuMoHeH chBeT
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- Bb3MOXHOCT 3a perynvpaHe Ha CKOpoCTTa 4 n3bop Ha
XenaHa nepugepHa CKopoCT Ha BBXKETO,

- MIABHOCT Ha MPOLECHTE Ha MycKaHe M YCKOpsIBaHe Ha
[BUraTens, KOETO € CbLUECTBEHO BaXHO MpU 3anoBaHe Ha
LafeH paspes,

- OrpaHu4aBaHe Ha ronemmHaTa Ha MOMeEHTa, pa3BuBaH OT
[BUraTens, C KOETO Le Ce OrpaHuMyaT W AMHaMU4YHWUTE
HaTOBapBaHWs B ciCTeMaTa Lanba-Bbxe,

- HamansBaHe Ha TOMMMHHWTE 3arybu B ABUraTeNs, KakTo n
MKOHOMUS Ha ENEKTPOEHEPTUS.

2. 3a 3a0BMKBAHETO HA MexaHM3Ma, 3afaBall, OMbBAHETO
(Fo), € npenopbuMTenHo fa ce M3non3saT CUCTEMW CbC
CBOWCTBA W3TOYHWK HA MOMEHT. TakaBa e cuctemarta, npu
KOSITO aCWHXPOHHWS ABWraTen ce ynpaenssa, Ype3 npoMsHa
Ha rofleMMHaTa Ha HampexeHueTo Ha cratopa. [lMogobHo
PELLeHe Ce M3NoN3Ba B 3aBKBAHETO HA BHXEHUTE PEXELUM
MaLLWHM C AMaMaHTEeHO BbXe Ha dupma ,Pelegrini”.

Hai-mbnHO  yooBneTBOpsiBaHE HAa  Te3M  M3UCKBaHMS,
CBbp3aHu ¢ F, Ce mocTurat nmpu u3non3BaHe Ha BEKTOPHO
ynpaBneHWe Ha aCUHXPOHHWM ABUraTenu (Hanpumep cuctemata
DTC - direct torque control).

3. MNpu oTuMTaHe Ha [AMHAMUYHUTE HaTOBapBaHWs B
KMHEMaTUYHATa Bepura Ha pexellara malwHa, buxa ce
nonyuunu pesyntatu no-6muskn [0 peanHo npoThyawuTe
NpoLiecH, Tbit KaToO YCTaHOBEHMS pexum Ha pabota He e
ocHoBeH pexum. OT rnegHa Toyka Ha ynpaBneHueTo, no
BpeMe Ha paboTaTa, MalMHaTa Ce ObPXM HEMPEKbCHATO B
NPexodeH pexumM. AHanu3bT Ha NMOBELEHWETO Ha cucTemaTta
6u no3gonun ga ce opMynupaTt 1 Apyri Npenopbkn, C ornes
OrpaHnyaBaHe Ha ANHAMUYHUTE HAaTOBAPBAHWS.
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PE3IOME. WscnepsaHu ca BUGPALMOHHM XapaKTepuCcTuKM, reHepupaHn npu pabota Ha Bb3MM C ThpKanslwm narepu. MacnegsaHn ca xapakTepHU YeCTOTHM
[AvanasoHu Ype3 criekTpaneH aHanus. HanpaeeHa e CbrnocTaBka Mex/ay TEOPETUMHO U3UUCTIEHUTE U CHETUTE YECTOTHIM XapaKTEPUCTUKN Ha NarepuTe.
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RESEARCH OF THE WORKING FREQUENCY DIAPASON FOR ROLLER BEARINGS
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Technical University — Sofia, Faculty of Mechanical Engineering,
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ABSTRACT. Research about vibration characteristics generated in working conditions by the roller bearings has been made. Using spectrum analysis there are
studied particular frequency diapasons. Also there is comparison between theoretically calculated and examined frequency characteristics.

KEYWORDS: roller bearings, vibrodiagnostics, spectrum analysis, fft.

BbBepeHune

CbBpemeHHNTE cuCTeMM 3a HabmogeHue CbCTOSHUETO Ha
MexaHU4HU 0OEKTU M cuCTeMU THPNAT BYpHO pasBuUTWE U ce
YCbBbpLUEHCTBAT BCE MOBEYe B nocnegHuTe roguHu. Bce
noBeye Ce M3NONM3BaT CUCTEMM C BIPafeHU Aatyum u
npoLecopu Kouto npeobpa3yBaT MoOTOKA OT [daHHW OT
WHCTanMpaHuTe JaTyuuu U ro npepaBaT KbM KOMMWOTHP 3a
crneaeHe CbCTOSIHMETO Ha obekTa.

KOHKPETHO npu cnegeHeTo CbCTOAHMETO Ha BBL3NUTE C
TbpKanawy narepn B MexaHu4HUTE CUCTEMU Ca pa3npocTpa-
HEHW HAKONKO MeTOoAa 3a crefeHe: - Ha TepMUYHO CbCTOAHKE;
- Ha 3aMbpcABaHUA Ha MacnoTo; - Ha BI/I6paLWIOHHVI XapakTe-
PUCTUKN.

Hactosiwara paspaboTka pasrnexpa BuOpoO-xapakTepuc-
TUKM Ha TbpKandawute narepy uU TAXHOTO MPUNOXeHne B
AWarHoCTuKaTa. Bm6po,qmar|-|ocmn<aTa MMa HAKONKO OCHOBHW
npeauMmcTBa — MOXE Aa Ce M3Nonaea 3a NlarepHu Bb3nu
paboTel 6e3 cucTemMa 3a HEMPEKLCHATO MasaHe, MoXe Aa
Ce u3nonsea 3a npeBaHTMBHa AWAarHOCTUKaA. TepMI/Il-IHaTa
QVarHocTka Ce W3nonsea 3a AETEKTMpaHe Ha MOBpeseHy
narepHn Bb3NW, Tbi KaTo TEepMUYHATa XapakTepucTuka Ha
narepa Cce TMPOMEHs TMpWU HanWyMe Ha noBpeau MU
CbOTBETCTBALLOTO MM MOBULLEHO TPUEHE BbB Bb3eNa.

MpeBaHTMBHATA AMArHOCTUKA UMK HENPEKbCHATOTO CriefieHe
Ha CBbCTOSIHMETO WMa OCHOBHA 3ajaya fJa  OCUrypu
uHGopMauns 3a npefcTosua nospeda. Msnonssa ce B
CUCTEMUTE Ha MNaHOBUTE PEMOHTU KaKTO W MPM AMarHoCTMKa
Ha BWCOKO OTFOBOPHM Bb3NM. TakuBa CUCTEMU Hamupar
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NpuUnoXeHue B aBWOTEXHWKATA, B ronsMo rabapuTHUTE
BEHTUNIATOPM, KOMMPECOPM, TYPOWUHU M MOMMMK, KAKTO M BbB
BCUYKM CPEOHO M BMCOKO OBOPOTHM MALLMHU C OTFOBOPHO
npefHasHaueHue.

3a LenuTe Ha HaCTOSALIOTO W3CMEeABaHe € M3NOM3BaH CTeHa
332 W3NUTBaHE Ha paguanHu Tbpkanawy narepu npu
NPOMEHNMBO paguanHo HatoBapBaHe. CTEHOBLT ce CbCToM OT
Ban ABa OCHOBHM narepa, oT Tunopasmep 1306 u KOH30MHO
u3HeceH wanuteaH narep 6005, KOWTO ce HaTOBapBa 4pes3
BMHTOBO TOBAPHO YCTPOMCTBO Npe3 OnopHa nioua.

BM6paL|,VIOHHVI XapaKTepucTukm Ha paavanHu

TbpKanawm narepu

Kakto € W3BECTHO OT KMaCM4YeCKUAT Kypc MO MalLWHHK
enemMeHTH, ThpKansWMAT narep MoXe [a ce pasrexpaa kato
nnaHeTeH MexaHusbM. [Mpu Takasa MocTaHOBka MoraT Aa ce
W3YACNAT BITIOBUTE CKOPOCTM Ha €NnemMeHTUTe Ha narepa.
ChbLl0 Taka MoraT [ia Ce W34YMCTIM YecToTaTa Ha NpeM1HaBaHe
Ha CbOTBETHUS ENIEMEHT.

Jledektte wnv moBpeauTe BbpXy CbOTBETHWS ENEMEHT
nopaxaaT ygapu npu NpemMUHaBaHEeTO Ha Thbpkansliute Tena
BbpXy TsX. Thit KaTo aBCONITHUTE CTOAHOCTU HA NOPOAEHMTE
OT Teau yaapu, BMOPALMOHHM KMHEMATUYHW  BENMUYMHM
(NMpemecTBaHe, CKOPOCT, YCKOPEHME) 3aBUCST KakTo OT
CbCTOSIHWETO Ha eNEMEHTUTe, Taka W OT MbTA Ha NpeaaBaHeTo
npes OCTaHanuTe €enemeHTW, KOPEKTHOTO UM M3MepBaHe e
Bb3npensTcTBaHo. opagy Te3n MpUYMHW Hall — 4ecTo ce



n3crneaBa YeCTOTHUS CMEKTbp Ha BUBpOyckopeHusTa. Yecto-
TUTE Ha pasnnyHUTE AedeKTn ca ACHO pPasnuyuMmn U WHGOp-
MaTMBHM XapakTEPUCTWKM 33 HYXOWTE Ha OuarHocTukata u
AedekrockonusiTa.

Ako ce pasrnena narepeH Bb3en B KOWTO BabT C& BbPTH C
06opoT N, (06 / min), Ha KOUTO OTFOBaps OCHOBHA YECTOTa

f,(Hz), To moxe na ce nechuHmpar (Buscarello 2002):
a) yecToTa Ha NPeMMHaBaHe BbPXY BbTPeLLHaTa rpuBHa:

f] =%*(1+%* COSa]* f,(Hz), kneto: ™

2

S

- Ny, (6p.)—6poit Ha TbpKanswwmTe Tena;
- d,,(mm)— anameTbp Ha TbpKansLuTe Tena;
- d,,(mm)—puameTbp Ha cenapaTopa /cpeaeH AvaMeTbp

Ha TbpKansHe Ha ThpkanswmTe Tena;
- «a,(deg)—KoHTaKTeH BrbN 3a narepit C €HOCTPaHeH

KOHTaKT Ha TenaTa W IPWBHWTE, 3a Narepu ¢ ABYCTPaHeH
koHTakT o =0 deg .

6) yectoTa Ha NpemMUHaBaHe BbPXY BbHLUHATA rPUBHA:

f, _Noy [1_%* cosa}* f, (Hz) @

2

s
B) 4YeCTOTa Ha BbPTEHE Ha TbpKanAwuTe Tena:

2
fg:i* 1— d—b*cosoc *f, (Hz)
2%, d

S

r) yecToTa Ha cenapatopa:

f, _ L. (l—g—b* cosaj* f, (Hz) 4)

2

S

ToBa ca YeTupute OCHOBHM 4YeCTOTM Cb3daBaHW OT
€N1eMeHTUTe Ha narepa, netata OCHOBHa 4YeCTOTa € YecToTaTta
Ha BbpPTETE Ha Bana. Te3n net OCHOBHW YECTOTU W TEXHWUTE
LenoYnMCneHo KpaTtHKU XapMoHMUM CrnyXaT 3a OCHOBEH
Kputepun 3a CbCTOAHMETO Ha Narepa.

Te3an opmynupoBkn ca 3a 06LmMs cryyan, npu KOMTo ce
BbPTAT W fABeTe rpuBHU. MoraT fa ce pasrpaHuyat fga
OCHOBHW YaCTHU cnyYas

a) HernofBWkHa BbHLIHA rPUBHA — BbTPELIHATa rpUBHa ce
BbPTU C Bana W 3aABWxBa Tbpkanswute Tena. Moxe pa ce
npueme, 4e f, =0 Hz, T.e. Tenata HAMAT OTHOCUTENHO

BbpTEHe CMpsMO BbTPELUHATA TPUBHA M HAMa [a nopoasT
yoapu Bbpxy Hes:;

) HenoaBMXHa BbTPELUHA IPUBHA — BbHLUHATA IPUBHA Ce
BbPTU C rMaBMHaTa W 3afBWXBa ThpkansawuTe Tena. Moxe aa
ce npueme, ye f, =0 Hz, T.e. Tenata HAMAT OTHOCUTENHO

BbpTEHe CMpsAIMO BbHLUHATA FPUBHA W HAMa Aa NMOPOAST yaapu
BbpXY Hes;

WU3mepBaTenHa cuctema 3a BUGpocUrHanm

3a Lenute Ha HacToALWOTO u3cnedBaHe € W3nori3BaHa
Knacuyecka usMepuTenHa cucrema 3a BVI6pO CUrHanu,
nokasaHa Ha wr. 1.
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MreagscuaeaTen
(zapAgseH
ycuneaTen) +
Jecunearen

Aranoro-Uuepos
MpeospazysaTen +
3anuMceau, KOMIOTbBPR

AaTumk -
nuesoeNexKTPIUeH
Rz

= I

®ur. 1. Cxema Ha u3MepBaTtesiHaTa cuctema.

Jatumuute ca MOHTMpaHM C BWHTOBO CbEAMHEHMEe Ha
OonopHaTa noya 3a HaToBapBaHe Ha M3NuUTBaHMs narep. Taka
€ M3NoN3BaH Han-KkpaTkua MbT 3a NpefaBaHe Ha BubpavuuuTe
KbM OcesaTens.

Ananoro — LudposusiT lNpeocbpasysaren /ALIMN/ NI USB-
6210 e ¢ makcumanHa cemnnupaiya yvectota 250 kS/s. 3a
pasrnefaHuTe 3annucy e 13non3BaHa YecToTa Ha Cemnnmpaqe
65.536 kS/s koeTo no3BonsiBa ePeKTMBHO Bb3CTAHOBSABAHE Ha
yectotn o 32.768 kHz.

Wanonssannte patumum ca KD35 ¢ pesoHaHcHa obnact
mexay 10 — 20 kHz » HennHelHa vacT 5 — 25 kHz.

Mpu Tasn KoHMUrypauus e peanuanpaHa Bb3MOXHOCT 3a
HabntoaeHne Ha YeCTOTUTE Cb3[aBaHu B U3NUTBAHWUS NnarepeH
Bb3en B AuanasoHa nog 5 kHz. Hag T1esn yectotu
NWUE30ENEKTPUYHNAT OaTYMK He AaBa MNWHEHa 3aBUCUMOCT
MeXay BXOAEH WM W3XOOEH CUrHam v MOXe Aa Ce M3nonsea
CaMO KaTo PErmMcTpaTop Ha YeCcToTH.

Pesyntatu oT u3mepBaHeTo M 0bOpaboTka Ha

OaHHUTe
ManuteaHuaT narep e SKF 60052Z, a 0bopoTtuTe Ha Bana Ha

cTeHaa ca n=1240 min~". 3a Toau narep v Teau 06OPOTH Ha

Bana Cb3faBaHUTE OT narepa, TEOPETUYHO NpPecMEeTHaTU
YeCTOTU M CbOTBETHUTE UM XapMOHULX Ca AadeHn B Tabn. 1.

Tabnmua 1.
OcHosHU Yecmomu u kpamHume (om 1 — 5) um xapMoHuyu.
n f fy f2 f3 fa
(min?) | (Hz) (Hz) (Hz) (Hz) | (Hz)
1] 1265 21.1 1252 | 857 54.3 8.6
2| 2530 422 | 2503 | 171.3 | 1085 | 171
3| 379% 63.3 | 3755 | 257.0 | 1628 | 25.7
4| 5060 843 | 500.7 | 3426 | 2171 | 343
5| 6325 1054 | 625.9 | 4283 | 2714 | 428

Hannuneto Ha MHOXECTBO XapMOHWYHM CbCTaBMSIBALLM
OBOPU 3a HacnarBaHe Ha XapMOHMYHW, HEXapMOHWYHU,
WMNYACHU w/vnKn ygapHu Bb3gencTsus. ToBa € ocobeHo
nokasaTernHo 3a Hannune Ha ancbanaHc 1 yBenuyeHn narepHu
xnabuhn. Cblwo e CurHanm 3a Hanuuue Ha HapylweHus Ha
PONKOBUSAT MbT UNKM Tenarta.

AMNAMTYBHUS CrekTbp Ha curHana 6e w3cnegBaH uypes
Bbp3o MMpeobpasyBanne Ha ®ypue /BINP/. Tvi kato
CUTHanuTe ca 3anucaHu B KOMMIOTbPEH opMaT, MoXe fa ce
13Non3Ba edHo OT ronemuTe npeaumcTsa Ha BIM® - pa ce
npunara 3a pasnuyHu YECTOTHW AManasoHW U Taka Ja ce
u3cnensa nogpobHo eaHa unm gpyra obnacr.

HanpaBeHM Ca HAKONKO W3MepBaHWA Ha BI/16p0yCKOpeHI/1ﬂ
Cb3aBaHn B W3NUTBaHWUA narep Tun 6005 npun pasnun4eH
paauaneH ToBap Ha U3NUTBaHWUA narep.
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®ur. 2. CnekTbp B AuanasoHa 0 - 500 Hz Ha BuGpoyckopeHusiTa npu
pabota Ha narepa Ge3 paguanHo HaToBapBaHe.
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®ur. 3. CnekTbp B AuanasoHa 0 - 500 Hz Ha BUGpoyckopeHusiTa npu
paboTa Ha narepa ¢ paguanHo HaToBapBaHe.

Ha cbur. 2 1 3 ca gageHm cnekTpute Ha BUBPOYCKOpeHUsTa B
ananasoH 0- 500 Hz. OtuetnuBata yectota ot 200 Hz He e
CBbp3aHa C HWKOSI OT NarepHWTe 4YecToT M MOXe Aa ce
JOMycHe, 4Ye ToBa e CODCTBEHA YecToTa Ha HsKou OT
CbMbTCTBALMTE eNeMEHTU. Buxga ce HanuumeTo Ha MHOro
CNEKTPaNHN NIMHUM KOETO € MOPOAEHO OT HMBOTO Ha LUyMa BbB
Bb3ena. 3a pga ce u3berHe ToBa MOXe Aa Ce M3nonsea
pasnevaTBaHe Ha NIorapuTMIYHa 3aBUCUMOCT Ha aMnaMTyauTe
CrpsIMO efiHa OCHOBHa (B criyyast A, = 0.02804 m/s?).

20‘”I0910A1A0 - AmnnuTyaa, (dB) - ToBap

15

4 m/s?

>
I

0.0228
10

i

200 250 300
YecToTa, (Hz)

Ll

0 50 100 150

350 400 450 500

®ur. 4. CnekTbp B AuanasoHa 0 - 500 Hz Ha BuGpoyckopeHusiTa npu
paboTa Ha narepa ¢ paguanHo HaToBapBaHe.
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20*Iogm;°\/A(J - AMnnutyaa, (dB) - le6anaHc u ToBap
15

Ay =(0.022804 m/s?
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®ur. 5. CnexTbp B AuanasoHa 0 - 500 Hz Ha BUGpoyckopeHusiTa npu
pabota Ha narepa ¢ AebanaHc MOHTUPaH BbpXY Bana.

20**IogmA/A0 - AMnnuTtyaa, (dB) - YBenuueH ge6anaHc u ToBap
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®ur. 6. CnexTbp B Ananasona 0 — 500 Hz Ha BuGpoyckopenusTa npu
paboTa Ha narepa ¢ yBenuyeH gebanaHc.

Ha ¢wr. 4. e nokasaH CbLUMs CNEKTbP Ha HaTOBapeHusi
narep B gnanasoHa 0 - 500 Hz, kakto Ha dur. 3, HO CbC
NOrapuTMUYHa 3aBUCUMOCT:

A
s = 20*log,, — ,(dB), 5
A, og AD( ) (5)

20*Iog10A/A0 - AMnnutyaa, (dB) - Be3 HaToBapBaHe
15

= 0.022804 m/s?
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®ur. 7. CnekTbp B AuanasoHa 500 - 5000 Hz Ha BuGpoyckopeHusiTa npu
paboTa Ha narepa 6e3 paananHo HaToBapBaHe.



ZO*IogwA/A0 - AMnnutyaa, (dB) - ToBap u ne6ananc
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®ur. 8. CnekTbp B Ananasona 500 — 5000 Hz Ha BubpoyckopeHusTa npu

pa6oTa Ha narepa ¢ paguanHo HaToBapBaHe U yBenuyeH febanaxc.
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®ur. 9. CnekTbp B AuanasoHa 5 — 32 kHz Ha BuGpoyckopexusTa npu
paboTa Ha HaTOBapeHus narep.

YBenuyenute amnnutygm B AuanasoHa 0 — 500 Hz npm
paboTta Ha narepHust Bb3en ¢ gebanaHcHa maca u ToBap ce
0DsicHsIBa C yBenuyaBaHe Ha OBLLMS EKCLEHTPUTET Ha Bana
npu HatoBapBaHeTo My. Cblo Taka e sBHO — dur. 6
YBENMYaBaHeTO Ha aMmnnuTygata Ha OCHOBHaTa YectoTa
f =21.01 Hz npw yBenuyaBaHe Ha MacaTta Ha aebanaHca.

AHanuaupaiku pasnuyusta Mexay cur. 7 u cur. 8 ce Buxaa,
ye npu paboTa Ha narepa Ge3 ToBap AuanasoHa Mexay 500 —
1000 Hz e 3ambiHEeH CbC MHOXECTBO CEKTpanHu nuHun. Tosa
Ca IMHWMTE Ha CODCTBEHMTE YECTOTU Ha NTarepHUTE ENEMEHTH.
Tbi kaTo TOBa € AManas3oHa B KOUTO YOBELLKOTO YXO € Hal —
UYBCTBUTENHO € NIeCHO fa Obae JonoseHo 1 6e3 cneuuanHu
cpeactea, uYe narepa ,3BbHTU'. Kakto ce Buxga npu
HaTOBAapBaHE YacT OT JIMHUMTE U34Ee3BaT.

CbLUo Taka B TO3M uana3oH ce NposiBsiBa 3allyMABAHETO OT
HanuuMe Ha 3ambpcuTenu unu abpasvBHO WM3HOCBAHE Ha
NarepHUTE MbTEYKW — NOSIBABA CE MITbTEH HenpekbcHaT
cnekTbp B AnanasoHa 2500 — 6000 Hz. Tbit kaTo TOBa ChLLO €
UyBaeM [Ananas3oH MHOro YecTo ce Xxeawa kato ,0yveHe” Ha
narepa. lpu Hamwuve Ha TakbB CuUrHanm narepa unu ce
MOYUCTBA, aKo € 3aMbPCEH UMK CE 3aMeHs ako Ma abpasuBHO
M3HOCBaHE.

MpenopbyaHa 3a nybnukysaHe oT PefjakUMoHeH ChBeT
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Cnektpute Ha yectotute oT 5 — 32 kHz He ce BnmsAaT oT
HaTOBapBaHeToO M Hanmnuueto Ha gebanaHc. Buguma u AcHo
pasnuuMMa € nuHusTa ¢ Yectota 6325 Hz. Tasn nuHus ce
u3non3ea 3a [AWarHOCTMKA Ha narepHus Bb3en  Karo
napameTsp “spike energy™)” (Xu 1999). Mapametsbpa “spike
energy™)” unu eHeprist Ha MUKpO Nyncauuute e aeduHUpaH
(Stevens 2001 u Xu 1999) kaTo e€Hepruss Ha BUCOKO
YeCTOTHUTE yAapu MOPOAEHW OT MUTWHrOBO WNK abpasuBHO
W3HOCBAHE Ha narepHWTe MbTeYkM. 3a CbxaneHue TO3U
KpuTepun € 3anaseHa Mapka W uHopmauns ce nybnukysa
Camo0 3a HauMHa Ha W3NON3BaHeTo My, HO He W 3a
TeopeThyHaTa obocHoBKa. [pakTuyeckm ToBa € ynTpa3ByKoBa
BuOpauUms, KOATO 3a  KNAacW4eckuTe  Mne30-eneKTpUdHu
Aartynum e TpyaHo aa 6bae gedmHupaHa v kanubpupaHa kato
abconiotHa cToiHocT. Cblyo TOBa € napameTbp KOMTO MMa
YHUKanHa abCcomniTHa CTOMHOCT 3a cucTeMa Bb3en — AaTuuk,
T.e. HE € Bb3MOXHO CPaBHSBAHETO My MpU M3MON3BaHe Ha
Apyrv aatumum. Cnopep NOCOYEHNTE M3TOYHWLM NPU HAYANoTo
Ha npoueca Ha paspylaBaHe Ha POMKOBUTE MbTULLA
napameTspa “spike energy(™)” HapacTBa kaTo amnnuTyga u
Moxe fa Obge M3non3BaH 3a KpUTepuM 3a Hayanoto Ha
BroLIaBaHe Ha CbCTOSHWETO Ha Narepa.

N3Boaun

1. Pa3rmepaHu ca pasnuyHUTE MPUNOXeHWs Ha BuOpo-
AMarHoCTYeH METO[ Ype3 3anucBaHe Ha BUOPOYCKOPEHUS U
CNEKTParnHWAT UM aHanu3 3a KOHTPOMN Ha CbCTOSHMETO Ha
pajuaneH caumeH narep.

2. WscnegeaH e pagvaneH cayMeH narep npu pasnuyHu
HaToBapBaHe W ronemMuHa Ha aebanaHcHaTa maca npukayeHa
KbM Bana.

3. Ha 6asata Ha pasrnegaHust METOA Ca PerucTpupaHqu
[MNa3oHUTe Ha COOCTBEHWTE TPEMTEHMS Ha NarepHuTe
eNeMeHTU.

4. CbBpeMeHHUTe cpefcTBa 3a BMBpOAMArHocTMka Ha
narepHM Bb3NW  MO3BONSBAT C  OTHOCUTENHO — EBTUHM
N3MepUTENHN cpeacTea Aa Obde ONpedeneHo TeKyLOTo UM
CbCTOsHME. Cblio Taka € Bb3MOXHO W3NON3BAHETO Ha
BMOpOM3MEPBATENHW METOAM 3a CMEAEHE Ha CbCTOSIHUETO Ha
narepHus Bb3en.

5. Ha 6asata Ha Te3an u3cnedBaHWs e OTYETEHO KaTo
HeobXx0OMMO [a Ce Cb3fafe YCbBBPLUEHCTBAH CTeHJ 3a
N3NWUTBaHe Ha narepy C Bb3MOXHOCT 3a NPELN3HO perynupaqe
W u3MepBaHe Ha o00OpOTMTE M Ha HATOBAapBaHETO Ha
WN3NWUTBaHWS narep.
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EKCMNEPUMEHTAIHO U3CNEABAHE HA COBCTBEHW YECTOTW U OEMM®UPAHE HA

BMBPALMOHEH CEIMAPATOP

Jpazomup Bpaxuncku

TexHudecku YHusepcumem Cogpusi, 1756 Cocpusi, e-mail: dev@tu-sofia.bg

PE3IOME. Uscnensanm ca BUOPO-yCKOpeHusiTa Ha CBOOOLHO 3aTuxBalym TpenTeHusi no obobllenn koopanHatv. Crieq mpoBexgaHe Ha CriekTparneH aHanua ca
MoMyYeHn YeCTOTUTE Ha [MaBHUTE XapMOHULW. HanpaBeHo e cpaBHEHWe MeXay TEOPETUIHO NPECMETHATU U EKCIEPUMEHTAITHO MOMyYEHN CTONHOCTY. B pesynTar Ha
pEerpec1oHeH aHamnn3 e YCTaHOBEH XapaKTepbT Ha 3aTUXBaHe U CbOTBETHUTE KOE(ULMEHTU Ha AeMndupaHe.

EXPERIMENTAL EXAMINATION OF NATURAL FREQUENCIES AND DAMPING IN VIBRATION SEPARATOR

Dragomir Vrazhilski

Technical University — Sofia, Bulgaria, 1756 Sofia, e-mail: dev@tu-sofia.bg

ABSTRACT. Free damped oscillations accelerations over generalized coordinates are examined. After applying spectrum analysis the main harmonics frequencies
are obtained. Comparison between theoretically calculated and experimentally obtained values is performed. The character of oscillations decay and the

corresponding damping coefficients are determined as a result of regression analysis.

®ur.1. MpocTpaHCTBEH KOMMIOTBHPEH (SolidWorks) MoAen Ha aKTMBHa
paboTtHa Yact otr BubpaumoHen Cenapatop.

1. BbBepeHue

C uen npoBexmaHe Ha eKCMEpPUMEHTanHW u3cregBaHus
BbPXY Mpoueca cenapupaHe Ha (hUHO-3bPHECTW MUHEpanHm
MaTepuanu, 4pe3 nnocka He nepdopupaHa MOBLPXHOCT,
BuOpMpalla NO XapMOHWYEH 3aKOH W NpPaBOMMHEHA
TpaekTopusi, 6e KOHCTpyMpaH W B MOCMEACTBME Cb3OadeH B
metan BubpauynoHeH Cenapatop (BC). [pocTpaHcTBeEH
KOMMIOTbPEH MOZen Ha akTuBHata paboTHa yacT oT
cenapatopa e nokasaHa Ha ¢ur.1. Ha kpaTko KOHCTpyKuusiTa
Ce CbCTOM OT cenapupalia nnockoct 1, npukayeHa KbM
Bubpupawia pama (BP) 2, noaabpkaHa OT YeTMpWU NMCTOBM
npyxuHM 3 1 dyHoameHT 7. Bb3byxaaHe Ha TpenTeHus ce
nocTura Ypes MHepLMOHeH BubpaTop 4, OcurypsiBaLl, HacodeHa
cuna. 3adBWXBaHETO Ha BuBpaTopa CTaBa MOCPELCTBOM
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enacTmyeH  cbeauHuTENn S5 M
enekTpogsuraten 6.

NOCTOAHHO TOKOB

Ha onpefeneH eTan oT KOHCTPYMPaHETO Bb3HWKHA BLMPOCHT
[0 KOMKO Taka CUHTe3upaHaTa KOHCTPYKUMS Ocurypsiea
NPaBOMNMHENHOCT Ha TpaekTopusita. CbMHeHNs 3a ToBa Osixa
nopogeHn OT (hakTa, 4e nopagn KOHCTPYKTMBHM TPYAHOCTH
TOMKATa Ha OKayBaHe Ha enacTUyHWa CbeauHuTen 5 He
cbBragja ¢ Macoeus LeHTbp Ha BP 2. B pesyntat ce
HabniogaBa OTMECTBaHe Ha eNacTUYHWS OT MAcoBUS LIEHTBP
Ha cucTemata, KOETO e MPeAnocTaBka 3a HapyliaBaHe Ha
npaBoNVHeMHaTa  TPAeKTopus W MPEau3BMKBaHe  Ha
MPOCTPAHCTBEHM TPENMTEHUS MO MOBEYE OT edHa KoopauHaTa.
3a TeOpeTMdHO  mu3credBaHe  Ha  MPOCTPAHCTBEHOTO
BMOpPaLMOHHO MoBefeHne Osixa Cb3gageHy OBa LMHAMUYHM
MoJena — efHOMacoB C LUECT (TPU JIMHEMHW W TPW BIIOBM)
cTeneHu Ha ceobogda 1 [AByMAacoB CbC CEAEM (TPW NIMHENHM 1
yeTpyn brmosw) crenexun Ha ceoboga (Vrazhilski, 2008). Mpu
Cb30aBaHETO Ha Te3u mogenu 6e mpueTo KaTo xunoTesa, ye
sarybata Ha BuOpauWOHHA EHeprusi ce [ObIKM M3LANO Ha
CbMpOTUBIEHMS, NPONOPLMOHANHM Ha MbpBaTa CTeneH Ha
CKOpoCTTa  (BMCKO3HO gemndwupaHe). 3a HyxguTe Ha
CUMYMaLMOHHOTO nscrnegBane, CTOWMHOCTUTE Ha
koedMLUMEHTUTE Ha BMCKO3HO AemncupaHe bOsxa mpuety
cbrnacHo npenopbyaHute B (de Silva 2000, WeaHos 2004,
1988) cTONHOCTN 3a KOE(ULIMEHTA HA OTHOCUTENHO 3aTUXBaHE
¢. Bpbskata mexgy koeduuueHT Ha AemndwupaHe b w
OTHOCMTEITHO 3aTUXBaHe Ce JaBa C 13pasa:

b=2&cm, N.s/m
kbgeto: €, N/Mm- KopaBuHa Ha OKayBaHeTo;
BubpupaLLa maca.

™
m, kg -
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Llenta Ha HaCTOAWOTO wW3CregBaHe e da Ce MOCTUIHE
eKCriepyMeHTanHo MOTBbPXAEHWE Ha pesynTatute OT ABaTta
QVMHAMWYHM MoJena, KaTo Ce YCTaHOBAT YEeCTOTUTE Ha
CBOBOAHO 3aTUXBALWMTE TPENTEHUS MO TPUTE JIMHEIHN
0006LLeHN KOOPAMHATU W CE CPAaBHAT C TEOPETUYHO
nonyyeHute croiHocT. OcBEH 3a COBCTBEHUTE 4ecToTH,
cBOBOAHO 3aTWXBALLMTE TPENTEHWS HOCAT MHGopMauus 3a
XapakTepbT Ha 3arybute Ha BuOpaUWMOHHA EeHeprys.
Mo3HaBaHETO My MpaBM Bb3MOXHO ONPEAENsHETO Ha
NpMBAMKEHN CTOMHOCTM 3a KOEULIMEHTUTE Ha AemncupaHe.

CornacHo (MuHueB 1988, de Silva 2000, Hawwd 1988,
Heganko  2007), uectotute M KoeduuMeHTUTE  Ha
AemndupaHe Ha cBo6OAHO 3aTUXBaLLMTE TPEMTEHUS MOraT fa
Oboat ycTaHOBEHW cres M3MepBaHe W aHanu3 Ha Bubpo-
npemecTBaHns, BWUOPO-CKOPOCTM  MnM  BUBPO-YCKOPEHMS.
Honyckaiku  HavyanHo  Bb3OykgaHe,  Mpean3BUKBALLO
XapMOHMYHM TPENTEeHUst CaMmo MO efHa cTeneH Ha csobofa
(egHomopanHu),  3a  BuOpo-npemecTBaHusiTa,  BUOPO-
CKOpPOCTUTE 1 BUOPO-YCKOPEHUSITa Ca BanuOHW ChegHuTe
n3pasm:

q(t) = Ae ™ sin(wt) 2)
3)

q(t) = Ae™™ ((n2 - mz)sin(co.t) - 2n0. COS(oo.t)) )

q(t) = Ae ™™ (w.cos(wt) — n.sin(et))

BnaHo,e Ye 3aTUXBAHETO CE AbITKM HA 4UH U CbLLUW YNeH a

mmerro Ae~ ™ Ocramanata vact ot ypaBHeHUsTa MoXe fa
ce onpedenu Kato CuHycouga C yectota W (Ha30Bo
OTMeCTBaHe CrpsAMO  BUGPO-NPEMECTBAHETO, PasfNuHO OT
n/4nrwl?2.

Mpwn Bubpauum e yoobHO M3MepBaHUsTa Aa ce W3BbpLIBAT
BbpXy YCKOpeHue. ToBa e CBbp3aHO C Bb3MOXHOCTTA 3a
NECHO Momny4yaBaHe Ha CKOpPOCT W MNpeMecTBaHe Cnej
uHTerpupaHe. OO6paTHOTO He € MpaKTUKyBaHO nopaau
yCWNBaHe Ha BWCOKO YecToTeH Lym. [pyr daktop e
ronemMuHata Ha  W3MepBaHaTa  BenWuMHa,  0OMYaiiHO
NPemMecTBaHeTo BbB BMOPALMOHHMTE MALMHM € Manko Mo
CTOIHOCT M Hanara u3non3ssaHe Ha npeobpasyBaTen ¢ BUCOKa
pasgenuTtenHa cnocobHoct. Mpu yckopeHusita To3u npobnem
ce 3abens3Ba camo 3a HUCKO YECTOTHM TPEMTEHS.

2. MMocnepoBatenHocT npu npoeexpaaHe Ha
n3MepBaHuATa

Ot cumynaunoHHute uacneasanns (Vrazhilski, 2008) 6e
YCTaHOBEHO, Ye OyakBaHWTe COBCTBEHM 4eCTOTU MO TpuTe
NnHeNHM 0006LLeHN KoopAMHATY NonaaaT B AnanasoHa 3+40
Hz. M3mepBaHns B TO3M YECTOTEH AMANas’oH Ca Bb3MOXHM
upe3  KamauuTUBHM, WHOYKTMBHW W MNE30-eNeKTPUYHM
npeobpasyBatenu. 3a u3mepBaHusa Ha Hucku vectotn (0+10
Hz) W NOCTOSHHM ycKOpeHus 4ecTo ca  ynoTpebsiBaHu
TEH30MeTpu4HM Npeobpasysateny (JamsHos 2007).

B cnysas e u3nonsBaH  [JBYOCOB  KamauMTWBEH
akcenepometvp (IMEMS® - integrated Micro Electro
Mechanical System), npoussoactBo Ha Analog Devices,
OCUTypsiBall Bb3MOXHOCT 3a W3MepBaHe Ha YCKOPEHUs B
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puanasoHa + 2 g u 0 + 5 kHz. CTpykTypHaTta cxema Ha
n3MepBaTtesnHata ypeaba e npeacraBseHa Ha ¢our.3. MogobHa
CTPYKTypHa Cxema e pasrnefaHa no-nogpobHo B (Hegsnkos
2007).

Ipeobpa- VYeun- - 3amic 1
3yBaren BaTen ALl OHGé) ;gggla

®ur.3. CTpykTypHa cxema Ha u3mMepBartenHara ypeaba.

MoHTax Ha akcenepoMeTbpbT kKbM BP e nokasaH Ha dwr.4,
ur.5 n ur 6.

5 Y ' x> -0
®ur.6. UsmepBaHe Ha yckopenus no OK z.

W3mepBaHusiTa ce npoBexgaxa MocrnefoBaTeNHO 3a TpuTe
0600LLEHN KOOPAMHATK (TPUTE MaBHW MHEPLMOHHM OCU Ha
BP). CwmyweHne ce npunarale nocpeacTBOM €AMHUYEH
yOAapeH MMNYNC OT yAapHa Maca, paBHa Ha Okomo Y OT
macata Ha BP. 3a nonyyaBaHe Ha HWCbK “crest’ dhakTop



(Dossing 1988) 1 CbOTBETHO OrpaHWYaBaHE Ha HENMHENHM
SIBNEHUS B CTPYKTYpaTa Ha cenapaTopa, Ha yaapHaTa maca be
MOCTABEH ryMeH HakpanHuK.

YectoTa Ha anckpeTusaums 6e npubnusutenHo 8 kHz, koeTo
B Cbrnacue c Teopemara 3a guckpetute (KotenHukos, LLeHoH,
HailkyucT, YuTTekep u Ap.) ocurypsiea 3HauMTeneH 3amac ot
CUIYPHOCT ~ CpeLly Tpewkn OT  AMCKpeTM3auWst  CrpsiMo
[ManasoHbT Ha O4aKBaHWTE YECTOTM.

3anuc v BM3yanu3auMs Ha CurHana ce OCbLUECTBSBALlE
nocpeacTeom nporpamuns npogykt DASYLab. bnok-cxema Ha
nporpama 3a 3amuc 4pe3 [Ba ABYOCOBW aKCenepoMeTbpa €
rnokasaHa Ha cur.7.

VI Charoz.

1
®ur.7. Bnok-cxema Ha DASYLab nporpama 3a Bu3yanu3aums v 3anuc Ha
curHan ot ALM.

3a OKOHYaTENHO KOHAMLMOHMpAHe Ha CUrHambT U C orneq
OrpaHMYaBaHE Ha BMCOKOYECTOTHM LWyMOBe ©Oe npunoxeH
HWUCKO-4eCTOTEH (OUNTBLP M3KIIOYBALL YeCTOTM NO-BUCOKM OT 50
Hz.

3. Pesyntatu

3.1. Demndmpane. (BpemeBa obnacr).

ObuyaitHo KoeduUMeHTUTE Ha AemndupaHe ce onpegenst
ype3 NorapuTMUYHUS OEKPEMEHT Ha 3aTuxsaHe (Hegsnkos
2007, JamsHos 2007, de Silva 2000) no dopmynara:

s 1, A _ 2mE

r Awr J1-82

KbAeTo: O - NorapuTMU4eH AeKPEeMEHT Ha 3aTuxeaHe; Ay u

(4)

A, - BE aMNUTYaM OTMECTEHN Ha r Nepuofia

Tosn nogxog He NpefocTaBs Bb3MOXHOCT 3a 0OEKTUBHA
OLeHKa Ha XapakTepbT Ha 3aTuxeaHe. [pu u3bop Ha apyru
amnnMTyaHM CTORHOCTM W Apyr Opod Ha nepuopute Mexdy
TAX, HEPSOKO Ce MOoMy4yaBaT 3HAYNTENHM pasnuuus B
npecMeTHaTUTe CTOAHOCTW. B cnyyas peleHne Ha npobnembT
€ peanusnpaHo Ype3 U3NoNi3BaHe Ha PErpecuoHeH aHanma. 3a
uenta e cb3gageHa Matlab nporpama, KoATO M3Baxda
MaKCUMyMUTE Ha YcKopeHusTa. [lpe3 Teau Makcumymu e
nocTpoeHa 3asucumocTTa (5).
a) = Ae™™ (5)

Kato pesynTat OT perpecvoHHust aHanu3 ce mnonyyasaTt
CTOMHOCTM 3a KoedmuweHTMTe A, N U MmspKaTa Ha
onpegeneHocT (koeduumeHT Ha perpecus) R*. Pesyntatute
ca npeacTaBeHn Ha ur.8, cdur.9 u ur.10. KnoHawmre Kbm
e[/HWLA CTOMHOCTM Ha R? ca JokasaTencrso 3a npeobna-
[aBall0 eKCMOHEHLUMANHWAT XapakTep Ha 3aTUXBaHeTo, OT
KbAETO C JOCTaTbyHa 3a HACToslLLaTa Len TOYHOCT MOXe [a
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ce cuuTa, Ye 3arybute Ha BMOpALMOHHA eHeprus ce Obinkar
Ha BICKO3HM CbNPOTUBNEHNS.

3a onpepensHe Ha KoeduUMEHTUTE Ha LemndupaHe ce
nposexnaxa ABa BuAa U3MepBaHUA: C MOHTUPAH enacTtuyeH
CbeAnHUTEN U C AEMOHTUPaH enacThvyeH CbeduHUTEN. Ot
W3MEpBaHMSITa C MOHTUPAH CbeauHuTen Bsxa MocTurHath

CTOVHOCTYW 3a CymapHuUTe koeduLMeHTN Ha aemndupaqe by
(6), a oT u3mepBaHMATa C [OEMOHTUpAH CbeauHuTen -
koehULMEHTUTE Ha AEMNCMPAHE B YETUPUTE MPYXMHM bnp :

by =2.ng.m (6)
4b,, =2n,,m (7)

KoetuumeHtute Ha  gemncupaHe B eNacTUYHUS
cbeauhuten b, ., 6sxa npecmeTHaTi NoO:
beyeo. = by — 4'bnp (8)
Pesyntatute ca npescrasexm B Tab.1.
Tab. 1. KoegpuyueHmu Ha demncpupare
CymapeH MpyxuHa CbeauHuTen
N.s/m N.s/m N.s/m
bx 1232,4 2737 137,6
by 232,3 26,5 126,4
bz 395,4 77,0 87,4
20 ‘ ; ;
N Ae M =1634¢7918%
10 e
[ \ M R? =0,992
£ 5 A
2 ! \ J \ U TRV
-10 U
20737 3.8 3.9 4 4.1 4.2
t, (s)

®ur.8. YckopeHusi Ha cBo6oaHO 3aTuUxBalLy TpenTteHus no OK x.

20 T T T
Ae M =1524¢7 1731
10 2
N A / RZ =0,997
£ 0
= LIVIY
_208 8.5 9 9.5 10 10.5 11
1 (s)

®ur.9. YckopeHus Ha cBoGoAHO 3aTUxBaLm TpenTeHus no OK y.

15 rAlefn.t :12’1 1_e72,94a't ]
Y 1: ﬂ e R? =0,991 o
NN Wt
NINRYRVRVAVRY
V
o LV
4.2 4.4 é.(GS) 4.8 5

®ur.10. YckopeHusi Ha cBoboHO 3aTuxBaLyy TpenteHus no OK z.
3.2. CobeTBeHM YecToTH. (YecToTHa obBnacT).



Mo-ronsim MHTEpeC MpeAcTaBnsiBaT COGCTBEHUTE YECTOTU Ha
cucTemMaTta MpU MOHTMpaH CbeauHuTen, 3a ToBa TyK Ca
NpeACTaBeHy caMo Tesl pesynTaTy.

3a nonyyaBaHe Ha amnAWTYQHUSAT ChNeKTbp Ha BMBpo-
YCKOPEHMsATa W NOCMeaBallo ycTaHoBABaHe Ha cobCTBeHWTe
4ecToT e cb3gafgeHa Matlab nporpama, 6asupaHa Ha
BrpageHata dyHkuma fff. [Mporpamata u3sbplBa 6Obp3a
TpaHccopmaums Ha Oypue (Fast Fourier Transformation)
npeactass pesyntatute B rpacuyeH sug (ur. 11, 12, 13).
CobcTBEHUTE YECTOTU Ca OTYETEHM KaTO YeCTOTW Ha rMaBHUTE
XapMOHULY.

CpaBHeHME MexOy eKCnepuMEHTarHW 1 TEeopeTUdHU
pesyntat¥ 3a YeCTOTUTE Ha [NaBHUTE XapMOHULM Ha
ceobogHuTe TpenTeHns e npeactaseHo B Tabmuua 2. 3a
OLieHKa € M3non3BaHa OTHOCUTENHaTa rpelka B MPOLEHTH
CPSIMO eKCNEepPUMEHTATHO MONTy4eHNTE CTOAHOCTY.

Tab. 2. CpagHeHue Mexdy meopemuyHu u
eKcnepumMeHmarnHo Nony4YeHu Yyecmomu
oK HartypHo |EaHomacos mogen| [Bymacos Mogen
n3mepaHe LEeCT CTeneHu cefeM crteneHn
Hz Hz % Hz %
X 38,00 36,56 -3,8 36,99 2,7
Y 3,33 3,30 1,1 3,30 -1,1
z 16,24 17,52 79 17,61 8,4
0.25
f=38.00 Hz ‘
N

0.2 / \
% 0.15
; /|
* 0.1

O.OSWM \M\j

00 10 20 30 40 50

f, Hz
®ur.11. AMnnuTyaeH cnekTbp Ha yckopenusTa no OK x.

0.8

ﬂ@j

N

0 5 10 15 20 25 30
f, Hz
®ur.12. AMnnuTyaeH cnekTbp Ha yckopehusTa no OK .

MpenopbyaHa 3a nybnukysaHe oT PeakuMOHEH ChBET

0.5
A __f: 16.24 Hz
0.4 f
% 0.3
e |
30 0.2 /
0.1 —
0 WV/\/M
0 10 20 30 40 50

f, Hz
®ur.13. AMnnuTyaeH cnekTbp Ha yckopenusTa no OK z.

4. N3Bopau

YCTaHOBEHW Ca EKCTIepUMEHTANHO COBCTBEHNTE YECTOTU Ha
BC no tpuTe nuHeitHn 0606LIeHN KOOpAMHATH.

Habniogasa ce BWCOKa CTeneH Ha CbOTBETCTBME C
TEOPETUYHO MONYYEHNUTE CTOMHOCTY.

Bba ocHOBa Ha perpecuoHeH aHanuM3 Ha CBOBOAHO
3aTuXBaluTe TPENTEHUSt € MOMyYeH eKCMOHEHUMANneH 3aKoH
Ha 3aTuxBaHe. ToBa € MpUeTO KaTo CBMAETENCTBO 3a 3arybu
Ha eHeprust MPEeAMMHO OT CbMPOTUBIEHUS NPONOPLMOHANHM
Ha MbpBaTa CTENEH Ha CKOpPOCTTa (BMUCKO3HO AemndupaHe).

OT 3aKOHbBT Ha 3aTUXBaHe Ca NPeCcMeTHaTH KoeULMEHTU Ha
BMCKO3HO AeMndupaHe B YETUPUTE JIUCTOBK MPYXUHU 1
€NaCTU4HUSA CbeauHuTenN.
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KOH®UI'YPALIUA HA MAFHUTHOTO NMOJIE HA BUXPOBATA MALLUHA MPU

OTCbCTBUE HA BTOPUYHA CPEJA

Koncmaumun Tpuykos, Bnadko [MaHos

Munro-eeonoxku yHusepcumem “Cs. UeaH Puncku”, 1700 Cogpusi

PE3IOME. poBeaeHn ca TEOpeTMYHM W eKCrIepUMEHTaNHW U3cneaBaHus Ha Kon(bmrypaumma Ha MarHWTHOTO None Ha [ABYNONOCHAa BUXpPOBa MalluMHa npu
OTCbCTBWE Ha BTOpPUYHA cpeda. B HenocpeacTseHa Bnmsoct 4o 3bOHUSA croii v B ABaTa Kpas Ha aKTUBHUA obem ce nony4asat 3Ha4MTeNHN HEPABHOMEPHOCTHN Ha
MarHuTHOTO rorne. [loka3sa Ce Ye B OCTaHanara YacT Ha akTMBHUS 0bem ce nony4asa NpakTU4eCkn XOMOreHHO BbPTALLO Ce MarHUTHO norne.

MAGNETIC FIELD CONFIGURATION OF VORTEX MACHINE WITH NO SECONDARY MEDIUM PRESENT

Konstantin Trichkov, Vladko Panov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT. Theoretical and experimental investigations of a two-pole vortex machine magnetic field with no secondary medium present were implemented. Next to
the tooth layer and in both the active volume ends big non-uniformity of the magnetic field is obtained. It is demonstrated that in the rest of the active volume there is

practically homogeneous rotating magnetic field.

I'Ipvl €[Ha naeanusmMpaHa ABYNONKOCHa BUXpOBa MalluvHa B
aKTUBHUSI 00eM crefBa aa ce nony4u ABynositoCHO XOMOreHHo
BbPTAWO Ce MarduTtHO none C MarHutHa UHOYKLUS

BzﬁyokwlA (1, 2] (w4, — MarHuTHa KOHCTaHTa Ha

BaKyyma; le — KoedWLWeHT Ha HamoTkata; A — NUHenHO

TOKOBO HaToBapBaHe). [lpu ToBa, upaeanusauusta ce
OCHOBaBa Ha NpeamnornoXeHNeTo, Ye HamoTkaTa e ¢ 6e36poiHo
MHOrO (hasu, 4ye TOKOBETE MpoTMyaT No OesKpalHO TbHBK
CMOW, Ye MarHUTHUTE MaTepuanu Ha spema ca ¢ 6e3kpaiHo
ronsMa MarHWTHa MpOHWLAEMOCT W Ye [ObiKMHATa €
OeskpaitHo  ronmsama. [lpu  wpeanuavpaHata  MaluHa
€CTECTBEHO nuncBaT kKpaeBu edekTu. BbB Bpb3ka C
BbMNPOCHATE WAeanvsauuu crnedea da Ce Hanpasu OLEHKa
fanu UMTUpaHWAT u3pa3 BbOOLe e MpuUrogeH 3a LenuTe Ha
€NeKTPOMarHUTHOTO opasmepsiBaHe. OueHka e Heobxoguma
OLLe NOo OTHOLLEHWE Ha HEPABHOMEPHOCTUTE Ha MONETO, KOUTO
OCBEH C BaNMOHOCTTA Ha BbMPOCHWS W3pa3 ca CBbP3aHu U C
OBVWXEHWSITa M pasnpegjeneHneTo Ha  hepoMarHuTHUTE
paboTHn Tena. HepaBHOMEPHOCTUTE Ha MarHWTHOTO mofe
moraT Aa 6bgat npuunHa depomarHuTHUTE paboTHW Tena ga
Ce KOHLEHTpUpaT Ha OnpedeneHM Mecta W C ToBa fda ce
Hamanu eheKkTMBHOCTTa Ha TEXHOMOTMYHIS NPOLIEC.

lMpu egHa peanHa BUXpOBa MalUMHA MarHWTHaTa cuctema
HamoTKaTa, MO WAes CbOTBETCTBAT Ha CTatopa Ha efdHa
KOHBEHLMOHANHA CMHXPOHHA MIM aCMHXOPOHHA MaLUWHa, Npu
KOMTO pOTOPLT € 3aMeHeH C pabotHa kamepa. [Mopagu
HWCKaTa CTOMHOCT Ha MarHUTHaTa WHAYKLMS Ha BbPTALLOTO ce
martuTHO mone (0,1 + 0,2)T u nopaay BUCOKUTE CTOMHOCTM Ha
NMHEAHOTO TOKOBO HaToBapBaHe (2 + 3 nbTM Hag
HOPMANHOTO) Ce Hanara M3MOM3BaHETO Ha MHOMO ronemu
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KaHanu 1 MHOTO TECHW U BUCOKM 3b0M. SIpeMbT Ha CTAaTOpHMUs!
MakeT, Mak Nopagu HWckaTa CTOMHOCT Ha MarHuTHaTa
WHOYKUWS,, Ce MoMyyaBa C MHOTO Maska LupuHa. Bnpouem
LIMpMHaTa U Ha 3b0UTe U Ha sipema crieaBa fia ce npueme no
CboDpaxeHUsl 3a  MexaHudyecka YCTOMYMBOCT W MO
TEXHONOTMYHM CbobpakeHus. Mopaau ToBa 1 3b6UTE U spema
0CTaBaT HeHAaCUTEHW, KOETO 03Ha4yaBa, Ye MarHuUTHUTE
CbMPOTUBMEHMS W Ha 3bOMTE M Ha sipema TpsibBa Aa ce
NpeononsBaT ¢ NOMOLLTA Ha HE3HAYNTESHU MArHUTOLBIKELLM
HanpexeHusl.

Mpu eagHa peanHa BUXpPOBA MallMHA CbLUECTBEHO 3HAYEHME
npupobuBat kpaeeuTe eqpekTu: paguanHn — B CbCEACTBO C
KOPOHUTE Ha 3bOWTE M aKCWanmHM — B MPOCTPAHCTBOTO OT
[BETE CTPaHM Ha aKkTUBHUS 06eM. PagmanHus kpaes ediekT ce
“3passiBa B CrbCTABAHE Ha CUNOBUTE NMUHAW KbM KOPOHKWUTE Ha
3bbute. ToBa BOAM [0 MOBMLUEHME HA MAarHWUTOABWKELLOTO
HanpexeHue HeoOXOAMMO 3a NMPEOONsiBaHE HA MarHWUTHOTO
CbMPOTUBIIEHWE MPe3 Bb3dyliHaTa Cpeda Ha akTUBHUS 0bem
(ur. 1 a). AkcuanHusT kpaeBu edpekT ce u3passBa B
paspexgaHe Ha CWNOBUTE NWHWW OT [ABETe CTPaHW Ha
akTmBHus obem (cdur. 16). ToBa BOAM A0 HamaneHue Ha
HeoOXoOMMOTO ~ MarHWUTHOABMXELO  HanpexeHwe  3a
NPeofonsiBaHe Ha  MarHUTHOTO  CbMpOTMBMEHME  Npe3
Bb3fyllHATa Cpeda Ha aKkTMBHMS O0OEM M M3BBH Hero B
CbCeACTBO C fBaTta My Kpast. AKCHanHUAT Kpaesu edhekT Boau
[0 CWMHO M3pa3eHy aKCWuanHW KOMMOHEHTW Ha MarHuTHaTa
WHAYKLMS, KOUTO MOraT fa npeansBukaT NoBuULEH 3arybu ot
BUXPOBM TOKOBE B 3bOMTE Ha KpaWHWUTE MNACTUHKM.
OnacHocTTa OT  MPEKOMEpHO pasBUTME Ha  aKCuarHu
KOMMOHEHTW € efjHa NpuU4MHa 3a ynoTpebata Ha HeMarHuUTHU



enemMeHTM (MPBLCTEHM W NarnLy) 3a MexaHUYecko yKkpensaHe Ha
naketa.

G|

®ur. 1

BbB Bpb3ka C BanMAHOCTTA Ha LMTMPaHUs No-rope u3pas 3a
MarHWTHaTa MHOYKUMS U BbB Bpb3ka C KpaesuTe edekTn ca
U3BbPLLIEHN LWMpok obem u3cnegsaHus. Ha nbpBO MACTO
moraT ga 6bhaT MocoueHu u3cnefBaHuMsTa ¢ nomowTa Ha
meToda Ha kpanHute enemenTn [1, 3, 4]. Te ce oTHacaT 3a
CEYEHNs, KOUTO Ca MeprneHAUKYNAPHU HA OCTa Ha aKTUBHWS
obem 1 JOCTaTbYHO OTAAneyeHu OT ABaTa kpas Ha nakeTa.
lMonyyeHa e KOHuMrypaumsTa Ha noneTo — npeacTaBeHa C
MOMOLLTA Ha CUIOBMW NIMHUK. FICHO NYaT HEPaBHOMEPHOCTUTE
OT KpaeBus edekT OnM3o ga KOpPOHKNTE Ha 3bbute W
NPaKTU4ECKM MOCTOSHHATa CTOMHOCT Ha MarHUTHaTa MHAYKUMS
M3BbH 30HaTa Ha KOPOHKWUTE Ha 3bbuTe.

Ha BTOpO MsICTO MoraT ga 6baar nocoyeHm LWMpOKNAT obem
OT eKCMepuUMeHTanHu 13cneaBaHus. Te BKMOYBaT uacrneasa-
HMS BbB Bpb3ka C OLEHKA Ha TEXHOMOrMYHUS edekT K
“3MepBaHu1s Ha napameTpuTe Ha noneto. M3cnensanusaTa BbB
BPb3Ka C OLEHKa Ha TEXHOMOTMYHUS edhekT nokasaxa, ye Tow
npoThya ¢ BraronpusTHa MHTEH3MBHOCT MPU CTOWHOCT Ha
MarHuTHaTa MHOYKUMS Ha BbPTALLO MarHUTHO NOne NpuMepHo
B rpaHnuute Ha (0,1 + 0,2)T. OcBeH TOBa, CbluuTe
n3cnedBaHus Mokasaxa ole, 4Ye HepaBHOMEPHOCTUTE Ha
noneTo He BAMAAT 3abenexuMo BbpXy ABWKEHWETO Ha
paboThHuTe Tena. Kato OCHOBEH Mpu3Hak BbB BPb3ka C TOBA
MOXEe Aa Ce CMsSTa PaBHOMEPHWST LUYM, KOWTO CbMbTCTBA
obpaboTkata Ha CbOTBETHUTE BellecTBa. AKO ce noryyaBaxa
HaTpynBaHus Ha paboTHWTE Tena Buxa ce mosBuMK nyncauum
Ha wWwyma. TakuBa nyncauun He Ce nosiBsiBaxa AOpW Toraea
korato pabotHaTta kamepa Oelue pasnonaraHa €KCLEHTPUYHO
W OT efHaTa CM CTpaHa ce [Jonupalle [0 KOPOHKATE Ha
3bbuTe. BbB Bpb3ka C HEPaBHOMEPHOCTUTE Ha MOMETo B
CbCeACTBO C KOPOHKUTE Ha 3b0uTe, Cneasa Aa ce oTbenexu,
Ye OmacHOCTTa OT CMYLLEHWS B [BWXEHMETO Ha paboTHuTe
Tena cTaBa oOwe Mo-mManka M Mo fpyra npuumHa. Tam
HOpMaITHO Ce pa3nonara OXMaguTeNeH KaHan W HeMarHuTHaTa
LWAMHAPWUYHA CTEHa Ha kamepara.

dur. 2
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OtcbeTBMeTO Ha npobnemu Mo HaTpynBaHe Ha paboTHU
Terna B CbCEACTBO C KOPOHKMTE Ha 3bbuTe CTUMynupaxa Aa
Obae npeanoxeHa HOBa HeTpPaZAWLIMOHHA 3a eNeKTPOMaLLVHO-
CTpoeHeTo hopma Ha 3bbuTe cbrnacHo dwur. 2. OcHoBHaTa
uaes npu Tesn 3bOM € ga ce nogobpu TAXHOTO OxnaxaaHe u
[a Ce Hamanu akTMBHUSI AMaMeTbp, a C TOBA U KOHCYMMpaHaTa
aKTMBHA W PEaKTUBHA eHeprus.

MMo-rope cTaHa BBMPOC M 3a KpaeBu edekT OT ABETE CTPaHM
Ha naketa, koWTo Oelle HapeyeH akcuamneH Kpaesu eqekT.
Mopaaw Hero Bu cneaeano Aa ce ovaksa paboTHuTe Tena fa
Ce MpUBMMYaT BCe NO-HaBbTPE M [a HAacTbNu HAaTPynBaHe KbM
cpefaTta Ha akTuBHuSt 0beM. EkcnepumeHTUTE nokasaxa, ye
TakoBa HaTpynBaHe B JEMCTBUTENHOCT He Ce nonydyasa. Kato
[0Ka3aTencTBo 3a TOBa, MOXE Aa Ce cMATa (haKTbT, Ye BbpXy
CTeHuTe Ha paboTHaTa kamepa OcTaBart creau OT yaapuTe Ha
paboTHMTE Tena no usanata Ob/KMHA Ha akTuBHUS 0Dem.
OTCbCTBMETO HA HEONArompuATHO OTpaXeHWe Ha KpaeswTe
edekT (pagnaneH u akcuaneH) BbpXy TEXHOMOTMYHUS MPOLEC
MOXe Aa Ce OOSICHM C WHTEH3WBHWTE AMHAMMYHU B3aWUMO-
AencTeus mexay pabotHute Tena. Te ce yapsT noMexay Cu u
He e Bb3MOXHO Aa Ce HaTpynBaT B 30HUTE Ha HepaBHO-
MEpHOCTY Ha NoneTo.

BbB Bpb3ka C aKcuanmHus kpaesu edekT Moxe na ce
nedvHMpa napameTbpbT U3WMCAUTENHA AbmkvHa (; Ha
BMXPOBATA MalLMHA. 3a cera HsiMa JOCTaTbYHO JaHHM 3a efHa
TOYHA hopMyna W MOXe fa Ce cMsTa 3a LenecbobpasHo
u3WncnMTEnHaTa AbmkuHa £ ; fa ce npueme 3a paBHa Ha

akTvBHaTa abmkuHa £, wm L5 =1 .

EKCI'IepI/IMeHTaJ'lHI/I n3cneaBaHus Osixa npmueeaeHn wu no
OTHOLLEHNe Ha UMTUPaHUAT B Ha4anoto u3pas 3a CTOMHOCTTa

Ha MarHuTHaTa WHAYKUMS B akTuBHUS obem B = ﬁyokwlA.

baxa HanpaBeHW W HAKOW WU3YUCNEHNa U B pesyntar bewe
npueto, 4e € nogxoadAllo Aa ce BbBede eAuH KOpeKUWOHeH

koeuUmMeHT kB, kaTo  u3pasbT npugobue  BuAaa:
B = V2kg 1ok, A.

Mpu TOBa € NOAXOASAILO KOPEKLMOHHUAT KoedhMLMEHT fa ce
npueme cbe ctorHocT Ky =0,96, T.e. camo okono 4% ot

MarHUTOABWXELLIOTO HaNpeXeHne Cnyxu 3a npeoaonsasaHe Ha
MarHMTHOTO CbNPOTUBNEHNE Ha 3bbuUTe 1 apemute U Ha
y4yaCTbKa BbB Bb3fyllHata cpeda B obnactra Ha Kpaesute

edhekTi npu 3bOHUS Cron. Tasn CTOMHOCT Ha kB cneaga aa

Ce CMSTa KaTo YTOYHEHA OKOHYATENHO B CPaBHEHWE C
MbpPBOHAYaNHOTO Npeanonoxexue [2], 3a 0,98.

U3soau

Bb3 OCHOBa Ha MNpOBENEHUTE TEOPETUYHU U eKcrepu-
MEHTaNHW W3CNeABaHUs MO OTHOLIEHWE KOHUMrypauusTa Ha
MarHMTHOTO MOMe Ha [ABYNOJKOCHATa BMXPOBA MallMHa Npw
OTCbCTBME Ha BTOpUYHA Cpeda MoraT fAa Ce HanpassT
CNefHNUTE N3BOAM:

1. Ha pascTosHMe He MHOro [farney OT KOPOHKWUTE Ha
3bbuTe 1 OT gBaTa kpas Ha akTMBHWS oDem, ce nonyyasa
MPaKTU4ECKM XOMOTEHHO BbPTALO Ce MarHWTHO Momne CbC
CTOWMHOCT Ha MarHuTHaTa WHAYKLMS, KOSTO € MHOro 6nmska Ao



rnoflyyeHata NO OMPOCTEHATa W3uUCIUTENHA  hopmyra
B =24k, A

2. B HenocpeacTBeHa 6nm3ocT 4o 3bOHWS Cro 1 B ABaTa
Kkpas Ha aKkTMBHMA 0Oem Cce monyyaBaT —3HAYNTEMHM
HEepaBHOMEPHOCTW Ha MarHWUTHOTO none. [pw nposegeHuTe
eKcrepyMeHTanHn uacnegsanus, obadye He ca KOHCTaTUpaHm
CMYLLEHNS B ABUKEHWSTA HA hepoMarHuTHUTe paboTHu Tena
1 B NPOTUYAHETO Ha TEXHOMOMMYHUS MPOLIEC.

Nutepatypa
1. Manos, Bn., K. Bpanguckn, K. Koctos. LgynomtocHo
8bPMAWO Ce MasHUMHO hosie npu Omcbcmeue Ha
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emopuyHa cpeda, V HTK - EJIMA 87, BMEW — BapHa,
1987.

MaHoB Bn. K. KoctoB, K. TpuukoB. EkcnepumeHmanHo
uscnedeaHe Ha KOHbueypayusima Ha 6bpmAwo ce
Ma2HUMHO nosie npu 08ynoflocHa MazHUmMHa cucmema,
HayuHo-TexHuyecka koHdepeHumus ENTIMA'81, Codus.
Panov, V., K. Brandiski, K. Kostov. An investigation of a
twopole rotating magnetic field with no secondary medium
present using finite element method, International Journal
of Computer Applications in Technology, Volume 2, No |,
1989.

Silvester, P.P. and Ferrari, R. L. (1983) Finite Elements for
Electrical Engineers. Cambridge University Press.
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WU3CNEOBAHE HA ENEKTPUYECKATA AKOCT U OUENEKTPUYHUTE 3AT'YBU HA
FMABHA U3O0NALIUA OT CONDUCTOFOL 2159

KoHcmaumun Tpuykos, KoHcmanmuH Kocmos

MurHo-eeonoxku yHusepcumem “Ca. Mear Puncku” 1700 Cogpus

PE3IOME. V13BbpLUEHO € eKCriepUMEHTaNHO U3creaBaHe 3a ONpeaensiHe Ha enekTprudeckaTa skocT 1 AuenekTpuyHuTe 3arybn Ha rmaeHa usonauust o1 Conductofol
2159, npon3eoacTBO Ha Ghmpma Isovolta — ABCTpYS, 13N0NI3BaH NpY MPOU3BOACTBO M PEMOHT Ha CEKLMM 33 BUCOKOBONTOBW aCMHXPOHHM ABUraTeni. ManutaHusTa Ha
aKTUBHUTE YacTyu Ha 8 6post 0bpa3Ly ca NpoBeAeHM BbB BUCOKOBONTOBA U3nuTaTenHa nabopatopust Ha Ennpom 3EM, rp. Cocpus.

INVESTIGATION OF ELECTRICAL STRENGTH AND DIELECTRIC LOSS OF MAIN ISOLATION OF CONDUCTOFOL 2159
Konstantin Trichkov, Konstantin Kostov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT. An experimental investigation is performed to determine the electrical strength and dielectric loss of main insulation, made of Conductofol 2159,
manufactured by ISOVOLTA, Austria. This material is used in the production and repair of high-voltage induction motor coils. The tests of the active parts of eight
samples were conducted in the high-voltage testing laboratory of ELPROM — ZEM, Sofia.

lMpoBedeHn ca  eKkClepUMeHTanHW  W3credBaHus  3a
ONpefensHe Ha enekTpuyeckata sKOCT W AWENEKTPUYHHWTE
3arybu Ha rnasHa m3onauws ot Conductofol 2159 [1, 2] Ha 8
Opos obpasuM Ha aKTMBHWUTE YacTM Ha Cekuwm 3a
BWCOKOBOJTTOBM aCUHXPOHHM [BUraTenu. AKTUBHUTE YacTu Ha
00pasuuTe NpeLcTaBnsBaT CHOM M30MMPaHK MPOBOAHULM THN
Nnch - F c pasmepu (1,8 x 5,0) mm. Beuukm obpasum ca ¢ I

¥

Bucokosontosa

ypeaba

€[HaKBM pa3Mepi, HO C pasfinyHa ,ue6env|Ha Ha n3onaundara un e

pasnuyeH TemnepaTypeH pexum Ha obpaboTka.

Tabnuua 1

Ne Ha obpaseLa 1 2 3 4 5 6 7 8

[leGer.Ha our. 1. OnuTHa NOCTaHOBKA 33 U3NUTBaHe Ha NPOGUBHO eNEKTPUYECKO

nonauuaTa d 1010|1515 |20 | 20| 25|25 Hanpexeune

[mm] kbgeto: 1 — BucokoBontoBa ypeaba Tun WPT 4,4/100-6RT 6/120;

Bpoit HaBMBKN 2 - U3nuTBaH obpasel;

Conductofol 12 112 | 18 | 18 | 26 | 25 | 31 | 31 3 - TpaHchopmaTopHO Macno ¢ enekTpuyecka sikoct E,, > 250 kVimm

Tg“"”gpawpfc“a 120 | 160 | 120 | 160 | 120 | 160 | 120 | 160

obpatorka [°C] Ha ©Oasa nonyyeHute pesyntatu 3a  MpOOMBHOTO
HanpexeHne € U34YncneHa enekTpuyeckata AKOCT NO
copmynara:

WU3mepBaHe Ha Npo6GUBHOTO HanpexeHue,
onpeAaensiHe Ha eneKkTpuyeckaTa IKOCT Ha U
rnaBHa usonauus ot Conductofol 2159 E=—"2 kV/Imm

S

MpoBMBHOTO  HanpexeHWe U  €nAKOCT Ca  OCHOBHM
XapaKTepucTMka Ha BCEKU eneKkTpousonauunoHeH Mmatepuan. KbIeTo: Hs_ne6eny||.|a Ha u3onauuaTa, mm
CovrnacHo B[C 2324-83 [3], npobuBHOTO HanpexeHue Ha
obpasuute 1 WU3MEPEHO MOCPEeSCTBOM ONUTHA MOCTaHOBKA,

B Tabnuua 2 ca nokasaHu pesyntatute OT M3MEpPBaHe Ha
nokasaHa cur. 1.

I'IpO6VIBHOTO HanpexeHue Unp MU U34ncneHata enekTpuyecka

IKOCT E 3a ocemTe 6posi 0BpasLy Ha akTUBHM YacTy Ha CeKLK,
usonupanu ¢ Conductofol 2159.
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Tabnuya 2

O6paszey Ne | 1 2 3 4 5 6 7 8

U, [KV] | 76 | 82 | 112 | >120 | >120 | >120 | >120 | >120

E,[kV] [ 76 | 82 | 747 | >80 | >70 | 570 | 570 | >70

OT nonyyeHuTe pesynTaT e BWUOHO, Y€ eneKkTpudeckata

skocT Ha maTepuana Conductofol 2159 e cpaBHUTENHO BUCOKA.

ToBa Ce ObITKW Ha BUCOKATa eNeKTpUYeCka SKOCT Ha onnoTo
oT nonuetunentepadtanar (Hag 110 kV/mm) v BucokuST My
npoLeHT B cbetaBa Ha Conductofol 2159 (Hag 35%). Toga € u
npuymHaTa npu Yact oT 0bpasuuTe Aa He HacTbNM NpobuB [O
usnuTeatenHo HanpexeHue ot 120 kV. Buxga ce, ye npu
obpasuute, TepMiiHO 0bpaboTtenm npu 160°C, en.gkocT e no
BMCOKA. TOBa Ce [Ob/KM Ha MO-40DpOTO YNMibTHABAHE Ha
maTtepuana u no-gobpata TepmuyHa copmoska. Moxe aa ce
3aKMK4M CbLLO, Ye Npu no-MankuTe AebennHu Ha nonoxeHarta
u3onauus, BPEMETO e [OCTaTbyHO 3a Jobpa TepMuuyHa
obpaborka.

WU3mepBaHe Ha aueneKkTpuyHuTE 3arybm tgd

CvrnacHo BAC 6727-83, KoeULMEHTLT Ha
pvenekTpuiHnte 3arybu tgd ce onpegens MoCpeacTBOM
MATHA MOCTaHOBKAa MokasaHa Ha dwmr. 2. [lpegBapuTenHo
0bpasuuTe ce NoAroTBAT KaTo MM Ce MOCTaBAT eNeKTpoam oT
anymuHuneBo ¢onuo [4].

of.
[ P ad
o . Wepunroe moct
700 70 TMn P 525
7 0 -

27 0000 19 6=0.0001-0.1
lT ................ U= G i
v g "

v

®ur. 2. ONUTHa NOCTaHOBKA 3 M3MePBaHe Ha koeduLMeHTa Ha
[AvenekTpuyHuTE 3arybm tgd

VamepBaHusiTa ca u3sbpLueHm ¢ LWepuHros moct Tun P 525.
KoeduumeHTbT tgd € u3MepeH npu HAKOMKO pasnuyHu
HanpexeHus B ganasoHa 1000 — 6000 V v yectoTa 50 Hz.

B tabrmuya 3 ca nokasHu pesyntatute OT W3MEpPBaHWETO Ha
koeuUMEHTUTE Ha AMENEKTPUYHITE 3arybu tgé.10'3.

Tabnuya 3

O6pasey; No 1 2 3 4 5 6 7 8
U, =1000[V] | 638 | 632 | 646 | 64 | 653 | 647 | 664 | 658
U, =2000[V] | 641 | 636 | 655 | 647 | 664 | 652 | 685 | 67,3
U, =4000[V] | 654 | 644 | 66,7 | 665 | 676 | 669 | 703 | 69,1
U, =6000[V] | 667 | 658 | 682 | 674 | 684 | 682 | 720 | 714

B tabnuua 4 u c rpauuHo npeacTaBsHe ca MokKa3aHw
pesyntaTuTe OT M3cCnefBaHuUsITa Ha 3aBUCUMOCTTA Ha tgd oT
pebenvHata Ha w3onauusiTa mpu pasnuyHO HampexeHue W
TemnepaTypu Ha obpaboTka. OnuTtHKUTe 0bpasum ¢ Homepa 1,
3, 5 n 7 nonyyaBaT Homepa OT 1 [0 4, npu TepMmuyHa
obpabotka Ha usonauusta 120°C. Obpasuute ¢ Homepa 2, 4,
6 1 8 cbllo nonyyasat Homepa ot 1 8o 4, Ho ca o6paboTeHu
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npu Temnepatypa 160°C. Mo To3W HauMH CPaBHUTENTHO JTECHO
ce aHanuaupat pesyntatute 3a obpasuyn, u3paboTeHu npu
pasnn4HM TEMNEPaTYpY.

Tabnuua 4
Unan | Tusp febenuHa Ha nsonaumara [mm]
vV | [C] 1 1,5 2 25
1000 | 120 | 0,0638 0,0646 0,0653 0,0664
160 0,0632 0,064 0,0647 0,0658
2000 | 120 0,0641 0,0655 0,0664 0,0685
160 | 0,0636 0,0647 0,0652 0,0673
4000 | 120 0,0654 0,0667 0,0676 0,0703
160 | 0,0644 0,0665 0,0669 0,0691
6000 | 120 | 0,0667 0,0682 0,0684 0,072
160 0,0658 0,0674 0,0682 0,0714
W3mepeH KoedUMEHT Ha AMeneKTPUYHUTE 3aryom
0,074
u =
0,068
0,066 —;Péff =
0,064 —é
0,062
0,06
0,058
1 15 2 25 MM
—&— npu 1000/120 —8— npu 1000/160 —— npu 2000/120
= npn 2000/160 —%— npu 4000/120 —@— npu 4000/160
—+— npvn 6000/120 —=— npu 4000/160

AHanu3bT Ha nomnyyeHuTe rpadMku nokasea W3BECTHO
pasMWHaBaHe Ha OMOPHMTE TOUKW, ObITKALIO Ce KakTo Ha
TPELKM B W3MepBaHWSTa, Taka M Ha rofnsamMoTO BMWSHWE Ha
MOBLPXHOCTHUTE  3arybu B M30MauMoHHaTa  cucTema.
HesaBucumo o1  TOBa, OOWWTE TEHOEHUMM ca  SCHO
3abenexumm, a UMEeHHo:

- C HapacTBaHe Ha paefenuHata Ha u3onauusTa ce
noeuLasa (Makap 1 B Manka cteneH) tgd.

- NO-HUCBK KoedpuuneHT tgd ce nomyyasa npu obpasuute
obpaboTeHun npu no-BMCOKa TemnepaTtypa. Hascskbae
nsonauwsra, obpaboteHn npu 160°C ca ¢ mo-Hucek tgd oOT
Tesu, obpadoTeHn npu 120°C.

FAcHo e n3paseHa 3aBucuMMOCTTa Ha tgd OT M3NUTBATENHOTO
HarpexeHne. BupHO e, 4Ye npuM BMCOKUTE W3NKUTBATENHU
HanpeXeHus, anenekTpuuHuTe 3arybm pactar. B tabnuuara 5
W ¢ rpacvyHO MpeacTaBsiHe e MokasaHa Tasu 3aBMCMMOCT 3a
obpaseua ¢ gebennHa Ha usonaumsTa 1,5 mm, obpaboTteHa
npu Temnepatypa 160°C.

Tabnuya 5
WanuteatenHo
Hanpexenye [V] 1000 2000 4000 | 6000
KoedpuueHT tgd 0,064 0,0647 0,0665 | 0,0674




3aBucumocT Ha tgd

0,068
0,067
0,066
0,065
0,064
0,063
0,062

v

0 1000 2000 3000 4000 5000 6000 7000

3aknioyeHune

KaTo usno pesyntatute OT eKCnepUMEHTanHOTO u3cnessaHe
Ha enekTpuyeckata $KOCT W [MENeKTpUYHMTE  3aryou
NoTBbPXAaBaT NpeaBapUTENHUTE pasdeTn OT KOHCTPYKTMBHO-
TEXHOMOrMYHaTa paspaboTka Ha W3onauMoHHaTa cucTema
uspaboteHa ¢ Conductofol 2159. Mo-BaxHWTe M3BOAM, KOUTO
MorarT fja ce HanpaBsT ca ClegHuTe:

- Enektpuueckata £KOCT Ha wW3onauuMoHHaTa cucTeMa €
CPaBHUTENHO BMCOKA. 3a CPaBHEHWE C OpYri M30MaLMOHHM
CMCTEMM, NPU KOWUTO NpOBKBHATA HANpPerHaTocT He HagMWUHaBa
50 kV/mm, npu nsonaumnonHata cuctema ¢ Conductofol 2159e
MUHUMYM ¢ 40% no-Bucoka.

- apameTpuTe Ha u3onaumoHHaTa cuctema ¢ Conductofol
2159 cnabo 3aBucAT OT pexumute Ha obpaboTka Ha
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n3onaumsaTa. ToBa Ce ObMKM Ha roNgMOTO CbabpXaHue Ha
PET-cbonno B matepuana, a ¢onuoTo MpakTU4ecku He ce
NPOMEHS Npu TepmMuyHaTa obpaboTka. Pasnukute, KouTo BCE
MaKk ca Ha nuue ce obsicHABaT C nonumepusauuaTa Ha
CBBP3BALLOTO BELLECTBO B CMHOAEHUTOBATA XapTus OT eaHa
CTpaHa, WM Ha pasnuMyHaTa eBaKyauus Ha Bb3AYLIHUTE
BKIMIOYBAHWS OT Apyra. BrusiHe okasea CblUO U eBEHTYamNHOTO
3amMbpcsiBaHe Ha u3onauusiTa npes Bpeme Ha obpaboTkaTa.
ToBa ce OTHacs ¢ ronsma cuna 3a NoBbPXHOCTHUTE 3arybw,
nopagu koeto no Bpeme Ha paborta TpsbBa Aa ce cnasea
BMCOKA YMCTOTA HA MaHunynauuuTe.

- CpaBHuTENHO He MHOrO [Jobpusi  KOeUUMEHT Ha
OVENEKTpUYHUTE  3arybm ce  Ob/MKM  NpPeauMMHO  Ha
MOBBPXHOCTHUTE 3arybu. 3a HyxauTe Ha enekTpuyeckuTe
MalwuHu obaye CTOMHOCTUTE Ca [OOCTAaTbYHO HUCKM M
NPaKTUYECKM Ca CbU3MEpUMM C tgd Ha M30NALMOHHN CUCTEMM
OT apyrv matepuani. o nuTepaTypHu U NPOCNEKTHWU LaHHM
nocnegHute ce aswxat ot 0,02 go 0,08 (Calmikaglas 2005 -
0,02).

Nutepatypa

1. KatanoxHn ganHu u paspabotku Ha cupmata ISOVOLTA,
AscTpus.

2. KatanoxHu aaHHu 3a Conductofol 2159.

3. B[C 2324-83.

4.BAC 6727-83
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Bb3BYAUTENW HA BArALLO MATHATHO MOJE 3A BUXPOBU MALLUHU

KoHcmanmun Tpuykos, KoHcmanmuH Kocmos

Muno-2eonoxku yHusepcumem ,Cs. Mear Puncku”, 1700 Cogpus, E-mail: ccostow@yahoo.com

PE3IOME. V3uncnsiBa Ce MarHUTHUAT MHTEH3UTET B paboTHus obem Ha pasmuyHu BUAOBE NUHEHM Bb3DyaMTENnM Ha bsraliu MarHUTHM NoneTa, 3afBuKBaLLy
(hepomarHuTH paboTHN YaCTULM 3a MHTEH3UMULMPaHe Ha TEXHOMOrMYHW npoueckt. OCHOBHO MauckBaHe 3a OMTUMANHOTO MPOTWYaHe Ha Takuea Mpoleck e
XOMOTEHHOCTTa Ha NoNeTo B OTCLCTBUE HA paboTHITE YacTMLm. MacnenBaHeTo ce M3BbPLLBA YPe3 ypaBHeHUATA Ha Jlannac No OTHOLLEHME Ha CKanapHWs MarHUTeH
noteHuman. Monyyennte pesyntatv [aBaT Bb3MOXHOCT 33 €NEKTPOMArHUTHO W34MCIsiBaHe Ha Bb3DyaWTEenUTe W 3a CpaBHSBAHE Ha TAXHATa €EKTUBHOCT Mpu
MOCTUraHeTo Ha HeOBXOANMMTE XapaKTEPUCTUKMA Ha NOMETO.

TRAVELLING MAGNETIC FIELD EXCITERS FOR VORTEX MACHINES
Konstantin Trichkov, Konstantin Kostov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, E-mail: ccostow@yahoo.com

ABSTRACT. Magnetic intensity in the working volume of various kind of travelling magnetic field exciters that drive ferromagnetic working particles for intensification
of industrial processes is calculated. Principal requirement of optimal process flow is the field uniformity in absence of the working particles. The investigation is
carried out by means of Laplace’s equation toward the scalar magnetic potential. The results obtained provide a possibility for electromagnetic calculation of exciters
and to compare their efficiency about achieving the necessary field features.

y

B Hskon nybnukauum v nateHTW ce onucBaT YCTPOMCTBa 3a

T
u (x, 0)=-F sin—x

TEXHONOrN4YHa 06pa60TKa Ha Martepuann C nomollTa Ha / L T 7

BbpTAWLM CE€ MarHUTHU  noneta (BVIXpOBVI MaLUI/IHVI), A Z B X C )'c AC x I,

3a/BIKBALLM MHOXECTBO PaBOTHM hepoMarHUTHI YacTLM, B \ /

KOUTO BL3BYAUTENST NpeACTaBNABa eAUH WM ABa CTaTopa Ha 2
NuHeeH acuHxpoHeH apuraten (Ta-Hsin et al., 2004; Jones, X

2006). Nluncea obaye WHGOpMaLMs 3a M3CTIeABaHMs Ha @ur. 1. EnHoctaTopeH nuHeeH uHAyKTop

MarHuTHOTO More Ha Bb3byauTenuTe, KakTo U 3a 060CHOBKa

Ha HauMHa Ha CBbP3BaHE Ha HAMOTKMTE Ha ABaTa cratopa. B

HacTosiLiaTa paboTa ce pasrnexaar Bb3MOXHUTE KOHCTPYKLMM EaHocTaTOpeH nHaykTop
Ha Bb3byauTenu Ha bsraLyo (B rnobaneH CMMCBI) None, KOeTo

Ce u3crneBa npy cregHuTe J0NycKaHus:

1. ToBbpxHuHaTa Ha Bb3OYguUTENs € rnagka W Heka koopauHaTHaTa cuctema xOy e pasnonoxeHa Taka, e
HenpekbCcHaTa, 6e3 3b0ou 1 kaHanw; 0CTa X € Mo NOBbPXHWUHATA Ha CcTaTopa, a 0CTa ¥ — N0 0CTa Ha
2. TokoBeTe ca CbCpeLOTOMEHM MO MPecevHULMTE Ha (basHaTa HamoTKa C HyneB HauarneH Tok A, ¢wr. 1. Ypes
NOBBbPXHWUHATA Ha WMHAOYKTOpPa C PaBHUHW, nepneHAuKynAapHU 3aKOHa 3a NbfHMA TOK Ce Hamupa M.A.H., a OoTTaM -
Ha Hesd, MWHaBALW NO HaATbXHUTE OCM HA CbOTBETHWUTE MarHWTHUAT noTeHUMan no MOBbPXHWHATa Ha cTatopa
peantu kaxarm. u, (x,0), xato ce npuema, ye U, (0,0)=0. 3a momerTa

3. MarHuTHaTa NPOHNLAEMOCT Ha MarHUTonpoBoAa Ha

Bb36yﬂMTeﬂﬂe6e3Kpal7lHa. t=0, Yy € 0C Ha CUMeTpusa Ha e€OHakBW MO ronemMmHa wu

4. MarHuTHOTO NoMie e KBaaHCTALMOHAPHO. nocoka Tokoe. CreaoBaTenHo BEKTOPbT Ha NOMETO €
5. Mpyema ce, e UHAYKTOPLT € ¢ GeakpaiiHa WHpHHa. NepneHaUKyNApeH Ha Hesl U TS € eKBUMOTEeHUMAnHa NMHMS.
Mo TO3XM HAYMH Ce eNnUMWHMpAT BRUSHUETO Ha YemHUTE Mopapu TOBa UH(O' y)=0. 3a cbwa MOMEHT nuHuATa
CbeAMHEHNs U kpaeBuTe edeKTU B aKCUanHO HanpaBneHue. X=1/2 e 0C Ha OIMefanHa cuMeTpus (CnpsiMo Hes ca

Monero ce pasrnexaa kato nnockonapanento. - CUMETPUYHO  PA3ONOXKEHN TOKOBE C  MPOTMBOMOMONKHM
6. [lpuema ce, Ye MHOYKTOPBT € € Ge3kpaiiHa SbmKuHa.

y ou
CrieqoBaTenHo ce npeHeGpersat kpaesuTe eheKT, AbIKalLy cToWHocTM). 3atoBa | " —0. Mpu Tean cmeceHm
Ce Ha KpaliHaTa Ob/KMHA Ha MHAYKTOpa (eCheKT Ha kpauiiaTa) xerl2
(Hacap u ap., 1981; fimamypa, 1983). rPaHWYHN YCMOBMS CE peluaBa ypaBHEHWeTo Ha Jlannac B

[ekapToBa cuctema:
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du, +82uﬂ o

aXZ ayZ

Mpoueaupa ce no metoaa Ha dypue 1 cnep onpeaensHeTo
Ha MOTeHUWana, 3a WHTEH3UTETa B NPOW3BONEH MOMEHT Ce
Hamupa, (Koctos, 2007)

(1)

H,=+>H, cos(oowvﬁxJexp(—vE yj,
v=1 T T
B 2)
H, =ZHvsin(wtivExjexp[—vEy),
v=1 T T
KbeTo

HV=\/§kWVA € MopymbT Ha BekTopa Ha V™

XapMOHWK Ha MoneTo;
V e HeyeTHo, a 3a TpudasHa MalunHa — 1 HEKpaTHO Ha
TPU LAMNO YMCrO.

®opmynu (2) nokaseat, Ye BEKTOPBT HA V ™7 XapMOHWK Ha
nomneTo BbB (hUKCMpaHa TOYKa € KPbroBO BbPTALL, C YECTOTa Ha
BbpTeHe * . Kakto ce Buxaa, Yectotata Ha BbpTeHe € C
pasnuyHa Nocoka 3a npaeuTe M 0BpaTHUTE XapMOHMLM, HO He
33BMCM HWUTO OT HOMEpa Ha XapMOHWKA, HUTO OT bpos Ha
nonocute, a Ccamo OT YecToTata Ha 3axpaHBalloTo
Hanpexenue. OT (2) cneasa, Ye NOMETO Ha BCUYKM XapMOHULIA
€ HEXOMOreHHO, KaTo HamansBa C OTAanevyaBaHeTo oT
MHAYKTOPA MO eKCNOHEHLMANEH 3aKOH.

MoneTo Ha V ™ XapMOHWK € BAralLo JOTOMNKOBA, [JOKOMKOTO
KapTWHata My Ce MpeMectBa M0 0CTa X CbC CKOPOCT
. o7 2ft
X, =t—=+"".
VI v

[lByctaTopeH MHAYKTOP

CepuosHa cnabocT Ha pasrnexzgaHara MarHuTHa cuctema e
6bp30TO HamansBaHe Ha MOMETO NpuU YBenu4YaBaHe Ha
opavHaTata. [lo u3BecTHa cTeneH ToBa ce W30srBa npu
ABycTaTopeH MHaykTop. MbpBo We 6bae pasrnenaH cryyasT,
B KOWTO ABaTa CTaTopa Cb3AaBaT CbMNOCOYHM NOMeTa.

®ur. 2. [IBycTaTOpeH MHAYKTOP 3a CMNOCOYHM noneTa
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Pasnonarame ocrta Y TaKa, Ye Aa cbBnaga € OCcTa Ha tasa

A, unitto Tok B HavanHus momeHT T =0 e paseH Ha Hyna;
octa X € Mo NOBbpXHMHATA Ha [OMHMsA cTatop, dur. 2.
lMpnemame, Ye TOKOBeTe € paBHM abcuucy B ABaTa craTopa
ca paBHM No ronemuHa U nocoka. ®asute B ABaTa cratopa

cremeat  otnABOo  HagscHo B pema A, B, C.
Crief0BaTenHo M.0.H. Ha BCEKM OT CTAaTopuTE €
o0
. T
F=)Fsinatzv=x|,
v=l T
m~/2 wk V2 Kk
kbieto F, = ] = Al
T 126} 27 W
Mo rNOBbPXHMHATA Ha T[OPHWA CTATOP MOTEHLMANmbT €
u,= —F , a no ponxua u,= F . CropoctTa Ha BbnHaTa
Ha Y -ma XapMOHUK Ha rnoTeHumana e
. T 2fr
X, =t——=x——_ Tlo cumeTpuyHn cbobpaxeHus
VT 1%

npvemame, Ye no oceBaTa NMMHMS A — A Ha aKTUBHWSA 0Bem
noTeHumansT e Hynes. [lo cbwuTe cbobpaxeHus e
AOCTaTbYHO fa Ce pasrnieda noneTo camo B NPaBObIbIHMKA

MNPQ . B momexta t =0 octa Y e oc Ha cumeTpusi Ha
enHaken Tokoe 3a Y =0 wn 3a Y= . Mopaan ToBa
HaBCSKbAE MO  Hes  KOMMOHeHTata  Ha  MomneTo
Hy(O, y) = 0. Kato B3emem npeasug 1 HeoBXoaMMocTTa
OT HEnpeKbCHATOCT Ha MoTeHuuana ce npuema, ye no
nuimsita MQ (a nopagy cbluecTyBallata NePUOANYHOCT —

mno PN ), u, =0.4aka, 8 momenta t =0

u,(0,y)=0, u,(z,y)=0,

. 3)
u,(x,9)=0, uﬂ(x,0)=ZFvsin[¢v”x).

v=l T

Mpu Tesm ycnosus TpsGBa Aa ce pelwum 3agadata Ha Jupuxne
3a ypaBHeHueTo Ha Jlannac (1).

Mo wmetoga Ha d>ypV|e npencraesaMe Kakto no-rope
pelleHneTo, paBHO Ha Npou3BeaeHNETOo OT Be beHKLlI/II/IZ

u, =XMXVY(y).

OKOHYaTeNMHMAT ~ BWA HA  MarHUTHWS  MoTeHuwan B
npasobrbnHnka MNPQ 3a nponssonex MomeHT e

u,(x,y,t)= i':vsin(a)t $vE x}shv”(g -y’ 4)
vLshy =g T T
T

B ypaBHeHwe (4) yyacTBaT caMO HEYeTHUTE, HeKpaTHW Ha Tpu
XapMOHMLN.

MarHUTHUAT UHTEH3NTET BLB BCSKA TOYKA OT NpaBObIbHNUKA

MNPQ e



ou ks T V4
H =——£=4+>» H_cos| ot Fv=x [shv=(g-Y),
\ - ; , (w+vrj vT(g y)
H __ % —iH Sin(a)t_v”XjChV”(g—y)
g ay v=l ' " T . v ,
F
KbaeTo Hv—vE >
T T
shv—g
T

lMpn egHakBo nogpexdaHe Ha pasuTe Ha fgBaTa cTaTopa,
nocnegHWTe  Cb3gaBaT  MPOTWBOMOCOMHM — NOMETa,  ako
TOKOBETE C e[AHaKBM adCLUCU B TAX Ca C NPOTMBONOSIOKHU
CTOWHOCTH, ur. 3. B T03m cryyai noTeHUuanuTe ¢ e4HaKem
abcuycy no NOBLPXHWHMTE Ha [ABaTa cTaTopa ca egHakBuW Mo
3HaK ¥ TONeMnHAa. AHanuabT Ce M3BBLPLUBA NO CbLUMS HAYMH,
Kato ce pasrnexaga mbpeo B MomeHta t =0 noneto B
npasobrbiHuK, aHanormyeH Ha  MNPQ ot dwr. 2.

Pasnukata e camo B rPaHNYHOTO YyCnoBue nNno nuHUATA

y=g. Bwecro U,(X,g)=0, 1k ce npuema
M) o
N Jyeg

our. 3. [iBycTaTopeH MHAYKTOp 32 npowlBonoéquM noneta

3a NPON3BOJIEH MOMEHT

u,(xy.t) = zFVSin(wt lv”xj.ch vZ(g-y)
_ T T T
chv=g
T

MarHuUTHUST UHTEH3WUTET BbB BCSKA TOYKA €

H =) HVco{mvax}chvf(g -Y),
v=1 T
) (6)
H, :;Hvsin(mtiv%x}shv%(g -Y),
kbgeto H, vz at
3 chv=g
T

AKo CbCTaBHUTE WHOYKTOPU Ca C egHaKbLB ha3oB pea ce
YCTaHOBSABA, Y€ C OTaaneyaBaHe oT CTaTopuTe NPy CbMNOCOYHN
noreta 6bp30 HamansBa KOMMOHeHTaTa Ha MoneTo Mo X, a
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npu npoTuBomocoyHn — mo y. lo cpegata mexgy [nBata
cTatopa CbOTBETHAaTa 3a [ajeHus BuUL CBbp3BaHe
KOMMOHEHTa Ce aHynupa. ETo 3allo BEKTOpPBT Ha HUTO eduH
XapMOHUK Ha MOMETO BbB (hMKCMpaAHA TOYKA HE € KPBLIoBO
BBbPTALL, @ B rofisiMa 4acT oT paboTHUs 0bem NoneTo e CurHo
€NUNTUYHO.

[BycTaTOpPHUAT MHOYKTOP C pa3nuyeH ¢a3oB pea, T.e. 3a
HacpelHo bsrawm noneta, e nokasaH Ha ¢wr. 4. Octa y
CbBrnajga ¢ octa Ha ¢asa A , YMIATO TOK B HAYaNHWUS MOMEHT €
paBeH Ha Hyna. B ropHus ctatop ¢asm B u C ca pasmeHeHu
CNPSIMO MOCTedHMTE B JOMHMS, Taka Ye MoNeTo Ha OCHOBHMS
My XapMOHUK e nsiBo 6srawo. AHanu3bT Ce M3BbpLUBA
NOOTAENHO 3a norneTaTa Ha BCEKM OT CTAaTOpUTe U ce npunara
cynepnoauums. lMpuema ce, Ye MOBbpXHMHATA Ha CTaTopa,
KOUTO B KOHKPETHUS Chyyan He € Bb3byauten, e
€KBMMOTEHLMAIHA.

Pasrnexpga ce MbpBo MoNeTo Ha AONHMA CTaTop B Cbluata
koopauHatHa cuctema xOy. B momenTa t =0, kakTo U no-
rope, octa y e ekBunoTeHuManHa. CblyeBpeMeHHO Mo
MOBbPXHMHATA Ha [ONHNs! crarop

o0

, . (_m , B

u, (x0)=>"F, sm(+ v— x) ., Te. U/ (00)=0.
v=1 T

CnenoBaTenHo NoTeHLMansT no ocTa ¥ e Hyna. CblioTo ce

OTHaca 3a NUHUATa y =T, 3allOTO NOneTo € nepnoanyHo.

Mopaayn HenpekbCHATOCTTa Ha NOTEHLMana, Toil € paBeH Ha
Hyna W Mo NOBbPXHUHATA Ha ropHUs cTaTop. 10 T03M HauMH ca
AEUHUPAHN TPaHUYHK YCIOBUSI OT | poa 3a NPaBOBLIbIHMK.
Onpegens ce NOTeHUManbT, a Ype3 HEro — MHTEH3UTETLT Ha
ponHus cratop, (Koctos, 2007)

y
] -
A Y 0 <': _\': BS Z2 A: x'=x
A 7.0 h’8 .\': <': y: .4: x
; —

Ar
®ur. 4. [iByctaTopeH MHAYKTOP € pa3nuyeH ¢a3oB pes

H,=+>H, co{mt ¥ v%xj.shvg(és -Y),
v=l

(7)

H,=>"H, sin(cot $v§xj.chv§(6— y),
v=1

F

v

kboeto H,, =vE —_—
T shv s
T
Morneto Ha ropHUs CTaTop Ce aHanuaupa aHarnoruyHo B
koopanHatHa cuctema X'O'y’, cur. 4, cneg koeto
pesynTaTbT ce TpaHcopmupa B cuctema xOy. MNonyyasa ce



= V4 V4
Hy=+) H, cosl wt+v=x|shv =y,
v=1l T T

< . V4 V3
Hy =Y H,sinl at+v=x |chv=y.
) T T

Mpn HanpaBeHUTE [OMYCKaHUS YCROBUSTA Ca NMHENHU W
MOXe [da Ce npunoxu cynepnosmuunara. NHTEH3UTETBT B
pabOTHOTO MPOCTPAHCTBO Ha ABYCTATOPEH WHAYKTOP C
pasnuyeH a3oB pef €, (Koctos, 2007)

H, = iZl HV|:CO{mt¢vngshv%(67 y) +Cos(cotivngshvE y},

T

H, z Hv|:$in[(nt ivﬁxjchvﬁ(é‘)— y) +sin[mt ivﬁxjchvE y}.
= T T T

v=l T

[Mpu cpaBHsBaHe Ha noneTaTa Ha ABYCTATOPHU UHAYKTOPM C
e[HaKbB U C pa3nuyeH asoB ped ce ycraHossBa (KocTos,
2007), 4e npm nocnegHus BbB BCsSKa TOYKa MMa OTHOCUTENHO
OnM3KM MO ronemMnHa KOMMOHEHTU Ha WHTEeH3WTeTa No JBeTe
ocy, medasupann Ha m/2. ETo 3awo Hama obnact ot
paboTHus obem ¢ nyncupalo unu 6nmsko Ao nyncupaLlo
none — HaBCAKbAE MOMETO € enuUNTUYHO, 6nM3KO 4O KPBroBO
BbPTALO. [1pn TOBA TYK MakCMManHOTO M3MEHEHME Ha BCsKa
OT KOMMOHEHTUTE € MHOMO MO-Marko, ako ce 0DXOAAT BCUYKM
Toukn. OCBEH TOBa, ako Ce B3eMar nof BHUMaHWe pa3MepuTe
Ha TANOTO MO ocTa X, ABeTe Barawy noneta npeamsBuKBaT

lMpenopbyaHa 3a nybnukysaHe ot
Kategpa “EnektpotexHuka’, MEM®
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MOCTBLMATENHO ABVKEHWE Ha LiEHTbpa Ha Texectta my. Mog
nvHusTa Y =03/2 pacHo 6arawoto none e no-CUMHO W

OBWKEHWETO € B NMOCOKa + X, Haj Hed NnaBo 6ﬂFaLL|,OTO none
BOAW [0 NpemecTBaHe B 0BpaTHaTa nocoka. TexHOMOrMuHUST
edekT e MonoXuUTeneH, 3aloTo Taka ce noctura no-gobpo
XOMOreHusnpaHe Ha obpaboTBaemus maTepuan. 3aTtoBa ce

npunarat NPeaUMHO  [BYCTATOPHM  MHAYKTOPU U TO
WU3KNIOYNUTENHO C pasniyeH (hasos pea.
MormyyeHuTe  pesynTaTM  [fJaBaT  Bb3MOXHOCT  3a

E€NEeKTPOMarHnMTHO M34ncngaBaHe Ha B'b36y,EWITeJ'IVITe n 3a
CpaBHABaHE Ha TAXHaTa ereKTI/IBHOCT npn NOCTUraHeTo Ha
HeobxogumuTe XapakTepUCTUKN Ha NOneTo.
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ANHAMWYHU NPOLECK BbB BEHTUIALMOHHW BEPUTU NPU MANKW CMYLLIEHUA

Koncmaumun Tpuykos, Pomeo AnekcaHopos, AHdpeli Kosapoe

Murro-leonoxku YHusepcumem “Cs. MeaH Puncku”— Copus 1700, bvneapus

PE3IOME. B HacTosilaTta cTatis ce pasrnexaa CpaBHUTENHO NpoCT NpubnuauTeneH MeTod 3a nonyyaBaHe Ha YECTOTHUTE XapaKTepUCTUKW Ha BEHTUMaLMOHHA
Bepura, KouTo ca HeoOXoaWMW 3a u3credBaHe Ha MMMYNcHo ynpasneHve. Cb3gafeHnst MPOMEHNMB PEXMM M3NCKBA Aa Ce OTYMTaT He CaMO CTaTU4HUTE

BEHTUNTALMOHHN CbNPOTUBNEHUS, HO OLLE NHEPTHOCTTA M CBMBAaEMOCTTA Ha Bb3ayxa.

DYNAMIC PROCESSES IN VENTILATION CIRCUITS UNDER SMALL DISTURBANCES

Konstantin Trichkov, Romeo Alexandrov, Andrei Kozarov

University of Mining and Geology “St. Ivan Rilski”— Sofia 1700, Bulgaria

ABSTRACT. The present paper considers comparatively simple approximate method to obtain frequency characteristics of a ventilation circuit which are necessary
for investigation of the pulse control. The changeable regime created requires giving an account not only of the static ventilation resistances but of inertia and

compressibility of the air as well.

BbuBepeHue

3a pasrmexgaHe Ha Bb3MOXHOCTUTE 33  WUMMYNCHO
perynupaHe Ha Bb3gyLUHUTE KONM4ecTBa e Heobxoaumo fa ce
ornpenensT BpeMeHaTa Ha NpexofHUTe NPoLeck Bb3HUKBALLM
BbB BEHTWNAUMOHHAaTa Bepura. ToBa Ce Hanara OT
HeobX0aMMOCTTa 32 HaMUpaHe Ha MPOMEXOYTbLMUTE OT Bpeme
npes kouTo TpsibBa Aa ce NOAAaBaT ynpaBnsBalyuTe UMNYNcu
KbM cunoeute npeobpasyBaTenn OT 3a[BWXKBAHETO Ha
BEHTUNaTOpA.

B [1] e pa3rneaaH nogobeH BLNPOC BbB Bpb3Ka C OTYMTaHEe
Ha TEXHOMOTUYHUTE BENUYMHM OT AaTumum. MocTaHoBKaTa Ha
3agayata Tam, obaye e npu JOCTaTbYHO MNABHO M3MEHEHWe
Ha pexuMa Ha MpoBETPsiBaHe, KOETO € AaBa Bb3MOXHOCT 3a
npeHebpersaHe Ha CBWBAEMOCTTa Ha BBb3AYLUHMSA MOTOK.
Otunta ce camo HeroBaTa WHepunoHHocT. OcBeH TOBa
perynupaHeTo CTaBa 4pe3 MpOMsSHa Ha aepoanMHAMUYHOTO
CbMpOTUBINEHWME B pasrmexgaHus yvactbk. OnucaHa e
OMHAMMKaTa Ha WHEPLMOHEH HECBMBAEM Bb3dyLIEH MOTOK
4pes cucTema OT AudbepeHLmanty 1 anrebpuyHM ypaBHEHUS.

B noseyeTo criyyan npefcTaBeHnTe MaTemMaTMyecku Moaeni
Ha [BWKEHWe Ha Bb3OyXa CE ONUCBAaT C  HENUHENHU
YpaBHEHUs, 3a KOUTO TPYAHO MOXE [a Ce HaMepu MbIHO
aHanuUTUYHO peLueHue [2].

Mpu OTYMTaHE Ha cneuudmkaTa Ha UMNYCHOTO perynupaxe
e lenecbobpasHO  M3NON3BaHeTO  Ha  [ABYKOHTYpHA
3aMecTBalla CxemMa Ha BEeHTUMaLMOHEH ydyacTbK. Pasrnexna
Ce CpaBHUTENHO NPOCT NpUBNMU3UTENeH MeTop 3a NonydasaHe
Ha YEeCTOTHUTE XapaKTepUCTMKM Ha BEHTUMALMOHHA Bepwra,
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KOUTO Cca HeobXO4MMM 33 M3CnedBaHe Ha  WUMMYNCHO
ynpaBneHue.

MocTaHoBKa Ha 3apavaTa

Heka BEHTWUNALMOHHA Bepura UMa ObJikuHa ¢ U NOCTOAHHO

HanpeyHo ceyeHue s. Mpuema ce, Ye € M3MbIHEHO YCHOBUETO
¢ << CT , KbaeTo ¢ e CKOPOCTTA Ha 3ByKa, a T e nepuoaa Ha
OYaKBaHWTEe MMMyNicW Ha Hamopa P Ha BeHTWnatopa. ToBa
[onyckaHe mno3BonsiBa cucTemMara fJa Ce Mnpueme CbC
CbCPEOTOYEHN NapameTpW, T.e. Mpouecute fa ce
pasrmexaaT camMo KaTo (DyHKUMM Ha BPeMeTo, HO He U Ha

AbiKMHaTa ¢ No NuHenHaTa KoopauHaTa X. |-|le MMNYnCcHO

yrpaBneHne  yHKUmMsTa P=P(t) uMa  creunduyeH

xapakrep. Ta npeActaensBa MOCTOSHHO W3MeHsWa ce
(OYHKUWS, YMATO CTOMHOCTM Ce konebasT oKomno eaHa cpeaHa
CTOWHOCT. Heka Hanopa Ha BeHTUnaTopa P ce npeacTaBu KaTto
Cyma OT efHa MOCTOSHHA CbCTaBHa, 0OycrnoBeHa OT
MOCTOSIHHUS ~ HaMop  Ha  BEeHTWUNaTopa,  Cb3AaBaly

Pcp =const u egHa CWHycOMaanHa CbCTaBHa, nonyyeHa

ot kone6aHusiTa Ha HansiraHeTo, AP sin Qt .

P=P, +APsin Ot (1)

KbETO: Pcp - CpedHa CTOMHOCT Ha HanAraHeTo CbagafeHo

OT BEHTUNATOPA, Pa



AP - amnnutygata Ha npeo6nagasaims mbpeu
XapMOHMK Ha U3MEHALLOTO ce HansraHe, Pa

Q=27 7 - KPbroBa YectoTa Ha korebaHusTa,

ra%

3agavara ce pasrmexpa npn AP << Pcp _

B TakeB cnyual BeHTMNALMOHHaTa Bepura Moxe fa ce
NPeAcTaBm CbC CregHaTa 3amMectaalla cxema (cwur. 1).

Rp  pt pe Rb

2 2 Po+Patm 25 2

Patm Patm
(s

Patm

Qur. 1.

Toit kato no yenosne AP << Py, croitoctraa R, ce

onpegend OT OTHOWEHWEeTO Ha CcpeaHuTe CTOMHOCTM Ha
HanaraHeTo u 06eMHUS MOTOK.

P

P

Q,

a CTaTMYHOTO OTHOLLEHME Ha HansraHeto M 06eMHMst MOTOK

R

cm

R, = (2)

ce onpegena oT fonuparenHata KbM

BEHTUNALMOHHATA XapaKTepuUCTUKa NPK CTAaTUYEH PEXUM (dour.
2).

Pcp

Qcp

dur.-2.
dP

R == 3)
dQ

Ot apyra cTpaHa :

100

kg
"'m*s

R

Q,

(4)

airdin

Kvpeto: Qcp € TNOCTOSIHHOTO Bb3AYLIHO  KONMYECTBO,
obycrnoseHo oT Pcp Mpu CTaTU4YEH PEXUM W WU3YUCTIEHO OT

HenuHeitHus nocTosiHeH pexium npn P = Pcp = const.

Rairdin € aepoaMHaMW4HO CbNpPOTUBIIEHNE Ha

ky
Bb3yLHNA NOTOK , m7

Mpw ypaBHEHWE Ha BEHTUNALMOHHATA XapaKTEPUCTMKA:

P= Rairdin‘Q‘ Q .a Q>0 P= Rairdin 'QZ

3a 3aMmecTBalllata cxema o1 CI)I/IF. 1 ce CbCTaBAT cregHuTe
YpaBHeHUS:
st dP,

Ql = dt

+Q,

(7)

Kbpeto: P, e HansraHe B cpepara Ha BeHTUnaupoHHara
Bepura, Pa

Ry e oTHoweHueTo Ha CpeaHuTe CTOMHOCTH Ha
HansraHeTo M OGEMHMA MOTOK. Ha LiAnara BEeHTUNALMOHHA

kg

m*s

BEpUra,

p e crneundmyHaTa Maca Ha Bb3ayxa, k%3 .C

Manka rpelika Moxe Aa ce npueme, 4ye CTOMHOCTTa 1 OCTaBa
NOCTOAAHHA U paBHa Ha N/TbTHOCTTa NPW HOPMarnHKu yCroBKA.

Q; v Qy - ca Bb3aywHuTe KONM4ecTBa Ha

3
BXo4a W Ha M3Xoda Ha BeHTUNnauuoHHaTa Bepura, mé

Mpn OuHaMW4eH pexwum Te Ce pasfnyaBat  CbrmacHo
ypaBHeHue (2).

P e HansraHeTo Ha BXxofa Ha BEHTUMALMOHHATA
Bepura, Cb3aaBaHO OT yMpaBsiBaHUS BEHTWUNATOP, KOETO Ce
pasrnexpaa kato W3BecTHa (PYHKUWS Ha BPEMETO, CbriacHo
ypaBHeHue (1).



Taka HanucaHaTa cuctema AudbepeHunanHn ypaBHeHUs e
HenuHeNHa, 3alloTO BEHTWUNALMOHHMTE CBMPOTUBIEHMS Ca
HESMHENHN.

Mopagn  cneuudmuHus  xapaktep  Ha  (PyHKUmMATa
P:P(t) (1), cucTemata ypaBHEHMs MOXe [a ce

NMHeapu3upa C LigHaTa Ha JonycTuMa rpeluka. 3a cMeTka Ha
rpelkata ce nonyyasaT 0003puUMW  pe3ynTatM  npu
PELLEHNETO.

PewueHue

I'Ipm Taka HanpaBeHuUTe OonyCkaHua cuctemata ypaBHEeHUd,
KOUTO onnceaT CMHYCOMAANHNA PEXUM C Mankv amnnutyan e
NWHeNHa 1 uma Buaa:

(2P, -~ Q%02 p) + QPR 0257

Tb KaTto ce TbpCM CaMO YCTAHOBEHWS CUHycouparneH
PEX/M MOXe Ja Ce MW3ron3Ba CUMBONMYHWMST METOR 3a
pellaBaHe Ha JIMHeiHaTa cucTemMa  AudepeHuManHm
ypaBHeHus. Taka ce nonyyasar (11),(12) u (13):

AQ, = jQISAP, EEEN AQ,

atm
AP, = AQ +jQ€—p AQ (12)
o] 2 b 2 23. 2
AP

cm

-

AQ, + jQi—’Z.AQl +AP, (13)

2

Cvctemara ce pewasa crpamo AQy w cnep ofpatoto
Npeobpa3ysaHiie ce noryyaea:

AQ(t)=AQy__ sin(Qt+6)

Kbreto: bruibT 0 e CnoXHa (yHKUMS Ha napameTpuTe, KOSTO
obaye He NpeAcTaBnsiBa NpakTUYECKN MHTEPEC. AMNnuTyaaTa

AleaX ce onpegens ot u3pasa(15):

(14)

s¢ dAP
AQ, =— C+A 8
Q Pt Q, (8)
R /p dAQ,
AP, =~ AQ, + £ —=%2 9
° = Q, 25 dt )
APsith:ﬁ.AQl+f—p.%+APO (10)
2 2s dt
Aleax =AP fzpz
2 2
R, +Q 2

BB BEeHTUNauMoHHaTa Bepura Moxe [da Bb3HUKHAT
PE30HaHCHU ABNEHUA, Npu KOUTO Ce Habnopasar pe3kun

U3MEHEHUS Ha AQl(t), KoraTo pasnukuTe, NOCTaBEHW B

CKoBW B YNCIIUTENS U 3HAMEHATeNs ce UMEHST OKOMO Hynarta.
lMopaawm ToBa YecToTaTa Ha perynupaHe Tpsbea ga oTroBapst

Ha YCroBUETO: 0% << ZP%
p/!
Mpumep
3a g :100 m, patm :los %,
m

kg
p=1—

m3
Q<<45 @

S

[(2 Do — Q207 p) + QZRfmézsz]

101

Tosu pesynTar nokasea, Ye MEPUOALT Ha perynupaiuTe
uvmnyncu moxe da 6bge npumepHo 7 =10, S Te.

O =0,6283, ra% KOETO € HambMHO peanuayemo ot

fnefHa TO4Ka Ha ynpaBlieHNEeTo.

Ot TO3W pe3ynTaT cregga, Ye WUMMYNCHOTO perynupaHe e
MOAXOASLO 3@ BEHTWUMALMOHHM BepurM C Manka AbiKuHa,
HanpuMep BeHTUMauusi Ha TYHenu, MOA3EMHM Kamepu CbC
CaMOCTOSTENHO MPOBETPSIBAHE W U3XOA Ha aTMocdepa, KaTo
MOL3EMHN B3PUBHM CKnafoBe. 3alloTo NpW peantu AbmKUHM
Ha  UAMOCTHA  PyOHWYHA  BEHTUNAUMOHHA  Mpexa,
pe3oHaHCHaTa YecToTa MMa MHOr0 Manki CTOMHOCTHW, KOSITO
PSI3KO HamansiBa Bb3MOXHOCTUTE 3a perynupaHe HansraHeto
Ha BeHTUnaTopa.



3aknouyeHue

B cratuata e nokasaHa Bb3MOXHOCT fAa Ce Onuwat
NpUGIN3UTENHO AMHAMUYHW SIBMEHMS| BbB BEHTWUNALMOHHA
BEpUra Mpu Hamnume Ha Markv CMyluaBaly Bb3aeicTBus,
KaTo ce M3MoMn3Ba CUCTEMA OT NMHEIHM YpaBHeHMs. MsBeaeHa
e hopmyna 3a OnpedensHe Ha Pe3OHaHCHUTE YECTOTW Ha
BEHTUNALMOHHA Bepura W e MNpPeAnoXeHa Bb3MOXHOCT 3a
HamupaHe Ha YECTOTHUTE 1 XapaKTEPUCTUKM.

lMpenopbyaHa 3a nybnukysaHe ot
Kateppa “Enektpotextuka’, MEM®
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PE3IOME. B pa6otata ce u3cnegBaT HsKOM MapaMeTpu Ha €neKTpOMarHWTHOTO W3MbuBaHe, NMOPOAEHO OT ENeKTPUYECKW paspsgu Mo MOBBbPXHOCTTA Ha
HaenekTpuavpanu auenektpuuy. MpeanoxeHa e cxema 3a eKCnepUMEHTanHO M3CMeaBaHe M ca [afeHu NpeaBapuTenH OMMTHW pesymnTaTi, KOWUTO nokasear, ye
OMacHoCTTa OT Bb3NNaMeHsiBaHe Ha NOTEHLMANHO eKCMMo3vBHA aTMocdepa MOXE fa Ce MpEeLeHW JOCTaTbyHO TOYHO Ypes aHanm3 Ha eneKkTpOMarHUTHOTO
U3MbyBaHe.

REMOTE CONTROL OF THE ENERGY OF ELECTROSTATIC CHARGES

Andrey Kozarev', Julian Zaimov?

T University of Mining and Geology “St. Ivan Rilski, Sofia 1700, Bulgaria

2 University of Mining and Geology “St. Ivan Rilski”, Explosionproof Laboratory”, Sofia 1700, Bulgaria

ABSTRACT. The paper discusses some of the parameters of the electromagnetic radiation, caused by the electrical charges on the surface of statically electrified
dielectrics. A scheme has been proposed and preliminary trial results have been presented in order to reveal that the hazard of ignition of the potentially explosive
atmosphere may be assessed precisely enough by analysis of the alectromagnetic radiation.

TexHororyHUTe npouec B CbBPEMEHHWUTE MpOW3BOACTBA Mpu aHann3a Ha oKkomHaTa aTMocdepa ce UMa npeasug, Ye
YeCTO Ca CBbP3aHW C HaNMM4MeTO Ha EeMMCUM OT TOpUMU BCWYKM rOPUMU ra30Be, Mapy Ha FopUMW TEYHOCTY U MPaxoBe B
rasoBe, napu, npaxose ¥ obnaum, KOUTO C Bb3gyxa MoraT Aa CMEC C Bb3/lyxa, Npu KOHLEHTpauus mexay gonHata (OMB) u
0DpasyBaT MOTEHLMAmNHO eKCrno3uBHa atmocdepa. B Takuea ropha (ITB) rpanuum Ha B3puBsemocT, obpasyear
cryyau, owe npu npoekTupaHeTo TpsibBa Aa ce nmpunarat noTeHUMarnHo ekcnnoavsHa atmocgepa. Ob6embT, B KOWUTO
HeobXOAMMUTE MEpKM 3a HefoMmyckaHe WnM CBexgaHe Ao CblLIECTBYBAT, CE HAap14a B3p1BOONAcHa 30Ha.

MUHUMYM Ha Bb3MOXHUTE EMUCUM, KaKTO B HOPMareH, Taka U1
B aBapWeH pexum Ha pabora. B 3aBMCMMOCT OT NpOABMKUTENHOCTTA Ha CbLUECTBYBAHE Ha
MOTEHLMANHO €eKCMNo3uBHaTa atmocdepa, B3pUBOOMACHUTE

ToBa obaye He BUHarM € Bb3MOXHO. YecTo mpu pasnuyHm 30HM B 3aKPUTW MOMELLEHWUS UMK HA OTKPUTO, MO OTHOLLEHMe
AEHOCTH, KaTo TpaHCMopTUpaHe, NpenueaHe, npepaboTaaHe, Ha ropumuTe rasoee, napu u obnauw, ca knacuduuympaxm
pa3bbpKkBaHe, MbiiHEHe Ha pesepeoapu W ap. Ce usnonasar kakTo cneasa:

BELLECTBA M MaTepuanu, KouTo B CMEC C Bb3ayXa ropsit 1 ce
B3pUBSIBAT.
I'TB %06

C ornepn HefoMycKaHETO Ha NOXapu W eKCMNo3uu, y Hac ce B
npurarat W3MCKBaHMATA Ha XapMOHU3WUPAHWUTE EBPONENCKH A
AVpekTMBM 3a De3onacHa ekcnnoataums Ha CbopbXeHusTa — 6
3ana3BaHe X1BOTa Ha XopaTa U XMBOTHUTE. / ‘ﬁ =

JII'B %06 = J,f”\

Tean n3nckBaHNs ce CBexaaT OCHOBHO [I0: ) / - L /ﬁ,,,,%,‘

1. AHanu3 Ha okonHaTa aTmocdepa Mo OTHOLIEHME Ha Y - { -
KOHLIEHTpaLMsTa U NPOABLIMKUTENHOCTTA Ha CLUECTBYBAHE Ha = —
ropuMIUTE ra3oBy Napu, Npaxose v obnauu B CMeC C Bb3ayxa.

2. Hannuve wnm Bb3MOXHA NOsiBA Ha WM3TOYHWMUM 3a
BbannameHsiBaHe Ha ropuMIUTe CMecH. ®ur. 1. Knacudpukauust Ha soHute

3. Vl3op Ha MOPXORALM  CROpBXEeHNs, - BroKApoBI, 3oHa 0 - noTeHuManHo ekcnnosWBHaTa aTtMocdepa

HabnogeHns 1 KOHTPON 3a NpefoTBpaTABaHE Ha aBapiu. ,
CbLUECTBYBA NPOABLIBKUTENHO Bpeme (dur. 1-a);
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30Ha 1 - MOTEHUMANHO eKCnno3nBHa aTMocdepa Moxe fa
“Ma MHOTO PSIZKO U 3a KpaTko Bpeme (cour. 1-6);

30Ha 2 - MOTEHLWarnHo ekcnioavBHa atMocdepa Moxe Aa
Ce Cb3faje U3BBHPERHO PSAAKO 3a KpaTko Bpeme (cpur. 1-B).

Ta3n knacucukaums e HanpaBeHa 3a CTOMHOCTW Ha [IB u
[TB, onpefeneHn npu HOpMarHM aTMOCHEPHM YCIOBUS.
PeanHo cToitHocTuTe 3a [IMB 1 ITB Morat aa 6baat pasnuyHm
32 BCEKM KOHKPETEH CMyval W Te Ce NIMMUTUPAT OCHOBHO OT:

- KOHLEHTpaLusTa Ha Kucnopos,;

- Hanuuue Ha Apyrv oKucIuTenu;

- HanuuMe Ha MHEepTHW BELLECTBa;

- Hansrae;

- Temneparypa;

- [BWKEHWE Ha CMeCTa;

- [OMPEKTHO pa3npocTpaHeHue Ha Nnambk.

Mpn knacudukaums Ha 30HUTE, OMUCaHUTE napameTpy
TpsibBa fa ce B3emaTt nog BHUMaHWe.

W3TouHnumTe 3a Bb3NNaMeHsBaHe Ha  MOTEHLManHo
€KCMIO3MBHM CMECU B Pa3NNYHUTE 30HW MMaT BEPOSTHOCTEH
Xapaktep, Tbil KaTo Te MoraT Aa Ce MOSIBAT KakTo mnpw
HopmanHa paboTa Ha CbOpbXEHWsTa, Taka M Npu NoBpean u
Han-061L0 MoraT fa 6baT ceeeHN [0 CregHuTe:

- OTKPWUT NNambk;

- €eneKTpUYecku paspsaam;

- WCKpM OT yaap, TpueHe ((PUKLMOHHIN UCKPK);

- HarpsiT¥ NOBbPXHOCTY;

- paspsgm OT CTaTUYHO eNeKTPUYECTBO.

Onucanute Nno-rope Bb3MOXHW W3TOYHMLUM Ha Bba3njame-
HABaHe, Morat fa ce pasceAT B NOTeHUMaNHO eKCnio3nBHaTa

aTMocdepa  €HepruM,  MHOTOKPaTHO  MO-TOrieMW  OT
HeobxoaUMUTE 3a Bb3nnaMeHsiBaHe.
B 3aBMCMMOCT OT eHeprusiTa Ha Bb3MraMeHsiBaHe,

B3pWUBOOMACHUTE CMECK OT ra3oBe W napu ca pasnpeaenexu B
rpynn Ha B3puBsemocT. Ha 6asata Ha cCbliecTByBaLiata
Kopenauws Mexgy MakcumanHata OesonacHa eKcriepumeH-
TanHa xnabuHa (MBEX) n MuHUManHus BbannameHsBaLy ToK
(MBT), MuHMManHaTa eHeprus Ha Bb3nnameHsBaHe e
onpepeneHa kakTo creapa:

MuHumanHa EHeprna Ha

Ipyna Ha B3pMBSEMOCT
Bb3MnnameHsiBaHe - uJ

I 300
A 200
I 1B 100
Il C 20

nanOBb3,U,yIJJHVITe CMecn KaTo npaBuno W3UCKBAT Mo-
BWCOKM eHeprun Ha Bb3niiameHABaHe U OCHOBHO 3aBUCAT OT
rpaHynomMeTpuyHna CbCTaB U TemneparypaTa.

CtoMHOCTUTE Ha TE3U eHeprum B
rpaHynoMETPUYHMS CbCTaB, CLOTBETHO Ca:

3aBUCUMOCT  OT

MuHumanHa eHeprusa

IpaHynoMeTpuyeH CbCTas - S
Ha B3pUBAEMOCT - S

po 200 10
200 -350 250
350-700 500
700 - 1600 5000
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Ha ocHoBata Ha OmMWCaHMTE CBOWACTBA Ha MOTEHLManHO
€KCMo3nBHaTa aTMocgepa OT ra3oBe, Napyu 1 NpaxoBe, MOXeE
pa Oboe HanpaBeH noaxogsw, w3bop Ha  HauWHUTE,
CbOpPBbXEHNATA U KOHTpPONa 3a NpeaoTBpaTtaABaHe Ha aBapun.
Hai-yecTo TOBa ce nocTura Ypes3 oTAeNsiHe Ha CbOpbXeHUATa
OT MNOTEHUWanHO eKcnnosveHaTa aTtMocdepa C B3pUBO-
HenpoHWLaemMn ODBMBKW, KOWTO HE [JONYCKAT HanMuMeTo Ha
B3pMBOONacHa cMec B TsX. Manonssat ce M metogu 3a
orpaHnyaBaHe Ha TelvmepaTypaTa Ha CbOPBXEHUATA, KaKTO U
OorpaHnyaBaHe Ha eHepruaTa Ha Bb3MOXHUTE €EneKTPpUYEeCcKn
paspsau, Ypes npunaraHe Ha cobCTBeHa 3awuTa.

®eHOMEHBT CTaTUYHO €NEKTPUYECTBO, M3BECTEH OT APEBHM
BPEMeEHa, He Ce MoadaBa Ha TO3W BuMA B3puBO3alMTa M B
peauua TeXHOMOTMYHM NpoLecy, CbopbXeHns, 0bpaboTaHm
mMatepuanu 1 ap., MOXe Aa Ce HaTpyneaT noTeHumManu, Kouto
Nnpu paspsia Bb3nnaMeHsiBaT B3puBoonacHuTe cMecu. Paspsian
OT CTaTW4HO ENEeKTPUYECTBO Ca MNPEedu3BMKBANIM Yy Hac
€KCMNo3NN C MaTepuanHu LWEeTU W YOBELIKM XXEPTBM, KaTo
Hanpumep B MebenHaTa NPOMULLIEHOCT NPK HaHacsHe Ha Gou
W nakoBe M Op. YCTaHOBEHO e, Ye Te ca MpuyMHa M 3a
€KCMNo3nn B pe3epBoapy 3a TEYHW rOpuBa, KAKTO W 33 HAKOM
kaTacTpodm Ha TaHKepw.

Hait-4ecTo enekTpocTaTUiHUTE 3apsaum ce HaTpyneaT BbPXY
AVENEKTPULM, BCrIeACTBME HA TPUEHE, MHAYKLMS UMK YTEYKA.
B ycnoBusiTa Ha NOTEHUMANHO eKCnrnosueHa atmocgepa
OCHOBHUTE  3alUMTHW  MeponpusiTUs Cce  cBexaaTr  [ao
3a3eMsiBaHE Ha MALLMHWTE W CbOPBXKEHUATA, HamansiBaHe
BpPEMETO Ha penakcauusi Ha NoTeHUManuTe, orpaHnyaBaHe Ha
Bb3MOXHUTE KOHTAKTW MEXAY AMEeNeKTPUYHM MOBBLPXHOCTY W
ApYyIM  maTepuanu, C LUen HamansBaHe CTeneHTa Ha
enektpusauus. [punaraT ce W fpyrm Metogu C Uen
yBENUYaBaHe  eHeprusTa  Ha  Bb3NNameHsBaHe  Ha
NOTeHLMarnHo ekcniosnBHaTa aTMocdepa Ypes BbBEXAAHE Ha
WHEPTHM BelLecTBa. EheKTUBHOCTTA Ha BCUYKN TE3M 3aLLUTH
MeponpusiTUs MOXEe CbLUeCTBEHO Aa ce 3arybu npu Manku
MPOMEHN Ha KOHKPETHUTE YCIOBWSI, KaTo Ce uMa NpeaBua, Ye
Bb3naMeHsIBaHETO € BEPOSTHOCTEH MPOLIEC.

BesonacHocTTa Ha paBoTa Npu onucaHuTe no-rope Yenosus,
MOXe fa ce nofobpu, aKko Ce OCHLUECTBU HempeKbeHaT
KOHTPOM Ha CTeneHTa Ha enexkTpusaLmMs Ha BCUYKM MECTa BbB
3oHaTa Ha MOTEHUMANHO  eKCrrosMBHaTa  aTMocdepa.
/3BeCTHM ca MeToau, KOUTO MO MPUHLMM MO3BONSBAT Aa Ce
onpefieny roniemMmnHaTa Ha eHeprisita npu enekTpocTaTudeH
pa3psg. HemocTaTbk B YCNoBUATA Ha ekcrnoaTauust € ToBa,
4ye He MOXe Aa Ce NPOrHO3Mpa onacHaTa obnacT B paBoTHOTO
MPOCTPAHCTBO W ia Ce KOHTPONMPa HEMpeKLCHATO.

B HacToslata cTatis ce npefnara HauuH 3a onpeaensHe
Ha BEPOATHOCTTA OT Bb3HUKBAHE Ha ENeKTPOCTaTUYeH paspaa
C onacHa eHepriis, B LAnara 3alUTaBaHa 30Ha, HE3aBUCUMO
OT HaCTLNUNUTE eBEHTYarHN NpoMeHU. Tasn Bb3MOXHOCT ce
OcHOBaBa Ha (hakTa, Ye B pearH! YCrOBUS  BCEKM
MOBbPXHOCTEH 3apsdl, Bb3HUKHANM BbPXY  AMENEKTPHK,
MPeACTaBNABa M3TOYHWUK HA EMeKTPOMArHUTHO M3MbYBaHe.
ToBa ce [ObMKM Ha OBCTOATENCTBOTO, Y€ MOBBLPXHOCTHMSA
3aps4 He OCTaBa HENoABMXEH, a Ce pasnpocTpaHsBa Mo
MOBBPXHOCTTA OT 30HM C MO-BUCOK MOTEHLMAN KbM Te3n C Mo-
HMCBK noTeHUMan. Tbil KaTo MOBLPXHOCTTA Ha peanHust
AVMENeKTPUK He e eHOPOfHa (FPanaBoCcTh, 3aMbpCsBaHUS U
Ap.), Pa3npocTpaHsiBaHETO Ha 3apsida CTaBa CKokooBpasHo,



T.. HEMpeKbcHaTO Ce OCbLECTBABAT  MOCNENOBATENH
MUKPOMPOOMBY. Taka Bb3HWKBAT YCKOPEHWS! MPW BVKEHUETO
Ha 3apsiaa, KOeTo MopaXaa enekTPOMarHUTHO U3NTbYBaHe.

3a npoBepka Ha Tasn uges ca HanpaBeHW EKCNepUMEHTU C
ONWTHaTa NOCTaHOBKa, NoKa3aHa Ha cwur. 2.

Curnan

BY HY

®ur. 2. Cxema 3a U3cneaBaHe Ha paspsiam, reHepupaHm OT UCKpULLe

B Hes e u3non3saHo uckpuie (M), cbcTaBeHo 0T ABa
enekTpoga C pasnuyHa dopma (ocTtpue — octpue, cepa —
ctepa, octpue- cdepa). To ce 3axpaHBa OT M3TOYHWK 3a
BMCOKO HanpexeHue (U) upes BucokoomeH peanctop (Rs). Ha
pascTosiHue L OT mckpuweTto, onpeaeneHo OT 3alluTaBaHata
30Ha e pasnonoxeHa aHTeHa. [pueTwaT OT Hes curHan ce
ycunBa BbB BUCOKOYECTOTHUS (BY), kolTo cnea aedexums ce
yCWnBa OT HUCKOYeCTOTeH yeuneaten (HY).

Ako ce npeHebperHat BepOSITHOCTHWTE Mpouecu W
UCKPULLETO [eicTBa Kato uaearneH Knidy, KOWTO ce 3aTBaps
Mpu BOCTUraHe Ha efHo W Cbluo npobueHo Hanpexerue (Unp),
aHaNMUTUYHOTO M3CNeaBaHe € eneMeHTapHo. M3MeHeHneTo Ha
CurHana e nepuofuyHo M rpadvkata 3a eduH Mepuop e
rnokasaHa Ha cur.3.

— | al
U t

®ur. 3 . XapakTepucTuka Ha curHana

Hanpexenueto Un1 (t) HapacTBa no 3akoHa

t

Ull—e R

U, (t)

a nepuoabT no

T=- L

Rs-C, Inl1-

KbaeTo:

Un1 e HanpexeH1e Ha UCKPULLETO B NpoLieca Ha HapacTBaHe,
npes MHTEPBar OT Bpeme, Korato Hama npo6us;

Ch - KanauuTeT Ha UCKPULLETO, U3MEPEH MEX[Y eNeKTpoauTe
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Cnen HacTbnBaHe Ha NpobWB Mexay EneKkTpoauTe Ha

nckpuweto, Hampexenneto  Unz () ce wu3amens no
MCEBAONEePUOANYEH 3aKOH
7t
T,
U,(t)=U, e ™ -cosQt

KbaeTo:

Trnp € BpEMEKOHCTaHTa, 06yCroBeHa OT ekBUBarieHTaTa
WHOYKTUBHOCT Le Ha KOHTYpa, 3aTBOPEH Npes3 AbraTa u
oT 3arybure

Q - onpepens ce oT Le 1 Cn upes penayusra:

AKO NpOLECHT Ce pa3BmBa MO ONUCAHNA MOeanNU3NPaH HaumH,
CMEeKTbPBT Ha CurHana, nonyyeH Ha usxopa Ha BY, Tpsbsa aa
CbAbpKa CUIHO 13pa3eHa CbCTaBka C YecToTa (, a CNeKkTbpbT
Ha curHana Ha u3xoga Ha HY TtpsabBa 4a cbobpxa CUIHO
n3paseHa cbcTaska ¢ nepuog T.

B nmencTBuTENHOCT npoBedeHWTe NMpeaBapuTeNHM W3cnea-
BaHMS MoKa3BaT, Ye amMnnuTy4HO YeCTOTHaTa XapakTepucTuka
Ha curHana Ha w3xoga Ha BY octaBa moytm noctosHHa B
4ecToTHWA auanasoH ot 500 HHz go 10 mHz. Ha u3xopa Ha
HY ce nomyyaea curHan C xapakTepuctuku, Ormsku go
OYaKBaHWTE B MAEaANU3NpaHus criyya.

OBSICHEHMETO €, Ye OCHOBHATA 4acT OT eNeKTPOMarHUTHOTO
W3MbYBaHe Ce OCHLLECTBSBA N0 BPEME HA PAa3BUTUETO Ha
BCEKM npobue. M3secTHO €, 4e TO3M Mpouec uMMa
BEPOSITHOCTEH XapakTep M Ce XapakTepusupa C enekTpo-
MarHUTHO M3MTbYBaHE B LUIMPOK YECTOTEH [MANasoH.

Mopaau ropHUTE MPUYMHK, THPCEHETO Ha CUrypHa Bpb3ka
MeXay 4ecTOTUTe Ha W3MTbYBAHUS CUrHan W eHeprusaTa Ha
paspsauTe, M3NCKBA CMOXHA W3MepBaTeNHa amapatypa U
npunaraHeTo Ha MHOro)aKkTOpeH MaTemaTiieckn aHanua. Ot
Opyra CTpaHa, Bpb3kata Mexgy amnnuTygara Ha
€eKTPOMarHuTHUA curdan Ha wusxogute Ha BY u HY u
eHeprusiTa Ha Bb3HWKBALLMTE pa3psan € fobpe u3paseHa,
Makap ¥ fa nuncea npasa MponopuMOHAnHOCT. TyK OCHOBHA
MPUYMHA 33 Bb3HUKBAHE HA €BEHTYasHMW rPELLKM € HanM4meTo
Ha BbHWHWA CMYLIEHMs, T.e. CUTHanM, KOUTO JOCTWraT Ao
npMemHaTa aHTeHa W3BbH 3aliMTaBaHaTa 30Ha. EpgHa
Bb3MOXHOCT 3@ 3Ha4YMTESIHO HaMansaBaHe Ha TAXHOTO BNUsHWE
M MOSIBA Ha Bb3MOXHM TPELLKM € M3MON3BaHETO Ha [Be
PaMKOBW aHTEHM, CBbP3aHW AuUQEepeHunanto, CbrnacHo
cur. 4.

KbM npuemHukal

®ur. 4. PaMKOBM aHTEHU 3a 3aTUXBaHe Ha BLHILHK CUTHanu



MocokaTa Ha HaBWBKUTE Ha ABETE eAHAKBW PaMK € TakaBa,
e CUrHanbT, NONYYEH OT U3TOYHUKA MEXAY TSX Aa Ce Cymmpa,
a CUTHanuTe OT BbHLUHUTE U3TOYHWLM CE U3BAXAAT 1 3aTUXBAT
CblUecTBeHO. To3u pesynTaTt € edekTuBeH korato A >> L,
KbETO A € AbIKMHATA Ha BbiHATa Ha Npuemanus curan. 3a
ycTaHoBeHUTe yecToTn Ha A, L e no-ronsma ot 30 m, koeto
nokasga, Ye NpeanaraHaTa cxema e NpunoxuMa 3a 3aluTa Ha
CPaBHUTESTHO royieMm NPOCTPaHCTBa.

Ha ¢wur.5 e nokasaHa npuHUMNHA CXemMa Ha aBTOMATUYHO
3awuTHo yctpoictso (A3Y).

-
i

Curnan

®ur. 5. ABTOMaTM4HO 3aWMUTHO ycTponcTBo (A3Y)

bnok 1 npeacTaensBa cbrnacysall YeTUPUNONIOCHNK, B0k 2
€ OnepauuMoHeH ycuneaTen C BWCOKA FOpHa rpaHuua Ha
yectoTata (Hanpumep 100 MHz) 1 610k 3 € BbpXOB efekTop.

MokasaHoto A3Y pabotu Ha 6as3ata Ha mpueTwst curHan
nparbT Ha curHana 3a cpaboteaHe ce onpefens
eKCrepyMEHTanHO 3a BCEKM KOHKPETEeH cnyyai. Wsxogute Ha
YCTPOMCTBOTO MoraT Aa 3ajeicTaT CUrHamHW YCTpoWCTBa,
BrIOKMPOBKM 11 TEXHONOMMYHU CHOPBKEHUS.

lMpenopbyaHa 3a nybnukysaHe ot
Kateppa “Enektpotextuka’, MEM®
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3akntoyeHune

OT onucaHOTO Mo-rope CTaBa $ICHO, Y€ nparbT Ha
cpaboteaHe Ha A3Y 1 nogaBaHe Ha W3XOQHM CUTHAMM 3aBUCK
OT EHeprusTa Ha eneKkTpocTaTUYHUTE paspsau. 3a BCeku
KOHKpeTEH TexHororyeH npouec A3Y Tpsbea pga ce
kanubpupa, kKaTo ce NpUemaT enekTPOMarHUTHU U3MbYBaHMS
OT paspsiau C NpedBapuUTENHO M3MepeHa eHeprus. Te ce
CpaBHABAT C eHepruMTe Ha Bb3nnaMmeHAaBaHe 3a CbOTBETHUTE
rpynn Ha B3pUBAEMOCT, KbM KOWUTO C€ OTHacAT ropumute
BELLECTBa.

Nutepatypa

l'eoprves b., u ap., 1986. TexHuKa Ha BUCOKMTE HaNPEXEHUs —
Codmsi, TexHuka.

KpaBuenko B., wu pgp, 1976. BapuBobesonacHocTb
ANEKTPUYECKMX Pa3psaoB 1 PPUKLMOHHBIX Uckp — Mockea,
Henpa.

Nanpay 0., Nndwuy E., 1969. KpaTkuit Kypc TEOpETUYECKOM
cmamnkn — Mocksa, Hayka.

Hapegba 3a CblUECTBEHWTE W3NCKBAaHUS U OLEHsIBaHe
CbOTBETCTBMETO HA CbOPBXEHUATA W CUCTeMMTE 3a
3awpTa, NpegHasHaveHu 3a ekcnnoatauus B NOTEHUManHo
ekcnno3usHa atMocgepa — MMC Ne 205 ot 12.09.2001 r.

EN B[IC 60079-10 Knacudmkaums Ha B3puBOOMNACHUTE 30HM

Bond J., 1991. Sources ofignition — Butter Wortd - Heinemann
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HAKOW Bb3MOXXHOCTU 3A AHAITUTUYHO U3CNEOQBAHE HA TPUMEPHU
NOTEHUWAINHW NONETA

AHdpeli Ko3apos, CHexxaHa CmosiHosa

MurHo-eeonoxku yHusepcumem ,Cg. Uear Puncku”, Cogpusi 1700
MurHo-eeonoxku yHusepcumem ,Ca. Mear Puncku”, Cogpusi 1700; E-mail: stoyanova_8000@abv.bg

PE3IOME. V3seaeru ca n3pasute 3a NOTEHUMANHUTE (PYHKLMN Ha MPOCTPAHCTBEHW €NeKTpUYHY noneTa. MpeanuMcTBO Ha METOAA € Bb3MOXHOCTTa 33 aHanuTU4HO
13cnefBaHe Ha MHTEH3NTETa Ha KOHKPETHO PeasiHo enekTPUYHO nore.
KntouoBu aymu: noteHumanty (yHKLMK, enekTpuiecka MHTEHMBHOCT, MAEHTUYHW NOTEHLMANHN NOBBPXHOCT

SOME POSSIBILITIES FOR ANALYTICAL STUDYING OF 3-D POTENTIAL FIELDS

Andrey Kozarov, Snejana Stoyanova

University of Mining and Geology “St. Ivan Rilski , Sofia 1700, Bulgaria

University of Mining and Geology “St. Ivan Rilski , Sofia 1700, Bulgaria; E-mail: stoyanova_8000@abv.bg

ABSTRACT. Expressions of potential functions for spacail electric fields are found. The priority of the method is the possibility for an analytic investigation of the
intensity for a concrete real electric field.
Key words: potential functions, electric intensity, potential identical surfaces.

M3BecTHO €[1], Ye MeToabT Ha KOMMNEKCHaTa NpoMeHnMBa .
[aBa BB3MOXHOCT [a Ce mnomy4aT HeorpaHuyeH Gpoi CneposarenHo, 3a fa yAoBneTsopsiBa (yHKuusTa 77
aHanMUTUYHM  WU3pa3u,  OMpedendawy  noTeHuMana Ha
nnockonapanenHn nomneta. AHanornyeH noaxod Moxe fa ce
13MON3Ba M 3@ aHanu3 Ha TPUMEpHU NOTEHLMANHM NoneTa Bb3 . . .
OCHOBA Ha CMEAHUTE PasChXAeHWs. (1) a’+ ﬂZ + },2 =0

ycroBueto Ha Jlanmac, e [focTaTbyHO fa € B cuna
PaBEHCTBOTO:

Pasrnexga ce KOMMAMeKkcHaTa  aHanuTMuHa  QOyHKUMSA )
NecHo ce yctaHoBsBA, 4Ye ako (yHKUMATA T

7T = 77 (%%.2=Re( 77 )+l 77 ), YAOBNETBOPsSiBa YpaBHEHWETO Ha Jlannac, To U peanHata u
WMarvHepHatTa M YacTW  3agbikuTenHo Tpsbea  ga
YAOBNeTBOpsiBaT TOBa ypaBHeHue. OT Tyk ce yCTaHOBSBa, ue
dyHkuumute Ur(x,y,2) n Ul(X,y,z) ca noTeHumanHw.

kbpeto Re( 77 )=Ur(x,y,2) n In( 77 )=Ui(xy,2) ca peantu

yHkym Ha KoopauHatuTe. Heka dyHkunAta g (x),2) Bikaa Ce, Ye CblLECTBYBa BL3MOXHOCT fja Ce Momyyasat

33BYCH OT KOOPAVHATUTE M0 CRIEAHNS HAYMH: HeorpaHinieH Bpoil MOTEHLMANHM (YHKLMN, HSIKOW OT KOUTO
L o MOXE fa MMaT MpakTMYecko mpunokeHue. MHTepec
= (W) kegeto W =ax+ By+yz NpencTaBnABaT PyHKUUMTE OT BUAA:

B TaKkbB Cnyyail, 3@ [a Obe M3MbMHEHO YCMOBMETO Ha Ulx.y,2)= U(Wh)+ U W), kepero:

) =.+.+' ='+.+'-
Nannac A 77 =0, e AOCTaTbYHO Aa € B CUIa PABEHCTBOTO: Wi=a, X 'Biy Y1z Woz X ﬂzy V2%

. . . . W
2 2 2 2 ) 1
a7z'+5 7Z'+a 7[:8 7Z-a'2+ f;ﬁCOﬂSt
x: oyt ar? oW W,
1 CbOTBETHUTE KOEULMEHTI OTTOBaPAT Ha ycrosmeTo (1).
0’ 92 :
72'- ﬂz + 7Z' 72 =0 C noMmowjta Ha CbBpeMeHHaTa W3YUCNUTENHa TEeXHUKa
: : NecHO MOXe fJa Ce aHanuaupaTt ronsm 6por TpUMEPHM
oW 2 oW 2
NnoTeHunanHu (byHKLI,VIVI N [ila Cce apXxuBupaT Te3n, KOUTO MoXe
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[a UMaT OTHOLIEHWE KbM PELLaBaHETO Ha KOHKPETHU 3adauM,
HanpyMep B eNekTpocTaTukaTa.

Bwkga ce, ye MeTOmbT Ha KOH(OPMHOTO W30GpakeHue,
npunaraH npv nnockonapanenHu mnoneta npeacTaBnssa
YacTeH cry4ail, onpefeneH oT YCroBUeTo:

a=1, B, z=0; o2+ [2+y2=0.
Mpumep 1:
U=Re 7{'1*7?2 -k wiw, ;]

=1, pr=), n=0; =1, [2 =0, p2=j. OT TyKk ce nonyyasa

(2)

EkBUNOTEHUMANHW NOBBPXHUHM CE MONy4YaBaT OT YCHOBUETO
U=C=const.

U=x2(1+k)-y2-kz2; k=const

Ha ur1 ca nokasaHM npeceyHuUMTe Ha  Tpw
eKkBunoTeHumanHu nosbpxHuHn npu C>0, C=0, C<0 c
paBHuHaTa z=0. HaBcsakbae e npueto k=2. [peceyHnTe NnMHUM
Ha €eKBWMOTEHLMANHUTE MOBBPXHUHWM C paBHWHaTa y=0 ca
aHanorvuHm, a ¢ parnHata | x| =C0 npeacrasnssar enuncw.

A0 A0 AD
> > >
4 f «—36 » 36
o | ] Nool 7 Nl
{ el Treee”
-40  -40 2p 40 -2 f > 20 16, 2
A \ X T e | N x oS X
4»{ \-, 2 s AN A BN
40 40 49
C=+27 C=0 C=-27
®ur.1. MpeceyHnun Ha TPU eKBMNOTEHLMANHN NOBBLPXHNUHU C paBHWHaTa z=0 u k=2
Mpumep 2: Uty X X
1 1 XY:2)= 3 2 2 2
Uxy,z2=Re — +— X“+y X" +z
Wl W2

an=1, pi=), 1=0; ao=1, =0, o=j

MMonyyasa ce:

faWs. |

)

Y

/ Tal
00 \B\ ( 1

\
\\

2
i
7

X=5,5

durypa 2 pasa npefcraBa 3a eKBUNOTEHUManHaTa
noBbpxHoCT  U(x,y,2)=0,2. TlokasaHn ca kpuBuTE MNpY
npecuyaHe Ha Tasu MOBBPXHOCT C paBHUHUTE X=9, X=7, X=5,5.

ol
o

=9

®ur.2. KpuBu Ha npecuyaHe Ha eKBUNOTeHUManHaTa noBbpxHocT U(x,y,z)=0,2 ¢ paBHUHUTE X=9, X=7 1 X=5,5
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ViHTepec npeacTaBnsiBa aHanWTMYHOTO onpedensHe Ha
ENEKTPUYECKNS WHTEH3UTET B €fHa XapaKrepHa Touka-
BbPXbT Ha U3MbKHaNocTTa ¢ koopauHatu: x=10, y=0, z=0.

E :8_u| +8_uj+6_uk :ku.%l
ox oy oz X

Tyk koeduunMeHTLT ku ce onpedens OT CTOMHOCTTa Ha
noteHuMana Ha  pasrnexgaHata  eKBUMOTEeHUWanHa
MOBBPXHOCT, M3pa3eH BbB BOMTOBE M NpueTata eauHuLa 3a
“3MepBaHe Ha KoopauHaTuTe. I1pK CTOMHOCT Ha NoTeHuuana
U=100 kV v egnHnua 3a u3MepBaHe Ha koopauHatute [cM],
ku=500 kV.cm. ToraBa E=Ex=10 kV/cm.

WHTepecHo e pa ce otbenexu, Ye ako OKOMHOCTTA Ha
BpbXHaTa TOYKa, Hanpumep ¢ paguyc 3 ¢M ce anpokcummpa
CbC cthepa, 3apeaeHa 4o cblyma noteHyuan U= 100000 V,
33 YMUTO paguyc ce nonyyaBa R=5CM, VHTEH3UTETHLT ce
nonyyasa Ecp.=20 kVicm.

3HaueHWeTo Ha MpEeaNoXeHUs NOAXOA € TBbpAe orpaHu-
yeHo. [puumHaTa e O0BCTOATENCTBOTO, Ye MOoNyyaBaHUTe
TPUMEPHM MOTEHUMANHU (YHKLUMM 3@ LSNIOTO MPOCTPaHCTBO
He OTroBapsT Ha NoneTa, Cb3aAeHN OT peanHu enekTpoau.

lMpenopbyaHa 3a nybnukysaHe ot
Kategpa “EnektpotexHuka’, MEM®
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lMonsaTa Bce Nak € BbB Bb3MOXHOCTTA Aa Ce Onpeaenst
QHaNUTNYHO U CPABHUTENHO JIECHO NOTEHLMAmNHU TPUMEPHM
(byHKUMM, KOMTO Aa ca TBbpAe OnM3KM 4O peanHu noneta B
OTAenHW obnacti OT MPOCTPaHCTBOTO. [MpU HaNM4METO Ha
M3YMCMINTENHM YCTPOCTBA C MHOrO ronsiMa nameT €
Bb3MOXHO Aa Ce Cb3gade 6asa gaHHW 3a MHOro ronsim 6poit
TakMBa aHaNMUTUYHW DYHKLMM, UBMEXIY KOUTO KOMMIOTHPBT
Ja Hamupa Han-nogxoaslus aHanuTMYeH u3pa3  3a
3afafeHa YacT OT eKBUMOTEHLMANHA NOBBLPXHOCT.

npe,D,VIMCTBO Ha AHANUTU4YHOTO n3pasaBaHe Ha
MOTEHUMANHOTO More, 0PU M 3a OrpaHudyeHa obnact ot
MPOCTPAHCTBOTO, € Bb3MOXHOCTTA fa Ce  Onpeaen
aHannUTU4HO U NONeTo Ha eneKkTpuYeCKna UHTEH3UTET 4pe3
n3pasa:

E-= —gradu

INuteparypa:
Heitman, J1.P. n K.C. [emupuyaH. TeopeTnyeckue OCHOBbI
anekTpoTexHuk T.11.
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ONPEAENAHE PA3MNPEAENEHUETO HA NOTEHLUWAIA BbPXY U3ONNATOPHU
BEPUTU

Eemum Kbpuenux

MurHo-2eonoxku yHueepcumem "Ce. UeaH Puncku”, 1700 Cogpusi, E-mail: el_emp@mgu.bg

PE3IOME. 3a onpenensHe pasnpefenerneTo Ha NoTeHUpMana BbpXy U30NaTopHUTe BEpUrM e MONyYeH aHanuTUYeH M3pa3 C U3Mnon3BaHe MaTemMaTiyeckns anapar
Ha ypaBHEHWSTa B KpaliHM pasnnki, C KOETO Ce MokassaT MPUOKMMOCTTa W MPEANMCTBAaTa Ha TO3W METOf, B CPaBHEHWE C M3NON3BaHUTE KNacu4eckn MeToam 3a
peluaBaHe Ha CbluaTta 3afava.

KntouoBu aymu: nsonatopHu Bepuri, eNekTponpoBoay, pasnpeaeneHine Ha NoTeHLman, ypaBHeH!s B KpaiHu pasnuku.

DETERMINING THE DISTRIBUTION OF POTENTIAL OVER INSULATING CIRCUITS
Evtim Kartcelin

University of Mining and Geology "St. Ivan Rilski", 1700 Sofia, e-mail: el_emp@mgu.bg

ABSTRACT. An analytical expression for determining power factor of tiristor electric drive of mine winder has been obtained considering the specific working regim.
That gives the opportunity of making precise estimation of energetical parameters of electric drive and precise calculation of the parameters of compensating devices.
Key words: power factor, tiristor electric drive , mine winder , velocity and load diagrams, energetic characteristics , compensating devices.

BuBepeHue 2030 - HauuoHamHa BM3WMS 33 eneKTpoeHepreTUkaTta npes
cnepgawute 100 rognHn”.

B nocnefHMTe TOAMHN Bb3HUKHAXa KPYMHW aBapun B
EHEPrUHNTE CMCTEMA HAa €OHM OT  Haii-TEeXHOMOrMYHO MeToau 3a aHanu3 Ha katacTpochanHu aBapum B

pasBuTUTe bpxasu B ceeta — CALL, Kanapa, Pycusi u ap. [1, EEC n ocHoBHM u3Boam [1]
5. Martepuanhute  3arybu  OT  MpekbCcBaHe  Ha
enektpocHabassaHe camo B CALl ce usumcnsBat Ha 50 3a Bb3HWKBAHE W pa3BWUTWe Ha kpynHW asapum B EEC e
Munuapaa fonapa. Bb3HUKBaHETO Ha TakuBa KpynHW asapui B NpoBeAeH aHanu3 B CbOTBETHUTE Abpxasu [1, 5]. B Pycus
enektpoeHepruitiute cuctemn (EEC) Ha Tesn gbpxasu e paboTata BKMOYBA MOCNELOBATENHOTO peluaBaHe Ha [Be
CbMNPOBOJEHO HE CaMO C HapyLlaBaHe XU3HEeHUs KOMAQOopT K OCHOBHM 3agaun [1]:
0€e30MacHOCT Ha MWIMOHM XOpa, HO U  3acTpallasar 1. PaspabotBaHe 1 Bepudmkaums Ha uudpos mogen Ha EEC
HaLMOHarnHata CcUrypHocT 1 6e30nacHocT Ha CTpaHaTta KaTto 1 Ha cBbp3anuTe ¢ Hes apyru EEC.
usrno. 2. WscnepBaHe Ha pasnuuyHM pexumn Ha pabota Ha EEC ¢
MOZENMPAHETO Ha Pa3NnyHK CLEHapuKM Ha ynpaBreHue Ha

Eto 3awo passunute ce kpynHu asapum B EEC Ha Tesn EEC.
ObpXaBu CTaHaxa NpUuMHa 3a opraHusnpaHe W npeBexaaHe
Ha 3aabnboyeH aHanM3 Ha MpUYMHWTE, MOpagW  KoOMTO PaspaboTennaT ungpoB mogen Bkmousa 1535 npucbe-
Bb3HWKHAXa  aBapuiHWTE  CUTyauuW,  NpUYUHWUTE U AnHUTENHW Bb3ena, 2335 oTknoHeHus, 84 reHepatopa u 10
npobremuTe, KOWTO HE NO3BONMXa OrpaHMYaBaHe Pa3BUTUETO Bpos eksuBaneHTHu cxemn Ha EEC, cBbp3aHu v napanenHo
Ha aHapWiHWA NpoLec 1 ageksaTHoO ynpasneHue Ha EEC. paboTewm ¢ uscneasaHata EEC.

3a  M3NbNHEHMeTO Ha  TeaWw  MawabHu  3agaun Lndppoeuar mogen Ha EEC 3a usuncnssaHe Ha AuHamu-
npaBuUTencTBaTa Ha Te3n ObpkaBu hopMupaxa CbOTBETHU yeckata YCTOMYMBOCT U aHanu3 Ha eneKkTpOMexaHU4HuTe
Hay4YHO-M3CNEOOoBaTENCKN  KOMEKTMBM W OCcUrypuxa NpexoHn npouecu e pa3paboTeH B cpefaTta Ha MporpamHo-
HeobxoaumMmTe (PMHAHCOBW CPEACTBA 3a U3MbJIHEHWE HA TE3N uauncnurentus komnneke “EUROSTAG” [2, 3].

BWCOKOOTrOBOPHUM 3aa4u.

ABTOpUTE Ha aHanu3a npeacTaBAT CNEeJHUTE OCHOBHM
“3BOAM 3@ MPUYMHWTE, MOPOAMMM Bb3HUKBAHETO HA KpyrnHa
aBapusi B EEC Ha cTpaHara:

[enaptameHTbT no eHepretuka B CALL e B npouec Ha
CbCTaBsiHE Ha “bTHa kapTa” U e 3aBbplueH Joknag “Mpexa

111



1. KaTo usano, feicTBusTa Ha AucreYepckns cbeTas ca bunm
a[leKkBaTHU Ha Cb3AafieHaTa aBapuiiHa cuTyaums.

2. Ot aHanu3a 3a [JeNCTBMATA Ha Aucrievyepa B xopa Ha
pasBMTUETO Ha aBapuiiHaTa cuTyauus no 6e3nopeH HauwH ce
[0Ka3Ba, Ye CKOpOCTTa 3a Pa3BUTME Ha aBapusiTa 3HAYMTENHO
NpeBulLaBa Bb3MOXHOCTUTE HA  [JWCMEYEPCKMst  CbCTaB,
obcnyxsaw, EEC pa ofpabotBa uHopmauusTa, KOSTO
nomnyyasa (Mpegyn BCUYKO MO TenedoH) 1 Bb3 OCHOBA Ha Hes
Ja W3MbHSBA TOYHW OMEPaTMBHU MPEBKMIOYBAHWS 3
ynpaenexue Ha EEC.

3. Jluncata Ha [OCTOBEPHM OaHHM KaKTO MO CbCTaBa M
XapakTepucTukaTa Ha ToBapa, Taka W Mo CyMapHOTO HUBO Ha
BKMiouyeHuTe kbM EEC notpebutenu, He noseonsea fa ce
W3MbMHU afeKBaTHO Bb3CTaHOBSBAaHE Ha YCMOBMSTA, MpU
KOMTO Bb3HMKBA aBapuitHaTa CUTyaLMs U HEMHOTO pa3BuUTHe B
kaTactpoda.

KopekTHoTo MogenupaHe Ha npouecute B EEC, kouto ce
ONpegensaT npeayu BCUYKO OT MOBEJEHMETO Ha ToBapa B
enekTpudeckute mpexu ¢ Hanpexenne 110 kV u no-Hucko, e
Bb3BOXXHO CaMO MPU HaNMMYMETO Ha MOCOYEHUTE U3XOLHM
LaHHU.

4. OTcbeTBME Ha Heobxogumata no obem u akTyanuanpaHa no
BpeMe WH(OpMaLMs 3a CbCTOSHMETO Ha EHepruitHata
cucTeMa B MOMEHTa Ha Bb3HWUKBAHE Ha aBapuiiHaTa CuTyaums,
koeTo ce sBsBa HeobXxoaumo ycnoBue 3a e(MEKTUBHO K
afeksaTHo ynpasnexue Ha EEC.

5. OTCBCTBMETO Ha Bb3MOXHOCT 3a W3KMKOYBaHE OT [NaBHMS
aucnevep Ha EEC Ha enektponoTpebutenn B paitoHa Ha
Bb3HWKBAHE Ha aBapusiTa, He OcurypsBa YyCnosus 3a
e(heKTMBHO NpOTMBOaBapuitHO ynpaeneHne Ha EEC. Tesu
obctaHoBKa  “npuHyxgaBa’  [naBHWAT — gucneyep  da
npeganpueMe  nanuatMBHU  PELUEHUS,  HACOYEeHU  KbM
NUKBUAMPaHE (MpekpaTsiBaHe) pPasBUTMETO Ha aBapuitHWS
npouec.

6. EQHa OT OCHOBHWUTE MPUYMHU, KOSTO NPaBW HEBL3MOXHO Aa
Ce uaeHTMduumMpa aBapuHaTa cuTyaums 1 ga ce uanonasat
yrpasnsBaly Bb3OENCTBAS 338 HENHOTO OrpaHnyaBaHe K
W3KMIYBaHe, Ce fiBABa JolaTta HabniopaemocT M nowara
ynpaBnseMoCT Ha eHepruiHaTa cuctTema.

Heobxogumnte 1 [JOCTaTbyHM YCNOBUS 33 YCTOWYMBOCT,
HabnofaemMocT W ynpaBnsemMocT Ha efHa cucTeMa 3a npbB
MbT ca npeacTasequ B [6, 7, 9].

EgHo oT Hampaenewusta 3a passutme Ha EEC ¢ uen
OCUrypsiBaHeTO Ha 3ajaleHO HUBO Ha HafEeXaHOCT U Ka4ecTBOo
Ha ynpaBrneHWe e CBbP3aHo ¢ pa3paboTBaHe W pasBuTHe Ha
MaTemaTu4ecku MoLenu U MeToam 3a peluaBaHe Ha 3ajauuTe
3a ynpaBneHve pexumnTe Ha pabota M pa3BuTME Ha
eHeprocuctemure [2].

MokasaTensT 6bp3oAeicTBME CE ABABA €4WH OT OCHOBHUTE
nokasaTtenu Ha cuctemu 3a ynpasneHue Ha EEC B peanto
BpeMe, KOWTO OKa3Ba OCHOBHO BNWsSHWE 3a 3ana3BaHe Ha
ycTonumMBoCTTa M paboTHOTO  cbecTosHMe Ha  EEC,
BKIKOUMTENHO 1 MPW Bb3HWUKBAHETO HA aBapUIHK CUTyauuu OT
BCAKAKbLB XapakTep.

M3auckBaHeTo 3a Obp3odeicTBME KbM  CUCTEMUTE  3a
ynpaenenve Ha EEC B peanHo Bpeme nocTaBs 3afjaya 3a
pa3paboTBaHETO Ha MaTeMaTUYecKM MOLENN 1 Ha MeToay 3a
u3umMcnsiBaHe Ha Heobxogumn napametpn Ha EEC, kouto ce
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peanuaupaTr ¢ MUHUManeH 0B6eM M3YMCTIUTENHW MpoLemypu
Mpy 3afjafileHo HMBO Ha TOYHOCT Ha MOoyYaBaHust pesynTar.

EnexTpuyeckute cMCTEMN C MHOTO €NEMEHTH, KbM KOWTO Ce
oTHacs u egHa EEC, nputexasar ronsm Opon cteneHn Ha
ceoboga. M3nonsgaHeTo Ha obwuTe MeTOAM 3a TAXHOTO
aHanWTU4YHO OnMcaHWe U u3crieABaHe BOAM [0 CPaBHUTEMHO
OBbAMM U CMOXHM M34MCNEHNs. M3non3BaHeTO Ha  HsKoM
creumarnHn mMaTeMaTWyecku MeToau BOAM [0 3HauUTenHo
CbKpalliaBaHe Ha M34NCIUTENHWS NPOLeC U OnpoCTABaHe Ha
peLleHusATa, KOETO e CbLUECTBEHO MpeauMCTBO MpuW ynpas-
NEHNETO Ha CNOXHM CUCTEMW, B pearHo BpeMe, KbM KOWUTO Ce
oTHacsT u EEC.

B noknaga e mokasaHa Bb3MOXHOCTTA 3a OnpedensHe
pasnpefeneHneTo Ha noTeHUuana BbpXy edHa M3onaTtopHa
Bepura upes M3Non3BaHe MaTeMaTudeckus anapaT Ha
YpaBHEHUSTA B KpailHM pasnukW, C KOETO Ce MokassaT
MPUIOXMMOCTTa W NPeAMMCTBaTa Ha To3) MeTod B CpaBHEHMe
C W3MON3BaHNTE KNacu4Yeckyn METOAM 3a pellaBaHe Ha CblyaTa
3ajava.

MatemaTuyeckn Mogen 3a onpegensHe
pa3snpepaeneHneTo Ha NoTeHUuana BbpXy
U30MaTopHa Bepura 3a eNnekTponpoBoA

Ha dwmr. 1 e npeacraBeHa KOHCTpyKUMsiTa Ha w3onatop,
KOWTO Ce fBABAa OCHOBEH eneMeHT 3a W3rpaxaaHe Ha
N30MaTOPHM BEPUTM MPU  CTPOMTENCTBOTO HA Bb3MYLHM
enektponposoau. Ha cur. 1 ca npuetn cnegHnTe 03HaYeHus:
1 — n3onatop ¢ YuHneobpasHa opma; 2 — MmeTanHa warnka ot
KOBbK YyryH; 3 — cTomMaBeHo cTebno; 4 — BMCOKOKa4eCTBEH
LMMeHT; 5 — yxo B MeTanHaTa warnka; 6 — wanka Ha ctebno.

dur. 1. KOHCprKTMBHa CXema Ha U30naTopeH efieMeHT 3a BbAYLHU
efneKkTponposoaun

3a wu3BexmaHe Ha aHanuTMyeH u3pa3 (MOAen), KOMTO
no3BorsBa Aa Ce Onpesent pasnpeaeneHneTo Ha noTeHumana
MeXdy €enemMeHTUTe Ha efHa M3onaTopHa Bepwra, lie ce
pasrnefa 3amecTBallaTa eflekTpUYECKa CXxeMa Ha 130naTopHa
Bepura, nokasaHa Ha ur. 2.

MbpBUST M30MATOP (ENEMEHT) Ha W3oMaTopHaTa Bepura e
CBbp3aH KbM MeTanHaTa KOH30rma Ha Hocewws Ccrbnb u
crnepoBaTeNnHo ce fBABa  3asemeH. KbMm  nmocnegHws
M30MaTopeH  EeNeMeHT €  OKayeH MpOBOAHMKA  Ha
€NeKTPONpOoBOAa, N0 KOWTO MpOTMYA EnekTPUYECKN TOK C
NPOMWLLNEHA YECTOTA M.

Pasrnexpga ce egHa oT MeTanHuTe BPB3KW, KOATO CBbP3Ba
ABa efnneMeHTa Ha 13onaTopHaTa Bepura, pas3nonoXeHn eauH

A0 Apyr.

CKOpOCTTa Ha U3MEHeHNe 3apAaaa Ha Te3n MeTanHn BPb3KK
3aBUCK OT HEMHMS KanayuTeT Cnpamo BCUYKM APYrM MeTanHu



BPB3KM M 3emMs. 3a OMpoOCTsiBaHE M3BEXOAHETO Ha
MpaKTUYeCkN MPUIOKUM aHaNUTUYEH U3pas, e ce oTyuTaT
CaMO [1Ba OT BCWYKM Bb3MOXHM KanaLuTeTV Ha eaHa MeTanHa
BPb3KA: KanauuTeTa Ha MeTanHaTa Bpb3ka CrpAMO ChbCedHM

METanHn BPbB3KKN Cl W KanauuTeT Ha MeTanHata Bpb3Ka

cnpsmo sema Cs.

C:'fg Z v
. 51
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®ur. 2. 3amecTBala efleKTpuyecka cxema Ha n3onaTopHa sepura

Mpuema ce, Ye MeTanaHUTE BPb3KN Ha BCUYKW N30MATOPHU
eNeMEHTU Ca €efHaKBM, OT KOETO CMeABa, Ye KanauuteTbT
MeXIy BCWYKA MeTanHu Bpb3kW € efHaKbB M MMa CTOAHOCT

(1.

AKo ce 03HauM noTeHuMana Ha X -Ta MeTanHa Bpb3ka C
U , TO TOKBT, KOWTO LLje npoTeye Mexay (x —1) -Tan X-Ta
MeTasiHa Bpb3ka Le Ce ONpefens CbC CrieqHIs 13pas

Iy =iCy Uy g —Uy) (1)

TokbT Mexay X-Ta u (x—l)-Ta MeTanHa Bpb3ka e ce
onpeseny ¢ u3pasa

Ixt1 :ia)Cl(UX _Ux+l) )

TokbT mexpgy X-Tata MmeTanHa Bpb3ka M 3emMa Lie ce
onpeaena ¢ u3pasa

iy = —iwCoUy 3

Cuctemata ot KanauuTeTn, KOATO CbOTBETCTBA Ha
pasrnexgaHaTa u3onaTtopHa Bepura € nokasaHa Ha Cbl/ll'. 2,0T
KOATO Ce 3anncea cnegHna n3pas:

Ix+1 = Tx +ix (4)

Cnen 3amectBaHe Ha (1), (2) u (3) B (4) n cneg
npeobpasyBaHe ce nonyyasa cregHus n3pas

Cl(U X+1 _Ux)_cl(ux _Ux—l)_CZUx =005

nnn

Ux_l—{2+c—2]UX+Ux+1=0 (6)
Cy

YpaBHeHue (6) npeacTaBnsiBa Mo CbLUECTBO YPaBHEHWE B
KpalHu pasnuku OT BTOpU ped. 3amecTBailkm B (6) m3pasa

AX
U, =¢e"" ce nonyyasa creaHus u3pas:

A1) _ (2 N %Jezx LA+ _g )
1

pasgensiku (7) Ha elx ce nonyvasa

e_’l—[2+ﬂj+e’120 (8)
o)

Kato ce u3nonssa u3pasa 3a xunepOOMMYHMS KOCMHYC, a
NMEHHO

A -1
Ch//l =i,
2

(opmyna (8) ce 3anucBa B CeHMA BUA:

C
chi=1+—2
2C;
©)
YpasHeHue (9) nma aBa kopeHa: + A, a 061l0TO peLieHue Ha
(9) ce npeacrass B cneHUs BUL:

Uy = Ae™ + Age™
nnu

U, = BychAXx+ Byshix (10)

rpaHMHHI/I yCnoBua 3a pasrnexnaHata 3afjaya: UO =0
U n= U , KbAETO U - NnoTeHuunan Ha MetanHata Bpb3ka.

3a koeduumentute By u By ce nonyyasat cnenHute
CTOMHOCTY:

Bl =0wu Bz.Shﬂn =U.

3a onpegendHe pasnpedeneHneTo Ha noteHuMana no
OblMKNMHATa Ha U30naTtopHaTa Bepura ce nojlydaea crnefgHata

topmyna

U shAx

-y 11
X shAn "

Kbaeto A ce onpeaens no uspasa (9).

Ako kanauutetbT Co CnpsMO 3eMst € Bb3MOXHO Aa ce

npeHeOperHe B cpaBHeHue ¢ kanauuteta Cq Mexay fBe



cbceaHn MetanmHu Bpb3kt, 0 A —>0 u 3a U, ce
nomny4asa 13pasa

U, =U (12)

IpachnyeckoTo npeacTaBsiHe Ha (12) e nokasaHo Ha cur. 3.
B 1031 cnyyan MbnHMSA Cnaj Ha NoTeHUMana e pasnpeaeneH
PaBHOMEPHO MEXAy M30MaTopuTe Taka, Ye BbPXY BCEKM

M30NnaTopeH enemMeHT To3W chaj € paBeH Ha % Axo Bce

nak otHowernero Cq/Co He e Mankou AN e goctatbuHo

ronsiMo, TO Cnaja Ha NoTeHUMana BbpXy BCEKM M30NaTOpeH
€NEMEHT LLie HamarsBa ToNkoBa Mo-6bp30, KONKOTO NoBeYe ce
OTAaneyaBaT OT npoBogHuka. Ha dwmr. 3 e npeacTaBeHo

otHowenmnero U /U sa croitmocute C, /Cq =0 1/3

n 1. Ot cur. 3 cnenga, Ye n3onaTopuTe, KOUTO Ce Hammpat
no-6rmm3o [0 MNPOBOAHWLMTE HA  EMEKTPOnpoBOAa ca
HaTOBApEHW MHOTO MOBEYE B CPaBHEHWE C M30MaTOpWTE,
KOMTO Cce HamupaT no-6nmm3o 0 KoH3onata (MSCTOTO Ha
okayBaHe). OT nonydyeHns pesyntat crnegga, Ye cneg
onpepeneHa rpaHuLa, yBenuyaBaHeTo 6posi Ha N3onaTopHuTe
€NeMEHTI He 0Ka3Ba CbLLUECTBEHO BINSHWE.

Ux

v
®ur. 3. PasnpegeneHue Ha noTeHumana MeXxay eneMeHTUTe Ha
usonatopHa Bepura

3a u3ACHABAHE Ha MpuuMHaTa 3a HepaBHOMEPHOTO
pasnpedenenne Ha HanpexeHMeTo Mo AbMKMHATA  Ha
n3onaTopHaTa Bepura ce pasrmexaa HerosaTa 3amecTealla
eneKTpuyecka Cxema, NokasaHa Ha cur. 4, Ha KosTo ca
npueatu crnefHuTe o3HauyeHusi: C — coBCTBEH KanauuTeT Ha

nsonartopa; Cl - KanauuMtet Ha u3onartopa cnpaMmo 3emd

(3a3eMeHuTe enemMeHTy OT KOHCTpyKUMsTa Ha cTbrba); Cop -

KanayuTetr Ha u3onatopa  CnNpAMO  NPOBOAHWKA  Ha
enekTponposoaa.
3a M30NaToOpHUTE Bepurn Ha enekTponpoBoan Tesn

kanauutetn umat cnegnute croitdoct: C =50+ 70 nF

Cy=4+5nF, C, =05+1nF [810].

O6wusT kanauuteT Ha usonatopHa epura C, ., ¢ N
ernemeHTa ce onpezaens ¢ uspasa

114
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ue — -
n
Ako croitHoctta Ha C,, CbLIECTBEHO MpeBMLIaBA
croiiHoctta  Ha  kanaytetute  C; u Co, 10

pa3npeneneHneTo Ha HanpexeHneto no AbJjbkKMHaTa Ha
n3onartopHara Bepura Lie Obae NPakTN4eCK1 paBHOMEPHO.
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®ur. 4. 3amecTBaLa kanauUTUBHA CXeMa Ha U30NaToOpPHa Bepura

Twit kato croitHocTute Ha C,, ,  Cq ca OT eMH NopsAbK,

a npu Obnrv  n3onatopHn Bepurn KN C C2, T0
pa3npegeneHneTo Ha HanpexXeHWeto Nno Ab/KUHaTa Ha

usonatopHata Bepura e HepasHomepHo. Ako Cp =0, a

C1 # 0, 70 Hait-ronsim nag Ha Hanpexeiue Le Gbae BbpXy

MbpBUS  M30MaTOpeH enemeHT [0 NpOBOAHMKA, a C
oThaneyaBaHe OT MPOBOAHMKA  HAMPEXEHWETO  BbpXY
enemMeHTUTe Ha M3onaTopHaTa Bepura Lie Hamansea. B
PE3ynTaT Ha OTKNOHEHMe Ha TOKOBETE MPE3 MPe3 KanauuTeTa

C1, TO Haif-ronsiMa CTOWHOCT Ha Toka Mpe3 CoBCTBEHMS
KanauwTeT L ¥Ma 30naTopeH enemeHT [0 nposoaHuka. Mo
Taau npuanHa npu C1 =0 u Co # 0 ce nonyvasa Haii-
ronam nag Ha HanpexeHneTo.

B peanHn ycrosus Cq > Cyp, nopapm KoeTo nagbT Ha

HanpeXeHWeTo € MakcuMareH Ha MbpBUS OT MPOBOAHMKA
N30NnaTopeH eneMeHT U Ce Hamansea C OTAaneyaBaHeTo oT
NpOBOAHMKa.

Ha dur. 5 e npencTaBeHo pasnpefeneHne Ha noTeHUMana
MeXay eneMeHTUTE Ha M30MaTopHa BepUra.
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HOMep Ha usonaropa oTYUTaHO OT NPOBOAHUKA

npos

HanpexeHue Ha usonaropa

®ur. 5. Pa3snpepgeneHve Ha noTeHuWana MeXxay enemMeHTUTe Ha
usonatopHa Bepura

KoHTpon “30naumoHHOTO CLCTOSAHME Ha
Bb3AyLIEH eNeKTPONnpoBoA

MeToabT 3a KOHTPOM Ha W30NATOPHUTE BEPUrW, OCHOBAH Ha
W3MEPBAHE  PA3NPENENeHNeTo Ha  HanpexeHueTo o
OblKNHATa Ha m3onatopHaTa Bepura ce aABABa AOCTaTb4HO
ereKTVIBeH M He W3MUCKBa W3KMKYBAHE Ha eneKkTpuyeckn
ypenba. CblWwHOCTTa HAa MeTOAa Ce CbCTOM B CMEQHOTO:
CpaBHsiBaHe W3MEPEHOTO HaMPeXeHWe Ha BCEKW ENEMEHT OT
n3onatopHaTa Bepura C HOpMarHWs Naf Ha Hanpexexue,
M3MEPEH NpU OTCLCTBUE Ha JedekTy B U3onaTopa.

Pe3yJ'ITaTI/ITe OT u3MepBaHWaA nNpu  ekcnnoaTtaunoHHU
YCNOBMS MOKa3BaT, Ye MaabT Ha HanpexeHue Ha AedeKTeH
130naTopeH enemeHT e oT nopsiabka Ha 50% no-mambk B
CpaBHeHWe NpW HOpManeH pexuMm (W3npaBeH M3onaTopeH
€neMeHT).

CBOEBPEMEHHOTO OTKpUBAHE HA [AE(EKTHU W30NATOPHN
EMEMEHTW 3HAYNTENHO CbKpaliaBa Opos Ha aBapuiiHUTE
W3KMIOYBaHUS Ha eVH ENEKTPONPOBOS,

lMpenoptyaHa 3a nybnukysaHe ot
KaTenpa “Enektpucukanms Ha MMHHOTO npou3soacTeo”’, MEM®
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U3Boau

B cvBpemenHute EEC Mma peaumua HepelueHW BBNPOCK W
npobrnemu, KOWTO Ce $BSBAT MpWYMHA 3@ Bb3HUKBaHE U
pasBUTME Ha KPYMHW aBapuil CbC 3HAYNTEMHW MaTepuanHu
3arybu, 3acTpallaBally K1BOTa Ha MHOIO XOpa, BKMKYUTENHO
HaLWOHarHaTta curypHocT W 6e30nacHoCT Ha CTpaHaTa.

MonyyeH € aHanmUTMYeH W3pa3 3a onpeaensHe pasnpe-
JeneHneTo Ha noTteHunana Bbpxy €[]Ha U30naTopHa Bepura,
KONTO MOXe f[a ce Wu3nonsea 3a “HabniogasaHe”
M30MaUMOHHOTO CbCTOSAHME Ha B'b3}:|,yLIJHI/ITe enektponposoan
W hopMUpaHe Ha ynpaBnsBaly CUrHanm npu HegonycTumo
MOHWXaBaHE Ha M30MaLMOHHOTO ChMPOTUBIIEHME.
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Bb3MOXHOCT 3A U3MON3BAHE HA TPAHC®OPMATOP C MAFHUTEH LUYHT

KATO MAKCMMAJTHO TOKOBA 3ALLUTA

Todop Bbpbes

MutrHo 2eonoxku yHugepcumem”CB.Ue. Puncku”,1700 Cogpus, E-mail vat@mgu.bg

PE3IOME.M3cnepBat ce Bb3MOXHOCTUTE 3a OrpaH14aBaHe Ha ToKa Ha KbCO CbefWHEHMe Ha MOHWXaBaLL TpaHchopmaTop ,CHabaeH ¢ NoABMXKEH MarHuUTeH
LIJyHT.OCHOBHO npeauMcTBO Ha npoueca e 6Ee3KOHTaKTHOTO 6'bp30 NOHWXaBaHe Ha HanpeXeHneTo ,MPUNOXeHO Ha ToBapa.

POSSIBILITIES FOR USING A MAGNETIC SHUNT TRANSFORMER AS MAXIMUM CURRENT PROTECTION

Todor Varbev

University of Mining and Geology "St. Ivan Rilski", 1700 Sofia, vat@mgu.bg

ABSTRACT. The possibilities for limiting the current of short circuit of a step-down transformer with movable magnetic shunt are investigated. The main advantage of

the process is the non-contact lowering of the tension, applied to the load.

BbuBepeHue

Kakto e u3BecTHO/1/TpaHCGHOPMATOPBT C MarHUTEH LUYHT
Ce 13MonaBa B HAKOM Criyyan 3a BesKOHTaKTHO perynmpaqe Ha
HanpexeHneTo.Bb3MOXHO € C HAKOW Marmkn MpOMEHW U
OOMbIIHEHUS B KOHCTPYKUMSATA TOW A@ M3MbIHABA M (DYHK-
UMMTe Ha OOMbAHUTENHA MakcumarnHotokosa 3awmta/MT3/.
MpuHUMIHaTa Bb3MOXHOCT 3a TOBA € Noka3aHa Ha dur.1.

XXX
IRRLL
X

o2e%

XRXRR
R

XRRRX
XXX

,v
oot
XK
K
e
2o

%

XXX
X

=

o2

,v
o2

=
o2

RRX

2o

RRX
oot
e
o

7~z
0%l

XX
&
o5

2338
[
~N

N

o~z
203

,v
XX
o
oo

v,v
o2
-
X

%

X3
o2

%
X
%
okes
=
X

-
oo

,v
o2

=
o2

TXR
R
S
d0%es
XXX
o

=
X

,,
XX

[193%

BZ
—
XX

=
%

.,v
%
K

¢ur.1

B /2/e yctaHOBEHO 4e ronemuHaTa Ha OTKMNOHEHUS
MarHuTeH noTok O®u Npe3 MarHuTHUS LWyHT HapacTBa ¢
yBenuyaBaHe Ha BTOPWUYHMA TOK l2 , KOWTO € M TOK npes
ToBapa.Tbi KaTo cunata C KOSTO OCHOBHMS MarHUTOMPOBOA
NPUBNMYA MArHWTHUS LIYHT € npubnusuTenHo nponop-
UuoHanHa Ha ®2y e Bb3MOXHO a Ce HAMEPST KOHCTPYKTUBHU
PELLEeHMs,MPKU KOUTO 3@ HsIKakBa CTOMHOCT Ha paboTHUS TOK
l22l2 pon [@ Ce OCBWECTBA MPMBIMYAHE HA LUYHTA KbM
OCHOBHWS ~ MarHuTOMpoBOZ, MNpU  KOETO  M3XOZALL0TO
HanpexeHue Uz 1 uaxogawmst Tok |2 psisko Hamanseat.EgHo
Bb3MOXHO peLLeHe e NokasaHo Ha ¢ur.2.

MarHuTHUST LIYHT Ce 3aabpXa B HOPMAITHO NoJoXeHue oT
[Ba NoCTOSAHHM MarHuTK.Korato cunata Ha npuenuM4yaHe KbM
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OCHOBHMSI MarHuTonpoBsog ,00ycnoseHa ot ®u npeogonee
NPVBMMYAHETO Ha NOCTOSHHUTE MarHUTY LWYHTBLT Ce OTAENs OT
TAX M NpakTUyeckn Be3 Hannune Ha CbnpOTUBUTENHA CUMa 1 C
HapacTBallO YCKOPEHWe Ce HacoyBa KbM KPaWHOTO CH
nonoxexue. [lpn TOBa KpalHO MONOXEHWE W3XOAALLOTO
HanpexeHne Uz e 6nm3ko o Hyna.

AHanuTUYHO U3cnepBaHe

3a fa ce nomy4n aHanMTMYHO amnep-CekyHaHaTa xapak-
TEPUCTUKA Ha pa3rnexaaHaTa MakCMManHOTOKOBa 3aluTa ce
NpaBsT CEAHUTE ONPOCTABALLM NPEANOSIOKEHUS:

MpeHebpereat ce aKTUBHUTE CLNPOTWBMEHUS Ha Ha-

MOTKMTE,3arybuTe B CTOMaHaTa M NoTouuTe  Ha pasceiiBaHe,
C U3KITHYeHMe Ha noToka Ow Npe3 LWyHTa;

I'IpVIeMa ce ,4e cnen otgendaHeTto CM  OT NOCTOAHHUTE
MarHuTM  MarHUTHUAT LWYHT Ce [OBUXK oes TpueHe nog
D,eVlCTBVleTO CaMO Ha erneKTpoMarHuTHata cina,cb3gageHa ot
(DLu;

MpeHebpersat ce  MarHuUTHUTE
(hepoMarH1THIUTE y4acTbLy.
Heka MbpBMYHOTO HANPEXeHe Ce U3MEHS MO 3aKOHa,

CbMNpOTMBNEHNA  Ha

U,=U_sin(at+0)

Mpuema ce ,4e B MomeHta t=0kwbM oTBOpeHaTa
BTOpUYHA HamoTKa ce BKMNIOYBA HSKaKbB

U2

MMnenaHc, |Zz| < |Zz|c)0n =
200n
Pasrnexpame cnyyasi ¢ uucTo aktueeH Toeap Z, = R, .
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¢ur.2

Mpu BKMIOYBAHE HA YMCTO aKTWUBEH TOBAP MPOLIECHLT Ce
OMUCBA CbC CIEAHNTE YPABHEHNS:
oD
U, =w, —=*;
ot

D, =D, +D, ;

@D .
Wzaatz =R,l,;

Wi, —W,i, =0;

’x D - <
atz MutSuuLlo , ™
2 2
unm 8_;( =0 a1 F. P u
8': SlulLlO

Tyk S, e CeyeHNeTo Ha BCEKM OT MOMOCUTE Ha LUYHTA

aM e macata my.F e cunata, ¢ kosiTo MocTosHHUTE
MarHuT NPUBMNYAT LUYHTa /2/,korato TOW € JoMneneH Ao TsX.
2712
_W |1, 443,
nm 2 :
2 X max
Crien uakmiousaHe Ha yHkummte i, 1, ,@, ce ctura go

ypaBHEHUATA:
A.3a untepeana ot 0 po At kvpeto At e MOMEHTHLT B

KOWTO ernekTpoMarHuTHaTa cuna Ha MpUBMMYaHe Ha LyHTa

npeononssa NpoTUBOAENCTBUETO HA MOCTOSHHUTE MarHUTH:

2RXPu 0P _ Un gin( a1 9).
W, 14,3, ot W,

¢ Havanku yeriosue @, (0) =0

B5.3a uHtepsana t > At

max

2R, x . @ 0D U, .
2 “p = T sin(wt+6),
W, 1455, ot W,
*x D
6t2 Mmsmlu()’

C Ha4anHun ycnosus:

®m (At) = \V FnMSm:llO ; X(At) = Xmax ;
x
at t=At

=0

CucTemata e HenvHelHa e Hain-yaobHo ga ce TbpcsAT
UMCMEHWN PELLEHWS 3@ KOHKPETHW 06pasum.Tyk e nogxoasiy
MeToAbT Ha nocrefoBaTenHUTe WHTEPBanu,koNTo aa ce
MPUNOXW W 3a MHTepBana ot T.A.

XapaKTepHMTe 3a o6paaeu,a KOHCTaHTKU Ce 3amecCTBaT B
YMCneH BnAg ,a Ha HavanHata (*3336 0 ce [aBat pas3ninyHn

CTOMHOCTM Hanpumep npe3 10°. 3a Bcsika KOHKPETHa CTOMHOCT
Ha napameTpuTe ,BKMKOYUTENHO U 33 PA3NUYHUTE CTOMHOCTU

Ha R2 /Ho 6e3 @lce onpenenar MakcumanHata u
MWHUMAanHaTa CTOMHOCT Ha BPEMETO 3a 3adeiiCTBaHe Ha
saurara,3a koeto x = 0 B saBucumoct ot @ .Taka morat aa

nt BbB (PYHKLMSA

Ce NOCTPOAT 3aBUCUMOCTUTE Ha,t smax

zmin

ot R, umor |,.

Ta3n HenuHeiHa cucTeMa e pelleHa C nomowTa Ha
nporpamHus npoaykT MaTematuka 4.2 3a KoHkpeTeH obpasel
CbC CnegHuTe TeXHUYECKN AaHHK.

Us-HOMWHANHO HanpexeHne Ha nbpBUYHaTa HamoTka-380
U2-HOMMHAMHO HampexeHue Ha BTOpWYHATa HamoTka- 42

Wis-6poit HaBKBKW B MbpBIYHATa HaMoTka-660;
W2-6poit HaBMBKM BbB BTOPU4HATa HamoTka-80;
Su-CeyeHune Ha WyHTa-2.103 mz;

Mu-maca Ha wWwyHTa-3,36 Kr.;
Mo = 477107 -marHuTHa MPOHULAEMOCT Ha BaKyyM;

Ro-ToBap Ha BTOpUYHaTa HaMoTKap,Q;

W-br1I0Ba YECTOTA Ha 3aXpaHBALLOTO HanpexeHue,s;

0 -HavanHa thasa.

3ajaBaHM ca pa3nuuHM CTOMHOCTW Ha ToBapa R, u

Pa3MMYHM CTOMHOCTM Ha € MM CLOTBETHUA TOBAP.YCTaHOBM
ce ,Ye HavarnHata pasa Brnusie cnabo BbPXY BPEMETO Ha

3afeincTBaHe Ha sawmrata. t_ . u T ca npuGnusutenHo

zmin 3max

€LHaKBMW.



OT nonyyeHuTe pesynTaTi e NoCTpoeHa NpubnnsuTenHaTa
3aBUCMOCT Ha BPeMeTO Ha 3adeiicTBaHe Ha 3alwuTara t, ot

—2 npe3 ToBapa
2

NMbpBOHa4anHata cToiHoCTHa Toka | 2

X = X, BMomenTa t = At , koAT0 € nokasana Ha cur.3.

3000 I\

250 \

20 \

15 \

10 \

5 \

0O 10 20 30 Tok, A 50 60 70 80
dur.3

B cpaBHeHue ¢ koHTakTHa MT3 ,npeanaraHoTo yCTPOCTBO
€ no-edheKTMBHO, 3aLLOTO CbC 3afeficCTBaHETO My TOKa BbB
Bepurata 3anoyea fa ce OrpaHuyaBa OLle Npeay JocTuraHe

lMpenopbyaHa 3a nybnukysaHe ot
KaTegpa “Enektpucukanms Ha MUMHHOTO npou3soacTeo”’, MEM®
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Ha KpanHOTO My nonoxeHue.[lo TO3W HayuH oTdeneHaTa
TOMMWHA NP E€BEHTYanHO KbCO CbEAWHEHWe e Mo-Marka
OTKOMKOTO ~ MpU  W3NON3BaHETO Ha  KOHTakTHa  MT3.
KonunyectBeHnst aHann3 B TOBa OTHOLLUEHME € MO-CMOXEH U
Moxe fa 6bae 0bekT Ha JOMbIHUTENHO U3CneaBaHe.

U3Boau

[okasaHa e Bb3MOXHOCT 3a OE3KOHTAKTHO U3KMOYBAHE Ha
eHO(a3HO KbCO ChbeAMHEHME,NPN KOETO Ce MoNyyaBa amnep-
CEKyH/[Ha XapaKTepuCTMKa aHaroryHa Ha KoHTakTHUTe MT3.
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PymeHn UcmanusiHos

MurHo-eeonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Cogbus, E-mail: rgi@mgu.bg
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COMPARATIVE ASSESSMENT OF OPTIONS FOR REDUCING POWER CONSUMPTION FOR DRAINAGE OFAN

UNDERGROUND MINE
Rumen Istalianov

University of Mining and Geology "St. Ivan Rilski”, 1700 Sofia, E-mail: rgi@mgu.bg

ABSTACT. A comparoative assessment of possible options for reducing the power consumption for darinage of an underground mine is presented in the paper.
Key words: underground mines, main draining installations, power consumption for drainage, production cost.

BuBepeHue

OCHOBHOTO MpefHa3Ha4yeHWe Ha rnaBHUTE BOAOOTMMBHM
ypeabu B NOA3EMHWTE PYOHULM € PUTMUYHO U HenpeKbCHaTo
Aa 13noMnBaT pygHUYHaTa BOfa OT IMaBHUA BOAOCOOPHMK Ha
NoA3eMHNS PYOHUK A0 MOBBPXHOCTTA. Besko HapylweHue B
pexuma Ha paboTtata Ha rmaBHWTE BOAOOTNMBHW ypeaobu e
CBbP3aHO CbC 3anMBAHE Ha OCHOBHWS XOPWU3OHT Ha
MOA3EMHUA PYOHMK, CMWpaHe Ha MpOW3BOACTBEHMS MPOLEC,
nopaxeHue Ha peguua enekTpoanapaty W MalMHW, U He Ha
nocregHo MSCTO 3acTpallaBa Ce XMBOTA Ha MOA3EMHUTE
paboTHWLM.

3a ocurypsiBaHe BWCOKa HapexaHocT B paboTata Ha
rmaBHUTe BOLOOTAMBHM ypeabw, OEenCTBaLLMTE HOPMAaTUBHM
AOKYMEHTW B CTpaHaTa OMPeAensT BMCOKW W3MCKBAHWS Mpw
TAXHOTO MPOEKTVPaHe W ekcnnoaTauus (onpefensit ce Kato
eneKkTponoTpebuTenu Hynesa KaTeropus No YCroBueTo 3a
HENMPEeKbCHATOCT Ha enekTpocHabosABaHETO; BCSKA [NaBHA
BOAOOTNMBHA ypenba Tpsbea fa bbae usrpageHa ¢ MUHUMYM
TPW MOMMEHM arperata W 4Ba BOAOOTIMBHM TpbGonposoaa u
ap.)

3ae]HO C BUCOKWTE W3WUCKBAHWA 3a HAaAEXAHOCT, rMaBHUTE
BOZOOTIMBHU ypeabu ce sBSBAT U €AMH OT Hall — MOLHWTE
enekTponoTpebutenM Ha eguH CbBPEMEHEH NOA3eMeH
pyoHuK. B 3aBucumocT OT AbnbouMHaTta Ha pyaHuka U
CPEeAHOLHNS BOLONPUTOK, Pas3Xo4bT Ha EeNeKTPOeHeprus 3a
BOAOOTNMB MOXe fa gocturHe oT 15 go 30 % ot obwms
pasxof Ha enieKTPOeHeprsl 3a NOL3EMHWS PYAHMK, KOETO
OKa3Ba CbLLUECTBEHO BNMSIHME BbPXYy CeBECTOMHOCTTa Ha
npousBexaaHaTa NpogyKLus.
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M3auckBaHusTa 3a BWUCOKA HALEXKOHOCT M HUCKK 06LLI|VI
pas3xodu 3a BOAOOTNNB OnNpedenAdAt akTyanHOCTTa Ha BCUYKK
3afavu, CBbp3aHM C u3cnenBaHe W aHanu3 Ha rnaBHUTE
BOOOOTIMBHU ypen6|/| C LUen nosuliaBaHe Ha TEXHUKO —
WKOHOMMYECKUTE UM NOKa3aTenu 4Ype3 KOHTPOJT pa3xoduTe Ha
E€NeKTpoeHeprmua 3a BO4OOTNINB.

1. TexHM4ecka xapakTepucTuka Ha rmaBHa Bopo-
OTNMBHa ypeaba Ha noA3eMeH  PyAHUK B
ekcnnoarauus, o6eKkT Ha uscneaBaHe

B Tabnuua 1 ca npuBegeHu OCHOBHUTE M3MCKBaHWS 3a
MPOEeKTMpaHe W EKCTnoaTauws Ha [naBHU  BOZAOOTINBHM
ypeabu Ha MOA3eMHW pYOHMUM, KOWTO Ca M3MNOXEHW B
HOpMaTMBHUTE JOKYMeHTH [1,2,3].

B Tabnuua 2 e npepacTaBeHa BO{OOTIMBHA ypeaba Ha
nof3emMeH PYyOHUK B ekcnrnoaTauus, o6ekT Ha u3cnedsake,
W3XOOHW [AaHHM, KOWTO XapakTepuaupaT BOAOMPUTOKA B
MOL3EMHUS PYOHUK U pexiMa Ha paboTa. Tean U3X0HN AaHHM
ca HeobXxoauMM 3a W34NCTIMTENHATA NPOBEPKA 338 OCHOBHUTE
eNeMeHTI Ha rMaBHaTa BOJOOTNMBHa ypeaba.

B tabnuua 3 e npegcraBeHa TEXHUYECKATa XapaKTEPUCTUKA
3a OCHOBHWTE enemMeHTW Ha rmaBHa BOJOOTNMBHA ypeaba Ha
noAsemMeH PYyAHMK B eKcnnoatauua.



Tabnmua 1 OcHogHUME U3UCKBaHUS 3a nNpoekmupaHe U
ekcnnoamayusi Ha enasHU  8odoomsusHu  ypedbu Ha
nodsemHu pyoHULU

Tabnuua 3 mexHudecka xapakmepucmuka 3a OCHOBHUME
eneMeHmu Ha enasHa godoomsugHa ypedba Ha nodsemeH
YOHUK 8 excnioamayus

Ne | Mokasatenu | Yncnena cToitHocT
HopmaTusHy SokyMeHTI 1 Fhasin Hamo
Ne Mokasatenu . pHY NOMNK
(HBEE oo (HBEB1 o 11 | vn LIHC —300 - 480
01 01 3
1. Kareropuaipate Ha pysHuLuTe 1.2 | npoussoguTenHocT 300 m3h
110 [IEHOHOLLEH BOZOMPHUTOK: 1.3 | Hanop 480 m
1.1. | HopmaneH Bogonputok QH 1.4 | Obopotu 1450
- 00 50 m3h Qi<50 Q:<50 15 | Kna. 0,73
Hap 50 m*h Q.>50 Q>S50 2, enekTpoaguraTen
ggl—;opmaneH BOAOMPUTOK, 2.1 | Tun Ha geuratens A4-400Y -4
1.2. Ce30HeH BoaonpuToK Qces. 22 Mouwoct P = 630 kW
OnpepensHe obema Ha 23 | Hanpexetve U=6KkV
BOA0CGOPHIKA 24 | Tok IH=725A
2.1. | OGeM Ha BOROCHOPHUK 3a Vacs= 4 Qu Ves= 8 Qu 25 | Obopotu 1500 06/MuH
rnaseH BoJoOTNB — Ves. 3 HanopeH Tpb6ornposog
2.2. | Obem Ha BogocOOpHYK 3a Veesy= 2 Qu 31 BbTDELLEH AMaVEeTHD 305 mm
y4aCTbKOB BOZOOT/IMB
3. OtunTaHe HamansBaHeTo 3.2 BBH"'{eH AMaMETHP 325 mm
0Bema Ha BOROCOOpHYKa OT 1030 % 1050 % 3.3 | nuHeitHo Terno Ha Tpbbata 77,68 kg/m
3aTnadsaqe 3.4 | ponyctumo pab. HansraHe 65 atm
4. OnpepensHe 6pos Ha
NoMneHnTe arperatu:
41. [Mpn HopmaneH BogonpUToK Qu
<50 m*h 2 2 3.0npepensiHe Ha pa3xoguTe 3a BOAOOTNMB Ha
4.2. | MNpw HopmaneH Bogonputok Qu 36 36
> 50 m3h pos pos noA3eMeH PyaHUK NpuU TPUCMEHEH pPexXum Ha
43. '17&;1 geonen BoRoTpATOK Ha paboTa Ha rmaBHa BoAoOTNMBHa ypeaba (Bap. 1)
0
5. OnpegensHe 6post Ha 26 26
HanopHWTe TpBEONPOBOAY p p 3.1. PasnpepeneHue Ha TapuHWUTE 30HWM MO CMeHU B
6. CkopocT Ha BojaTa rpaHuuunTe Ha egHO AeHOHOoLuKne
Va<3mls
6.1. B HanopeH Tpbbonposoa - Va<25mi .
6.2. | B cmykatenen Tpb6onposon - A<eoms [ObpxaBHaTa KOMMCMS 3a EHEprUHO  perynupaHe ¢
7. KaTeropus Ha rnaBHuTe peweHue Ne L] — 002 ot 29.03.2002 r. onpeaens eauHHM 3a
zgﬂggxz‘:::‘org L’:”OB“GT" sa 0 0 CTpaHaTa HayarnHu W KpaiiHW YacoBe Ha Tapu(HWTE 30HW, B
eneKTpocHabasBaHeTo [IEHOHOWMETO W LeHaTa Hi enekTpudeckata eHeprua 3a
CbOTBETHUTE TapUHM 30HM [4].
8. OnpegensHe MpOV3BOf. Ha 200,240, 200,240, puch [4]
nomnenute arperaty, t=20h

Tabnuua 2 - usxo0HU daHHU 3a 8odonpumoka 8 nod3emMHus
PYOHUK U pexuma Ha paboma

Ne HaumeHoBaHue Ha usxogHute | OsHayenue | YucrneHa
JlaHHM CTOMHOCT

1 Hanop Hr 427 m

2 HopmarneH aeHoHoLeH Qrop. 220 m3h
NpuUTOK Ha Bofa

3 MakcumaneH nputok Ha Boga | Quax. 330 m3h

4 O6emHo Terno Ha pygHuyHata | p 1020
BoAa kg/m?

5 PaboTHuM HK B roanHaTa T 365

6 PaboTHu oHK B roguHaTa ¢ Te 330
HoOpManeH JeHOHOLLEH NPUTOK
Ha Boja

7 PaboTHu aHK B roguHaTa ¢ T 35
MaKcUMareH [1eHOHOLLEH
npuTOK Ha Bofa

8 Pexum Ha paboTa B 3 cMeHm 8 yaca
NOA3EMHHS PYLHUK
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Ha cour. 1 e npeacTaBeHo pa3npeneneHneTo Ha TapugHuTe
30HM LieHaTa Ha eneKTPOEHeprisTa no CMEHU B rpaHULMTE Ha
€[IHO IEHOHOLLME NPU NIETEH PEXUM.

EnHo TakoBa pasnpegeneHie no3sonssa no — NpasunHo Aa
ce opraHusMpa UM nnaWupa pabotata Ha  OTAENHM
enekTponoTPeOUTENN C LN OCUTypsiBaHe M3MbIIHEHWE Ha
MPOM3BOACTBEHUTE 1 TEXHOMNOMMYHM (OYHKLMM 1 KOHCYMUpaHe
Ha eNeKTPOeHeprusi C Bb3MOXHO Hail — HiCKa LieHa.

PasnpegeneHnue Ha TapudHUTE 30HM 3a 24 Yaca
[HesHa Tapuda — 10 yaca

HowHa Tapuda - 8 yaca

Bbpxosa Tapuda - 6 yaca

NeTeH pexum

ne/kwh 0,17 ne/KWh

Blalpele BB
0.12e/kWh
0,08re/kWh ia ataraialatatiala

HIHIHIHIHIHH

2 4 & a

®ur. 1. PasnpegeneHue Ha TapudpHUTe 30HM 3a 24 yaca



3.2. OnpepensiHe Ha BpemeTo 3a paboTa no TapudHU 30HU
Ha nomneHa ypeaba npy TPUCMEHEH peXuUM Ha BOAOOTNUB
Ha NoA3eMeH PYAHUK (NeTeH pexum)

3a onpegensHe Ha BpemeTo 3a paboTa no TapudHKU 30HM B
rpaHuuMTe Ha €OHO AEHOHowMe Tpsibea fga ce OT4YeTbT
cnegHUTe U3XoaHW AaHHK:

- NOA3EMHMA  PyOHUK paGOTVI CMEéHn ¢C

NPOABITKNUTENHOCT Ha CMAHa 8 vaca;

Ha Tpu

- 00WWOTO BpeMe 3a M3NOMMBaHe Ha BoAaTa OT rNaBHUS
BogocbopHuK e 20 Yaca npu HOpManeH BoZONPUTOK 1 22 yaca
npn MakcumaneH BOAONPUTOK;

- [MaBHa noMneHa ypenba paboTtu 1 Npe3 TpUTE CMEHM, KaTo
YacT OT BPEMETO B efiHA CMsiHa Ce M3Mon3ea 3a PeBu3us W
npoBepka Ha ob3aBexzaHe Ha nomneHata ypeaoa;

- B paboTa ce HamMMpa camo eauH NOMMeH arperat

OtuuTalikn LeHaTa Ha enekTpuyeckata €eHeprus npes
oTZenHuTe TapudHM 30HW, HeobxoauMoTo BpeMe 3a paboTa
Ha nomneHata ypenba 3a M3NOMNBaHE Ha  HOPMAIHWS
BOZOMPUTOK W HeoDXo4MMOCTTa OT BpeMe 3a PEeBU3NS U
obcrnyxBaHe Ha o063aBexgaHeTo Ha nomneHata ypeaba B
Tabnuua 4 e gageHo pasnpefeneHne Ha BpemeTo 3a paboTa
Ha nomneHara ypegba no TapueHM 30HN 3a egHO AEHOHOLLME.

Tabnuua 4. PasnpedeneHue Ha epememo 3a paboma no
mapucHuU 30HU Ha nomneHa ypedba 3a edHO OeHOHoWwue npu
JIEMEH Pexum

Pexum Ha paBoTa Ha
TapudHn 30HN
nomneara ypesba
5
x
3
@©
=3 3| 3 E
5 S = @ 3 o T
= & E= =) 2 = 2 4 8
S T S| | m = T @ ©
Oor8
b o6 | I 260 |°0
0r16 ! !
! [0 24 v, 5 EEE ! (18) | (7.9
0or0 !
| g |1 |7 09 | 7 (75)
9 3 20
oowo | 24yaca | 10 |8 |6 (9,5) 8 (45) | (22)

YncnaTta B ckobu onpepensT BpeMeTo 3a paboTa Ha rmaBHa
nomneHa ypegnba npes OTAENHUTE TapUhHU 30HM MpU
MaKc1MareH BOJONPUTOK B NOA3EMHMS PYAHUK.

Mo 3apaHue e 3afafeHo:
HOpMarneH BOJONPUTOK B pyaHuka npe3 330 aHu B roguHaTa

MakcuManeH BOJOMPUTOK B pyaHuka npes 35 OHn B
roguHara

3.3. OnpepensHe Ha o6wWOTO Bpeme 3a pabGota no
TapudHW 30HM Ha MOMMNeHaTa ypeaba 3a egHa rogwHa
(BapuaHnT 1)

A) HopmaneH BogonpuTok

[HesHa Tapuda: 330 aHu x 9 yaca = 2970 vaca
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HowHa Tapudpa: 330 gHum x 8 yaca = 2640 vaca
Bbpxosa Tapudha: 330 gHun x 3 yaca = 990 vaca
lMposepka: 330 gHu x 20 yaca = 6600 yaca

B) MakcumaneH BogonpuTok

[HesHa Tapuda:35 gxun x 9,5 vaca = 332,50 vaca

HowHa Tapuda:35 gHu x 8 vaca = 280,0 vaca

BbpxoBa Tapuda:35 aHu x 4,5 yaca = 157,5 yaca

lMposepka: 35 oHu x 22 vaca = 770 yaca

Pasnpenenexne Ha BpemeTo 3a paboTta Ha nomneHa ypenba
no TapuHM 30HW 3a egHa roanHa e AageHo B Tabnuua 5.

Tabruua 5.Pekanumynayus Ha 06womo epeme 3a paboma Ha
nomneHa ypedba no mapughHu 30HU 3a e0Ha 200uHa

MMpw MMpw
TapudpHn HopmarneH MaKcumareH S[?eul-\;z
30HK BOAONPUTOK BOAONPUTOK (vaca)
(yaca) (yaca)
[lHeBHa T1.3. 2970 332,50 3302,50
HouwlHa 1.3. 2640 280 2920,00
Bbpxoga T1.3. 990 157,50 1147,50
0buwo 6600 770 7370,00

4, OnpegensiHe Ha pa3xoauTe 3a eneKkTpo-
eHeprusi 3a egHa roguHa, KOHCyMMpaHa oOT
nomneHarta ypeaba Ha noaseMeH pyaHUK

MwHHOTO NpennpusTME 3annalla KOHCyMUpaHaTa enekTpo-
eHeprusi no TapuHM 30HM KaKTO CrezBa:
[HesHa - 0,12 ne/kWh
HowHa - 0,08 ne/kWh
Bbpxosa - 0,17 ne/kWh

B uenara 3a 1 kWh, kosTo 3annaiia MUHHOTO NpeanpusTie
ca BkntoveHu: [C, Takcy 3a NpUCHEAMHSIBAHE HA MOLLHOCT,
Takca 3a MpeHacsHe Ha MOLHOCT W [JOCTaBHa LeHa Ha
eneKkTpoeHeprusaTa npu HUBO Ha HanpexeHue — 20 kV (CH)

4.1. OnpepensiHve CTOWHOCTTAa Ha KOHCYMUpaHaTa enekTpo-
€Heprua 3a BOAOOTNUB Ha NOA3EMEH PYAHUK NO TapudHM
30HM 3a efiHa roauHa (BapmanT 1)

LLle ce n3nonsea hopmynara

Cj = Pna. KH. cj. tj [ne]

kboeto GCj — CTOMHOCT Ha KOHCymupaHaTa eHeprus no

TapuHW 30HK (j = B, H, B);

Pna 630 kW - wmowHocT Ha [fBuraTens, 3agBuxBall

nomnara;

KH = 0,9 - koeduUMeHT Ha HaTOBapBaHE Ha ABuraTens,

Cj. — LieHa Ha eneKkTpoeHeprusTa npes CboTBETHaTa TapudHa

30Ha (Cd = 0,12 ne/kWh; CH = 0,08 ne/kWh; Ce = 0,17

ne/kWh)

tj — Bpeme 3a paboTa Ha NOMNEHNs arperaT Npe3 CbOTBETHUTE

TapuHN 30HN

td = 3302,5 h; tH = 2920,0 h; te = 1147,0 h

€0 =630.0,9.0,12.3302,50 = 224702,10 ne; CA% = 48,043 %

CH =630.0,9.0,08.2920,00 = 132451,20 ne; CH% = 28,319 %

Ce = 630.0,9.0,17.1147,00 = 110559,30 ne; Ce% = 23,638 %
Bewnuko: 467712,60 n1e.



5. OnpepensiHe Ha ycnoBUsATa 3a U3KIKOYBaHe Ha paboTtaTta
Ha rmaBHa BOJOOTNMBHA ypea6a npes 30HUTe 32 BbPXOBO
HaToBapBaHe Ha eHepruifHaTa cucTema (BapmaHT 2)

B Tabnuua 6 e gageHo pasnpefeneHneTo Ha BpemeTo 3a
paboTa npes TapuHWUTE 30HM 3a €OHO OEHOHOWME, KaTo
o0woTo Bpeme 3a pabota nmpu HopmaneH ogonputok e 20
yaca, a npu MakcumaneH — 22 vaca.

3a n3knuBaHe KOHCYMUPAHETO HA enekTpoeHeprust npes
BbpXOBaTa TapuHa 30Ha € Bb3MOXHO W JOMYCTUMO Aa ce
peanuavpa pexum Ha eJHOBpeMeHHa paboTa Ha ABa NOMMEHU
arperara, BCEKM Ha CamoCTOSTENEH HamopeH Tpbbonposos.
MkoHoMMYeckM € onpaBAaHo, pexuMa Ha efHOBpEMeEHHa
paboTa Ha [Ba NOMMNEHW arperata fa ce peanuaupa npes |l
CMfAHa, KOraTo LieHaTa Ha enekTpoeHepruaTa e Hall — Hucka
(0,08 nB/kWh).

Tabnuua 6 OnpedenisiHe Ha ycrosusima 3a U3K/KOYBaHe Ha
pabomama Ha enasHa sodoomiueHa ypedba npe3 30HUMe 3a
8bPX080 HaMoBapeaHe Ha eHepauliHama cucmema

CmsHa Pexum Ha pabotra Ha | O6wwo (vac)
nomneHara ypeaba
O.rs. H.r.a. B.1.3.
(Yac) (Yac) (Yac)
I 4 - 2(3) 6(7)
I 5 1 1(1,5) 7(7,5)
Il -(0,5) 7 - 7(7,5)
06uwo 9(9,5) 8 3(4,5) 20 (22)

3a wusknoyBaHe pabotata Ha nomneHa ypegba npes
BbpxoBaTa TapuHa 30Ha e Heobxogumo obave fa ce
W3BLPLUM CriegHaTa  3afb/KUTENHa MpoBepka: uma fu
poctaTbyeH o0em 3a  aKkymynupaHe Ha Bofja BbB
BOLOCOOPHMKa, 3@ peanus3npaHeTo Ha To3u Pexum Ha paboTa.

Kakbe e makcumanHus obem Boga, KOMTO MOXe fa ce
akymynupa B Ha4anoto Ha lll cmsHa.

B Tabnvua 7 0THOBO e [JaAeHO pasnoraraeMoTo Bpeme 3a
pabota Ha nomneHa ypeaba no TapudHM 30HM 3@ €HO
AEHOHOLLMeE.

Tabnuua 7 Pasnonazaemomo gpeme 3a paboma Ha nomneHa
ypedba no mapughHU 30HU 3@ e0HO AeHoHoWUe.

CmsiHa Pexum Ha pabota Ha | O6wo
nomnexata ypeaba (yac)
013 H.1.3. B.1.3.
(vac) (vac) (4ac)

|o18 10 16 \. 4 - 4 8

Il o1 16 00 24 u. 5 1 2 8

Il ot 0 g0 8 u. 1 7 - 8

0O6uwo 10 8 6 24

EoMH OT OCHOBHMTE BbMpoCH, HA KouTo TpsbBa ga ce
OTroBOpU € crieaHNs: BbaMOXHO N € ABa NOMMNeHu arperata
ha paboTar eaHoBpemeHHo no 7 yaca npes lll cmana 6e3 na
yBenuyasame obema Ha BogocGopHMKa?

[poun3BOAMTENHOCTTA HA €WH NOMIEH arperar e
Qna = 264 M3/h

[Ba egHoBpemeHHO paboTtewy nomnexn arperata npes lli
CMsiHa no 7 vaca Le u3nomnar cnegHus obem soaa:

V., =2Q,,.t, = 2.264.7 = 3696 m:
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Kbaeto Qna= 264 m3/h — NpPON3BOAUTENHOCT HA €4MH NOMMEH
arperar;

t7w= 7 yaca — Bpeme 3a pabota npes Ill cMsiHa (Mo Hal — HuCka
Tapuda Ha enekTpoeHeprusTa)

OBembT Ha BogocHOpHHKa €:

Vec6 = 8. Qn = 8.220 = 1760 m?

Ako ce oTyete ponyckaHeto o 50 % 3aTnayBaHe Ha
BOAOCOOpHMKA, aKymynupaHaTa Boja BbB BOAOCOOpHMKA B
Havanoto Ha lll cmsHa we 6bae:

V! =0,5V,,, =0,5.1760 = 880 m’

Bpemeto, 3a koeto we 6bae u3nomnaHa BogaTta oT
BOA0COOpHMKa Ce Onpeaens no creaHus U3pas:
_ v, 880 880

'72Q,, 2264 528

1,66 h

Mpe3 Il cmsHa we nocTbnM Boga W OT HOPMAarHus
BOONPUTOK, 0Bema Ha KOTO Ce onpegens ¢ upasa:

V, =7.Q, =7.220 = 1540 m’
[ _ 1540 _ 1540 _
272264 528

MakcumarnHo Bb3MOXHOTO BpemMe 3a eJHOBPEMEHHA pa60Ta

Ha gBa nomnenwn arperata npe3 Il cmsHa ce onpegens kakto
cnefga:

t: =t +t,=1,66+2,91=4,57 h

2,91h

OT HanpaBeHWTE W3YMCIEHWs CriedBa W3BOAA, Ye He e
Bb3MOXHO Aa Ce 13MOon3Ba pasnornaraeMoTo Bpeme 0T 7 vaca
npe3 Ill cmsHa ¢ Hal — HUCkaTa Tapuda Ha enekTpoeHeprusTa
Be3 JoMbAHUTENHN peLleHns (Hanpumep yBenuyasaHe obema
Ha BOBOCOOPHWKa).

Pa3snpegeneHneTo Ha BpeMeTo 3a paboTa Ha momneHa
ypenba no TapucHW 30HM MpU WU3MOM3BaHE Ha MaKCUManHo
Bb3MOXHOTO Bpeme 3a edHoBpeMeHHa paboTa Ha [pa
nomnenu arperata npes lll cmsHa e gageHo B Tabnuua 8.

Tabnuua 8. PasnpedeneHuemo Ha epemMemo 3a paboma Ha
nomneHa ypedba no mapuchHU 30HU Npu U3NOM38aHe Ha
MaKcuMasnHo 8b3MOXHOMO 8peme 3a e0HospemMeHHa paboma
Ha 08a nomneHu azpeeama npe3 lll cusHa

CmsiHa TapuhHa 3oHa 82’;4)0
O.1.3. H.T.3. B.t.3.
(yac) (yac) (4ac)

| 2x35=7 - - 7

Il 2x1=2 2x1=2 4
(2x2=4) i (6)

1l - 2x45=9 - 9

0buwo 9(11) 11 - 20 (22)

5.1. OnpegensiHe Ha pa3xoauTe 3a eNeKTPOeHeprusi Npu
U3KNOYBaHe Ha nomneHa ypeaba npe3 BbpxoBaTa
TapudHa 30Ha (BapmaHT 2)

A) HopmaneH BogonpuTok

[HesHa Tapuda: 330 aHu x 9 yaca = 2970 vaca

HowHa Tapuda: 330 gHm x 11 yaca = 3630 vaca

b) MakcumaneH BoLONPUTOK:

[HesHa Tapuda: 35 oHu x 11 yaca = 385 yaca

HowHa Tapudpa: 35 aHum x 11 yaca = 385 vaca

Pekanutynaums



3a pasnpepeneHne Ha BpemeTo 3a pabota Ha nomneHa
ypenba no TapuHu 30HKM

[OHeBHa Tapupa = 2970y + 385 = 3355 vaca
HowHa tapuda = 36304 + 385 = 4015 yaca
Benuko: 7370 vaca

OnpepensHe Ha pa3xoguTe 3a  EMEKTPOEHeprus npu
n3knioyBaHe pabota Ha nomneHa ypegba npe3 BbpXOBUTE
TapuHM 30HN

Cn =630.0,9.0,12.3355 = 228274,20 nB
CH =630.0,9.0,08.4015 = 182120,24 nB
Benuko:  410394,60 nB

U3BoAa: Axo ce peanusipa pexum Ha eaHOBPEMeHHa
paboTa Ha ABa NoMneHu arperata (paboTeH 1 pesepseH), kaTo
Bceku paboTu Ha CamocTosITENeH HanopeH Tpbbonpoeog e
Bb3MOXHO 1a Ce W3KMtoun paboTaTa Ha nomneHa ypeabda npes
BbpxoBaTa  TapudHa  30Ha,  KOraTo  LeHatTa  Ha
€NeKTPOeHEPrUSITa € Hail — BIUCOKa.

VikoHOMMYECKUAT epekT Npu TO3M pexum Ha paboTa e bbae:
AC=467712,60 — 410394,60 = 57318,0 nie.

6. OnpegensHe Ha ycnoBusTa 3a pabota U Ha
pasxogute 3a BOAOOT/IMB NpPU PEXUM Ha egHoO-
KpaTHO M3NOMNBaHe Ha BOAATa B e4Ha CMsiHa

3a peanuanpaHeTo Ha pPexuM 3a e[HOKPATHO M3NOMMBaHe
Ha Bogata OT [MaBHMS BOAOCOOPHWK Ha emuH MOA3eMeH
PYOHVK B rpaHULMTE Ha €AHa CMsiHa e Heobxoaumo aa 6baart
PEeLUEHN CReHUTE 3ahaum:

- Onpe,qenﬂHe obemMa Ha rnaBHus BOﬂOCGOpHVIK B
NoA3EMHUA PYAHUK NPU PEXUM Ha €JHOKPAaTHO U3NOMMBaHe Ha
BOAata B e4Ha CMAHa.

- OnpeaenﬂHe Npou3BOANTENHOCTTA Ha rMaBHa nomMmneHa
ypep,6a npwn pexum Ha eqHOKpPaTHO U3nomneaHe Ha BoJaTa B
€[Ha CMAHa

- OnpepensiHe Tuna 1 Gpost Ha napanenHo paGoTelum
MOMMK, OCUTYPsIBALLM PEXUM Ha €LHOKPATHO M3NOMMBaHe Ha
BOJATA B €7Ha CMsiHa.

6.1. OnpepensHe o6ema Ha BOAOCOOPHUKA NPU PeXUM Ha
e[HOKpaTHO U3NoMnBaHe B eAHa cMsiHa (Ba3oB BapuaHT)

CwrnacHo un. 499 Ha ,MpaBunHuk no 6e3onacHOCT Ha Tpyaa
npu paspaboTBaHe Ha pyoHW W HEpyOHW Haxoguwa mno
nog3eMeH HauuH BMECTUMOCTTA Ha BOZOCOOpPHMUMTE Ha
rMaBHWs BOJOOTNMB TpsibBa [ga ObAe M34MCneH Ha
€[HOCMEHEH HOpManeH NpWTOK Ha Boda, T.e. aKko
NPOLbIKATENHOCTTA Ha efHa cmsHa e tcm = 8 vaca, a
HOpMaIHWs BOZONPUTOK Mo 3agaHue e QHop = 220 m3/yac, To

Ve =t .Q,, =8.220=1760 m’

BapmaHT 3a €AHOKpPaTHO M3nomneaHe

Mpu pexum Ha edHOKpaTHO W3NOMMBaHe Ce npuema, ue
BOfaTa BbB BOJOCOOPHMKa TpsibBa fa ce uanomna 3a Bpeme t
= 6,5 vaca. pu TOBa ycnosue 0b6eMbT Ha BOZOCOOPHMKA
TpsibBa [a akymynupa HOpManHWsi BOAOMPUTOK MUHUMYM 33
17,5 vaca (24 - 6,5=17,5), T.e.

V3 =17,5Q,,, =17,5.220 = 3850 m’

HOp
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3a ocurypsiBaHe Ha M3BECTEH pe3epsB Lie ce npueme obema
Ha BogocOopHMKa aa Obae mn3umncneH 3a 20 YacoB HopmarneH
BOLONPMTOK, NPU KOETO LLe Ce Nomyum

V8, =20.Q,,, = 20.220 = 4400 m’

HOp

Obema Ha BogoCHhopHUKa LLe Ce yBenuyara KakTo cnefsa:
AV =V V% = 4400 — 1760 = 2640 m’

6.2. OnpegensiHe nNPOM3BOAMTENHOCTTA Ha MOMMeEHa
ypeaba npu pexum Ha eQHOKPaTHO U3NOMNBaHe

220 mh.
24. QHop

HopmanHuaTr 4acos Bogonputok e Q
[eHoHowWwHMs BogonpuTok e 6bae QdeH
24.220 = 5280 m?

HeobxoaumaTta npon3BOAMTENHOCT Ha nomneHaTta ypenba
LLe ce OMpeaens oT YCrnoBneTo
6,5.Qny = 24. QHop = 5280 m3
Q,,, 5280

— =812m’/h
t 6,5

nm Qg =

6.3. OnpepensiHe Tvna u 6pos Ha napanenHo paboTewuTe
NOMNM NPU PEXMM Ha eAHOKPATHO M3NOMNBaHe

Pasrmegat ce  cnegHuTe  Bb3MOXHM BapuWaHtM 3a
ob3aBexpaHe Ha nomneHa ypegba C MOMMeHW arperaty
(nomna + ABuraten), ocCurypsBal  Bb3MOXHOCT 33
€0HOKPAaTHO M3NoMMBaHe Ha BoAaTa BbB BOAOCOOPHHMKA.

Bapuaxm 3: WanonseaHe camo Ha egHOTUMHU NOMNK, KaKTo
Mpyu 6a30BMS BapUaHT.

BapuaHm 4: [JonbneaHe Ha 6a30B0TO 063aBexaaHe C eavH,
Nno — BUCOKONPOM3BOAUTENEH NOMMNEH arperar.

Bapuanm 5: ObsaBexpgaHe Ha nomneHa ypeaba C HOBW
rnomneHu arperary.

3a BCEKM eauH 0T Bb3MOXHUTE BapunaHT ce M3nbliHABAT
HeobxogumuTe NPOBEPOBBYHU N3YNCIIEHNA.

6.3.1.0npedensiHe 6posi Ha nNoMneHume azpezamu 3a
Bapuanm 3:

Heobxoaumus Gpolt napanenHo paboTelun nomnu OT Tuna
npw 6a3oBKs Mogen Le 6bae:

= Q—k’;’y _B12.30 3,076 Gpos
Q. 264
Kbgeto  Qm= 81230 m¥h -  Heobxogumarta

NPOM3BOAMTENHOCT Ha NoOMneHaTa ypepba, C KosTO ce
ocurypsiBa efHoKpaTeH BogooTnmB 3a t = 6,5 vaca;

QBna = 264 m3/h — NpoM3BOANTENHOCT Ha MOMMEH arperar oT
TMna Ha 6a30B0TO 063aBexaaHe.

U3Boa: 3a u3non3saHe caMo Ha eAHOTUMHM MOMMM, KAKTO
npu 6a30BoTO 063aBeXaaHe M 3a ocUrypsiBaHe Heobxoaumata
NPOM3BOAMTENHOCT Ha nomneHaTta ypeaba e Heobxogumo fa
ce ocurypu napanenHa paborta Ha 3 6post nomneHu arperata
OT Tuna Ha 6a30BWsi BapUaHT.

Heobxoammo ob3aBexpaaHe Ha NoOMMeHa kamepa Ha rraBHa
BOLOOTNMBHA ypeaba 3a eHOKPaTHO M3NOMMBAHE:
3 6post nomnm B napanenHa pabota
1 Bpont peseps
1 Bpon B peMOHT



6.3.1.1.  [posepka
mps6onposodu

ce4yeHuemo Ha HanopHume

LLe ce npueme cregHust pexum Ha pabota Ha NOMMeHUTe
arperaTu:

2 6post nomneHu arperata e paboTtaT B napanen Ha eauH
HanopeH TpvbonpoBos;

1 Gpoit NoMneH arperat Lie paboTy Ha Pe3epBHUS HaMopeH
TpbbONpoBoA.
6.3.1.2. M3yucnumenHa npoeepka 3a 8b3MOXHOCMMA Ha
cbujecmeyeaujusi HanopeH mpbL6onpoeod da pabomsim e
napanen 0ea noMneHu azpe2ama

BbTpelwHus avameTbp Ha HanopHWs TpbOompoBop ce
onpegens no dopmynara

d"" = 0,0188 /"’Q—"A
vH

, Kb1eTO N = 2 — 6poit Ha NapanenHo paboTeLuTe NOMNK;
Qna= 300 m3/h — npon3BOANUTENHOCT HA €AMH NOMMEH arperar;
V= 3 m/s — ponyctuma CKOpoCT Ha BofaTa B HamopHus
TpbbonpoBof.

Kato ce 3ameCTsT uuCneHWTe CTOMHOCTM B ropHaTa
topmyna ce nonyyasa
2.300

——=0,0188.14,14=0,265 m

dr" =0,0188
3,0

B npoueca Ha ekcnnoatauusi BbTPELIHUS AMAMETHP Ha
TpbbONpPOBOAA Lie Ce HamansBa B pesynTaT Ha MonensaHus
Mo CTeHuTe.

C otuaTaHe Ha TO3M npouec wn3bMpame CTOMaHeHM
GesweBHu ropelyoBanyoBaHu Tpbbu ot ctomaHa CT. 4 cbe
CMEJHMTE TEXHUYECKM AaHHN:
dHang= 305 mm — BbTPELLEH AMaMeTbp Ha TpbOONPOBOAE;
dHang, = 325 mm — BLHILEH AMaMeTbp Ha TpBOOMPOBOAa;

6 = 10 mm - pebenuHa Ha cTeHaTa Ha TpbbaTa;
q = 77,68 kg/m — nnHeliHo Terno Ha TpbbarTa;
p == 65 atm — ponycTmo paboTHO HansraHe Ha Tpbbarta.

lMonyyeHuaT pesynTaT nokasea, Ye HanopHus TpboonpoBoa
npu 6asoBata nomneHa ypegba ocurypsea ycnosus 3a
HopmarHa paboTa Ha [jBa NoMneHu arperata.

6.3.2.0npedensiHe Ha 6posi Ha NoMNeHUMe azpe2amu npu
Bapuaxm 4:
[ombnBaHe Ha 6a30B0TO 063aBeXAaHe C eayH No — MOLLEH
nomneH arperat
Ot cnpaBoyHuka Ha MMonos B. M. (ctp. 62, Tabn. 2.6)
n3bupame MOMMEH arperaT CbC CheaHaTa TexHUYecka
XapaKTepUCTUKa:
Qn = 500 m3/h — NpoM3BOAMTENHOCT Ha NOMNaATa;
H =480 m — nanop;
P = 1000 kW — MOLLHOCT Ha 3afBWXBaLL/s ABUraTeN;
nw =73 % - K.n.a. Ha nomnaTa;
n=1450s".
3a ocurypsiaHe HeobxogumaTa MPOM3BOAWTENHOCT Ha
nomneHata ypezba Tpsbsa ga paboTAT eHOBPEMEHHO (He B
naparnen) 4Ba NomneHxu arperara;
1 6poi nomneH arperat ¢ npousBoanTenHoct Q,= 318 m3/h,
1 Bpoit nomneH arperat ¢ npousBoauTenHocT Qn = 500 m/h,
OpraHusauust Ha paboTaTa Ha nomneHuTe arperati: Besika
nomna e paboTh Ha camocTosITENEH HanopeH TpHOONPOBOA.
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WauncrutenHata npoBepka Ha TpbbOOMpoBOAMTE HE €
Heobxoamma, Tbit KaTo ca u3bpaHu npu ycnosneto: 2. Qn
2.300> Qn =500 m%h

Twi1 kaTo BCAKA Nomna B paboTa U3MCKBa OCUrYPSBAHETO Ha
pesepBHa Momna 1 Momna B PEMOHT, TO 3a BapuaHT 2 e
Heobxoammo fa ce 4ocTaBaT 3 Opos HOBW MOMMeEHW arperata
1 u3nonasaHe Ha 3 — Te 6pos 6a30BM NOMNEHu arperara.

3a HoBuTe momneHwn arperata Tpsibea ga ce m3bepe HOBO
ob3aBexpaHe:

CMnoB 3axpaHBaly kaben — 2 6post
BMCOKOBOMNTOB NpekbCcBaY — 2 6post

6.3.3.0npedensHe 6posi u muna Ha noMneHume azpe2amu
npu BapuaHm 5: o63aeexdaHe Ha nomneHama ypedba c
HO8U NoMneHu azpezamu

Mpuema ce ob3aBexpaHe Ha nomneHata ypeaba ¢ YeTupu
Opos nmomneHu arperata CbC CNEOHWUTE  TEXHWUYECKM
XapaKTEPUCTUKK:

Qn = 500 m3h — npom3BOANTENHOCT Ha NOMNaTa;

H = 480 m — Hanop;

P = 1000 kW — MOLHOCT Ha 3aaBWKBALLMS ABUrATEN;
nn=73%-kK.Nn.0. Hanomnara;

Opranusauusi Ha paboTa Ha nomneHarta ypeaba

EnHoBpemeHHa paboTa Ha ABa MOMMeHW arperata, KaTo
BCEKM MOMMeH arperaT paboTu Ha CaMOCTOSITENeH HamopeH
TpBbONpPOBOA.

W3uncnuTenHa npoBepka 3a ceveHneTo Ha TpbbonposoanTe
He e HeobxoanMo.

3a HoBWUTe MOMMEHM arperatn e Heobxoguma CMsiHA Ha
CUIOBMTE 3axpaHBalM kabemu W Ha BUCOKOBONTOBUTE
npekbcBauM 3a YMpaBreHWe Ha HOBUTE [JBUraTenu Ha
nomnuTe.

LLle ce focTaBaT YeTUpy Opos NOMMEHN arperaTu:

2 6posi 3a eaHOBpeMeHHa paboTa;

1 Bpoit B pe3eps;
1 6poit B pEMOHT.

Mopagu no — roremute pasMepy Ha HOBUTE MOMMEHU
arperaTi e HeobXoaMMO [a ce pasLuMpy nomneHaTta kamepa u
[a ce NOCTPOAT HOBW (hyHOAMEHTU 3a MOMMEHMTE arperaTu.

OnpenensHe Ha BPEMETO 3a €OHOKPATHO W3MOMMBaHE Ha
BOfaTa BbB BOLOCOOPHYKA NpK BapuaHT 5:

t= VBCE = vBCB = 5280 =5 28h
Q,, 2Q,, 2500

7. CpaBHMTENHA OLIEHKa Ha pa3xoauTe 3a BOAo-
OTNMB No BapuaHT 1 u BapuaHT 5 (Tabnuua 9)

Tabnmua 9. CpasHumenHa mabnuya Ha pa3xodume 3a
godoomysug no gapuaHm 1 u eapuaHm 5

Ne | EnemeHtn Ha | BapuaHt 1 BapuaHT 5 +/-
pasxoguTe nB nB ne
1. | Pasxogm  3a | 1093679,89 | 516651,93
BOJOOTNMB  3a
e[Ha rogvHa
2. | Pasxomu 3 | - 567750,0
HOBO
KanuTanHo
CTPOUTENCTBO
Bewmuko : | 1093679,89 | 1084401 +9277,96




U3e00u:; BapuaHT 5, u3nonssaly pexum Ha eaHOKPATHO
U3NOMNBaHe B e€fHa CMfHA Ce OKa3Ba W3KITIOYUTENHO
eheKTUBEH pexumM Ha paboTa Ha rmaBHa BO4OOTNMBHA ypeaba
Ha NoA3eMeH PyAHMK.

OCHOBHM M3TOYHMLM 3a (hopMMpaHe MKOHOMUYECKUS epekT

Ha TO3W PEXWM Ce ABABaT:
1. 3a [EHOHOLHMS BOLOOTNNB Ha MOA3EMHUS PYOHMK

Ce 13Mnon3Ba CaMo ENEKTPOEHEPTUS C Hall — HuUcka
Tapudpa (npes Ill cmsHa).
CobkpallaBat ce pasxogute 3a ®P3, TpaHCnopTHM
pasxoau, [OOMbAHMTENHM  pasxogn 3a  OP3,
amopTH3aLMM U eNEKTPOEHEPr st 3a CriomaraTesiHu
enekTpokoHcymatopu 3a | n Il cmsHa 3a epHa
roanHa.
Pa3xogute 3a HOBO KanuTamHO CTPOMTENCTBO C€
Bb3BPBLLAT CaMO 3a efiHa roamHa ¢ nevanba ot 9277
B, KOETO € OLLEe €AHO [0KA3aTEeNCTBO 3a NpeanMcT-

lMpenopbyaHa 3a nybnukysaHe OT
Kateppa “EnektpudmkaLus Ha MUHHOTO npou3soacTeo”, MEM®
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BaTa Ha BapuaHT 5 3a BOOOOTNMB HAa MOA3EMEH
PYOHUK.

NuTepatypa

1. Hapenba Ne 3 3a yCTpOACTBOTO Ha eneKkTpuieckuTe ypeaom
1 enekTponpoBOAHWUTE NHMKM, obHapoaBsaHa B [IB, 6p. 90
191012004 r.

2. MNpasunuuk no besonacHocTTa Ha Tpyaa npu paspaboTBaHe
Ha PYOHU M HEPYOHM HaxogMiia Mo nogsemeH HauwH (B -
01-02-04), ON “TexHuka”, Cocpus, 1972,

3. MMpaeunHuk no 6esonacHoCT Ha Tpyga B MOA3EMHWTE
BBINLWHKM pyaHuupm (B-01-01-01).1992.

4. Pewenne Ne Ll — 002 ot 29.03.2002 r. Ha [bpxaBHaTa
KOMUCUS 32 EHEPTUIHO perynupaxe
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OATYUK 3A NUHEAHO NPEMECTBAHE

CHextaHa CmosiHosa

Munto-2eonoxku yHusepcumem "Cs. MeaH Puncku”, 1700 Cogpus, E-mail: Stoyanova_8000@yahoo.com

PE3IOME: OnucaH e npeoBpasysaTen CbC CPABHUTENHO NPOCTa KOHCTPYKLMS C ABE MOMOXUTENHN kayecTea. MbpBo, OCUrypsiBa NiuHeiHaTa 3asucumoct Umax = KX,
KbIETO X & MPEMECTBAHETO Ha apMaTypaTa 1 BTOPO — Cb3[jaBa He3HAuYNTENEH CbMPOTUBMTENEH MOMEHT MPU NPEMECTBAHETO CH, KATO M0 TO3M HAUMH HE YNpaxHABa

BMNsIHUE BbPXY M3MEpBaHETO Ha NPEMECTBAHETO Ha M3cnesBaHus 0bexT.

Kniouosu AYMU: CeHcop, NWHENHO NpeMecTBaHe, 6y6MHa Ha Xernmxonu, HanpexeHue, MarHuTHa UHOYKUMA

SENSOR FOR LINEAR MOVING
Snejana Stoyanova

University of Mining and Geology "St. Ivan Rilski”, 1700 Sofia, E-mail: Stoyanova_8000@yahoo.com

Abstract: A transducer with comparatively simple construction that has two positive qualities is described. Firstly it ensures linear dependence Umax = kX, where x is
the moving of the armature and secondly - it creates insignificant resistance moment under its moving, that is way it does not exercise influence on the measure of

the investigated object moving.

Key words: sensor, linear moving, Helmholtz's coil, voltage, magnetic inductance.

B Hskou cnyyau ce Harmara fga Ce M3cCriefBa OMUTHO
ABWKEHMETO Ha KoTBaTa MpW PasnuyHW eneKTPOMArHUTHN
MexaHuamu. 3a Aa ce ocuunorpadupa 3akoHa Ha [BIXeEHWe
Ce M3nonseaT pasnuyHu npeobpasyBaTenu ,MpemMecTBaHe -
HanpexeHue’. TakuBa ca Hanpumep MOTEHLMOMETPUYHM,
WHLOYKTUBHW, TEH3OMETPUYHMW, KamauuTUBHU M UHAYKTUBHO-
KanauuTUBHM WNM BMXPOBOTOKOB AaTumk[2][5][6]. B apyru
cryyau ce npegnarat npeobpasyBaTenu, Npu KOMTO mnpe-
MeCTBaHeTo ce npeobpasyBa B MHAYKTWBHOCT W B3aWMHa WH-
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h
V4

v

b2

¢ur.1 MpuHUMNHa cxema Ha AaTUMK 3a NMUHENHO NpemMecTBaHe

B®
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BYKTUBHOCT Ha [Be BOBWHM, KAaKTO 1 C OTCEYKOB NMHEan13aTop
3a NMoByLLIaBaHe TOYHOCTTa Ha npeobpasysatens[2][3].

MocTaHoBKa Ha BbMpoca. 3apaum 3a peliaBaHe

MpuHUMNHA cxema Ha [aTyuk 3@ NMHEMHO NpeMecTBaHe €
nokasata Ha cur.1.

A

A 4

B®
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JlaT4nKBbT ce CheToM OT:
- [Be e[HaKBM NpaBObIbIHM 606UHYM b1 1 B2;
- obuwa oc Ha BbpTeHe O;
- nocT.

bobuHnte b1 1 b2 ca 3akpeneHn nog npas brbn 3a obuiata
oc Ha BbpTeHe O. Te ca pa3nofioXeHN B XOMOTEHHO MarHUTHO
nore, Cb3gafeHo Hanpumep OT ABonka 606MHM Ha Xenmxonu,
HenokasaHu Ha durypata[1][4]. MarHutHaTa wWHAyKUMA ce
M3MeHs No CuHycoupaneH 3akoH. BobuHute ca cBbp3aHu
NPOTMBOMOCOYHO, CbrmacHo cur.2. Obwumte UM 13BOAM ce
nofAaBaT KbM UMMyFCeH ocuunorpad.
P *

b1
KbM UMnynceH ocumnorpad

b

¢ur.2 Cebp3BaHe Ha 606uHUTe b, n b,

— ]

OT JaTYHKa

(1)ur.3 Ycunsaxe u ABYNbTHO U3NpaBAHe Ha U3XoaALwWmnsa curHan

OcBeH TOBa, Npu u3cnedBaHe Ha 3apaboTBAHETO Ha
eﬂeKTpOMaFHVITeH MeXaHW3bM, BeENNYMHaTa X HapaCTBa
MOHOTHHO. ToBa NMo3BONSIBA Aa Ce paswupu 4 obxeaTa Ha
ocuunorpacupaHe no octa X, kato ce perucTpupar aga unu
TpU Nepuoda Ha pasrbBKa B XOPWU3OHTanHa nocoka. B
pesyrTat ce nonyyasa ocuunorpama ot Buaa Ha ur.4.
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B wn3xogHo nonoxeHne 606MHUTE ca  pa3noNOXeHU
CUMETPUYHO CrPSIMO XOPU3OHTaNHaTa paBHMHA W Hanpexe-
HMeTO Ha obwwute wu3Bogn e Hyna. [pu nopaBaHe Ha
npemecTBaHe X OT AONY Ha rope BbPXy f0CTa BMSIBO OT OCTa
O, MarHuTHMAT NOTOK npe3 ropHata 6obuHa b1 Hamansea, a
npe3 gonHata b2 ce ysenuyasa. CneposaTenHo 6anaHcsT ce
HapylLaBa W Ha U3BOAMTE Ce MOoNyYaBa HanpexeHue.

EﬂeMeHTapeH MaTeMaTU4eckn aHanm3 nokassa, Ye ako x <

0,1R, amnnuTyaaTa Ha U3X0oAsLL0TO HanpexeHue ce onpeaens
OT 13pa3sa:

U’r{mx :‘V{.E/Bm wI“'r, Umax:‘\'{ile w X,

KbOeTo Bm — amnnutyaara Ha nHayKunAaTa;
W - KpbrosaTa 4yecToTa;
X — NINHENHOTO NPEMECTBaHE.

YcunBaHe un ABYNBbTHO U3npaBaHe Ha N3Xoadawwma CUrHan:
3a pa ce nonyuu no - fobpo M3non3BaHe Ha ekpaHa Ha

ocuunorpaca no octa Y e yMecTHO U3XOAALLMAT CUrHan aa ce

ycunu W fa Ce W3npaBW ABYMbTHO CbracHo  ¢our.3:

KbM aKTHBHHA BXOJT Ha
OCIHIIOCKOITA

100 K

JombnHuTenHo yaobCcTeo TyK €, Ye MalabbT Ha BPEMETO €
3afjafeH no yectotata w, a MawabbT Ha Y ce onpegens
CbLUO HE3aBMCHMMO OT OCLMIOCKONA, Thl KaTo MakcuManHara
CTOMHOCT Ha X, Xmax € W3MECTEHa W paBHa Ha Bb3AyllHaTa
MexXauHa (MbTs, KOWTO M3MUHABA NOABWXKHATA YacT).



Xmax

v

¢ur.4 Ocumnorpama (MOHOTOHHO HapacTBaHe Ha BENMYMHATA X) - pa3rbBKa B XOPU3OHTamNHa NOCoKa

3aknioyeHue:

lMpeanoxeH e enekTpoMarHUTEH JaTuuk 3a npeobpasyBaHe
Ha Malku npemectBaHua B amnnuTyda Ha CUHycouaanHua
curHan. ToW e npegHasHadyeH 3a ocuunorpadupaHe Ha
npoueca Ha npuasuMxeaHe Ha KOTBaTa Ha pasnnyHn
€NEKTPOMarHUTHN MexaHusmm 1 mMoxe Aa Obde M3non3saH
Npu ONMWTHO W3crefBaHe Ha HSKOM MPEXodHU MpoLecu B
€NeKTPOMarHuTHUTE MexaHusmu. MMpegnuMcTBO Ha Jatyuka e
He3HauuTenHata My Maca W npakTuyeckata nunca Ha
CbNPOTUBUTENHO YCWUnne npun ABMXeHUe NOABMXKHUTE HacCTu.

lMpenoptyaHa 3a nybnukysaHe ot
KaTegpa “Enektpucukanms Ha MMHHOTO npou3soacTeo”’, MEM®
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E®EKTUBHOCT HA 3ALLUUTUTE OT YTEYKA IO TOKA C HYJIEBA
NOCNEAQOBATENHOCT B CUCTEMWUTE C U3ONUPAHA HEYTPAIA

Cmecparn YobaHos

CMC-C EOQL, 2070 NMupdon

PE3IOME. AHanuaupa ce 4yBCTBMTENHOCTTa Ha 3alyuTUTE OT yTeuka MO TOKa C Hyneea nocreposaTenHocT B IT cuctemute € M30NMpaH 3BE3EH LEHTHP Ha
TpaHcthopmaTopa. [lokassa Ce Bb3MOXHOCTTA 3a MPUNOKEHNETO UM KaTo CENEKTUBHM 3aLLuTy 3a KpaiHuTe kKoHcymaTopu npu netnposoaruTe (3P+N+PE) cuctemn.

EFFECTIVENESS OF PROTECTIONS AGAINST LEAKAGE ON CURRENT WITH ZERO SEQUENCE IN SYSTEMS HAVING

INSULATED NEUTRAL
Stefan Chobanov
CMC-C Electrical engineering

ABSTRACT. There is analyzed the sensitiveness of the protections against leakage of current with zero sequence in IT systems, having insulated star center of the
transformer. The possibility for their implementation as selective protections for the final consumers in five-conducting (3P+N+PE) systems has been proved.

3awmTaTa OT yTeukW, YyBCTBUTENHA KbM TOKOBE C HyneBa
nocneaoBaTenHocT, HapudyaHa 4ecto [leekTHO — TOKOBa
sawmuta (OT3) € CbliecTBEH eneMeHT B 3alWTHOTO
WU3KMKouBaHe, NpeanasBaLlo OT AMPEKTEH U MHAMPEKTEH Aonup
B cUCTeMuTe 3a HuUcko HanpexeHue (HH) cbc 3asemeHa
Heytpana (TN-S). Mogxogawo nogbpaHu no YyBCTBUTENHOCT
u 6bp3ogencTame Te NO3BONABAT Aa Ce U3rpaan eekTuBHa 1
CenekTMBHA 3alyWTa, rapaHTMpalja BWCOKa CTENeH Ha
6e30MacHOCT W HaAeX/aHOCT.

3awutute, pearvpallM Ha TOKa C HyneBa mnocnefoBa-
TENHOCT, reHepupaH Npy YTEYKM, CE CYUTAT 3a HEMPUIOXUMM
UMK He NOLXOASAWM B cucTeMUTE € n3onupaHa Heytpana (IT) [
1,2,6,7 ]. ToBa CTaHOBWLYe M3rpageHo 3a TpudasHute 3P+PE
CMCTEMM 1 OCHOBAHWETO 3a TOBA Ca CNEAHUTE:

1. l'|yBCTBVIT€‘J'IHOCTTa Ha 3aluMtata 3aBuCh OT HEHOTO

MPOCTPAHCTBEHO  PA3NOJIOXEHME  CMPSAMO  M3TOYHMKA
(dowr. 1.
MY LS
MO
Y
Iy*
Y+ Y2' Ya' ¥Yi" YY"
W Iy
®ur.1
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TokbT Ha yreuka [/, B egHa oT cpasuTe 3atBaps npes
W30NaLMOHHITE NPOBOANUMOCTM Ha [pYruTe ABE (hasn CrpsiMo
\A

nposognuMocTuTe YZ,Y3 npean 4YyBCTBUTEITHUA E€MEMEHT -

3emMd: efHa 4YaCT OT Hero ce 3artBapa npes

cymupalums TpaHccopmatop ST, a gpyrata yact I; ce

3aTBaps Npe3 NpoBOAMMOCTUTE YZH,YSH cnep ST.

TokwT 1 y npepm3sukea aebananc B ST, 3awoTo npes ST He
npoTUYaT HeroBuTe CbCTaBku B L2 1 L3, a camo B L1. TokbT
Iy KOWTO nMpemuHaBa npe3 L1 He npegwseukea pebanaHc,
3aLL0To HeroBuTe CbCTasku Npes L2 u Ls , ce cymupart ¢ Hero B

STu ZI;I.:O.

Taka ako sawutara (ST) e pa3nonoxeHa HenocpeacTBEHO
[0 3axpaHBalyns TpaHcdopmaTop Tp, T9 We UMa Hynesa
uyscTBuTENHOCT. C OTAaneyaBaHe ot Tp, C HapacTBaHe Ha
NpoBOAMMOCTTA Ha u3onauusta npeaun ST, YyBCTBUTENHOCTTA
LLie HapacTBa.

2. 3awutata e uyBCTBMTENHA M KbM TOKOBE C HyreBsa
nocrneoBaTeNHOCT, KOUTO MOXE [a Ce reHepupat npu
ackMeTpusi B 3aXpaHBALLOTO HanpexeHue B HaToBap-
BaHETO Ha OTAENHMTE hasu W MpK BUCLIM XapMOHWLM B
Toka. Toan npobnem He TpsibBa fga ce npeHebpersa,
0cobEHO MpM M3NON3BaHE Ha YYBCTBUTEMHU 3aliuUTM OT

porup ¢ Al =25mA. B Toan cnyuait He ca
M3KTIOYEHI U TTHXNMBY U3KMIOYBAHNS.



3. Kato cbliecTBeH HefocTaTbk Ha 3alutata OT YTEYKw,
UyBCTBMTEMHA KbM TOKOBE C HyreBa MocnefoBaTenHocT
ce mocoyBa OOCTOATENCTBOTO, Y€ He pearnpa Ha
CUMETPUYHO HapacTBaHe Ha n3onauuoHHata
npoOBOAMMOCT. Ha npakTuka eJHOBPEMEHHO 1 CUMETPUYHO
HamansiBaHe Ha u3onauwsTa Ha Tpute hasn efsa nu e
Bb3MOXHO. Brnpouem T031 npobnem ce oTHacst 1 3a TN-S
cucTemarta, Ho Mpu aHanuauTe He ce TpeTupa.

TouyHOCTTa M3MCKBA Aa Ce noayepTae, Ye 3awutute OT
yteukn 3a IT cuctemu, KOWTO W3non3BaT OnNepaTUBHO
HanpexeHWe, pearmpaTt M Ha CUMETPUYHO W3MEHEHMEe Ha
“3onaLmoHHaTa NPOBOAMMOCT (CbNPOTUBIEHNE).

WMHTepeCbT  KbM  3alMTUTE  OT  TOKOBU  YTEYKM,
MOEHTUULMPaHKN Ypes TOKOBE C HyneBa NoCneaoBaTeNHOCT 1
TAXHaTa npeoueHka 3a IT cuctemuTe ca NpOBOKMpaHU OT
ngesTa 3a MpUNOXeHue B PYOHAUMTE Ha METNPOBOJHMTE
mpexu (3P+N+PE) ¢ wn3onupaHa Heytpama [ 1 ]. B Tasm
cucTeMa MOXE [a Ce eNWMMHMpa YyBCTBUTENHOCTTA Ha
3awmutute cbc ST, CnpsMO  TOKOBETE C  HyneBsa
NOCNeAOBaTENHOCT  FEHEpUpaHu OT  acuMeTpusitTa  BbB
(hasHMTE TOKOBE MI OT BUCLUM XapMOHULW (T.2). [ocTaTbuHo
ycrnosie 3a ToBa € U N npoBogHuKbT ga ce obxeaHe OT
cymupalyms Tpanccopmartop ST (cur.2).

YL
[ _ -

Yo' | Yy Y2 Ys' , Yo'l | Yo"l | V2" | Ys"

®ur.2

Mpw ToBa

i1+i2+|.3+iN:O (1)

kaTo npe3 N NpoBOAHYKA LLe NpoTUYa TOK
IN:—(I1+|2+I3JZAI (2)

KoMneHcupaly acumeTpusita B Toute Toka 11, 12,13

Taka ce OTCTpaHsBAT JTLXNMBUTE U3KIIOYBAHMUS W B Hail-
UYBCTBMTENHWUTE 3aLUMTM, KOUTO B CENEKTUBHO U3rpageHnTe
CUCTEMM Ce Npunarat kaTo NepudepHm T.€. 3a OTAANEYEHUTE
KOHCymaTopu. A B Te3n 30HM, NOCOYEHUs HeJoCTaTbKk B T.1 €
npeHebpexum, 0coBEHO ako MOXe KONMYECTBEHO TOBA Ja
6bae oueHeHo.

npOBOﬂI/IMOCTTa Ha u3onauyuarta Y W HelHuTe CbCTaBKM —
aKTMBHa g U KanaluTUBHA 6. B aHanusute ce Bbanpuemart

KaTo CbCPefoTOYEeHa, B CbLIHOCT Ca pasnpedeneHn Mo
[bIDKMHATA Ha MpexXaTa .

Y =g+6, =y,L=(g, + WC, )L

KbeTo:
g, n C, ca cboTBETHO aKTvBHA MPOBOAMMOCT U KanauuTeTa

3a 1 gbmkuHa (Hanp. km), cnpsmo 3ems,

L - pgbmkudata Ha kaBena, 3a KOATO Ce OLEHsBa
NPOBOAMMOCTTa CMPAIMO 3eMsl, km

KaI'IaLl'VITeTbT Co 3aBWCY OT TUMA M CEYEHMETO Ha kabena u

€ CYMETPUYeH CrpsiMo 3emsi. ToBa € [JOCTaTb4yHO OCHOBaHME
Aa ce npeHebperHe npu aHanu3a Ha 3awuTtata OT TOKOBM
YTEUKM CbC cymmpaly, TpaHcdopmatop ST, Tbit kaTo cymata ot
TOKOBETE OT KamauuTWBHaTa CbCTaBKa HA NPOBOAMMOCTTA €
Hyna, a TOKbT OT Kamauuteta Ha N npoBogHuka e
NPeHebpexMMo MasTbk Mo ABE MPUUYMHU — HAMPEXEHUETo €
Manko, a CEeYEeHWETO My e MOHe C efHa CTeneH Mo-Marko
CMPSIMO CEYEHMETO Ha pasHMTE NPOBOSHMLM.

Taka ¢ focTaTb4Ha TOYHOCT MOXe Aa NMPUEMEM 3a KOHKPETHS
aHanus, ve:

Y, = g =g,L; (3)
OsHavaBalkn [ObIDKMHUTE Ha Mpexarta: OT Cymmpallus

Tparccpopmatop ST Ao cunosws Tparcdpopmatop T ¢ L', a

or ST pno nocneawns (kpaeH) KkoWcymatop ¢ L" |
NPOBOAMMOCTUTE e 61aT CbOTBETHO

YI — gOL/
Y” — goL”

(4)

Mpu yTeuka B efHa oT pasute (ur.2), B CNPSMO cryyas ot
’

L1, TOKbT Ha yTeuka Iy We uma aBe CbCTaBHU: EgHaTa |y ,

n

KosTO ce 3aTBaps npe3 nposoaumocTute Y ' 1 BTOpaTa |y -

npes nposoaumoctTa Y "

! o

L] L]
I y = I y + I y
1
TpaHcdopmatopsbT ST Lie cymupa Iy u |y , T.6. MarHuTHUs
NoTOK B TOpouaa Lie ce hopmupa ot

° e . . ” . n . n
ly—ly =ly=| Iy, +1y, +1w |#0 (5)
!
CncraBHaTa |y llle ce 3atBopu npe3 usonauyuuTe Ha
mpexara B 3oHata L', 6e3 aa npemure npes ST.
o’
Il
CJ'Ie,El,OBaTerIHO, OT CbOTHOLLUEHNETO — Le 3aBucu rone-
Il
MVHaTa Ha cymapHus Tok B ST, T.e. Toka lp B M3KMKOYBaATENHMS

enementn UE. Ao 1'=0, 710 ,zf(L’jzo.
P Iu



CriefoBaTeNHo 3aluuTaTa HeMa pearupa Ha Bb3HUKHANa
yTeuKa.

- _ ARV r.,
Orwnraiikn, ve 1, =g,; I, =Y '=g,L";
15 =Y"=g,L" npn Y'=Y"
TOKbT Npe3 peneTo MoXe Aa ce 3anuiue ¢ popmynara:

KbZeTo Ke LLie HA30BEM KOeULMEHT Ha edheKTUBHOCT

ako, ST, T.e. peneTo OT YTEYKM Ce Hamupa B cpefaTa Ha
mpexara, npu koeto L' = L":

ToBa € Taka, 3aworo |7 =17, a npes ST HekomnercvpaH

lie OCTaHe CaMO CbCTaBHaTa |fv :0,5|y, a l,'v’ e ce

KOMMEHCUpa 13Lsrno.

KoeduumeHTbT Ha ecbekTHBHOCT B (6) npescTaenssa

1 XapaKTepu3upa KakBa 4acT OT TOKa Ha yTeuka npeau3Bukea
peakuus B ST.

Ako e npueta (unm u3bpaHa) 3awuTa C HacTpoWka

Al =30mA. B TN-S wmpexa , npu Tok Ha yTeuka
I, =30mA, sawwrara we ce sapeiictea, sawoto | ce
3aTBaps B KOHTypa Tp-St-Yy-PE-3ems-N-Tp.

Ho IT (3P+N+PE) cuctemata, npes ST uacT oT Toka Ha

yTeuka, I;f Ce KOMNEeHCMpa oT “BnmM3alyuTe” CbCTaBKW Ha TO3M

TOK
" " "ro_ ”. " _
PR P A Aly,ZIyi—O

KOHTYpbT 3a I;f e:

T,-S.-Y,u-Y, Y, Yy ST =T,

KOHTYpbT 3a I; e:
! ’ ’
Tp -S, -Yyl_l-Y2 VY5, Yy —Tp

’ ! ! !

!
T.e. npes ST npemmriasa camo 17, a 100,175,104, 10y
He npemuHasa npes ST.

3awmrata B obwms  cnyyan  we  pearupa

.., =1, >30mMA. T 6n pearvpana Ha Toan Tok camo

L/ — 0, 1.e. axo 151 ce Hamupa B kpas Ha Mpexara, Torasa

3a0

17 =0,L"=0, a npes ST we npemure enHonocouHo

’ o r_
camo |y,KOVITOBCJ'Iy‘-IaF|e I=1,.

KonnuecTBeHa oLieHKa 3a BAIMSHUETO Ha MPOCTPAHCTBEHOTO
pasmnonoXeHne Ha 3awpmTata, M MO0 TOYHO HA HeWHus
UYBCTBUTENEH ENEMEHT, CyMupalLms TpaHcdopMaTop MOXe
[a ce nonyuu OT nacnessaHe KoeduumeHTa Ha eeKTUBHOCT

K, =f(L"L).

CroitHocte Ha K, no (7) npu HesaBucMa NpoMeHmuBa

L, npu koxcrautHa croimoct L” € (5—1000m) s

[anasoHa Ha yncreHnTe CTOMHOCTY Ha
L’ € (5—1000m) sa nsobpaseHunTe rpadyHo C KpUBMTE
Ha ur.3.

Or nony4eHnTe KpuMBM 3a BCEKU KOHKPETEH cnyqaﬂ Ha
pa3nonoxeHue Ha pa3knoHeHne Ha 3aluTaTa C onpeneneHa c

onpefieneHa YyectauTenHocT Ha 3awmta Al , oueHn Toka

KoiATO UMa akTuBmpaLLo aevictane (Al ):

Alsa() = AIN
K

e

(8)

MpakTdyecku MoXe [a ce pewn u obpaTHaTa 3agaya. pu
HeoBxomamma  uyscTeuTenHocT Al pga ce wu3bepe

3a0’

yyBcTBUTENHOCTTA Ha amapata Al , B 3aBucumoct ot

KOH(DUrypaLMsaTa Ha Mpexata, T.e. B 3asucumoct ot L' n
L". Onpenensice K, , v ce u3bupa anapart ¢ HacTporika

Aly =Al K, ©)

npv koeTo ecrectBeHo e Al = Al

Ot aHanusa Ha koedmumMeHTa Ha edheKTUBHOCT Ha GOHa Ha
rpacuyHUTE 3aBUCUMOCTW Ha (Ur.3 ce cTura 4o WHTEepecHu
13BOAM C TEOPETUYHO U NPAKTUYECKO 3HAYEHNE.
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1. HesaBuCUMO OT ENUMUHMPAHETO Ha BNWAHWETO Ha
acumeTpuaTta, T3 3awmta OT yTeYkM M C Hynesa
nocnefoBaTenHoCT B neTnpoBogHute [T cuctemm ¢
YYBCTBUTENHOCT Al <30mA, rapaHTMpaLLm
©e30macHOCT MpU AMPEKTEH AOMWP, € MpaKTUYECKH
HEBb3MOXHA, a aKo 3awwtata € B Onm3ocT o
TpaHccopmatopa. [pu otcTosHWe, Hanpumep Ha 10-
20m., TpsibBa aa ce u3bepe ¢ 20 MbTM no-ronsma

yysctButentoct (K, = 0.05), te. Al =1.5mA, a
ako AbImKMHATa Ha kabenHata mpexa e 1000m. — ¢ 50

MbTH ok (K, =0.02),

Al =0,6mA. 3awuti ¢ TakaBa YyBCTBUTEMHOCT He

ce nponseexaar.
M3nonagaHeTo Ha 3awWuTh OT YTEYKM C TOKA Ha Hynesa

nocneposatentoct ¢ Al =50mMA  obave e

Bb3MOXHO MpW 3aluuTa Ha kpaitHu notpeGutenu. Toea

ce wniocTpupa ¢ cur. 4. Kum 3oHa L' cnapat Bonukn
kaberm n ako obwara WM JgbIkuHA e

L"=(800—-1000)m,  wuyscteutenHoctta  Ha

3alWurata Hamansea C no-manko 0T 5%, koeto
npakTU4eckn e nNpeHebpex1uMo Marnko 1 e B rpaHuumTe
Ha TOYHOCTTA.

ObocHoBaHa Ce OKka3a mpakTUyeckaTa Bb3MOXHOCT 3a
n3rpaxpgaHe Ha cenekTuBHa xvubpuaHa 3awmTa: KoHTpon
Ha u3onauuaTa W 3alWMTHO W3KIIYBAHe Ha udnata
Mpexa C KOHBEHLWOHanHa TEeXHWYecku CpeacTsa
(peneta oT yTeuka), 6asvpaHn Ha onepaTUBHO
HanpexeHWe 3a KOHTPON B KoMOMHauus C peneTta oT
YTEYKM C TOKa C Hynesa MOCMEeOBATENHOCT 3a BCEKM
noTpebuten  KOMTO  3alUMTHOTO  U3KMIOYBaHe  Ce
OCbllecTBsiBa C no-ronsmMo (2 go 5 mbTi) 6bp3o-
[ECTBUE Ha KpalHWUTE KOHCymMaTopw (en.asurateni), u
KOMTO Lie 3aMeHsaT M3NOM3BaHWTe anapatn  3a
npeaBapuTeneH KOHTPONM Ha wm3onaumusita (Bnokvpalia
peneta oT yTeuku).

no-manbk T.e.

dur.4

lMpenopbyaHa 3a nybnukysaHe OT
PepnakuuoHeH cbaeT

136

Kakto e u3BectHO ¢ 6nokupawum peneta ot yteuku (BPY)ce
u3rpaxga Taka HapeyeHaTa ‘NCeBAOCENeKTWBHA® 3aluTta oOT
YTEUKH, KOSITO MacoBoO Ce M3non3ea B pyaHuuumTe. Mpu yTeuka,
He3aBUCUMO KbE € Bb3HUKHaNa Ce M3KMYBa Lsnara Mpexa.
OTkpuBaHeTO Ha 30HaTa C yTeuka ce ugeHtuguympa ot bPY,
kouTo OnokupaT (He [onyckaT) BKMKYBAHETO Ha 30HaTa
(noTpebutens) c yTeuka, Cnea  Bb3CTaHOBSBaHe Ha
HanpexeHWeTo.

B 3akntoueHne TpsibBa ga ce nogyepTae, Ye uarpageHata no
TO3M HAuMH CenekTMBHA XubpuaHa 3awmta OT YTeuKW, He
NPOTMBOPEYN HA W3UCKBAHWSITA HA HOPMATWUBHUTE AOKYMEHTU
3a BesonacHa ekcnnoatauus Ha enekTpudeckute ypeabu B
muHnTe [3,4,5 ], a C BbBEXAAHETO W LWe Ce Hamansr
NPecTouTe OT HECENEKTUBHUTE U3KITIOYBAHUS, KaTO Ce yNecHU
OTKPMBAHETO Ha 30HaTa ¢ AedekTupanarta usonauus. Toea e

CbLUECTBEHO [AOMbIHUTENHO MPEeAMMCTBO B Mon3a  Ha
npeanaraHata cucrema 3P+N+PE 3a munute.

Nutepatypa
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c.TexHuka, 1991.
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1971

MpaBunHuk no GesonacHOCT Ha Tpyda npu paspaboTBaHe Ha
MONEe3HN M3KoNaemu no OTKPUT HaunH. TexHuka, C., 1982
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LUTENCENEHBLIE COEQUHEHWA ANA FOPHOPYOQHOW NPOMbILLNIEHHOCTH

CmedpaH YobaHoe, MeaH NeaHoe 2

T CMC-C EOQL, 2070 lupdon
2 MM-METAJITTTITIACT AL, 2070 lNupdon

PE3IOME: HeobxoanmocTb LUTencenbHbIX COEANHEHN ANS cpaBHUTENBHO BonbLuoro Toka 250A n HanpsxkeHne 1000V cBA3bIBaETCA C HApacTaHNEM MOLLHOCTM W
Pas3LMPEHHOTO NPUMEHEHNS NEPEABUKHBIX LLAXTHbIX MALUMH B FOPHOPYAHOI MPOMBILLNIEHHOCTY M B YacTHocTy Ans PN “Yenoney”.

PLUG CONNECTIONS FOR MINING INDUSTRY
Stefan Chobanov’, Ivan Ivanov 2

T CMC-C Electrical engineering
2 MP Metalplast AD,2070 Pirdop

ABSTRACT. The necessity of plug connections for relatively big current of 250A and voltage 1000V is related to increasing of power and wide application of the

portable mining machines in the mining industry and in particular for “Chelopech” mine.

BBepeHue

Hocraska wwrencenbHbix coegunutenei (LWW.C.) ans Toka oo
125A v Hanpsixenns go 690VAC He sBnsetcs npobnemoi, Tak
kaK OHW NpegnaratTcs MHOMMMK NpoussoauTensMi B Epone.
W.C. gna 6Gonblero TOoka M Ans  HanpspkeHus 1000V
BCTPEYaoTCs OYEHb PesKo.

OT0 1 €CTb MOTMBbI 1151 pa3pabaTbiBaHMs U NPOM3BOACTBA B
CMC-C  3nekTpouHXeHepuHr, coBMecTHO ¢ Mertannnnact
Heobxogumbix W.C. gna 250A w Hanpskenus 1000V ¢ 4
KOHTaKTHbIMU coefuHeHuamu (3P+PE) ana npumeHeHus B
pyOHUYHBIX | T CeTAX C U30NMPOBAHHON HEMTpParbH.

BbluncneHns oCHOBHbIX NapameTpoB

Bbluucnenus ong onpefeneHus OCHOBHbIX MapaMeTpoB M
pasMepoB KOHTAKTHOrO coeamHeHus cgenadbl ans W.C. ¢
Tokamn 250A n 400A. OHu 0XBaTbIBAKOT: KOHTAKTHYK CuITy,
reOMETPUYECKUX pa3MepoB KOHTAKTHOrO COEOMHEHUS, TOKOB
CBapuBaHus, TOKa TEPMUYECKOW YCTOMUYMBOCTU B peEXUME
KOPOTKOTO ~ 3aMblKaHWsl, MpW  BOCMPUHSTON  PO3ETKOBOM
CUCTEMbI, B Ka4eCTBe CaMOMN NOAXOASLLEN.

1. KoHTaKTHA cuna

1.1.  KoHTakTHS cuna, npuBedeHHas K 1 nnactuHe B
PO3ETOYHON KOHCTPYKLNK

F =AFR1, M

rie AF, - kontaktHas cuna ana 1A; AF, =0.15N/A
(1]

npun OLIHOVI KOHTaKTHOM NnnacTuHe, KOHTAKTHaa cuna 6yp,eT:
ans Toka 250A

F.“ =015.250=375N,

ans Toka 400A

F.“ =0,15.400=60N ,

KoHTakTHas cuna, npu obLueii (oxBaTbiBalOLLEN N NacTUHbI)
npyxuwe - B = nF}

Pesyntatel  Bblumcnenms ans N =4,6,810 112
NNacTuH NpeAcTaBeHsbl B Tabnuue 1.

Tabnumua 1
HoMiHan KoHTakTHas cuna, N, npu uucno nnactuH
HbIV TOK, A B poseTke
’ 2 4 6 8 10 12
250 75 | 150 | 225 | 300 | 375 450
400 120 | 240 | 360 | 480 | 600 720

1.2. Mo «KkpuTeputo AOnNs  TEnnoBblX NPOLECCOB MNpu
YCTAHOBIIEHHOM pEXMME C HOMMHAIbHBIM  TOKOM,
KOHTaKTHas cuna ana 1 nnacTuHbl U3 TBEPAON Meau
BbluMcnseTcs [2]:
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16.22 {arccos I_UT 16. 1002.[arccos
k

roe

|, - HOMMHambHbIR TOK, A

A -rxoucrarta = 224.1078 1]

O, - HanpaxeHue pasfasnueaqns, N/m?

A - creundmyeckan TennonposoaHocTy, W/mek.

T, - Temnepatypa B TouKe, B KOTOPOIA He YyBCTBYETCS

BNUSIHWE KOHT.COEANHEHNS, °K
T, - Temnepatypa B MecTe koHTakTa, °K

I, =250A4wu

4004 v posetok ¢ 4, 6, 8, 10 1 12 NNacTuH NPeaCTaBNEHb! B
Tabnuue 2.

PesynbraThl  BbluMCNEHWUA ANst  TOKOB

Tabnumua 2
KoHTakTHas cuna, N ans TBepaoun meau,
HomuHan- npu
HbIW TOK, A | YUC/IO n1acmuH 8 po3emke
4 6 8 10 12
250 344 | 5106 | 686 | 86,0 | 102,12
400 88 132 | 176,0 | 220,0 | 264,0

OTa npoBepka NokasbIBaeT, 4TO B JaHHOM Cy4ae Kputepui
AN HeoOXOAMMOTO KOHTaKTHOTO [AaBMEHUSI MO OTHOLIEHUK
HOMWHANMBHOrO  TOoka HeobGXOAMM, HO He  [OCTaTOueH.
TpeboBaHWs AN KOHTAaKTHOTO AABMEHMS, rapaHTUpYHLero
Marioro KOHTaKTHOrO COMPOTWBNEHMUS OkasblBaeTcs B 3-4 pasa
BonblUe KpUTEpUS ANs JOMYCTUMOTO HarpeBaHUsi KOHTAKTHOM
CUCTEMbI NPU NPOTEKAHUM HOMUHAMBHOTO TOKA.

2. Onpepenexue MWHUManNbLHOro
NOABWKHOrO KOHTAKTa

AnameTpa

MUHUManNbHbIN AnaMeTp NOABMXHOIo KOHTakKTa NnpoBepAeTCaA
No HarpesaHuto N3 HOMUHAITbHOIO TOKa.

[wameTp nanbua onpegensercs no [2]

4 1,.p0+ab)xk,

d=3
7 k(6-6,)

roe
|, - HOMMHambHBIi TOK, A

0, - Temneparypa okpyxalolieii cpefibl, °K

0 - TemnepaTypa KOHTAKTHOrO CoeAnHeHuUs, °K
L - Cneuudn4eckoe ConpoTUBIEHHE

O - TemnepaTypHblid KO3PULMEHT CreLdUYecKoro
COMPOTUBEHUS
K - KO3(h(PMLMEHT Ha TENNoOTAauM

K, - KO3(PMLMEHT 06aBOYHBIX NOTEPb MPK NEPEMEHHOM
TOKe.
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Onpenenexue koahduumeHTos [3 u 4]

o KoadphmumeHT Tennootaaum

k =10k, (L+k,.1026)=10.195(1+1.102.60)=29,6 (4)
K1 M K2 — 3aBUCAT OT AMameTpa nansua [4]

o KoapdmumeHt [0GaBOYHbIX MOTEPL K, , OT4UTbIBAET

MOBEPXHOCTHOrO athdhekTa K, 1 6nM3ocTb K,

k, =k k.

KoadhdomumeHT 6nmsoctu ka =1 u K, BbluucrnseTca B
3aBUCUMOCTY OT YacTOTa NEPEMEHHOTO TOKA U COMPOTUBNEHMS

f =\/ >0 =213, Kotopomy COOTBETCTBYET
Ri0o 3.3125
k, =
Tak:
k,=k, =1

MuHUManbHbIe AMAaMETPbI NOABWMKHBIX KOHTAKTOB (ManbLes)
cnegylowpe:

[ns Toka 250A
d-3 \/ 4 2502.7,210°(1+15.10°330)1
=3 |

=14,52mm ()

29,6.30

Ona Toka 400A d =19.86mm (6)

3. Tok cBapvMBaHUA KOHTaKTOB
TOK CBapWBaHUS KOHTAKTOB SBMSETCH KpUTEpPUEM AN
COCTOSIHUS| KOHTAKTHOW CUCTEMbI NPU KOPOTKUX 3aMbIKAHNSIX.

BbiuncneH no goopmyne ByTkeBuya, npeanoxeHHoi B [3]

l,,.=0,32k,/F, .10 kA )

rie F, - koHTaktHas cuna, N

Koapdmument K = 6000 ans koHT. coenuHeruns Mepp-
Menb

k = 5500 ans koHT. coeauHenns Meab-NaTyHb

BblumcrieHHble  3HaueHus, KOTOpble  NAMUTUPYHOT
MaKCMMaslbHbIe TOKW, KOTOpble MOTYT BO3HWUKHYTbL (Hamp. npw
K.3.) BBIMUCTISIOTCA MPU ONMPEAENEHHO KOHTAKTHO cumne B
T7.1.1 1 pa3Hom uncne nnactuH (tabn.3).



Tabnumua 3

. | Tok cBapuBaHus B KA Npu YACNO NIACTUH
HomuHanbHbIA (3 vieaw)
Tok LLI.C., A 2 ; 8 10 12
250 2351 | 28,80 | 33,25 | 37,18 | 40,73
400 29,74 | 36,43 | 42,06 | 47,03 | 51,52
MakcumaneHble TOKM Npu TpexdasHbiX K.3., HA Knemmax

TpaHchOPMaTOPOB MCMOMb30BaHHble B LUAXTax CrefyrLime:
6/1kV 1 mowHocTb 4o 1600kVA; - 14,72kA; ans HanpexeHns
6/0,69kV cyxve ¢ mowHocTbio 1600kVA — 22,34kA, KTTB
6/0,69 — 630kVA — 15,08kA, ans TpaHcdopmaTtopos 6/0,4kV ¢
moLHocTbro 1600kVA — 38,53KA.

CnedosamefibHO, MUHUManbHOe Heobxodumoe  4ucso
nnacmuH 8 po3emkogoM KoHmakme 00/XHO Obimb 12, mak
KaK mOKu ceapusaHusi 60/blie 803MOXHbIX MaKCUMambHbIX
3HaYyeHUl MoKO8 NPU KOPOMKUX 3aMbIKaHUSIX.

4. BblunucneHne TepMUYECKON YCTONYMBOCTU B pexmme
KOPOTKOrO 3aMbIKaHMSA

MakcumarnbHbIi TOK TEPMUYECKON YCTONYNBOCTU MPU KOPO-
TKWX 3aMblkaHusX onpegenseTcs no 1s Toka, pecneKkTUBHO
nnoTtHocTM (j2.t), OT4MTbIBAS AONMYCTUMYID MaKCUManbHYHO
TEeMNepaTypy KOHTAKTHOTO COEAMHEHUS| W TOKOBEAyLUMX
yacreir: ans megu u natyHu — 300°C [5].

Wcnonbays Homorpammy B [2] npu € =300°C
ONMPEeAENSIoTCA MAKCUMAmbHO [0MYCTUMbIE MIIOTHOCTI TOKA.

2
[ng natynn —> j2.t =0,8.10% A—4$

2¢
Onsa vean —> | t—371016A

OTKyza MOXHO BbIYUCIIUTL TOKM 1151 LUTENCENBHOTO
coeamHerns 250 1 400A ¢ reom.pasmepamu coobpasHble ¢
BbIYMCINIEHHBIMM T.2, NPU YEM NPUHATHI

[na 250A
[ns 400A

d=16mm L=40mm
d=20mm L=50mm

Vcnonb3oBaHa hopmyna

10 = J(j2t (L )

a pesynbTaThl BbIYMCNEHMIA npeacTaBneHbl B Tabn.4

Tabnuua 4
Tok TepMUYeCKOM yCTOUMBOCTM Ans 1s
Tok LLL.C, A npuT.K3BKAB 3aBUCUMOCTH OT
MaTepuana KOHTaKTHOW cUCTeMbl
JlamyHb Menb
250 179,4 386,5
400 280,3 603,9
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CpenaHHble BbluMCEHNS NNMUTNPOBAN KOHCTPYKTUBHbIE
pa3mepbl KOHTAKTHOro CoOeNHEHUA.

KoHcTpykuus

KoHcTpykuyms wrencenbHoro coeanHerns CM 250 nokasaHa
Ha c6OpHOM yepTexe Ha ur.1.

B ogHom KkoHLe (npaBast YacTb YepTexa) HaxoguTes CTaumo-
HapHas,  HenmodBWwxHas  4acTs,  KoTopas  (braHUeMm
cuKCHpyeTCa K CTeHke MalwuHbl (o6ornoyku). B aton yactu
HaxogaTcs rHesga — 4wr. K BblHMMaeMon yactu (B neeo),
kabenbHbIM BXOZOM npucoeauHseTcs kabenb. KoHCTpykums
no3eonsieT npucoeauHeHne rubkoro kabens  3x70+35.
LUTndTb! (Nanblybl), KOTOPbIE BXOAAT B rHe34a — 4LUT., NPy Yem
1 U3 HUX, 3a3eMuTesNlbHbliA, C Oonblieit AnUHOR. Tak
3a3eMIIeHne Npy BKIKOYEHMM OCYLLECTBNISIETCA OnepexaroLlee
(no oTtHoweHuto Tpex ¢has), a npekpaljaeTcs mocne oTge-
neHus as.

Yto 6bl 00erymnTh YCunus npu BKITOHEHUN 1 BbIKMOYEHUN
NpeLyCcMOTPeHa CTarbHas pyKosiTka.

Kabenb sawmweH oT BbipbiBaHna  ckobo,
NPWKUMAET ero K CTeHe kabenbHoro Bxoga.

KoTopas

MakcumanbHble pasmepsl CM 250 - 390X302mm, a ero Bec

&

®ur.1

Ha cur. 2 nokasaH wTencenbHbl COeaNHUTENb K 0B0NoYke
aBTOMATUYECKOrO BbIKMOYATENS, C CTENEHbIO 3almuThl P54,

®ur.2

UcnbiTaHus

CoenaHHbIn OMbITHbIA 0bpasey Obin NOABEPrHYT MOMHBIM
TUMOBLIM WCMbITAHUAM B nabopaTopun No  INEKTPUYECKUM
annapatam B ['OpHO-reonornyeckom yHusepcutete “Cs.MBaH
Punckn”, r.Codms, cornacHo Tpeboeanusam BLAC 6142-81 u
BAC 11623-83.



PesynbTathl  M3MEpEHUMA  MafEHUs  HanpshkeHus B
LUTENcenbHOM COeauHUTENE B XONOGHOM cocTosiHMK (240C) 1
B Tennom coctosiHun (400C) npu HoMuHansHOM Toke 250A
nokasaHbl B Tabnuue 5.

Tabnumua 6

Tabnumua 5
CocTosiHue ®Pasa, U Paza,V Paza,W PE
Um Um Um Um
LA v LA v LA v LA v
XonogHoe
coCTosiHMe
_ o0 ;250 19 250 19 250 19 250 18
t, =24°C
Tennoe
coCTosiHMe
_ o 250 20 250 20 250 20 250 19
t, =40°C
|/|3MepeHI/IFI B XONOAHOM COCTOAHMM CcOenaHbl nocne

TEMMEPUPOBaHNS COEANHUTENS B TEYEHNW 24 YaCcoB.
N3mepeHns B TENMOM COCTOSHWM CAEnaHbl Mpu AOCTUXKEHUN
yCTaHoBNeHHON Temnepartypbl (40°C) B Te4eHun 6 yacos, noa
[ENCTBMEM HOMMHanbHOro Toka — 250A / chasa. Mpu TakoMm xe
TOKE W3MEPEHO W LUTEeNcenbHoe COEAMHeHWe Ans Lenu
npepoxpanutensHoro (PE) nposoga.

/i3vepeHns nokasanu NOMHYK CUMETPUIO B NaLeHWsIX
HanpshkeHus Tpex as, 1 HECKOMbKO MEHbLUMX 3Ha4eHuit B PE
— coeguHeHnn (c 5,3%), 4TO ABMSETCA pesynbTaToM €70
Bonbluei KOHTAKTHOW Mnowaayn (NOABWKHBIA KOHTaKT Oonee
LNWHHBIR).

Mo paHHbIM W3 M3MEPEHW BBLIYUCTIEHO U  KOHTAKTHOE
COMPOTUBIIEHNE B XONMOLHOM U TEMSIOM COCTOSHUW YeTbipex
coefyHeHni (Tabn.6).

lMpenopbyaHa 3a nybnukysaHe OT
PepakumoHeH cbBeT
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KoHTakTHOE conpoTuBnenue, ££2
dJ:«:Jsa, ®a3a,V ®aza,W PE
XonogHoe
COCTOAHUE 76 76 76 72
t, =24°C
Tennoe
COCTOSAAHUe 80 80 80 76
t, =40°C
3KCI'IJ1yaTaL|VIOHHbIe KavyeCTBa
Pa3paboTeHHble M BBEOEHHbIE B MPOM3BOACTBO
wrencenbHble  coeauHutenn  CM250 nokasanu  04eHb

XOpOLUME 3KCNMyaTaUMoHHbIE kadecTBa. B Yenoney MaitHuHr
EAl aKkcnnyaTupyloTCs YCMELWHO AECATKM  COeAUHUTENN
CM250, HekoTopble W3 Hux Oonee 5 net, BROMHe
BecnpobnemHo.

INutepatypa
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Bb3MOXHOCTW 3A NPUNOXEHWUE HA METNPOBOAWHUTE CACTEMU C

U3O0NMPAHA HEYTPATA (IT) B MUHUTE

CmedpaH YobaHoe!, MeHmo Menmeweg?

TCMC-C EOQL, 2070 INMupdon
2CMC-C EOQL, 2070 Mupdon

PE3IOME: [uckymupa ce udesi 3a npunoxeHue Ha nemnpogodHa IT cucmema (c usonupaHa Heymparna) 3a efekmpuyeckume Mpexu 8 nodeMHume U 8
omkpumume pydHuyu. AHanusupam ce HellHUMe Kkayecmea Ha ¢hoHa Ha npunazaHama mpucasHa (3P+PE) IT cucmema ¢ usonupaxa Heymparna.

POSSIBILITIES FOR APPLICATION OF FIVE-CONDUCTING SYSTEMS WITH INSULATED NEUTRAL (IT) IN MINES

Stefan Chobanov?, Mento Menteshev?
TCMC-C Electrical engineering
2CMC-C Electrical engineering

ABSTRACT. There is discussed an idea for implementation of five conducting IT system (with insulated neutral) for power networks in the underground mines and
open pits. Its qualities are analyzed on the background of the applied three phase (3P+PE) IT system with insulated neutral.

3asemennte cuctemn TN-C 3P+PEN u TN-S 3P+N+PE
no3sonsBaT [fda Ce BKIYaT nOTpedbuTenu Ha NUHENHo
HanpexeHne (OCHOBHO TPUMOMIOCHW) U Ha (pa3HO HampexeHne
(egHobasHmM). ToBa TEXHUYECKO NPeaUMCTBO € 0COOEHO
nonesHo B Hali-LUIMPOKO Pa3npocTpaHeHnTe Mpexu B EBpona, ¢
nuHenHo  Hanpexedne  380V. Kbm  TAX  ygobHo ce
NpUCbeaMHABaT egHoasHN KOHCYMaTopu ¢ HanpexeHue 220V
(ocBeTneHuMe, pbYHK eMl. MHCTPYMEHTH, BUTOBA TEXHWKA U Ap.).

MHoro CblUeCTBEHO NPeAUMMCTBO Ha 3a3eMeHaTa (3P+N+PE)
TN cuctema e Bb3MOXHOCTTa A CE OCHLLECTBM YyBCTBUTENHA
W1 CENeKTMBHA 3aLLuTa OT TOKOBYW YTEYKW, KaKTO 3a TpudasHuTe,
Taka v 3a egHocbasHuTe notpebuten.

Bbnpeku nocoueHuTe NpeauMMCTBa Ha CUCTEMUTE ChC
3a3eMeHa HeyTpana 1 ocobeHo Ha netnposogHata TN-S, Te ca
TOTAmNHO U KaTErop1yHoO OTPEYEHM (C MarKu U3KITIOYEHMS) 3a
MuHuTe. B Bbnrapus T8 e 3abpaHeHa 3a u3nonasate B
nog3emHuTe pyaHuum [3, 5], a npu onpegeneHu yCnoeus ce
Jonycka B OTKpUTUTE pyaHULM [4] 1 B reonoronpoyyBaTenHnTe
obekTn [6] .

OcHoBHaTa NMpU4YMHa Ca 3HAYMTENHWUTE MO TONEMUHA TOKOBE
Ha yTeuka (100-10")A, necHo npemMuHaBaly B  MOLLUHM
enHohasHn Kbeu cbeamHeHns (102A, 103W). C mHoro ronsma
BEPOSITHOCT  (p~1) Te HaAXBbpNAT B CTEMEHU MUHUMamHUTE
TOKOBE, MOLLHOCTW M €HEepruM, KOWTO MoraT [a MpeauaBukat
ekcnno3n  Ha  MmeTaHoBb3gywHa  (5+15% CH4)
npaxoBb3gyLiHa (aepo3omHo - 35+2000g/m3) BbB BbIMMULLHUTE
PYAHALM (Imin =102 A;W min =10°J ) ¥ noxapu [opu u B
HEB3pMBONACHW PyAHULM (1m, =107 A; Pmin =10'w )[1,2].

Bropa npuumHa 1 CblUecTBEH HEJOCTaTbK Ha 3a3eMeHuTe
(TN »n TT) cuctemn €, 4e Npu €AHONMIOCEH AMPeKTEH gonmp (
KbM (hbaseH NPOBOAHWK), YOBEK nomaga Mo HampexeHue
Bnm3ko unu paBHa Ha (hasHoTo, KOeTo € Be3yCnoBHO onacHo B
n3nonasaHnTe B MuHUTe TpudasHu mpexu 380, 500, 660, 1000,
1140V.

ToBa ca OCHOBHUTE MOTUBU, KOUTO ONPELENsT eAHO3HAYHUAT
n3bop Ha IT cuctemata C M3onMpaHa HeyTpana B NOA3eMHUTe
pyoHuun [2,3,5] U Makap HeefHO3HayeH, HO npefnoYuTaH
1360p, B OTKpUTUTE pyoHALM [4].

KopektHo e pa ce oTbenexu, ye cuCTeMUTe C W30NMpaHa
Heytpana (IT) ce npunarat 1 B reonoronpoyyBaTenHn obekTn
[6], a v B OpyrK CbLLECTBEHO pa3nuyaBaluy Ce YCMOBMS KaTo
npu enekTpoob3aBexaaHeTo Ha kopabu, B XMPYPrUYHM 3anm

Ap. [10].

CollecTBEHO € pa Ce rnogyeprae, Ye B MWHHATA
MPOMULLMEHOCT  3aLLMTHOTO M3KIIOYBAHE 3afbIKUTENHO Ce
KOMOMHMpa CbC 3alMTHOTO 3a3eMsiBaHe, kato pabotata B
pexuMm Ha egHodasHo 3.c. B IT cuctema e HegonycTuma.
CoobpaxeHusita ce basnpat Ha ronsimata BEPOSITHOCT fa ce
OCBILLECTBI JWPEKTEH E€HOMOSIOCEH UMW WHAMPEKTEH A0MMp
KbM JIMHEMHOTO HanpexeHWe Npy [OKOCBAaHe Ha edHa oT
3gpasHuTe ha3n. B apyru oTpacnu, pexumbT Ha eaHodasHu
3.C. € He CaMO JONyCTUM, HO Ce COuM KaTo NpeaumMcTBO Ha IT
cuctemarta (cnpsimo TN), N0 OTHOLIEHME Ha HAAEXOHOCT, Tbii
kaTo npu e.3.c. noTpebutenuTe Npoab/kasaT ga pabotar
HopmanHo [7, 10].

141



He pasnonarame ¢ AaHHW 3a NPUMOXEHWe Ha NETNPOBOAHaTA
IT cuctema (3P+N+PE) B nogsemHute pyoHuuw. Msnonssa ce
camo TpucpasHa 3P+PE cuctema, ¢ nnHenHu Hanpexenus 380;
500; 660; 1000; 1440V. [pu HeobXoaMMOCT OT MO-HUCKM
HanpeXeHWss  3a  OCBETNEHWe,  CWUrHaANW3aUusi,  PbYHM
enekTpuyeckn WHCTpymentn (127, 220V), ce wu3nonseat
efHoasHN unu TpuasHn TpaHchopmaTopu CbC CbOTBETHATA
nycKkoBO-NpeanasHa anapatypa.

Mpes 2001r. B Acapen Meper Al e pocTaseH
Hacunoobpasosaten VASP 1200 ot dmpma Voest Alpine
obsaBegeH c netnpoeogHa IT cuctema —  HampexeHus
380/220V cbC 3alUMTHO M3KMKOYBaHe, npeanasealo ot
uHanpekTeH gonup [9]. bbp3ogeiicTeneTo Ha 3awwmta (6s), He
oTroBapsi Ha uauckeaHusta Ha bBOC 10880-83, «komto
orpaHuyaBa CoOCTBEHOTO Bpeme Ha 3apgencteaHe ao 0,1S,
rapaHTupaiku 1 3awuTa oT AMpekTeH gonup [8].

AHanus Ha eneKTpoﬁesonacuocwa

EnektpobesonacHnte kayectBa Ha netnposogHata T
cucTema C M3onupaHa CrpsiMo 3eMsi HeyTpana ce aHanmaupart
no cxemara Ha cur. 1 Npu cnegHUTE Bb3NPUETU JONYyCKaHUs 1
anpy1OPHO Bb3MNPUETU CTOMHOCTY M BENWYMHK [1,2].
e PeanHaTta Mpexa Ce 3amecTBa C €KBMBANEHTHa CXEMa,
XapakTepusmpalla ce CbC CbCPEAOTOYHOCT M NINHENHOCT
Ha M30MaTOpHWUTE MPOBOAMMOCTM W  NpeHebpersaHe
“MneaHca Ha TOKOBOAeLMTE KabenHm xuna.

o Kputepum 3a oueHka ca eqeKTUBHUTE CTOMHOCTU Ha
HanpeXeHusTa 1 Toka.

e CbnpoTMBNEHNETO Ha YOBELUKOTO TAMO € aKTWBHO,
NIMHEWNHOTO CbC CTOWHOCT, B YCMOBMSATA Ha NOL3EMHUTE
pyaHuuM, Rv=600Q2.

L

ﬁgir T §7 : S

© [ERORORORO; O

®ur.1

HanpexeHneto Ha 3Be3OHMAT LEHTbP, CbOTBETHO Ha N

NPOBOAHUKA U.N, 3aBucu ot q:)a3HVITe Hanpexexua u, , U,,

U, Y NpoBOAUMOCTUTE CrpsIMO 3eMst Y, , Y,, Y, U vy, . B
obuwws cnyvai
© U +U, Y, +ULY, (1)

U N
Y +Y, +Y;+Yy
i
aako , PN CUMETPUA HA HanNpexXeHnsTa
2
U, =U Y, +a’Y, +aY; ()

Y +Y, +Y, +Y

a Npu cMMETPUS 1 Ha npoBoaumMocTuTe Y,
U, =0

Mpu Bb3HWUKBAHE Ha YTeYkM B OTHENHUTE hasW, Hanpumep

BbB (hasa L1 , gyl, HanpexXeHeTo Ha 3BE3[HUS LeHTBbP e
oboe:

. U1(Y1+gy1)+U2Y2+U3Y3 (3)
U Nyl =

Y +Y, + Y, +Y + 9y

Toka Ha egHoasHa yTeuka, oTunTankm (3) e:

3a L1

01(Y1+gy1)+02Y2+L:|3Y3 (4)
Yi+Y, +Ys +Yy +0y,

iyl :L.lel 9y :[L.h—l.] Ny1)gy1 |:L.Jl—

a npy yTeyka B HeyTpanHus npooaHuk N:

lyy =Un Iy
Mpu cumeTpus BbB  (Pa3HUTE  HampexeHus U, U
npoBoauMoCTUTE vy TpuTe pasu  CrpsmMo  3emMa  Ha

HaNpEeXeHWETO Ha 3BE3AHUAT LIEHTbP cnpsmMo 3ems e 0, 1 TOKbT
Ha yTeuka oT N npoBogHuka Lwe Obae 0.

I :lJNi.gyN =0 ()

Ako N NPOBOAHNKa Ce 3a3emsaBa ANPEKTHO, T.e. O —> 0

chcteMata ce npesBpblla B 3a3eMeHa, C BCUYKM Npon3Tnyallm
3a Hed, NO3NTUBK N HEraTUBU.

Mpu BL3HNKBAHE Ha yTeukH B fiBE OT hasnTe U, =0

Hanpumep, ako B L1 v L2 Bb3HuKkHaT yTeukn gy, v g5,
HanpPexXeHWeTO Ha 3BE3AHNS LEeHTHP Le 6bae

L]Nylz=U1(Y1+gy1)+Uz(Y2+gyz)+U3Y3 (6)
| Yi+Y, +Ya+Yy +0,,+ 0y,

KaToO TOKOBETE Ha YyTEYKn OT BETE d)HGVI e Obaar:

oT L1 |.'y1,2 = (Ul -U Nyl,Z)gy1 (7)
ot L2 I."yl‘Z = (U2 -U Nyl,Z)gYZ (8)
1 obwo

lyi2 = |'y1v2 + I;LZ (9)

CpaBHsiBailkM M3pasuTe 3a TOKOBETE HA YTeuka, C Teau
oTHacawmn ce 3a 3P+PE IT cuctemata [1], ce oTkposiBa
BNUSIHWETO Ha NMPOBOAMMOCTTa Ha N NpoBoAHMKa - YN.

CreneHTa Ha TOBa BIUSIHIE 3aBMCH OT OTHOLLIEHWETO

W (10)
Y +Y, +Y,+ 9,
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BaxHo e Ja ce nogyepTae, Ye TOK Ha yTedyka KbM 3eMms OT

HYneBMsl TMOBOOHWK € Bb3MOXKEH MpW acumeTpus B
HanpexeHusiTa, HE3aBMCMMO OT MpUYMHATa, KOSTO U e
nopoauna.

TokoBeTe Ha yTeyka U MOLLHOCTTa, KOSITO pa3ceiiBart, ca oT
CbLUECTBEHO 3HAYEHWe 33 WHULMMpAHE Ha eKCTmo3uu M
noxapu. 3a pasnuuHUTe CryYanm MOLLHOCTTa CE Onpedens no
ypaBHeHWeTo

2

i
Py ="—-
9y

(11)

lMpsikaTa onacHOCT 3a XopaTa OT TOKOB yaap Bb3HWKkBa (wur.
1) Npu OMPEKTEH egHONOMOCEH 2, 3 Npu AMPEKTEH ABYMOMKCEH
ponup 4,5, 1 npu nHanpekTeH gonup 6 u 7.

Mpu OuMpekTeH enHOMONKCeH pomnup [0 a3oB MPOBOAHMK
Cnyvari 2, YoBeK Nonaaa no Hanpexexue

L'Jh:L'JrON:017U1(Y1+gh)+UzY2+U3Y3, (12)
Y, +Y, +Y; +Yy + 0,

a npes Hero LLge NpoTeye Tok

(13)

i o, - 01_U1(Y1+gh)+U2Y2+U3Y3
Yi+Y, +Y,+Y +0,

1,67.107°, mA

KbAETO, NPOBOANMOCTTa Ha YOBEKa CNpAMO 3eMd e npueTa

g_i_i
"R 600

h

=167.10°S

Mpy BMPeEKTEH eQHOMOMIOCEH JOMMP KbM HYNEBUS MPOBOSHNK
N (cnyyai 3) npe3 yoBeka Lle nNpoTeye TOK, camo npu
ACUMETPYS B HaNpeXeHusTa.

Ako acMeTpUsiTa Ha HanpeXeHusiTa CNpsiMo 3eMsi € peaynTaTt
Ha acuMeTpus B M30NALMOHHOTO CLNPOTUBIIEHWE, HaNpUMEp
efHodhasHa v ABydasHa yTeuka TOKbT Mpe3 YoBeka Le ce
onpeaen

Ih=U,g, =167.10°Un, A (14)

KbAeTo U, Ce onpesens, Hanpumep no (3) unn (6)

OcBeH npu acumeTpusi B HanpexeHueto, N NpOBOAHUKBT
MOXe fAa Momyyd noTeHUWan, npu acuMeTpuyeH ToBap B
TpucpasHa cuctema. B To3u cnyyair npes N npoBogHuKa
npoTHYa ToK

In=li+l2+1320 (15)
a I'IOTeHLI,VIaJ'Ia Ha Hynerm I'IpOBOAHVIK, 3aBuUCKn oT
oTAanevyeHoCcTTa LxoT 3B€34HNA LIEHTBP.

\AUN “[ivle, (16)

KaTo MOXe [1a JOCTUTHE U OMacHU CTONHOCTM >24V

TokbT Npe3 YoBeka Le 6bae

InlrL,.10° =1,67|i w|r, L, mA (17)

I, =167.10"

KbOeTo I’o € CbMpoTMBIEHNe Ha kabena ¢ fageHo ceyeHune npu
Ly=1m.

Mpu pgBynonioceH ponup Mmexay Aasete dasw 4, cwur.d,
cutyauusaTa e 6e3ycrnoBHO onacHa, 3alioTo TOKa Mpe3 YoBeka
ce onpegens OT NMHENHO HanpeXeHue.

l,=U, g, =167U,,mA (18)
Ha NpUMep Mpu y =380V : I, =635mA>> 1, , =25mA AC

Mpu ponup KbM (hasHOTO HampexeHue (cnyyan 5),
OMacHOCTTa & He-Mo-Manka.
l,=U,g, =1.67.10°U, (19)

npu 220V |, =1,67.220 = 367,4mA >> 25mA AC

Mpu WHOMpEKTEH [OnMp, KbM  KOpNyc Ha  TpudaseH
KOHCymaTop (cryyaii 6), HanpexeHNeTo Ha KOeTo nonaga YoBek
ce onpegens no 3amecTBawjata cxema (cur. 2a), B KosATO
npobue B u3onaumsTa Ha asuratens e koM asa L1, npes
CbNPOTUBIIEHME Ty, @ KOPMYCHT € 3a3eMeH Npes CbnpoTUBNEeHe
rs. CbNpoTUBMEHNETO Ha 3a3eMsABaHe MNpWU W3NpaBHa 3aseM.
Mpexa e rs <2Q), Ho Npu NpeKkbCcHaTa Bepura Ha 3a3eM. Mpexa
unn Hepobpa KOHTakTHa Bpb3ka rs >2(). Ako Bpb3kaTa e
npekbcHaTa, OCTaBa CbMPOTUBMEHMETO HAa ECTECTBEHOTO
3a3eMsiBaHe Ha MalLnHaTa, Npy KOETO € Bb3MOXHO I3 >>2Q .

®ur.2
[JonupHo HanpexeHue

h+r, (20)

Ty

Uosn=1y 1y :[U1+U Nljget’3 :[U1+U NlJ

KbeTo ge [ia € eKBMBaneHTHa NpoBOANMOCT Ha yTedkaTa B

[BUraTens KbM 3ems | ,:

9. =
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ag., _Us(Y,+g,)+U2Y, +UsY,
Y +Y, +Y,+Y, +0,

Mpn WHOMPEKTEH [JONMMp KbM KOPNyc Ha egHodaseH
KoHcymaTop (cryyast 7), HanmpexeHueTo Ha KOeTo rfonaga
4oBEK, NMpu yTeuyka OT Li W ¢ npeBkniouBaHe Ha Bepurata Ha
koHcymaTopa kbM N, ce onpeaens no 3aBMCUMOCT aHamnorMyHa
Ha (20). Korato yTeukata e oT N NpoBOAHMKA M NPEKbCBAHE KbM
tbaaute (Li), JONMPHOTO HanpexeHne ce onpeaens no dur. 2.6.

Usor =Un 9,1y (1)
KbJeTo:
_ L+,
fonr,
a L‘J lj1Y1+L.JzYZ+L:|3Y3 (22)
N =

- Y +Y, +Y;+Y, +0,
€ onpeaeneH npu CMMeTpua B TOBapuTe, T.e. | N 0

Mpy 3HaumTenHa acumeTpust B Tosapute (1 = 0).
HanpexeHneTo Ha HeyTpanHus NPOBOAHWK Ce OMpeaens no

(23)

L]N = UaY, +U:=Y, +Us Y, +(i1+ i2+ isjl’oLx
Y +Y, +Y,+Y, +0,

kbaeto 11, 12 n |3 catokose B TpUdasHuTE NPOBOAHNLY

L. LulL,.

MMonyyeHnTe 3aBMCUMOCTM 3a AOMUPHUTE HAMPEXEHWUs KbM
KoprycuTe Kakto npu TpudasHute, Taka v npu eaHodasHuTe
KOHCymMaTopy, MOTBbPXAaBaT MWHUMANeH pWCK, korato ca
3a3eMeHm (r3 <<2Q2). CteneHta Ha pucka npu npekbcHaT PE
NPOBOAHWK, KOraTo Ce pasynTa Ha eCTECTBEHOTO 3a3emsiBaHe
Ha MallVHWUTE MOXe Ja Ce OT4yeTe MO MOoNyvyeHuTe no-rope
3asucumocty (20)(21)(22)(23).

O6wwoTO 3akmniyYeHne OT aHammM3a Ha enekTpobesonacHuTe
kauectBa Ha (3P+N+PE) IT cuctema e, Ye Te ca CbXpaHeHw
cnpsMo Macosa w3nonssaHata (3P+PE) IT mpexa cbe
CYHYCOMAAIHO HanpexeHue.

Heobxogum e obaye aHanu3 3a Mpexu CbAbpXKalM BUCLLM
XapMOHMLUM B HanpexeHneto W TOKa, aHanornyeH Ha
uscnenBaHeTo 3a (3P+PE) IT cuctemm B [2]. Moxe pma ce
NporHO3WpaT —pasnuuuss, OT MPOTMYAHETO HA  CbCTaBHM
XapMOHULYM KpaTHU Ha 3 npe3 N MpOBOAHMKA, KOUTO OTCHCTBAT
B TPMNPOBOAHATa MpexXa C u3onupaHa HeyTtpana [2].

OcHoBHuTE NpeaumcTBa Ha neTnposogHaTta (3P+N+PE)
cucTeMa C 13onMpaHa HeyTpana cnpsiMo 3ems ca:
A. B cpaBHeHue 3a3emeHaTa (3P+N+PE) TN-S cucrema
e Marnku TokoBe Ha yTeuka, MIMMUTUPALLM Manka MOLLHOCT 1
EHeprs B PEXMM Ha eAHO(A3HO 3eMHO CbeanHeHue.
ToBa rapaHTMpa 3HAYMTENHO Mo-Marka BEpPOSTHOCT 3a

Bb3HMKBAHE Ha EKCMO3vM B PYAHWLM OMacHW no ras u
npax u 3a Bb3HUKBaHe Ha NoXapw;

o [lpn egHOMONKCEH AOMMP Ha YOBEK, TOKBT MPE3 HEro ce
OrpaHu4yaBa OT W30MaLMOHHOTO CbCTOsHWE HA Mpexarta.
MMpn [OCTaTbYHO rONSIMO CbNPOTUBNEHUE HA M3oNaLMusTa
Ha ApyruTe aBe (hasu, KOETO Ce KOHTPonuMpa, TOKLT Mpe3
yoBeka Moxe a uma 6esonacHu ctonHocTu (10-3 A);

e Mankute TOKOBE Ha yTeYka NPEAnoCTaBAT Masiku
HanpeXXeHWsi Ha KOpnycuUTe Ha MalKHUTE, NpK OedekT B
nsonauusTa, T.e. Marnku HampexeHust Npu MHOMPEKTEH
ponnp. Tosn edekT ce rapaHTipa B OLe No-ronsma
CTEMeH OT U3NCKBAHETO 3a MAaKCUMANHO CbMPOTUBNEHNE
Ha 3a3eMuTenHaTta mpexa - 2Q [3, 4,5].

b. B cpaBHeHve nsonupanata (3P+PE) IT cuctema

e Hanuune Ha aBe HanpexeHus NUHEeNHO 1 gasHo;

e OnpocTeHo npuUCbeauHsIBAaHE Ha peneTata OT YTeuku
(kM N, Bes Tpucasnm unTpu);

o BbamoxHOCT 3a cb3gaBaHe Ha xubpuaHa cenekTuBHa
3aWmMTa  OT YTEYKM OT  KOHBEHUMOHAMHO  pere,
KOHTPONMMPALLO  M30MALMOHHOTO  CbMPOTWBNEHME W
13MoNn3BaHe Ha peneTa pearupally Ha TOKOBETE C Hynesa
NOCNeAO0BAaTENHOCT NPU aCUMETPUS CMPSIMO 3eMs

e OtnagaHe Ha Heobxogumoctta OT  efHodasHu
TpaHccopmatopy 220V (3a OCBETNEHME,  PbYHMU
WHCTPYMEHTW 1 Ap.) B Hal-pasnpoCTPaHeHUTe PyOHUYHW
mpexu B bunrapua ¢ Hanpexenve 380V. Tosa we gage
Bb3MOXKHOCT 33 MacoBO W3MOM3BaHe Ha ronamoTo
pasHooDpasne Ha  PbYHM  MHCTPYMEHTW,  KOETO
CbLLECTBEHO Le obnekun paboTata Ha TeXH.nepcoHan no
eKcnnoaTaumsaTa Ha MalLMHUTE U CbOPBXeEHNSTa.

Hepoctatbuute Ha netnposoaHata IT cuctema (3P+N+PE) ca:

B. B cpaBHeHue cbe 3azemeHarta (3P+N+PE) TN-S cuctema:
e HeBb3MOXHOCT 3a M3rpaxaaHe Ha 3aluTa OT YTEYKU CbC
XOpU3OHTaNHa W BEPTUKANHa CENeKTUBHOCT;
¢ MakcymanHoTOKOBaTa 3alLuTa He pearvpa Ha egHodasHm
3eMHU CbedVHEHNs, HO 3abIKUTENHO Tpsabea Aa 6bae ¢
TpU enemeHTa

I". B cpaBHeHue ¢ usonupanara (3P+PE) IT cuctema:

e [lpobnemn rpanuyewy ¢ HeobxogumocT OT 5-Tn
NpOBOJHWK B cunoBuTe kabenn (3a N npoBogHMUMTE) W
Npou3TMyaLLMTE OT TOBA NO-TONISIMO TErNO U LieHa

o [lpobnemuTe C HECENEKTUBHOCTTA Ha 3alLuTaTa OT yTeUKM
ce 3agbnboyaBaT C BKMIOYBAHETO W Ha eaHodasHu
KOHCYMaTOpy B Mpexata

o [lpu HepaBHOMEpHO pasnpefeneHne Ha efHodasHuTe
notpebutenn kbM TpuTe (hasu, € BbIMOXHA HECUMETPHS
B HanpexeHusTa

MpakTuyeckute npobnemn, kouto TpsibBa pa Obaar
NpeojosieHn 3a BbBEX4AHETO Ha netnposoaHaTta IT cuctema B
MWHUTE Ca CBbp3aHM Npeay BCMYKO C HeobxogumocTTa oT
NETKUNHM Kabenu CbC CTPYKTypa Ha ceveHusita 3xS1+2xSy,
KbOETO S1 ca Ce4YeHIeTo Ha CUMOBKTE Xuna, a Sz ceyeHneTo Ha
npeanasHusl M Hynesus NpOBOAHWK. Kaberute ¢ TakaBa
CTPYKTypa, MOAXOASWM 338 MWHMTE He ce npegnarar.
Mpoussexgar ce or Ttuma 3xS1+1xS2. o HacToswem
CbLLEeCTBYBAT [1BE aNTEPHATUBHI Bb3MOXHOCTHU.
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e 3non3BaHe Ha AOMbIHUTENEH €OHOXWNEH kaben cbeC
ceyeHne 1xSz.  M3ameHenmsta Ha Hapepbata 3a
YCTPOUCTBO ~ Ha  enekTpudeckute  ypendw 7
enektponpoBogHu nuHum ot 2007r. [7] ponyckat
M3MON3BAHETO Ha AOMbIHUTENEH €AWNHWYEH NPOBOAHWK
1xS1 KaTo NeTM KbM MPOU3BEXAAHUTE YETUPVXWITHM
kabenun 3xS1+1xSa.

e l3non3BaHe Ha neTxwuneH kaben ¢ eQHAKBO CEYeHWe Ha
Xunata -5S1, onpeaeneHo OT eneKTPUYEcKNs ToBap KbM
Hero.

W poBata BapuaHTa BOAST A0 HapacTBaHe Ha LeHaTa Ha

kabena B CpaBHEHME C LieHaTa Ha kaben C KOHCTpyKLWS
3xS1+2xS2 , KaKBUTO B MOMEHTA He Ce Npou3BexaaTt

MkoHOMMYeckaTa  eq)eKTUBHOCT OT  MPUIOXKEHWETO Ha
netnpoBogHata IT mpexa (3P+N+PE) 0,4kV TpsbBa fga ce
OLUEHM u4pe3 CLMOCTaBSHE Ha CMeCcTeHWTe cpeacTBa oOT
TpaHcdopmaTopu 1 arperati 3a 220V v NoBULLEHNTE pa3xoau
3a kabenu 0T He0BX0AMMOTO AOMBAHUTENTHO XKIUNO.

EkcnepTHO, npuONM3NTENHO, W3YNCTIEHWE 33 PYOHWK C
kabenHa mpexa 1500m. u ueHaTa Ha kabenute 75 000nB.,
nockbneaHeTo e 6vae ¢ 14% - 1.e. 10 500mB. Mpu 7
TpaHcdopmatopa W arperatm 3a 220V - we ce cnectw
nHBecTuums okono 8400, kbm kouto Bu Tpsbeano pa ce
npubaBn cnecteHa eHeprst oT TpaHcdopmauns 380/220V,
okono 25000kWh roguiuHo.

KbM TOBa MOYTM PABHOBECHO CBLOTHOLLEHME HA MPUXOAW U
pasxoayu, Tpsbea ga ce nNpubaBAT 3HAUMTENHWUTE TEXHUYECKM
npeguMcTBa: OTMaga MHCTanNMpaHeTo W MopapbXkaTa Ha T-pu
380/220V; BbB BCUYKM 30HM Ha pyOHUKA MOXe Aa ce Mnonssa
220V 3a ocBeTneHNe, PbYHU en.UHCTPYMEHTU, ENEKTPOXKEHN 1
T.H.; obriekyaBa ce Tpyaa Ha ekcnnoaTaLoHHUs NepcoHan u ce
CbKpalljaBa BPEMETO 3a MOHTAX M PEMOHT, KOETO MMa CbLLO
Mapu4HO N3MepEHHUe.

AHanuavpaHuTe KadvecTBa Ha neTnpoBogHaTa IT cucTema

(3P+N+PE) nosBonsiBaT fa ce HanpaBaT CMegHUTE OCHOBHM

“3B0aW, BanuaHu 3a mpexa 380/220V.

1.CucTemara nputexasa Heobxogumnte 6e3onacHu kavecTsa
3a npunaraHe B MUHUTe, Be3 Aa HapyLuaBa M3VCKBaHUATA Ha
MpaBunHuLMTe No Ge30MacHOCT Mo OTHOLLEHME Ha
enekTpuyeckuTe ypeaom.

2.CbluecTBEHO NPeanMCTBO € Bb3MOXHOCTTA Aa Ce 13nonasar
ABe HanpexeHNs BbB BCUYKM 30HW Ha PYAHMKA, KOETO AaBa

MpenopbyaHa 3a nybnukysaHe ot
Pefaku1oHeH cbaeT

MHOTOCTPaHHM YA0BCTBA 3a eKCnoaTaLMoHHWs NepcoHan —
0bnekyeHme Ha TEXKUS TPYA C MAcOBO MpunaraHe Ha LUMpOK
CNEKTbP KOHBEHLMOHAMHN PbYHW UHCTPYMEHTH, U3TOUHNLM
Ha CBETINMHA, ENEKTPOXEHU U Ap., MALUMHM 33 OrbBaHe MUHHM
nebenku n Tendgepu u ap.

3.MporHo3upa ce HamansiBaHe Ha NPOABLIPKUTENHOCTTA Ha
NpecTouTe 3a U3BbLPLLBAHE HA PEMOHTHO AENHOCTM KaKTO B
MOATOTBUTENHMUS TaKka 1 B CTAAMS Ha U3MbIIHEHNE.

LisnocTHaTa oLeHKa 3a npunoXmumocTTa Ha netnposogHata IT
CUCTEMa B MUHWTE W3UCKBA M3CMEABaHe Ha MOBEAEHMETO W
kayecTBaTa ¥ B MpEXU CbObPXKaLLM BUCLLM XapPMOHWLM, YNNTO
NPUNOXEHWe HapacTBa, Ha npobnemute CBbp3aHW C
Bb3MOXHOCTTA 3a U3MON3BaHE Ha CENEKTUBHU 3aLLNTH, KaKTO K
no-AeTannHa UKOHOMUYECKka oLeHka. Toea e 6bae obekT Ha
ObaoeLm aHanuau.

INutepatypa:

HankoB E. EnektpocHabpsBaHe Ha MMHHWTE NpeanpusTUS.
c.TexHuka, 1991.;

MenTewes M. BesonacHo u3non3eaHe Ha enekTpudyeckara
€HEprUsS W KOHTPON Ha w3onauusta B  PYAHUYHUTE
ENEKTPUYECKIN MPEXM 3a HUCKO Hampexenue. [uc. 3a mon.
H.CT.A.T.H. MI'Y, Codousi, 1986.;

MpaBunHuk no 6e3omacHOCT Ha Tpyga npu paspaboTBaHe Ha
BbITMLLHA Haxoguwa no nogseMeH HauuH, TexHuka, C.,
1971;

MpaBunHuk no GesonacHoOCT Ha Tpyga npu paspaboTBaHe Ha
MonesHM U3konaemm no OTKPUT HaunH. TexHuka, C., 1982;
MpaBunHuk no 6e3omacHOCT Ha Tpyga npu paspaboTBaHe Ha
PYOHU W HEPYAHWM Haxo4uLia No NOA3EMEH HauMH. TexXHuKa,

C., 1996

MpaunHuk  no  OesonmacHocT ~ Ha  Tpyda npu
reonoronpoy4satenHu pabotn, TexHuka, C., 1996

Hapenba Ne3 3a ycTpoiiCTBO Ha enekTpudyeckuTe ypeabu w
enektponposogHuTe nuHum, ME,C., 2004

BAC 10880-83. CuopbkeHus eneKkTPUYECKM  PYOHUYHM.
Anapati 3a 3awWuTa OT TOKOBETE Ha YTEYKA 33 MpPEXM C
HanpexeHne o 1200V ¢ wu3onupaH 3Be3d€H LEHTHP.
TEeXHUYECKM U3NCKBAHWSA W METOAM 33 U3MUTBAHE.

BoBexgaHe Ha 3awmTn 0T yTeukn B Mpexute 380 m 220V B
enekTpuyeckata ypegba Ha Hacunoobpasosatens VASP
1200 “Acapen Meget”. Apxus CMC-C, 2002

Hofheinz W.Protective Measures with Insulation Monitoring.
VDE Verlag. Berlin, Offenbach, 2000
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EHEPFETUKA HA ACUHXPOHHWU PET'YNIUPYEMWU ENEKTPO3AOBUXXBAHUA -
MOAEJHA U3CNEOQBAHUA B MATLAB/SIMULINK CPE[IA
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PE3IOME. OueHka 3a eheKTUBHOCTTa OT BHeAPsSBAaHETO Ha PerynvpyeMu enekTpo3afBibkBaHUs € Bb3MOXHA WM CMiefl KaTto Ce 3akynu M BHegpu AajeH Tvn
npeoGpasysaTen, Wnu olue B NPeABapuUTENHUsS eTan Ha M30Op Ha 3akoHa 3a ynpaBneHve W Tuna Ha npeobpasysaTens. B poknapa ce vanaraT pesynTatit ot
Wu3cneaBaHe Ha TakbB Krac enekTpo3afBuKBaHNs Ype3 MOLENM, KbM kouTo ca AoGaBeHN GrOKOBE 3a OLEHKA Ha MOLLHOCTM W EHEPTM B OTAENHUTE ENEMEHTU Ha
eneKTpo3afiBuKBaHeTo. ToBa NO3BOMSBA Aia Ce CPABHAIBAT W OLIEHSIBAT KayecTBaTa Ha Pa3nuiHuM Mo TWN 3aKOHW Ha YNPaBMeHUe W MPUHLMIN Ha M3rpaxaaHe Ha
pErynupyemMm1 enekTpo3aaBInKBaHNS.

MocpeacTBoM MonyYeHuTe AaHHM OT MOLENHUTE M3CTIeABaHWs Ce OLEHsIBAT KOHCyMUpaHaTa akTWBHa EHeprusi oT MpexaTa, MoresHaTa MOLLHOCT, 3aryGuTte Ha
MOLLIHOCT M KOe(hMLIMEHTA Ha MONE3HO [IEVCTBIE HA eNeKTPO3aaBIKBAHETO

THE POWER SYSTEM OF ASYNCHRONOUS ADJUSTABLE ELECTRICAL DRIVES - MODEL INVESTIGATIONS IN
MATLAB/SIMULINK MEDIA

Georgi Georgiev', Vladimir Hristov, Rumen Rainov 3

! Technical university of Sofia”, 1797 Sofia, e-mail gig@abv.bg

2 Technical university of Sofia”, 1797 Sofia, e-mail : vdh@abv.bg

3 Technical university of Sofia”, 1797 Sofia, e-mail : rrainov@tu-sofia.bg

ABSTRACT. The rating about the effectiveness from the performance of adjustive electric drive is possibles and after by as is bought and the transformer integrated
offered type, or in the preliminary stage to choice to the statute of administration and the type to the transformer. The results from the exploration at such class electric
drive by the models are exposed in the report, to that the blocks are added on for estimate to powers and energies with the separate components to the electric
drives. This permits to be compared and they appreciate the qualities of laws, that are different by type, of operation and principles of construction of adjustive electric
drive.By means of the received data from the models explorations, will be appreciate the consumed live energy from the infinity bus, the useful power, power energy
indexes, and power factor.

1. BbLBepeHue uHdopmaTueeH nokasaten KM, aeduHnpaH kato oTHOLEHME
OBuwonpreTo e oueHka 3a eHepruHaTta eqeKTUBHOCT Ha Ha eHeprin — KOHCYMUpaHW 1 13pasxofBaHi 3a onpeaeneHo
paboTa Ha enekTpo3afBWXBaHUSATA 4a Ce AaBa upe3 koedu- Bpeme t:
UueHTa Ha nonesHo aenctaue (KMNM) 77, aedmHmupaH karo : P
ST M om=e @
P€X 8X
KbAeTo Pex € KOHCyMUpaHaTa MOLLHOCT OT efleKkTpo3agBuxBea- KbAeTo.

HeTo, a Pusx € monesHaTa MOLLHOCT, OTAaBaHa Ha Bana Ha
3afBukBalLMs asuraten. Tean 4Be MOWHOCTM Ce pa3nnyasar
e[Ha OT Apyra C MOLLHOCTTa Ha 3aryoute AP= Pex — Pusx B
JBUraTens u cbOTBETHUS npeobpasyBaTen, ako WMa TaKbB.
Tasu oueHKa e TBbp/e HarneaHa, Ho e CNpaBeanMBa camo ako
npoueca Ha paboTa Ha eneKkTpo3afBKBAHETO € HEM3MEHEH
BbB BpemeTo. PeanHo, B GONWMHCTBOTO Chyyan, TOBa He €
Taka, Tb KaTo npu paboTata Ha eneKTPO3aABWKBAHETO Ce
Habntogaeat npolecu Ha nyckaHe, cnupade , pabota ¢ npo-
MEHSILLO ce HaToBapBaHe u ap. Toraea upes KM He moxe aa
Ce OLeHM peanHus pasxof, 3arybute 1 nomnesHaTta eHeprus,
KOeTO 3a noTpebuTens e MHOro BaxHo. [opagw ToBa, B Te3u
Cnyyam e LenecbobpasHo Aa ce u3nonsea kato no-yaobeH u

t

Eeo = I&X(t)dt € KOHCyMMpaHaTa eHeprus, a
0
t

E.ox :IPW(t)dt eHeprusTa ynotpebeHa 3a W3BbPLUBaAHE Ha
0
nomnesHa paboTa oT eneKkTPo3afBUKBAHETO.

Tean fBe hopmu 3a €HepriHa oOueHka ce gobmkasat
€[lHa KbM [ipyra KOmkoTo € no rofisima abcontoTHaTa CTONHOCT
Ha BPEMETO 3a OLeHKa t, KaTo LUie CbBMagHaT HaMbIIHO KOraTo
t—oo.
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B poknaga ce npeanara Bb3MOXHOCT 3a MOJyvyaBaHe Ha
TE3N OLEHKM Ha Gasata Ha u3cregBaHWst 3a perynupyemu
ACUHXPOHHY eNEeKTPO3aABIKBaAHUS BbPXY MOAENM Ha TakuBa B
cpegata Ha Matlab/Simulink. HanpaBenute wu3cneagaHus,
no3BonsiBaT Aa ce onTUMKU3MPaT B eHepreH acnekt pabotara
Ha eneKTPo3afBIKBaHETO.

2. EHepruitHM uscneaBaHUA Ha aCUHXPOHHO
eneKkTpo3aABMKBaHe C perynupaHe Ha 3axpaH-
BalLOTO HanpexeHWe Ha ctTaTopa

OBekT Ha u3cneaBaHe € aCUHXPOHEH [ABuraten C HaKkbCo
CbeAMHEH POTOp, Ha KOWTO CTaTopa Ce 3axpaHBa OT U3TOUHMK
Ha TpMhasHo HanpexXeHWe ¢ perynupyema ronemMuHa npum noc-
TOSIHHA YecToTa. B CbCTaBeHMst MOAEN ca NOCTaBeHW M3Mepu-
TENN HA KOHCYMMpPaHUTE 0T 3axpaHBaLLMs M3TOYHWK Tpuchas-
Ha aKTMBHA MOLLUHOCT Pex 1 eHeprus Eex . MexaHuuHaTta moLu-
HOCT Puex, KOSITO CE Cb3aBa OT ApuraTtens npu npeobpasysa-
HeTO Ha eneKkTpuYecKaTa eHepris B MEXaHWYHa, ce nomy4aea
no W34YMCIUTENEH MbT OT EneKTPOMAarHUTHUS MOMeHT M Ha
ABUraTensi W brroeaTa My CKOpOCT @ :

Pyex=Mao (3).

3a fa ce nonyyy nonesHara MOLLHOCT Py, KOATO ABUraTens
OT/AaBa Ha Bara Ci, & Hy)XHO Aa Ce MpUcnagHaT MOWHOCTTa Ha
3arybu oT TpueHe 1 BeHTURAUNS AP, B [BUraTens U MOLL-

HOCTTa Ha OOMbAHUTENHWUTE 3arybu AP; OT BuUCLUM NpOCT-
PaHCTBEHM XapMOHULY HA MarHMTHOTO none. Torasa:
Puax:Pmex_(APmp +AP0):Pmex_APn-

Tyk cymata AP, 0T nocoyeHnte 3arybu ce oTuMTa Karto
MPOLIEHTHa CTOWHOCT OT HOMMHANHATa Mosfie3Ha MOLLHOCT Ha
asuratens Py, kaTo B U3crnefsaHus cryyait ca npuetn 5% ot

HOMWHanHaTa MOLWHOCT Ha u3crnensaHus asuraten (B. Krio-
yes, 2001).

HanpaseHn ca mopenHu u3cneaBaHus 3a gsuraten ¢ HomMu-
HanHa moluHocT Pnv=2200 W 1 HoMMHanHa YecToTa Ha BbpTe-

He nn=1410 tr/min npu ynpaBneHue 4pe3 U3MEHeHWe Ha 3ax-
PaHBaLLOTO HanpexeHwe.

LlenTa Ha u3cnegBaHuATa € aa ce npocnegu BrNMAHMETO Ha
ronemMuHaTta Ha 3axpaHBaloTo HanpexeHne BbPXy:

- KOHCyMMpaHaTa MOLLHOCT PBX;
- Toka /1B cTatopa;
- CymapHaTa MOLLHOCT Ha 3arybute AP B aBuratensi.
Ha ¢ur. 1 e nokasaH peanuampannaT B Simulink mogen Ha
M3CeaBaHOTO acMHXPOHHO enekTpo3agBukeaHe. B mopena
Ce M3MepBar;
- KOHCYMMpaHaTa OT 3axpaHBallusi U3TOYHMK Tpuchas-
Ha aKTMBHa MOLLHOCT Pex (610K Pvh);
- KOHCyMUpaHaTa OT 3axpaHBalLyus U3TOYHWK eHeprust
Eex (610K Evh);
- ronesHaTta MOLHOCT Ha M3x0fa Ha 3a[BUXBaHETO
P.sx (Brok Pizh);
- eHeprusTa ynotpebeHa 3a U3BbpLUBAHE Ha nonesHa
paboTa oT 3aaBKBaHETO E,, (6M0K Eizn);

- MOLWHOCTTa Ha 3arybu B 3a[BWMXBaHETO AP= Pegy —
Puax (6J'|0K Pvh - PIZh),

- edeKkTMBHa CTOWHOCT Ha CTATOpHMA ToK /1 (Brok
[_a1rms).

B mogena € Bb3MOXHO 3afjaBaHe Ha TOBApHUS CTaTUYeH
MoMeHT M (6riok Mc).

OT u3mepeHuTe faHHM MoraT fa 6baaT noyyeHn CTOMHOCTH
Ha momeHTHUs KI[, nauncneH no (1), konto Hocw B cebe cu
WHOpMaLMs 3a YCTaHOBEHUTE pexumn Ha paboTa Ha 3ag-
BUXBaHeTo, Oe3 1a AaBa KOHKPETMKA 3a EHEPIUItHUTE pa3xoau
W CTENEHTa Ha M3MON3BaHe Ha KOHCymMMpaHaTa eHeprust B OT-
[ENHNTE eTanu Ha paboTa Ha 3aBUXBaHETO (MPEXogHMU Mpo-
LLecH W YCTaHOBEH pexXuM Ha paboTa). MNocneaHOTo e Bb3MOX-
HO [a Ce MOMy4M Camo, ako Ce OLEHSBa EHEepruiHua pasxon
cnep onpefeneH MHTepBan Ha paboTa Ha enekTpO3aaBiKBa-
HeTo. Torasa no (2) Moxe aa ce nonyun uHcopmaums 3a Krg
kaTo (hyHKUMS Ha BpeMeTo Ha paboTa. Tyk 3a Basa npu npoc-
nefsBaHe Ha 3aBNUCUMOCTTa Ha 77t OT BPEMETO € NPUETO Bpe-
METPaEHETO fr Ha MPEXOSHMS NPOLEC Npu NyckaHe Npu 3aja-
[EH CTaTUYeH MOMEHT.

Me ¢ A I
Measures " Fizh
R I_a Io{l_a Bzh
. | —={m &1 e . Eizh
@ 42 " ot o M —
s _— 23 ] labc wh |
. Measures "L L { Pk Pizh Ph-Pizh
< Ta L—sla la_ms |
T U_abc ACZ
. Ll =t B w ] I_atms
_®_ [ N o 3 -
—E [E—
b—‘ AL, Pn- 2200 W, Wn- 22000 »
™ Wie[rpm], Ma[Nm]
Evh

®ur.1. Moaen Ha perynupyemo acuHXpOHHO eNeKTpo3afBuKBaHe
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- MOLLHOCTTa Ha 3arybuTe OT 3aXpaHBaLLOTO Hanpe-
wewue (pur.3) AP =f(U');

- KOHCymMpaHaTa MOLLHOCT OT 3axpaHBaLLoTo Hanpe-
xeHve (cur. 4) Po,=f(U");

- MomeHTHMa KIN[] 0T 3axpaHBaLLOTO HanpeXeHe
(cur. 5) 7 =1(U");

- KNQ cnen Bpeme Ha pabota t = 3f, 0T 3axpaHBa-
LOTO HanpexeHue (cur. 6) 775 =f(U") ;

- KINA cnep Bpeme Ha pabota f =7t, 0T 3axpaHBa-
LoTo HanpexeHue (pur.7) iz =f(U") ;

- KA cnen Bpeme Ha pabota t =10f, ot 3axpaHBa-
LOTO HanpexeHue (pur. 8) rzo =F(U") ;

B Tean 3aBMCUMOCTM 3a TOKa, HANPEXEHWETO M MOLLHOCTTA
Ce W3Mon3BaT OTHOCUTENHU CTOMHOCTH, KaTo 3a 6a3oBu Benu-
UWHM ca NpUeTw:

- HOMWHarHaTa CTOMHOCT Ha TOoKa B CTaTopa;
- HOMWHamHOTO (hasHO HaMpexeHue Ha ABUraTens;
- HOMWHarHaTa MOLLHOCT Ha [BuraTens.

Bcuykm TE3W 3aBMCMMOCTY Ca MONY4YeHW Npu BapupaHe Ha
TOBApHWSA CTaTU4EH MOMEHT Mc C YeTUPKM OUCKPETHU CTOMHOC-
TW, NOCOYEHN Ha CbOTBETHUTE rPachnKL.

—— 1 Mc=Mnom
—— 2 Mc=0.5Mnom
1 3 Mc=0.25Mnom
1 4 Mc=0

1"y
1,2

0,8

0,6

0,4

0,2

0,4 0,6 0,8 1

* *
@ur.2 3aeucumocture | = f(U ), npu pasnuunm croiimocty Ha
CbNPOTUBUTEINTHUAT MOMEHT

AP — 1 Mc=Mnom
12 — 2 Mc=0.5Mnom
— 3 Mc=0.25Mnom
1 1 4 Mc=0
08
0,6
73—
04
L —
0,2
4
0 T T T T T
0 0.2 04 0,6 08 1 12 U*

our.3 3asucumoctute AP =f(U"), npn pasnuunm cToitHoc Ha
CLNPOTUBUTENHUAT MOMEHT
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P*BX
1,600

—— 1 Mc=Mnom
—— 2 Mc=0.5*Mnom
1 —— 3 Mc=0.25*Mnom
4 Mc=0

1,400

1,200 2

1,000

0,800

0,600 4

0,400

0,200

0,000
0,000

0,200 0,400 0,600 0,800 1,000 1200 Y

our.4 3asncumoctute P, =f(U"), npu pasnuunm cToitHocTn Ha
CLNPOTMBUTENHUAT MOMEHT

n —— 1 Mc=Mnom
—— 2 Mc=0.5*Mnom

3 Mc=0.25*Mnom
—— 4 Mc=0

0.9 1

08

07

0,6

05

04

03

0,2

04 0,6 08 1

@ur.5 3asucumoctute 77 =f(U"), npu pasnuunm ctoiHocTh Ha cbn-
POTMBMTENHUST MOMEHT

Na 0,7 ——1 Mc=Mnom
—— 2 Mc=0.5*mnom
06 3 "Mc=0.25*Mnom
—— 4Mc=0
05
1
04 2
3
0,3 4
02
[
01
0 , , , , ,
.
0 0,2 0,4 0,6 0,8 1 12 Y

@ur.6 3asucumoctute 733 =f(U'), npu pasnnunm croitnoctn Ha
CHNPOTUBMTENHUAT MOMEHT

AHanu3bT Ha Taka MONyYeHWTe 3aBUCMMOCTW MOKa3ga, ue
ype3 perynupaHe Ha 3axpaHBaLloTO HaNPeXeHNe € Bb3MOXKHO
[a Ce nocTurat ONpeAereHn eHepruiHv NokasaTenu Ha enek-
TPO3a[BWKBAHETO, KOUTO Aa BOAAT 4O MUHUMU3MPAHE MU Ha
KOHCYyMMpaHaTa MOLLHOCT, WNK Ha 3arybute B enekTposap-
BWXXBAHETO UMK Ha Toka B cTatopa (cur. 2, ¢ur.3 u cur.4).
MUHUMYMBT Ha Te3W NoKasaTenu € CBbp3aH C KOHKPETHO Ha-
TOBapBaHe, KOETO NoKa3Ba, Ye M3rpaxaaHeTo Ha eHeproedek-
TUBHO €NEKTPO3aLBMKBaHE € Bb3MOXHO Camo, ako Ce KOHTPO-
nMpa TOBa HAaTOBapBaHe ¥ CUCTEMATa 3a YNpaBreHne pearupa
Ha Hero.



—— 1 Mc=Mnom
—— 2 Mc=0.5*Mnom

3 Mc=0.25*Mnom
—— 4 Mc=0

N7t
0.8

0,4 0,6 0,8 1 12 U

our.7 3asucumoctute 777 =f(U'), npu pasnuunm croiiHocTn Ha
CLNPOTUBMTENHUAT MOMEHT

Niot —1 Mc=Mnom
0,8 —— 2 Mc=0.5Mnom
1 3 Mc=0.25Mnom
0,7 —— > 4 Mc=0
—_2

0,6

' 3 .
0,5 —
0,4

4

0,3
0,2
0,1

0 - - - - - -

0 0,2 0,4 0,6 0,8 1 1,2

®ur.8 3asucumoctute 7740 =f(U"), npu paznuunn croiinoctn Ha
CBNPOTVBUTENHNAT MOMEHT

OueHkaTa Ha edeKTMBHOCTTa Ype3 KoeduLmMeHTa Ha nones-
HO [edcTBMe TpsAbBa 4@ OTYMTA NPOLBLITKUTENHOCTTA Ha pabo-
Ta Ha 3a[BWXBaHETO — BWX cur. 6, dur.7 v cpur. 8( T.e. fa cu
onpegens ypes eHepruute), Tbii kato MomeHTHus KM He
HOCU WMH(pOpMaLMs 3a TOBa, Y€ OCBEH YCTAHOBEH PEXUM Ha
paboTa uma 1 NPEXOAHMN PEXIMI B KOUTO CE KOHCYMUpa eHep-
r1sl, KOSITO Ce WM3pa3xodBa 3a [a Ce W3BbpLWK CbOTBETHATA
nonesHa u Heobxoguma paboTa OT 3aABWKBaHETO. Takaea
OLieHKa e Bb3MOXHA [1a Ce U3BbpLUIBA CaMO Ype3 MOMEHTHUS
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KMA (cour. 5), ako CbOTHOLIEHNETO MEXAY BPEMETO Ha paboTa
1 Ha NPOLBITKMTENHOCTTA Ha MPEXOAHWs NPoLeC e 3HauuTen-
HO. B KOHKpETHWTE n3cneaBaHust MPUEMIMBI CbOTHOLLEHWUE Ha
Te3n BpeMeHa ca Tean KouTo HaapuwlaeaT 10 u noseye NbTw.
[Mpun ToBa TPsIOBa Oa Ce OTYMTA KOHKPETHOTO HAaTOBapBaHe Ha
3a[IBMXBAHETO W roNieMUHaTa Ha 3aXpaHBaLLOTO HaNpPexXeHue.

3. 3aknoyeHue

M3noXeHWsT Noaxod 3a eHepruiHu n3cnefBaHust Moxe yc-
MELLHO [a Ce M3MOn3Ba W B CIy4anTe Ha ynpaBneHne Ha acuH-
XPOHHU 3a[BWXBaHUS C KOHKPETEH TuM npeobpasysaten (na-
paMeTpuyeH B cTatopa UmuM potopa NpW ABUraTenu ¢ HaBuT
poTop, YeCTOTeH M ap.). B Tean cnyyan e Bb3MOXHO Aa ce
[afe OUEHKa M 3a EHEPruiiHUTE MoKasaTenn Ha KOHKPETHUS
npeobpasyBaTen, a OT TaMm [a Ce NpeLeHn kakbe npeobpasy-
BaTen e Lenecbobpa3Ho Aa ce M3non3ea npu 3agafeHu ycno-
BMS Ha paboTa Ha enekTpo3agBMkBaHeTo. Takbe TUN M3Cnea-
BaHus CTOM KaTo 6baella 3afayva npes aBTopute Ha goknga.!
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0T PegakumoHeH cbBeT

1 Tosu foknag e pesynTat Ha yacT oT pabotara Ha aBTopuTe Mo
poroeop Ne08217MM[-8/2008 r. kbm HAC npu TY-Cochust
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EKCMEPUMEHTAITHO ONPEOENAHE HA CBIMPOTUBIEHUETO HA ECTECTBEHOTO
3A3EMABAHE HA ENEKTPUYECKWUTE COHOU B P.”"ENALUTE”

MuneH [peHkoe

CMC-C EOQL, 2070 NMupdon

PE3IOME: [lagenu ca pes3ynTaTv OT eKCnepuMeHTanHu W3CneaBaHus 3a CbMPOTUBIEHWETO HA eCTECTBEHOTO 3a3eMsBaHe Ha coHgu Tvun CBLU wu3nonssanu 3a
npobueHo — B3puBHM pabotn B p."Enauute” Ha “Enaumte Meg “ ALl . Te obxsawar u3mepBaHus Ha CNeLNMUYHOTO CbNPOTUBIIEHNE HA MacuBa B OTAEMHM
XOPW30HTU, CbNPOTUBIIEHMETO Ha ECTECTBEHO 3a3eMsiBaHe (Camo3a3eMsiBaHe) Ha MaLUMHWTE B MPaKTUYECKW Bb3MOXHN CUTYaLmn®.

EXPERIMENTAL DETERMINATION OF THE RESISTANCE OF NATURAL GROUNDING OF THE ELECTRICAL PROBES IN

“ELACITE” PIT
Milen Drenkov
CMC-C Electrical engineering

ABSTRACT. Results are presented from experimental researches of the resistance of natural grounding of probes type CBLU used for drilling-explosion works in
“Elacite” pit of “Elacite Med” Ltd. They comprise measurements of the specific resistance of the massive in separate horizons, the resistance of the natural grounding

(self-grounding) of the machines in practically possible situations*.

Llen Ha ekcnepuMeHTa

LlenTa Ha ekcnepyMEHTanHoOTO U3cnesBaHe € fia ce nonyyar
pearnHn CTOAHOCTU Ha CbMNPOTUBMEHNETO HA CaMo3a3eMsiBaHe
Ha MWHHWTE MalUWHW, B CIyyas HA COHAM, KaTo (PyHKUMS OT
CneunnUYHOTO ChMPOTUBIEHWE HA MAcuBa, OT CTEMeHTa Ha
HaBnaxHsiBaHe, OT [bIKMHATA HA COHOAXHUS MHCTPYMEHT B
0TBOpA W HauMHa Ha CTaHLMOHMPaHe Ha MalluHaTa.

MonyyeHnte pesyntaTi Lie OOMPUHECAT 3a pelaBaHe Ha
npobnema 3a egekTnBHOTO obe3onacsiBaHe Ha MOABWXKHUTE
MWHHM MaLLUMHK, M3NON3BaHW KaKTo B OTKpUTATE, Taka M B
noasemMHuTe pyaHuLM [1, 2], npucbeanHenu kum IT cuctema ¢
“3onupaHa HeyTparna 3a HUCKO HanpexeHue (HH).

MeTop Ha U3MepBaHeTo

/3aMepBaHETO Ha CbLNPOTUBIEHWETO Ha CaMO3a3eMsiBaHe
(ecTecTBEHO 3a3eMsiBaHe) Ha MalUMHATA € OCbLIECTBEHO ChbC
cneunanuanpad uucpoB usmepeateneH ypen GEOHM -
GTMS503, knac Ha To4HOCT -2%.

CreundunyHOTO CbNPOTUBNEHWE HA MacuBa B XOPU3OHTA,
KbAeTo paboTu MalwuHaTa, e W3MEPEHO MO YeTUPUNPOBOLHA
cuctema [1] | 4 enekTpoam 1 M34MCEHo No opmynara:

p=27mR, ,0m (1)

KbAETO: A - Pa3CTOAHNETO MEXAY eNneKTpoanTe, m

R, - navepenara croitHoct , €2
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CbnpoTMBNEHNeTO Ha camo3a3emsBaHe (eCTECTBEHOTO
3asemsBaHe) Ha congute CBLU e u3mepeHo no TpunposogHa
CXeMa C [Ba [OMbIHUTENHW ENeKTpoau TOKOB W
rnoTeHUManeH, OTYMTaiiki, Ye OYaKBaHUTE CTOMHOCTW ca OT

nopsaabka 101-102 Q)

Mpy n3mepBaHETO Ce MpeKkbCBa Bepurata Ha 3allMTHWSA
(PE) npoBodHUK, C KOMTO MalUMHaTa € NpUChbeauHeHa KbM
3a3eMuTenHaTa Mpexa.

Camo3asemsiBaHeTo Ha coHaute ot Tuna CBLW ce
OCbLLECTBABA Ype3:

Bepurute 3a npuasuxeaHe;

NanuTe 3a HUBENMpaHe 1 cTabunusaums;

COHA@XHUAT MHCTPYMEHT

ETo 3awo npw usmepsaHusita € 0Tbensi3aHa cTeneHTa Ha
aKTMBMpaHe Ha MOCOYEHWTE TPWU enemMeHTa , B YaCTHOCT
MONOXEHWETO Ha NannUTe M HamM4HOCTTA W AbMKMHATA Ha
LLaHr B 0TBOPA.

Pe3ynTaTtu oT u3mepBaHusTa
Pe3yﬂTaTMTe OT UM3MepBaHuWATa Ha CI'IGLI,VI(*)VNHMTG

CbNpPOTUBIIEHMA Ha MacuBa Ha Pasnn4yHU XOPU3OHTN N 30HK , B
KOUTO Ca pa3nosioxeHun coHauTe, ca AafeHn Ha Tabn.1



Tabnumua 1

Cneuundmyro
Xopu3oHT | CoHpa Ne Briaxtoct CbrnopTuBneHNe,
Ha MacuBa
Qm
1120 22 BnaxeH 201
1120 23 BnaxeH 201
1105 26 BnaxeH 150
UEJ2 24 Bopa v kan 24
BnaxHocTTa, KkayeCTBEHO OMpefeneHa € pesynTaT Ha

nafiHan1 ObXO0Be B NPEAXOAHUTE HAKOMKO [IHW.

Pesyntatute 0oT u3MepBaHusTa JaBaT OCHOBaHWe da Ce
3aKMoYK, Ye Npu BRaxeH MacuB, cneuuduyHOTO CbNpoTHB-
neHure ce namens B rpaHnuute 150-200 €2.cm . Mpyn obunHo
HaMOKpsiHe, 3afbpxaHaTa BOAa M kan B KOWTO Ce Hamupa
coHpaTa, CrneyndmuyHOTO CbNPOTUBNEHNE € C €AHA CTEMEH no-
manko (24 C.cm).

ViBa [ocTaThYHO OCHOBAHME MOMYyYeHUTE pes3ynTatu fa ce
npuemar 3a TUMWYHa, TbI KaTo TOBa CbCTOSHWE HA Macuea €
XapaKTepHO 33 BCMYKM CE30HW W Ce MPOMEHs CaMo Mpu
npoobimKk1TENHO 3acywasaHe (6e3 Banexw) 3a nepuog 1-2
MeceLia, KOETO 3a YCMOBUSITA Ha BUCOKO-MNAHUHCKUS PYAHUK
“Enauute” e pagko siBneHue.

PGSyJ'ITaTI/ITe OT M3MepBaHuATa Ha CbNPOTUBINEHNETO Ha
camo3aseMsiBaHe Ha COHAWTE Ca AafeHn Ha Tabnuua 2, B
KoSITO Ca 0TOens3aHn CbCTOSHMETO (MOMNOXEHWETO) Ha nanuTe
3a HuBenMpaHe W CcTabwunusauus, Hanmuuve W ObMKMHA Ha
COHL@XHWS IHCTPYMEHT B OTBOpA.

Tabnuua 2
HannyHocT un
CneTos-
c HMe Ha 'qb”;(”Ha Ha8 | amepero
?\Tfa XOpUW3OHT nanuTe 3a pavoTHIS CbMpOTMB-
g hserpan | MOTPYMEHT e, O
o B COHaxa, '
m
22 1120 CnycHatu 15 27,7
Bouruatu Jiuncea 49,3
23 1120 CnycHatu Jiuncea 41,1
24 KET2 Bouruatu Jiuncea 13,6
CnycHatu 15 32,2
2 1105 CnycHatu Hama 48

AHanus Ha nonyyeHuTe pesynTaru

lMonyyeHuTe pesynTtatu, cuctemaTuavpanm B Tabmmua 1 m 2
No3BONSBAT Aa Ce HanpaBsT CNeAHUTe N3BOAN:

[MpenopbyaHa 3a nybnukyBaHe oT PefakLyMOHeH CbBET
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1. CbNpOTMBNEHNETO Ha CamM03a3eMsiBaHe Ha COHAUTE OT
tuna CBL 3a ycnosusTa Ha p-k “Enauynte” ce u3meHs B
rpanmuuTe (15+50) Q).

2. BnaxHocTTa Ha MacuBa OKa3Ba CbLUECTBEHO BRWSHUE
BbPXY KaKTO BbPXYy CMELMPUYHOTO My CbNPOTUBNEHME
MOXe [a ce Hamanu npubnuanTenHo B egHa cteneH (8-
9), TO CbMPOTMBNEHMETO Ha CaMO3a3eMsBaHe MNpy
YCNOBMS Ha Kan v BOAa HamansBa camo 2-3 MbTu.

3. PabOTHMAT MHCTPYMEHT (LaHraTa), korato e CrycHarT B
COHOXHMAT OTBOp, T.. MO Bpeme Ha pabota, Bnuse
CbLLECTBEHO BbPXY CbNPOTUBMEHNETO Ha
camo3asemsiBaHe. Korato B O0TBOpa HsiMa WHCTPYMEHT,
CbMNpOTVBIEHMETO HA CaMO3a3eMsiBaHe HapacTBa ¢
noytu 50%.

4. Jlanute 3a HuBenupaHe W CTabunusauus CbLiO BAMAST
Ha CbMPOTWBIEHWETO Ha 3a3emsBaHe, Makap W B Mo-
Manka CTeneH ChpsMO BIWSHWETO HA  COHOAXHMS
WHCTPYMEHT. ToBa BnusHue e B pasmepute 15-20%.

3aknioyeHue

MMpu aHanuauTe Ha napameTpuTe Ha 3a3eMUTEMHUS KOHTYP
Ha MOMABWKHMTE MalMHW, B 4acTHocT Ha conaute CBLL,
TpsibBa ga ce umat B NpefBua MakCMManHuTe CTOMHOCTU Ha
CbNPOTUBNEHMETO Ha CaMO3a3eMsaBaHe, KOUTO Ce monyyaeat
Npu BAMIHATM Nanu 3a HWBENMpaHe W cTabunusauust U npu
n3BageHa OT COHAAXHUS OTBOP COHZA. 3a ycnoBWATa Ha p-K
“‘Enauute” Tesu CTOMHOCTW ca B rpaHuuute ot 30+50
KOMTO ca Cbu3MepUMW C pernameHTupanute B BAC 11623-83
CTOAHOCTW Ha CbMPOTUBIIEHMETO HA 3a3EMUTENHUS KOHTYP, HO KbM
KOWTO WMa OCHOBaTENHM pesepsu [2,3], OLEHsSBalkM pucka 3a
€JTeKTPUYECKM TPABMM Ha 0BCNyXBaLLMs NEPCOHan .

OtunTaiikn HapacTBaHETO Ha T3 CTOMHOCTM MPU MPOABIKUTENHO
3acyluaBaHe, eCTEeCTBEHOTO 3a3eMsiBaHe He MOXe [a rapaHtupa
Heobxogumata enektpobesonacHocT 6e3 nonsBaHe Ha [OMbI-
HUTENHO 3a3eMsBaHe (3a3eMUTENeH KOHTYP).  3aAbIKUTENHOTO
KOHTPONMpaHe Ha napameTpuTe Ha 3a3eMUTENHUS KOHTYp e
Heobxoaumo ycnoBue 3a paboTata Ha NOABVKHWTE MaLLMHW.

INutepatypa:

CrosHoB CT., [.AHeB. Enektpudecku cuctemu. 3asemneHue.
3awwtn. besonacHoct., yact | u I “ABC TexHuka” C.,
2004r.

MetTewes, M., Ct.YobaHos, M.[peHkoB. Cn.MuHHO geno un
reonorus, Ne6 / 2007 “3ems” 2007.

[pexko M., OTHOCHO 3aLLMTHOTO 3a3eMsBaHe Ha NOABWXHUTE
MWHHM MaLLmHm B | T cuctemu. MoguwHuk Ha MY
“Cs.MBaH Punckn”, Tom 50, cB.lIl “MexaHusauus
enekTpumkaLmsa n asTomaTudaums B MuHute. ‘UK
“Cs.MBaH Puncku”, C., 2007
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APXUTEKTYPA HA CACTEMA 3A MOHUTOPWUHI" HA ENEKTPOMNMOTPEBJNIEHUETO HA

»CTOMAHA UHOBCTPU” ALl

Juana [Jeyeea, 30pasko Unuee, UeaH Cmournos

MurHo-eeonoxku yHusepcumem ,Cg. Mear Puncku”, 1700 Cocpusi

PE3IOME. MNMpeacTaBeHmn ca OCHOBHUTE CbOBpaxeHnst npu u3bop Ha CTPYKTypa M apXUTEeKTypa Ha CUCTeMA 3a KOHTPON Ha enekTponoTpebnenmeto Ha ,CTomaHa

nHgsCTpy” All

ARCHITECTURE OF THE SYSTEM FOR MONITORING OF THE ENERGY CONSUMPTION AT

THE “STOMANA INDUSTRY” AD
Diana Detcheva, Zdravko lliev, Ivan Stoilov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT. The major considerations for selection of a structure and architecture of a system for control of the energy consumption at “Stomana Industry” have

been presented.

BbBeneHue

lMpoLechT Ha HenpPeKbCHAT KOHTPOI W aHanu3 Ha napameTpy
Ha enekTponoTpebneHneTo, W3BECTEH KAaTO MOHWUTOPMHT, €
HEOTMEHHa W BaxHa yYacT OT [JelHOCTTa, CBbp3aHa C
EHepruitHa MeHUIXMBHT. Toi ce sBsiBa NpeanocTaska 3a
onepaTuBHa OLEHKa Ha crneynduyHata eHeproeMKocT Ha
OTAEnNHU LiexoBe U NpousBoAcTBa. [pefocTaBaHaTa oT Hero
nHopmaums e basa 3a TbpCeHe Ha MbTULLA W CPeacTea 3a
HamarnsBaHe Ha KOHCyMauusTa, KOETO € OT CbLLUECTBEHO
3HayeHue npu yTBLPAMNATA Ce TEHAEHUMS Ha MOCTOSHHO
HapacTBaHe Ha LieHaTa Ha eneKkTpoeHeprusTa.

WarpaxgaHeTo Ha CUCTEMW 3@ EHEpPrieH MOHWTOPWHT €
W3KIMKYUTENHO BAXHO 3a BCUYKM NPEANPUSATUS OT KaTeropusTa
JlpuunernposaHu notpebutenn’ Ha HEK, 3a kowto
€NeKTPOEeHEeprsiTa Ce OCTOMHOCTSBA MO MO-HUCKW LiEHW, HO
Mpu CTPUKTHO CrMasBaHe Ha MpeaBapuTenHO AOroBopupaHu
YCPEOHEHN MOLLHOCTW 3a BCEKWM 4YacT OT AeHoHowmeTo. bes
CpefCTBa 3@ HEMpeKbCHAT KOHTPOM M HaTpynBaHe Ha 6asu
AaHHW CbC CTATUCTUYECKa MHGOPMALMS € HEMUCIIMMO KaKTo
€(heKTMBHOTO MPOrHO3UpaHe M NnaHupaHe Ha KOHCymauusTa,
Taka W ONepaTMBHOTO U yNpaBreHne C Len U3MbIHEeHWe Ha
[OTOBOPEHUTE  KONNYECTBA  ENEKTPOEHeprs. A BCSKO
HapylLeHWe Ha MapameTpuTe Ha AOTOBOpa € CBbP3aHO CbC
3HauYMTenHU (OMHAHCOBM CaHKUMW. [opagu ToBa BCe noBeve
NPeanpusaTUs OLEHSBAT HeoBXoOMMOCTTa U MPUCTBNBAT KbM
BHEOPSIBAHE Ha CWUCTEMM 3a OMepaTMBEH KOHTPON Ha
enektponoTpebnenneto ( Mavamaros, 2002; Ctounos u ap.
2003; Crounos 1 ap. 2004 n gp.). TaxHaTa opraHusauus u
apxutekTypa Moxe Aa 6bge pasnuyHa M ce obycnass OT
pegnua caktopu: Opoii  enekTpoMepu, MPOCTPAHCTBEHO
pasnofioXEHNe Ha enekTpoOMepwTe, M3rpageHa BbTpeLHo-
3aBofcka MHhopMaLMOHHa MHGPaCTPYKTypa, Bb3MOXHOCTH 3a
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MPEHOC Ha MH(opMauuaTa, CcneuudUyHn U3MCKBaHUS Ha
NpeAnpuUsTUETO 1 Ap.

B «koHKpeTHust cnyvair Gele noctaBeHa 3apadvaTta 3a
oOxBaljaHe B €OWHHA CMCTEMA 33  KOHTpPON  Ha
enektponoTpebneHneTo Ha 120 enekTpomepa, pasnpbcHaTH
no Teputopusta Ha uanoto npeanpuatne ,CTOMAHA
MHOBCTPW A" B 30 oTmenHM NOACTAHUMM U TOYKM Ha
“3MepBaHe.

EnemenTn Ha apXuTeKTypaTa U KOHUenuus 3a

n3rpaxgaHe Ha VIHCbOpMaLIVIOHHVITe HUBA

Mpn cb3haBaHETo Ha cucTemMata 3a MOHUTOPUHT Ca
13non3saHn TpudasHn MyNTUYHKLMOHANHN enekTpoMepn ¢
WHOMPEKTHO CBbp3BaHe, MPOW3BOACTBO Ha (mpma “MynTu-
npouecopHu cuctemn” OO[ ¢ knac Ha TouHocT 0,2, 0,5 u 1.
Enektpomepute Cca C Bb3MOXHOCT 3a MpefaBaHe Ha
MHOPMaLMS Ha pa3CcToOsHWE C U3MNON3BaHe Ha WHTepdercuTe
RS232, RS485 unun “TokoB kpbr”. 3a LenTa BCEKM enekTpomep
pasnonara CbC CbOTBETHIUTE KNEMOPEAM U KYNIyH3N.

BaxHo uanckBaHe KbM cucTemata bewe Ts fa pabotu B
,pearHo Bpeme’, KOeTo NUMMTMpa [OMyCTUMOTO Bpeme 3a
cbbupaHe Ha MHGOPMAUWS OT BCUYKM ENEKTPOMEPUTE B
pamkuTe Ha 1 MUHyTa. HanpaBeHuTe WM34MCrEHMs Mokasaxa,
ye npu AeduHUpaHus Gpoil enekTpoMepU U C OTYMTaHe Ha
BpEMeTO, HeobXxogMmo 3a peanu3vpaHe Ha MpoTokona 3a
0BMeH Ha [jaHHU C efuH eNeKTPOMEp, Tasu 3afadva He MOXe
pa Obge peanuanpaHa C M3MON3BaHe Ha €OMH KOMMKOTHP.
Tosa onpegenu Heo6xoaUMOCTTa OT WU3NOM3BaHe Ha HSKOIKO
OTHENHW  KOMMIOTBbPHM  CUCTEMW  (NTOKanHM  CTaHuuu),
OCBLLECTBSBALM OMepauunTe MO CKaHMpaHe W MbpBUYHA
obpabotka Ha wWHopmauusita oT obocobeHa rpyna



enektpomepu. lNpu ToBa Ge yCTAaHOBEHO, Ye 3a YAOBMETBO-
psiBaHe Ha MOCTaBEHWUTE U3NCKBaHMATA 3a Obp30AEiCTBUE Ha
cucTemarta, KbM AafeHa NokanHa cTaHuus He mMorat aa Obaar
BKto4eHn noseve oT 40 enektpomepa.

Hanoxu ce 13BogbT, Ye 3a U3rpaxaaHeTo Ha cuctemara 3a
KOHTPON W ynpaBneHWe Ha enekTponoTpebrneHneto e
HeobxoaMMOo KOMYHWKaLMsATa 1a Ce OpraHn3vpa Ha [iBe HuBa:

1. Hucko HMBO, ocurypsiBaLlo cbbupaHe Ha JaHHM
OT Trpyna enekTPOMEPM W KOHLEHTpMpaLio nomnydyeHaTta
UHopMaLms.

2. Hveo, cBbp3BaWO OTAEMHUTE CUCTEMW 33
cbOupaHe Ha faHHM B 06LLa MpexoBa CTPYKTypa.

OpraHu3auus Ha HUCKOTO HUBO

BbamoxHOCTUTE 33 OpraHM3auMs Ha HUCKOTO HMBO Ca
OrpaHUYEHN 4O W3NON3BaHe Ha BrpafeHNTE B eNneKTpomMepuTe
MHTEPMENCH 1 HANWYHNTE B NPOU3BOACTBO KOHLIEHTPATOPM Ha
CUrHanu, m3nonseawyn “TokoB Kpbr’ unu RS485. AHanuante
nokasaxa, 4e W [BaTa MHTepdeidca ca NOAXoaswmM 3a
OCbLLECTBSIBAHE HA Bpb3Ka B CpefaTta Ha HanMyHUTE CUITHM
MarHuTHW, ~ ENeKTPOMATHUTHW WM paguocmylueHus. B
KOHKPETHWS CryyYail MPOCTPAHCTBEHOTO pa3rnoNOXeHWe Ha
nokanHuTe CcTaHumM € Taka nogbpaHo, 4Ye CpemHoTo
pasCcTosiHe Mexay TaX u otaenHute enektpomepu e 300-400
MeTpa, a B camo B OTAenHM cnyyaun goctura go 900 — 1000
meTpa. W pBaTta wuHTepderica ocurypseat 6e3npobnemHo
npegfasaHe Ha MHOPMaLMsTa Ha Te3U Pa3CToSHU.

Mpu CbOMpaHETO Ha AaHHM C U3NON3BaAHE Ha KOHLEHTpaTopK
no uHTEpdec  “TOKOB  kpbl”  obaye,  CblUeCTByBa
OFPaHMYEHNETO 3a BKMIOYBAaHE Ha He noseye OT 8
erneKkTpomepa BbB BCeKW Kpbr. [pu Hannuueto Ha 4 TOKOBK
Kpbra KbM BCEKM KOHLIEHTPATOP TO3W MOAXOL He Mo3sornsBsa B
pajeHa Touka pda Obgat BkoyeHu noBeve oT 32
ernexkTpomepa. ToBa ce sBABa 3HAYMTENEH HELOCTATHK, Thi
KaTo B TOYKM, KOUTO ENeKTpOMepuTe ca noseye Ha 6poit
ca CWUITHO pPa3CPedoTOYEeHU TepuUTOpuanHO Ce YCHOXHSBA
3HAYNTENHO ONpOBOASBAHETO Ha Mpexara U ce Hanara
NOCTaBAHETO Ha MOBEYE OT edaWH KOHLEHTpaTop, KOeTto
OCKbMsIBA TEXHUYECKOTO PELLEHHe.

lMpennaranute oT dupmaTa NPOU3BOANTEN KOHLEHTPaTopK
no MHTEPENC “TOKOB KpbI” MoraT [a KOMYHUKUPAT AUPEKTHO
C BTOPOTO HWBO, OCHLLECTBABAWKW Bpb3ka N0 PaguMoOMOLEM,
RS232, RS485, kneTbyHa Mpexa M Ap, KOETO e ronsma
npeauMmcTBo. HesaBucMMO OT TOBa MpW peanu3auusiTa Ha
KOHKpETHaTa CUCTEMa BapUaHTBLT C U3MON3BaHE Ha TOKOB Kpbr
felle OTXBbprEH MOpagW OrpaHWYeHMsTa 3a MakcumaneH
Opoi BKIIOYEHN ENEKTPOMEPH U NO-TONIEMUTE TPYAHOCTH MpK
NpOKapBaHETO Ha KOMYHMKALMOHHUTE npoBOAHUUW. He 6e3
3HayeHue Gelue 1 0BCTOATENCTBOTO, Y€ OCHOBHATA CXema Ha
Pas3monoXeHne Ha eNeKTPOMEPUTE € OT TUM «3Be3aa» YecTo ¢
noseye OT 8 enekTpomepa B Aaf€H by,

MMo-noaxodsiy 3a U3rpaxaaHeTo Ha HUCKOTO HUBO Ce Okasa
RS485. Ypes T03M uHTepdbeiic BCcsAka rpyna enekTpomepw,
Moxe fga Obge CBbp3aHa B OTAeNHa LWWHHA cucTemMa C
KOHLIEHTpUPaHe Ha WHQOpMaLMsTa B JlOKanHa CTaHUus npes
npeobpasysaten Ha uHTepdelicn 1-7563 (3xRS485 — USB).
To3u npeobpasysaten npeacrasnsaea Mogyn 3a TpaHcdep Ha
OaHHu mexay uHTepdeicute RS485 n USB ¢ aBTomatuyHa
HacTpoMka Ha ckopocTTa Ha obmeH M opmata Ha
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npegaBaHMTe  daHHM. Ha  npaktuka  npeacTaBnsiBa
efHokaHaneH RS485-USB npeobpasyBaten ¢ 3 nopToB Xb0,
Mo3BONsBall, pasknoHsBaHe Ha wHTepdeica RS485 B
Tononorus “3ge3aa’. Tbii KAaTO YCTPOMCTBOTO Ce 3axpaHBa OT
USB nopTa Ha nokanHata cTaHuus, nuncea HeobxognumocT oT
WHCTanMWpaHe Ha [JOMbIHWUTENeH 3axpaHBall, W3TOYHMK. [lpu
HEro He CbLLECTBYBa Ha MpakTuka 1 OrpaHuyeHneTo no 6poil
CBbP3aHM B AaJEH JTbY ENTEKTPOMEPH.

3a ocbluecTBABaHE Ha Bpb3kaTa MEXAy eneKTpoMepuTe u
npeobpasysatenute Ha uHTepdeic bewe 13bpaH ekpaHupaH
kaben Tun “ycykaHa gsonika” BELDEN 3106A, cwc cnegHute
[aHHU:

1. KoHcTpyKums
yCykaHa [BOJKa OT MHOTOXWYEH MPOBOAHMK B eKpaH
0T MeTanuaupaHa neHTa C ApeHaxeH MPOBOLHWK M
onnetka OT MeAHM KanangucaHw nNpoOBOAHULM B
obsueka ot PVC.
00wy 6poit Ha xunaTa — 3
AvameTbp Ha xunata — 0,762 mm (7x0,254)

BbHLUEH JnameTsbp Ha kabena — 7,62 mm
MUHUMAIEH Pagnyc Ha orbBaHe — 76,2 mm
maca Ha 1 km kaben — 71,6 kg

paboTHa Temnepartypa: oT — 20 go + 60 °C

2. EnexTpuyeckn xapaKkTepucTuku
e BB/IHOBO CbnpoTuenenne npu 1 MHz -120 Q
e HOMWHanHa uHaykTueHoCT — 0,666 pH/m
e HOMWHameH KamauuTeT Mexgy npoBoaHuumTe npu 1
kHz - 36,091 pF/m
e HOMVHAMNEeH KanauuTeT Mexgy eauHUst MPOBOAHMK W
ApyruTe MPOBOLHWLM CbEOWHEHW C eKpaHa -
68,573 pF/m
® OMMWYHO CbNpOTMBAREHME Ha xunoTto npu 20 °C -
48,231 Q/km
® OMMWYHO CbNPOTUBAEHME Ha onneTkata npu 20 °C -
9,187 Q/km
e koeduUMEHT Ha 3aTuxeaHe npu uvectota 1 MHz -
1,64 dB/100m
3a u3bareaHe Ha HanMYHUTE CMYLLEHWS C  TOMAM
WHTEH3WTET, LUMPMOBKaTa Ha MpexoBus kaben Oewe

3a3eMeHa B e[JHa TO4Ka BbB BCEKW OTAENEeH KINOH Ha MpexaTa.

MpoBegeHnTe NpeaBapuUTeNHI U3CNeABaHUS oKasaxa, 4e
HE3aBMCUMO  OT  OTHOCMTENHO  BUCOKATa CU  LigHa,
W3Mon3saHeTo Ha To3u BIA kaben Mo3BONM 3HauMTENHO Aa ce
MOBMLIM CUTYPHOCTTA MpW MPefaBaHeTO Ha [aHHW, KOeTo
ocurypu GesaBapuitHa ekcrinoatauus Ha cucTemara 4o TO3M
MOMEHT.

OpraHu3auusi Ha KOMyHWUKaLMaTa Ha BACOKOTO HUBO

Mpwu n3bopa Ha HauMH 3a NpeaaBaHe Ha MHopMaLMaTa Npu
FOPHOTO HWBO Ha cucTemaTa, OTHOBO Osixa aHanuaapaHu
HAKOIIKO Bb3MOXHOCTW — U3Mon3BaHe Ha paguomogemn, GSM
Mpexa W CblieCTByBallaTa W3rpageHa B paMKuUTE Ha
NPeanpuaTMETO  ONMTWYHA  Mpexa. bsxa  aHanuaupaxu
npeaumcTeata UM HeOoCTaTbUMTE Ha OTAENHUTE TUMOBE
KOMYHMKaLWS MO OTHOLLEHME Ha:

- BBb3MOXHOCT 3a NpefaBaHe Ha MHopMauusTa Ha
3HAUNTENHW pasCTosHMS, OT nopsabka Ha 3-4
KnnomeTpa;

- leHa Ha ocbliecTBsBaHe Ha WHDOPMALMOHHMS
obmeH;
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- eKcnnoataunoHHN pasxoan.

155



lMocTaBeHuTe YCMOBWMS [OOBEAOXa [O OTXBbpMsSHE Ha
cucTemuTe 3a BE3KMYHO MpeaaBaHe Ha WMHGoOpMaUusTa Tbi
kato:

1. W3nonssaHeTo Ha Bpb3ka upe3 GSM e ckbro,
ocobeHo KoraTto ce Hanara paboTa B pexuM Ha HeNPeKbLCHATO
npeaasaHe Ha UHGopMaLms. A TOBa € HaNOXMTENHO, Tl KaTo
cuctemata Tpsiba BbB BCEKM eQWH MOMEHT OT BpeMeTo Aa
pasnoniara CbC CTOAHOCTATE 3@ KOHCyMMpaHa MOMEHTHA
MOLLHOCT. M360pbT Ha To3n noaxon 61 4oBen A0 3HAYMTENHM
pasxofu npu ekcnnoatauusTa Ha cuctemara, U TO B Takasa
CTENeH, Ye NON3BaHeTo U e 6bae MKOHOMUYECKN HEWU3rOAHO.

2. B MHOrO oT mecTaTa B KOMTO Ce KOHLEHTpupa
WHOpMaLmsATa CbLEeCTBYBaT TONEMW MO Pa3Mepn MeTanHu
KOHCTPYKLMW, KOUTO eKpaHupaT paguocurHana. Hanuameto Ha
MOLUHM €NeKTPOMAarHUTHM CMyLeHus npu paboTtata Ha
NPOMULLNEHUTE  arperatm CblO BHACAT eneMeHT Ha
HECUIypHOCT B KOMyHWKaLMSTA.

Hait-eBTMH W CUrypeH HauMH 33 OCbLLUECTBSBAaHE Ha
KOMYHUMKaLMsiTa Ha FOPHOTO HWBO Ce OKas3a Bb3MOXHOCTTA 3a
W3ron3BaHe Ha BbLTPELIHO3aBOACKATA OMTUYHA Mpexa.
OcHoBHMSIT npobnem Oelwe, 4e T4 Oe npedBapuTENHO
narpageHa W npokapBaHeTo M He bGewe CcbobBpaseHo ¢
OCHOBHUTE TOYKM HA MOHTaX Ha ENEeKTpOMepwUTe, KOETo B
MHOTO Cnyyau [JoBefe [0 YBEenM4YaBaHe Ha AbITKMHUTE Ha
kabenHuTe TpaceTa.

CTpykTypa Ha cuctemara

Kputepuute 3a onpegensiHe Ha 6posi U MECTOMONOXEHWETO

Ha NoKanHuTe cTaHuum baxa:

MVUHUMarHa AbIKMHA Ha BPB3KUTE;

OCUTYpPEHO MSCTO 33 MOHTaX C Bb3MOXHOCT 3a
NpUCbeanHsBaHe KbM BbTPELUHO3aBOACKATA
ONTMYHA Mpexa;

OCTypsiBaHe Ha MakCUMarHo LOnycTUMO Bpeme 3a
CKaHMpaHe Ha BCUYKA €NeKTPOMEPH, BKITOYEHU B
e[]Ha NoKasHa CTaHLus.

B pesyntar Ha KOMMpOMMCHA ~ ONTUMM3ALMS MO
ropeonucaHnTe kputepun belle cMHTe3npaHa apxuTekTypa Ha
cuctemata 3a MOHUTOPMHT, obxBalyala 12 nokanHn 1 egHa
CbpBbpHA cTaHuuK. OBLWMAT 1 BKA € NpeacTaBeH Ha dur. 1. B
TOYKUTE Ha MOHT@X Ha MOKaNHMTE CTaHLUMW ca Pa3nomnoXeHu
SWITCH-oBeTe 3a Bpb3ka C BbTPeLIHO3aBOACKaTa ONTWUYHA
Mpexa W npeobpasyBatenute Ha uHTepdenc RS485 kbm
USB. Bpb3kata Ha komnwoTpute cbc SWITCH-oBete e
ocbluecTBeHa cbe cTaHaapTeH UTP kaben.

(DyHKLlMM Ha NoKanHaTta, CbpBbpHaTa U
I'IOTPGGMTGHCKVITG CTaHUuuu

TNokanHWTe CTaHLMM OCBHLLECTBSBAT:

- KOMYHWMKALMOHHUTE MPOTOKOMK C BKIIOYEHUTE KbM
TSX eNeKTPOMEpH;

- mbpBuMYHa obpaboTka Ha MHOpMaUMSTa, BKITOYM-
TENHO (PUNTPUPaHE 1 Banuamn3aumns Ha AaHHUTE;

- HaTpynBaHe Ha MONy4yeHUTe OT enekTpoMepuTe
nokasaHus B MbpBIUYHa Ba3a JaHHu;

- MECTHa MHAUKaLWS;

lMpenopbyaHa 3a nybnukyBaHe OT kaTespa
“ABTOMaTM3aLMA Ha nponssogcTBoTo®, MEM®
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- 06MeH Ha MH(hopMaLMs CbC CbpBbPHATA CTAHLMS.

OcHOBHUTE (PYHKLMM Ha CbpBBPA Ca:

- noadpbkka M ynpaBneHue Ha rnobanHata 6a3a
[aHHW;

- 0bpaboTka Ha MHopmaLuATa;

- CHMHXpOHWM3aUMsi Ha paboTata Ha IokanHute u
noTpebuTenckuTe CTaHLu;

- mapLpyTusaums u obpabotka Ha 3asBkuTe B LsnaTa
cuctema.

Kato noTtpebutencka ctaHuus B cuctemata Moxe ga 6bae
“3nomn3BaHa BCAKA CbLUECTBYBALlA KOMMKOTbpHA CHUCTEMA,
BKIIOYEHa B fOKanHata Mpexa npu YCrioBue, Ye B Hes
NpenBapuUTenHo € WHCTanupaH CbOTBETHUS codTyep M ca
ocurypeHu Heobxoaumute npaBa 3a poctbn. OT Bcska
noTpebuTencka cTaHums ca GOCTbIHM:

- EHeprumHuaT cKpuitH censbp;

- PaspaboTeHute  rpadmyHM  ekpaHu,  AaBalm
Bb3MOXHOCT 3a nony4yaBaHe Ha 6bp3a u HarnegHa
WHOPMALMA 33  MOMEHTHOTO CbCTOSHWE Ha
OCHOBHMTE KOHCYyMaTopW;

- Beuukm  yHkumm  Ha  cnpaBouHaTa  CUCTEMa,
nossonsBalla QopmupaHe Ha  pasHooDOpasHu
CMpaBkW  KaTO  [EHOHOWEH TOBapoB  rpacuk,
KOHCYMMpaHa eneKkTpuyecka eHeprusi, [OHEBHO
M3BMEYEHME 3a CETHIIMEHT Ha TbProBCKUS Y4ACTHUK,
pasxofM 3a KOHCyMMpaHa enekTpudecka eHeprus,
U3BMEYeHMe 3a KOHCYMUpaHa enexkTpruyecka eHeprus
3a BbHLWHKM noTpebutenu v ap. MepnoabT oT Bpame,
3a KOWTO Ce OTHacs cnpaekata ce 3agaea oT
notpebutens. Bb3moxHO € AeTannuaMpaHe Ha
WH(oOpMaLmMATa Ype3 pasfgenHo OoTpassBaHe Ha
AaHHUTE 33 AEMHUYHN WU NPa3HUYHY OHW.

- MomeHTHUTE NoKasaHWs Ha enekTpoMepuTe.

3aknioyeHue

CucTtemata yCnewHo npemuHa 72-yacosu npobu u ce
Hamupa B pegosHa ekcnnoataums B8 ,CTOMAHA UHOBCTPU”
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BbPXY EQHA MPEOABATENIHA ®YHKLUUA

CumeoH lazoe

MurHo-eeonoxku yHusepcumem ,Ca. Mear Puncku”, Cocpus

PE3IOME: B pa6oTaTta ce TpeTvpa M3BOLbT Ha NpeaaBaTenHata (yHKUMS 06Bbp3BaLLa brioBaTa YeCToTa Ha nnatdopmarta Ha poTopeH barep ¢ usHacswa ce

CTpena ¢ brnoBaTa YecToTa Ha u33emMaHe Ha 3abos.

ABOUT A TRANSMISSION FUNCTION
Simeon Gagov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT: The article treats the deduce of transmission function connected angular speed to the rotor excavators platform with taking out jib and the angular speed

of the face taking away.

B nybnukauusita MatematiyeH mogen Ha poTopHus barep B
npoLeca Ha aBToMaTU4yHO konaeHe (eros E., ABTomatuka 1
M3YMCNUTENHA TexHuKka kH.2, 1968), nogpobHo e u3BeaeHo
YPaBHEHNETO Ha [BWXEHKe, OﬁB'bpSBaLLlO bMbla Ha
3aBbpTaHe Ha nnatcopmara Ha poTopeH Garep ¢ uHacsAwwa
ce CTpena C brbfia Ha n33emaHe Ha 3abos:

2
¢3a6 +M 5min +M(t_n7b) ¢3a6 +
Jo To )
-8y -S
+ C(,O1J ) Dsa6 = C(,O1J )2 Do
0 0
KbeTo:

@336 - bIbI1 Ha n33eMaHe Ha 3abos;

@pp - BB Ha 3aBbPTaHe Ha nnatcopmara;
Kip - KoedUUMeHT  3aBuceLy
CbNPOTUBIEHME Ha CKanuTe Npu KONaeHe;

[y - PascTosHMe OT Bbpxa Ha CTpenara [o ocTa Ha
BbpTEHE;

S - XOpU30HTanHa NpoeKUMs Ha MbTs, M3MMHAT OT nadeTa
[0 OCTa Ha BbPTEHE;

Jo - obuW npuBeaeH MHEpLMOHEH MOMEHT Ha poTOpHaTa
CTpena 1 CbopbXeHusiTa BbpXy Hes;

6 - pebenvHa Ha cHemaHaTa OT efiHa Kodha CTPYXKKa;

T - BUCKPETEH UHTepBan OT BPEME;

n - Bpoi Ha m3nu3awmTe oT 3ab60s KoM Ha POTOPHOTO
koneno (n=0,1,2...... 3a BCAKO t KpaTHO Ha Ty);

C - TBBPAOCT Ha cTpenara.

Crnepn enemeHTtapHu npeobpasysanus u3pas (1) nonyyasa
BUAa:

0T  CneunmuyHoTO
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.. K -8 .
P3a6 + % [(” + 1)5min —Nmax ]¢3a6 +

2
+k15(p1 _S) Smax ~ Omin tpaas + (2)
Jo Ty
c(py—SY c(p—SY
. (p1J ) Duas = (p1J ) on
0 0

Cneg kaTo ce Nonoxu:

le[(n +1)fsmin _né‘max]z i
0

k15(P1 _S)Z Smax — Smin
Jo To

o(p1—SY 4
Jo 3

AudepeHLMpar ce BeTe CTpaHW Ha ypaBHeHWe (2) 1 kaTo ce
3Hae, Ye @ = w Ce Nosy4asa:

2
d“w 6 dw 6 do 6
280 +ag ——20 4 2yt —20 1 (a, + a3 Jye5 = 330y (3)
dt dt
Kbm n3pas (3) ce npunara npeobpasyBaHeTo Ha Jlannac, B
pesynTar Ha koeTo ce noyyasa:



d
p2w3a6 (p)+a1pwaa6 (p)+ aﬂ%%}*‘

+ (32 +as )a’aaﬁ (,O) =a3Wnpy (P)

B uspas (4)

L{ tw3a6(t)} = J. twsae (t)e dt= J.d_p (0335(1‘)6 t=
0 0 (5)
d7. _
= _d_pJ.a’aa6(t)e Plat
0

Cnep w3sbplBaHe Ha o0003HaueHute B u3pa3  (5)

MaTemaTU4eckn JeNCTBIUS Ce Nonyyasa:
. dw

L{_ twe (t)} = {wsaﬁ (p)+ p%(p)}

Bb3 ocHoBa HAa  CBOWCTBOTO  aAWTMBHOCT  Ha

npeobpa3syBaHeTo Ha Jlannac cneaga:

da)3aﬁ (P):| (6)

L{td’aa6 (t)}: |:w3a6 (P)+ p dp

Kato ce otyete (6) n3pas (4) nonyyasa suaa:

dwsa6 (p) +

i (PZ +ap +ap +a3 +1os06(P) = 3305,(p) (7)

p

Cnep nonaraHe B (7) Ha

ay +as +1 =ay W cnep pasgenade Ha aBetTe My CTpaHu c p,
Ce nony4asa:

dwys(p) , p*+ap-+ay a3
556(0) =2 @, (p
dp p 336( ) p nn( )

(8)

Twi1 kaTo UenTa e Aa ce Hamepu npefasatenHara gyHKLus
Ha pasrnexgjaHata cuctema crnedsa Aa ce npueme:

onat)=5(t)
kbaeTo S(t) e pyHkunaTa Ha [npak.

CnepoBatenHo:
Wnp (p ) =1

B pesynTat ypaBHeHue (8) nonyyasa Buaa:

Qg (p) , p°+anp+ay
dp p

a

@336 (p ) = ; 9)

YpaBHeHue (9) e Knacuyecko NWHENHO AudepeHLuanHo
ypaBHeHue OT MbpBM peq. 3a peLlaBaHeTo My Ce nonara:

a’sa6(p) = u(p)/(p)

(10)
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CnepoBatenHo:

dasq ( ) du( )
0@3a6\P) d_;’v(p)+

)

u(p W

Crep 3amectBaHe Ha (10) u (11) B (9) ce nonyyasa:

w(p) ) _2
(p)dp ;

u(p{dv(p)+ p2 +aP+ay V( (12)

p
dp p )

Oynkunaa v(p) ce usbupa no TaKkbB HauuH, ue da e
W3MbIIHEHO PaBEHCTBOTO:

avip) p*+ap+ay
+ vip
0 ;s (0)
OT KbAeTo clneBa:

dv(p ) = —{p +a+ a—“jdp
p

0 ’

v(p)

Crnep vHTerpupaHe Ha ypaeHeHue (13) ce nonyyasa:

(13)

1
pa4 60'5(p+a1 )2

v(p

Bb3 ocHoBa Ha (12) cnepsa:

1 dup)

- ~3 wnm du_(p) =ayp ~1505(p+ay ¥ (15)
paAeO,S(p+a1)2 dp d

p

Cnep wHterpupaHe Ha (15) ce nonyyasa:
2
u(p)=as [ p* "%/ gp -0
Creg 3amectBaHe Ha (15) 1 (16) B (10) ce nonyyasa:

aSJ‘pa4 _160’5(’”3* )de+C

®346(P) T (17)
Toii  KkaTo kKakTo Gewe nokasaHo  wp,(p)=1, TO
@336 (p) = W(p) :

a3'|'pa4 —160,5(p+a1 b2 dp+C
W(p)= (18)

pa4 60’5(p+a1 )2

W3pas (18) e npegasatenHata (yHKUMS Ha pasrnexgaHaTta
cuctema.

B TO3u BMA M3pa3bT e HeusnonasaeMm. 3a ga ce Momyuu
ynobeH 3a pabota Bug Ha npepasaTenHata (yHKUms, cregga
[a Ce pelu WHTEerpana B YUCTUTENS M OCBEH TOBA fa ce

2
enuM1HNpa e05(p+21)



MocoueHUTe WM3MCKBaHWS MoraT fa ObaaT M3MbiHEeHN ypes
uanonaysaHe Ha cybcTuTyunsTa (p + 5:11)2 =X
OT KbAETO

p="x-a
CrneaoBaTenHo:
dp= d(\/; - a1)

Bb3 ocHoBa Ha Ta3u CyO6CTUTYLMS MHTErpambT B YMCTUTENS
Ha u3pas (18) nonyyasa suaa:

j(\/; —ay )54_1e0'5"d(\/; —a1)

T.

(19)

—aft

Cnepga aa ce pelum uHTerpan (19)

J(-af* Osxd( x-ai)-
i[eo'sx (\/;—61 )a4 —%J.(\/; —a )a“ eO,Sde}

a4

05xd(

J‘ poa 05(p+a1 )’ dp= J' ( a1) (20)

(21)

N3pasbT (\/; —a )a4 ce pa3BuBa B GUHOMEH pef] KaKTO Mpy

Lienu Taka 1 Npu HeLenu CTONHOCTW Ha CTeNeHHWs nokasaten
ay, T.e. B 06y BMA € NonnMHOM Ha X . B obLy Bug MHTerpansT

lMpenopbyaHa 3a nybnukyBaHe OT kaTeapa
“ABTOMaTH3aLys Ha npoussoacTeoTo”, MEM®
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B cpepgHute ckobn Ha wm3pas (21)

KaTo I P(x ®*dx , uneTo peluenve B o6y BuA €:

)
+(_W)P”i*(f)}(.zz)

a
+ (_1)k+1 ﬁj‘eaxP(kH)(x)dx

ce 3anucea

J.P(x)aaxdx = eax[@ —m +

a 32

0T (18), (21) 1 (22) e AcHO, Ye TOBa pELLEHNE Ha MHTerpana B
YMCMMTENS Ha  NpejaBaTenHata  (yHKUMS  rapaHTupa
€MMMUHUPAHETO OT OKOHYaTENHWA W BWA, TPaHCLEAeHTHaTa

2
PyHKUMS 90'5(p+a1) . Tyk obave crnegga aa ce otbenexu, Ye

MOCOYEHOTO PELLEHWE Ha MHTErpan (22) uma KpaeH Bug camo
npyu Lenu CTOMHOCTW Ha a,. [pn Heuemw CTOMHOCTM Ha

CTeneHHus nokasaten a,ce nomydyasa 6eskpaeH pen (22),

KOETO Hanara AOMbMHUTENHW U3CMEABaHMS 33 YTOYHSABAHE Ha
[OCTaTbyHUs Opoi YNeHOBE Ha pefa OCUrypsiBaly TOYHOCT
Ha npepasaTenHata  yHKUMs. Teau  [OMbIHUTENHM
n3crieaBaHus He ca 0BEKT Ha HacTosiaTa paborTa.
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HABJTIOQEHUE HA KOPO3UOHHOTO CbCTOAHWUE HA NOA3EMHU TPBHBEONPOBOAU
C NOMOLLITA HA CEH30PHM YCTPOUCTBA

Teodopa Xpucmoea

MurHo-eeonoxku yHusepcumem “Cs. Mear Puncku”, 1700 Cocbusi, e-mail teodora@mgu.bg

PE3IOME. AHanusupaHu ca KOHCTPYKTMBHUTE OCOBEHHOCTV W OCHOBHWTE XapaKTEpUCTWKW Ha PasfMuHi Cropes MPUHUMMA Ha [OeiCTBue W npeaHasHaueHue
Aatunu. C nomoLUTa 1M ce U3BbPLUBA M3MEpPBaHe Ha KOPO3MOHHOCTTA Ha NoYBaTa v e(heKTUBHOCTTA Ha eNEeKTPOXMMUYHATA 3aLuyTa, B TOBA YMCTIO U B NOMeETO Ha
GnyxaaelLy TOKoBE. B 3aBUCHMOCT OT YCrioBMATa Ha CpeaaTa v NpenHA3HAYEHNETO Ha AaTUMLMTE Ce onpesens eeKTMBHOCTTA W CTOMHOCTTA UM.

OBSERVE OF CORROSION STATE OF UNDERGROND PIPELINES THROUGH SENSOR’S EQUIPMENTS

Teodora Hristova

University ofMining and Geolgy’St. Ivan Rilski”, 1700 Sofia, e-mail teodora@mgu.bg

ABSTRACT. This paper analyses construction properties and the main characteristics of the different gauges in accordance with their operational mechanism and
their applications. The gauges measure the corrosion of the soil and efficiency of electrochemical protection including in the field of stray currents.

BbBeaeHue

Ou,eHKaTa Ha CbCTOAHMETO Ha pr6onpoaonMTe €
MHOrOCTpaHHO MOHATHE. Moxe pa ce onpeagena mecronono-
XEHMETO Ha pr60npoeo,qa, HanAaraHeTo B Tp'b6MTe mnu
CTeneHTa Ha Kopo3n4.

CucTemuTe 33 3aluTa OT KOPO3US CE CHCTOAT OT U3Mep-
BaTenHa YacT, OT YCTPOWUCTBO KOETO M3paGoTBa 3aliuTeH TOK U
OT ynpaensBaLly Mofyn. TeXHUYECKUTe UHOBATUBHN PeLLeHIs!
3aBMCAT OT MPUMOXEHMETO MM B CUCTEMMTE 3a 3alLuTa.
CucTemuTe 3a 3aluTa Crioped HauMHa Ha W3rpaxpaHeTo UM
ca:
eMneKTPUYECKN ApeHax — 3a 3awuTa oT GnyxaaeLu
TOKOBE U MOAMN0YBEHa KOPO3is
KaTofHa 3aluTa — C NOMOLLA HA BbHLIEH M3TOYHMK
Ha ToK
MpoTeKTOpHa  3allnTa
ranasaHW4H1 enexTpoau

C nomolla Ha aHoaHu

3a nopobpKaHe Ha HyXHUTe 3aliMTHW napameTpu Ha
3allMTHATA CUCTEMA € HYXHO BENMYMHWTE Aa Ce cneasT
HenpekbCcHaTo. B 3aBMCMMOCT OT ycnoBusiTa Ha cpepata v
nNpefHa3Ha4YeHNETO Ha [JaTyuuute ce onpepens edeKkTus-
HOCTTa M CTOMHOCTTAa WM. He e Bb3MOXHO crefieHe Ha
npoLecuTe Ha koposust 6e3 fa ca Wu3cneaBaHn NpUYUHUTE B
KOHKPETHUTE eKCMMoTaLMOoHHM ycnosus W 6e3 aa ce Bemar
NpeaBua XapakTEPUCTUKUTE Ha NOA3EMHOTO ChOPBXEHME.

Knacudmkauums

Cnopeq HauMHa Ha NonyyaBaHe Ha JaHHWTE Ce pasnuyasaT
MpeKu 1 KOCBEHW MeToaN Ha uaMepBaHe. Mpn npekute MeToam
pesynTaTbT Ce W3MepBa [WPEKTHO OT  W3MepBaLloTo
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YCTPOIICTBO, @ NP KOCBEHITE Pe3ynTaThT OT U3MEepBaHeTo ce
rnonyyasa cref MatemaTuyHa o6paboTka Ha M3MepeHuTe
CTOMHOCTW.  M360pbT Ha MeToA M MPUHUMN Ha M3MepBaHe
3aBUCM OT JKenaHaTa TOYHOCT, cpefata, MpUMIOXMMOCT,
arpecuBHOCT Ha CpeaaTa U T.H.

[atunumte, u3nNON3BaHM B YCTPOWCTBATa 3a KaTogHa
3awmTa, cnope MeH ce knacuduuupar no owe fsa
npuHuMna — cnoped  GyHKUMKUTE, KOUTO M3MbAHABAT U
M3NOMN3BaHWAT MeTo4 Ha u3MmepBaHe. Cnoped yHKuuuTe,
KOMUTO N3MbITHABAT Ca.

3a ycTaHoBsIBaHe Ha KOpo3us

33 U3MepBaHe Ha e(heKTUBHOCTTA Ha NpunaraHaTa
kaTodHa 3alluTa: U3MepBaHe Ha CbMNPOTUBMEHWETO

Ha 3aWuTaBaHWs  marepuan, uU3MepeaHe Ha
noTeHuuanHata pasnuka  “3ems-  3alluTaBaHo
CbOpbXeHue”

o JaTtimuM 3a u3cregsaHe Ha KOPO3MBHOCTTA Ha
noysara

. Jatynuyn 3a onpefensHe Ha YCTOMYMBOCTTA Ha
Marepuanure

JatumuM  3a  onpefensHe Ha npouecute Ha
Kopo3usi B aHoauTe [2]

B 3aBMCUMOCT OT NPUNOXEHNETO Ha AaTYMKa Te paboTAT Ha
PasnMyeH MPWHUMM:  PE3UCTVBEH, MarHUTOWMHAYKLMOHEH,
KanauuTUBEH, MarHUTOENEKTPUYEH, YNTPa3ByKOB, Ta [OpU W
paanoakTueeH [3]. M36opbT Ha MeToa 3a M3MepBaHe 3aBiCK
OT KOHKPETHOTO MPUIOXKEHWE: YCIOBUS Ha eKcrioatauns Ha
TpbOONPOBOAA, arpecuBHOCT Ha TpaHCMopTUpaHus nyus,
ENEKTPOXMMUYHA XapaKTepUCTMKa Ha 3aobukanswara cpega,
Hanuuue Ha Bryxaaelumn ToKoBe, MaTepuan Ha Tpbbonposoaa
WT.H.
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3a u3mepBaHe Ha HMBO Ha KOpO3WS CE M3MON3BaT MPEeKu u

KOCBEHW METOLM, OCHOBaHW Ha CEAHNTE NPUHLMNK:

e PesuctuBHun wmetogu. Te ce oOcHoBaBaT Ha
npoOMsiHa Ha CbNPOTUBINEHWETO HA W3CreaBaHMS
maTtepuan B pe3ynTtar Ha Kopo3usiTa, U3MepBaH oT
e[iHaTa CTpaHa Ha CTeHaTa Ha Tpbbata. Vma gBe
Bb3MOXHOCTY - Cropes, nonspusaLoHHaTa kpruea
[4] » upe3 u3mepBaHe Ha NpPOBOAMMOCTTA Ha
u3criefBaHMs  Matepuan M NOCReABaLLo
M3YMCMEHME HA HMBOTO M yYpe3 npunaraHe Ha
meTofa Ha Tadenesata kpuga .[5]

YnTtpassykoB KOWNTO n3mepsa
OTHOLLEHMETO MEX/Y CKOPOCTTa Ha NPOTUYaHe Ha
nyng 61130 JO noBbpXHOCTTA Ha Tpbbata 3a
onpegeneH  nepwog  or  Bpeme. Cnep
npeobpa3yBaHe Ha CurHana ce onpegens HUBOTO
Ha kopo3ausi. [6]

e MarHuteH - KOWTO wW3MepBa 3abaBsHETO Ha
€neKTpOMarHuTHaTa BbiiHa. TOYHOCTTA Ha TakuBa
YCTpO/iCTBA Hamansea nopagu BIMSIHWETO Ha
arpecBHaTa cpeja Bbpxy 3abaBsHeTO Ha
Bb/IHATa, MPOMSIHA Ha eNeKTPOCLMNPOTUBIEHNETO
Ha u3cneaBaHns obekT nopaam yTeuyka Ha Toka U

Apyru. MpeammcTBo Ha MeToaa e
HEYYBCTBMTENHOCTTA HA MArHMTHOTO MOfie KbM
AVenekTpuiHaTa MpOHMLaeMoCT n

€NeKTPONPOBOANMOCTTA Ha KOPO3MOHHaTa cpepa.

e  ONTUYHN CUCTEMW U ONTOENEKTPOHEH CEH30p.
MoHTMpaHeTO  Ha  ONTWYHA  cucTema B
TpbOONPOBOANTE € MOAXOAslla camo 3a Tesu,
TpaHCnopTUpaLLy ra3oobpasHi BelLecTsa.

e MarHutonHayKTMBeH MeToa uvepea ce
WHTEPBANHOTO BpeMe Ha BbfiHATa, kaTo ce
KOHTpONMpa C MyCKOB MMMYNC OT  CTapToB
reHepaTop W CUrHaTLT Ce NofyyaBa OT aHTeHa.

e PaguoaktvBeH. Wsnonmsea ce  paaMoakTUBHO
MTbYeHue.

/3mepBaHe Ha KOpPO3MBHOCTTA Ha MEeTanuTe efuH Cnpsmo
Opyr. Msnonsea ce npu HanmnyMe Ha YyKaM CbCEOHM
cTpyktypu. OCHOBaHM Ca Ha pEe3NCTUBHM METOOM U ce
M3BBPLLBAT NpeauMHO B nabopaTtopHu ycnosws. [7,13]

OueHka Ha ckopoCTTa Ha Koposus:
- PesnUCTMBEH  MpuHUMN,  M3Mon3ea
MHOroenekTpogHa cuctema [14]
- Kopoaus B arpecuBeH rasoB nywg ce
13Mon3BaT eNnekTPOMarHUTHU AATYMLM, KOUTO

ce

namepsar 3abaBsiHETO Ha
eNeKTpOMarHuTHaTa BbliHa.

- VHAYKTMBHWAT  npuHLMN. MpaBn ce
CpaBHeHue Mexay paboTeLya
€rneKkTpoMarHuTHa HamoTKa "
VHOYKTUBHOCTTA Ha eTanoHHa
€nekTpoMarHuTHa HamoTka [15]

- EnexTpomarHuTeH npuHLmn.

OnpegensHe Ha CTPEC KOpPO3us:
- KanauuTMBHO uYpe3 nanu — MNpOMEHs Cce

KanauuTeTa Mexgy enektpoga v obekta B
pesynTar Ha kopoausTa

- PesuCTMBHO Ypes nanm

- MarHUTHOTO Mofie MpY MarHUTHW Matepuanm.
(20]
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- OMTOENEKTPOHEH CEH30P

OnpegensHe Ha KpekuHr kopoausi. EnektpomarHuTHuTe
BBJTHM CbLUO CE W3M0N3BaT 3a OTKPUBAHE Ha KPEKMHI KOpO3ust
B TpbbonpoBoau.[1]  YNTpasByKOBUST,  MarHUTHWAT U
PE3UCTUBHUAT METOA He ca edieKTUBHM NpW OTKPUBAHE Ha
KPEKMHT KopoausTa.

OTKpMBaHe Ha KOpO3us MpW Hanuume Ha UIMOBY 1 ApYru
MoKpuUTMS Ha TpbbWTe Ce 13non3Ba OCHOBHO PE3NCTVBEH
MeToz B CXeMu C fiBa enekTtpoga [16,17]

Mpu u3creaBaHe Ha KOPO3WSTa MO METaNHW MOBBbPXHOCTY
ce npunarat creuuanHn meToau UHTepdepeHLs,
cnekTpockonus W gp. Ypes TAX ce [JocTura BucOkaTa
pesontouus - ot 0.1 go 100 mukpoHa. [18] ObekTute Morat aa
6baat m3cneaBaHu He3aBMUCUMO OT MpUYMHATA 3a KOPO3Ws —
OpraHW4YeH WNM  HEOpraHWYeH NPUUMHWUTEN, WM Jpyru
XapakTepucTukm  Ha  obekta €NEKTPONPOBOAMM,
MarHMTOMpOHWLaeM, TeMNepaTypa, BaxHOCT, abpaauBHOCT.

VIHTepec npeacraBnaBat gatynuuTte 3a yCTaHOBsABaHE Ha
KOpo3nd, 3alloTO T€ [aBaT MbpBUTE AaHHW 3a HyXaarta OT
KatogHa 3aluta W napameTpute W. Te ce pasgendar Ha
cnegHUTe BMAOBE.

1.YcTpoiicTea 3a onpeaensHe Ha 3arybarta Ha matepuan —
paboTAT NPEeAMMHO Ha MPWHUMMA HA EeneKTpOMarHuTHaTa
WHOYKUMS WM C YNTPa3BYKOBM BBIHW, KaTo OMpenenst
pebenuHata Ha CTeHaTta Ha Tpbbata. BbamoxHO € fa ce
“3non3ea W pagmoakTMBEH METOA, HO TOW € HEMPUIIOXMM 3a
“3MepBaHe Ha BbTPELIHOCTTa Ha TpbouTE.

2. YcTpoiicTBa 3a YCTaHOBSIBaHe Ha MyKHATUHM
YNTPa3BYKOBW, HAMPEYHO ENEKTPOMArHUTHI BbITHW, ENACTUYHN
BbJTHW, TEMMOBEH METOL — WM3NON3BaT ce 3apas Tpbbonposog
W Ce CpaBHsBa CUrHana Mexay ABe YNTPas3ByKOBM BbIHW.
TernoBHMAT MeTO4 Ce W3nonsea camo B nabopaTopHu
YCIOBKS 3a U3NUTBaHe Ha 06pasuy Unn Matepuany.

3. Yctponctea, W3NOn3BalM reoOMETpPUYHW cpeactea -
ONpesensT ce NMpoMeHUTe Ha hopmaTa, 3ApaBuHaTa U T.H.
TOBa MoraT Aa ObAaT MexaHW4HW NPBLCTW, KOUTO MUHABAT No
MOBBbPXHOCTTA Ha TpbbaTa, XMPOCKOMCKO M3credBaHe unu
GPS cuctema, KoATO  YyCTaHOBfBa  MpoMmsHata B
MeCTOMNOJIOXEHNETO Ha TpbbarTa.

OT HanpaBeHusT Npernes MOXe Aa Ce YCTaHOBM, Ye BCUYKU
N3BpOeHM MEeToaM UMaT MpeauMCTBAa W He[OCTaTbLM.
PesnCTMBHUTE Ca HETOYHM, BNUAST Ce OT NPOMEHUTE B
TemneparypaTa U CbCTaBa Ha TPaHCMOPTMPAHOTO BELLECTBO,
HO MMaT necHa nopapbxka. [Jatumuute, paboTelym Ha Tosu
MPUHUMN Ce XapaKTepuaupaT C IeCeH MOHTaX BbpXYy
CbOPBHXEHMETO U KPATbK eKcrroaTauMoHeH XuBOT. Te He
PEruCTpUpaT  KOpo3WsTa,  KOSTO  Ce  MosiBsiBa oA
WN30MaLMOHHOTO MOKpUTHE. M3mepBaHeTo Ha Koposusi upes
ncreaBaHe Ha NONApM3aLMOHHAaTa KpuBa e HeTOYeH MeTof,
rnopagun HanuuMe Mo MOBLPXHOCTTA Ha MPOAYKTM Ha
KopoausTa.

PE3UCTMBHUTE, MarHUTOMHOYKTUBHUTE METOAM U Teau
OCHOBAHM Ha MPOMSHA Ha MarHUTHOTO more paboTaT
onpedeneH nepuoa OT Bpeme, HAMAT AbMbl XMBOT Ha
ekcnnoatauma. MeToaute, paGoTewy Ha MnpuUHLMNG  Ha
W3MepBaHe Ha MarHMTHOTO MOMe Ce Mpunarar OCHOBHO B
naBopaTopHu YCroBus, MpU KOETO Ce W3Non3sa nuncata Ha
pa3npocTpaHeHue Ha BUXPOBM TOKOBE B MoOpecTaTa CTpyKTypa



Ha pbxgaTa [7,8]. ToyHOCTTa Ha TakuBa YCTPOCTBA HaMansBea
nopagw BIMSIHUETO Ha arpecuBHaTa cpeda Bbpxy 3abaBsHETO
Ha BbMHAaTa, NPOMSHA Ha eneKTPOCHLMNPOTUBMIEHUETO Ha
nscnegeaHus obekT nopagu yTeuka Ha Toka W Apyru.
MpegMmcTBO Ha MeToga € He4vyBCTBUTENHOCTTA  Ha
MarHWTHOTO MOMe KbM [AMENEKTPUYHaTa MPOHMLAEMOCT U
€NeKTponpoBOAMMOCTTa Ha KOpPO3MOHHaTa cpepa.
EnektpomarHnTeH npuHUMN € nogxogsl npu Hamuume Ha
arpecuseH cnyna. 3a pasnuka OT TSX MarHUTOMHOYKTUBHUTE
MEeTOaM WMaT [ObMbr  ekcnnoTauuoHeH xkueoT. [11,12]
MarHutHoTo none TpsbBa fa € nepneHaukynspHoO Ha
akcuanHata yacT Ha TpbbaTta. 3a yCnewHoTo peructpupaHe
Ha gbnbounHaTa Ha kopogupanuTe yyacTbuu TpsibBa TOYHO
pa Objar noctaBeHu CeH3opUTE UM Ja Cce onpedeni
pasCTOsHMETO Mexay TaX. KanauuTuBHUTE JaTumum ca TOYHN,
HO u3ucksat TpbbaTa Aa € 0T NpoBoAUM MaTepuan.

YNTpa3ByKoBUTE METOAM Ca MPUNOXUMM B MONEBU W
nabopaTopHu  ycnoBus.  TOYHM, HO  MOCTABSHETO W
oBCryKBaHETO MM € CBbp3aHO  C TONEMM  pasXxoau.
HepocTaTbk €, 4e TOMHOCTTa Ha peructpupaHe NpoMeHWTe B
JonHaTa yacT Ha TpbOuTe U pesepBoapuTe € Hucka.
3non3BaHeTo Ha CBPBbX3BYKOBM CurHamu [6] nossonsea fga ce
AMAarHoCTULMpa KopoausiTa OT pa3cTOsiHUE [OPU 1 B U3rPafeHn
TpbOOonpoBoau. PagnoakTMBHWUTE METOAM Ca  MOLXOLALLM
€OMHCTBEHO B nabopaTopHM YCMOBWS, B MOMEBM YCIOBMS
M3ITbYBATENAT M NMPUEMHUKBT TpsibBa fa ca 3aLnTeHu.

Upes wsrpaxgaHe Ha ONTWYHA CUCTEMA 33 MOA3EMHO
peanHo HabniogeHne Ha Fabry-Perot koposushu aynku ce
Hamupart 4pes orreaano, KOeTo e UHTErpanHo MOHTUPaHO 1 e
nspaboteHo oT Matepuana Ha Tpwvbata [9]. Kato Hosa
TEXHONOMUS € WU3NON3BaHETO Ha OMTOENEKTPOHEH CEeH30p 3a
n3cnegBaHe Ha KoposusTa B nogBogHu Tpwbonposoau. [7]
[lBata MeToga ce npunaraT psgko, nopagn HOBOCT Ha
TEXHONOTMATA W TPYAHOCT NpU BHEApsBaHe.

HepoctaTbk Ha nOBEYETO [fdaTuvuM, KOUTO U3MepBaT
noTeHUMan € YCpPenHsBaHe Ha CTOMHOCTTa My 3a AafeH
yyacTbk, 6e3 ga ce Bauma npegsug cdopmata M ronemMuHata
Ha gedbekTa.

TeHaeHUMM B n3pabaToBaHETO Ha AaTyMLM,
obcnyXBaly CUCTEMUTE 3a KaTOAHA 3aluMTa Ha NOA3eMHU
TpbOONpoBoAM.

ToyHOoCTTa NpW M3MepBaHe Ce MOBULIABA YPEe3 pasnuyHu
TEXHOMOMMYHM pelleHns. Mpn pesncTUBHUTE METOaW TOBa e
rnosuLLIaBaHe Ha BposA Ha enekTpoauTe. Manonssar ce cxemu ¢
2, 3 nu NoBeYe enekTpoaa, Hanpumep B Cpeaa ¢ Hanuume Ha
MEeXypu 1 JpYrA BKMIOYEHUs HE3ABUCMMO OT mpuumHaTa. [pu
€po3uns UNM XUMMYECKa KOpo3us € Moaxoaswa 4 enekTpogHa
cxema. MHoroenekTpogHata cxema [aBa Bb3MOXHOCT 3a
crneaeHe Ha npoLiecuTe No-AbMkuHa Ha TpbBonposoaa — ToBa
MOXe [a Ce CbInacyBa C MpoMsSHA Ha napameTpute Ha
obkpbxaBallaTa cpeaa npu nonaraHe Ha Tpboonposopa.

M3onupaHeTo Ha enekTpoauTe WHAMKAaTOpU BOAM [0
MOBMLLIABAHE HA TOYHOCTTA, Ype3 MpemaxsaHe Ha B3AUMHOTO
eKpaHupaHxe.

Ako ce Hanpasu 06oGLiEHMe CXemuTe C TpW enekTpoaa
13MepBaT Mo-TOYHO, Ma Bb3MOXHOCT 32 OTKpUBAHE Ha MUATUHT
KOpO3Wsi, OTKPMBAT KOPO3Wsi B MO-paHHW CTaAUN U B MO-Mariki
3acerHaT  yyacTbUM, MW3NOM3BaT Ce Mpu  BCsKaKeM
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TpbOONPOBOAM UM pe3epBoapyu, W3MepsaT M B arpecueHa
cpefa, He ce BIMAAT Tomnkosa oT pH

B n3mepBaTtenHaTa TexHuka HenpekbcHaTo ce paboth 3a
NPOMSIHA KOHCTpyKUMATa Ha pgatuiuute. Mopenupanu ca
COHAM 33 HEMocPeACTBEHO M3MepBaHe Ha kopoaus. Te moraT
pa 6baaT ¢ BbTPEWHO UNM BBHLUHO 3axpaHBaHe Wnn Aa ca
KOMBUHMPaHW. WHTEpecHO e fa ce OTBenexu, Ye B HSIKOM
cryyau cucTemuTe 3a KaToaHa 3aluTa ce mpucnocobseat u
3a 3alnTa Ha xopa OT MHAYUMPaH NoTeHUuMan Mexay 3ems 1
Tpbba Ypes NOCTaBSHETO Ha MPEXa, aHOA OT MaTepuanit Kato
UMHK . [19]

C uen nopobpseaHe Ha paboTata Ha [gatumuute U
noBullaBaHe Ha ObpauHaTa, TOYHOCTTA W GYHKUWUMTE Ce
narpaxgat GPS cuctemu Ha nopaeaHe Ha WHdopmauusTa.
Taka Moxe ga Ce HanpaBu kapTa Ha TpbbonposogHaTa
cuctema v fa ce crnegu MHAopMaumsiTa OT BCUMKW AaTumum ¢
Len noBuMlIABaHe HaAexXAHOCTTa W edeKTUBHOCTTa Ha
KaTofHaTa 3aluTa.

KoHTponbT Ha gatumuuTe B CUCTEMMTE 3a KaTodHa 3aluuTa
C€ pa3BuMBar B CNeJHUTE HACOKM:

e  GPS cucremu 3a nogasaHe Ha nHdopmaumsTa

e KomnioTbpHa  obpaboTka Ha  [OaHHuTE,
0BWKHOBEHO NPOLIECOPBT € Ha PasCTosHWE

e Hyckn maTepuanHm kanuTanoBnoXeHus

o CTpemex KbM HWUCKM MaTepuanHn U eHepruitHm 3aryou
1 KOHCYMaTuBM

o  CbBMmecTABaHe
YCTPONCTBO

e  EQHOBpPEeMEHHO CnefeHe Ha NpoLecuTe Ha Koposust Ha
ABa Unn noBeye 0bekTa— HanpyUMep NPOBOAHWLM U TpBOM

e PaboTta Ha gatynuuTe CbBMECTHO C KOMMEHCMpaLLy
YCTPOWCTBA C LieN NOHWKaBaHe Ha rpeLukata

e  U3paboTBaHe Ha CTaHLWMTE 3a KaToAHa 3aluTa Taka,
Ye [ja Cce crnaseaT npaBunata 3a 6e3onacHoOCT Ha XMBOTa Ha
obcnyxBallus nepcoHan

e  YCbBbPLUEHCTBAHE Ha BraraHuTe matepuany ¢ Len
MOBWLLIABAHE Ha TOYHOCTTA Ha paboTa W MOHWKaBaHe Ha
MaTepuanHuTe BMOXeHus

e l3nonseaHe Ha WMNYNCHO 3axpaHBaHe C Len
HamarnsBaHe Ha 3aLlyMsABaHeTo

o [locTaBsiHe Ha 3aLMTHM NOKPUTMS NO NOBBLPXHOCTTA Ha
[aTyMuM M enexkTpoau C Len MoBulWwaBaHe Ha neprnopa Ha
pabota

e BHedpsBaHe Ha pasnuyHW AW3alHEpCKU peLueHus B
0hOpPMINEHNETO Ha AaTyuuTe W enekTpoauTe C  Len
MOBWLLABaHE HA TOYHOCTTA Ha W3MepBaHe 1 NOBMLLABAHE Ha
KMBOTA Ha fatynumTe

KaTto

Ha HAKONMKO [daTtyMka B  €efHO

AnroputbMm 3a M360p Ha AaTuYMK.

C'beeMeHHI/ITe MKOHOMMUYECKN ycnosusa Hanarat
TeHAeHUuunTe 3a HWUCKW maTepuanHu u eHeprI/II7IHI/I pasxoau,
CbYeTaHu C BMCOKA TOYHOCT Ha mpouecuTte. 3a ePEKTUBHOTO
13non3BaHe Ha eguH Jatunk e gobpe npu usbopa My Aa ce
B3emMaT NpedBUL CNedHWTe CTpaHM: CxemMa W pa3Mepu Ha
M3CNeaBaHOTO  CbOPBKEHWE,  MKOHOMMYHOCT,  TOYHOCT,
YCroBus UM Mepuog 3a ekcnrnoataunsi 1 edgeKTMBHOCT.
MpeoUMcTBO MpU  MKOHOMMYECKAaTa OLEHKa € LeHaTa 3a
n3pabotka, nogapbXKa M EeKCMNOTALUMOHEH JKMBOT MpM
3apafexute ycnosusi. IMpu M360pbT Ha METOA 3a U3MepBaHe



BaxeH (PaKTOp € XenaHaTta TOuHOCT. [lpegnaram cnegHus
anropuTbM 3a KOHOMUYECKM Cbobpa3eH M3bop Ha AaTuuK.

Cxema Ha TpbbonpoBoz

A 4

Ycnoeust Ha cpeparta

y

Heobxognma ToyHOCT

v

Bwug Ha sawwuTaTa

\4

/3bop Ha meTog <
v
OnpepnensiHe Ha BpeEMeTO 3a HE
ekcnnoaTaums
HE
v
MkoHoMMYecKa oLeHka

A\ 4
Peanusauus

MpeanoxeHuaT anropuTeM He e nepdekTeH. Ton moxe aa
Ce MPOMEHs B 3aBMCMMOCT OT NPOMSIHA Ha YCMOBUS,
napameTpu, HOPMATUBHU M3NCKBAHWS UMW OPYTn (hakTopy.

MU3Boau

B pesyntat Ha HanpaBeHusi Npernen Ha TeHAeHUMUTe npu
NPOEKTUPaHe Ha AaTyMuM 3a M3MEpBaHE Ha HWBOTO Ha
kopo3usi ce Moxe Aa ce 0600wy, Ye ranBaHMYHUTE OaTYMLM
Ca Hal-4ecTo M3ronseaHe U ca Hail-epekTuHu. Te umat
cTaburHa CTpykTypa, KOSITO NIECHO MOoXe Aa Obae u3onupaHa
OT KOpO3WOHHaTa cpefa. [punoxumm ca 3a pPasnuyHu
MOA3EMHU 1 HaA3eMHM YCIOBMS, MpU HanmWuMe Ha Hansrade,
arpecvBHN 4acTMLM Ha cpefata, HanuuMe Ha Onyxpaelm
TOKOBe. [1pu ekcnnoataumsTa Ha Te3n YCTPONCTBA ca Hanuue
1 CNeaHuTE NpeauMcTBaa:

- HUCKM eHepruiHn pasxoau

- CbBMECTABAHE Ha HAKOMKO AaTynka B aHO T.€. eAUH faTUMK
MOXe [a U3MepBa HWUBO 1 CKOPOCT Ha KOpOo3ust M MoTeHuWan
«TpBLOONPOBOA -3eMs»

- HICKM MaTepuanHu KanuTanoBroXeHUs — NPOU3BOACTBOTO U
NoAApbKKaTa ca eBTUHM

- CPABHUTENHO AbNbI XNBOT

- TOYHOCTTa MM € CpefHa WnM BMCOKA B 3aBMCMMOCT OT
An3anHa

164

KanauuTBHMTe [faTyMuM CbWoO ca MNOAXOASWM  3a
n3mepBaHe B mnog3emMHW ycnosus. [pegumcteata UM ca
TOYHOCT, EBTWMHM, TNecHa MOAAPBXKA, NMMNca Ha LWym B
razoobpasHu cpeau, NpuRoXuMn — NoBeyveTo TpbOONPOBOAK
ca enekTponpoBogumi. Te He Ce BIMSST MHOMO  OT
TEeMNepaTypHUTE NPOMEHW, YHUBEPCANHW Ca 3a PasfM4HK Mo
pasmepu TpLOM.

EJ'IeKTpOMaFHVITHVITe AaTtynun Collo ca eBTUHN, HO TE€ HAMAT
ObNblr eKkcnnoaTtaunoHeH XUBOT. NecHo ce MOHTUPAT U Ha

WHCTanMpaHu TpbOOMpoBOAW, [ABaT TOYHWM  pesynTat,
YHVUBEPCAIHM ca 3a pa3nuyHi Mo pasMepi Tpbou.
3a HykguTe Ha NoA3EMHUTE HedpTEHM W rasosu

TpbOONPOBOAKM Hall NOAXOASALLM Ca MPEKUTE U MOMEBN METOAM
3a u3mepsaHe, 6as3vpaHM Ha pE3NCTUBEH, KanauuTWBEH U
eneKkTpoMarHuTeH npuHuun. B npakTukata Te Han-4yecTo ca
npunoxumu. LieHaTa 3a nogapbxka He € BUCOKa W TOYHOCTTa
€ 3a[J0BONNTENHA.
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BAXHW KPbI'MA roguHUHU B PASBUTUETO HA ABTOMATUKATA
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PE3IOME. [loknaabT € NOCBETEH Ha BaXHW MCTOPUYECKN MOMEHTH OT Pa3BUTUETO Ha aBTomaTikaTa. OTbensasanm ca BaxHW KpbIMM FOAULLHWHN B TOBA Pa3BUTHE,
kouTo ce HaBbpLusaT npes 2008 r. Mo-cneymanHo BHUMaHWe e 0bbpHaTo Ha TpyA Ha Makcyen nocTasun HavarnoTo Ha TEOpWs Ha aBTOMATUYHOTO PerynmpaHe.

IMPORTANT ANNIVERSARIES IN THE DEVELOPMENT OF THE AUTOMATION

Georgi Radulov!, Dimitar Todorov?
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ABSTRACT. The report is dedicated of the important historical moments from the development of the automation. Attention is drawn
on significant anniversaries which are to be celebrated during the year 2008. Special attention is paid on a work of Maxwell who

initiated a theory of the automatic regulation.

ABTOMaTW3auuMsTa, W KaTo MpakTWka, W KaTo Teopus
nomyy4u ronsiMo passuTie AHec. B ocHoBaTa Ha Teau 11 ycnexu
€ 3anerHan TPYAbT Ha MHOTO y4yeHu W usobpetatenn. Tosu
TPyO € eOHa CbKPOBMWHWLA HA ugen OT KOATO moraT Aa
yepnaT OHelwHWTe creuwanuctu pabotewm B obnactTa.
Hanoxuna ce e npaktvkata fga ce ofpbliamMe KbM Te3n
CbOWTUS NMPW HABBPLLUBAHETO Ha KPbIMKM roguiiHuHW, Cnopen
Hac npe3 2008 r. ce HaBbpWBAT CAEOHWTE BaXHU KPbLIM
FOAWLLHMHW CBBP3aHu C Pa3BUTMETO HA aBTOMaTmKaTa:

1. B 1588 r. A. Pamenu onucBa YCTPOICTBO 3a
ABTOMATWYHO NOJABaHE Ha 3bPHOTO B MENHWLMTE, KOETO
npeacTaensBa cuctema C obpaTtHa Bpb3ka — edHa oOT
rofieMuTe ULEN B TEXHUKATA.

2. B 1788 r. Yar npucnocobsisa nsobpertenus (1877 r.) ot
Tomac Mwuitg UeHTPobexeH perymatop 3a perynupaHe
CKOPOCTTa Ha BbPTEHE HA BATbPHA MeNHULA 3a ynpaBneHue
Ha NapHWTE MaLUKHK.

3. Mpe3 1838 r. npocd. YmxoB, npenogasaten no
MexaHuka B [etepbyprckus yHuBepcuTeT, nybnmvkyBan Kypc
no TEOPUS Ha perynatopute, KOMTO BAA3bN B y4ebHMLM W
MOHOTpachum N0 MEXaHWKa 1 NapHU MaLLKHK.

4. Tpes 1868 r. u3nu3a TpyabT Ha Makcyen: “3a
perynatopute” (J.C. Maxwell, On Governors, The proceedings
of Royal Society, Ne 100, 1868, p.105-120.

5. Mpeayn 70 roguxm (1938 r.) A.B. Muxainos B Tpyga cu
“XapMOHWYHMA  METOA B TEOpUS Ha  perynupaHeTo’,
obocHoBaBa  LenecbobpasHocTTa OT  M3MON3BaHe  Ha
YeCTOTHUTE METOAM M npeanara HOB KpUTEpUW 3a OLEHKa Ha
CAP.

6. B 1948 r. nanusa Ha 6an ceat TpyabT Ha H. BuHep:
KnbepHeTuka Norbert Wiener Cibernetics, John Wiley, New
York, 1948.
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7. HaBbpLUBa Ce MONMOBWH BEK OT U3NKU3aHETO Ha TpyAa Ha
Kalman “Design of a Self-optimizing Control Systems (1958).

8. B 1968 r. uanu3a oT neyat yHOaMeHTanHus Tpyg Ha
A3.Ubinkve  “Agantaums, obyyeHne M camoobydyeHne B
aBTOMATUYeCKuX cucTemax’.

130poeHuTe TBOpYECKN Aena MMaT CbLUECTBEH NPUHOC B
pas3BMTNETO HA aBTOMATUKaTa, Kato Hayka W NpakTuka. Beekn
e0/H OT aBTopuTE UM TpsbBa Aa MOMyYn 3acnyxeHa OLeHKa
OT Hac nocnegosatennute WUM. Bcaka oT TE3an BaxHM
TEXHUYeCKN uaen e LenecbobpasHo ga 6bae aHanmsmpaHa
KaTo TNacbk B PasBMTMETO Ha aBToMaTukaTta. [la ce oueHu
M3YepnaHa Nv € [Ookpal unu Tbpnu passute. B ToBa
OTHOLWIEHMe O0CODEHO BHUMaHWe 3acryxaBaT Wgeute B
cvbutnsaTa 6, 7 1 8. 3a chxaneHue B eauH [OKag TOBa HELLO
€ HeBb3MOXHO. OCBEH TOBa M3NCKBA CE CEpUO3Ha TeopeTUYHa
noarotoBka M 3ambnboyeH obu norned B obnactra. Teau
M3WCKBAHWSA Ca Ha[l HaLLNTe Bb3MOXHOCTH.

Cnupame ce Ha mpuHoca Ha Makcyen B passuTUETO Ha
TeopusiTa Ha aBTOMATUYHOTO perynupaHe, 3alloTo NocTaBst
Hayano Ha 3aabnGOYeHO TEOpEeTUYHO pasrmexaaHe Ha
npoGnemMa 3a TOYHOCTTa W ycToiuMBata paGoTta Ha
ABTOMATUYHN CUCTEMM.

Ha uHxeHepute 1 ¢usnumte Makcyen e M3BecTeH Hail-
Beye C NpuHocuTe cu B 06nacTTa Ha enekTpoMarHeTuaMa, Ho
TOM UMa CbLLECTBEHM NPUHOCK B 0BnacTTa Ha MexaHukaTa u
aBTOMaTMKaTa.

Makcyen nonyyaBa 3agbnboyeHa NoaroToBka B obnactra
Ha MaTemaTukata 1 cuaukata owle kato ctygeHt. Ot 1847 o
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1850 r. yun B EpmHBypreckns yHuBepeuTeT. Tyk CaMoCTOATENTHO
Ce 3aHMMaBa C u3crneBaHus B 0bnactta Ha reomeTpusTa u
mexaHukata. B kpas Ha 1850 r. npogbnxasa crnefBaHeTo cv B
Kembpuox, KbaeTo u3yyaBa Matematuka, msnka, MexaHuka.
OcobeHo BHWMaHWe OThens Ha TpyooseTe Ha Papagei,
Amnep, Jlarpatx 1 XamuntoH. O6wysa ¢ Y. TomcbH (W.
Thomson), [. Ctokc u apyru wW3BecTHM npodecopu OT
YHuBEpCUTETa, OCTaBWMM CBHLLECTBEHM Crieaun B HEroBoTo
passuTue. bnarogapeHue Ha Tasu NOArOTOBKA, NO-HATaTbK B
uacriefoBartenckata Cu  OEMHOCT TOW pellaBa peguua
TEOpeTUYHN Npobremn B pasnuyHK 06nacTv Ha HaykaTa. Taka
npe3 1868 r. Ton nybnukyea Tpyaa cv “3a perynatopute” (On
Governors).

WoesdTa 3a HanuCBaHETO Ha TO3W Tpya Ce nopaxga BbB
Bpb3ka C M300peTeHus perynatop oT OnemuHr [pKeHKuH,
konera Ha Makcyen. HacTpoiikata Ha perynaTopa cb3aaBarna
npobrnemn u Makcyen ce 3auHTepecysan OT ycrnoBusiTa 3a
ycToAumBa paboTa npu perynupaHe. Ho Tol He Tpbrea
W3BEOHBX U CAy4anHO KbM peLLaBaHeTo Ha To3u npobrem.

Mpe3 1859 r. Makcyen nybnukysa pabotata cn “3a
YCTOAYMBOCTTA Ha ABWXeEHME Ha NpbcTeHuTe Ha CatypH’. Ton
NWHeapuanWpa  pasrnexgaHata 3agaya W obobliasa
pesynTatuTe Ha JlarpaHx, OTHacsWM ce Ao Manku konebaHus
Ha KOHCepBaT/BHA CUCTEMa OKONO MOMOXEHWETO Ha
paBHoBece. CBexpa 3ajavata A0 CUCTEMA  MUHENHU
YPaBHEHWS C MOCTOSIHHU KOeULMEHTU. VIMEHHO Tasu Herosa
paboTa reHeTU4HO € CBbp3aHa ¢ Tpyaa My “3a perynartopute”.
M Tyk TOM nuHeapusMpa 3ajayata 3a YCTOMYMBOCT Ha
OBWKEHNETO Ha MalwHa, cHabgeHa C perynatop, uMsTO
CKOPOCT ce konebae OKoNo YCTaHOBEHOTO MOMOXKEHME.

B Tpyma cu, B 0bem ot 21 cTpaHuum (B pyckus npeBog),
Makcyen Hait-Hanpeg Ha 6 CTpaHMUM HW BbBEXda B
npobnema. flecuHupa noHsTueTo perynatop. C HAKOMKO Aymu
noka3ea HeJoCTaTbLMTE Ha TPU BUAA PErynMpaLLm yCTpoicTBa
(Ha CumeHc, Yat u k. TomcbH). Cnope Hero HedoCTaTbKbT
UM Ce u3passiBa B TOBA, Ye Te He MoraT fa noaabpxaT BuHaru
e[Ha W Cblla CKOPOCT, a camo HaMmansBaT npomsHaTa i. 3a
oTbens3BaHe €, Ye TOM pasrpaHMyaBa ABa BuUa perynupaLim
yCTpoiicTBa — perynaTopu u mogepatopu. lMog mogepatop
pasbupa perynatop paboTew, CbC CTaTMYHa rpeLlka, KbM
KOWUTO Ce OTHacs W perynaTopbT Ha YaT. BHumaHueTo My e
HACOYEHO KbM perynatopu, KOUTO MOAAbpXaT MOCTOSIHHA
CKOPOCTTa Ha OBWkeHue. ToBa ca perynatopute, KOUTO AHEC
OTHacsMe KbM Knaca Ha actatuyHute. VimeHHo Tax Makcyen
Hapuya perynaropu.

MMo-HaTaTbk popMynupa LenuTe Ha u3cneaBaHeTto. Toi
nuwe: “B Tosn Tpyn a3 uckam fa Hacoya BHUMAHUETO Ha
WHXEHepWUTe U MaTeMaTULMTE KbM AMHAMUYecKaTa Teopus Ha
TakuBa perynatopu, 6e3 [a HaBnu3am B KakBWTO U Ja €
JeTannu, 3acarawn TaxHaTta KOHCTpykumus.” Pasrnexpa Tpu
TMNa perynaTtopu — a) Ha [pkeHkuH, 6) Ha Y. ToMCbH 1 M.
®yko) wn  perynatop  KoHcTpyupaH oT  Kpanckara
acTpoHoMuYecka tabopatopus.

CnepBawuat pasgen e osarnaBeH “Pasnuune mexay
perynatopn u Mogepatopu’. B Hero aBTOpbT HM AaBa
OCHOBHOTO YpaBHEHWe OT KOeTO MO-HaTaTbK MpoM3TMYaT
13cneaBaHusaTa U U3BOaUTE:

168

dix
dt?

dx

M =M, -M_-F|—-V |,
dt

KbeTo

dx 5
YIeHbT F E —V AaBa npoTMBoAENCTBALLMAT MOMEHT,

Cb3faBaH OT PerynMpaLoTo YCTPOACTBO MPU M3MEHeHWe Ha

dx

CbMPOTUBUTENHMA UNKU  OBUrATENHUA MOMEHT, €

pencTBuTenHata ckopoct, V' - HopmanHaTa ckopocT, F —
koHcTaHTa, My -  gBuratenHuar  MomeHt, M
CbMNPOTUBUTENHUAT MOMEHT (1 ABaTa MOMEHTa Ca NPUBEAEHU
KbM Barna Ha MaluuHaTa). Korato ckopocTTa e ycTaHoBeHa, TO
NEBUAT YNeH B YPaBHEHMETO CTaBa paBeH Ha Hyna M HoBaTa

yCTaHOBEHa CKOPOCT Lie Ce onpedens OT  u3pasa
d_\, M, M,
dt F

Ot Tyk Makcyen npasn u3Boga, Ye npu TO3W TuN
perynatopu, LOM Ce MPOMEHM  ABWraTenHus  unu
CbNPOTUBUTENHNA MOMEHT Ha MallMHaTa, HoBaTa yCTaHOBEHa
CKOpOCT Ce pa3nnyasa OT HopManHaTa (3agageHarta) ¢ uneHa
M, -M

= < . Konkoto pasnukaTa B Yucnutena e no-ronama,

npv egHa 1 cblya koHcTaHTa F, Tonkosa v pasnukata B ABeTe
ckopocTM e no-ronsma. opagn Tasu npuumHa TOW Hapuya
TO3W TWUN perynupawy YCTpoiCcTBa MOAEPaTopu, TEpMUH
ynotpebeH npeau Hero o1 CumeHc.

Mpu BTOPUS TUM PerynmpaLLy yCTpoicTea, kouto Makcyen
dx
Hapuya perynatopy, MomeHTsT F pr —V |, BMecTo fa ce

npunara HenocpefcTBeHO KbM MalluHaTa, ce npunara Kbm
He3aBMCUMO [BWXeWo ce Tano B, koeTo yeennyasa
CBMNPOTUBUTENHUS WKW HamansBa ABWUraTerHWS MOMEHT C
BEMNMYMHa 3aBUCELLa OT CYMapHOTO NMPeMecTBaHe Ha TANOTO
B.

AKO O03HauMM C y npemecTBaHeTo Ha TAnoto B, TO

ypaBHEHNETO Ha  [ABMXeHMeTo Ha B we 6Gbae

d d dx

— B—y =F| — —V |, a ypaBHeHu1eTO 3a BIKEHNE

dt dt dt

Ha MalwwuHaTta, C WHepUMOHeH MoMeHT M, uwe 6bae
d?x dx

=M, -M_-F| —-V |+G.y, kbgero
o )
dt? ¢ dt
G e CbMPOTMBUTENIEH MOMEHT, MOPaxaaH OT TANoTo B, korato
TO Ce npemMecCTBa Ha eAnHuLa NbT.

ViHTerpupaikv MbpBOTO YpaBHeHHe ce Mony4asa
d
B d_)t/ = F(X —V.t). OT Koeto cnefga, Ye LIOM

perynatopbT AOBEAE CUCTEMATa B YCTAHOBEH PEXWM, TO
X =V .t . CnegoBatenHo He caMo CKOPOCTTa Ha MaLlMHATa &
paBHa Ha HopMasnHaTa (3ajafeHata), HO U CyMapHUs b Ha
3aBbpTaHe Ha Bana Ha MalunHaTa LWe 6bae TakbB KakTo W npu
OTCbCTBME Ha  WM3MEHEHMWe Ha  ABUraTenHus  unu
CbMPOTUBUTENEH MOMEHT.



Ha TakaBa Gasa mo-HaTaTbk CbCTaBA YpaBHEHWSTA Ha
“XpOHOMETPUYHNTE LIeHTPODEXHN perynatopu”, pasrnexaa
paboTaTa Ha perynatopute Ha TOMCBH 1 ®yKo, Ha TEYHOCTHUS
perynatop Ha K.B.CumeHc u gp.

B pabotarta cu Makcyen nuwe: “A3 He CbM B CbCTOSIHUE
Ja onpegens B MbiHOTa Te3u YCroBus (ycnoBusiTa 3a
ycTonumBa paboTa, 6.M.) 3a ypaBHEHUS Ha CTeNeH Mo-BMCOKa
OT TpeTa, HO Ce HaasBaM, Ye TO3M BbMPOC e npueneve
BHAMaHWETO Ha MaTemaTuuwte’. Ha 3acedgaHue Ha
MaTeMaTu4eckoTo obLLeCTBO TOM NocTaBs Bbpoca: “He mMoxe
NN HAKOW OT MaTeMaTuuMTE Aa NoKaxe METOZ 3a MonyyaBaHe
Ha  HeobXogMMOTO WM [JOCTaTbyHO  ycroBue  3a
OTpULATENHOCTTA Ha AEACTBUTENHUTE YacTK Ha KOPEHWUTE Ha
anrebpuyeckoTo ypaBHeHue OT n-Ta cteneH’. MNocTaseHata oT
Makcyen 3agaya 3a YCTOWYMBOCT Ha [OBWKEHWETO B
OKoHuyaTeneH Bug e peweHa (1877 r.) ot E. Ox. Payt(c)
(E.Rauth), cvctypeHT Ha Makcyen. Toit e CbllO M3sBEH
MexaHuK. [locTaTbyHO € Ja Ce CnoMeHe camo TOBa, Ye
HanUCaHMST OT Hero TpyA “[MHaMMKa Ha CMCTEMW OT TBbPAU
Tena” e akTyarneH v ce nonasa kaTto y4ebHuK 1 o cera.

[ecetnnetns no-kbCHO, peluaBaikn npobnemn 3a
ycTonumBata paboTa Ha CMCTEMA MaluMHa — perynarop c
Henpsiko Aencteue, ¢ nogobeH npobnem ce conbeksa Aypen
Cropona. Ctogona He nosHasa pabotute Ha Makcyen u Payc.
Ton ce obpbwa kbMm cBos npusten o7  Llopuxckata
MOMUTEXHWKA, U3SIBEHUAT HEMCKM MaTemaTtuk Agond Xypsuy
(Adolf Hurwitz), ga Hamepu HeobxogumuTe M [OCTATBYHU
yCrnoBws, KouTo TpsabBa da yOoBneTBopsBaT KoeUUMEHTUTE
Ha anrebpuyHOTO ypaBHEHWe OT n-Ta CTereH, 3a ga wmart
KOpEeHUTe My OTpULATENHW [OEUCTBUTENHU 4acTu. Xypsu
Hamupa (1893 r.) Te3u ycrosus B eneraHTHa AeTepPMUHAHTHA
thopma. Teau ycnosus Hapuyame Kputepun Ha Payc-Xypsul.

Makap 4e ce MHTepecyBanm OT TEXHWYECKM Mpobnemm,
Makcyen ocTaBa HacTpaHu OT WHXeHepHuTe npobrnemu Ha
HeroBoto BpeMe. B roguHata Ha nyOnukyBaHeTo Ha
pasrnexgaHaTta pabota camo B AHrnus pabotst 75 000
perynatopn Ha YaT. Bbnpeks TOBa B Tpyga CM TOW He
aHanu3Mpa MOBEEHWeTO Ha CUCTEMW YMPaBNsBaHW C
perynatopa Ha Yart, a ce 3aHuMaBa C perynaTtopy HamupaLiu

lpenopbyaHa 3a nybnukysaHe ot kateapa
“ABTOMaTM3aLMa Ha nponssofcTeoTo Y, MEM®
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EOVMHWYHO  MPWMOXEHWE  MPU  HSKOM  (hu3nyeckm K
acTpoHomuyecku ypeow. Taka ¢ w3bopa Ha u3crneaBaHuTe
BMOBE pErynatopn TOi Ce OTKbCBa OT 3M0BOAHEBHUTE
WHXEHEPHW npobnemn — perynupaHeTo Ha MPOMULLTIEHM
MalLmMHK. ToBa BEPOSITHO € OCHOBHATa MpUYMHa NOpaam KosiTo
TPYAbT My ocTaBa HesabensisaH W Heu3nonseaH oOT
WHXeHepuTe Mo TOBa Bpeme. Te HUTO B HEroBUTE M3BOAM,
HUTO [axe B HEroBUTe YpaBHEHWUS MOMM Aa HaMmepsiT
yKa3aHus kak aa ce BopsiT ¢ NosiBABaLMTE CE B MHOTO Clyvau
CKIOHHOCTM Ha ccTEMaTa napHa MalluHa - perynaTop Ha Yart
KbM HeycTouMBa pabota 7 caMoBb30yxaaHe
(camopaskonebaBaHe).

MpuynHa 3a PaBHOLYLLIMETO Ha UHXEHEPUTE KbM BaXHUTE
o6y maen B Tpyga Ha Makceen e, ye Te ca uU3npesapuny
BpemeTo. WHxeHepuTe He ca roToBM 3a pa3paboTBaHETO Ha
obwa Teopus Ha perynatopute Ha YaT W Taka [a
MPeBbL3MOrHAT HaTpynaHuTe npakThdecky TpyaHocTu. OcBeH
TOBa CTpyKTypaTa Ha TeopusTa 3a perynupaHe npueta ot
Makcsen B UMTMpPaHMA Tpyd He CbOTBETCTBAnNa Ha Tesu
06EKTW - MPOMMWLUMEHM NMapHW MaLUMHW, C PEryNMpaHeTo Ha
KOMTO MManu paboTa MHXEeHepUTe.

Bbnpekn kasaHoTO nosiBata Ha TpyabT Ha Makcyen e
KpynHo cbbute 3a Teopus Ha perynupaHeto. VHTepec
npefcTaBnsiBa cTporata MaTeMaTuyHa NocTaHOBKaTa Ha
3ajavata u HelmHoTo pelwenne. OT ocobeHa BaXHOCT € TOBa,
ye ToOi moctaBs npobnema 3a HeoOXOAMMWTE M [OCTATbYHM
YCMOBWS 3@ YCTOWYMBOCT Ha CUCTEMMTE MaLLMHA — perynarop.
Pelwasa 1031 BBMPOC 3a anrebpuyHu ypaBHeHUs [03-Ta
CTEMeH M ro NoCTaBs npes MaTeMaTuunTe 3a peLieHue npyu no-
BMCOKA CTEMNEH.
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CUCTEMA 3A ABTOMATU3UPAHO PA3IMO3HABAHE U ONOBECTABAHE HA
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PE3IOME. Bce noseue IT cuctemm, npunoxenus u ycnyrv ce nybnukysat B VHTepHeT. TaxHaTa nosiBa BOAM 4O NMOsiBATa M Ha HOBM 3anmaxy, KOUTO ekcnnoaTupar
BCe Mo-ePEKTMBHO MPOMyCKUTE UM B curypHocTTa. Lienta Ha HacTosiata pa3paboTka e [a ce npeanoxu pelieHne 3a NPOEKTUPHE M Cb3aadBaHe Ha cucTema 3a
aBTOMATM3MPAHO Pa3no3HaBaHe 1 OMOBECTSIBaHe HA HeJobpOHaMepeHU U HEKOPEKTHU AECTBIUS B KOMMIOTbPHA MPEXa.
MpeanoxeHueTo ce 6a3upa Ha u3nonasaHe Ha HekoMepcuanHa cuctema Prelude. HamepeHo e TakoBa pelueHue, Ypes koeTo IP agpecute Ha nogaTenuTe Ha nowm
3asiBKM CE U3BMNYAT OT XypHanHus cpain prelude.log u aa ce nogasat Ha cboTBeTHUS MpexoB (untbp (IPTABLES, IPCHAINS 1 ap.) B peanHo Bpeme, 3a fa MoxXe
na 6bae npekbeHAT Mo Hal-6bP3 HaYMH OTFOBOPA Ha NMOLLKTE 3asiBKW, @ OTTaM U HaTOBAPBAHETO Ha U3XOAALNTE NUHUN.

SYSTEM FOR AUTOMTED INTRUSION DETECTION AND REPORTING IN COMPUTER NETWORK
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ABSTRACT. More and more IT systems, applications and services are published in Internet. This leads to the appearance of new threats that exploit more effectively
the breaches in security. The aim of the present paper is to offer solution for a system for automated intrusion detection and reporting in computer network.

The proposal is based on open source system Prelude. Solution is found that in real time the source IP addresses of bad queries are extracted from the log file
prelude.log and are entered into the corresponding network filter (IPTABLES, IPCHAINS, etc.). In this way most quickly response to bad queries is broken and
overload of output lines as well.

BbBepeHue Crparterus 3a pewaBaHe Ha npobnema ¢ nowure
3adABKU

Bce noseye IT cuctemu, npunoXeHUs u ycnyrm ce
nybnukysat B VHTepHeT. TsxHaTa nosiea Bogu A0 nosisata u
Ha HOBW 3annaxu, KOWTO ekcnnoatupat BCe Mo-e(heKTUBHO
nponyckute WM B curypHoctTa.llenta Ha HacToswara
pa3paboTka € Aa Ce MpeanoXu pelleHre 3a MPOEKTUPHE U
Cb3fafjBaHe Ha cUCTeMa 3a aBTOMATM3NPaHO pa3no3HasaHe 1
OMoBecTsiBaHe Ha HeJobpOHaMEPEHN U HEKOPEKTHW OEenCTBUS
B YHMBepcuTeTCKa Mpexa [2, 3].

Ton kato camata nporpama Prelude camo perucTtpupa
3asBKATE, @ HE T UTHOPUPA € HYXXHO [a Ce Hamepu Takosa
peLueHue, Ypes koeto |IP agpecute Ha mogaTenure Ha sowm
3asBKM/ [a Ce WU3BMMYaT OT XypHanHus dain prelude.log v ga
ce nofgaeaT Ha CbOTBETHWS MpexoB untbp (IPTABLES,
IPCHAINS n gp.) B peanHo Bpeme, 3a fa Moxe fa 6bae
NMPeKbCHAT No Hal-6bp3 HauMH OTrOBOPa Ha NIOWNTE 3asiBKY, a

0TTaMm 1 HaTOBapPBAHETO Ha U3XOAALMUTE NnHUN [9].
MpeonoxeHueto ce 0asvupa Ha  u3non3BaHe Ha

HekomepcuanHata IDS cuctema Prelude [1]. Prelude e

. q)OpMaTbT Ha XypHanHna (baﬂn 3a BCAKa efiHa Nolla 3adBKa
NPOAOYKT, KOWUTO YCnewHo [AeTekThpa nown 33adBKKM 3a

€ CrnegHus:
onpegeneH Habop oT noptoee mo npotokon TCP. *%% Wed Jan 30 14:24:20 2002 - Wed Jan
MpeaumcTBOTO My €, Ye ako Gbe MHCTanMpaH W cTapTupaH 30 14:24:23 2002

BbPXY MapLLpyTWU3aTOop, TOM Npernexaa BCUYKA 3asBKU, KOUTO

npeMMHaBaT OT BbH KbM BbTpellHUTE Mpexu. Prelude no Plugin : HttpMod

nogpasbupaHe He B3aUMOLENCTBA C MPEXOBUTE PUATPK KaTo Author Yoann Vandoorselaere

IPTABLES n IPCHAINS. T.e. TO31 MHCTPYMEHT MMa Camo

Contact : yoann@mandrakesoft.com
ponsitTa Ha cTaTucT, Habmiojaten Ha 3asBkuTe, KOMUTO

description : Snort based http decode

npeMnHaBar. .
plugin.
kind : May not be reliable
received : 6 times
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message ISS Unicode attack detected
Ether hdr 0:40:95:34:40:8d ->
0:80:ad:b:b:4b [ether type=ip (2048)]
Ip hdr 62.158.170.2 -> 62.44.103.64
[h1=20,version=4,tos=22,1len=185,1d=125
82,ttl=113]

Tcp hdr 3678 -> 80 [flags=PUSH ACK,
seq=1232543859,ack=1830423927,win=9520
]

Data hdr size=145 bytes
Data hexadecimal dump follow
47 45 54 20 2f 6d 73 61 64 63
25 35 63 GET /msadc/..%5c
2e 2e 2f 2e 2e 25 35 63 2e
25 35 63 ../..%5c../..%5c
2f 2e 2e 35 35 2e 2e 2f 2e
2¢ 2f 2e /..55../..cl../.
2e 2f 2e 2e 2e 2f 77 69 6e
79 73 74 ./.../winnt/syst
65 o6d 33 32 2f 63 6d 64 2e
2f 63 2b em32/cmd.exe?/c+
64 69 72 20 48 54 54 50 2f
0a 48 6f dir HTTP/1.0..Ho
73 74 3a 20 77 77 77 0d Oa
6e 65 63 st: www..Connnec
74 69 6f 6e 3a 20 63 6¢c 6f
0d O0a 6e tion: close....n
65 63 74 69 6f 6e 3a 20 63
0d 0a 0d ection: close...
Oa

2f 2e 2e

2e 2f 2e 2e

2e 63 31 Ze

6e 74 2f 73

65 78 65 3f

31 2e 30 0d

43 6f 6e o6e

73 65 0d Oa

6c 6f 73 65

ToBa, KOETO € HyXHO fa Ce u3BagM OT Ta3u Nopuus
WHopmaLms, fobaBsiHa BCEKM MbT NPy AeTEKTUPaHe Ha NoLla
3asBKa, € [a ce u3Bneve pega sanousaly ¢ "lp hdr" u Toin ga
ce 06paboTL Taka, Ye OT Hero Aa ce u3sneye mbpaus IP agpec
(Hanp. B ropHus npumep ToBa € 62.158.170.2). Cnen ToBa
WHopMaumsaTa 3a To3u agpec Tpsba ga ce nogage Ha
WHCTanupaHusi Ha TeKywusi pyTep MpexoBu punTbp, 3a ga
MOXE Aa Ce CrpaT BCUYKM 3asiBKM OT TO3W afpec, KaKTo Teaw
npegHasHaveHW 3a agpeca Ha pyTepa, Taka M Tesu
npegHa3HaueHu 3a afpecu, KoUTo Toi pyTupa.

PeweHue Ha npobnema

3a cregeHe Ha nowwTe 3asBKM B peanHo Bpeme Cce
“3nonsea WHCTpymeHTa tail ¢ onuusa -f, koiTo peructpupa
BCsKa HOBa MpoMsiHa B XypHanHua cann prelude.log. Creg
ToBa noTokbT OT tail -f ce mogaea Ha oBpaboTBaly ckpumnT.
CkpunTbT € HamucaH Ha Perl u B Hero cTaBa usnata
obpaboTka Ha [aHHWTE, BKIIOYUTENHO npefaBaHeTo Ha IP
agpeca Ha W3TOYHMKA Ha MOWM 3asiBKM KbM MpEXOBWUS
puntop.

WoesiTa, 3anoxeHa B HaNWCBAHETO Ha CKpUMTa e creaHara.
B noctenBalyara o tail -f nHpopmaums ce Tbpcu ped, KoWTo
Ja cbabpxa Hu3a Ip hdr. Cneg HammpaHeTo Ha TO3W peg ToM
ce nognara Ha 0bpaboTka, KOSTO BKIOYBA Pa3feNHETO My Ha
noneta upes cenapatopute : 1 ->. OueBuaHO e (0T dopmaTta
Ha uHdopmauusTa B XypHanHus dain prelude.log), ye IP
apeca Ha M3TOYHWKA Ha NOLLMTE 3asiBKW Monaaa TOYHO Mexay
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Te3n [Ba cenapatopa M Taka Ce M3BMIMYa KaTo HW3 (CTPUHT).
Crnep kaTo Beye € OTZeneHo ToBa Mone, TO MOXe da ce
npepapne Ha IPTABLES. lMpu BkntouBaHe B MPEX0BUS PUNTLP
IPTABLES ce wn3nonssa BKM4YBaHe Ha NpaBUIOTO Npeau
OpyrMTe 3a AafeHa Bepura ¢ nomowta Ha -l. Ako 6bae
npubaBeH B kpas Ha JafeHaTa Bepura ¢ —A, TO HAMa [a Brese
B Cuna, ako MpeaW Hero uWMa Apyrv npasuna, KouTo
no3BoMsBaT NoLKTe 3asiBkM Aa 6baaT npomyckaHy.

Heobxonumo e fa ce Hanpasu W npoBepka fanu gageH IP
afapec, KoMTo LWe ce npubaes, Beye He e npubaseH, 3a Aa He
ce MoBTaps edHa W cblya MmonuTuka 3a eauH IP agpec B
paMKuTe Ha AadeHa Bepura. 3a UenTa ce cb3gaea 6asa oOT
AaHHU, KOSITO Ce CbxpaHsBa BbB (hann. Korato B prelude.log
Ce Cb3fafe HOB 3amuC 33 HApYLIMTEN W Ce U3BMEYE HEroBusl
IP agpec, TO ce npaBu NpoBepka fanu agpeca Beye He e
nonagan B 6asara OT AaHHK. AKO e nonaaan Tam, He ce npasu
MoBMKBaHE Ha MpexoBus UNTbP, 3a Aa He Ce NoBTaps
sanuca. Cneq Tasu nposepka GUI npunoxeHue yeemomsiBa
noTpebuTens 3a NpuxBaHaTVS ‘Mo’ afpec W ro nNuTa ganu Aa
Gboe OnokvpaH T.e. ganu Ja Ce nogjage Ha MpEXoBus
unTbP.

MpouecsT, KOWTO Le M3MbAHABA TO3M CKpWNT, TpsbBa aa
NPeMWHE BbB (POHOB PEXNM.

3aknioyeHue

VanonssaHata B HacTodwara pabota cuctema 3a
OTKpMBaHe Ha HapywwuTenu Prelude npegnara LWMPOKM
Bb3MOXHOCTW 3a pasBuTMe, KOETO W rapaHTMpa [ObMro
npucbcTBMe Ha nasapa. Prelude IDS passuBa cBoOS
MoAcMCTEMa 3a KOHTpaMepkW, KosTo no3sonsea paboTa ¢
aKTWBHM OTroBopy (active response), MoMy4yeHn aBTOMATUYHO
B pesynTaT Ha HOBOMOSIBMINO Ce CboOLLUeHWe 3a aTaka. Taka
CTaBa Bb3MOXHO CMpaHe Ha ataka, KosiTo € 3ano4Hana, unm

npefoTBpaTsBaHe [OCTbMA Ha W3BECTHM  ‘BpaxpaebHo-
HacTPOeHW' XOCTOBE [0 3aluuTeHaTa Mpexa.
LntupaHute  mo-rope  Bb3MOXHOCTW,  Kakto W

pa3paboTEHNAT CKpUNT 3a (UNITPUpaHe Ha oM MaKeTw
nokaseat, 4Ye Prelude ycnewHo oTroBaps Ha NosBUNIUTE CE
HYXOUM OT CUCTEMM 3a 3awynTa OT Hapywutenm IPS (Intrusion
Prevention Systems). Moxe ga ce Hanpasu 3akmio4YeHUETO, Ye
Prelude e epwH HekomepcuaneH IDS npogykt ¢ IPS
XapakTapyCTWKK, KOMTO YCMELLHO Ce M3Mon3Ba 3a OcUrypsiBaHe
CUIYpHOCTTa Ha [JafeHa Mpexa W OTroBapsi Ha CbBPEMEHHUTE
U3UCKBAHWSA 3a Takusa NpoaykTu [4, 5, 6,7, 8].
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NO-LOAD RUNNING OF ELECTRIC TRANSFORMERS

Cristinel Popescu, Vasile Cozma

University ,Constantin Brancusi” Targu Jiu

ABSTRACT: By the no-load running of electric transformers we understand that service where electric power is not released through the transformer to consumers,
the transformer secondary winding being open reason why the power in this winding is zero (i2=0).

Key words: Electric transformer, magnetic flow, vectorial diagram, magnetic field, parameters, no-load running, transformation report.

PABOTA BE3 HATOBAPBAHE HA ENEKTPUYECKUTE TPAHC®OPMATOPHU

Kpucmuren lonecky, Bacune Kosma
YHugepcumem ,KoHcmanmuH bpaxkyw”, Topey Kuy

Peatome: MMog pabota Ges HaTOBapBaHe Ha eNeKTpUYecku TpaHcdopmaTtop pasGupame ToBa 0BCMyxXBaHe, KOraTo enekTpudeckara eHeprust He Ce OTAens npes
TpaHchopMaTopa 3a KOHCYMaTopuTe, BTOpUYHATa HaMoTka Ha TpaHc(opMaTopa e 0TBOPEHa M Mo Taau MpUYnHa MOLLHOCTTA B Tasu HaMoTKa € Hyna (i2=0).
KniouoBu aymu: Enektpudecku TpaHc(OpMaTtop, MarHMTEH MOTOK, BEKTOPHA Avarpama, MarHUTHO rofe, napameTpu, ekcrnoatauus 6es HaTosapsake,

TpaHc(opMMpaHe.

Introduction

Due to the fact that the secondary winding is open (i2=0), in
this status the transformer is a magnetic core coil connected to
the nominal u1 voltage rating. The presence of two windings
causes the decomposition of the magnetic flow, created by the
primary winding of the transformer, in two flows — the main

magnetic flow @, and the dispersion flow ® ;. The flow

@, is a mutual induction flow closed through the magnetic

core and inducing in the primary and secondary windings of
the transformer, accordingly t.e.m. Of self-induction E1 and

t.e.m. Of mutual induction Ez, displaced after (@) by 90°.

The equation of no-load running of electric
transformers

The dispersion flow (Dcl and magnetic flow @ are
created by one and the same t.m.m. wiito, and the flow is

chl much lower than @ . This happens because q)(ﬂ

closes through the air, meaning through the environment with a
high magnetic reluctance and that is why in the case of no-load

running it is only around 0,25% from @y, . Besides, the flow

@, is split with the established angle o comparing to t.m.m.

wiito (comparing to the current i1 respectively), due to the
losses through eddying flows and hysteresis from the magnetic
circuit (the transformers magnetic core). Due to the absence of
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the losses in the air CDGL the flow is in phase with t.m.m
waito (with the current i1o respectively).

The dispersion flow @, connects only to the spirals of

primary winding and induces in it dispersion t.e.m., established
by the relation:

chcl - _ dwcl
dt dt
This is self-induction te.m. €. The total dispersion flow

e

=W (1)

ol

Y is in proportion with the no-load running current i1,
meaning:

Vo1 =Lgio @)
where it results:
e - dio (3
ol ol dt
where:

Lcl- primary winding dispersion inductivity.

Inductivity L, is constant in size, because the flow @ _; is
closed through air.

T.e.m. Induced by the dispersion flow adequately causes the
inductive fall of equal voltage and opposed to it in sign,

meaning €, =—U__ . If we apply the symbolic method we
get:
Eqi=-U ==X lo

where:

(4)



Xcl - dispersion reactance of primary winding.
Primary winding has active resistance Ri. In this case, if Ry
and X, are known, we can establish the equivalent scheme

of the transformer for the no-load running, which contains only
the parameters of primary winding (fig.1).

R

Xa1

o

Fig.1 The equivalent scheme of the transformer at the no-load
running which contains only the parameters of primary winding

If we introduce the i1o equivalent sinusoidal current, in the
equivalent scheme, according to Kirchhoffs 2nd law, we
establish the equilibrium equation of t.e.m. Momentary values
and voltage drops:

€ +€4 =Ryljp—U; (5)

where it results that;

u, =—€, —e5 +Ryiy (6)
By representing in complex, the equation (6) in complex form
becomes:

91 = _El _Eo‘l + R1!10

After replacing the relation (4) in the equation (3.7) we get:

(7)

U =—E; +R1 b+ JX g1 o =—Ey + 1o (R + JX ) =—E; + Z; g
8)
where:
Z, =R, +jX,, - total complex impedance of
primary winding.
Equation (8) allows to build the vectorial diagram of the

transformer at the no-load running, which is the graphic
solution of this equation (fig.3).

VE,

Fig.2 Vectorial diagram of transformer at the no-load running

The vectorial diagram construction begins at the main
magnetic flow phasor @, . With an angle of 90° we traced
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behind the phasor @, the te.m. Induced E, s1 E,. The

current 1,4 is split before the magnetic flow @, with an
angle o due to energy losses in the magnetic core and is in
the phase with the dispersion flow @ _; , which mainly closes
through the air, where there are no losses. The 90° angle
helps tracing the flow phasor @ _; the te.m. Dispersion

phasor is traced E_,. Further, for getting the voltage

phasor U, , it is necessary to continue the construction, which
represents the equation graphic solution (8).

For this purpose, the phasor representing t.e.m. E1, is built
reversely (E1 in the equation 8 has the minus sign), and it is

added the phasor of voltage active drop R;l,, on the
resistance F\’1 and the phasor of the voltage reactive drop
X
R, 1, is in the phase with the current 1,4, and the drop is

X

reactive drop X, l;, equals the phasor representing E ;

1110 on the dispersion reactance X, . The Voltage drop

I, split before by 90°. The phasor of the voltage

ol

in size and sense.

From the vectorial diagram, we notice that the phase
difference between the Us voltage and the current I, almost

equals 90°. Consequently, the no-load running transformer
can be analyzed as an almost purely inductive character
consumer, which makes the network power factor
stronger. We have to underline that the no-load running
current is much lower than the l1n nominal current meaning

I,y = (3+10)%l,,.

If we take into consideration te low value of the no-load
running current and that active resistances of the transformer
windings are much lower (three times lower than the
reactance), we notice that in comparison with t.e.m. E1 voltage

dropis R 1, visibly lower. Secondly, @, is around 0,25%

D, sothat Ej; =—]X ;110 << E;. Inthis case, the

voltage drops on the resistance and the reactance of primary
winding reactance, can be neglected and the equation (8) has

the form:
91 ~-E, 9)

meaning for the no-load running, the Ui voltage is balanced
almost entirely with t.e.m. E1. Considering these, in fig.3 it is
presented the simplified vectorial diagram of the transformer in
the no-load running.

te.m. E1 and E2 phasors are in phase, because they are
induced by one and the same magnetic flow @. The

difference between their sizes is due to the number of curls
included in the primary and secondary windings.



T Q] '"'E]
|
- 110 @2
+
E,
E,
w -

Fig.3 Transformer simplified vectorial diagram in
the no-load running

Because in the no-load running no current passes through
the transformer secondary winding, voltage drop cannot be
obtianed. Therefore, the voltage measured at the terminals of
the secondary winding equals induced t.e.m., meaning:
Uyx=E, (10)

If we consider the equalities
transformation report, we get:

_Ei_w U

(9) and (10) for the

E, w,

p—R 7

(11)
UZO

The experimental establishment of the transformation report
is based on this dependence. From the same dependence (11)

Recommended for publication
Of Editorial board
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it results that in the no-load running, the transformer can be
used for the transformation in a relatively exact report of high
voltages into lower voltages for measuring them with common
voltmeters. The transformers specially built for this are called
voltage measurement transformers. In practice, very often,
besides these transformers in high voltage circuits, different
protection or control devices are also included.

Conclusions

In the no-load running status, the transformer can be
examined by the consumer with an almost inductively
character which makes the network power factor worse. Due to

the low power factor COS (@, and the low current at the no-

load running |, , the active power P=UI COS ¢p;, consumed

by the transformer in this service is low. Because in the no-
load running service the transformer does not release power to
consumers (I2=0), it results that the active power P1o
absorbed from the network is lost in the transformer,
meaning Pio represents the active power losses in the
transformer at the no-load running.
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ABSTRACT. In the near future, the fossil energetic coal, oil and gas shall have the highest weight in energetic resources. Coals continues to be the main energetic

resources for making electric power all over the world.
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BBIMMULLATA - OCHOBHATA EHEPTUAHA CYPOBWHA HA HALMOHATNHO U CBETOBHO HUBO

Kpucmuren lMonecky, Bacune Kozma
YHugepcumem ,KoHcmanmuH bpaxkyw’”, Topey Kuy

Pestome. B 6nm3koTo Gbaelle nakonaemute ropua, HedpTa 1 rasa Lie UMaT Hail-ronsMa TeXecT KaTo eHepruiiHn pecypci. Brriviuata npogbmxasar ga ovaat
OCHOBHWS HEPIUEH M3TOYHIK 3@ MONy4aBaHe Ha ENEKTPOEHEPTUs Ha BCAKbE MO CBETa.
KntowoBu gymu: Buriuwa, obnact ot eepretukara, TBbpAN ropuBa, EHEPTUIAHN TEXHONOTUN, EHEpruitHa cucTema.

Introduction

The increase of the global request for energy is generated
by the demographic increase and by the process of increasing
the economic difference in the third world countries. In this
case, more energy would solve global problems, especially
social ones, taking into consideration that, nowadays, almost 2
billion people do not have access to the so called commercial
energy. Under this economic and ecologic aspect there is a
request for continuous and sustained improvement of the
energetic efficiency, by researching and developing new
energetic  technologies because the production and
consumption of energy is among the significant indicators of
the civilisation level reached in every country’s development,
being frequently used in international comparisons.

The energetic field has a strategic significance for every
state, as the economic and social development depend
undoubtedly of it. We cannot conceive a modern economy in
evolution without an efficient energetic field, capable to provide
and support different economic branches and social
development with energy. Due to the impact it has in the
economic, political and social, ecologic field, the problem of
energy has become the major imperative of world economy,
being of concern in all the states.

Coal as the main source in the world energy
production

The demographic forecast appears as an increase of the
planet population of almost 6 billion to almost 8 billion in 2020.
In its estimations, The World Energy Council supposes an
increase by more of 50% of the electric power by 2020. This
forecast is seen as a careful estimation, because it supposes,
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among others, that the developing countries and Eastern
European countries shall rapidly reach to the standard of
energetic efficiency with an already high level in the Western
industrialized countries.

The estimation of the International Energy Agency, AIE, until
2020, certifies at the same time that for solving the issue of a
sufficient reserve of energy in the case of energetic
consumption increase, there is not necessary to make any
major structural changes between energetic resources.

The contribution of unconventional resources, like the wind,
the sun, the water, the biomass, shall absolutely increase, but
shall play a minor part in the future.

A restructuration of energetic systems for alienating fossil
resources seems possible, in the view of the last Energy World
Conference, not later than the second half of the future
century, and only if adequate efforts shall be made
immediately. At the same time, forecasts imply also the fact
that energetic policies options require a provision of global
energetic resources. Of the entire volume of energetic
resources identified by geologic exploitations over 12.400
billion te.c (coal equivalent tones), almost 90% (meaning
11.580 billion te.c) are potential resources and only
approximately 10% are economically exploitable resources.
Therefore, nuclear cola and fuel together with water shall be
the basis for producing electric power and the future increase
of the request for energy shall lead to an increase of the global
production of coal. This is supported by the fact that, in
comparison with the global request of primary energy, the
electric power request shall powerfully increase and coal will
make a contribution to the production of electricity by over
50%.

The coal market shall know structural alterations in the
future, while the economic increase rates in the third world



countries shall be significantly higher than those in the
advanced countries. Coal is an attractive source of energy both
in third world countries and the developing ones, in the
industrialized ones, at the same time with a global increase of
the consumption of coal, the lignite shall win some field. The
mine industry in Europe and in other countries in the world
undergoes significant structural changes, therefore due to the
decline of the mine activity in Europe, at present the most
significant trend is represented by the geographic movement of
the coal extractions activities towards the Latin America,
Australia and Asia. In this context, the increase of coal imports
in Europe can especially be explained by the continuous
decline of the pit coal production in the EU countries (from 105
Mtcc in 2000, at cca 70 Mtcc in 2020). In general the coal
world market and thus the pit coal world market shall be high.
We can say that given the powerful increase of the energy
request and the lack of alternatives, we need a general
agreement that the coal shall play an important part as a
source of energy, for covering the need for energy until 2020.
Therefore, coal is and shall remain the main energy source
with a future.

The status of the world consumption of fuels for energy is
structured as follows (fig.1)

* oil 38%
* coal 26%
* natural gases 24%
* nuclear fuel 6%
* renewable 6%

26%

Fig.1 The status of the world fuels consumption

The status of the fuels consumption in Europe (15 states) is
structured as in (fig.2):

s oil 40%
* coal 15%
* natural gases 24%
* nuclear fuel 15%
* renewable 6%

The enlargement of the European Union, brings the issue of
coal in political debates upon the energy supply in Europe that
would redefine the solid fuel as a primary source of energy for
along term.

For implementing the Kyoto Protocol (1997), it is necessary
to develop the world climate protection policies, without
exercising discriminations against coal.
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Fig.2 The status of the consumption of fuel for energy in Europe

The trade with emissions is a way through which
greenhouse gases emissions can be reduced, without
excessively disturbing the energy market.

The debates regarding the Clean Technologies of Coal for
generating coal based electricity, has an enormous potential
for innovation. Even at present, steam power plants can reach
output levels over 40% for lignite and approximately 45% for pit
coal, and therefore the priority is to create favourable
conditions for modernization, there is a huge potential for
reducing the CO2 emissions by investing in modern
technology.

We mention that almost all lignite and pit cola producers in
Europe, both in the Community of the 15 member states in the
European Union and within the EU adhering countries are now
members of the European Association of Coal and Lignite
EURACOAL, to which Romania is affiliated.

The role of coal in energy production in Romania

Investments and SEN safety has allowed for the Balkanic
Area to EU, as Romania became a full rights member from the
energetic point of view ever since 2004.

Recently, the reorganization and restructuration of lignite
based electric power production has been achieved, by
creating Energetic Complexes (CE), at Rovinari, at Turceni and
Craiova, where lignite quarries are integrated as cost centres
of the energy producer. Table 1 indicates the energy
production for the period 2005-2020 in Romania.

Considerations referring to the use of internal energetic
resources at big burning plants in Romania are the following:
coal (lignite, pit coal) existent in our country is used by great
steam power plants (CTE) of the national energetic system
provided with performant plants for producing electric power;
natural gases in the country and from import, meaning the
main fuel taken into consideration for providing the primary
energy for medium term in Romania suppose the extension
and development of transport networks, underground storage
spaces; burning oil import is a significant issue on an
unpredictable market.

Based on the analyses established due to the improvement
trends in the last few years, the actual significant aspects
regarding the Romania extractive industry are as follows:

> The natural resource, meaning
that coal provides a great part of the



necessary raw materials for the energetic
field, which has an enough absorption
capacity on the internal market;

> There is a significant capacity
potential, partially worn from the physical
and moral point of view and incompletely
used, with a structure that is insufficiently
adapted to the new competitiveness and
safety requirements, in comparison with
the EU producers in other developed
countries;

Table 1 (Gwh)

> The performances of devices and
technologies can  be  substantially
improved, through an accelerated effort of
re-technologization and selective
modernization of the production capacities
that have real chances of viability;

> Qualified manpower and
technical specialities comparable to that in
developed countries are available, etc.

. 2005 2010 2015 2020

Total production
76000 88000 102000 112000

Steam power plants 74500 86300 100000 110000
Other producers 1500 1700 2000 2000
Hydroelectric power plants 13700 14200 14600 15000
Coal steam power plants 31000 33000 35000 35000
Hydrocarbons and nuclear steam 29800 39100 50400 60000
power plants

For a long time, coal has been the energetic resource for
Romania. The status of the fuels consumption for energy in
Romania has the structure as in (fig.3)

* burning gas 3%

* coal 38%

* natural gases 16%

* nuclear fuel 1%

* renewable 28%

+ other conventional sources 4%
6%

==
=

28%,

38%

0% 16%

Fig.3 The status of fuel consumption for Romania

Under the conditions of a tight competition on the energetic
market, when the ecologic restrictions are unfavourable for
energetic complexes, in Romania, where the main solid fuel is
the lignite, when he price for solid fuels, natural gases and oil
products respectively is continuously increasing, the economic
agents of energetic complexes are seeking to take improved
organization measures for e technical and technological
restructuration. These measures aim finally the decrease of the
specific cost of energy especially due to the decrease of the
cost of lignite. The lignite extracted in Romania has a less
caloric power than the one processed in other European
countries, with a high content of ash, and the CTE output is
lower comparing to the output of those using pit coal or
hydrocarbons. Lignite based energy production in the lignite
quarries has the following advantages: production costs closed

181

to the burning oil production ones; providing the internal
resources and reducing hydrocarbons imports; lower
investments comparing to the nuclear energy groups for
hydroelectric steam power plants with the same installed
power; providing employment in the area and thus solving an
important social aspect; cancelling the dependence on electric
power imports; the possibility to produce thermal energy in
cogeneration; environment issues minimization in current
technologies.

The adaption of surface mining in Romania to the
requirements of the market economy, under the conditions of
some major issues of technological and old endowments with
quarry machines can be made through a group of
restructuration measures and actions aiming the managerial,
technological, but especially technical, mining and ecologic
components.

European directives focused on the mining
activity

The main instruments for transposing European legislations
requirements into those of Romania are the European goals.
Among the European goals with an impact upon the mining
legislation for extracting useful substances we mention:
94/22/CE Directive for the conditions for granting and using
permits for hydrocarbons exploitation; 92/91/CE Directive
referring to the minimum requirements for improving the
employees’ safety on the branches of extractive industry;
Directive proposal for the waste management in extractive
industry.

Conclusions

In the future, coal shall have the main part in producing
electric power.

An active energy saving policy shall be applies rather than
that of producing it, through a complex process of replacing



energy consuming technologies and by restructuration of the
economy.

Internal resources availability is: lignite for the following 60
years at a 30-35 million tones/year production in surface
exploitations and 3,5 million tones of pit coal in exploitation
from the Jiu Valley underground.
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ELECTRIC TRANSFORMERS PARALLEL WORKING

Vasile Cozma, Cristinel Popescu

University ,Constantin Brancusi” Targu Jiu

ABSTRACT. The electric transformers parallel working provides the continuous supply with electric currents of electric consumers, therefore, in the case of fault for
the one of the transformers, the load is taken over by the other transformers and the consumers electric power is not interrupted, thus providing one of the vital
conditions for their working and namely their operating safety.

Key words: Operating safety, parallel working, transformation report, connections group, short circuit voltage.

MAPANENHA PABOTA HA ENEKTPUYEKCU TPAHC®OPMATOPU
Bacune Kosma, Kpucmuren onecky
YHusepcumem ,KoHcmanmu+ bpaxkyw”, Topey XKuy

PE3IOME. MapanenHata paoTa Ha enekTpudyeckute TpaHCHOpMaTopu OCUTYpsiBa HEMpekbCHaTO MofaBaHe Ha enekTPUYEeckM TOK KbM KOHCyMaTopute,
CcriefoBaTenHo, B Cryyail Ha HEWaNpaBHOCT Ha efuH OT TpaHchopMaTopuTe, HATOBapBAHETO CE MOeMa OT OCTaHanuTe TPaHCOpPMAaTopu M He ce Mpexbesa
MOAABAHETO Ha ENEKTPUYECKA EHEPTUS, KAaTO MO TO3W HaYMH Ce OCHTYPsABa EAHO OT OCHOBHITE 3UCKBAHWS 3a paboTa, a MMeHHO Ge3onacHa excnioataLus.
Kniouosu gymu: GesonacHa excnnoarauus, napasnenHa pabota, rpyna Ha CBbp3BaHe, HanpexeH1e Ha KbCo CbeauHeHIe.

Introduction U U,
=1
. . AT a
For the working of transformers with a good power factor o 1 oo
and high output, it is necessary that their loads be close to the E
nominal ones. | =2
The transformers load alters at certain hours during the day o © < © o—e
and night and in different seasons of the year. For an
; S ~ AT a N
economic operation, instead of one, two or more transformers Lo 1l ')
are mounted which work in parallel during the highest load.
When the load decreases, some transformers are disengaged, TE": 1
so that the working transformers operate at a load close to the 5 Py L
nominal one. T_ X X
Electric transformers work in parallel, when their primary Fig.1 The parallel working scheme of two mono-phasic transformers.
windings are supplied from the same source of energy, and
their secondary windings are connected to the common bars 1. primary and secondary nominal voltages of the
where the consumers network is supplied. transformers have to be equal (Uini=Uii=Us;
Uzni=U2mi=U2). This condition is practically met by
equalling the transformation reports, meaning ki=ku;
Conditions for a parallel working of electric 2. tri-phased transformers must have the same groups
transformers of connections.

3. The short-circuit nominal voltages of the
transformers have to be equal, meaning:

Fig.1 indicates the parallel working scheme of two mono- Uy % = Uy, % their active and inductive

phasic transformers. .
. . components respectively be adequately equal;

In order not to have circulation currents between 4. identical marked terminals of the transformers
transformers and the load be distributed among the Windings be connected to the same network
transformers working in parallel to their nominal power, when conductor, both on the primary part and on the
their are coupled in parallel the following conditions have to be secondary part;
met:
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If the parallel coupled transformers comply with all the
conditions, their vectorial diagrams at the load working built in
relative units they come one over another. In this case, all the
transformers are loaded with proportional loads with their
nominal powers, and the transformers load currents are
arithmetically summed. Practically, only the second condition
has to be thoroughly met, for the first and third conditions
tolerances being accepted. Besides, the sum of their loads
does not have to be higher than the sum of their nominal
powers.

If the aforementioned conditions are met, t.e.m. E2 and Ean
induced in transformers secondary windings (fig.1) are in
phase and equal in size, and there are no equalling currents in
the transformers windings.

If the first condition is not met — the equality between the
transformation reports, the equalization current appears,
which is conditioned by the difference between the secondary
t.e.m., meaning:

__AE
0 Zii + Lk

where:

Zi1» Ly - transformers internal reactance.

At the transformers loading, the equalization current is
overlapping with the load one. Moreover, the secondary higher
te.m. transformer (at the pit transformers - with lower
transformation report) is overloaded and the higher
transformation report transformer is under loaded.

Because overload is not admitted, it is necessary to reduce
the common load of transformers. If the difference between the
transformation reports is considerable, it becomes practically
impossible for the transformers to work in parallel. This is why,
according to standards, the parallel coupling is admitted for
transformers, where the difference  between their
transformation reports is not more than 0,5% in comparison
with the average geometric value of these reports, meaning:

ki =K 10096 <0 5%

|'k||

Ak% =

If the second condition is not met - tri-phased transformers
have the same group of connections - the line secondary
te.m. of the two transformers are detached one from the
others with a multiple angle of 30°.

For example, if a transformer has 0 group, and the other 11
group, their line t.e.m. are split one from the other by 30°
(fig.2), resulting AE =0,52E,, for which the equalization

current reaches a higher value and the transformers parallel
working is not possible.
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Fig.2 Vectorial diagram of t.e.m. in the case of transformers with
connection groups 0 and 11, which will be coupled in parallel

We have to take into consideration that by adequately
permuting the windings terminals, is some cases we can
achieve the parallel working of transformers with different
groups of connections. Fig. 3 displays the scheme of parallel
connection of two tri-phased transformers.

If the parallel working conditions are met, the voltmeters
indications V1 and V2 are zero. These voltmeters have to have
their field not smaller than the double value of the network
voltage.

C s =
B
A !
e
I
12
C
b
a & >

Fig.3 The scheme of parallel connection of two tri-phased transformers. .

If only the third condition is not met — the equality of the
short-circuit nominal voltages, the load is not distributed in
proportion with the nominal powers of transformers. The

external characteristic of the transformer with higher u, %, is

strongly sloped for the abscissa axis (the external
characteristic of the transformer Tu) in comparison with the

transformer with lower U, % (fig.4).

For one and the same secondary voltage Uzs for the second
transformer in load, the T transformer is loaded with higher
current than theTy transformer. In order not to reach the T
overloading, one has to reduce the common load, which does
not use the entire power of transformers working in parallel.

If one takes into consideration that not always we can

choose transformers with the same uk%, the standards

admit the parallel connection of the transformers with a
difference between the short-circuit voltages without

overcoming +10% of their arithmetic mean value.
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Fig.4 External characteristics of the two transformers coupled in parallel

The difference between the components of relative voltages
at short-circuit is higher the higher the difference between
nominal powers of transformers is. That is why for the parallel
working it is recommended for the report between the nominal
powers of transformers not to be higher than 3:1.

If the fourth condition is not met (E2=Ezn) in the closed circuit
of secondary windings acts the resulting te.m. AE, equal
with the difference between Ea and Eai. Because the circuit
impedance is relatively small, under the t.e.m. action AE , the
equalization current going through the secondary windings of
transformers reaches considerable values even when the load
is decoupled.

At the transformers loading, the equalization current adds to
their load current and leads to overloading. Moreover, it fault is
possible. This is why before the transformers parallel coupling
one checks whether t.e.m. E2 and Ezn are in phase and equal
in size. For supplying the parallel winding of the transformer
coupling to work in parallel, in its secondary winding a
voltmeter or electric lamp are connected (one of the secondary
outputs remains open and in the place of the switcher the
measurement device or lamp are connected).
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Is all the parallel working conditions are met, the voltmeter
indicates zero or the lamp does not switch on, because

AE=E,, —E,;; =0. In this case the two transformers
can work in parallel.

The voltmeter and electric lamp has to bear a voltage which
is twice the secondary nominal voltage. This is necessary,
because if the first connection condition of the second
transformer with the homonymous output terminals transformer
with the same conductor of the network is not met, t.e.m. E
and Ezn may be summed-up.

Conclusions

The parallel working of electric transformers is justified by
the following advantages:
increased degree of exploitation working;
keeping a low level of losses in the transformation
process, by altering the number of transformers
working according with the required load, thus the
use of transformers working at a maximum output;
replacing the high powers and weights transformers
with admissible limits weights transformers.
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