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CONSTRUCTIVE AND CALCULUS PARTICULARITIES FOR THE HYDRAULIC PROPS

OF POWERED ROOF SUPPORT

Sorin Vatavu 1, Niculina Vatavu ?

" University of Petrosani, vatavu@upet.ro, sorinvatavu57@yahoo.com

2 INSEMEX Petrosani, niculina.vatavu@gmail.com

ABSTRACT. The hydraulic prop represents the supporting element of the metallic individual or powered support of the face, it attaining the yielding strength function
as a result of the resistance opposed to the geodetical pressure generated by the roof-rocks at the supported mining work.

The evaluation of the fluid pressure within the prop’s hydraulic system and the amount of the volume losses depend on the value of the work pressure, on the
precision of manufacturing and on the roughness of the sealing surfaces, also on the wear degree, on the yielding of prop’s hydraulic system, on viscosity and on

other features of the work fluid.

The paperwork presents the constructive and operating specific features of powered roof support's hydraulic props, as well as their principles of calculus.

KOHCTPYKTUBHW U U3YUCNTUTENHWU OCOBEHOCTU HA XUAPABIIMYHUTE NOAMOPU HA MOLLIEH KPEMEX HA

FOPHULLETO
CopuH Bamasy ', HukynuHa Bamaey?

T Mempowatcku YHusepcumem, Mempowanu, PymbHus, vatavu@upet.ro, sorinvatavu57@yahoo.com

2 INSEMEX Mempouwanu, PymbHus, niculina.vatavu@gmail.com

PE3IOME: XuapaenuyHata nognopa npescraBnisiBa NoaAbpXaLUMs MeTaneH eneMeHT Uim rmaBHaTa MOLLHA Oropa, KOeTo BOAM [0 ClisiraHe Ha FOpHULLETO kaTto
pesynTar OT MPOTUBOAEHCTBUETO Ha reofe3UYHOTO HansiraHe, KOETO Ce MPUYMHSBA OT NOKPUBHITE CKANM KbM U3paboTEHNS MUHEH KpEMex.

/l3uncnsiBaHeToO Ha HansraHeTo Ha TeYHaTa cpefa B XMOpaBMMYHA CUCTEMA Ha Kpenmexa W KOMMYECTBOTO Ha 0DeMHUTe 3arybuTe 3aBMCST OT CTOMHOCTTA Ha
pabOTHOTO HansraHe, OT MPEeLM3HOCTTa Ha MPOW3BOACTBOTO, OT HeobpaboTeHaTa NOBBLPXHOCT HA BOLHMS XWAPABMWYEH 3aTBOP, OT CTEMEHTa Ha W3HOCBaHe, OT
MNacTMYHOCTTA Ha NoAAbPXKaLLaTa XMapPaBNMYHa CUCTEMA, OT BUCKO3UTETA M ApYIU CneLmduYH1 0COBEHOCTM Ha TEYHOCTUTE.

Cratusita npeacTaBs  KOHCTPYKTMBHU W eKCMNOATaLUMOHHW CrieUmdnyHM AeTailnu Ha nognopHaTa XuapaBnuyHa CUCTeMa, KakTo M C MPUHLMIHW 0cOBeHoCTU npu

M34nCnNABaHeTo UM.

Introduction

Carrying out in full safety conditions, of all the operation
complexes which compose the underground exploitation
process may take place only in the conditions of using a
supporting system that can ensure the active face roof control.
Even if the operating cycles of the active face roof support
have a relatively reduced duration, the problems related to
support are generally difficult to solve due to exigencies
imposed by the mining-geological conditions, that are
extremely dynamic and due also to lack of knowledge
regarding basis data: the lack of satisfactory defined
quantitative relationships having general applicability among
the various factors that affect support behavior represents a
permanent difficulty when solving the problems imposed both
to the designer and the practitioner.

Constructive and operating particularities of the
hydraulic props for the powered roof support

The hydraulic prop represents the active element of the
metallic roof support in faces, this fulfilling the bearing strength

function, as a consequence of the resistance it opposes to the
geodetical pressure generated by the roof rocks in the
supported mine working.

The hydraulic props in the powered roof support fulfill the
same function as the individual ones: they deliver to the mine
working’s bottom the pressure taken from the roof through the
roof beam, with the difference that pressure delivering is
carried out through the powered roof support’s bottom plate.

The hydraulic prop consists in a power cylinder that operates
commonly with a open controlled unlocking valve (having a
retain function — this is the reason it is called hydraulic padlock)
and with a safety valve; the operating command being given
from a distributor; the mentioned apparatus may be individual
or assembled in a hydraulic block and connected with the prop
in a sole circuit. In the case of the powered roof support
section, the hydraulic props are used in pairs or four at a time.

The hydraulic system of the powered roof support comprises
mainly the same components as the individual hydraulic props,
the difference consisting in the fact that the valve’s assembly is
not an integrant part of the prop, but represents, together with
the power hydraulic cylinder, a complex structure that defines
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the prop. The prop’s circuit it's integrated in the supporting
section’s own hydraulic circuit ant it is fed with emulsion also:
the prop, as well as the other cylinders composing the section,
are controlled with their own distributors, that are connected to
the main pressure and return pipelines of the supporting
complex, resulting a close-type of installation, fed from a
pumping station which is called hydraulic assembly.

In fig. 1 are shown the hydraulic schemes of the SMA-2 (a)
and CMA standard (b) types of powered roof supports; the
reference points have the following signification: 1- hydraulic
cylinders; 2- safety valves; 3- hydraulically controlled unlocking
valves; 4- manometers; 5- distributor; 7- cocks; SDD- double
unlocking valve; AMM- monoblock multiple apparatus.

1S

®
oD
=

a. b.
Fig. 1. Hydraulic schemes of the SMA-2 (a) and CMA standard (b) types of
powered roof supports

Taking into account the principle of maximum opening
accomplished, the powered roof support’s props are divided
into two categories: a. with one step: b. with two or three steps.

The first category equipped supports used in conditions of
seams having medium or big thickness, their maximum
openings is attained solely hydraulically, or with mechanical
extensions: the extensions are used in cases when the working
height of powered roof support attained through the simple
cylinder is lesser than the working face’s height.

The second category equipped supports for thin and medium
thickness seams, lately arising the tendency of using on a
larger scale the props having two opening steps, those offering
better possibilities of adjusting to the seam thickness
variations.

Taking into account the bearing strength at roof load, the
powered roof support’s props may be:
e  High bearing strength props (500 — 3000 kN): it's used a
number of one or two or four in one section and they have
a large diameter;
e Low bearing strength props (< 500 kN): for the light types
of powered roof supports.

The props may be located in any position on the metal
construction of supporting sections. When the rod is locked on
the beam, it is more protected from a mechanical point of view,
but, at closing stroke, there appears the tendency of drawing
impurities inside the cylinder; for the mechanical protection of
the rod it is frequently used a metal sheath which is useful
especially in blasting exploitation working faces.

Compared to traditional supporting sections, where the props
stand in vertical or inclined position, the Rheinstahl company
carried out an original powered roof support with shield, where
the props’ function is assumed by two hydraulic cylinders
placed horizontally in the section’s bottom plate: the cylinders
act on the shield through a lever system and they are protected
against eccentrical stresses and external damages.

The previous characterization results in the following
operating particularities of the hydraulic props in the powered
roof support:

e Hydraulic energy feeding is carried out from a pump
station located in the main gallery to which the prop is
connected in closed circuit;

e Prop’s closing, as a consequence of mine pressure, is
achieved through releasing the safety valve 2: in the case
of SMA-2 powered roof support, emulsion discharge is
performed directly on the working face’s bottom, but in the
case of CMA-2 the emulsion is directed to return in the
assembly’s tank.

Hydraulic prop acting suppose accomplishing four different
stages:

e  Pre-fastening stage implies feeding with hydraulic energy
through valve 3 for the purpose of placing the roof beam
at mine working’s roof and of pre-tensioning the props
between the roof and bottom of the mine working;

e  Elastic sliding regime attained as a result of mine
pressure load and it acts until the pressure under the
piston attains the pre-adjusted value of the safety valve 2,

e  Steady strength regime is attained only when the safety
valve 2 is operating and it leads to achieving the rated
bearing strength of the supporting element;

e Unloading of props is performed after unlocking the open
controlled valve 3 and props’ tension relieving as a result
of feeding the annular cavity: after tension relieving the
section stepping becomes possible.

The calculus and energetic of the hydraulic prop

The diagram of hydraulic prop operating (Vatavu et al. 1999)
is shown in fig. 2 and it points out the four mentioned steps.
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Fig. 2. The diagram of hydraulic prop operating

As a result of feeding with pressurized liquid, the individual
hydraulic prop extends and develops the opening force
Fas € (0A),



Fas =Fp —Fis = Fp Mg, (1)

that is required for upliting towards the roof the prop’s
telescope and the roof beam, which are components with
constant weights:

F, =Ge +G; =ct )

in formula (1) Fe represents the force developed by the piston
having the Ds diameter when acting the feeding pressure ps,

F, =nDZ - pg / 4, Fis — the inner friction force due to the
piston’s sealing system, proportional to the feeding pressure,
Fes = f(Pg)#Ct si mms is the mechanic efficiency of

the prop.

In order for the piston to develop the force Fgs , the pump
must generate the pressure

_ps _ 4G +Gy)
pP - - 2
NMies D5 Mg Nips

: (3)

where mnes represents the hydraulic efficiency of the pump-
prop connecting circuit.

When the prop places the roof beam on the roof, the feeding
pressure attains the value pmaxe that is regulated through the
adjustment of the safety valve in the feeding hydraulic
assembly, for which the force developed in the prop means in
fact prop’s pre-fastening force:

2
_ nDg

F
iS 4

pmaxP ' (4)

On the operating characteristic shown in fig. 2, the ordinate OA
corresponds to pre-locking force, and a point that is inferior to
A corresponds to the opening force.

After the hydraulic prop pre-locking with the force Fis and
after feeding cut off, the one way/sense valve 3 (fig. 1) closes
the cavity under the prop’s piston. Mine pressure acting
generate the lowering of roof rocks level: this results in
increased pressure under the piston, elastic compression of
the emulsion column and cylinder walls swelling, and the
piston carries out an elastic withdrawal having the stroke As*.
The value of elastic slide of piston is given by the sum of two
components,

AS* = As. +As., (5)

the first due to elastic compression of the emulsion column
under the piston and the other due to the increased diameter of
the cylinder as the result of the elastic deformation of the wall.

The regime of strength elastic increase determines the time
t* needed to attain the rated strength after prop pre-locking,

t*=As*/v,, (6)

where vc is the mean value of lowering speed of roof rocks;
during this interval, the force developed by the piston increases
at the value F’p, and the resistance opposed by prop to the
roof rocks increases at the value Fmaxs (segment AB).

When value As* is attained, the pressure under the piston
reaches the value pmaxs — which ensures the prop’s safety
valve entering into operation. Beginning from this operation
moment, it passes into the steady strength regime, the prop
develops the maximum force, named nominal strength, this
corresponds to the segment BC and the formula:

nD?
2 pmaxS ; (7)

mS

Frs = F'o+Fis =

maxS

in this situation, the mechanic efficiency nms is constant, due to
the fact that it depends on the value of the pression developed
under the piston, that is settled through the adjustment of the
safety valve 3 (fig. 1).

The work regime that allows developing the nominal strength
is reached as a result of intermittent operating of safety valve
3. When operating in steady strength regime, which
corresponds to period tm , the prop’s height decreases with a
value determined by the amount of emulsion evacuated from
the cavity under the piston through the safety valve, the mobile
assembly will perform the stroke sm.

In order for the support to step, it is necessary to unload the
hydraulic props: in this phase of the work technology, the prop
is unstressed by its load, usually by forced lowering of the
mobile assembly, the operation (segment CD) being carried
out in the time tq; after support stepping, the prop is extended
and the cycle shown repeats.

The graph OABCD is named the ideal operating
characteristic of the hydraulic prop and, if admitted the
lowering speed of roof as a constant, then its surface express
the resisting activity of the hydraulic prop towards the roof
rocks lowering.

It must be taken into account the fact that, in most cases, the
real operating characteristic may differ from the ideal one
shown in fig. 2. The main causes that may determine
deviations from nominal values are the following:

e The ideal operating characteristic is founded on the
hypothesis that the prop’s hydraulic circuit is perfectly
sealed. In reality, in the circuit may occur volumic losses
at the valves and the sealing gaskets on the prop’s piston:
occurrence of these losses may significantly alter the
operating characteristic form, decreasing the real prop
resistance towards roof rocks lowering, up to even entirely
unload the mine pressure. Diminishing up to total loss of
prop resistance has consequences in altering the roof
rocks consistency, that leads to rock falls and crumbling;

e Having a crumbled layer of coal and rock under the



bottom plate and especially over the roof beam
significantly alters the operating characteristic of the prop,
leading to a elastic sliding regime to develop following a
straight line AB which is more inclined: by this, the prop
nominal working period is diminished and, in certain
cases, the prop may not develop the nominal working
strength, respectively the conditions needed for the safety
valve to operate may not be fulfilled;

o In the situation of diminishing the safety valve’s operating
pressure, its arc characteristic altering results in a
decreased working resistance, and the effect of affecting
the roof rocks integrity;

e Changing the work cycle time teou influence the real
resistance curve of the prop. For a special dynamics of
exploitation, the work cycle time in the working face may
become smaller than time t*, the hydraulic prop working
only in elastic strength regime, its unloading takes place
without reaching the nominal strength: this type of real
characteristic reduces support’s efficiency towards the
possibilities of use;

e The initial pre-tensioning of the hydraulic prop depends on
the value of maximum working pressure developed by
pump in the support's pipes: when prop opening is
manually controlled arises the possibility that the worker
may interrupt prop feeding before the pressure enables
the pre-locking force to develop. In this situation, the
period up to entering the constant strength regime
increases and, as a result, the roof rock supporting is
deteriorating, especially in the work space near the face; a
control of correct initial tensioning may be carried out
following indications on a manometer.

From the point of view of improving the interaction between
the support and the roof rocks it's advisable that the hydraulic
prop’s pre-tensioning to get as near as possible to the value of
the nominal working strength. For the supports used in mine
exploitations in our country, the pressures of feeding the
hydraulic props vary between 15 up to 30 MPa.

Fuffilling the bearing strength function suppose that actuating
the safety valve shall be carried out at a pressure 20% greater;
also, it's particularly important the type of safety valve
adequate to the characteristics of the rocks in the face roof,
thus avoiding, in cases of great speeds of roof lowering,
swelling of prop cylinder walls and even break down of
cylinders or of other parts of the hydraulic circuit up to valve. It
results that working of this valve is done in specific conditions,
completely out of common, reason for which there are imposed
to it certain requirements, unwitnessed in working of other
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safety valves used in the hydraulic drive systems. (Patrascu
and Vatavu, 1997)

The working regime specific for long term operating of the
safety valve in the hydraulic props is the one which can ensure
the smaller and the most even lowering of roof rocks, with a
mean speed value of a few millimetres per hour, thus
determining the smallest flow evacuated.

Conclusions

Ensuring a normal and efficient working of the support
supposes the pre-locking force of the hydraulic props to have a
value as closest as possible to the one of the force developed
during the nominal strength regime: increasing the maximum
feeding pressure reduces the difference between the operating
pressure of the safety valve and accordingly reduces the value
of elastic sliding As* and time t* to pass into the constant
strength regime, by this radically improving interaction between
support and face roof.

Choosing the safety valve in close correlation with the roof
rocks characteristics has a special importance, since, in the
rock-support system, it determines, on one hand, the
resistance opposed by prop at roof lowering, and, on the other
hand, it ensures the integrity of roof rocks.

The principles of calculus presented allow the assessment of
dynamic parameters both those at feeding and those
developed, fact that allows a general evaluation of the
energetical performances of the hydraulic props, respectively
for the support.
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USING OF THE SCIENCE AND TECHNOLOGY DEVELOPMENT FOR THE WINDING
SHAFT IN UNDERGROUND MINES IN CZECH REPUBLIC

Jifi Havlik, Zdenék Dejl, Hynek Precek

VSB- Technical University of Ostrava, Faculty of Mechanical Engineering
17. listopadu 15, 708 33 Ostrava — Poruba, CZECH REPUBLIC

ABSTRACT: Underground mining of minerals and the consecutive vertical transport are on high level in Czech republic. The up-to-date pieces of knowledge of the
science and research for technical innovations including the operation use are utilized.

MPUNOXEHMUE HA HAYYHO U TEXHONOMMYHO PA3BUTUE NMPU N3BO3HU LLAXTU HA NOA3EMHU MUHHU
M3PABOTKW B YELLKATA PENYBJIUKA

IOpu Xaenuk, 30eHek Qelin, XaliHek [peyek

VSB - TexHuyecku Yrusepcumem Ha Ocmpaga, ®akynmem no MexaHu3upaHO UHXeHepcmeo

17.Jlucmonady 15, 708 33 Ocmpasa — lNopyba, Penybnuka Yexus

PE3IOME: [lMogsemHusT JOOMB Ha NONE3HM M3Kkonaemm v NoCreaBalLo BEpPTUKANHO TPAHCMOPTMPaHE ca Ha BUCOKO paBHulle B Penybrnka Yexws. Manonssanm ca
YCMELLHO CbBPEMEHHM Hay4YHO-N3CNIeA0BATENCKM NO3HAHNS 1 TEXHUYECKUTE HOBOBLBEAEHNS B MpakTuKaTa.

Introduction

The main mining equipments in the Czech republic deliver
the raw materials (cole , uranus)
from the depth of 800 (OKD,.a.s.) till 1400 m (Uran , s.p.). Itis
realised by the hoisting machines of the producer SKODA
Plzed (untill 1965), subsequently CKD Praha (till 1998) and

Parameters:

Table 1.1 and 1.2

now INCO Engineering. | tis described as the mining
equipment of the double drum type 2B6018, 2B6121 or the
Koepe disc type (1K7008, 4K4016, or 4K5016) — see Table 1.1
and 1.2.

Mine | Locality @ of pit hoisting mining hoisting drive power parameters of @ of rope
equipment |  depth machine extraction
Q [ v mining | balance
[m] - [m] - - [kW] [t [ms] | [mm] [mm]
neutral St 7,5 KP 558 4K2010 A 250 38 55 4x22,4 2x155x27
neutral St.I KK 710 2B6121 T 3500 10 16 63
75
é :ct_z ventilation Stll SS 634 4K4016 W-L 2x1800 21 14 4x40 2x155x27
S =3 75
= 7 neutral St.II KK 755 2B6021 W-L 3600 11,25 16 56
75 KK 920 2B6121 T 3000 11,25 16 60
neutral St.Ill KK 744 2B6021 W-L 3600 75 16 56
75 KK 920 2B6121 T 3500 10 16 63
neutral Sever KK 903 2B6118 W-L 2000 75 14 56

@ KK 1079 2B6021 W-L 2800 75 14 56 -

o Ventilation SS 955 4K4016 W-L 2x1800 20,0 14 4x40 2x45
= » Sever SS 955 4K4016 W-L 2x1800 20,0 14 4x40 3x45
O 75 HDZ 903 1B1200 A 100 - 2 16

neutral Jih 7,5 KK 954 2B3116 W-L 2000 75 14 56
= ventilation Jih KK 908 2K3212 W-L 1100 75 10 2x37,5 2x37,5
75 HDZ 908 1B1200 A 90 - 2 16
Footnotes:

Mining equipment according to transportation vessels: K-K cage — cage; K-P cage — counterweight; S-S skip — skip; S-P skip — counterweight; S-K skip - cage;
K cage; HDZ emergency transport equipment; Drive: W-L Ward — Leonard; A - asynchronic; T- tyristor type of mining machine: 1B - one drum; 2B - double drum;
1K - one rope Koepe; 4K - four ropes Koepe. Parameters of mining: v — mining rate; Q — usable load of mining; H — mining depth of pit;
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@ — diameter of pit

Table 1.2
Mine | Locality @ of pit hoisting tézni hoisting drive power parameters of @ of rope
equipment | hloubka machine extraction
Q [ v mining | balance
[m] - [m] - - [kW] [t] [m/s] [mm] [mm]
neutral ¢.2 KK 822 1K6008 W-L 2470 72 10 56 2x37,5
6,2 KK 822 2B6020 W-L 2800 6,0 16 50
E neutral .5 KK 641 2B4016 A 1000 40 10 375
< 55
® ventilation ¢.6 SS 658 4K5016 T 3750 23,0 18 4x45 3x53
75 SP 658 4K5016 T 3300 230 18 4x45 3x475
E neutral ¢.2 HDZ 642 1B1200 A 100 - 2 17
— 75 KK 730 1K7009 W-L 3300 11,25 12 60 2x45
< KK 950 2B6017 W-L 3300 75 12 50
X ventilation ¢.1 KK 950 1B2014 A 140 2,2 2 205
a 525
ventilation €.3 SS 729 4K5019 T 3300 25,0 124 4x50 3x53
5,25 HDZ 729 1B2014 T 295 - 3 20
ventilation SS 801 4K5016 T 2x3750 30,0 14 4x53 3x158x29
Mird SS 801 4K5016 T 2x3750 35,0 14 4x53 3x158x29
75 HDZ 992 1B2014 T 295 - 3 17
neutra Mir5 KK 887 2B6124 T 3800 11,25 16 67
75 KK 887 2B6124 T 3800 11,25 16 67
neutr. Darkov 1 KK 878 2B6118 T 1330 3,75 10 50
3 3 75
= = neztr. Darkov 2 KK 738 1B1200 A 0 - 2 18
P P 75
ventilation ¢.1 SS 563 2B6018 W-L 1400 10,5 10 50 144x26
45
neutral ¢.2 KK 756 W-L 1400 59 12 50
55
ventilation ¢.3 KP 395 1K2000 A 160 - 3 26,5 70x17
45

3.2 The dynamics of the subsystem is also applied by the
science and research at the department of parts of machines
of the Engineering Fakulty - see Fig. 1.

§ ADDT —>

PC

Nz

Fig.1

OS - optical device

SX - accelerometer in axis X

SY - accelerometer in axis Y

NZ - Feeding source of senzors and amplifiers
AD - analog - digital transducer

DT - data registration

The complex analysis of the subsystem is then the output
which should meet the parameters in the Table 2.

Measurements are carried out separately with the empty
transport vessels and with the highest allowed load, in both
directions of transport. At the measuring procedure should the
other equipment in the pit be stopped. Appart of accelerometer
measurements the registration of the movement of transport
vessel in the pit should be done with the accuracy at least +-
0.5 m. The result of experiments should be grafically evaluated
separately for the frontal and side measurements with the
presentation of localities with no satisfactory state.At the
evaluation of the state we start from the position of the least
positive result.

Table 2 — Accelerography measurements on transport
vessels
a) Measurements of horizontal acceleration in the front and
side directions are carried out at the most allowed highest
speed at the right way and at the mining procedure , as the
speed is higher than 8 m/s.

PC - computer b) The values of horizontal acceleration for the evaluation of
the state of directionality of the guiding of transport vessels:
Table 2
Value of front acceleration Value of side acceleration Evaluation of the state Regulations
m/s m/s

upto3 uptob very good not necessary

from 3 till 5 from 5 till 8 good not necessary

from 5 till 8 from 8 till 10 not satisfactory speed reduct.

Higher than 8 higher than 10 not acceptable stop operation
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Conclusion

At the VSB - Technical University of Ostrava have been
elaborated several outputs of science and research for the

main mining equipments in the Czech Republic.
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MODELLING COMPLEX COMPRESSED AIR NETWORKS IN ORDER TO IMPROVE
THE SPEED OF CALCULUS

lon Dosa
University of Petrosani, 332006 Petrosani, i_dosa@hotmail.com

Abstract: Solving the equations of fluid flow in ring shaped networks or in complex compressed air networks, requires a great amount of calculus. Therefore using
computer program for this task is a must. Even so, the great amount of data and the complexity of fluid flow produce a great number of iterations, using most of the
hardware resources of the computer. The paper presents possibilities of modeling the complex compressed air networks, in order to increase the speed of calculus
and reduce the amount of hardware resources needed.

MOOENUPAHE HA CNOXHW NMPEHOCHU CUCTEMUM CbC CIr'bCTEH Bb34YX C OrNEQ NOJOBPABAHE CKOPOCTTA HA
METOOUTE 3A U3YUCNABAHE

Won Joca

lMempowaHcku yHusepcumem, lMempowaHu, PyMbHUs

PE3IOME: PeluaBaHeTo Ha ypaBHEHWUsTa 3a [ABUXEHWE Ha (hryuauTe B 3aTBOPEHI TPAHCMIOPTHI CUCTEMI UMM B CUCTEMMU ChC CTbCTEH Bb3YyX, U3UCKBAT ronsm Gpoit
CIOXHM M34McneHns. ETo 3alo e kpaitHO HE0BX0AMMO W3MON3BaHETO Ha KOMMIOTbPHA Nporpama 3a pellaBaHeTo Ha Teaw 3afauu. [lopu 1 npu Tean obCToiTencTBa,
ronsiMo KONMMYECTBO AaHHU W CTIOKHOCTTa Ha ABWKEHUETO Ha (niyuauTe ce NomyyaBa MHOTO NOBTOPEHWS!, U3NON3Baiku NOBEYE XapayepHU Criocobu Ha KoMMITLPA.
CraTsaTa NpefcTaBs Bb3MOXHOCTUTE OT MOAENUpaHe Ha CrIOXHUTE MPEHOCHU CUCTEMU ChbC CrbCTEH Bb3fyX, 3a fia Ce MOBULM Gbp3uHaTa Ha M34McnsiBaHe U
Hamanu HeoGX0AMMOTO KONMYECTBO Ha XapayepHUTE Bb3MOXHOCTY.

Introduction - There are hard exploitation conditions. The pipelines and

fixtures can be damaged, so that the local pressure drops and

Compressed air networks are complex structures due to their ~ the flow losses will grow. The corrosion of the pipelines is
construction and the complexity of the compressed air flow in marked, which leads to the growth of the rugosity.

the network. The solutions for the equations of compressed air
flow applied to networks in case of flow with friction, heat

transfer and flow loss, can be obtained merely using numerical Mathematical model of compressed air network

methods. These methods require a great volume of calculus.

Therefore, the calculus of complex networks can be done only Developing the mathematical model of compressed air

if the development of a computer program is considered. networks, must start from the definition of his functional role,
settlement of his limits, identification of its components and the

The case of a mining compressed air network is studied, relations that exist between these.
which by reason of his complexity, represents a special case of
compressed air network. The compressed air network must be able to transport the

compressed air from the compressor to consumers assuring

Constructive peCU”aritieS for such networks (DOSH, 1998) the Optimum operation parameters for these.

- Developing as the mine site evolves. Therefore the length The limits of the system are represented through the outlet
of the network, his structure and the gas flow is constantly section of the buffer reservoir (compressors with piston) or the
Changing. The network structure became more Complicated outlet section of the last cooler (turbocompressors)
with lots of rings, rings with common edges, and all these representing the inlet section of the network, the inlet section of
alternating with embranchments. the consumers representing the outlet section of the network

- Must follow the mine works, resulting elbows, deviations and the lateral area of the pipelines.
and multiple embranchments.

- The ducts can't be welded, so the pipelines must be joined The compressed air flows from the compressor through the
through flanges, therefore the flow losses can't be eliminated. inlet section of the network toward the consumer (through the

- The maximum length of pipelines that can be entered in outlet section of the network) with friction, heat transfer and
underground is 6 m, a great number of joints resulting; flow loss through lateral area of the pipelines.

therefore the flow losses are high.
15



The discreet components of the compressed air network
from the point of view of this analysis are (Burducea and Leca,
1974; Leca at al. 1984):

- Pipelines and ducts which are the rectilinear elements of
the network;

- Fittings used for modification of the section of flow,
changing the direction of flow and the realization of the
necessary embranchments.

- Fixtures that allow and direct the compressed air flow
through pipelines, and also might adjust the parameters of the
compressed air.

- Assembling parts that assure the connecting of components
of the compressed air network.

Joining of these elements and their location in ground
defines the structure of the compressed air network.

For modeling the structure of the compressed air network the
representation of network as ordinary graph with the property
that the maximum number of adjacent of a node is 4, is
proposed.

According to the nodes of the graph different type of nodes of
the network were defined:

- Compressor node — corresponding to the compressor (or
an injection point in the network) with the property that has only
one adjacent;

- Embranchment node - corresponding
embranchments of network, can have 3 or 4 adjacent.

- Consumer node - corresponding to the pneumatic
consumer, can have only one adjacent.

to the

Transom of the compressed air network, was defined as the
physical succession of the discreet components of the network
lined up between two nodes and corresponds the edges
defined by two nodes in the ordinary graph.

The compressed air pipeline was defined as the succession
of ducts joined through one of the known methods (flanged,
welded, etc.) having the same diameter, lined up between two
discreet components (section lift, faucets, diaphragms etc.)

Conclusively, the mathematical model of the compressed air
network shall have two components:

- The algorithm of determination the structure of network, that
describes the relations between different elements, the way of
go through and the succession of calculus for the parameters
of flow through the discreet elements of the network.

- Mathematical models for the calculus of parameters of
compressed air flow through the elements of the network like:
pipelines, faucets, elbows, flaps, valves, diaphragms,
embranchments etc.

The analytic determination of parameters of the compressed
air flow through pipelines is possible through solving of the
fundamental equations of gas dynamics singularized for
compressed air networks.

Starting from the equations of gas dynamics applied to
compressed air networks (Irimie and Matei, 1994):

- The continuity equation:
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d(p-w)_a-d-p*’
dx LY.
,d

- The momentum equation:

- The energy equation:

4-K

ar_ 4K
p.W.d.Cp

& (T'Tm)

- Equation of state:

p=p-R-T 4)
relations in which: w is the average speed in section [m-s], T -
fluid temperature [K], Tm -surrounding temperature [K], p - fluid
pressure [N-m2], d — hydraulic diameter of the duct [m], p —
density of the fluid [kg:m-], A — friction coefficient, K — global
heat transfer coefficient [W-m2K-], a — flow loss coefficient
through leakiness.

From the relations (1), (2), (3), (4) above (Irimie and Matei,
1994):

1 T
w=— " (A-w+g -W-R-wW-T'-B-R-—
WZ'R'T( w9 P)
(5)
1
=~ (B-w-A-po-w-d  -0+R-0-T
PE TRt pw -9, p+R-p-T)

in which A and B:

_4-a-p*’

A
A=——; B
2-d z-d
The coefficients having the sign “-* for the calculus of
transoms in the sense of fluid flow and the sign “+” for the
calculus in opposite direction of fluid flow.

For numerical solution of the system (5), different methods
can be applied (Dodescu and Toma, 1976; Larionescu 1989;
Rosculet 1984; Salvadori and Baron 1972; Simionescu 1995).
In the work (Irimie and Matei 1994) is recommended the use of
the cubical spleen functions for the approximation of the
solution of differential equations, due to the convergence of the
method and steps of iteration that have relatively big values.

The use of a specific method for solving the differential
equations of fluid flow in pipelines is important when thinking in



terms of speed of the calculus, but also other aspects of
network structure must be considered when thinking of overall
calculus speed.

Because of the great complexity of compressed air networks,
a great amount of data must be processed to make additional
calculus related to other structural elements, modeling the
structure and creating a friendly user interface. These aspects
are presented as follows.

Algorithm for determination of network structure

For simple network configurations, exists a big variety of
calculation procedures, their complexity grow up as possibility
of automate calculus improved, and especially along with the
appearance of the electronic computers.

Among first calculation procedures counted the one applied
of acad. M.M. Fedorov (llicev, 1951) in which is considered the
variation of the state of the compressed air flow in pipelines.

The state of parameters of the air in any portion of the
pipeline is determined in function of initial state parameters
from the beginning of the pipeline.

The calculus of the network started from the compressor
station toward to consumers.

The compressed air network can be projected choosing
percentage of loss of pressure depending on value of
admissible loss, so is obtained a minimum for the costs of the
pipeline and the energy.

Acad. A.P. Gherman proposes the calculus of treelike
networks from the consumer towards compressor (llicev,
1951).

In this case the pressure to consumers is the same, and is
necessary the equalization of loss of pressure along of the
branches that are not part of their nodes.

In behold of a computer program realization an algorithm
(Irimie and Matei, 1994) was developed, that require the
division of some transoms with invariable geometric
parameters in supplementary sectors, in order to obtain
iterations with identical number of steps. Known parameters
are: the configuration of the network, the length of the
transoms, the demand of air input for the consumers, the
temperature and the pressure of the compressed air at the
outlet of the compressor station, the polytropic exponent of the
flow on the transom.

Parameters resulting from calculus: loss of pressure on
transoms, loss of flow on transoms, losses at the consumers,
temperature on transom.

There are calculation procedures for treelike networks fed
from one source, from two sources, for simple ring networks,
and ring networks with common edges, for which the
algorithms are depicted in the works (Burducea and Leca,
1974; Leca et al. 1986; Sarbu, 1997).
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For ring shaped networks the method of simple iteration or
Lobacev method and for ring shaped networks with common
edges the Hardy-Cross method (Sarbu, 1997) are widely used.

All these methods have a great disadvantage; they can be
applied to networks with known configuration and in a
differentiated way. The compressed air networks from
underground are the result of the development in time of the
mining works, have a complicated configuration, many
branches and rings in different zones of the network.

Conclusively, an algorithm for compressed air networks must
assure the way of go through the network in the sight of
calculus and the identification of different sort of configurations.

Developing the algorithm for the calculus of the compressed
air networks due to open with choosing the point from which
the calculus began. According as, there are two possibilities: to
go from the compressor to consumer, which presupposes a
great number of iterations, and going from the consumer to
compressor.

The second variant was chosen due to the fact that
mathematical model permits the determination of transom
parameters calculating from opposite direction of flow, and the
number of iterations will decrease.

Is reminded as, the compressed air network is represented
as an ordinary graph (Cristea et al., 1993; lonescu Texe and
Zsako, 1990 ), and in this case the calculus presupposes going
in depth of the structure of graph, until to reach the consumer
node.

Having in sight that a direct method of calculus doesn’t
exists, due to the complexity of the problem, a method that
shall solve the problem through partial solutions must be
found.

Such method is the Backtracking (Cristea et al., 1993), in
which the solutions are built progressively.

Application of the method assumes the definition of stacks
(static or dynamic) which in shall kept the visited nodes and
which will be erased only after the nodes are solved.

An embranchment node can be solved if known at least n-1
flows where n represent the number of adjacent.

Applying the principle of mass conservation, the value of the
missing flow can be found, and on the strength of the flows and
geometric sizes of the embranchment the resistance (ldlecik,
1984) and the missing pressure can be found, in assumption
that the temperature is the same in all branches.

The ordinary graph defined through the nodes of the network
and the proper transoms, is represented in the shape of a list
of adjacent in a database. Although exist another solution of
representation (Cristea et al., 1993), the choice was made
since there are no limitations regarding the number of nodes,
from the computer memory size point of view. In the computer
memory stood at one time solely the nodes visited and
unsolved, reducing the size of used memory.



For the description of the algorithm of determination what
nodes belong to a ring, have to start up from the definition
(lonescu Texe and Zsako, 1990; Vranceanu and Mititelu, 1984)
of strongly connected graph, bi-connected graph and chain.

A limited chain which leaves from one point and comes back
in the same point defines a ring.

The way of go through applied, assures that all the nodes in
the graph will be visited.

Is noticed as, if we have rings with common transoms
(edges), we have a lot of rings in the same structure, therefore
many different roads from point v to point w, and although at
one moment the return is happening in a node with visited
neighbors, not all the nodes visited an unsolved shall belong to
the same ring.

From the definition of the bi-connected component of the
graph results as, any ring represents a bi-connected
component, and any bi-connected component is due to have at
least one ring, where through once eliminated one node, exists
a chain between any among the remnant nodes.

Therefore, the first step in the determination of the structure
of the network is the determination of the bi-connected
components of the subgraph defined by the visited nodes. The
algorithm for the determination of the bi-connected
components of the graph is depicted in the work (Cristea et al.,
1993).

The determination of the rings from the bi-connected
subgraph can be achieved using the algorithm of minimum
distance in graphs (Cristea et al., 1993), modified for the
concrete established conditions through the definition of the
subgraph, and applied repetitively until the subgraph has no
more nodes that are not included in rings.

The results obtained using the algorithms presented therein
before can followed using the computer program named
“RETEA” (NETWORK), which has an option that permits in
depth visiting of the graph nodes and the identification of ring
components of a graph (compressed air network).

Results obtained, conclusions

The first analysis of the problem revealed, that in case of the
compressed air network, the description of the nodes and
transoms, the geometrical characteristics of different elements
like ducts, elbows, faucets, fixtures etc., a great amount of data
is used. A program was developed (Dosa, 1998) for
compressed air network calculus, and includes the algorithms
presented above, and also has many other features. Once
nodes of a network defined properly, transoms will be
generated automatically. After that different elements can be
added and deleted easily from the transom, names of nodes
and transoms can be changed. In fig. 1, on the right side all
available elements for building a transom are given. On the left
side the composing elements of a transom were listed. Adding
an element can be done by selecting the element from the right
side, and than pressing the “Add” button on the middle of the
screen.
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Nodes or transoms can be deleted or added quickly or even
exergetic balance of network can be calculated, using the
program.

The program has, for all windows of data input, functions that
validate the correctness of data entered. Also, for avoiding the
start of calculus of a network with wrong or absent data, a
menu for data validation was provided.

These functions verify the network structure, initial data of
nodes and transoms for consistency. Each validation function
creates an error log file that can be consulted for the correction
of errors appeared, in the file is stipulated clearly the character
of error.

CONSTRUIREA TRONSO0ANELOR

LISTA TRONSON

CONDUCT &
COT CU MUCHIE ASCUTITA
CONDUCT &
COT CU MUCHIE ASCUTITA
CONDUCT &

CONDUCT &
COT CU MUCHIE ASCUTITA
COT CURB

COT COMPUS SUDAT

0OAL& DE CONDENS
ROB INET
SALT DE SECT IVNE
TRECERE CONFUZOR-DIFUZOR
UANA

DENUMIRE S NMC VI, AMPLASMMENT, DIVERSE INFORMATII

Fig. 1. The window for definition of transom

The parameters of state from nodes and transoms can be
visualized, pressure drops, flow and the variation of the
temperature for each element of the network, as well as the
resistances of every element in network. Also we can have
clear situation of the exergetic balance of network, on sorts of
loss, and the exergy lost on each type of network element:
pipelines, diaphragms, elbows etc.

After the initial data input and validation of these, calculus
can start from the menu “Calcule” (Calculus) in which were
three options “Parcurgere fara calcule” (Inspecting the
network), “Calcul” (Calculus), “Optimizare retea” (Network
optimization).

For verification of algorithms a network with two rings having
a common edge fig. 2 was considered.
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Fig. 2. Ring shaped network with common transoms



After defining these, from menu “Calcule” (Calculus) choose
“Parcurgere fara calcule” (Visiting nodes). Results obtained
were represented in fig. 3.

Subgraf: 23564987080

Inelul: 356420080

Inelul: 78 9650080

b)
Fig. 3. Results for ring shaped network with a common edge

In fig. 4, a ring shaped network is presented. It can be solved
from top to bottom using the method of cycling or iterative
method (Sérbu, 1997), that consist in calculating flow rate
corrections for transoms until the divergence of the pressure
drop for the ring is null.

Equations that can be used for the algorithm of simple
iteration method (Sarbu, 1997):
- flow rate conservation in nodes:

N
fj =>0Q;+9; =0 (J=1,...,N—=Ngp)
i)
in which fj is the residual flow for node j, Q; the transit flow of
transom ij having sign (+) when enters node j, and (-) when
leaving node j; g; — concentrated flow rate of the node j having
sign (+) when entering node and (-) when consumed in node;
- the energy conservation on ring:

(6)

T
Ahy =>"g;-h;—f, =0 (m=1..M)
ijem
ij=1
where Ahm is the divergence of pressure drop for the ring m;
hij longitudinal pressure drop for transom ij; €; the orientation of
transom (+1) when calculating in the same direction with the air
flow, (-1) otherwise and (0) for ij & m; fm — the piezometric level
induced by the potential elements of ring m,for simple closed
rings fm=0.

(7)

M
+> &-AQ,, (ij=1..T)
ijem
m=1
where AQm is the correction flow rate for ring m, Qi is the
initial flow rate of the transoms.

Qi i~ Qi(jO) (8)

The residual pressure drop on each simple ring for turbulent
flow is given by the relation:
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2

Ah, = Zgij 'Sij 'Qij
(m)

in which Sj is the modulus of hydraulic resistance of transom ij

)

The correction flow rate is given by:

___Ah
;Sij ‘QI]‘
(10)

AQ,

Fig. 4. Ring shaped network, iterative method

Using the algorithm for calculating the network from the
consumers to compressor, fig. 5, the flow rate of the transoms
can be obtained from Weissbach-Darcy equation. The direction
of air flow is from high pressure to low pressure, while in the
simple iteration method is given by the sign of the flow rate.

Initial data for calculus: length of the transoms: 112=50 m,
l23=20 m, 124=50 m, 136=70 m, I35=50 m, Is7=40 m, ls5=40 m, lss=
30 m; the diameter of transoms: d12=0.15 m, d2=0.1 m,
d3s=0.1 m, d45=0.05 m, d23=0.1 m, d36=0.075 m, d4s=0.075 m.
The temperature of compressed air T=293 K and the friction
coefficient A=0.022 is assumed constant for the entire network.

Fig. 5. Ring shaped network, bottom to top

Also the assumption of no flow loss is made, and the density
of the compressed air is calculated for the medium pressure of
the transom. For top to bottom calculus, the flow rate of the
compressor is Q1=1.26 kg-s”, at the pressure of p1=620,000
Pa, and the divergence of pressure drop for the ring is
calculated whit the precision 0.001.



For bottom to top calculus are given: the flow rates of
consumers: Q6=0.36 kg-s', Q7=0.72 kg's”, Qs=0.18 kg-s”,
and the pressures pe=604,000 Pa, pr= 587,000 Pa,
ps=615,000 Pa.

Results given in table 1 show that the results obtained are
similar; the relative error is approximately 10-3.

Tabel 1

Results of calculus

Flow rate Iterative method Bottom to top
[kg-s'] (after 6 iterations)

Qas 0.9314 0.9305

Qss 0.5714 0.5696

Qs4 0.1486 0.1482

Qa2 0.3286 0.3295

Conclusively, using the algorithm presented for solving the
compressed air network from consumer to compressor can
reduce the amount of hardware resources. Building solutions
progressively, in the memory of the computer only data needed
for performing calculus is found.

Another advantage of going from the consumer to the
compressor is that in many cases, iterations are avoided. In
the example above the assumptions (no heat exchange, no
flow loss and constant friction coefficient for al the ducts) were
made for illustrating the problem, and showing the potential of
the algorithm. In real life, in compressed air networks heat
exchange and flow loss usually occurs, and the friction
coefficient can vary for different ducts according to the type of
flow.

Even so, using the algorithm presented can speed up the

calculus for compressed air networks, which in real life are
bigger and more complicated.
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ABSTRACT. The article provides information on modules assembling the water jet cutting equipment. Various fabrications of the separate modules are described.
Information is given on the function and purpose of the modules and their basic technical features.

PA3PABOTKW B OBJTACTTA HA TEXHONOIMATA HA U3PA3BAHETO HA ®UI'YPU OT OEKOPATUBHU CKANHK
MATEPWANU HA XMAPOPEXELLO OBOPYABAHE

Waop Muxkoe, Jludusi Ocunoea, Ee2eHuii ycenkoe, BaneHmuHn Manamos

T Mockoscku ObpxaseH muHeH yHugepcumem, 119991 Mockea

2 Mockoscku ObpxageH MuHeH yHugepcumem, 119991 Mocksa

3 HUAT, 119991 Mockea

4 Mry “Ce. MeaH Puncku”, 1700 Cogpus

PE3IOME. CratusTa CbabpXa CBeAeHUs 3a MOfynuTe, Uarpaxaally obopy/BaHeTo 3a xuppoabpasveHo psiaHe. OMUCaHM Ca PasNUiHW BIALOBE U3MbIHEHNS Ha
oTAenHM Mogynu. [laneHy ca CeefeHus 3a (hyHKUMOHAIHOTO NpeaHasHadYeHe Ha MOSYNUTE 1 OCHOBHUTE UM TEXHUYECKM XapaKTepUCTUKN.

The processing of decorative rock materials has always increases the potentialities for their artistic processing. Stone
been connected with a series of problems, which complicated mosaics, which illustrate the method potentialities for cutting up
their figure cutting. The method treated in the paper by water jet, are presented in fig. 1.
considerably

Fig. 1 Mosaics made by water jet cutting up.
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Water with abrasive allowance under high pressure is used
at the water jet cutting, so the equipment contains modules,
providing the needed jet parameters. Fig. 2 shows a simplified
diagram of such stationary equipment, which can conditionally
be divided in the following three parts:

e Hydraulic — provides a water jet with the parameters
needed,;

e Mechanical - provides the relative movement of the half-
finished material and the cutting head;

o Electric — controls the cutting process.

Fig. 2. Modules of a stationary water jet. 1 — multiplier; 2 - cutting
head; 3 - co-ordinate table; 4 — control system; 5 - abrasive feeding
system; 6 —sewer- catch basin; 7 — water feed system.

The operation principle of all the types of water jet
equipment is the same. It is based on the use of a water jet
under high pressure, so a unit that increases the pressure to
the grade needed is necessary. Under such a pressure the
water represents a very corrosive medium, so a special filter
system is used in order the lifetime of the pipelines parts to be
prolonged. Fine abrasive is added to the water in need of
cutting materials, which are difficult to be cut. This is realized
by a special block, which by vacuum or pressurized air feeds
the abrasive in the mixing chamber disposed in the cutting
head. After that, the hydro-abrasive mixture is fed through an
opening with diameter d = 1mm in order particles supersonic
speed to be to be obtained. A sewer- catch basin is used for
separation the particles from the abrasive and the processed
material particles from the outlet water before the utilization.
The functional relation of the described units is shown in fig. 3.
The equipment modules are connected by high pressure
hoses.

— Catting
|  head
Nozzie
Muiipher ?
|""H'H feeding system Sewer-cabch basin |
" 58|
Weter feeding e

Fig. 3. Functional relation of the water jet modules.

The water feed aggregate includes systems for water
purification and softening, tank, a system for maintenance of
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the pressure at the station inlet, and a closed water cycle for
the high pressure station cooling. Usually, the water feeding
aggregate is combined with the high pressure station
(multiplier) — see fig. 4, which considerably increases the
lifetime of the latter.

A universal principle hydraulic diagram, where a special
single or double acting multiplier is used for the pressure
increase, has been developed (fig. 5). The disposition choice
depends on the concrete processing conditions (like allowable
pressure drop and the needed fluid consumption), which allows
the determiner results connected with the output and quality to
be obtained. Standard adjusting, controlling and secondary
hydraulic devices have been used. The signal from the control
system enters in the electromagnetic couplings of the
controlling slide valve 1, which moves the power slide valve 2
of the high pressure pipeline. The fluid gets into one of the
operating chambers of the double acting hydraulic cylinder 3
moving the piston with the stock. Furthermore, the prepared
fluid, which after that is pressurized to the extent needed, is fed
by the water aggregate.

A) General View

B) Diagram of operation
Fig. 5.Double action multiplier.

Two types of systems for abrasive feeding are used -
vacuum (in the sprayer principle) and operating under high
pressure. The system represents a separate block (Fig. 6). The
abrasive is dumped in a bin, disposed under the operational
table, and is fed in the cutting head by a curving hose. Usually,
powders from hard alloys, carbides and oxides are used as
abrasives and the choice depends on the processed material



hardness: for hard alloyed steels — extremely hard garnet
particles; for glass — the respective fractions of simple sand; for
plastics reinforced with glass or carbon fibers — siliceous slag
particles.

The design features of the jet head (the parts relative
disposal, the type of connections and their sealing) influence
the hydro-dynamic characteristics and compactness of the jet
shaped and determine the quality and reliability of it operation.

On one hand, the existence of great number of jet head
designs (Fig. 7) testifies to the diversity of the demands toward
them and on the other hand to the fact that an optimum design
has not been crgt_eld up to date.

Fig. 6. Bin of the abrasive feeding block.
The following classification of jet heads is based on the

"

Fig. 7. Designs of cutting heads.

The principle diagrams of cutting heads are presented in fig.
8. Usually the nozzles are made from synthetic stones
(sapphire, diamond and corundum) and bear up about 250-500
hours operation.

After the cutting, the outlet water runs into the sewer-catch
basin, which is disposed under the co-ordinate table. There the
particles from abrasive and waste material fall on the bottom
while the purified water is utilized. The particles are separated
and used repeatedly.
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analysis of the existing designs:

1. Jet heads for hydraulic materials cutting - for
processing with a pure jet under high pressure without use of
additional allowances in order the cutting output to be
increased.

2. Jet heads with improved dynamic characteristics for
fluid materials processing — unifies the jet heads equipped with
elements for improvement of the cutting jet dynamic
characteristics.

3. Fluid-abrasive jet heads — with feed of abrasive in the
cutting jet with the purpose of intensifying the process. The
designs with free feeding of abrasive in the jet and minimum
disturbances of it hydro-dynamic characteristics are thought to
be the best.

4, Jet heads with coolant feed for the fluid running out
the nozzle - drives to improvement of the jet cutting potential
caused by the ice particles formatting in it as well as to
increase in the nozzle wear resistance due to it frozen surface.

5. Combined heads - allow an increase in the cutting
efficiency due to the combined use of coolant and abrasive.

A relative movement of the tool and the half-finished material
is necessary during the material cutting. Technically this is
realized by three drives according the respective coordinates.
The co-ordinate table allows the cutting head to be moved
along the three co-ordinate axes in high accuracy. Above the
table, along the axis X moves a gantry with a trolley moving
along the axis Y. An operation head, which moves along the
axis Z is mounted to the trolley. This affords the opportunity of
cutting along the three axes, which provides a high accuracy in



the processing of 3 D as well as of flat materials. The
interaction of the control system and the drives is shown in fig

1

E
3

A) B)

Fig. 8. Principle liiagrams of cutting heads. A)Without abrasive feed; B)
With abrasive feed.
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The gantry diagram of disposition allows the drives and
guides to be taken out of the processing zone (in height and by
the sides). By that means the corrosion of the parts caused by
the splashing water jet is reduced.

The co-ordinate table is designed for the foundation of the
half-finished material at the processing and a set of
changeable clamps and supports, which are mounted on
changeable grates, are used for the fixation. On one hand the
grates decrease the demolishing influence of the jet on the
table surface and on the other hand they cut up the jet.

There are protective fences along the perimeter of the co-
ordinate table, which prevent the jet flying off out of the
operation zone at processing of inclined half-finished materials.

The movement in longitudinal, transverse and vertical
direction is realized by screw-balls gear, driven by three-phase
induction motors and rarely by linear motors.

Designs with manual drives providing the movement along
the axis Z are used. The rotary motion of the flywheel with the
crank arm is transferred in reciprocal by a rack. The drive
designs with back-couplings related to the cutting head
position toward the half-finished material simplify the
equipment exploitation by excluding the necessity of manual
adjustment.

The drives are protected from pollutions, abrasive and water
by metal fences.

The gantry with the drives for longitudinal and transverse
shiting as well as the cutting head move along guides
mounted to the opposite fronts of the co-ordinate table. The
drive providing the vertical shifting moves along guides
mounted to the gantry beam. Usually, rolling guides, which
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provide easier movement | comparison with the slide ones are
used.

The cutting head moves along slide guides in vertical
direction because it is necessary only at the initial adjustment
of the system.

When the cutting is according to three co-ordinates, the
cutting head is suspended on a special rotating unit with
manual or automated rotation.

The cutting process is realized by a CNC system which
delivers a signal to the electric motors of the drives and to the
electromagnetic relays controlling the water equipment. The
transducers, mounted to the drives allow the CNC system to
control their position, speed and acceleration. The transducers
choice depends on the type of the dive: when the drive
represents a threaded screw, built-in tachogenerators,
potentiometers and circular photoelectric transducers are used
while in case of linear drives — linear potentiometers and linear
photoelectric transducers. Each drive is equipped with a limit
switch. From the pressure transducers and the limit switches
the signals are sent to the water equipment units.

Transducers for control of the distance between the nozzle
and the half-finished material are employed at the automated
drive in vertical direction.

Control systems GE FANUK, SIEMENS, NUM etc. are
applied in water jet equipment. Some foreign and Russian
companies have developed their own program packages,
which combines to Auto CAD and other similar programs. The
control cabinet is equipped with data input units (from CNC
and manually), monitors for indication of the cutting time,
nozzle abrasion control, adjustable radius compensation during
the operation and for universe function in the program (Fig.
10).

.
A

Fig. 10. Control panel of CNC.

The control system is based on the standard ISO codes. The
executive program could be input from the operator desk or by
input device (CD-ROM or a device for connection with a
computer).

In view of the fact that most of the water jets are equipped
with several cutting heads, the proposed processing programs
have up to 4 zero co-ordinate points. Furthermore, there is
protection, on a program level, against collision of the heads
during the operation.



From the point of view of technology, the water jet operation
is very simple and resembles to the processing by milling
machine. The only difference is the tool radius, which is about
1 mm, so the executive program is similar to that for the milling
machine. The mosaic element is divided into separate primitive
parts, which could be obtained by circular or linear
interpolation. After that, the optimal places for the tool entering
and going out of the processed part have to be determined.
This is necessary, because of the inhomogeneity of the rock
materials, which could drive to refuse in case of inaccurate
choice. When the equidistant is obtained, the executive
program could be created. The example of the program for
creation of the element of fig. 11 is presented in fig. 12.

The water jet cutting is often used for complex contours from
tiles. Due to the extremely narrow cut-off the method is suitable
for creation of incrustations from decorative rock materials. The
most important is that an opportunity for industrial production of
articles, which have been manually made only, is afforded. In
order the method output to be illustrated the speeds of the
actuator feed at the processing of decorative rock materials
with different thickness are presented in Table 1. In broad
outlines, the feed is restricted by the jet ability to penetrate the
cut material and the cleanliness of the cut-off surface.

Fig. 11. Example of mosaics element, obtained bu water jet cutting.
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Fig. 12. Part of the executive program.
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Table 1

Material

thickness, 5 10 20 50 100
mm

Marble 4,56,0 2,0-2,7 0,9-1,2 0,3-045 | 0,1-0,15
Granite 3,2-4,0 1,5-18 0,7-0,8 0,2-0,3 0,06-0,1
Glass 5,8-6,5 2,5-3,0 11-14 0,35-05 | 0,1-0,16

The consumption of abrasive is thought to be the main
expense at the water jet processing, so. It is reduced by
equipment, which provides restoration of a part of the used
abrasive and its repetitive application. The general costs for

the process are presented in fig. 14.
MAIN EXPENSES AT WATER JET PROCESSING

Fig. 14
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Specialists in the field of construction and architecture,
designers and restorers all over the world are interested in the
water jet cutting of hard materials and in the fist place of
natural rock materials and ceramics. In actual fact, the
technology could be applied in realization of cut-off along all
sorts of lines, which makes it especially suitable to be applied
in the artistic processing of rock materials, ceramics or glass,
at the manufacture of complex mosaics floors, murals, vitrails,
etc.

References

D. Kramer, M. Tuncar. Laser and abrasive water-jet cutting
economics. International Sheet Metal Review Autumn.
2000. 38-41.

CrenaHo 10.C., bapcykoB I.B. CoBpemeHHble TeXHOmMo-
ryeckme MpoLecChl MeXaHW4Yeckoro M ruapocTpyiHOro
packpos TexHuyeckux TkaHed. — Mocksa «MalumHo-
cTpoeHuey, 2004r. — 240c.

Tuxomupos P.A., l'yceHko B.C. MmopopesaHue HemeTannmnyec-
kux maTepuanos. — Kues: TexHuka, 1984. — 150c.




IOONLLIHWK Ha MuHHo-reonoxkus yHuBepcuteT “Ce. MiBaH Puncku”, Tom 49, Ca.III, Mexanusauws, enektpudukaums 1 asTomatusaums Ha MuHute, 2006
ANNUAL of the University of Mining and Geology “St. Ivan Rilski”, Vol. 49, Part lIl, Mechanization,electrification and automation in mines, 2006

COMPUTER AUTOMATION OF THREE DIMENSIONAL ART ENGRAVING ON SOLID

MATERIALS

Morozov V.11, Mikov I.N.2, Mezentseva I.L.3, Magomedov M. H.4, Stefanova N.N 5.

1 State University of Mining and Geology, 119991 Moscow
2 State University of Mining and Geology, 119991 Moscow
3 State University of Mining and Geology, 119991 Moscow
4 NPF “SAUNO”, 119991 Moscow
S University of Mining and Geology, 1700 Sofia

ABSTRACT. The article presents a technology for automated production of mosaic mural, incorporating flat and three-dimensional fragments of decorative rock

materials, with engraved inscriptions and images on the flat fragments.

KOMMNIOTHLPHA ABTOMATU3ALMA HA XYOOXXECTBEHOTO OBEMHO FPABUPAHE HA TBHbPOU MATEPUAI
Mopo3soe B. 1., Mukoe U. H 2., MezeHuesa /. J1.3, Macomedoe M. H 4. Cme¢paHoea H. H.5
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PE3IOME. B craTtusita € npeanoxeHa TEXHONOrUs 3a aBToMaTuanpaHa 13paboTka Ha MO3aeyHO MaHo, CbCTABEHO OT MIOCKM U 00eMHM d)parMeHTH OT AEKOPATHBHM
cKamnHu MaTepuany, B rpaBupaHin Haanuey 1 3obpaxeHnst BbPXy Nnock1Te (parmeHTy.

Mosaics are wide used as decoration in modern interior for
decoration of floors and curbs or as murals and pictures. The
popular Florentine mosaic consists of flat fragments made from
colored decorative rock materials. The process of it production
is automated by the use of CNC water jets and milling
machines.

The constant growth in the demand of exclusive articles
needs new artistic decisions and incessant complication of the
mosaic elements. The engraving of flat and 3D fragments on
their surfaces broadens the opportunities of the artist-designer
not only by combination of flat and volumetric elements but
also by representation of images or inscriptions on them.

In order such an article to be produced is necessary the task
about the creation of a new technology, which combines the
two methods for the material processing to be solved:

e Engraving by milling — for obtaining the contour fragments
of the mural and ornaments with different depth of the material
extraction as well as for production of 3D fragments (bas-
reliefs);

e Engraving by chiseling out or scraping — for representation
of flat images and inscriptions.
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Besides, engraving is a machine representation of an image
on a hard surface by mechanical extraction of part of the
material.

Generally, 5 co-ordinate machines are used for production of
details with complex artistic shapes (sculptures). In this
instance, the task could be solved by a 3 co-ordinate machine.
The main part of the milling equipment, which is used in the
decorative rock materials processing is lItalian (HELIOS,
INTERMAC, BRETON, BAVELLONI, CIELLE). The paper
treats the production of an article consisting of contour and
bas-relief fragments, flat inscriptions and images by the
Russian machine GRAFIK — 3KM (NPF SAUNO). It is
equipped with two changeable heads — a chiseling out and a
milling, which allows operation by raster chiseling out and by
the 3D miling methods. The machine general view and
engineering characteristics are presented in fig. 1 and table 1.

Before the creation of the executive program by ArtCam Pro
it is necessary a model of the article, which is based on the
solution of a series of artistic and technological tasks, to be
developed. ArtCam Pro (Delcam plc, Great Britain) is a design
and technological package, allowing complex solution of tasks
connected with the technological design and production
preparation of the articles. It contains tools for creation and
editing not only raster but vectorial graphics as well. In spite of
that, in many cases it is more appropriate the images



preparation to be done in other graphical editors and then to be
imported in ArtCam Pro, which could be done by the following
stages:

Fig. 1

Table 1

1. Image digitization — input of the image in the
computer memory by scanner or digital camera with the
purpose of further transformation or using as a base for new
image creation. At that a raster image, which could be
processed by all the programs for raster graphic (Adobe
Photoshop, Corel Photo Paint) is obtained (Fig. 2). Photoshop
is used further in the example as the most universal and wide
spread.

ENGINEERING CHARACTERISTICS OF THE AUTOMATED MACHINE GRAFIK - 3KM

Overall dimensions 1860 x 1050 x 760 mm

Mass Up to 120 kg (including the control block)
Field of operation 600 x 1200 mm

Supply voltage 220 V/50 Hz, " 127 VI60 Hz

Power of the milling head 1,05 kW

Spindle rotation frequency

From 11000 to 25000 min-' (the adjustment is by stages)

Positioning accuracy

0,025 mm (milling head), 0,050mm (percussive head)

Demands to the computer configuration (as a minimum)

Intel  Pentium 100 MHz, 16 MB RAM, HDD 800
95/98/Me/NT/2000/XP

MB, Windows
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Fig.2

2. The image is broken up to fragments, which are
going to be processed separately (Fig. 3). The configuration of
the contour of such a fragment depends on the minimum

YA CorelDRAW 11 i ACAMPro-Bn..  RU T &) 1415

possible diameter of the tool used. In case of necessity the
contour could be corrected subsequently.
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At this stage it is needed the outer appearance of the future
article to be estimated and a material suitable for the
production of each fragment to be chosen according with the
physical and mechanical properties, aesthetic qualities and
approachability.

Use of a previously prepared library of textures of decorative
rock materials is recommended.

3. Inscriptions and different images, which have to be
represented on the material flat surface could be created in the
form of a raster (Adobe Photoshop) and further vectoring in
ArtCam Pro or directly in a vectorial form (Corel Draw, ArtCam
Pro). Both the variants are used in the example (Fig. 4).
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4, The following methods are possible at the creation of
3D fragments: 1) modeling of the relief by the means of 3D
graphics (3D Studio Max, Maya, ArtCam Pro); 2) retouching of
the monochromatic undertone image (Adobe Photoshop). After
that, in dependence of the undertone gradation degree the
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program ArtCam Pro automatically creates a relief (Fig. 5). The
last method is used in the present example.

5. Import of the obtained fragments images in ArtCam
Pro and design completion independence of their technological
peculiarities (Fig. 6).
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ArtCam Pro is a program package for 3D modeling and
mechanical processing, which automatically generates 3D
models in the standard formats of graphical packages (raster -
BMP, TIF, PCX, GIF, JPEG and vectorial - EPS, Al, DXF,
DWG, WMF) out of flat images and realization of the by CNC
machines. ArtCam Pro contains tools for complex shapes
modeling and editing of saved relief. It affords an opportunity
for import of previously prepared models in formats 3DS, STL,
DXF, operation with layers, representation of a volumetric
texture on details and use of a library with 3D elements.
ArtCam Pro also contains a set of type postprocessors and a
configurable postprocessor, which presents an opening for
creation of executive programs for all CNC machines.

Generally, the mosaic fragment development can be realized
by three stages with consecutive tool change. An executive



program has to be developed for each type of processing. For
that purpose the input of the following parameters is
necessary:

1. Type of processing.

e Processing along the vectors — for representation of thin
lines. The trajectory of the tool center passes along the lines-
vectors of the picture;

e Engraving - for material extraction to a constant depth in
closed contours of the picture;

e Engraving according to the middle line — usually is used for
extraction of the material from a changeable depth by one tool
passing;

¢ Processing of the relief;

e Processing the profile outside.

2. Depth of processing;

3. Shape and dimensions of the tool.

4, Operating duty.

At the rock materials processing the choice of the tools and
operating duties has to be experimentally determined. In order
the efficiency at the program use to be increased it is

necessary the optimal parameters to be saved in a library (Fig.
7).

After that, the program generates the tool trajectory. The
visualization of the processing process affords an opportunity a
result, which to the highest degree approximates the one
obtained on the material, to be observed on the monitor. In this
way, the necessity of corrections could be fast assessed and
the result could be demonstrated to the customer (Fig.8).

The choice of a postprocessor is followed by the creation of
a file with an executive program for the concrete machine (Fig.
9).

The correspondence of the tool properties to those
determined in the program as well as the error at the
positioning of the half-finished material exerts a considerable
influence on the processing accuracy. In comparison with the
tools made from rapid steel and those with hard alloys the
diamond tools provide higher quality of the processed surface,
decrease the risk of material staining, and reduction of the
noise level. It is recommended the cooling water to be
delivered under pressure directly in the cutting zone (Fig. 10).
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A part of an executive program for milling of a bas-relief
element by the described method and the decoded commands
are presented in Table 2.

Fig.10

Table 2
IMF_PBL V1.0 - ARTCAM v5.5 MOVEABS Z-2000 MOVEABS X-126432 Y-14270 Z-3956
:Material: VEL 3000 MOVEABS X-126413 Y-14448 Z-3901

; X Min:-148.730 Y Min:-129.170 Z Min:-4.000
. XMax:76.461 Y Max:20.830 Z Max:0.000
. X Size:225.191 Y Size:150.000 Z Size:4.000

MOVEABS Y-25654 Z-1674
MOVEABS Y-25279 Z-1721
MOVEABS X66995 Y-29485 Z-2000

MOVEABS X-126097 Y-13177 Z-4000
MOVEABS X-126444 Y-13436
MOVEABS X-126672 Y-13671

FASTABSX 0Y 0
FASTABS X66995 Y-29486 22000

MOVEABS X65414 Y-24145
MOVEABS X65328 Y-24137 Z-1966

; Thickness:10.000 MOVEABS X66988 Y-29633 MOVEABS X-126544 Y-13867

; MOVEABS X66458 Y-29819 MOVEABS X-126461 Y-14098

;Home Position: X 0'Y 022000 MOVEABS X65786 Y-29976 MOVEABS X-126413 Y-14818 Z-3822
;Safe Z: 2.000 MOVEABS X65500 Y-30028 MOVEABS X-126463 Y-15290 Z-3789
; MOVEABS Y-27153 MOVEABS X-126551 Y-15784 Z-3799
SPINDLE CW RPM11000 MOVEABS Y-26528 Z-1780 MOVEABS X-126671 Y-16154 Z-3876
COOLANT ON MOVEABS Y-26028 Z-1697 MOVEABS X-126858 Y-16518 Z-3980
PLANE XY MOVEABS Y-24904 Z-1831 MOVEABS X-126913 Y-16607 Z-4000
FASTVEL 8000 MOVEABS Y-24404 Z-1994 MOVEABS X-127178 Y-16934

FASTABS 22000 MOVEABS Y-24154 Z-2000 MOVEABS X-127333 Y-17078 Z-4000

MOVEABS Z2000 ; Retract
FASTABSX 0Y 0

VEL 3000 MOVEABS X64811 Y-24133 Z-1611 MOVEABS 72000

MOVEABS 7500 R COOLANT OFF

VEL 300 MOVEABS Y-13037 Z-3840 SPINDLE OFF
CMMANDS COMMANDS MEANING

IMF_PBL V1.0 - ARTCAM v5.5

Program start.

; Thickness:10.000 Comment: Thickness of the half-finished material — 10mm.

:Home Position: X 0Y 022000 Comment: Initial Processing co-ordinates, mm

;Safe Z:2.000 Comment: save height of the tool liting above the half-finished material surface,
mm

SPINDLE CW RPM11000 Rotation frequency of the milling head spindle 11000 min-".

COOLANT ON Switching the coolant on.

PLANE XY Processing on the plane XY.

FASTVEL 8000 Velocity of the fast movement, um/s

FASTABS X66995 Y-29486 22000

Fast movement (in velocity FASTVEL) to the point with co-ordinates X66995 Y -
29486 22000 toward the half-finished material 0. The co-ordinates are presented
in, um.

VEL 3000

Feed velocity, pm/s

MOVEABS X66995 Y-29485 Z-2000

Movement (in velocity VEL) to the point with co-ordinates X66995 Y-29485 Z-2000
toward the half-finished material 0. The co-ordinates are presented in, um.

COOLANT OFF

Switching the coolant off.

SPINDLE OFF

Switching the spindle off.

A marble mosaic mural POLITICAL AND ADMINISTRATIVE
MAP OF RUSSIAN FEDERATION (1x1,5m) has been
experimentally created by the suggested technology (Fig. 11).
The mountain relief is presented by 3D fragments and the
denominations and the legend are engraved on flat parts. The

article is assembled manually. Special paints and chemical
treatment of the stone surface are used for the engravings
coloring and the bas-relief polishing.
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Fig.11

The proposed technology for design and production of
mosaic mural from engraved flat and 3D fragments affords an
opportunity for:

¢ Expansion of the field of the artist-designer creative work;

Recommended for publication by the Editorial staff
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e Reduction of the time, needed for the development of an
original article, by creation of artistic elements set;

e Decrease in the work at the design and production of type
articles by use of 3 co-ordinate CNC machines.
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OTHOCHO PA3MNPEAENEHUETO HA MOLLHOCTUTE MEXAOY 3AO0BMXBALLUTE
BAPABAHU NPU ABYBAPABAHHUTE NNIEHTOBU TPAHCITOPTbOPHU

LeemaH [JamsiHos

MY “Ces. Mear Puncku”, 1700 Cocgpusi , E-mail: zId47@mgu.bg

PE3IOME. /I3BbplueH e TeopeTWyeH aHamm3 Ha mpoueca Ha (popmupaHe Ha TernuTenHa cuna Mmexay 3afpukealymte 6apabaHm v NEHTOBOTO NnaTHO npw
ABybapabaHHuTe 3aaBykBaLLM cuctemm. Mscnensanm ca u (hyHKLUMOHANHUTE 3aBMCUMOCTYM Ha aKTUBHUTE BIMW HA TpUeHe Ha ABaTa bapabaHa npu M3meHeHe Ha
TOBapa M Ha MHCTanMpaHaTa MOLLHOCT Ha ABuratenute Ha 6asaTta Ha ekcriepUMeHTanHN AaHHM 3a TPaHCNOPTLOPU OT pyAHULMTE Ha MuHn “Mapuua AsTok”

CONSERNING POWER DISTRIBUTION BETWEEN DRIVING DRUMS IN TWO-DRUM DRIVED BELT CONVEYOR

Tsvetan Damyanov

University of Mining and Geology “St. Ivan Rilski”, 1700, Sofia, E-mail: zid47@mgu.bg

ABSTRACT. This research is based on theoretical analysis of drag force formation process between driving drums and belt in two-drum
leading systems. Based on experimental test data from "Maritza Iztok" mines here is analyzed functional dependencies of the active friction angles on the both of the

driving drums from variable driving power.

OTHOCHO pa3npeAeneHneTo Ha MOLHOCTUTE
mexay 3afaBukBalmTe 6apabaHu npu
AByb6apabaHHUTe NEHTOBU TPAHCMOPTLOPU

1.YBog

CbBpEMEHHWTE  TYMEHO-TIEHTOBM  TPAHCMOPTHW  CUCTEMM,
KOUTO Ce 13non3eaTt B MI/IHHO-LIOﬁI/IBHaTa NPOMULLINEHOCT Ca
edHn oT Xal7I-MOIJ.I|HVITe 1 BMCOKOMNPOU3BOAMTENHN MalllHK 3a
HenpeKbCHAT TPaHCMOPT Ha HacunHu matepuanu .Kakto B
CBETOBHATa MpaKTWKa, Taka W y Hac, CbYyeTaBaHETO Ha Te3w
TPAHCMOPTHM CUCTEMM C AOOMBHM MalUMHW C HENpeKbcHaToO
[ENCTBME KaKBUTO 3@ OTKPUTUS BbIMeaobuB ca MHOrOKOOBUTE
Barepu, NpencTaBnsiBa 40OKa3aHO, W3KMIOYUTENHO 3HAYMMO W
MHOTO NMepCrekTMBHO TEXHNYECKO peLueHre. ToBa MoXe aa ce
HabntogaBa B TEXHONOTMYHMTE MPOLECU HA Hal-ronemute
MWHHW MPeanpusaTUS 3a OTKPUT BbMeaobuB B CBETOBHATA
NPaKTWKa, KbAETO CE U3NON3BAT rYMEHO-TTEHTOBM TPAHCMOPTHY
cuctemmn ¢ npomssogutenHoct go 1800 m3/yac npu paboTtHa
CcKopocT [0 7,5 m/cek v LmprHa Ha nexHTata go 3000 mm.

2.CneTosiHME Ha npobnema

B ycroBuata Ha “Muun Mapuua -ustok” EAL  ce
ekcnnoatupar ycnewHo IJ1 cuctemn, Kakto 3a TPaHCMnopT Ha
BbINLLA, Taka M HAa MWHHA Maca OT OTKpuBKaTa . B Hskoit ot
pyaHuumTe , kato “TposiHoBO 3 ” , TOBa € eOMHCTBEHUS BU
PyOHWYEH TpaHcnopT. PassuTveTo Ha MuHHUTE  paboTw
U3WCKBa NepuoanYHa NPOMsiHa Ha TpaceTaTa, a MHOMo YecTo 1
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Ha MPOW3BOAMTENHOCTTA Ha TpaHCnopTHUTe cucTemu. OcBeH
TOBa CbLLECTBYBA U NOCTOSIHHA TEHAEHUMS 3a nopobpsiBaHe
Ha WMKOHOMMYeckaTa eqheKTMBHOCT Ha MpOLecUTe , KOeTo Ce
W3pa3sBa B TbPCEHE HA TaKMBA TEXHUYECKM PELIEHMS NpY
eKcnnoaTauumsaTa U PeKOHCTPYKUMSTa Ha cblyecTByBalyuTe M
CUCTEMM, KOWMTO LUe nogobpsT TexHUTe eHepropasxog,
eKcrnoaTaLMoHHa CUrypHOCT W CPOK Ha ekcnnoaTaums. B Tasu
Bpb3Ka, KOraTo Ce Hanmara NpoMsHa Ha MOLLHOCTTa  Mpw
W3MEHEHME Ha TPaCceTO Ha TPaHCMopTbopa, 3a KOHCTPYKLMNTE
c naBybapabaHHO chopmupaHe Ha TermuTenHata cuna Ha
paboTHUS OpraH, 0T 0COBEHO 3HAYeHWe € OMTUMANHOTO pas-
pedeneHne Ha MHeTanmupaHaTa MOLLHOCT MeXay 3aaBiKaluTe
BapabaHn 3a BCeku KOHKpETEH Cryyait pasnpegeneHneTo Ha
WHCTanupaHaTta MOLLHOCT Ce OTpassiBa BbpXy pasnpege-
€HWETO Ha [eicTBMTENHaTa paboTHa TaHreHuManHa Ternu-
ernHa cuna mexay 3aaBikeawmuTe bapabaHu, Ha aKTUBHUTE
BIMM Ha 0BXBaT U Ha KOB(ULMEHTUTE Ha CUIYpPHOCT cpeLy
npunITb3BaHe Ha neHTata cnpsiMo 6apabanute

Bbnpekn KOHCTPYKTMBHOTO pasHoobpasue B yCrnoBusiTa Ha
‘Munn  Mapuua-ustok” - EALl ca  pasnpocTpaHeHu
ABybapabaHHM 3a[BWKBALLO-OMbBATENHM CTaHLMM, KOWTO
CbyeTaBaT W [BeTe OCHOBHM (PYHKUMM — Cb3gaBaHe Ha
(DPUKLMOHHA TErNUTENHa cuna , a CblLo W NOAAbPKaHE Ha
MWUHMManHaTa OmbBalla curna Ha ryMeHo-neHToBust paboTeH
OpraH.
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OnbBaTeneH 6apabaH S,
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MbupBU
3aABUXBa

BTropu 3apBuxBawy 6apabaH

®ur.1

KuHemaTnyHaTa cxema Ha TakaBa CTaHUMs e MokasaHa Ha
¢ur. 1. Kakto ce Buxga TernuTenHata curna Ha neHtara uva
(PPUKLIMOHEH XapaKTep 1 e pesynTaT OT CUMMTE Ha CLenneHue
MeX[y Hesl 1 KOHTaKTHaTa MOBbPXHOCT Ha [BaTa 3aABVKBALLM
BapabaHn, npu NOCNegoBaTenHOTO — KOHTAKTHO — B3aWMO-
[eiCTBMe Ha feHTata C MbpBM a Ched ToBa M C BTOPM
3agBwxBaly bapabaH. FonemuHaTa Ha KOHTaKTHaTa MmnoLy ce
Oonpegens OT WMPpWHATA Ha NeHTaTa ¥ brmuTe Ha 06xBaT ou
W o2 Mexgy Hes u bapabanute .Tesu napameTtpu ca
KOHCTPYKTWUBHM , @ MOCOYEHUTE CTOMHOCTM OTrOBAapSAT Ha Teaun
NPy HAKOW OT 3aABWXKBALLUTE CTAHLMM B pyOHUK TposiHOBO-3

TpsbBa pa ce oTOENexu Cblyo, Ye ABUraTENHUAT BbpTALY
MOMEHT 3a BCekM 3agBukBaly OapabaH ce cb3gaea OT
ABUraTen-pegykTopHa rpyna , KosTo MOXe Aa Ce MOHTWpa
ABYCTPaHHO KbM Bana Ha 6apabaHa. [1pu TOBa € Bb3MOXHO
BCekn oT  bapabaHute ga pabotm ¢ 1 wnn 2 Takvea
3a[BWKBaLLM rpynu. AKO MHCTanMpaHaTa MOLHOCT Ha BCsika OT
TPynUTe e efHaKkBa, CblUecTByBaT [JBa BapuaHTa Ha
pasnpegerneHne Ha MOLWHOCTTa

- EpgHaksa mHcTanupaHa mowHocT Ha Apata GapabaHa,
pasnpegeneHa B otHoweHune 1 : 1 v 4 gsuratens ( 2+ 2 ) uim
2 ppuratens (1+1)

- HepaBHOMEPHO pasnpeaeneHne B OTHOLWEHWe 2 : 1 1
3 geuratenst (2+1), Ha nbpeu 6apabaH — 2, a Ha BTOpM - 1
ABuraten

3a pygHuumte o “MuHu Mapuua wstok” EAL Han-
pasnpoCTpPaHeH e CryvasT Ha KMHeMaTW4HWUTE CXEMU C Tpu-
[BUraTeNHW 3afBWKBALM CTAHLUWM , HO CbLyecTByBaT U
OrpaHuyeH Bpo TakMBa C YETUpU-OBUTATENHO 3afBWXBAHE,
KaTo HaBCAKbAE CE M3MOM3BaT aCUHXPOHHY LBUraTenu ¢ HaBuT
POTOp M efHakBa MHcTanmpaHa mMoLHoct ot 560 KBr.

Taka onucaHUTe CXeMM Ha eNeKTPOMEXaHUYHW arperatn c
aCWHXPOHHW [ABWraTenu npeacTaBnsBaT CUCTEMM OT enac-
TUYHO CBbp3aHu AByOapabaHHM  MexaHu3MW, KaTo BCEKM
fapabaH npegaBa uype3 CUNMTE Ha TPUEHE KbM JIEHTOBUS
paboTeH OpraH, TaHreHUManHa TernuTenHa cuna, KosTo e
OinepoBa (yHKUMS Ha ombBalaTa Cuna 1 Ha NpuBedeHuTe
CBNPOTUBIEHMS NPW paboTa Ha TPaHCNopTLopa.

36

2\

M, Ms - D\ M.
1

TVm
IKH Cﬂ/5

L | s
M; M,
§ [ =4 v, __:JI'_.___.:_.
-y

®ur.2

OT rmegHa TouKa Ha MHOrOZBMraTenHOTO enekTpo3ag-
BWXBaHe, TOBa € CIyyasT, Npy KOWTO ABuratenute paboTar
kbM 00Ll MexaHWyeH Ban.TakaBa MeXaHW4yHa cuctema e
nokasaHa Ha ur. 2p a HeilHaTa KMHEMAaTMYHA CXema uma
CneaHuTe 0cobeHoCTU:

- [IBUratenHusT BLPTALL MOMEHT Ha MbpBu BapabaH (no3 2)
Ce Cb3faBa Npu CbBMecTHaTa paboTa Ha [Be €AHOTUMHM
LBUraTen-pesyKTopHN rpynu;

- 3a BTOpM GapabaH (no3 4 ) To3u gBUraTeneH MOMEHT Mmpy
PasnNYHUTE KOHCTPYKTUBHM PELLEHMs Ce Cb3aBa OT eaHa Uin
[BE TaKvBa 3aJBWXBALUM TPYMN;

- VanonsBaHuTe 3agBuKBaLLM TPYNK Ca EOHOTUMHM U C
€[HAKBN TEXHWYECKM MapaMeTpu U  ENeKTpO-MexaHUYHU
XapaKTepUCTHKM ;

- [ata 3agBuxBawy bapabaHa ca enacTUyHO CBbp3aHM
ype3 paboTHUA opraH (Mo3 5) 1 3aToBa MOXe Aa ce npueme ,
e Te CbLLO NPeACTaBNsABaAT CUCTEMA C 06LLY, MEXaHWYeEH BarT;

- [opagy HanWM4MeTo Ha pasnnyHa No rofleMmHa enacTuyHa
AeopmaLys Ha neHTa Npu HeNHOTO NocnenoBaTenHo 06Xox-
AaHe Ha | u |l 6apabaH 1 eKCNOHEHLMANHOTO U3MEHEHME Ha
OnbBallaTa cufia B NEHTaTa, Cblyata Ce ABWXM C pasfinyHa
ckopocT ( 1 — 2 % ) B obnacTute Ha KOHTaKT C OTAEMNHUTE
6apabaHu. ObukHOBEHO HapabaHuTe C efHaKBa KOHCTPYKLMS



W e[HaKBM OMaMeTpu , M TOBa € MpUuMHA 3a Marka M
npeHebpexuma pasnuka B TAXHaTa YecToTaTa Ha BbpTeHe.

3.dopmupaHe u pasnpeaeneHme Ha TaHreH-
uuanHarta TernutenHa cuna npu paborac
NPOMEHNMBO HaToBapBaHe

3.1 PasnpepeneHve Ha HaToBapBaHETO Ha ABUraTenure
npy CbBMecTHa paboTa KbM 06w Ban

3a pasrnegaHaTa Cxema Ha 3adBWXBalla CTaHUWs C [Ba
HapabaHa 0T 0COBEHO ronamo 3HaYeHWe ca NpeanocTaBKATE
332 MOCTOSiHEH (DPUKUMOHEH KOHTaKT 6e3 npunnb3BaHe Ha
neHTaTa cnpsMo bapabaHuTe 1 U3KMOYBaHE Ha Bb3MOXHOCTTA
3a npeToBapBaHe Ha OTAEMNHNUTE LBuratenu.

OT TeopusiTa Ha MHOrOABUraTENHOTO ENEKTPO3aABMKBaHe
[1] e wm3BecTHo, ye npu cbBMmecTHa pabota Bbpxy 06wy
MexaHu4eH Bar, [BUraTenuTe pasnpedensT HaToBapBaHETO
CH B NPUBNM3NTENHO CbLLOTO OTHOLLEHWNE KaKTO HOMMHANHUTE
BbPTALM MOMEHTU UNM MOLLHOCTM. 3a TakvBa CUCTEMM, Mpy
KOWTO Ca M3MON3BaHW eAHaKBM [BUraTeNny M MOXe fa ce
npueme, Ye CbluMTe MMaT €OHAKBA MEXaHWYHM XapakTe-
pucTukn (cour.3) — paboTtHaTa Touka e obla, a ABuraTenHuTe
MOMEHTW — paBHW, TbI KaTo YecToTaTa Ha BbPTEHE € efHa W
cblya. PesyntaHTHaTa MeXaHWYHa xapakTepucTuka Ha TakaBa
3afBvxBaLLa rpyna Moxe aa 6bae noctpoeHa upes rpadnyHo
CyMMpaHe Ha xapaKTepucTUK1Te

Mag1=f (Wys). 1 Mpg2=f (v s)

MnsZz f (Wﬁe)
M,qslz f (Wde)

> Mde

2
|
|
|
|
|
|
|
|
|
|
|

0 M21 M1z Mc1 =S M1

odur.3

Ha dur. 3 ToBa e yHkumata S Mge= f (wy), KOATO
topmupa TernuTenHaTa cuna Ha 3adBwkeawus 6apabaH, a
ToykaTa T.1 e HeWHata npeceyHa Touyka C rpadmkata Ha
npuBefeHaTa CbNPOTUBUTENHA CUNa KbM penepHaTa oc Ha
00wy MexaHu4yeH Barn. Tasu Touka NpeAcTasnsBa paboTHata
TOYKa 33 pexuMa, kato HelHUTe KOOpPAMHATM Ca YecToTaTa Ha
BbPTEHE W1 W CyMapHUs MOMEHT SM1 .

S M1=Mc1 = M11 + M21 W)

3a obwma cnyvan Mit # M21, @ wor#wo W WoaFEwo
KaKTO U b1 # b2, KbAeto b1 , b2, wo1, wWo2 M wo Ca
MOZYNM Ha TBBPOOCT HA MEXaHUYHUTE XapaKTepuUCTUKM W
YeCTOTW Ha uaeaneH npaseH XOf4 Ha pasnuyHWTe ABUraTenu.
CrepgoBatenHo YCroBWETO 3a nponopLyoHanHo
pasnpederneHMe Ha HaTOBapBaHETO ( PaBEHCTBO Ha
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MOMEHTUTE ) e Obde MbIHOTO CbBMafaHe Ha MEeXaHWYHUTE
XapaKTepucTukn, 1.e. b1 = b2 N Wo1 = Wo2

Korato 3adBuxBalimMte ABuratenn ca acUHXPOHHWM W C
€[HaKBa MOLLHOCT, KaKTO € B pa3rnexaaHusa CJ‘IyHaVI oT (@Mr“-)
, CKOpPOCTMUTE Ha WnaeaneH npa3eH Xo4 Wo; #u Wor U
TBbPAOCTUTE Ha XapaKTEPUCTUKMTE b1 u b2 Ca paBHK, a
MEXaHUYHNTE XapPaKTEPUCTUKN HaMbIHO €QHaKBu --

MF(E1: M/:(B2:f (W/:(B)

Woe A /MC =f (Wés)

wWo

Wo; i w1
|
: S Mde =f (Wde)
|
: Mnalz Mnasz (Wde)
|
|

0 Mll:M21 MClZS Ml - Moe
dur.4

B 1o3u cnyyait Mix = Ma1, @ CyMapHWAT BbPTALLY, MOMEHT 3a
paboTHata Touka 1 wwe 6bae:
SMi=2Mu umm S Mi=2 Ma: 2)
Pasrneganute [OBa npumepa OTrOBapAT HambiHO Ha
u3nonseanute B pygHuuute Ha “‘MuHn  Mapuua nstok” EAQ
TYMEHO JIEHTOBM TpaHCMmopTbopn ¢ ABybapabaHHO Tpu- 1

YeTMpU [BUraTeNHO 3aABWXBaHE M €AHaKBa MOLYHOCT Ha
oTaenHuTe asuratenu (560 KBT).

KoraTo ce aHanuaupa pasnpegeneHueTo Ha ToBapa Mexay
MbpBu 1 BTOPK 3aaBwxBaLy BapabaH npu TakuBa ycrnoaus, ca
B CUra CbLUWTE W3BOAM, HO CbLUECTBYBA OLLE eauH (hakTop,
KOWTO HapylaBa B W3BECTHa CTeMeH MPOMOPLMOHANHOTO
pasnpefeneHMe Ha HaToBapBaHETO B CbOTBETCTBUE C
pasnpeseneHneTo Ha MHCTanMpaHaTa MOLLHOCT 3a OTAENHUTE
3agBukBawy GapabaHn. Tosu hakTop e HesHauuTenHata
pasnuka B nepudepHaTa CKopocT Ha apata b6apabaHa, kosTO
ce ObKN Ha pasnukaTa B CKOPOCTTa Ha fNeHTaTa nopaau no-
ronsMoTO yAbmkaBaHe npu obxoxaaHeTo Ha nMbpeu HapabaH,
KbeTO CbllaTa € MOANOoXeHa Ha AeACTBMETO Ha Mo-ronsma
OfbBaLlia Cuna, OTKOMKOTO NpM CbBMECTHaTa paboTa ¢ BTOpU
3apBwxBaLy bapabaH.

Tbi KaTo TE3n OTHOCUTENHM CTOMHOCTM 3a AV ca B rpa-
HuumuTe Ha 1 [0 2 %, To3n dhakTop MOXe fa ce npeHebperHe
WM @ Ce KOMMEHCMpa C KOpeKuMs Ha KopaBWHaTa Ha
MEXaHWYHUTE XapaKTepUCTUKW Ha aBuraTenute. ToBa Moxe fa
Obde M3BLPLIEHO C BKMKYBAHE HA AOMBIHUTENHM BanaHCHW
CBMPOTUBIEHNS B POTOPHUTE UM BEPHTU.

OT HanpaBeHWss [0 Tyk aHanu3 Moxe fAa ce 0606wy
CNeAHOTO:

1. Mpu paboTa B cTaUMOHapeH pexum (dur. 3) Ha cTaHuus
C €0HOTUMHO TpuABMraTenHo 3agsuxeaHe ( | 6ap. — 2 x 560
kBT. u Il Bap. — 1 x 560 kBT.) pabotHaTa Touka T.1 Wwe 6bae



fMpeceyHa TOUYKA MEXOY XapakTepucTukaTa Ha CTaTUYHMTE
MpUBEJEHUN  CBLMPOTMBIIEHWS HA  TPAHCMOPTbOpA  KaTo
(DYHKUWMSA OT was M PE3yNTAHTHATA MEXaHWYHA XapaKTepUCTMKa
Ha gBybapabaHHaTa MexaHuyHa cuctema .-

S Mas = f (wgs) OpguHataTa Ha Toukata T.1 € brmoBaTta
CKOPOCT w1, KOATO € M CKOpoCcT Ha mbpeu GapabaH, a
abcuncata - Mc1 =S M1 npeacraensea rpacuyHOTO
PELlEHNEe Ha YPaBHEHMETO Ha [ABMXEHWE 33 TO3N PEXUM C
roremuHa Ha Toeapa - Mct

3a cblyaTa YecToTa Ha BbPTEHE w1 MOraT Aa ce onpeaenst
W paboTHUTE TOYKM Ha 3aABWXKBAHETO HA MbpBM W BTOPY
BapabaH -- 7. 11 1 1.21, a ypes TexHute abcuynucu - rone-
MWHWTE Ha NpefaBaHuTe ABUraTernHu MoMeHTn. — M11 n M21.
3a pasrnexgaHata TpuaBMraTenHa 3agBukBsalla cTaHuus ca
B CiMTa 3aBUCUMOCTUTE

M11=2M21,T.e Npu egHaKem gBUraTenu -
nbpeu 6apabaH e npeaasa ABa MbTU NO-roNsMa TerMUTENHa
cvna ot BTOpU

2. 3a yeTvpu pgBuratenHuTe 3agsuksawy craHum (|
Bap. — 2 x 560 kBT. u Il Bap. — 2 x 560 kBT. ) ca B cuna
3aBucumocTuTe oT ¢ur.4, a 3agemxeawumte bapabaHu we
pa3fensT no paBHO NpuBeaeHUTe paboTHM CbNPOTUBNEHNS Ha

TPaHCnopTLOpa:
SMi=Mct=2M11 wm S M1=Mci=2M21,
Tbid kaTo - M11 = M21
PasrnegaHute  ocobeHoCTW npu  pasnpegeneHne  Ha

HaTOBapBaHETO Mexay 3agBuksawute 6apabaHn , KakTo W
MeXay ABuraTenuTe 3a OnucaHuTe cryya We 6baar BanuaHm
1 NPY M3MEHEHVWe Ha roileMnHaTa Ha obLUMs MexaHnyeH ToBap
Ha TpaHCnopTLOpa.

3.2 BnvsiHne Ha OrpaHM4YeHMETO NO CLENNEeHWe Mexay
neHtata M 6OapabaHa BbLPXY pasnpefeneHUeTo Ha
TErNMTENHOTO yCUnue Npu aByGapabaHHMTe 3afABMKBaLU
CTaHuum

B Teopusita Ha MHorobapabaHHOTO 3agBuksaHe Ha []1
TpaHCmopTbopu [ 2 ],edHa OT [MaBHaTa 3afjaya € pauuo-
HanHOTO pa3npefeneHne Ha OOWOTO TErMWUTENHO ycurve
Mexgy 3apgBwkBawuTe 6apabaHu. 3a [fBy6apabaHHOTO
3a[BMKBaHe — OTHOLIEHMETO MEXZY TErnuTENHUTE CUIM
Cb3faBaHu OT MbpBM W BTOPM 3adBwxBalm Gapabanu ce
JeduHmMpa  Kato  KoedMUMEHT Ha  pasnpedeneHue  Ha
TernutenHata cuna ( Ky)

B PHe (fuﬂa _1) .
y = W ’
kboeTo: £*“ - 1aroB hakTop Ha | 3aaB. 6apabaH
4% - 1aroB dhaktop Ha Il 3agB8. 6apabaH

K (3)

Tasu copmyna e nonyyeHa Ha 6Gasata Ha Oineposata
3aBMCUMOCT 3a onpefensHe Ha Han-ronemMuTe CTOMHOCTW Ha
TETMUTENHUTE CUMK, KOWTO MOraT fa MpedaeaT OTAENHUTe
3agBuxBawy bapabaHn 3a cnyvaute, B KOWTO Ca BanuaHu
CnefHWUTe NpeanocTaBKy:

[Bata 3agBuxBalum GapabaHa ca Gnm3ko pasnonoxeHu , a
CbMPOTVBINIEHWETO MPU [BWKEHME Ha FEHTaTa B Yy4acTbka
MEXAy TAX € Manko 1 Moxe Aa ce npeHebperHe.
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- bremst & BB Gopmyna (3) e aKTUBHUAT bIbi Ha
TPMeHe Mexdy INeHTata W MOBLPXHOCTTA Ha
GapabaHa , KOMTO ce MpPOMEHs B CbOTBETCTBUE C

HaToBapBaHeTo B rpaHuunTe oT 0 g0 % , KbAeTo

Q- e KOHCTPYKTMBHWS Brbn HA 00XBaT OT neHTaTa
3a oTaenHust 6apabaH ;

W3pasbT (3) No3BONsABa Aa Ce YCTaHOBM , Ye KOeUUMEHTLT
Ha pasnpedenedme K y > 1, 3a BCMYKM 3HAYeHWs Ha

0% KaKkto 1 npu paBHM TAroBM (haktopu Ha | v || BapabaH

(1% = p#% . Topa 03HayaBa, Ye TErnUTENHUTE CUK,

KOWTO MoraT fa Cb3faBaT BaTa 6apabaHa ca pasnuyHi , kaTo
MbpBUAT  3adBWkBaly OapabaH  chopmupa  MO-TONsMO
TEINUTENHO YCUINE OT BTOpHS.

Tean wu3BOAM Ca BanMOHM CaMoO ako Ce OT4yMTa
npegmnocTaBkaTa 3a efHakbB 3anmac OT TErMUTENHa cuna |,
NpONOPLMOHANHOTO M3MEHEHWE Ha CbLUaTa Npu U3MEHEHE Ha
06LLOTO HaTOBapBaHe Ha TPaHCMOPTbOpa W eAHOBPEMEHHOTO
OO0CTUraHe Ha rpaHu4yHUTe CTOAHOCTM Ha cunuTe Ha
cuennenve 3a asata 6apabana. OT Tasn rmegHa Touka MOXe
[a ce TBbpaW , Ye Koe(WUMEHTBT Ha pasnpeaeneHne Ha
TEIMUTENHOTO yCUNue Ha 3aaBukBaluute GapabaHu - Ky
cbrmacHo  ¢opMyna (3) € pauuoHaneH korato TAroBuTe

thakTopy Ha fBaTa GapabaHa ca paBHu, T.e. £4% = ¢+

3a pa ce aHanuanpa usmeHeHueTo Ha Ky B 3aBuCuUMOCT OT
00WoTO HaTOBapBaHe Ha TpPaHCMOpTbOpa MO NUTEpPaTypHU
AaHHn [3] , we Gbpar pasrnegaHn TAroBuTe (HaKTopU Ha
Aeata 6apabaHa kaTo (byHKUMS OT CyMapHWs TAroB ¢haktop

(" 32 HAKOMKO CTOMHOCTM Ha  KoedMuMeHTa Ha
pasnpefeneHue Ha TernutenHara cuna - Ky,
My
g LK D) (4)
K, + 04
y
Has
phs _ K, +/¢ 5)
K, +1
Ha dwur. 5 ca npeactaseHn rpauuHo  (yHKUmuTE

A=)y om =1 (") 3a Hskomko
3HaveHus Ha Ky - (Ky=1, K =2 u K =3 ) npu koeto
GyHkupsta 4% = £ (04*)

dyHkumnsta 047 = (£“*) - nuHeitHa.

€ OT BTOpa CTeneH, a

E,ELHaTa OT TOYKUTE Ha npecuvaHe Ha BCAKa OT OABETe KpuBU
33 efiHaKBW 3HayeHust Ha Ky e B HAYanoTo Ha K.c., a Apyrata
pasgens kpueuTe Ha ABe obnacTu. 3a BCska TakaBa Touka
TAroBUTE (hakTopn Ha fBaTa GapabaHa ca eaHaKBM U MOXeE Aa
ce TBbpAM ,4e TOBA & ONTUMANHMS PaBoTeH PEXMM, Tbit KaTo
npu efHaKBU KOB(ULMEHTN Ha TpueHe Mexay bGapabaHute U
NeHTaTa, ako bIMMTe Ha 00XBaT ca efHakeW, Te e ce
13NoN3BaT MbIHOLEHHO 3a Cb3faBaHe Ha TernuTenHa cuna.
ChlLeCTBEH HELOCTATLK Ha TO3N paboTeH pexum e HeroeaTta
HEeYCTOMYMBOCT MPU M3MEHEHWE Ha HaTOBapBaHeTo, Koedu-
LMeHTa Ha CLenmneHne u CbNpoTUBNEHUATA NPN LBUKEHME Ha



TPaHCNopTLOpa, KOBTO MPeaM3BuKkBa W3MECTBaHe Ha paboT-
HaTa Touka A, 3a KosTo (X% = g+

gﬂb‘i‘ U L
Lo = 1)
K _FW Kv-ir’& j le#
Y= )S%\‘%.o I/r [ hases
X KT
2 /, : f“;‘o“. ‘/- N I
1/ N
0’./'/, -
ZT || e = f (o)
ol I

12345678962612

dur.5

Mpu M3MeHeHne Ha HaToBapsaHeto (/““* = VAR ), 3a
obnactta OT NsiBO Ha ToukaTta A, TsroBuaT aktop Ha |
HapabaH e no-ronsam, HO HapacTBAHETO My € MO-Marko OT TOBa
Ha |l 6apabaH.Moxe aa ce kaxe ye, konebaHneTo Ha 06LWOTO
HaTOBapBaHe Npeau3BuKBa NO-criabo W3MEHEHWE Ha TAroBMS
tbakTop Ha mbpeK DapabaH, a 3anacbT OT TErMuUTenHa cuna
WK aKTMBEH bIbil Ha TpueHe 3a |l 6apabaH e ce n3yepnaa
no-6bp30 Npu HapacTBaHe Ha HaToBapBaHeTo. CrnefoBaTenHoO
paboTHaTa TOYKa Ha HOMMHanMHWA pexum Tpsbsa ga ce
u3bupa BWHarM npu AajeH CymMapeH TAroB haktop uypes
koeduumeHTa Ha pasnpegeneHue Ha TernutenHarta cuna Ky ,
Taka Ye CbliaTa Aa Nexu B NSIBO OT MpeceyHaTa Touka Ha

Kpueute (4% u ¢#“ . Taka Npu eQHaKBM bIMM Ha oOXBaT,
pe3epBbT OT CLenHa cuna Ha BTopu b6apabaH we 6bae mo-
rOfsIM., KOETO OTrOBapsl HAaMbJIHO Ha Mo-ObP30TO HapacTBaHe
Ha HeroBaTta TernuTenHa cuna (Taroe ¢aktop) 1 no-6Lp30To
13pa3sxoBaHe Ha 3anacbT My OT CLienHa Cuna cnpsiMo MbpBu
BapabaH npw yBenuyeHne Ha ToBapa Ha TpaHCMopTLOpa.

B obnactra Ha AsicHO OT T.A TAroBuAT (hakTOp Ha BTOpM
BapabaH € Mo-ronam OT TO3W Ha MbpBU -  f#% > ¢H%
HapacTBa no-pasko, OT KOeTO crefsa, Ye 3a Aa ce rapaHTupa
curypHa paboTa Ha usnaTa 3afBuxBalya cucTema , pesepsbT
OT CLenHa curna B HOMWHANEH pexum Tpsibea ga e no-ronsm
OTKOMKOTO Ha mbpBK HapabaH.ToBa MOXe [a Ce MOCTUIHE ako
BMBABLT Ha 0bxBaT Ha BTopu 6apabaH e no-ronsm.

[MpaBunHMAT M3bop Ha TAroBUTE (PaKTOPU Ha 3aABUXBALLNTE
GapabaHn e CBbp3aH C pasnpedeneHWeTo Ha TErnuTeNnHuTE
CWNK, KOUTO Te npejasaT uype3 KoeduUMeHTa Ha pasnpe-
penenve Ky n MeTogukaTa 3a npecmsTaHe Ha TakuBa gpyba-
pabaHu [J1 TpaHcnopTbopu TpsibBa fa oOTpassBa Tesw
ocobeHocTu.

3.3 PasnpegeneHue Ha TernuTenHata cuna M MOLWHOCTTa
Mexgay 3agBuKBawmTe OapabaHM OT cTaHUMATa Ha
TpaHcnopteop 3303 B pyaHuk “TposHoBO 3”- “MuHM
Mapuua-ustok” — EA[]

OT HanpaBeHWst 4O TYK aHanu3 € SICHO,4Ye paLMOHarHO
pasnpefeneHne Ha TernuTenHaTa cuna , KoeTto fa ocurypsiea
€[HaKbB KoedULMEHT HA Pe3epB Ha CLEMHa cina 1 3a apata
3apBuxBawy 6apabaHa Moxe Aa ce MoCTUTHe Camo 3a efHa
HenameHHa paboTHa Touka Ha 3aaBukBaHeTo . OCBEH TOBa Ce
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YCTaHOBSIBa, 4Ye MbpBM 3afBwxBal, OapabaH moxe [fa
npegasa 3HauMTenHo No-ronsma TerUTenHa cuna , Tbil kato
OTPaHMYEHNETO MO CLEMNEHMe 3a HEro uMa Mo-BUCOKM
CTOMHOCTM, OTKOMKOTO 3a BTOpK BGapabaH.

Te3aun [Be NMPeAnocTaBkiM ca YCroBME 3@ HEpPaBHOMEPHO
pasnpefeneHne Ha MHCTaNMpaHuTe ABUraTeNIHA MOLWHOCTM Ha
Apata bapabaHa . B cneggalyara yacT ot pabotata e 6bae
HanpaBeHa CPaBHWTENHA OLieHKa MeXay ABaTa BapuaHTa Ha 3
W 4 [BWraTenHO 3adBWXBAHE , KAaKBMTO CE M3non3eaT B
NEHTOBUTE TPAHCNOPTLOPU OT pyaHULMTE Ha “Munn Mapuua-
ustok” EAJl. W B aBaTa cnyyas ce M3non3saT €AHOTUMHM

asuratenu ¢ mowHoct Ppge = 560 kBT. 3a 3agBukBaLla

ctaHums  Ne 3303 oT p-k TposHOBO 3 ca M3BbpLUEHU
CraHuma 3303- p-k TposiHOBO 3
(2 X 560 kBT - Bap1 1 1 X 560kBT - bap2)
(2 X 560 kBT - Bap1 1 2 X 560kBT - bap2)
MapameTtpu
L [bmkuHa m 1260
vV CkopocT Ha aBuXeHe m/s 5,24
Qo ObeMHa Npou3BOAMTENHOCT m3/h 3000
p [NbTHOCT Ha MaTepuana t/m3 1,28
0 ‘brin Ha HakmoH grad 1,730

M34YMCIIEHNS C KOMMIOTbpHA nmporpama B cpega Ha Excel no
anropuTbM 3a npecmsiTaHe Ha [BybapabaHHO 3apBuKBaHe
Ha TN ¢ 3 wnm 4 puratens. OcHOBHWTE napameTpu Ha
TpaHcnopTeopa ca AagdeHu B Tabnuua 1, a usumcnenusTa ca
M3BBPLLUEHM W rpapMyHO NpeaCcTaBeHn 3a NPOMEHNWBA YacoBa
npoussogutenHoct ( ot 500 go 6500 M3 ) u npomeHnmBa
cuna Ha ombBarenHarta cuctema ( ot 50 go 400 kH )

Ta6nuua 1

Ha ¢wur.6 ca npegctaBeHn yHKLMUTE HA UMEHEHMWE Ha

aKTUBHUS BIbIl Ha cUenneHue (oLa) U TernutenHata cuna (W)
3a pasnuyHa npowssoauTenHocT (Qr) npu TpuasuratenHa
cuctema (241), a Ha ur.7 cbluuTe yHKUMM  Npu
JeTupuaBMraTenHa 3agBuKBealla cuctema.

A B OBaTa cnyyas W3YMCHUTENHUTE CTOWHOCTU ca
MofyYeHn 3a MUHUMamHa cunma Ha ombBaTenHus 6Gapaba
Son=50kH, KaTo OrpaHWuMTENHWUAT KpUTEpUW M 3a [ABaTa

GapabaHa e brubT Ha 06xeaT — 3a Mbpeu GapabaH op1=1670

1 3a BTOpM BapabaH Clo2=187° Tean CTOAHOCTM He MoraT Aa
ObaaT NpeBULEHN OT aKTWBHUS BIbJT, THI KATO LUE HACcTbMK
npunb3BaHe  Ha  neHtata  cnpsmo  GapabaHa, a
TaHreHUManHaTa TernnMTenHa cuna Le cnafiHe ckokoobpasHo
Hegonyctumo. ETo 3awo npu yBenuyeHue Ha ToBapa Ha

TpaHcnopTbopa Qr aKTUBHUTE BIMIM Ola Ha ABaTa 6apabaHa e
HapacTBaT U NPy JOCTUraHETO Ha CbOTBETHMS bIbJ1 HA 06XBaT
3a fJapjeHus OapabaH, e ce HapywaT YcnoBusTa 3a
hopMuMpaHe Ha TaHreHuWanHa TernuTenHa cuna He camo 3a
1031 BapabaH, HO U LAnaTa 3adBMKBaLLA CTaHLKS.

Tasu rpaHMUa Ha HaApacTBaHETO Ha aKTUBHUA brbn ce
onpeaenst kato oOrpaHuMyeHMe No clenneHue. Tbi KaTo
TErMUTENHUTE CUIK, KOWTO Ce npepasaTt oT apaTa bapabaHa
Mpu pasnMyHa MHCTanMpaHa MOLWHOCT, pasfMyHa ombBalla
cuna Ha paboTHMS opraH (neHTaTa) M rofieMmMHa Ha ToBapa



(Qr) npeacTaBnsBaT HEMMHENHN YHKLWM C Pa3NMYeH HaKIOH,
TO nuMuTMpaa we 6Obge TasW, KOATO MbpBa AOCTUTHE
rpaHnyHaTa CTOMHOCT QL. T.€. Ola= CL0

W 3a pBata cnyyas Ha pasnpegeneHne Ha
WHCTanupaHaTa MOLLHOCT Mexay 3aaBwxBaluTe bGapabaHm,

ToBa e Toukata A. HeiHaTa abcumca nokasea Hai-ronsma
MPOV3BOAMUTENHOCT Ha TPAHCMOPTLOPA NMPMW ONMCaHNTE MO-Tope
ycnoeusi.  OT  CpaBHWTENHWS aHanM3 M OLeHkaTa  Ha
pasrnegaHnuTe BapnaHT Ha KMHEMAaTUYHUTE CXemu C Tpu- U
YyeTUpuaBUraTENHO 3adBMKBaHe, MoraT ga ObaaT MoCoYeHM

AKTUBEH bI'bJl u TEMNMATENHA CWUIA
rpag W= f(QTtoB) npu Sop = 50kN, 3 aoB. ( 3X560 kww H
200 - I v - 250000
w0 || 0to = 187 rpapliGap | s Y
160 || Qe =167rpan -1 | — P ///’ <1 200000
140 X a-I16ap — ] 4 e
120 ] /:/ /A— 150000
100 oa 1 Gap | /// ;4
30 ;/ LA [ 100000
60 = = 7/ L]
40 1 = = . = = L] - 50000
20 + = | | = = r‘/
0 - Lo
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 650G,,3/1h
CITern.cuna Gap.1 ElTern.cuna Gap.2 — AkT. broun Bap 1
— AxT.brbn Bap 2 —brbn 06xs. Bap.1- 167 rpag—bren o6xsar Bap.2-187 rpan

our.6
AKTUMBEH BIr'eJ1 v TEFNMMMTENHA CUNA
rpan W=f (QroB) npn Sop =50kH ., 4 aB ( 3X560 kBart ) (2+2) (H)
360 - ———— 180000
f—— [T Y S -
320 (Wi -16ap | | _[ — - - | = 160000
280 \ M | | | 140000
240 (@ -1Is: 4 A | = | (H | {+ 120000
g - oap a
200 (20 : I 63.‘ - pda=z | b ] 100000
160 > = 50000
120 —p—— aa-TI Gap f/ f,/ s o S S S A T
80 = ¥ 7dPss — T = A | g0000
R sl M I =
0 Il | Lo
500 1000 1500 2000 2500 3000 3500 4000 450 5000 5500 6000 6500 (3.
[ TerCuna Bap | £l TerCuna ll Bap — Aktbren-l Bap
—AkTbrben-l Bap —bren O6xear Il Bap — bren O6xsart | Bap,
our.7

cnepHUTe 0COBEHOCTM Ha OrpaHUYEHWETO MO CLENNeHWe Ha
TernWTenHata cuna npu  ABybapabaHHUTe  3afBMKBALUM
CTaHuum:

- an €QHaKBu Unu Onu3kM nNo roneMmHa bIMK Ha
obxBat Ha OapabaHWTe, KoraTo Ce yBenM4yaBa TOBapa Ha
TPaHCNOPTLOPa, HAPacTBAHETO HA aKTWBHWS bIbil HA BTOpU
fapabaH ctaBa no-0bp30 cnpsmMo ToBa Ha MbpBU OapabaH.
CnepoBaTtenHo BTOpUAT 3agBukBaly, 6apabaH rybu no-6up3o
pesepBa OT TErMWTEMNHa cura OTKONKOTO MbpBus GapabaH

MPW HapyliasaHe Ha OrPaHUYEHMETO Mo cuenneHne (Ola <

Olo2),TOW Lye MNpUNITb3HE ChpsMO neHTaTta. [lpu TakuBa
obCcToATeNCTBa e Bb3HMKHAT YCMOBMA 3a NPUNITb3BaHe M Ha
MbpBM 3aaBWxBaLL 6apabaH, v 3aryGa Ha TernuTenHa cuna Ha
LsinaTa 3aiBUXBalLa CTaHLus.
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AKTMBHUAT Brbi HA hOpMUpaHe Ha TernuTenHa cuna
(0ta) W 3a gBaTa GapabaHa € HermMHelmHa (YHKUMS OT Tpw

aprymeHTa:
a, = f(SHR/Y’QT’ Ky)
KbAeTo:
S,;2; € cunata Ha OmbBaHe B U3MA3ALLMA OT KOHTAKT C
BapabaHa , knoH Ha neHTarta, H
QT - MPOM3BOANTENHOCT Ha TPAHCMOPTLOpa, M3/y;



P.aar CTAHUMA 3303, 3000m3/4 Wok | |PKET CTAHUMSA 3303, 3000m3/u, Wo,kH
pooe 3n8(2+1)-PuHc=(1120+560)kBT 0112000 4n8(2+2)-PuHc=(1120+1120)ksT - [ 500
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K, - koeth1LMeHT Ha pasnpepeneHne Ha TernuTenHara fpaHnUn  Ha  N3MeHeHue Ha  Son Ca B3eM OT

W,

cuna mexay bapabaHute, K, =
2

kbpeto: W, —Tenutenna cuna Ha mbpeu 6apabaH

W, — TenutenHa cuna Ha BTopu GapabaH

BnusiHueTo Ha napametpute S5, n Q B Tasn tyHKuys

€ e[HO3HayYHO, KaTo C TAXHOTO HapacTBaHe Ce Hamanssa
KaKTO CTPbMHOCTTA Taka W CTOMHOCTTA Ha (yHKUusATa

a, = f(SHZH’QT’KY)

Bnusuueto Ha KoeduumeHTa Ha pasnpefeneHue Ha
TernuTentata cuna K, e pasnuuHo 3a gara Gapabava.

I'IpM yBenM4yeHne Ha Ky, aKTUBHUAT BbIb/1 Clat Ha MbPBU

GapabaH nonyyasa no-ronsma CTOMHOCT M HapacTBa C Mo-
ronama CTpbMHOCT. 3a BTOpu 6apabaH npu cCbwuTte
NPeanocTaBkM  TOBa BNWSHWE € NPOTMBOMOJSIOKHO — Mo-
Mariku CTOMHOCT W CTPBMHOCT Ha (yHKumMATa o2 (K, ).

— [paHuyHata cToMHOCT Ha ToBapa (Q,) cropeA

OrPaHUYeHNeTO MO CLUENneHe Ha TpaHCnopTbopa Mnpu
yeTupnaBuraTenHo 3agswxsaHe e 1,75 mbTM no-manka
(Qr =2850m/y) OT Ta3u npu  TpuasMraTenHo

3afBuxBaHe ( o =50004:° /4 )

Ha dur. 8 v cour. 9 ca npeacraBeHun rpacdmyHO 3aBUCK-
mocTuTe Ha TernutenHute curm (W) u mowwHoctute (N) 3a
CblUMTe [Ba BapuaHTa Ha 3afsuxBalya ctaHums “3303” npu
nocrosHeH cratudeH Toap Q, =3000 4> /un mpo-

MEHNMBa Cuna Ha ombBaTenHus OapabaH Son=var
( 50+400 «kH). MoraT pa ce YCTaHOBAT CregHuTE
ocobeHocTH:

— C HapacTBaHe Ha OmbBaljaTa Cuna Ha NieHTata
Son, ronemuHata Ha TernutentHarta cuna (W) ce yBenuyasa B
no-manka CTEMeH W NO-3HAYUTENTHO — TONEMMHATa Ha
3apBuxeaLiata MowHoct (N) . KoHcymupaHata MoOLLHOCT
npu Son=150 kH e 1500 kBT, a npn Son=250 kH - 1650 kBT,
T.e. 3arybaTa Ha MOLUHOCT OT YBENUYEHUTE CLMNPOTUBNEHUS
poctura 150 kBT 3a efHa cTaHuusi. MocoyeHUTe NpUMEPHH

eKcnnoaraluoHHaTa npakTiKaTa.

— PaBHOMEpHOTO pasnpedeneHne Ha TernuTenHata
cuna Mexay ABata OapabaHa npu YeTMpuaBMraTernHata
cucTemMa ce oTpassiBa HeBNaronpusATHO BbPXY OrpaHMYEHMETO
no clLenneHue, koeTo 3a BTopu GapabaH Ce MOHWkXaBa PA3KO.
Mpu Te3n YCroBUs M3MON3BaHETO Ha No-ronsMara MHCTanupaHa
MOLLHOCT € MpaKTU4Yeck HEeBb3MOXHO, Mopaau nossara Ha
npunTb3eaHe mMexay 6apabaHa u neHTata.

4. 0600wWwaBalwm n3soau

1.TeopeTyHo e HeoDOCHOBAHO — YBENMYABaHETO  Ha
MHCTanMpaHaTa MOLLHOCT Ha BTOpu 6apabaH 1 13paBHABAHETO il
C Ta3u Ha MbpBM 3aaBKBaLY GapabaH, Thbil KaTo TOBa HaMansiea
rpaHuLaTa Ha NpunTb3eaHe Ha BTopn 6apabaH v He No3BonsBa
W3MON3BaHETO Ha LUsAnata MOLHOCT Ha  3afBukBawuTe
ABuratenu.

2. MocoueHnTe B NuTepatyparta (3) dopmynu 3a onpegensHe
Ha koeduLMeHTa Ha pasnpedeneHue Ha TermuTenHata cuna
(K, ) TpsGBa aa ce npuemar kato BanuHIn rpaHniHmu CTOHOCTY,

MpWU KOMTO aKTUBHWAT brbfl Ha OapabaHuTe CbOTBETCTBA Ha
TEXHUTE  KOHCTPYKTMBHM BIMW Ha 0b6xeat. [lonyyeHusT
koepMUMEHT Ha pasnpedeneHne e e BanugeH camo mpw
MakcumalneH TOBap . @ 3a BCWYKW Apyrn pabOTHM TOYKM Ha
3adBMKBaHeTo TpsiBa f[a Ce  MpecMmsTa  CbrNacHo
[ECTBUTENIHUTE  CTOMHOCTM Ha  TernuTenHUTe CUNM  Ha
3agBwksaluTe Bapabanm (Bux 1. 3.1)

3. Cupmata Ha onbBaTenHara cuctema Tpsbea pa ce
onpegens MpeuusHo U B CbOTBETCTBME C KOedULMEHTa Ha
pe3epB Ha TernuTenHa cuna, Tbi KaTo HErOBOTO 3aBMLLABAHE Ce
0TpassiBa HeBNaronpuUsITHO Ha eHepro pasxofa Ha cuctemata
HamarsiBa eKcrroaTtalloHHIUS CPOK Ha TPaHCMOPTHATa NeHTa.

5. 3akntouyeHue

PauyoHanHoTo pasnpefieneHne Ha obluata TernuTenHa cuna
MpW MHOTOABMraTeNHUTE 3aABWXBALM CTAHUMM Ha TyMeEHo-
NEHTOBUTE  TPAHCMOPTLOPU  MpPeACTaBnsiBa  MHOrO(hakTopHa
ONTUMM3ALMOHHa 3afada. HanpaBeHusT aHanus M U3BOAM
OTHOCHO Bb3MOXHOCTUTE 33 NOJobpsiBaHE Ha TEXHUYECKUTE W
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€KCMNoaTaLMOHHN napamMeTpy Ha MeXaHWYHUTE CUCTEMU OT
TO3K BUA 3a ycrnosusta “Munu Mapuua-ustok” EAL upes
onTumaneH w3bop U pasnpegeneHne Ha WHCTanupaHaTta
MOLLIHOCT, KaKTO 1 Ha NoaxoasLLa ynpasnssalla yHKUMs Ha
onmbBaTeNHaTa CuUCTeMa, NoKassaT Ye morar fa ce ovaksar
NONOXUTENHW  UKOHOMWYECKM pe3yntatu B CnegHute
HanpaBneHus:

— HawmansBaHe Ha OTHOCWTENHWS EHEPropasxod M
nogobpsiBaHe Ha eHepruiHata eqeKTMBHOCT Ha M3nons-
BaHUTE €NeKTPO3aABIKBALLM arperaTy;

— [losuwaBaHe Ha eKcnnoaTaynMoHHMA CpPOK Ha
T'YMEHO-NEHTOBUTE NIaTHa;

— OnpepensHe Ha peanHWTe TpaHWLM 3a YyBeENWYa-
BaHe Ha ObIKMHUTE Ha CbLUeCTByBaWMTe TpaceTa W Npou-
3BOMMTENHOCT Ha TPaHCMOPTLOPUTE.

Mpenopvyana 3a nybnukysaHe om
Kamedpa “MexaHuzauus Ha muHume”, MEM®
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OCOBEHOCTW MNP EKCMNNOATALIUATA U Bb3MOXHOCT 3A NPOrHO3UPAHE HA
OCTATBbYHUA CPOK HA PABOTA HA NOAEMHU BXXETA MPU MPOBEXOAHE HA
BE3PA3PYLUETENEH KOHTPOI HA TEXHUYECKOTO UM CbCTOAHUE

Unus Noyee

“Pydmeman” ALl , 4960 ep. Pydosem

PE3IOME: B poknaga ca pasrnefaHi OCHOBHUTE METOAM Ha KOHTPOI Ha TEXHUYECKOTO ChCTOSHWE HA MOAEMHMTE BbXETa 3a PyAHUYHIN NOAEMHM ypeabu ¢ Tpuella

Wwaiba — Bu3yaneH , paspyLumuteneH n GeapaspyLunTeneH.

acnensaHa e Bb3MOXHOCTTA 3@ NPOTHO3MPaHe Ha 0CTaTbyHUS CPOK Ha pa60Ta Ha BbXeTaTa Ha OCHOBa pe3ynTatute, Nony4YeHu npu MardHnuTHa [nedekTockonus Ha

chluuTe.

SPECIAL ELEMENTS AT OPERATION AND AN OPPORTUNITY ABOUT FORECASTING RESIDUAL TERM WORK OF
ELEVATING ROPES AT CARRYING OUT OF THEIR TOOL CONTROL TECHNICAL A CONDITION

llia lochev
»Rudmetal” AD, 4960 Rudozem, Bulgaria

ABSRACT. In the paper the basic methods for control of technical state of winding ropes for mining winders with friction pulley - visual, destructive and

nondestructive, are examined.

The possibility for forecasting the residual work term of ropes is studied on the base of results received from the magnet defectoscope tests of the ropes.

BbuBepeHue

Mo Bpeme Ha CBOsITAa eKkcnnoaTauus, MOAEMHUTE W
YPaBHOBECSBALLMTE BHXETA Ca NOANOKEHN HA UHTEH3VBHOTO
Bb3AENCTBME HA pasnnyHM  dakTopu. Taka Hanpumep
B3a/MOJENCTBMETO C emyncust oT Boga UM abpasueHu
yacTuyy, nagawy oT NOAEMHUTE CbOBE M HATOBapBaLLuTe
YCTPOMCTBA, BOAM [0 M3HOCBAHE Ha XWYKUTE Ha BBbXETO. B
pesynTart Ha ronemus 6poit OrbBaHUs OT MPeMMHaBaHe npe3
HanpaensBaluTe W OTKNOHABAWMTE waibw, u npes
OapabaHa Ha nogemMHaTa MalWHa ce CTura 4o ymopa 4
CKbCBaHe Ha xwmuku. ETO 3awo e Heobxogumo ga ce
OCBLUECTBABA KOHTPOM BbPXY TEXHUYECKOTO CBbCTOSHWE Ha
MOJEMHUTE W YpaBHOBECSBALLMTE BbXeTa, KOETO CTaBa
NOCPEACTBOM CEHUTE METOAM:

e  Buayanes;
MannuteaHe BbB BbXeuanuTatenHa nabopatopus;
WHCcTpymeHTaneH (u3BecTeH owwe kato Gespaspy-
LUMTENeH unu gedeKTockonus).

BI/I3yaJ'IHI/I9|T MeTo[ Ce 0TNiM4yaBa CbC CBOATa MPOCTOTA Ha
peanusauma n asa npeku pesyntatu. Tosn metoa, obaue,
HE [aBa BB3MOXHOCT 3a MOjlydaBaHe Ha KONMYEeCTBEHa
OLeHKa Ha CTeneHTa Ha HamanABaHe Ha Hanpe4yHoTo ceyYeHne
Ha OTAEINTHUTE XMYKK, KAaKTO W 33 OTKPMBAHE Ha CKbCaHU
TaknBa BbB BbTPELIHOCTTA Ha BHXETO.

lMocpencTeoM n3nuTeaHe BbB BbXeun3nuraTenHa
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nabopatopust ce OMpedensT SKOCTHUTE KayecTBa Ha
BbKETaTa, HO He MOXE fia Ce MoNyuu NpeAcTaBa 3a UsnoTo
BbKE, @ CamMo 33 MaJTbK y4aCTbK, PasnonoxeH B 6M3ocT fo
nogemMHust cbf. OTps3bKbT 32 W3NUTaHWe Ce B3ema OT
yyacTbk OT BBXETO Hamupall Ce HenocpecTBeHO Haj
OKayBalLoTO YCTPOWUCTBO. TO3W Y4acTbK HE € MOAMOXEH Ha
OrbBaHE M U3HOCBaHe OT TPUEHe 3alL0TO He NpeMUHaBa npe3
HanpaBnsiBalMTe W OTKMOHSIBALW Laibn, Kakto U npes
opraHa 3a HaBuBaHe.

3a nonyyaBaHe Ha MHOpMaUMs 3a UAnata AbIKUHA Ha
BBXKETO Ce Mmpunara WHCTpymeHTanHus metod. OcBeH TOBa,
MOCPEACTBOM TO3M METOS CTaBa Bb3MOXHO yBenuyaBaHe Ha
OBErOOMILHMS  CPOK Ha pabota 3a  rnaBHUTE W
YeTUPUrOAMLLHKUA 3a JONHWUTE YpaBHOBECABALLM BbXeTa npu
NoaemMHNTE ypeadu ¢ Tpuely Wwainbu. Tosa cTaBa Bb3MOXHO
cned npomsHata npe3 1994 r. Ha un. 377 ot MpaBunHKKa no
BesonacHoCT Ha Tpyda npw paspaboTBaHe Ha pyoHW U
HepyoHn Haxoguwa no noasemeH HauwH B-01-02-04 u
BNW3aHETO B CWMa Ha HoBaTa pefakuus Ha paBunHuka no
Be30macHOCT Ha Tpyfa B MOA3EMHUTE BBIULHM PyaHUUM B
01-01-01 (un. 364 )npe3 1992r. Taka y Hac e Cb3gageHa
Heobxogumata HopmaTuBHa 6asa 3a BbBEXAaHE Ha
OespaspyLwmTenHus MeTog.

Tpl/ITe MeTo[a 3a KOHTPONT Ha TEXHUYEeCKOTO CbCTOAHNE Ha
BbXeTaTa Ce JonbnBaT €4uH C apyr u 4pes KOM6VIHVIpaHOTO
MM U3non3eaHe Cce nonyyasa Han-TOuHa npeacraea 3a
n3cneaBaHua y4acrbk.



CbLHOCT Ha MHCTPYMEHTaNHNUA MeToA Ha
KOHTpon

VIHCTpyMeHTanHMAT meTog cnaga kbM 6e3paspylumTenHuTe
Takuea. M3BbpliBa ce NOCPELCTBOM CbBPEMEHHM Ypeau
HapeyeHn pedpektockonu. [lo3HaTM ca  YNTPa3BYKOBM,
BMXPOTOKOBW, PafWauMOHHM, MarHUTHW W Ap., KaTto Ham-
LUMPOKO MPUIOXEHUE Ca HAMEPUIM MarHUTHUTE.

KpVITepVIVITe 3a OUEHKa Ha TEeXHMYECKOTO CbCTOAHME Ha
BBXKETO Npu T031 METO Ca CreaHnTE:

e  3aryba Ha mMeTan oT CyMapHOTO HanNPeyHo ceveHne
Ha XWYKUTE;

o JlokanHu pedekT — ckbCaHU unu aedopMupaHi
KUYKM

Bcekun eguH gedektockon u3pabotea fedektorpama, KosTo
NpeacTaBnsiBa 3anuc BbPXy XapTust U NEKTPOHEH HOCUTEN
Ha BCWYKM rokamHuM  aedoekTu W 3aryba Ha ceyeHue no
usinata Ab/hKMHA OT U3CTeABaHus yuacTbk. Monyyenute
pesynTati ce 0b6paboTBaT M CpaBHABAT C U3NCKBAHMATA Ha
NpaBMIHALMTE NO TEXHNYECKa Be30nacHoCT.

VIHCTpYMEHTanHWAT KOHTPON 3aBbpluBa C MpOTOKON -
eKkcrnepTU3a, B KOWTO CE& aprymMeHTMpa 3akniouveHue 3a
OpakyBaHe wnu npoabMKaBaHe Ha Cpoka Ha pabota Ha
BBXETO.

Ha wur.1. e wunioctpupaHa

AedekTorpamMa  BbPXY

LMA Trace

LF Trace

®ur. 1. lechekTorpama Ha xapTueH Hocuten — LMA - 3ary6a Ha ceyeHue
no metan, LF - nokanuu pedextun

XapTWeH HocuTen, a Ha ur. 2 v cur. 3 gedekTorpamm Ha
€NEKTPOHEH HOCUTEN COTBETHO Npeau 1 cnep obpaboTka Ha
CHETWTE CUrHanM CbC CreuuaneH codryep.

CodryepHoTo 06paboTBAHETO Ha CHETUTE CUrHanmM  OT
pedekTockona ce npurnara ¢ Uen Aa Ce nomyuv no-
KOHTPacTHO 1300passiBaHe Ha KOHKPETHWUTE AedeKTU W
npocneasBaHe Ha TAXHOTO Pa3BUTME C TEYEHWE HA BPEMETO.
Ha ¢wr. 4 e nokasaH AedeKTockon, KOWTO OCBEH, u4e
pasneyatBa Ha xapTus fdedektorpamara Mo BpeMe Ha
CHEMaHe Ha CurHamuTe, 3anameTsBa [JaHHWTe Ha
cbBmecTuma ¢ PC kapTa 1 faBa Bb3MOXHOCT 3a nocrepalla
obpaboTka 1 cbxpaHsBaHe. B enemeHTa 06xBalLaly BbXeTO
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ca MOHTMPaHW M3MepuUTenHM 600MHM W pgatumum Ha Xon
Heobxoaumu 3a n3paboTBaHe Ha CUrHanuTe.
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®ur. 2. lechekTorpama Ha eneKTPOHEH HOCUTEN — Crejj CHEMaHe Ha
[ZaHHuTe oT gechekTockona kbM PC
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®ur. 3. lechekTorpama Ha eneKTpoHeH HocuTen — cnef 06paboTka cbe
cneumaneH copryep

®ur. 4. CbBpeMeHeH MarHuTeH gediekrockon

B 1abn. 1 ca 0606LUeHN AaHHM 32 MarHUTHU AeEKTOCKONN
Ha pasnuyHu UPMKU — NPONU3BOAMTENN. TEXHUTE KayecTBa M
LieHa BapupaT B LUMPOKK rpaHuuu. Mo — MoaepHUTE ypeam ca
B CbCTOSIHME [a MOKaXaT He caMO KONMYECTBEeHa OLEHKA Ha
AedeKTUTE, HO U TSXHOTO TOYHO MOMOXEHWE AOPKM BbLB
BbTPELUHOCTTA Ha BLXKETO.



Tabnmua 1.
[HaHHu 3a mazHUmMHU Oeghekmockonu

Tun Ha ®upma v cTpaHa nponssoguTen Llena,

npubopa usD
NNCK Konotonckuit M3 , YkpaiHa 700
SPM -1 Dr Brandt, l'epmatus 76000
Defektograph Meraster, lNonwa 21500
NHTPOC WHTPOC MMnioc, Pycus 12000
Magnograph 11 | Heath & Sherwood, Ltd, KaHaga 50000
LMA - TEST NDT Technologiest, CAL 36000

MpaBo Aa M3BbPLIBAT AEEKTOCKONMSA Ha BbXKETa uUMaTt
creunanHo akpeauTupaHu 3a LenTa opraHusauuu U nuua,
kaTo cblumMTe e Heobxoammo aa Gbaat 0byyeHn 3a pabota ¢
KOHKpETHWS ypes.

OCHOBHMTE W3WCKBAHWMSI HA KOMTO TpsibBa Aa OTroBapsiT
AedekTockonuTe ca CnegHnTe:

e [la ca npemuHanu YCreWHO npe3 nepuoamyHa
NpoBepka OT aKpeaNUTUPaHM OpraHy;

e [la nosBonsBaT CHeMaHe Ha CWrHamM Kakto 3a
3aryba Ha ceyeHue no meTar, Taka W 3a JoKarHu
pedekT Ha BbXeTo (ypeaWte ¢ no-cTapu
KOHCTPYKLMW PErucTpupar camo JIokanHn gedekT);

o  KoHcTpykumsiTa M fa no3sonsiBa ynobeH MOHTax
W IEMOHTaX KbM KOHTPONNPaHOTO BbXE;

e [la ca cHabgeHn ¢ yCTpOWCTBO 3a OnpefensHe Ha
MSICTOTO Ha AedheKTUTE MO IbIKUHA HA BHXETO;

e [la moraT Ja KOHTpONMpaT BbXeTa C pasnuyeH
AVaMeTbp;

e [la no3BonsiBaT KOHTPOI NMPU Pa3NnyHM CKOPOCTY Ha
BbXETO;

o [la obesnevyaBaT peructpauusi Ha curHanute M
(wnmn) ga umart Bpb3ka Ype3 CTaHAapTeH UHTepdenc
C BBHLLHO YCTPOWCTBO 3a 06paboTka v peructpauus
Ha curHana.

OcobeHocTn npu ekcnnoarauusa Ha NOAEMHM U
ypaBHOBECABALUW BbXKeTa, KOHTPONMPaHM Ypes3
Oe3paspywuTeneH metoq

Mpu u3non3saHe Ha WHCTPyMEHTANeH METOL Ha KOHTPOM
BbpXy MOLEMHM W [OMHW YPaBHOBECABALM BbXETa €
HeobXoaMMO fa Cce OocuUrypu CbOTBETEH AEeKTocKon W
BMCOKO KBanMuLMpaH, creumanHo obyyeH W akpeauTupaH
nepcoHan. lpu Heronsm obem Ha paboTWTe CBLP3aHM C
KOHTPONT Ha CbCTOAHMETO Ha BbXeTaTa € WKOHOMUYECKH
Lenecbobpa3Ho 3a LenTa fa Ce Haeme CreLuanuaupaqa
opraHu3aLus.

YecToTaTa Ha 13BbpLLIBaHE Ha De3paspyLLMTENHUS KOHTPOS
npu edHOBbLXEHUTe MOAEMHW ypedbu ce onpegenst oT
nepcoHana ¢ ornes Ha CbCTOSIHUETO Ha KOHKPETHOTO Bbxe. B
TO3W cnyyail AedektockonusaTa ce KoMOMHMpa C paspy-
LUNTENEH KOHTPON (M3BbPLUBALL CE B CPOKOBE OMpELENieHn OT
npaBunHWUMTEe No BesonacHoCT Ha Tpyaa) W uMa 3a uen
CBOEBpPEMEHHATa MoAMsHA Ha HerogHu Bbxeta. OcobeHo
BHWMaHWe ce OTAena Ha yyactbuute go 100 — 150m Hap
nogeMHUTE CbA0OBE NMopaau hakTa, Ye Tam Hal — YecTo ce
nposiBsiBaT AeekTy.
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Mpy efHOBLXEHUTE MOLEMHW Yypedbu M3BLPLIBAHETO Ha
MarHMTHa [AedeKkTOCKONMS He € 3agbIDKUTENHO, HO ce
npenopbyBa C Orfef Ha (hakTa, Ye 3aefHO C M3NON3BaHeTo
Ha pa3pyLUMTENEH U BU3yareH KOHTPOM Ce Moryvasa Hall —
MbiHa KapTUHA 3a CbCTOSIHUE HA BHXETO.

Mpu nomnyyaBaHe Ha OTPULIATENHM PE3yNTaTh Mo KOITO U Aa
e oT feata MeTofa € HeolXoauMO BbxeTata Aa ce
MOLMEHSIT.

Mpn nogemHute ypeabu c  Tpuewm wambu OCBeH
CBOEBPEMEHHATA NMOAMSHA Ha HETOHW BBKETA, € Bb3MOXKHO
4pe3 npuraraHe Ha MHCTPYMEHTanNeH KOHTPON Aa Ce YAbIXM
CPOKbT Ha ekcnnoatauus Ha cblumte. [0 HaBbpLUBaHE Ha
OBErOAMILEH eKcnnoaTauyMoHeH CpoK AedektockonuaTa e
npenopbunTenHa. M3secTHu ca cryyau, npu KOWTO €4HO OT
NOAEMHUTE BBXETA CE CKbCBA MPEAM HaBbpLUBaHE Ha
onpefeneHus npedeneH CPoOK 3a ekcnnoatauus OT [ABe
roguHn. MopobeH e cnyyas Ha w. ,M3sopute” B MWHM
,Sopybco”, KboeTo peanHuaT cpok Ha pabota e 11 -12
meceua. B nogobHu  cnyyam  W3BbPLIBAHETO  Ha
[eeKTOCKONUS Ha BbXeTaTa € LenecbobpasHo Aa 3anoyHe
LIeCT-CeieM MeceLa cref MOHTaxa UM W LenTa e fa ce
YCTAHOBM  MOMEHTa, Cref  KOWTO  HacTbmBa  PsA3Ko
yBENNYaBaHe Ha CKOPOCTTa Ha CKbCBaHE Ha Tenyeta u (1)
HamarsBaHe Ha CeYeHMEeTo — T.e. MOMEHTa Ha BpakyBaHe Ha
BbXeTara.

Creq u3TMyaHe Ha [BEroAMILHWA CPOK Ha ekcnnoaTaLus
[edeKTOCKONMATA Ce U3BbPLLUBA C LieN yabIKaBaHe Ha cpoka
Ha paboTa, a YecToTaTa Ha U3BbLPLIBAHETO U € MO MpeLeHka
Ha nepcoHana. OBWKHOBEHO WHTEpPBaNMbT Mexay [Be
AedeKTockonMM He HadBMWAaBa LIeCT Meceua, a ¢
yBeNnuyaBaHe Ha BPEMETO Ha eKCToaTaLMOHHUS ChLMST
HamarsBa v 4oCTura o efinH MeceLl.

Mpu nogemHUTE ypenbu ¢ Tpuewy Laibn U3BbPLLIBAHETO
Ha MarHuTHa JedeKTOCKONMS ChlLO He € 3adbIKUTENHO, HO
€IMHCTBEHO 4pe3 Hes € Bb3MOXHO Aa Obae YAbkeH
ABETOAMLUHMA  eKCMNOATALMOHEH CKOK Ha MOAEMHUTE W
YETUPUIONLLHMSA 38 JOMHUTE YPABHOBECABALLN BHXETA.

BbB BCMYKW Cryvau Ha W3BbPLUBAHE Ha BespaspylnTeneH
KOHTPON Ha TEXHUYECKOTO CbCTOSHWE Ha MOAEMHU U
YpaBHOBECSBALLM BbXeTa, LenTa € Aa ce 0bXBaHaT NibTHO
LenuTe yyactbln oT BbXeTo. [pu egHOBLXeHUTe NogeMHU
ypeabu ToBa ca yyacTbuuTe OT MPULENHOTO YCTPOMCTBO A0
GapabaHa, a npu nofemHuTe ypeabu ¢ Tpuela waiiba - ot
NPULENHOTO YCTPOACTBO HAa €OMHMS NMOAEMeH Cba Ao
NPULENHOTO YCTPOICTBO Ha PYrist NOAEMEH Cbf.



WUHTepnpeTupaHe Ha pe3yntaTute U Bb3MOX-
HOCT 32 NPOrHO3MpaHe Ha OCTaTbYyHMSA CPOK Ha
eKcnnoatauMa Ha NOAeMHU U ypaBHOBeCABaLUW
BbXKeTa, KOHTPONIMPaHU NOCpeACTBOM
Oe3paspylwmTeneH metoq

EOuH OT Hal — BaXHWTE MOMEHTM MpU W3BbPLUBAHE Ha
BespaspyLumTeneH KOHTPON e pa3umTaHeTo u 0bobLlaBaHeTo
Ha aedekTorpamnTe, a Taka CbLUO W B3EMAHETO Ha NMPaBUITHO
pelleHMe 3a OCTaBaHe B eKcrnoaTtauust unm BpakyBaHe Ha
CbOTBETHOTO BbXe. 3a ToBa e Heobxoaumo aobpo no3HaBaHe
Ha KOHKPETHWSt LedeKTockon W HaTpynaH rofisiM onuT Ha
nepcoHana u3BbpLUBaLLY AeEKTOCKONUUTE.

Ha dur. 5 ca wn3obpaseHn gedektorpamm AMPEKTHO
pasneyaTtaHu 0T PerucTpupaLlo YCTPOACTBO Ha AedeKTockon
SPM - 20.
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®ur. 5. [ledektorpamm Ha xapTueH Hocuten — S1 M S2 - nokanuu
nedekTn, S3 - 3aryba Ha ceyeHue no metan

[Osete Hauynewn nuHun S1 u S2 npepcrasnssar
JedekTorpamuTe 3a nokanHute OedekTu, CHETU OT [BeTe
nony6obuHM Ha MarHMTHaTa cucTeMa Ha ypeda, a nukoseTe 1
CBMAETENICTBAT 3a HanWuMe Ha CKbCaHa Xudka unu apyr
pedekT. GakTbT, Ye NUKLT Ce NPOSIBABA M Ha ABETE HauyneHw
NAHWAW TOBOPM, Y€ TOKANMHWUAT AedIeKT € PerucTpupaH u ot
ABete nonybobuHM 1 CHLUMAT Ce Hamupa BbB BbTPELUHOCTTA
Ha BbkeTo. Korato nokamHMaT gedekT €  BBHLUHO
pasnonoxeH To we 6bae perucTpupaH camo OT eaHaTa
n3mepuTenHa nonybobuHa — Tasn kosTo e no — Brmako.

HauyneHaTa nuHus S3 peructpupa 3arybata Ha metan ot
HanpeyHOTO CEYeHWe Ha BbXETo B MpoueHTw oT Hasoeata
CTOMHOCT.

Ha dur. 6 ca wsobpaseHn Tpu pedektorpamu Ha
€NEKTPOHEH HOCUTEN 3a eIHO U CbLLO BbXe C MHTEpBan Ha
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®ur. 6. HacnarsaHe Ha pedyektorpamu 3a 3ary6a Ha ceyeHue no metan
Nony4eHn ¢ MHTepBan egHa ceaMULa

3acHemaHe egHa cegmuua. [lobpe ca n3paseHu Tpy OCHOBHM
NKa 1 oLle Tpu No — Marnkun, pasnonoxXeHu mMexny mbpeute.
Habniogaea ce MHOMO BKCOKa CKOPOCT Ha M3HOCBaHe - 3a
CpOK OT ABe ceamuumM 3arybata Ha CeyeHWe HapacTBa
3HAUMTENHO 3@ BCWUYKM MWKOBE, @ 3@ Hall - 3acTpaLleHOTo
CeyeHle Hamupalo ce Ha okono 15m OT HayanoTo Ha
OTYMTaHE Ha curHanuTe ce e ysenuuuna ot 3% Ha 5% .



NecHo MOXe f1a ce NPeaBMaST OCTAaTbYHIS CPOK Ha paboTa
Ha TOBa BbXe, MHTEpBanu Ha nocrneasaLyuTe AedeKTocKonmum
KakTo U CPOKOBETE, B KOUTO CbLUOTO € HeobxoanMo aa Gbae
MOJMEHEHO.

Mo nogoGeH HaYMH e Bb3MOXHO C AOCTaTbYyHa TOYHOCT Jda
ce npedBuau BPeMETO OO MOAMSIHA Ha KOETO W Ja e
KOHTPOMNMPaHO BbXe NOCcpeaCcTBOM UHCTPYMEHTANEH KOHTPON.

Paspabotenu ca metoaukm (Bonoxosckui, 2002), kouTo Ha
6a3a Ha pesynTatuTe NOMyYeHU OT MarHUTHU AedekTocKonum
1 0606L1aBaHETO MM Ype3 METOAUTE Ha MaTemaTuyeckata
CTaTUCTUKA W TEOpUsSTa Ha BEPOSITHOCTUTE Ce NpeaBWKaa
pecypca Ha M3CneABaHOTO BbXe [0 HerosaTta NoamsHa.
C'bLLlI/ITe nputexasaTr HeaocTatbUMTe, Y€ Ca CIOXHU W
TPYOHO MPUNOXWMWU Ha NpakTuka, a 3a Ja JajaTt 3adoBo-
NUTENHM pe3ynTaT e HeobXOZMMO HaTpynBaHe Ha  ronsm
Bpoit faHHK OT U3BBPLLEHN NPEANLLHM AEEKTOCKONUM, KOETO
€ TPYAHO OCBLUECTBUMO.

3HayeHue Ha MHCTPYMEHTANHMA KOHTPON 3a
Oe3onacHata ekcnnoaTauus Ha pyAHUYHUTE
noaeMHu ypeaobu

Kakto Beuye Oewe oT16ens3aHo, paspyNTENHUAT K
BU3yanHUAT METOL 3@ KOHTPOM MMaT  CblLeCTBEHU
HegocTaTbLUu. [py MbpBUS ce nornyyasa AOCTOBEPHA OLieHKa
3a CTEMEHTa Ha yMopa Ha MaTepuana Ha OTZAeNHuTe Tenyeta
B CMEACTBME Ha MHOrOKpaTHU OrbBaHUS B MOMEHT OT
eKCnoaTaLMOHHNS CPOK, KOraTo BCE OLLe He € HacTbnuno
paspyluaBaHe. Pesyntatute, obaye, ca nokasaTeniHu camo 3a
ManbK Y4acTbK OT MOAEMHOTO BbXE, Hamupal, ce B
HenocpeacTeeHa 6nm3ocT 40 NOAEMHUS CbA, MOHEXE UMEHHO
TOBA € MSCTOTO OT KbETO CE B3EMa OTPSA3bK 3a U3NUTaHKE.
Pesyntatute OT MHCTPYMEHTamHUS KOHTPON MOKa3BaT, ue
BM3YaIHWAT TakbB, opu Aa 6bae U3BbpLUEH A0BPOCHBECTHO,
He Moxe fa o0e3neun OnMpefensHe Ha W3HOCBAHETO Ha
BbXETO — 3arybaTa Ha ceyeHue no meTas, mbrHus 6poit Ha
CKbCaHW TemnuYeTa, Hamupawy Ce KakToO Ha NOBBLPXHOCTTA,
Taka 1 BbB BbTPELLHOCTTA.

Mpu u3BbplBaHe Ha [JedekTockonus ce nomnyyasa
MbPBUYEH JOKYMEHT 3a CbCTOSHWETO Ha U3CNEABAHOTO BbXe
— JedpekTorpama, KaTo no TO3W HAYMH CUIHO Ce Hamarnssa
cybekTnBHUS hakTop. M3BbpLIBALWMAT AedeKTOCKonUS Creg
pasuMTaHe Ha AedekTorpamMaTta e AMbXKEH AeTalnHo Aa
onuwe  BcekM AedekT wnu aHomanus crep nogpobeH
Bu3yaneH orned. Mpeau Aa ce HanpasW 3akMiOYeHWETO 3a
FOOHOCTTA Ha BBLKETO Ce CpaBHABAT KOMWYECTBOTO Ha
OTKpUTUTE [edekTM C NpefenHuTe Takuea, CbIMACHO
npaBunHMUMTe no 0e3onacHOCT Ha  Tpyda, KouTo ca
cnegHure:

o  U3tbHaBaHe — 10% OT MbpBOHAYanHus aMameTsp;

e 3aryba Ha ceyeHMe - cymapHaTta nnow Ha
CEYEHWETO Ha CKbCaHUTE Tenyeta e AOCTUrHamno
5% OT nnowiTa Ha CEeYEHUETO Ha BCUYKM KUYKM BbB
BBXETO;

o bBpoit ckbcaHm xunukm — 5% ot 0bLyms Bpoii 3a egHa
CTbMNka Ha BbxeTo 3a nogemHute u 10% 3a
[OMHUTE YPaBHOBECABALLY.

lMpenopwyana 3a nybnukysaHe om
Kamedpa “MexaHu3sayus Ha muHume”, MEM®
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Mmaikn npeasua N3NOXeHOTO A0 TYK Ce Hanara W3BOAbBT,
Ye W3MON3BaHETO Ha MHCTPYMEHTANEH METOA 3a KOHTPON Ha
TMaBHW 1 [OMNHU YPaBHOBECABALUM BHXETA MMa CbLLECTBEHO
3HaveHue 3a besaBapuiHaTa paboTa Ha noaemMHUTe ypeaou n
TOBAPOMNOAEMHUTE CLOPBLKEHWS, KaKTO W 3a Cb3[aBaHe Ha
BesonacHu ycnosus Ha Tpya.

MN3Bogu

Hait-TouHa nHgopMaLms 3a TEXHUYECKOTO CbCTOSHWE Ha
nogeMHUTE W YpaBHOBECHBALLM BbXETa NO LUAnata um
ObIDKMHA Ce nonmyyaBa MOCPeSCTBOM  M3MOM3BaHE Ha
VHCTPYMEHTaNMs METOA Ha KOHTPON.

[Mpu egHoBBXEHUTE NoAeMHM ypenbu be3pa3pylumTenHusT
KOHTPON 1Ma NpenopbUMTENEH XapakTep. Taka CTOAT HellaTa
¥ NpU NOZEeMHUTE ypeabu ¢ Tpuewm Wainbu Jo HaBbpLuBaHe
Ha [1BErofNLLIEH CPOK Ha eKcnioaTaLus 3a rmaBHUTe U YeTupu
TOAMLIEH 3a YpaBHOBECABALLMTE BbXeTa. Crieq gocTuraHe Ha
TE€3U CPOKOBE WHCTPYMEHTANHWAT METOq € 3afgbiiKuTeneH
npu HeBX0AMMOCT CblUuMTe Aa 6bAAT YOABMKEHU.

MMpW WMHCTPYMEHTaNHUS KOHTPON CyBeKkTUBHUS haktop €
CBEAEH 10 MUHUMYM.

lMocpefcTBOM M3BBLPLUBAHE HA MarHUTHU AeEKTOCKONNM €
Bb3MOXHO @ Ce NMPeABMaM OCTaTbYHUS CPOK Ha eKcnoa-
Tauns Ha BbXeTaTa, kaTo MO TO3W HaYMH ce MOBMULLABA
GesonacHoctta  npu paboTa Ha PYAHUYHUTE NOAEMHM
ypenow.

Be3apaspyluMTenHUST METOA Ha KOHTPON MMa UKOHOMUYECKO
3HauyeHWe 3a MpeanpuaTMATa 3a nopsemeH Aobus. Criep
BbBEXAAHETO Ha TO3W METOA Y Hac Ce MOCTUIHa yBenYaBaHe
Ha CPOKOBETE Ha eKCnnoaTauust Ha BbXeTaTa Mpi HsKOM
nofemMHu ypeabu [0 [Ba — TpW MbTU Haf onpedeneHuTe 3a
KpaifH1 OT NpaBUNHMLMTE 33 GE30MaCTHOCT Ha TpyAa.
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NNABOPATOPHO ONPEAENAHE HA CNELM®UYHOTO CbNPOTUBINEHUE HA
KOMAEHE HA MAHFTAHOBOTO HAXOAWLLEE “OBPOYULLE”

Ceemnosap Tokmakyues

Munro-geonoxku yHueepcumem “Ce. Msar Puncku”, 1700 Cogpus

PE3IOME:Pa3spaGoTeHata MeToauKa NO3BONsSBA ONPEAENnsHETO Ha CrieuudnYHOTO ChNPOTUBIEHWE Ha konaeHe, B TaBOpaTopHy YCroBuUA, 4Ype3 psidaHe Ha Mamku
CTPYXKM, BbPXY Crieumanto pa3paboTeH 3a LienTa onuTeH cteHa. MonyyeHuTe pesyntaTv No3BonsBaT Ypes npeasapuTenHo onpeaeneH MawabeH koeduumeHT fa
Ce NporHo3upa AeMCTBUTENHATA CTOMHOCT Ha CMIELMAIUIHOTO CLNPOTUBIIEHWE HA KOMaeHe B peartHin yCriosns 1 n3bop Ha Noaxoaslua 3a LiernTa MexaHusauums.
KniouoBu gymm: crieuuduyHO ChNPOTUBIIEHWE Ha KONaeHe; TPAeKTOPUM Ha psidaHe; OCLMNorpachHm anacy.

LABORATORY DETERMINATION OF SPECIFIC DIGGING RESISTANCE OF “OBROCHISHTE” MANGANESE ORE-FIELD
Svetlozar Tokmakchiev
University of mining and geology “St. Ivan Rilski”, 1700 Sofia, Bulgaria

ABSTRACT. The worked out procedure enable the determination of the specific digging resistance under laboratory conditions by cutting of small splits on a specially
designed test stand. The results obtained enable using previously calculated scale coefficient to predict the true magnitude of the specific digging resistance under
real conditions and select a suitable mechanization.

Key words: specific digging resistance; cutting trajectories; oscillograph records.

HaCTOHU.lOTO n3cnenBaHe € HanpaBeHO 3a HyXOuTe Ha

MaHraHoBoTo Haxoguwe “OBpounwie”, BbB Bpb3ka C nyc- B ropHuTe ypaBHeHus

KaHeTo My B pefjoBHa ekcnnoatauus. Llenta Ha usmepBaHeTo oL € brioBaTa KOOpAVHaTa Ha PeXeLLns MHCTPYMEHT, rad:

e nabopaTopHOTO onpefensHe Ha CneLmUYHOTO ChMPOTMB- D - AMaMeTbPBT Ha PEXELUNs MHCTPYMEHT, m;

neHve Ha konaeHe (Kp), k0eTo npefcTaBnsaBa OTHOLLEHMETO z - 6poAT Ha pexeLyuTe 3b6K, PasnonoXeHn No eaHa NMHUS
MeXay CbMPOTWBNEHWETO MPW psi3aHe Ha MaTepuana W Han- Ha pasaHe,

PEUHOTO CeYeHue Ha CTPYKKUTE Vn - ckOpOCTTa Ha nopasake, m/s ;

Vp - ckopoCTTa Ha psiaHe, m/s .

CneumchnyHoTo cbrpoTuenieHne Ha konaeHe (Kg) moxe fa
6bae onpeneneHo 1 B 1abopaTopHN YCMNOBUS BbPXY CTEH C
mogenupaH paboteH opraH [2]. PsisaHeTo, mpu  KOWUTO ce
OCBLLECTBSBA YPE3 KOPOHKA MPM y4acTMETO i B ABE OCHOBHM
OBVXEHWS: BbPTEHE OKOMo coBCTBEHATa OC U MPEMECTBAHE B

AKO MpuemeM, Ye cunaTa Ha psizaHe e NponopuUuoHanHa Ha
CEYeHNeTO Ha CpA3BaHaTa CTPYXKa, ONpeaensHeTo M Moxe
[1a CTaHe CbrIiacHo ¢ doopMynara

Mocoka HanpeyHa Ha 0CTTa Ha BbpTeHe. B Takbe cryyait ase R =Kg.absina, N, 3)
CbCeOHM TPaekTOpUM Ha psi3aHe, MoraT fa Obpat npea-

CTaBEHU KaTo [ABe €AHAKBU OKPHXHOCTW, OTMECTEHN Ha Onpe- KbAeTo

[ENEHO pa3sCTOsHWE efHa CnpsMo Apyra, No Mocoka Ha b e WwnpounHaTa Ha CTpyxkata, m

BbpTEHE. KF . creuudmryHoTo cbnpoTusnexme npu pasaxe, N/m2.

Heka C1 u Cp ca ABe CbCepHy TpaekTopuy Ha pasae PaGoTaTa, HeoBXoauMa 3a MPEONONSBAHETO Ha cunata Py,

(Gur. 1). PsisaHeTo 3anoysa B Touka 1 v 3aBbpLUBA B TOYKa 2 MOoXe Aa Obde NpecMeTHaTa Mo CneaHus HaumH. Heka
.OueBunaHo e, Ye febenuHarta Ha CTpyxkaTa & ce MeHW 3aefHO npuemeMm, 4Ye 3a €OHO ENeMEHTapHO MpeMecTBaHe Ha
CbC 3aBBPTBAHETO Ha pEXelMs eneMeHT u mMoxe Aa bbae PeXeLLMs MHCTPYMEHT Ha pa3scTosiHue dS cunaTta Ha konaeHe
npecMeTHaTa CbImacHO C PAaBEHCTBOTO P« octaBa noctosHHa. B TakbB Cnyvyan enemeHTapHata

paboTa, 3BbPLUEHA OT Tasu cuna, Le obae
d=asino, m, (1)

dA =P.dS = K..ab.R.sin a.do. 4)
KbOeTo MakcumanHata fnebenuHa Ha cTpyxkata a - ce
npecmMsiTa CbIMacHo ¢ 13pasa

n.DV,
a=——>",m, 2)
zV,
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AKO MHTerpupame ypaBHeHWe (4) B CbOTBETHUTE TpaHULy,
nonyyaBsame pabortaTta, HeobxoauMma 3a CpsI3BaHETO Ha efHa
CTpyXKa:

Ol
At = [dA1=Kp.abR(1-cosaq), J
0

Kato B3emem npeq Bua. ye, (ur.1)

R-h
cosaq =—p—

1 3aMecTVM BbB dopmyna (5), nonyyasame

A1 = K,:.a.b.h = KF .V1, J (7)

CMUCLITBT Ha  BeNUYUHUTE,
thopmynu e:

h e gbnbounHata Ha psisaHe, m;

o4 - brLALT Ha obxeata Ha

y4yactByBalln B TOPHUTE

obnbouynHaTa Ha

psi3aHe;
V4 - 06embT Ha cpsizaHarta CTpyxka m?;

R= E - pafuycbT Ha psiaaHe, m.

Ako nosHaBame guarpamaTta Ha CbMpOTUBMTENHUS MOMEHT
OT CPA3BaHETO Ha €Ha CTPYXKa, CNPSIMO OCTa Ha BbpTEHE Ha
paboTHWUS OpraH M ako TO3W CbNPOTUBWTENEH MOMEHT €
3anucaH BbB (PYHKUMS OT brbfia My Ha 3aBbpTaHe (cur. 2).
Mnowra, 3aknioyeHa Mexay rpacmukata Ha MOMeHTa W ab-
cuMcHaTa oC e MpornopuMoHanHa Ha paboTtata Ha psi3aHe,
CrefoBaTenHoO MOXeM fAa HanuLuem

Me,Nm |

Mc ()

dur.2

A=K K, ,J,

m !
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KbOeTo

(), e nnowyTa Ha ocLunorpamMata Ha MOMeHTa, cm2.
KOL
Ku - MawwabrusT koeduuneHT 3a momeHTa, Nm/cm.

PelaBaitkn cbBmectHO dopmynu (7) u (8), 3a cneum-
(hM4HOTO CLNPOTMBNEHME NPy konaeHe Ky nony4yasame:

- MaLaBHNSAT KoeULMEHT 3a brbia, rpag/cm ;

QK K,

. , N/m?
a.b.h

)

WanoxeHata meToguka Gele npunoxeHa 3a onpegensHe
CNEeUMMUYHOTO CBMPOTUBIIEHME MPW KOMAeHe Ha ckanute,
CBCTOSILLM Ce OT MaHraHoBa pyAa W NACBYHULM OT HaxoauLle
“Obpoumie” B nabopaTopHW yCroBUS BbPXY CTEHA C KOPOH-
koB paboteH opraH [2]. [opagu ronsmata 3gpaBuHa Ha
MaTepuana psi3aHeTo Ce OCbLIECTBSABA NPU Marku CEYeHs Ha

CTPYXXKUTE, M3MeHswwm ce B uHTepsana ot 0,04 go 0,15 cm2.
M3BecTHO e, 4Ye npM HaMansiBaHETO Ha CeYeHWeTo Ha
CpA3BaHWUTE CTPYXKKW 3a €4HA W CbLUa CKana pacTe CTOAHOCTTa
Ha CneuncuyHoTO  CbMPOTUBMEHME Npu  konaeHe Kg

CeueHusiTa Ha CTPYXKUTE, CPsi3BaHW OT paboTHMS opraH, ca
okono 30-50 nbTW No-mMarnku OT CeYeHMsATa Ha CTPYKKUTE,
CpsI3BaHM OT 3eMeKOMHaTa MaLluHa.

Cnopen pa3pylLaBaLLOTO HarpexeHne, MaHraHoBUTE pyau
Ce pa3pensT Ha TpU Ipynu: MbpBa rpyna — TBbPAM U 3apaBm C
HeHapylleHa XOMOreHHa CTpyKTypa; BTopa rpyna — CpeaHo
TBbPAN C MYKHATUHW W NPOCTONKM 1 TpeTa rpyna — Meku u
rMapKku, C HapylleHa CTpykTypa. Buga Ha nscbyHuuuTe B
HaxoauLeTo Ce Onpedens OT TBLPAOCTTA HA ChoiBaliuTe
BelllecTBa U pasmepa Ha KBapLOBUTe 3bpHa. B pesyntart, Ha
KOeTo Te ce AENsiT Ha [Be rpynu: TBbpau APeGHO3LPHECTH U
cnabocnoeHy eapo3bPHECTY.

lMpoBeneHuTe M3cneaBaHus nokasaxa, ye 6nnskm no cbeTas
ckanu, Npu eJHaKBW NapameTpu Ha CPs3BaHUTE CTPYXKM, 3a
nabopaTopHM 1 NPOMMLLIIEHN YCIOBWSA, CE NOMyvaBa €4HO M
Cblio CbOTHOLEHWE (A), HapeyeHo MalabeH KOedWLMEHT,
T.e. B CWf1a € nponopumsiTa:

KE
KnaﬁF

=A (10)

kopero K'TE e CNeuMdmMYHO CbNPOTUBIEHNE Ha konaeHe,
onpezeneHo B NPOU3BOACTBEHM YCIIOBMS.

Mpu  nabopatopHute  u3nuTaHus  Oewe  M3MepeH
CbMPOTUBMTENHMS MOMEHT Ha Bana Ha paboTHWS opraH, C
nomoLyTa Ha TeH3omeTpuyHa ypeaba, TT-6C u BubOpaLmoHeH
ocuumnorpad H-117. EAHOBPEMEHHO C BBLPTALWMS MOMEHT Ce
n3mepBaxa M NapameTpuUTE HA Cb3[aABAHUTE  CTPYKKM.
Monyyenute pesyntatn 6sixa 06paboTEHN, CbIMAcHO Npeano-
XEHaTa MEeToauKa, KaTo pesynTaTute ca AageHn B Tabn.1.

CroiHocTUTe Ha koeduumenTa Kp nab_ Gaxa onpepeneHy

Ype3 nnowra  q OT 3anucaHUTe ocumnorpammu (cur.2).



Tabnuua 1

Bug Ha maTepuana CpefHn napameTpu Ha
CTPYXKUTE Kq K ra6 s
b Vin h a
cm cm/s cm cm rad/cm M/m2.10-9 M/m2.10-9
MaHraHoBa MMbpBa rpyna 1,20 2,1 14 0,21 0,285 640. Q4 2840
pyAa Bropa rpyna 1,25 2,2 1,5 0,22 0,285 666.Q21 3010
TpeTa rpyna 1,30 2,3 1,6 0,23 0,285 685.021 3112
MacbYHULM MMbpByY BUA 1,2 1,3 1,3 0,33 0,473 475.Q4 2173
Bropu Bug 1 1,4 14 0,43 0,473 420.Q4 2052
Taka 13noXeHUst MeTo 3a OMpefensiHe Ha CneLuduIHOTO NuTepatypa
CbMPOTMBMEHME HA KOMAeHe [aBa Bb3MOXHOCT, CbC
CpaBHWTENHO MPOCTW CPeAcTBa M A0CTaTbyHO ObP30, Aa ce " X K LWed 0
MPecMeTHe TO3W MapameTbp, Bb3 OCHOBA Ha o6pasuy Ot BaHoB X., K. LleitpetoB u ap. OnpepensHe CbnpotvB-
HaXOIMLLETO. NEHMETO Ha ckanuTe npu konaeHe. Cn. Buramwa 7, 1965.

TokmakumeB C.A., W3cnegsaHe n3HOCBaHETO Ha 3b0u 3a ra-
nepuitHN kombaiHK npu pa3nuuHu pexxumun. MY, 1976.
Kanp.auc.

MpenopbyaHa 3a nybrukysaHe om
PeueHseHm dou.0-p A. Kuvos”, MEM®
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TECHNICAL DIAGNOSTICS OF VENTILATION INSTALLATIONS

Dragan Zhivkovich', Vyara Pozhidaeva?, Milorad Ranchich?

"High Technical School, 23000 Zrenjanin, Serbia, E-mail: zivkkev@drenik.net
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ABSTRACT: The operating reliability of the ventilators, the air compressors and the air distribution systems is of great importance for the industrial productions,
connected with the liberation of noxious and explosion hazardous emissions. The present article examines vibration methods for technical diagnostics of ventilation
installations. It also provides analyses in connection with the applicability of the respective acoustic and vibration indicators to specific meetings of the mechanical
system with the purpose of providing an optimum diagnostic reliability.

TEXHWYECKA OAWAFHOCTUKA HA BEHTUITALIMOHHKU YPELBU
[Hpazan Xuekosuy?, Bapa lMoxudaesa?, Munopad PaH4uy!

1 Bucwe mexHuyecko yqunuwie, 23000 3pexsHuH, Penybnuka Cvpbus
2 MurHo-2eonoxku yHugepcumem ,Ce. MgaH Puncku”, 1700 Cogpus

PE3IOME: EkcnnoaTtauvoHHaTa HageXaHOCT Ha BEHTUNATopuTe, Bb3AyXOAyBKATE W CUCTEMUTE 3a pasnpefeneHne Ha Bb3ayX € OT CbLUeCTBEHO 3HayeHue 3a
NPOMWLLNEHNTE NPOM3BOACTBA, CBBP3aHN C OTAENsHe Ha BPEeSHW W B3pUBOOMAcHM emucun. B HacToslata cTats ce pasrnexaar BuOpaLOHHM MeToan 3a
TEXHUYecka AMarHocTuka Ha BEHTUMNALMOHHY ypeabu. B paspaboTkaTa ce aHanuaupa, npunoXmMocTTa Ha CbOTBETHUTE akyCTUYHI 1 BUBPALMOHHM NOKasaTenu KbM
KOHKPETHY Bb3NW OT MeXaHN4HaTa cucTema, C Lien OCUrypsiBaHe Ha onTuManHa AOCTOBEPHOCT Ha AnarHosara.

Introduction characteristics of the object and of its specific forming
elements. In this specific case, the vibration control system of
The operating re||ab|||ty of the ventilators, the air one ventilation installation shall consist of methods for
compressors and the air distribution systems is of great diagnosing the work machine - a ventilator, of roller bearings,
importance for the industrial productions, connected with the of the gearings and the connectors, as well as non-axes, lack
liberation of noxious and explosion hazardous emissions. The of balance and others. The main purpose of the diagnostic
control of these installations is regulated by the normative base methods is defining the work frequencies of the elements, the
for operating safety and sanitary labour standards in frequency ranges of control and illustrative vibration indicators
connection with the chemical composition of the air flow for the for symptom expression in connection with damages.
presence of noxious elements. The standard operation of the Moreover, the number and the location of the measurement
ventilation installations is mainly guaranteed by the good points are to be determined, as well as the direction in which
technical condition of the ventilation installations. A great ~the vibrations are to be measured.
number of methods, apparatuses and program resources for
control and technical diagnostics of machine units were Normal practice is to take readings in three directions
adopted during the past years. However, their practica| horizontal, vertical (these two for radial Vibration), and axial.
application required the development of methods of control,
including a system of indicators for control and apparatus Axial vibration is often caused by misalignment of the shat.
resources that are in conformity with the technical Radial vibration, measured in the horizontal direction, is
characteristics of the specific object. The systems for control most representative of balance conditions. The reading in the
and ventilation installations are mainly based on the control of ~ Vertical directions tends to give information about structural
the vibrations. weakness.

To select the right frequency range for a vibration

Methodical approach for structuring a vibration measurement, have to consider the rotational speeds of the
control system various machine parts (fig.1 and fig.2).

These are primarily controlled by the rpm of the motor, and

Structuring an appropriate vibration control and diagnostics secondarily by the reduction rate of the gear box.

system is implemented on the basis of the diagnostics of
separate elements in accordance with the technical
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As input data we also need the number of gear teeth Z on
the driving gear, the number of blades on the fan and, if we
want to make a vibration analysis for the bearings, their ISO
number and manufacturer.

For the purpose of clarity, a model of a ventilation installation
of specific technical data has been used.

In the spectrum, can expect a number of lines for the first
shaft (fig.1):

f1 is at 1X, the natural frequency of the driving shaft, 50 Hz.
A misaligned coupling can cause lines (f2) at 2X and 3X (there
can be more multiples of 1X).

The gear mesh frequency is 1X * Z1 (teeth on the driving

gear), the modulation producing the side bands is 1X. The gear
mesh pattern can have harmonics at multiples of 1X*Z1

3000 rpm

50 Hz 5

2,=10
— f5 =10 x 50 = 500 Hz
[ 450 550

600

400

.

600

50 100 150 500

fig.1. Spectrum lines, first shaft

With a reduction of 1:3, the natural frequency f6 of the
second shaft is 16.666 Hz (fig.2). This is the modulation
frequency for the gear mesh symptom in case the gear wheel
on this shaft has damaged teeth. Multiple of 16.666 Hz indicate
misalignment and/or looseness on the second shaft.

For a fan with five blades, the blade pass frequency f7 is
5%16.666 Hz = 83.333 Hz.

3000 rpm 1:3 fS
- 2x162/3
50 Hz 3x162/3
v = =
;‘ %
HE 1000 rpm
S =162/3 Hz
a¢C )
’ 2,=30
=30x 16 2/3 = 500 Hz
4
4831/3 5162/3 Z5=5 fan blades
4662/3 533173 f, =5x16 2/3
50| wloc! 1 |0 | | l I ;
S 400 500 600 Hz
fofs 4

fig.2. Spectrum lines, second shaft

In connection with the diagnostics of the roller bearings the
resonance methods of control are more effective. They provide
anticipating diagnostics that allows failure prevention. The
method of the wrapping and the acceleration-impulse method
are mainly put into practice.
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Up to the point where is measure a time record, rectify and
envelope the signal and measure the amplitudes, the SPM
method and enveloping are almost identical (fig.3). The
difference is the special SPM transducer, which picks up
shocks without the user having to search for a suitable
measuring range.

The shock pulse method returns two values for shock
magnitude, taken from the time record. At present, it does not
carry the measurement over into the frequency domain to look
for matches with bearing frequencies.

4 N

I. Time domain (SPM) Il. Frequency domain
o e

The resonance phenomena also need to be recorded within
the process of determining the possible frequencies. For
example, for a ventilator with 5 blades, connected directly to an
engine with a work frequency of 25 Hz, presence of resonance
is given in Fig.4.

Fig.3. SPM versus enveloping

Machine resonance can lead to a misinterpretation of the
vibration spectrum. In the second diagram (fig.4), the fan has a
resonance that coincides with the vane pass frequency of 125
Hz. The result is exaggerated amplitude of this frequency line.
If the resonance were at another frequency, the line amplitude
would be much lower.

If frequency lines appear in the spectrum without an obvious
cause, like in the third diagram, machine resonance is often
the explanation. Test by “ringing” the machine when it is off:
measure vibration while hitting it, e. g. with a copper hammer.
Have to get peaks at the resonance frequency.

Thus, in connection with the example in Fig.3, the structure
scheme for control and diagnostics shall include the following
indicators and measurements, implemented in the respective
direction (Fig.5), as follows:

- Bearing SPM point 1 - 4
-Unbalance VIBH  point1,3
-Vanepass VIBH  point 1

- Misalignment VIBA  point 2, 3
- Looseness VIBV  point1,3



mm/s
Hz
unbalance 5 x unbalance
25 125 Hz
| ........... Rissssssgsin il | I |-
25 125 ? Bz

fig.4. Amplitude of spectrum line

Bearing condition (SPM) is measured on all bearings, in four
points. Vibration is measured in three points. The unbalance
and the vane pass symptoms are used next to the fan. On the
other fan bearing housing, use the symptoms for misalignment
and looseness. On the motor, use the symptoms for
unbalance, misalignment and looseness.

SPM
VIBV SPM
SPM

VIBV SPM 3

VIB H

VIBH VIBH

lpenopbyaHa 3a nybnukysaHe om
PeueHsesm 0Oou. OmH Ce. Tokmaukues®, MEM®
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Fig.5. Measuring a fan

Except for the measurement indicators, it is also necessary
that the frequency ranges for measuring each measurement
point and the dividing capacity of the screen during the
spectrum visualization are indicated as well, namely:

Number of lines400 point 1 - 4
Range 3-200 Hz point 1 - 4
Number of lines800 point 1

Range 3-1000 Hz point 1

Conclusions

The vibration control is one of the most effective methods of
maintaining the ventilation installations in good technical
condition. Applying this control is connected with the
preliminary assessment of the suitability of the various
vibration and diagnostic approaches to the specific object. The
correct structuring of the methods of control, which includes a
system of indicators, measurement recourses and software in
conformity with the technical and operating characteristics of a
specific ventilation installation, is of great importance with
respect to the diagnostic reliability and to the further repair
measures, as well as to the operating reliability of the whole
installation.
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TECHNICAL DIAGNOSTICS OF PIPELINES OF HYDRAULIC SYSTEMS
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ABSTRACT: The hydraulic systems are industrial noise sources, the level of which mainly depends on the good condition of the regulative valves. The noise of the
regulative valves is produced as a result of turbulence of the fluid flow at a pressure drop across the valve. The present article examines the methods for specifying
the noise from the regulative valves into the hydraulic systems in connection with the needs of the technical diagnostics.

TEXHWYECKA OWArHOCTUKA HA TPBOMPOBOAN OT XMAOPABITUYHU CUCTEMU
[lpazaH Xuekosuy?, Bapa lMoxudaesa?, euaH XeneHuy?

1 Bucwe mexHuyecko yqunuwie, 23000 3pexsHuH, Penybnuka Cvpbus

2 MurHo-eeonoxku yHusepcumem ,Ce. MgaH Puncku”, 1700 Cogpust

PE3IOME: XvapaBnniHuTe CUCTEMM Ca U3TOYHMLM HA MPOMULLIMIEH LLYM, YYETO HUBO 3aBICY B roNisiMa CTeMeH OT U3NPaBHOCTTa Ha perynupalyute knanawu. LLymst
OT perynupalLuTe knanaHu € pesynTar oT TypOyneHTHOCTTa Ha hnywaHus MOTOK MPW CMaj Ha HanmsraHeTo B knanaHa. B HacToswara cratvsa ce pasrnexaa
MeToAMKa 3a onpedensHe Ha LyMa OT perynupaLLuTe Knanasu B XWAPaBNuYHUTE CUCTEMM 3a HYXANUTE Ha TEXHUYeCKaTa AuarHocTuka

Introduction even more difficult. More precise methods for evaluating the
noise characteristics may be obtained on the basis of an

The hydraulic systems are considerable industrial noise experiment.

sources. This noise is mainly produced by the regulative valves

located along the pipeline and directly depends on their Evaluation of aerodynamic noise

construction and good condition. There are two types of noise

in the regulative valves, namely mechanical noise and The acoustic power, generated by the compressed flow

hydraulic noise. The mechanical noise is caused by the through the regulative valve is subject to the following

vibrations of the valve elements, as a result of the accidental dependency:

fluctuations of the pressure in the frame or as a result of the for a valve that has one outlet

contact of the fluid and the movable and flexible elements. It is

also often when vibrations of the resonance frequency of the W=f CS(AP)Z A(AP/ P, )J (1)

elements cause their destruction. As a whole the noise from
mechanical vibrations is considered a useful side effect, which
a warning for some possible damage, but is not subject to
valuation.

for a valve that has N numbers of outlets

1
W = f WCS(AP)ZA(AP/Pl)} 2)

The hydraulic noise is subdivided into hydrodynamic noise -
that is caused by cavitation, and streamline noise as a result of
the turbulence of the gas phase of the flow. The two types of
noise are of great interest for the technical diagnostics of
pipeline systems.

where: A - functional parameter
A P - pressure fall
P1—pressure of the incoming flow, absolute pressure
Cy — size coefficient of the gas, which can be

! ] ] determined by the following three equations:
Valuation methods for noise of the regulative  fo the gas flow

valves
Q |GT 1 o)
The development of an analytical method, which can provide 9 5
a precise description of the mechanism of the hydrodynamic P V520 in 3417 ﬁ
and aerodynamic noise in the regulative valves, is a complex C, P,

problem. The constructive variety of valves and pipelines
makes the finding of a common approach for process modeling
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for the flow of water or other type of steam

Cg = Q 1 4
106\d,P, . (3417 [AP
C, ]
for fluid flow

|G
Cv =Q|_ A_II:-) (5)

where:  Cq-size coefficient of the gas
Cv - size coefficient of the fluid
C, = = (indicator provided in the valve technical data by

\%
the company-producer)
Q - velocity of the gas flow
Qs — velocity of the flow of the water steam
Qu - velocity of the fluid flow
G - gas density (Table 2)
GL — fluid density
P2 - pressure at the valve entrance
AP - fall of the valve pressure
T - absolute gas temperature at the valve entrance,

"R (degrees Renkin: T, =1,8T °C +491,67)

On the basis of the above dependencies can be made a
valuation of the level noise in the environment, as a result of
compressed fluid through the valve, namely:

Lp =L +ALc, +ALypp + ALy (6)

where: LP , dB — general noise level measured at a

preliminarily specified point (at a distance of 1.2 m from the
valve outlet and at a distance of 0.7 m from the pipe surface);

L, dB - general level of the acoustic pressure
determined according to AP;
ALCg , dB — correction for Cq

AL

pressure fall

AL, , dB - correction for the acoustic processing
according to the pipe thickness, the type of the pipeline
insulation and noise killers (in accordance with the technical

characteristics of the producer).
ds - steam density

Apyp+ @B — correction for the valve and the

Table 1

Gas G

Acetylene 0.90
Air 1.00
Butane 2.00
Ethane 1.03
Methane 0.55
Natural gas - 0.6 G 0.60
Propane 1.52
Propylene 1.45

Diagrams for industrial application have been developed
on the basis of equation No. 6 (Fig.1 and Fig.2)
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Evaluation of hydrodynamic noise
The acoustic power generated by the non-compressed

fluid flow through the regulative valve is subject to the following
dependency:

W = f{c\fA(AP, AP H (7)
P,-P,

where:

W - acoustic power, W;
Cv - size coefficient of the fluid;
P1— pressure at the valve entrance, N/m?
Pv — pressure of the steam on the fluid flow, N/m?
AP — pressure fall in the valve, N/'m?
The valuation of the hydrodynamic noise emitted to the
environment is made according to the following dependency:

L =L +ALc, +ALpp g ) + ALk (8)

where: Lp, dB - general noise level measured at a
preliminarily specified point (at a distance of 1.2 m from the
valve outlet and at a distance of 0.7 m from the pipe surface);

L, dB - general level of the acoustic pressure
determined according to AP and AP/(Pl -PR, );
AL, dB - correction for Cv.

AL /(PR )’ dB - correction for the a specific type
of valve and for flow regime



AL, , dB - correction for the acoustic processing

according to the pipe thickness, the type of the pipeline
insulation and noise killers (in accordance with the technical
characteristics of the producer).

Diagrams for industrial application have been developed on
the basis of equation No. 8 (Fig.3 and Fig.4).
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Fig.3. General level acoustic pressure for all types of valves.
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MpenopvyaHa 3a nybrukysaHe om
PeuexseHsm Oouy. OmH Ce. Tokmaukues®, MEM®
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Conclusions

The noise in the hydraulic systems is an indicator, subject to
periodical control, in connection with the sanitary labour
standards, as well as in connection with the establishment of
damages and failures in the work of the system elements.
Pumps, compressors and regulative valves are part of the
general noise produces by the hydraulic systems. Their good
condition is of great importance for the pipeline systems,
especially when petrol products are transported through them.
The possibility for determining the level of the noise, produced
by the regulative valves, and separating it from the general
noise in the hydraulic system, enable the diagnosticians to
identify the incipient damages to the valve in due time and to
localize more precisely the damages along the pipeline.
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HAKOW MPOBNEMW MNP MOJEM C TPUELLIA LWAUBA U EQHOCTPAHHO BOEHE
HA OCHOBHWA NOAEMEH CbA NPU EKCMNNOATALUA HA PYOAHUYHATA NOAEMHA
YPEQBA HA LLAXTA ,rOnAaM NAnAcC - CEBEP”, PYAHUK ,,AUMOB 01"

WUnusi Moyes!, AHmoaHema SIHega?

1 “Pyomeman” ALl , 4960 ep. Pydosem
2 MurHo — 2eonoxku yHugepcumem “Ce. Us. Puncku”, 1700 Cogpus

PE3IOME. B poknapa ca uscnensaHu OCHOBHM MpobriemMu Bb3HWKBALLW NPYW eKcrnoaTauusTa Ha pyaHuYHaTa nogemHa ypeaba Ha waxta lonsm nanac — cesep,
pyaHvk [umos gon. BHMMaHWETO Ha aBTopa e KOHLEHTPUPaHO BbPXY EKCMNOaTaLMOHHOTO CTAapeeHe Ha OCHOBHUTE eNeMEHTU Ha ypepbata — nofemMHu BbXeTa,
06nMUOBKa Ha OpraHa 3a HaBMBaHE, BOAAYN W HOCAaYM, XO[OBW anapatu U Ap. XapakTepHu ocobeHOCTW 3a pasrnexaaHara nogemHa ypeaba ca eHOCTPaHHOTO
BOZIEHE Ha e[HNS NMOLEMEH CbA, TUMbT Ha OKAYBALLOTO YCTPOICTBO M HAYMHBLT Ha NpeJaBaHe Ha ABMUraTenHaTa cuna KbM MofeMHUTE BbXeTa.

3a Te3u KOHKPETHM YCIOBUS € CIOAENEH OMUT W ca HanpaBeHU U3BOAN.

SOME PROBLEMS DURING THE PROCESS OF EXPLOITATION OF A MINING WINDER WITH FRICTION PULLEY AND ONE-
SIDED LEADING OF THE WINDING VESSEL OF GOLJAM PALAS SHAFT - NORTH, DIMOV DOL MINE

llia lochev !, Antoaneta Yaneva?

1,Rudmetal” AD, 4960 Rudozem, Bulgaria

2 University of Mining and Geology”St. Ivan Rilski*, 1700 Sofia, Bulgaria

ABSRACT. Main problems connected with exploitation of the mining winder of Goljam Palas shaft — north, Dimov dol mine, are examined in the paper.

The authors’ attention is concentrated on the exploitation ageing of the main elements of the winder — winding ropes, facing of the winding body, guides and carriers,
walk apparatus, etc. Specific features of the examined mining winder are the one-sided leading of the one winding vessel, the type of the hanging device and the way
of delivering of the motive power towards winding ropes.

For these specific conditions the authors share their experience and give conclusions and recommendations.

BbBeaeHue Hac — eQHOCTPaHHO BOAEHE Ha OCHOBHMS NOAEMEH CbA W
GanaHCMpHN OkauyBallM  yCTpoiicTBa. Tean ocobeHocTy,
KOMOMHMpaHW CbC 3HAYMTENHATAa BMCOYMHA HA MOAEM,

Waxta # nogemHa ype,q6a lonam nanac - cesep ca
TPYAHOTO W3paBHABaHE Ha CWUNNTE Ha OMbH B [NaBHUTE

BbBEOEHM B ekcnnoaTauus npes toHn 1985 r. n Bnusat B
cuctemata Ha MuHWM L Topybco” Kato emgHM OT  Hai-

CbBPEMEHHWUTE U MOZEPHM CbOPbXEHUs . MarpaxaaHeTo Ha Tabnuya 1.
JUACTBKA C BKTIOYEHN KbM HEro WaxTa, nojemHa ypenoa, TeXHU%:,CKU napamempu Ha nodemHa ypedba ,lonam nanac
BOAOOTNMBEH KOMMMEKC, KOMMPECOPHa CTaHUMS, LeHTpanHa ;loceeep Mapamerop CromocT
pasnpefenuTenHa NoacTaHuus U ap. UMa 3a Len aa paskpue i -
[OMbIHUTENHN 3anack OT ONOBHO-LMHKOBA PyAa B PyAHMK 1 | Cuctema Ha nosema Tpuelua waiiba - Ksone
»nmoB gon” rp. Pynosem. 2 | BucounHa Ha nogema 713m
3 | MNogemuu cvaose KneTka n npotuBoTexect
llaxTaTa e M3MbnHeHa ¢ GETOHOB Kpenex, MMa CeyeHue 4 | Tun Ha BaroHa B | BHP 1,7 m316p.
20,6 m2 1 gbnboynHa 772m. Hocauute ca OT MeTanHu knetkara
rpeau, a BogauuTe W 3a ABata NogeMHu Cbaa ca pencoBu. 5 | Cuctema Ha enektpo- | TupucTopeH npeobpasys. —
3a/iBKBaAHETO MOCTOSHHO TOKOB ABUreTen
MogemHaTa MalunHa, MHoroBwbxeHa Tin ,LLL 2,25 X 4" ¢ 6 | Tun Ha cnupaykata IMHEBMO-NPYX.-TEXECTHA
YeTMpW [NaBHW BbXETa, OCUrypsiBa TOAWLIHA NPOM3BO- 7 | Tun  Ha nogemHute | TpUbIBHO CHOMBYHM
autentHoct 100 000 t/Y. BbXeTa $23mm 46p.
8 | Twn Ha ypaBHOB. BbxeTa | lMnocku 82 x 20 — 26p.
B T1abn. 1 ca 0606LieHM HAKOM OT HAN-BAXKHUTE TEXHUYECKM 9 | ObrnuyoBka Ha | Monunamug MNI-45
napameTpy . HapabaHa
[Mpu NpoekTUpaHe W n3rpaxaaHe Ha nogemHata ypeaba ca 10 | Twn Ha peaykTopa LIAH-170-7,35 Ha NpyXUHHN
M3MON3BaHN HSKOW HOBATOPCKM PELLEHWS 3@ OHOBa BpEME Y ornopu
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BbKETa, BMCOKATa CKOPOCT Ha WM3BO3 Ha ToBap U Ap.,
NpeaonpeaensT OCHOBHUTE NpoGriemMuTe Npu ekcrnoatayus —
3HauYMTENHO W3HOCBaHe Ha BOfAYUTE M HanpaBNsBalMTE Ha
MoJeMHM1Te Cb0BE 1 Ha NOAEMHUTE BbXETa.

Taka cref, Cpok Ha ekcnnoatauums oT 15 roguHn ce Hanara
nofMsiHa Ha PencoBuTE BOAAYM HA MOAEMHUTE CbJOBE B
knetkoBoTo (P38 ) M NpoTMBOTEXECTHOTO OTAENEHUe (P24).
PaboTata Ha nogemHata ypeaba e cbnpoBogeHa C 4ecTa
CMsHa  Ha NoAEMHWTE W JOMHM  YpaBHOBECABALLM
BbXETa, KaKTo 1 0bnuuoBkaTa Ha bapabaHa.

BoaeHe Ha nogeMHuUTe CbAOBe

Ha cbur. 1 e nokasaHo NONOXEHNETO Ha NOAEMHUTE CboBe
B WaxTtaTta. BogeHeTo Ha OCHOBHMS M3BO3EH Cbf — KneTkata
€ e[HOCTpaHHO. TakbB BUA BOAEHE Ce peanusupa C Len ga
Ce Hamanu KOMMYECTBOTO HAa METanHWUTE HOCaun W
CnesjoBaTeNiHO CTOMHOCTTA Ha CbOPBXEHUETO, WKW Korato e
HeoDxogMMO B efgHa lWaxTa fa Ce pasnonoxar [se
HesaBuCUMKM nofemHn ypegbu. Mo BucouMHaTa Ha Lsnata
axTa € pasnoroXeH Camo eduH OCHOBEH (LeHTpaneH)
pascTpen (Hocay) W [JBa cnomaratenHu Takuea. [lpu
BbBEXAaHe Ha nojemHata ypeaba B ekcrnnoatauus v ggata
Cbda Ce [BWXaT M0 pencoBW BOAAuYM, HanpaBMnsBaHu OT
MeTanHu NiTb3ralyy HanpaensBalLyM anapaTi. XapakTepHo 3a
TO3M TWM HanpaBnsiBallM e, 4Ye Te WHTEH3MBHO M3HOCBAT
Bogauute. [logobeH npobrnem € onucaH B PasnMyHM
nuTepatypHn u3touHuum (Kupndyk u ap., 1982) .

®ur. 1. PaznonoxeHue Ha OTAENEHUATa W efleMeHTUTe Ha waxTa Monam

nanac - cesep:
1 - waxrToBa kneTka, 2 — pencosu Bogayu, 3 - MeTanHu nb3rawm
HanpaBnABalin Ha nogeMHUTe CbaoBe, 4- NPoOTUBOTUXECT

PencoBute Bofauu ca 3aKpeneH! KbM HOCAYUTE MO HauMH
nogobeH Ha MmokasaHus Ha dwr. 2.

Ckobute 1 oCblecTBABAT Bpb3KaTa Mexay [asa
nocrneaoBaTeNHM Boaaya 1 yBenuyasaT SKOCTTa Ha Bb3erna.
OceeH TOBAa Te HamansBaT cunata Ha Yyaapute Ha
HanpaBnsBaLLuTe B YenaTa Ha BofjaunTe. Takuea ckobu He ca
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®ur. 2. Bb3en Ha 3akpenBaHe Ha BOAa4uMTe Ha MOAEMHUTE CbAOBE KbM
HoCauuTe B WIaxTaTa

npeaBUaEHN No NPOEKT W He ca MOHTUPaHU B pasrnexnaHaTta
Laxra.

Beuukn BPB3KM Mexay HoCayn M BOAavM Ca U3NMbITHEHU
ypes ckobute 4 v GonToseTe 3 .

PaGoTata Ha nogemHaTa ypepnba ce XapakTepusupa C
yecTa MOOMSHA HA YeNHM UM CTPaHWYHM HaKMaakum Ha
HanpaensBalMTe anapatM  Ha MOJeMHUTe Cbgose. B
pamMkuTe Ha edMH Mecel Ce  MOAMEHAT  BCUYKU
HanpaBnsiBallyW, KOETO BOAW OT CBOSI CTpaHa [0 3HAYUTENHM
pasxodu 3a TPyd Ha PEMOHTHWTE TPYNM U 3a [JOCTaBKa Ha
METarH1 OTIIMBK.

Crien AeceTrofMiiHa excnroaTalusi ce A0CTUra U Ha MecTa
HafBuLIaBa npeaenHo-aonycTuMaTa  CTOMHOCT — Ha
13HOCBaHe Ha BoJauuTe W 3a aBeTe oTaeneHus. B Tabn. 2 ca
060OLLEHN CTOMHOCTUTE HAa W3HOCBaHe Ha BoJauuTe B
KNeTKOBOTO OTAENEHME U MaKCUMAnHO — AONYCTUMUTE TakuBa
cbrmacHo [paBunHuka 3a GesomacHOCT Ha Tpyda npw
pa3paboTBaHe Ha PyAHW W HEPYAHM HaxoauLa no nofseMeH
HauuH.

Tabnuua 2.
UsmepeHu u donycmumu CMOUHOCMU Ha USHOCBaHe Ha
go0ayume Ha Knemkama

W3mepeHa MakcumanHo
lMokasaten CTOMHOCT, mm | gonyctuma
CTOMHOCT,mm
YenHo n3HocBaHe 9 8 Ha egHa
CTpaHa
CTpaHWN4HO M3HOCBaHE 16,5 - -
TUNHO N3HOCBaHE 10 -
M3HocBaHe Ha LWwiikaTa 50% 25%
Ha pencara

3ayecTsiBaT OTKa3W, CBbP3aHW C U3CKaYaHe Ha NOLEeMHUTE
Cb[0BE OT BOJAuNUTe — CbOUTUS , KOUTO BOASAT A0 3arybu oT
NpecToil 3a OTCTpaHsiBaHe Ha aBapuuTe. MpuynHaTa 3a Tesun
aBapuu, obaye, ocTasa.

CkopocTTa Ha W3HOCBaHe 3a rofauHa € [JocTurHana
CTOMHOCT 3a pasnuyHK yyacTbun oT waxtata go 1,20-1,65
mm/Y. MomobeH Bbnpoc e pasrnesaH B Woues (2002).
HopmanHata croiHocT € okono 0,1- 0,3 mm/Y 3a uucto




kopo3noHHo 1 0,3 — 0,4 mm/Y 3a koMBMHMPaHO M3HOCBaHE OT
koposusi U TpueHe. Bsema ce pelieHue 3a nogMsHa Ha
BOdaYMTe B  MPOTMBOTEXECTHOTO OTAeNleHMe U 3a
paspaboTBaHe Ha HOB TWM HanpaBnsiBalM Ha KneTkaTa
NPUrofeHM 3a eAHOCTPaHHO BOAEHe. KOHCTPYKLMsTa Ha TakbB
anapaT € nokasaHa Ha cur. 3. [IBeTe CTOMaHEHM XOLOBW
konena 1 obxBawaT pencoBust BOZAY YenHO - CTPaHUYHO U
CTPaHUYHO — TUMHO. Te ca narepyBaHu Ha OTAENN OCH, KOUTO
Ca 3aKpeneHu Ha ntoneelLyn pameHa 5. Te oT CBOA CTpaHa ca
narepysaHu kbM ocu 10. XoabT Ha pamMeHaTa € orpaHuyeH
OT pecbopeH naket 6, konto 3aeaHo ¢ ocute 10 e 3akpeneH
KbM ocHoBaTa 7.

HanpaensiBaly anapat C TakaBa KOHCTPYKLMSITA NpuTEXaBa
CnefHNUTe NpeanmMcTea;

e HamansBa ce W3HOCBAaHETO OT TpUeHe MexXay
BOLAYM W HanpaBnsiBaLLy;

e HamansBaT gMHaMUYHWUTE CUMK MPW ABWKEHWE HA
KneTkaTa;

o Ocurypsia nnaBeH Xo4 Ha NOAEMHMS Cbf;

e Hamansa ce WymbT NPy ABUKEHME;

o  [lexoTta npu peMOHT 1 06CTyXBaHe.

PecbopbT obesneyaBa HenpekbcHaT
XO[OBUTE KOMefma W pencoBuTe BOAAYW, raceHe Ha
OWHaMWYHUTE  yOapu, Bb3HMKBALWUW  NpU  CTPaAHWYHUTE
KOJ'IeﬁaHVIﬂ, KakKTo U CUNHO HamansBaHe Ha [WHaMWYHUTE
cunM nNpu ygap  mexgy dYenata Ha Bofjauute U
HanpasnsBawuTe. Bcuykun Teau AOCTOAHCTBA Ha [ABYKO-
NecHWTE HanpaBnsiBallyM anapaTtu ce nposieaeat npu pabota
Ha nogemHata ypepba cred nogmsHata Ha TBbpAMTE
nb3raly obyBKM Ha KkneTkata Ha waxTa ,fonsM nanac —
ceBep” - ur.4.

KOHTAKT Mexay

®ur. 3. [IBykoneceH HanpaBnsBaLy anapar 3a pesicoBy BoAaum u
€[HOCTPaHHO BOJEHe Ha NoAeMHUs CbA:

1 - cTOMaHeHo X0A0BO koneno, 2 U 3 — Wwaibu rymeHu amopTusupalum, 6
- pecbopeH nakeT , 7- OCHOBa
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/3BecTHO BpeMe crieq MOMEPHM3aUMsiTa Ha LlaxToBaTa
KneTka Ce YCTAaHOBSBA, Y€ M3HOCBAHETO Ha BoAauuTe €
Hamarsno sHauutenHo. CkopocTTa Ha M3HOCBaHe [ocTvra A0
0.6 - 0,7 mm/Y, KOeTO 3a TPUEHE Ha CTOMaHa No CTOMaHa e
3a[10BOMNUTENHO.

B npoueca Ha AbnroroguiuHa eKcnnoaTauus Ha MWHM
,Fopy6co” Hait-yaayHu ca ce okasanu TPUKONECHUTE XOZ4OBM
anapaTtu, KOWTO npuTexasaT rymupaHW XOOOBW Komena.
TakaBa KOHCTPYKLMS € nokasaHa Ha ¢ur. 5. Ha npakTuka T03u
BWJ HanpaensBalyM He W3HOCBAT BOZauuUTe, a B KOMOWUHALMS
C KyTueobpa3HW TakiBa M LEHTparHo BOAeHe mnpeacTas-
NABaT edHO OT Hal-HadEXOHUTE N UKOHOMUYECKN €CDEKTUBHM
peLLeHus.

OxkayBawm yCTPOﬁCTBa Ha nogeMHuTe CbaoBe

[lBaTa nogemHu Cbaa Ce CBBbP3BAT C MOAEMHUTE BBXETA
nocpeacTBoM  GanaHCMpHM  W3paBHUTEMHM  OKayBalLy
YCTPOICTBA, NoKa3aHu Ha ¢ur. 6.

Boxetata ce 3akpeneaT KbM MpULENHUTE YCTPOWCTBA,
KOMTO OT CBOS CTpaHa Ca CBbP3aHK C BUHTOBW perynupallm
MexaHusmu.  [ocpeacTteoM NanuoBu CbeduHeHus Te ca
CBbP3aHN C KOBMMMUWTE Ha M3PaBHSBALLOTO YCTPOICTBO,
KOUTO MbK Bb3JencTBAaT Ha [naBHata kobunmua. Ypes
rMaBHUS naney Ha nocnegHaTa OKayBallOTO YCTPOWCTBO Ce
CBbpP3Ba CbC CbOTBETHUS NOAEMEH CbA.

Toan BMA OKayBallM YCTPOWCTBA MpUTEXaBaT CregHuTe
npeaumcTBaa:
o [lpocTo YCTPOICTBO 1 Manka mMaca;
o CurypHo 3akpenBaHe KbM NOLEMHUTE CbAO0BE;
e [lunca Ha enacTuyeH enemeHT (MpyxuHa), KOUTO C
TEYEHWe Ha BPEMETO NPOMEHS KayecTBaTa Cu;
e  HenocpeacTBeH BuU3yaneH KOHTPOMN Ha CTENEHTa Ha
13paBHsiBaHe Ha CUnUTe B OTAEMNHUTE BbXeTa.

BanaHcupHUTe M3paBHUTENHW YCTPOWCTBA MpUTEXaBaT W
CbLLECTBEHN HELOCTATbLM, N0 BaXHM OT KOMTO Ca CleaHMTE:
e HepoctatbyeH xof Ha pabota ocobeHo npu ronemu
BMCOYMHM Ha MOAEM KakTo e npu lwaxta ,fonam

nanac — cesep”;
e HesagoBonutenHa paboTa npu OKayBaHe U Ha
JBaTa Kpas Ha BLXETO KbM W3PABHUTEMHO

YCTPONCTBO.

MogobeH BBLNPOC € pasrnefaH B PasfinyHW M3TOYHULM
(Kvpnuyk n gp., 1982), kato onucaHuTe npegumcTBa U
HegocTaTbLUM Ha TO3M BMO OKayBaly YCTpOWCTBa ce
NoTBbPXAABaT B NpoLeca Ha eKkcnnoaTauus Ha nogemHara
ypenba Ha waxta ,[onsm nanac — ceeep”.

Perynupawyute BMHTOBM YCTPOMUCTBA B pesynTtaT Ha
Bb30ENCTBMETO OT KOPO3WS, CKANHW W PYOHM YacTuum, cneg
KpaTbk Cpok Ha pabota Onokupar. Cobluute He ca B
CbCTOSHWEe [a W3BbPLUBAT OCHOBHATa CU (OYHKUMS U Ce
0Ka3BaT HaMbIHO U3MNLLHK.

OkayBall W3paBHUTENHM YCTPOACTBA OT pasrnexaaHus
BUO He paboTaT edeKTMBHO MpU OkayBaHe M Ha [BaTa



nogemMHun cbaa. Creq HAKOMKO NoAEeMHM LMKbna KoGunuumTe
Ce 3aBbPTaT Y 3acTaBaT B KpalHo HepaBboTHO ChCTOAHME.

3a wu3bsrBaHe Ha TO3N CbLUECTBEH HEOOCTATbK Ce
npenopbsv4BaT CnegHnTe MeponpuATnA:

Mpu cryyail Ha nogem C YeTMpW [MaBHW BbXeTa
€0MHWS NOJEMEH CbA CE OKauBa Ha W3PaBHUTEMHO
YCTPOWCTBO, @ [pyrust TBbPAO (AMPEKTHO) KbM
npuyenHuTe yCTpoincTBa. W3paBHsiBaLLm
YCTPOICTBa MMa CaMO €AMHNS NOLEMEH Cb[;

Mpw cryyai Ha NoBeYe OT YETWPM [MABHW BbHXKETA,
BCSIKa [BOViKa OT TAX OT €AMHMSA Kpali Ce CBbP3Ba C
NOJEMHUS Cbf, Ype3 U3PaBHABALLO YCTPOWCTBO, a
Opyvs ce 3akpenea ,TBbpao”. VI3paBHsBalym
YCTpOJCTBa UMaT 1 fBaTta cbaa.

OnucaHnTe HeooCTaTbLM Ha OKayBallWTe YCTPOMCTBA Ha
nogemHata ypenba Ha waxta ,lonsm nanac — cesep” BOAsAT
[0 HepaBHOMEPHO pasnpedensHe Ha CUNIUTE Ha OMbH B
NoAEeMHUTE BbXeTa. ToBa OT CBOS CTpaHa BoguM [0
HamarsiBaHe Ha CpoKa Ha ekcrnoaTauus Ha CblLiUTE U Ha
obnuuoBkaTa Ha 6apabaHa Ha nogeMHaTa MallmHa.

®ur. 4. MoHTaXHO NOnoXeHne Ha ABYKONECHU HanpaBnsBalLy anapaTu:
1 - UeHTpaneH Hocay, 2 - HanpaBnsBaLy anapar, 3 -knetka , 4- pencos

BoAa
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®ur. 5. TpukoneceH HanpaBnsBallY anapar 3a LIeHTpasiHo BogeHa Ha
NoAeMHuA cbAa:

1 - rymmMpaHo xoa0Bo Koneno, 2 - amopTu3aTtop, 3 —kyTueobpaseH
CTOMaHeH BoAau

®ur. 6. BanaHcupHo oka4BalLo yCTPOICTBO:
1 - npuLenHo yCTPOHCTBO (Kayw), 2 - BUHTOBA perynupailo
YCTPOMCTBO, 3 — U3PaBHUTENHO YCTPOMCTBO, 4 — KneTka

MogemHu BLXeTa M 00nMLOBKa Ha GapabaHa

B kaueCTBOTO Ha rnaBHM MOJEMHW BbXeTa 3a nogemHata
ypeaba Ha waxta [onsM nanmac — ceBep ce Manonasat
M3KIMIOYNTENHO Ka4YeCTBEHWN TPUBIbJIHO-CHOMBbYHN CTOMaHEHU
BbXeTa C eJHaKBU CBOMCTBA U 0TroBapALLM Ha U3NCKBaHNATA
Ha MpaBunHuka 3a BesonacHoCT Ha Tpyaa npu paspaboTeaHe
Ha PYLHW N HEPYAHWM HAaX0AWLLa MO NOA3EMEH HauMH.



OcHoBeH npobrieM e WM3paBHABAHETO HA CUIUTE Ha OMbH,
KOMTO HaToBapBaT OTAENHWTE BbXeTa. YCTAHOBEHO e, 4e
pasnuka B AMaMeTpuTe Ha KaHanuTe Ha Tpuellata Laitba c
1mm Boam O yBenMyaBaHe Ha CTaTMdHaTa Cuna 3a Hskoe oT
BbXeTata ¢ 1,7 mbTv npu BuUCouMHa Ha nogema o 1000m.
ETo 3awlo ce npenopbyBa U3paBHABaHE Ha AMaMeTpUTE Ha
kaHanuTe Ha 6apabaHa npu pasnuka 0,25mm.

3a u3MepBaHe Ha CunMTE Ha OMbH BbB BbXETaTa
CbLUeCTBYBaT Pa3nWyHU METOAM, HaW-NMPOCT OT KOUTO €
BBITHOBUAT, onucaH B Voyes (2002).

OcBeH cunuUTe B [MaBHUTE BbXeTa, BaXHO 3HA4YeHue 3a
TEXHWUS eKCMNoaTaLUOHEH CPOK MMa M3HOCBAHETO OT TpueHe
B pesynTaT Ha B3aMMOAENCTBME C pyOHWYHATa cpeda,
CbCTaBeHa OT Bfara, pygeH W ckaneH npax u gp. 3a
HamansBaHe Ha TOBa BPEOHO BNUSHWE Ce Npenopbysa
CMa3BaHe Ha BbXeTaTa CbC CreLuantu MpUKLMOHHI CMa3Ky,
npeaHasHaveHn 3a MHOTOBBXEHM MOeMHI ypeaou.

BaxeH MOMEHT OT ekcrnnoaTtaluaTa Ha nogemHata ypeaba
Ha waxTa onsM nanac — cesep, a W Ha NogobHM Ha Hes
ypeaow, e JocTaBKaTa Ha HOBM MOAEMHI BbXeTa.

BegHara cnep nogmsHaTa Ha rnasHuTe BbxeTa npes 2001r.
Ce yCTaHOBsIBa CUITHO U3HOCBAHE Ha KaHana Ha obnuuoBkaTa
Ha TpuewaTta wanba Ha |-Bo Bbxe. Hanara ce u3paBHsBaHe
Ha JnameTpuTe Ha HaBuBaHe npes3 2-3 AHW, KOETO e CBbP3aHO
C MpecToM Ha laxtata W 3HAYMTENHW pasxogu 3a
CKBMOCTPYBaLLa 06nnLoBKa.

HesaBucmo OT npepnpueTute MeponpusTus — MpeuusHo
W3paBHABaHeE Ha CUNWTE Ha OMbH BbB BbXETaTa,
13paBHsIBaHe Ha ObMKMHWTE UM W OUAMETPUTE Ha KaHamnuTe,
npobnembT ocTaea. Cnep BHUMATeNHO W3creaBaHe Ha I-Bo
NOAEMHO BbXe Ce 3abensssa B y4aCTbK OT HEro C AbIKWHA
okono 50m xapakTepeH AedhekT, NpeAcTaBnaBall N3MmbkHana
BMHTOOOpasHa [Jedopmauus, Bb3HWKBAWLA MpU  Hepas-
HOMEPHO HaTsiraHe Ha cHonYeTaTa OT 3aBOAa NPOU3BOANUTEN.
Toan gedbekt e craHgaptuaupad ot DIN 15020 v onucaH B
Manutosckuit  (2001). OTcTpaHsBaHETO My € Bb3MOXHO
€[MHCTBEHO NOCPEACTBOM MOAMSIHA HA CbOTBETHOTO BbXE
(cbrnacHo [MpaBunHuka 3a GesonacHOCT Ha Tpyga npu
pa3paboTBaHe Ha pyOHW W HEPYLHW HaxoguLa Mo noa3eMeH
HauMH B TakuBa Crfy4Yal Ce MOLMEHST BCUYKA NOLEMHU
BbXeTa).

Ha ¢ur. 7 e nokasaHa cHUMKa Ha AedEeKTHUS y4acTbK OT
BbxeTo. [Jobpe e u3paseHa BuHTOOGpasHaTa Aedopmaums,
KosTO 6necTv nopagn MHTEH3VBHOTO TpUeHe Mexay AedekT-
HOTO cHon4e 1 0BnuLoBKaTa Ha Tpuelyata Wwarba.

C uen oTCTpaHsiBaHe Ha BCHKaKBM CbMHEHUS OTHOCHO
LeeKTHOTO BbXe € B3eTO pelleHne 3a pa3MsiHa Ha MeCcToTo
My Ha MoHTax ¢ lll-To. MpobnembT ce NpPeXBLPNS OT MbpPBU
Ha TpeTu KaHan Ha TpuelyaTa LWaiiba, KOeTO OLe BeaHbX
NoTBbPXAaBa BepcusTa 3a 3aBOACKUSA fedekT Ha |-BO BbXeE.
MpobnembT € peLueH ¢ nogMsHaTa Ha NogeMHUTE BbxkeTa.

lMpenopwyana 3a nybrnukysaHe om
Kamedpa “MexaHu3sayus Ha muHume”, MEM®
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®ur. 7. [ledheKTHO NOAEMHO BbXKe — €AHO OT CHOMYeTaTa € HepaBHO-
MEpPHO HaTerHato W U3MbKHaNno no BUHTOBA NIUHNA

N3Boau

Mnb3rawymTe HanpaBnsBally YCTPOACTBA CUIHO M3HOCBAT
BOJauMTe, [OPU MpW [ABYCTPaHHO BOAEHE Ha MOAEMHMTE
CbioBE.

M3non3eaHeTo Ha nnb3rali HanpaenaealiM € WKOHO-
MW4€eCKK Heuenec1306pa3Ho, 0C06€eHO npn egHocTpaHHo
BOJEHE, MNOHEeXe Cce Hanara 4ecta CMAHa Ha BOAa4n U
HanpasnaBally B npoLeca Ha ekcnnoaTauus.

HecbBbpLUIEHaTa KOHCTPYKLWA Ha OKauBaluuTe YCTpONCTBa
Ha nogemHata ypeaba Ha waxTa ,[onsm nanac — cesep” npu
3HauMTenHa BUCOYMHA Ha MOJEM BOAM [0 HamansBaHe Ha
cpoka Ha paboTa Ha rnaBHWTe BbXeTa W 0bnMUOBKaTa Ha
BapabaHa Ha nogemHaTa MaluHa.

BaxeH MOMeHT oT ekcnnoataumaTa Ha MHOrOroBbXeHUTe
NoAEMHU ypep,6|/| € NpaBUNHUAT no,q60p U CbOTBETCTBALLA Ha
Hero AoCTaBka Ha NOAEMHUTE BbXETa.
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RESEARCH ON A TECHNOLOGY FOR QUARTZ CRYSTAL PROCESSING

Genadi Takov 1, Milorad Ranchich 2, Tsvian Zhepenich 2

T University of Mining & Geology “St. Ivan Rilski” 1700 Sofia
2High Technical School, 23000 Zrenjanin, Serbia

ABSTRACT: The physical mechanical properties of a great number of crystals, used in building elements of the electronic industry, the instrument engineering and in
part of the mechanical engineering, place them in the group of the materials that are difficult to be processed. The present article examines one of the methods for
crystal processing, namely the method of abrasive rubbing used in the quartz processing. The purpose of this research is to establish the correlation dependency
between the specific pressure at rubbing, and the processing speed and time.

W3CNEABAHE HA TEXHONOIUs 3A OBPABOTBAHE HA KBAPLIOBU KPUCTAIN
lenadu Takoe!, Munopad Panyuy 2, JeuaH XeneHuy?

T MuHHo-2eonoxku yHugepcumem ,Ce. Mean Puncku”, 1700 Cocgbus

2 Bucwe mexHuyecko yyunuwe, 23000 SpeHaHuH, Penybnuka Cbpbusi

PE3IOME: Ouauko-MexaHU4HUTE KA4ecTBa Ha peauua KpUCTanu 13nonasaHi B rpaivBHU eNEMEHTY OT eNeKTPOHHATA NPOMMLLNEHOCT, NPMBOPOCTPOEHETO U B YacT
oT 06LOTO MALIMHOCTPOEHE, MM KracupaT B rpynaTta Ha TpyaHooGpaGoTBaemuTe MaTepuanu. B HacTosilwaTa cTatusi ce pasrmexga eouH OT MeToguTe 3a
0bpaboTBaHe Ha KpucTanu — MeTofla Ha abpa3vBHO MpWUTPUBAHE, MPUNOXeH NMpu oGpaboTaHeTo Ha kBapl. LlenTa Ha wacnenBaHeTo € fAa Ce YCTaHOBM
KOpenaLyoHHa 3aBUCUMOCT MeXIY CneLdnUyHOTO HansraHe Npu NPUTPUBaHE, CbC CKOPOCTTa U BpeMeTo 3a 06paboTka.

Introduction processed detail — rubbing instrument (grind) at mechanisms,
different in their structure.

Satisfying the needs of the electronic industry for building

elements is a many-sided task. The compositon of a The cyclicly repeatable regularity of the linear speed change
considerable part of such elements includes materials that are and the relative movement acceleration, and therefore their
difficult to be processed, such as quartz and silicon crystals, influence on the shape forming of the processed surfaces,
oxide ceramics and others, as expensive technologies and depends on the type of the cyclic trajectories. The result of
equipment are used for its precise processing. In connection specifying the speed in the relative movement detail — grind, is
with the needs of the instrument engineering and of the shown below.

general mechanical engineering for precise details, made by

materials that are very difficult to be processed, it becomes

clear that the researches of respective technologies and Theoretical Research
equipment for their implementation are topical issues.

The law on the speed and acceleration cyclic change

In connection with the implementation of a technology and a completely depends on the shape of the cyclic trajectories.
number of machines for rubbing quartz crystal plates, there are Whether these changes shall be easy or connected with
many theoretical and experimental researches carried out on sudden transitions depends on the type of wear of the work
the process of “rubbing”. The present paper presents part of surface of the lapping instrument.
the theoretical researches on the process kinematics, which
are in the basis of determining the processing technology. In the property of the computing system for working out the

formulae according to the specification of the polar coordinates
The research on the work mechanisms of the rubbing fh V_ fh ¢ ntC iN
machines has resulted in establishing general geometrical and of the vector VC of the speed of any point C from detail No. 5,

kinematic dependencies, on the basis of which the representing one whole with separator No. 2, (Fig.1), we shall

mathematical type (the geometrical shape) can be determined, use the scheme of the velocities Cb/c/C from the scheme poles
which is of the cycle trajectories in the relative movement, a at point C.
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o) Jeasumepus wa mL om
&— gem.B no npumupa &

Fig.1

This scheme of the velocities, obtained on the basis of the
vector equation, which presents the kinematic dependency of
the speed vector of two points on the straight line BC or the
straight line BD, which is part of separator No. 2 :

Ve V. Vg

- =B 4=

v v = a)_B4rB + 6024(1"2)

(1)

where: @y, = Wz — @, ; w21 ws - angular speed of the

separator and respectively of the bar. It is important to notice
that section 2 and section B can be lead, and that in solution of
the set task the value of the preliminary ratio of these sections
with respect to the rubbing instrument is of main importance. If
we accept a simplified symbol for the preliminarily specified
ratio uzs instead of U244, i.€.

. w, —,
Ups-Upapy- —24 = —2 4

Wgy

(2)

Wy — W,
for determining @y, and @,,, with @, and @,, known,

,
[(03 = —1) we use Smirnov-Vilis formula [ 3 ], which
13

presents the law for gearing the cogged couple, as the axis of
its cogged wheels is located on the bar. In case of external
gearing of cogged couple 1-2 and in case of internal gearing of
cogged couple 2-3, we have:

Wy — Wpy _

N, w,,—o r
_ 12 W B4 _ '3 3)

W,y — Wy, Wy — g, r
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Thus, after transformation by taking into consideration

r,— ’
r,=-2 and denotaton - =Kk as wel as
£
@4
= Uy g4 le
W3y
Wy _ O~ 0,
Uygge = = ’ @)

Wy O3~
as we successively have:

o = @, + K, _ a’34(1+ krul4—34). (5)
o 1+k, 1+k, ’

W,y =

@y, — K, _ 6034(1— kru14734)

6
1-k, 1-k, ©

The coefficient K: here is for the relative sizes of the
mechanism. It is important to note that we can change the
values of us-34 by setting the rubbing disk No. 4 a revolution

with angular speed of @, , and thus the shape of the trajectory
of a point of the rubbing disk can change, or vice versa, if we
set the needed quantity of uis34 — to determine @, from the
formula (4):

W3Uyy 34 — @

0)4 =
u14—34 -1

(7
We enter on the scheme — Fig. 1, the angular coordinates of

the vectors \/_B and Vg , read by the axis CX', which is
parallel to OX. These angular coordinates differ from the

coordinates @g, and @,, of the vectors E and /1_r as
we add to each of them 90° because V_B J_E , and
Veg LAr,

We mark the wanted angular coordinate of the vector \/_C

with @y .

We shall obtain the following formula by projecting the vector
outline on the coordinate axes, as this vector outline is marked
by an equation (1), as its left part on the clarity figure is added

by Voy +Vey - a geometrical sum of the projection of Ve of
the X'and Y axes:

Ve = \/V82 +VCZB +2VgVp COS @, = B

2, .2 2
a)B4\/rB + uzs(/lrz) + 2U,g la AT, COS @y



_ V5 COS@gy +Vep COSQ,, _
Vg sin g, +Vg Sin @,

tgec

Iy COS@g, + U5 AL, COS,,
Iy SiN @, + U,g AL, SiN @,

_ Wy
where, as well as above , U, = —=
Wy,

s Pog = Doy — Py

It is evident that the wanted coordinates, which mark the

value and the direction of the vector \/_C are marked by the

main kinematic parameter uzs of the implemented machine
mechanism. Formulae (8) and (9) present the equations of the
cycle change of the speed of any point C of detail No. 5 with
respect to the rubbing disk No. 4.

We analytically establish the vector . - the full

acceleration of point C, by representing the acceleration plan
on the figure in accordance with the vector equation:

— 9 g
O =0+

= @Iy + W AN, (10)

where the vectors, known according to value and direction,

of the right part agDHE and agBIIC_B. By taking into
consideration that @y, and @,, - constant and successive

angular accelerations &,,, &g, of the bar and the separator

2 are equal to zero.
The scheme of the acceleration with a pole in point C is
presented in the figure as a vector outline Cb/'c/C, as the

clarity vector & is represented through its components on

the Xand Y axed, i.e. &c = Oy + 0y

The angular  coordinates (g, +180°)  and

(9,4 —180°) of the vectors az§ and gy, , which differ by
1800 from @z, and @,,, as the wanted angular coordinate

of the vector OTC is represented by @, .

Through the projections of the outline Cb/c/C of the X and Y
axes, and some changes, we obtain formulae for determining
X and Y, the combination of which provides the law on the
cycle change of the full acceleration of point C from detail No.
5 with respect to rubbing disk No. 4, namely:

2
a. = \/(ag) +(0¢§B)2 +2a30d; COSQ, =

= a)é4\/r82 + uzzs(ﬂ’rz)z + 2U§BFB(ﬂr2)COS¢ZB (1)
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tgp,. = ag Sin g, + oSN g,
© ag cospg, + adg COSQ,,
- 2 -
_ TsSN @, + uzs(lrz )Sln Pa
2
Iy COS@p, +Uzp (/1[’2 )COS P4

After we know the full acceleration ., we establish its

main components —the tangential «¢* that is a tangent to the

trajectory of point C and the standard 0{2 J_aé, i.e.

Qe = Qi +ag, we establish o by differentiating the
formula for V¢ (equation No. 8) according to time:

_ @8V SIN Py _
T VC

0,500, Tz AT, SIN Py

Qe

(13)

\/r|32 + UZZB (/1]’2 )2 + 2U,5lp AT, COS @,

2
Vad - (aé ) and the radius of

The trajectory curve of point C according to the formula

Then we figure &g

=_C
Re= e

We obtain extraordinary values for Vc and a. by
consecutively placing values for ¢, = 0 and ¢, =180°
in formulae (8) and (11), namely:

V,

— _ 9 9
Cmex — a)B4(rB +u2|3/1r2) =g T

— 2 ar )= o g ;
O ox = Opa\lg + Uy AL, ) = g + 5 1.e. we obtain
a sym of identical in their direction modules of the vectors

Vel fec|

V

IRVERR Y _ 0 9
cmin = Ve ~Ves i Qe pin = %3 — A

i.e. the difference of the modules of these vectors. When we
have such “extraordinary” positions, the value of aé =0 that
is evident from the formula (13).

C max aC max

We shall note that the ratios and can be

C min aC min
used as indicators for ease in the speed and acceleration cycle
change.

Conclusions

1. The flows occurred as a result of accidental power
microimpulses in the abrasive grains lead to dynamic loading
in the system detail - abrasive layer — supporting surface of the
instrument, as a complex pressure field in the material of these



bodies. The abovesaid determined the importance of the
scheme proposed for the analytical determination.

2. The theoretical research on the work mechanisms of the
rubbing machines, respectively the determination of general
geometrical and kinematic dependencies and the
establishment of a mathematical model, may be used as a
basis for optical researches and as a precondition for
implementing the technology.

lMpenopbyaHa 3a nybnukysaHe om
PeueHsenm douy.0-p B.Tenyes, MEM®
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AHAITUTUYHO NPOPUNUPAHE HA NbPBUYEH MEXAHU3BM C POJIKOBA

KOBUIULIA

Backo TeHues

MurHo zeonoxku yHusepcumem “Ce. MeaH Puncku”, 1700 Cogpusi

PE3IOME. B pabotata ce TpeTupa aHanuTUYHOTO NpodmiMpaHe Ha rbpbUuYeH MexaHusbM C porkoBa kobunuua. MonyyeHute pesynTaTu no3sorsisat

npoc’pmnmpaHeTo Ha I'bp6VILLaTa [a Ce U3BbPLUKX C NOMOLLTa Ha KOMMKTBLP.

ANALYTICAL SHAPE OF LOBE MECHANISM WITH ROLL ROCKER

Vasko Tenchev
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia,

ABSTRACT: In the paper are treated an analytical shape of lobe mechanism with roll rocker. Achieved results allow profiling of the lobe to be calculated with the help

of computer.

LlenTa Ha HacToswaTa paboTa € Bb3 OCHOBA Ha W3BECTHUS
rpacouyeH MeToq 3a npodunnpaHe Ha rpBudeH MexaHU3bM C
kobunuua [1, 2] ma ce u3BegaT aHanUTUYHU 3aBUCHMOCTH,
noaxoaswy 3a npodunupaHe Ha ropbuuata ¢ nomowiTa Ha
KOMMIOTBP.

Heka aHanmUTUYHUAT BUL Ha (DYHKUMATA Ha MOMOXEHWETO
a(@) v mopeara npepasarenta dyHkuns o'( @) Ha
rbPOUNYHMS MEXaHU3bM Ca W3BECTHM (¢ € bBrbbT Ha
3aBbpTaHe Ha kobunuuara, wsiTo gbmxvHa e (. a @ -
BIBSTBT HA 3aBbPTAHETO Ha rbpbuuarta). Ha dur. 1 e nokasaH
npUMepeH BIUA Ha rpacukuTe Ha Tean dyHKumK. braute @, |

oTAaneyeH npecroit u npubnikasaqe Ha kobunuuata, a | -
HEMHMAT Xo[.

AHanUTUYHOTO npodunMpaHe npegnofara  aHanUTUYHO
onpedensHe Ha OCHOBHWTE pa3vMepu Ha bpOUYHWS Mexa-
HM3bM (paguMycuTe Ha OCHOBHATa M BbpXoBaTa OKPBKHOCT

R, n R , pasctosHueTo Mexay ocuTe Ha BbPTEHE Ha Mbp-

uuata v kobunuuata L v koopauHatuTe Ha paboTHUS npo-
cun Ha repbuuata B nogxogsLa KoopauHaTHa cuctema (Han-
pUMEp NOSIsipHa) Npu 3adafeHn [oMyCTUMK BIMK Ha npeaa-
BaHe Ha cunata OT rbpbuyarta KbM M3MbAHUTENHOTO 3BEHO

(6 - b (hasata Ha oTaaneqasane, u 0,

oon

- BbB (pasa-

@on W @, Ca CbOTBETHO (PasuTe Ha oTaanedasaHe, Ta Ha npubnmxasaHe).
5 } Ks
S| Ke
S
g
<
v
012 & n Ky
|
¢o Lpcn (R ‘Pn
- i —
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Mpu rpacbmyHOTO NpodhunupaHe gasnute Ha OTAanedyaBaHe
1 Ha npubnuxaBaHe ce Pa3aensT Ha PaBHWU MHTEPBAMM, YUIATO

6poi B Mbpsata hasa e 1, a BLB BTOpata - N (06MK-
HOBEHO N=N"). MpaHMLMTE (TOUKUTE) MEXIy OTAENHUTE
uHTepBanm ce oshavasat ¢ 0,1, 2,...,n n 0", 17, 27 ..,
n", (cdwr. 1). Cnep ToBa BLPXy TpaekTopusaTa B,B, Ha

LieHTbpa Ha ponkata B (mbra oT okpbxHocT ¢ LeHTbp C,
pagnyc ¢ W LieHTpaneH brbi 1 ) ce MocTposiea (yHKLMsATa

a'(a) (dur.2), kato ce uanonssar 3asbpTaHuaTa &; W
ckopocTUTe ¢ Ha kobunuuara. Mpu eaHaksy MawabHM Mo-

!
pywm k, w k, BennaHute o, W o/ ce onpenenst

4pe3 opavHaTUTE Ha OTAENHUTE TOUKW B [BETe (hasv OT rpa-
dukute Ha pyHkumte (@) n a'(@). Besika ot otcey-

kate U, = e 3asbprana Ha 900, oTroBapsiLo Ha Mucne-

o L)

®ur. 2

TaHTEH Ha LIEHTPOBUS Mpochur.

AHanUTMYHOTO NpPoMnMpaHe MMa 3a OCHOBA aHANMUTUYHO-
TO OnpefensiHe Ha MOMOXEHWETO Ha TPaHUYHWUTE NpaBK Ha

ueHtbpa O, KouTo ca fonupaTenHi KbM rpacukaTa Ha dyHK-
uuata o'(e) ot cur. 2 B aBeTe (hasu.

Heka rpaHuyHaTa npaBa BbB (pasaTa Ha OTAaneyaBaHe

¢, MWHaBa npe3 Bbpxa }’, Ha oTCedkaTa u; NPy brbi Ha
3aBbpTaHe Ha kobunuuata ¢, ¥ He mpecuya CbCefHUTe
OTCEYKM U, | W U,,, TP\ CbOTBETHN BN HA 3aBbPTAHNA

Ha kobunuuata «,,, v «;_, (cur. 3a). Mpn ToBa Noro-
KeHue

CD</-u,,

CM </l—-u,, .
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HOTO 3aBbpTaHe Ha CKOpOCTTa Ha LieHTbpa B no nocoka Ha
BII0BaTa CKOPOCT Ha rbpbuiata ¢, . KbMm Taka nonyyeqara

KpuBa Ce NoCTposABaT ABe AonupaTeriHu (HapequM PaHNYHN
I'IpaBVI), CKnoYBaLlM ¢ HanpaBneHWeTo Ha KO6MI'IVILI|aTa B O0-

O
oon

nupHuTe Toukn brbn 90° — - BbB (hasaTa Ha otaane-

77
oon

vagare, n 90° — BbB (pasaTa Ha npubnKaBaHe.

[BeTe rpaHnyHu npasi ce npecudar B Touka O, KosTO € LeH-
Tbp Ha TbpceHaTa rbpGuLa ¢ Hail-mankv paamepy. LieHTbpbT
O v kpaitHuTe NONOXeHus Ha LieHTbpa Ha porkata B, u
B n
pascTosHmeto L . Kato ce 13nonasa MeToabT Ha MHBEpCHATA,
ce NoCTposiBa LiEHTPOBMAT NMPOBUN Ha Mbpbuuara (MpodursT,
M0 KOWTO Ce [IBVXI LIeHTbPBT Ha ponkata B'). Hakpast gombr-

HUTENHO CE M34NCrsiBa PapuycbT Ha ponkata 7 W ce fio-
yTOUHsIBa paboTHWA NPOChUN Ha rbpbuLaTa, KOUTO € eKB1AKC-

onpepenst paguycute R, u R ,atoumre O n C -

Ot tpubrbnuuute CDVi v CMV;, cnen kato ce usnonssa
CMHyCOBaTa Teopema, Ce onpeaendT

(¢—u,)sin(00° 62,
sin[180° —(90° - 62, )~ (e, — ;)|

70131/1 )] —
sin |_9Oo — :9(3,,, - (ai — &,y )J

(¢—u;)cos8?,
cos(6?

oon

o —aiy
(2)
(¢ —u;)cos8?

0
cos(6? ”

oon

CM = (¢ —uj)sin [180° 7(900

+q; —Oti,1)

Ot (1) n (2) cneaBa OKOHYATENMHUST KPUTEPUIA FpaHUYHaTa
npaBa fja MiHaBa npes Toukata V',

(¢—u,)cos8?,
cos(0?, +a, —a,,, <Eti
3)
(¢—u,)cos8?, e
cos(02, +a, —a,,) o




Mo CbLMS HAYMH CE HamMMpa OKOHYATENHMAT KpUTEpHit rpa-
HW4YHaTa NpaBa 1a MMHaBa npe3 Toukata J” , BbB (basata Ha
1

npubnikasaHe @, (cur. 36)

(€+u_* )cos o
1
COS(H’7 —a., +a )>£+u"*+l
don i* i*+1
(4)
17
(€+ui* )cos o
cosl9 ~a. +a )>£+u"*‘1'
don i* i*-1

Upes kputepuute (3) 1 (4) ce onpegens Ha NOMNOXEHUETO
Ha rpaHnyHuTe Npasu Ha LeHTbpa O B fiBeTe dasn @,

@,, . (ur. 4). 3a yenTa ce M3non3esa MeTOALT Ha nocne-
[i0BaTeNHUTE NPUENKEHNS, KAaTo NOCNea0BaTemnHo ce paboTu
B /BeTe (pasu. 3ano4Ba ce OT MaKcMManHara otcedka ¢, .

BbB ¢)838Ta Ha oTAanevyaBaHe ¢, , KOATO HeKa € B TouKaTta

i=k e o =a . 3aT0Ba nonoxexue kpuUTepusT
(3) ce ceexga pO npoBepka Ha BTOPOTO HEPABEHCTBO. AKO
TOBA HEPABEHCTBO € W3MbJIHEHO, rPaHMYHAaTa NpaBa MWHaBa
npe3 Toukata }, . B obpatHus cnyyait rpaHyHaTa npaea He
MWHaBa Npe3 Ta3u TOYka W NpoBepkaTa Npoab/ikaBsa C BeTe
HepaBeHCTBa Ha kputepus (3) 3a crieaBaLloTo NOMOXKEHWE Ha

kobunmuata { — 1=k — 1. Taka ce npogbixasa [0 OHOBa
MOJIOXEHME Ha kobunuuaTta, Npu KOeTo KputepusT (3) e u3mbi-
HEH.

Mo aHamnorMyeH HauMH Ce Hamupa rpaHuYHaTa npaBa Ha
uentbpa O 1 3a dpasata Ha npubnikasaHe @, W1y ce

3anoyea OT MakcuManHaTta otceyka o’ « » KOATO HEKa € B
max

Toukata |

k*,1e. ', =« ,.B cnyyas ce npose-
k max

psiBa CaMo MbPBOTO HEPaBEHCTBO Ha Kputepus (4). Ako ToBa
HEpaBEeHCTBO € M3MbIHEHO, rpaHYHaTa npasa MiHaBa npes

TOuYKaTa Vk* . B obpaTthus cnyyai rpaHnyHaTa npaea He Mu-
HaBa npe3 Tasu ToYka W NpoBepkaTa NPoabLITKaBa ¢ ABETe He-
paBeHCTBa Ha Kputepus (3) 3a creaBalioTo MOMOXeHWe Ha

kobunmuata i° +1=k " +1. Taka ce npogbmxaea [o
OHOBA MONOXEHME Ha KoBunmuaTa, nNpu KOeTo KputepusT (4) e
WU3MTbJHEH.

Heka kputepmsT (3) e U3MbIHEH 3a NONMOXEHWe Ha kobBunu-

LiaTa, MMHaBaLLO npe3 ToukaTa J, BbB (hasaTa Ha oTane-

YaBaHe ¢, W Mpe3 TouKaTa Vk* BbB (hasaTa Ha nNpubnu-

XaBaHe @, (cur. 4). brrosute npemecTsaHUs Ha KoGUIun-
LaTa 3a Tesu MONOKEHNA ca CbOTBETHO ¢, U & .. 3a
onpenensHeTo Ha nonoxeHneTo Ha tentbpa O Ha rbpbua-

Ta OT ToukaTa B, ce cnycka nepneHavkynsp KbM ropHOTO

KpaiiHO nornoxeHue Ha kobunuuarta. lleTata Ha nepneHau-
Kynspa ce o3Hayasa ¢ [D . BbB (basata Ha oThaneyasaHe

¢, TpaHW4HaTa npaBa, MMHaBalla npes Toukata V', , npe
cva nepneHaukynspa B D B toukata A, . Kato ce
otyete, ve B,V , =u, , 3a gbmkuHaTa Ha oTceukaTa

B A, cenonyyasa

Pur. 3
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B,A = DE +EA, —B,D =
=(-uJsin(y —a, )+
+[tcosy — (¢ —u, )cos(y —a, )]x .
y 1
@an(00, —y +a,

—/siny . (5)
)

AnanornyHo BbB (pasaTa Ha npubnukasaHe ¢, rpaHuy-
HaTa npaBa, MMHaBaLla npes ToykaTa Vk* , peciya nep-

nenavkynapa B D B Toukata Ak,, . Kato ce otuete, ye

.Bk*Vk* =, , 33 [bMK/HATA Ha OTCeYKaTa BOAk*

Ce nony4vasa

B,A. =DE*+E‘A, -B,D=
k k

(E +U,. )sin (z// ~a,. )+
+](e+u,. Jeosly —a,. ) £cosy |

1
ty-a,

—lsiny . (6)
)

* tan( ”

oon

3a obuwHoct ¢ A, ce 03Ha4aBa no-61M3ko pasnomnoxeHa-

TaTouka A, wm Ak* potoukata B, ,ac A,,, - no-

oan

[laneyHo pa3nomnoxeHara ot Teau Touku (Ha ur. 4 A
=A. n 4

n 6°

don

= A, ). CvotBetcTBaWMTE BIMM ¥, |

oan
Vs

a ., 90 Ha Te3n TOYKM Ce O3Ha4aBaT C a6 ,

k on ¥

Ay 0O;, . 0,, a4 a5 =a ., a,,=aq

A Ax =Adas

Pur.4

=0°

oon

= g~

oon ?

“ 06.1 eom

SHVETO MeXaY LieHTbpa Ha rbpbuuata O 1 nepneHankynspa
B,D ce toor

1
-B,A,, =¢
o |:tan (06;1 * W 1 a5ﬂ )

). AKO ce 03Hauu OLLie pascTo-

B, A +

oan

1
+
tan (0()af1 + l// * a()(lfl)
Ce HaMmupa

e =

74

Bo Aom B Bo Aﬁ,z

1 1
+
tan (9517 Ty F aﬁﬂ) tan (e(m Tyt aam)
FOpHUTE 3HaLy B CKOGUTE Ha TaHTeHCUTe Ce WU3NoM3ear, Kora-
0 A, = A . anonHuTe, orato A,=4,.

()

Crep onpenensiHe Ha PasCTOSHUETO € , MoraT fia ce Hame-
PSIT pagnycuTe Ha OCHOBHATA W BbpXOBaTa OKPBXHOCT Ha Mbp-
Buuara;

2
e
R =_[e?+ +B,A .8
’ |:tan(067iw$a6'1) ’ 6ﬂ:| ()

R=0B, = OF2+B F? =



2
+(¢—tcosy +ef -

©)

Hakpasl, pa3cTosHMETO MeXay LIEHTPOBETE Ha BbpTEHE Ha
rbpbuuara u kobunuuata e

L=0C =~JOF? +CF?* =

. e
{sny+BA +—F-————
\/|: 4 7 tan (95,7 Ty F am)

2
. e — 2\
\/|:€SII”I V/+ BOA&"+WM:| +(€COS!//+€)

(10)

W TyK ropHIUTE 1 JONHIUTE 3HALWM CE M3MON3BaT, KakTo € Moco-
YeHO Mo-rope.

¥

dur. 5

MpodunnpaHeTo 3ano4sa OT Ha4amnoto Ha asata @, ,

kepeto @, =@, =0 u cwrnacro (11), (12) u dur. 5

.
R. =R, n 6, =0, = arcsm(—sm a, |
RO
PaguycbT Ha ponkata # ce onpegens no 3aBMcCMMOCTUTE

r<0,7p,.. n r<04R,. (13)

TYK D, € MUHUMAIHNAT PafINyC Ha KPUBIHA Ha LIEHTPOBaTa
KpvBa, KOWNTO MOXeE [a Ce Hamupa B efHa OT hasnute @, K
P

PabotHus npocdun Ha rbpbuuata e exkBMOMCTAHTEH Ha
LieHTpoBaTa Kpu1Ba. HeroBuTe TOUKW Ce nomyyasat OT TOUKUTE

MpenopvyaHa 3a nybnukysaHe om
Peuersenm npocp.Cn. [Jonyes , MEM®
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lMpochmnupaHeTo Ha LEHTpoBaTa kpuea Ha rbpbuuata ce
W3BbPLLUBA CbIMAcHO ¢ur. 5, kato ce paboTu B MOMApHUTE

koopavHat R. W O, , onpefensium ce ¢ U3pasuTe

R, = \/Lz + 02 —2(L cos{a, + ;) ;

(1)

sin(@ - (oi) Risin(ao + ai) , Te.

i

14
S = o +arcsin[R—sin(a0 +a[)} :

1

L>+0°—R;
2/L '

KbAeTo ¢, = arcsin

Ha LEHTpOBaTa KpWBa, kato B HOpManHO HanpasneHue ca
MpemMecTeHI HaBbTPe Ha PascTosHue 7 .

3aknioyeHue

M3BeneHn ca peouua aHanmMTUYHW 3aBUCMMOCTH, KOUTO
Mo3BoOnsiBaT fAa Ce NpOocurmMpaT rbpOUYHN MeXaHu3MU C
POIKOBA kOOMUNMLA C MOMOLLTA HA KOMMIOTBP.

INutepartypa

Bpurasoe, A., M. Munkos, C. [aBnoB. 1993. Teopus Ha
MmexaHusmume u mawuHume. C., Mapatenctso Ha TY -
Codms, 310 c.

TenueB B. 2005. Teopus Ha MexaHusMume U MawuHume c
nodpobHo peweru npumepu. C., MI'Y - M3pnatencka KbLya
“Cs. MeaH Punckun’, 285 c.
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CPABHABAHE HA METOAWKWUTE 3A U34YUCNABAHE HA KO®OBU ENNEBATOPU

Xpucmo Llletipemos

Munro-2eonoxku yHusepcumem “Ce.UsaH Puncku”, 1700 Cogpus, sheiretov@abv.bg

PE3IOME. LlenTa Ha HacTosLeTo u3cneaBaHe € Aa ce CPaBHAT pesynTaTiTe 3a MOLIHOCTTA Ha ABWraTens rofyyeHu npu pasnuyHn METOANKM 38 M3YMCTISBAHE.
HanpaBeHu ca W3uMcrieHMst Ha Tpu enesaTopa OT pasfiyeH TuM: LEHTPOOEXeH BEPUKEH, LEHTPOOEXEH NEHTOB W HEMPeKbCHAT BEpUKEH, NMpu 3afafeHun
MPON3BOANTENHOCT, BUCOUMHA Ha MOAEMA, BU, NITLTHOCT M eApUHA Ha MaTepuana.

COMPARISON OF THE METHODOLOGIES FOR THE CALCULATION OF BUCKET ELEVATORS
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 three bucket
elevators of different type are done: centrifugal belt, centrifugal chain and continuous chain. The capacity, elevation height, type, density and size of material are
given.

BuBepgeHue
. Qn 3
i=—"—  dm3m, (1)
KodhoBuTe enesatopu ce U3non3ysar 3a TpaHCNopTMpaHe Ha 36V.0p
HacunHu matepmanu no BEPTUKanHO Tpace. HaMepMﬂM ca
I'IpVIJ'IO)KeHVIe B MMHHOﬂOﬁI/IBHaTa, LU/IMeHTOBaTa, XUMnuyeckata KbaeTo:

W XpaHUTENHO-BKYCOBa NMPOMULLNIEHOCT. poM3BOAMTENHOCTTA
um goctura 1500 t/h, wwmpounHata Ha kocpute 1600 mm, a
BucoumnHata — 130 m (Aumund Bucket Elevators, 2001).

Qn [t/h] — Npon3BOAUTENHOCT Ha TPAHCNOPTLOPA;
0 [t/m3] — NABLTHOCT Ha TpaHCNopTUPaHWa MaTepuarn.

3) Onpegensr ce CbMPOTMBMEHUSITA NpU [ABWXKEHWE B
ToBapHus Wmn n npasHus W, knoH n ot 3arpebBaHeTo Ha
maTepuana Wae:

MeTtogukn 3a wu3uucnsBaHe Ha kopoBW enesBaTopu ca
pajeHn B yyebHMUMTE W PBKOBOACTBATA pasrnexpaly
TPAHCMOPTHU MaLLVHW C HeMpeKbCHaTo AercTene (Bacunbes,
(11)991, EBHeBnyY,1956; KyamaHoB,1999; LleiipeTtos,2001). W, =H.(q, +q,) ;N )

VpMUTE NPOW3BOAMTENM ChLUO AaBaT METOAMKN 3a U3bop Ha
€N1eBaTop ¥ onpedensHe Ha MOLHOCTTa Ha ABuratens (Screw
conveyor; Link-Belt,2004). W, =H.g, ,N 3)

Llenta Ha HacToAWETO M3CnegBaHe € fJa Ce CpPaBHAT W =k_.q, ,N (4)
32 Mo
pesyntatute 3a HeobxogumaTta MOLUHOCT Ha ABuratens

MONYyYeHI MO PA3NNYHIUTE METOAMKN.
KbeTo:

H [m] - BCOYMHA Ha eneBaTopa;

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

Go [N/m] — NMHEHO Terno Ha TETMUTENHNUA OpraH C KouTe;
ksz — kODMLMEHT OTuMTaLL 3arpebBaHeTo Ha MaTepumana;

OnucaHne Ha METOAMKUTE 32 U3YUCTISIBAHE

Cnopeg wm3tounmum (Bacunbe, 1991; Kyamanos,1999;

LenpetoB,2001) (metogmka Nel) mocrnegosaTenHocTTa Ha Koo =2,5MpU V> 1M/S U amar < 50mm;
M3HNCNABaHE € CnefHaTa: ke =1,25npn v<1m/s 1 amax < 50mm.
1) W3bupatr ce Tuna Ha eneeatopa, TWNA Ha KodwTe, Q1.9
CKOPOCTTA Ha TErMUTENHUS opraH vim/s] n koeduumeHTa Ha q, = 2 Nm (5)
HambfBaHe Ha KouTe Y B 3aBMCMMOCT OT TuMa U egpuHaTa 3,6V
Ha maTepuana amax (@ = 0,8 npn amax= 0,5+50mm).
qo = ko 'q,w ’ N/m ’ (6)

2) U3bupa ce kocba cnopep nNuHeHaTa 1 BMECTUMOCT |:
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KbgeTo:
ko — KOBOMLMEHT, KOMTO ce 13bupa B 3aBUCMMOCT OT TuMa Ha
TETMUTENHWS OpraH, TUMa Ha KoguTe N NMPOM3BOAUTENHOCTTA
Qn (ko = 0,4+0,8).

4) OnpegensT ce CUNUTEe Ha OMbH B TEFMUTENHWS OpraH

(dour.1):

ddd

2

®ur.1 Cxema Ha eneBaTopa

S2=2000 N npm neHToB enesaTtop

S2=3000 N npu BepuxeH enesaTop

S, =S,-W, (8)
Sy =kS, +W, ©)
S, =Sz +W,, , (10)
KbeTo:

k — koeduUMeHT oTuMTaly CbMNPOTUBAEHWETO B 06pbLya-
TenHuTe konena unu 6apabaH, k=1,1.

5) Onpegens ce MoOLLHOCTTa Ha ABuraTens

W, v

N,, = 10007  kw

KbOeTo:
Kp — KOehUUMEHT Ha pe3eps, kp = 1,15;
) — Kng Ha 3agBukBaHeTo, n = 0,85;
Wo — 06LL0 CbNPOTMBIEHIE NPU ABIKEHME.
W, =S,-S; +k;(S4 +S;) N , (12)
KbaeTo:
k1 — KOe(ULMEHT Ha CbNPOTWBMEHNE B 3aABWXBALLUTE
BEPWXHW konena unu 6apabak;

k1 =0,04 npu BepwxHW enesaTopu;
k1 =0,07 npn NeHTOBM eneBaTopu.

B EBHeBuu (1956) (vetogmka Ne2) e pageHa ompocTeHa
¢hopmyna 3a onpefiensHe Ha MOLLHOCTTa Ha [BUraTens:

= Qh .H
% 367

(L15+ Ky kav) kW (13)
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MbpBOTO CHOMPaemMo OT4MTa HeobxoamMmaTa MOLLHOCT 3a
W3MraHe Ha MaTepuana, a BTOPOTO — BpeaHuTe
CbMPOTUBIEHUS NPWU  [BMKEHWMETO Ha TAMOBWSI  Opra.
KoeduumeHTute ke u k3 ce usbupat B 3aBUCHMOCT OT TWNa Ha
KodpuTe 1 TEIMMUTENHUS OpraH u npousBoguTenHocTTa Qn (k2 =
0,35+1,1 ks =0,8+1,6).

B Screw conveyor u Link-Belt (2004) (meToamka
NOCNeAOoBaTENHOCTTA HA U3YMCNSBAHE € CreaHaTa:

Ne3)

1) U3bupa ce Tna Ha enesatopa ¥ kKodmTe B 3aBUCUMOCT OT
BMOa M edpvHaTa Ha maTepuana. Enesatopute ca Tpu Tuna:
BEpWKEH C paspefeHn kodu (LEeHTPOGEXEH), BEPUXEH CbC
cbnuxeHu kodu (HeNpeKbCHAT) U NEHTOB C pa3peaeHu kKodu.

2) N3bupa ce enesatop B 3aBUCUMOCT OT Qn 1 p.

3) Onpepenst ce MOLLHOCTTA Ha [BUraTens:

Ny, :48,6.(L.c1 +02).£ KW (14)
7

0,305

KbaeTo:
C1 1 C2 Ca KoeMLMEHTH, KOUTO Ce BauMaT oT Tabruuata
3a n3bpaHus enesarop.

Pe3y11TaTVI OT uscnenBaHeTo

HanpaBeHu ca 34ncrneHns Ha Tpu enesaTopa OT pasfnuyeH
TUN Npu 3agageHa npoussogutenHoct (Qn = 54t/h) u BuCcouMHa
Ha enesaTtopa (H=15,25m), BuA, NABLTHOCT M eApuHa Ha

matepuana. Pesyntatute ca pgapgeHn B Tabn.l u ca
n3obpaseHu Ha cur.2.
Tabnmua 1.
Pesynmamu om u3yucneHusma 3a Heobxodumama
MowHoOCM Ha 0guzamensi no mpume MemoQuku
Bug Ha BbIMLA BapOBUK NACHK
maTtepuana
MmbTHOCT Ha | 0,93 1,3 1,53
matepuana
p [thm?]
MakcumanHa | 13 30 3
eApvHa Ha
KbCoBETE OT
Matepuana
amax [mm]
Tun Ha LieHTpo- HenpekbCHaT | LieHTpo-
enesaTopa BexeH BEpWkKeH BexeH
BEPWKeEH NEHTOB
CkopocTHa | 1,58 0,63 1,32
TErNUTENHNUS
opraH
v [m/s]
PascTosHne | 630 250 250
Mexay (457) (305) (457)
kochute
ao [mm]
LUnpounHa 500 320 500
Ha koguTe (355) (355) (305)




Bk [mm]
Tun Ha Abnboka OCTPObIbAHA | MANTKA
kochata
Bmectumoct | 12 6,4 6,8
Ha kochaTa (6,5) (7,6) (5,4)
o [dm?]
Mpuetnkoe- | ¥=0,8 ¥=0.8 ¥=08
uUMeHTH ke =2,5 ks = 1,25 k2 =2,5
mMeToauKa k=05 ko=0,7 k=04
No1 ki =0,04 ki =0,04 ki=0,07
Mpuetn koe- | k2=0,5 k2=0,7 k2=0/4
urLmeHTH k3=1,3 ks=0,8 k3=1,6
MeToauka
No2
Mpuetn koe- | ¢1=0,138 | ¢1=0,102 c1=0,1
puruneHTy c2=3,86 c2=0,21 c2=2,2
MeToauka
No3
Heobxoguma | 6,15 - Ne1 | 4,53 4,87
MowHocT Ha | 4,88 -Ne2 | 3,75 4,47
JBuratens 566 -Ne3 | 417 6,32
Nae [kW]
MACbK
NﬂB[kVV] r =13tm?3
74 Admax =3mm
6,15 6,32
61 4.88 - N ZINYe
51 487 v 566 | I' =0,93 t/m?3
a4+ :153\‘?375/41—; Qmax =13 mm
37 ' BEAPOBUK
Pal I'=1,53ym?
8m ax =30 mm
1,,
Ne 1 Ne 2 N°3 MmeTomuKa

Qn=54 t/h, H=15,25m

®ur.2 MowHocT Ha ABUraTens npu pasnUYHATE METOAMKM 3a
u3uncnsiBaHe

Mpenopvyana 3a nybnukysaHe om
Kamedpa “MexaHuzauus Ha muHume”, MEM®
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B rpacute 3a a0, Bk u i (BuX Tabn.1) ropHata CTOMHOCT
CboTBeTCTBYBA Ha MeToamki Ne1 n Ne2, a onHaTa (B ckobu) —
Ha meToguka Ne3. B rpacdhata 3a Nes TpUTE CTOMHOCTU OTrOpe
Hagony CbOTBETCTBYBAT CbOTBETHO Ha MeToaukn Ne1,2 n3.

MU3Boau

W npu Tpute Tuna enesaTopy Haii-HUCKM CTOAHOCTM 3a
HeoDxofyMMaTa MOLHOCT Ha 3afBWXBaHe Ce MonyyasaT npu
metoguka Ne2. lpu BepwkHWTe enesaTopu Hail-ronsima ce
nonyyaea MmowHocTTa no metoguka Nel. [pu neHToBuMTE
€neBaTopu Han-ronsiMa MOLLHOCT Ce nonyyaBa no MeToauka
Ne3,

Han-touHu TpsbBa ga ce npuemar CTOMHOCTUTE MOMyYeHw
no metoamka Ne3. MpuumHa 3a ToBa € , Ye KoeduLMeHTUTe ce
onpeaensT Ha 6asata Ha Npou3BexaaHn enesaTopy, 3a KOUTo
Ce 3Hae TOYHOTO TErflo W Pa3Mepn Ha enemeHTUTe, KakTo U
CbNPOTUBMEHMATA NP ABUKEHME.
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Cb3OABAHE HA MATEMATUYEH MOOEN HA MPOLIECA CMUJTAHE HA MATEPUANN
B BAPABAHHW TONKOBWU MENHWULM C LLIEN U3CNEABAHE HA OTHOCUTENHUA UM
EHEPITOPA3XO[ B NPOMULLNEHK YCNOBUA

UeaH MuHuH

MrY “Ce. Wgan Puncku”, 1700 Cogpus E-mail: minin@dir.bg

PE3IOME. Cb3faneH e matematuyeH Mofen Ha npoueca cmunaHe B GapabaHHa TomkoBa MenHuua. Onpepfenenu ca ynpaenssawmte haktopu W LienesaTa
(DyHKUMS — OTHOCUTENEH eHepropasxof. HanpaBeH e macvBeH ekcnepuMeHT B oboratutenHa cabpuka npepaboTBalja MeaHW pyau. EkcnepuMeHTbT e Bbpxy
6apabaHHu Tonkosu MenHuum TN MTLY| 4,5x6. PesynTaTute 0T eKcriepuMeHTa ca NOAMOXEHN Ha PerpecuoHeH aHanua nocpeacToM nporpamute Excel, Sigma Plot
1 Matematica v e nonyyeHa gyHKLMOHaNHa 3aBUCMMOCT MeXay Lienesata (yHKUWS W ynpaBnssawmTte aktopu. PesynTtatute ca nokasaHu rpacmyHo.

ESTABLISHING A MATHEMATICAL MODEL OF THE PROCESS OF GRINDING IN BALL MILLS WITH THE PURPOSE OF
EXAMINING THEIR RELATIVE ENERGY CONSUMPTION IN INDUSTRIAL CONDITIONS

Ivan Minin

University of Mining and Geology “St. Ivan Rilski”, 1700, Sofia E-mail: minin@dir.bg

ABSTRACT. This paper establishes a mathematical model of the process of grinding in tumbling ball mills. It defines the control factors and the target function —
relative energy consumption. A passive experiment is made in a factory processing copper ores. The experiment is based on tumbling ball mills type 4,5x6. The
results of the experiment have been subjected to regression analysis through Excel, Sigma Plot and Mathematica. A functional dependence has been established
between the target function and the control factors. The results are shown in the form of a graph.

Cb3paBaHe Ha MaTeMaTM4YeH MOAeN Ha npoueca
CMUNaHe Ha MaTepuanu B 6apabaHHM TONKOBM
MEJTHULM C Len n3cneaBaHe Ha OTHOCUTENHMAT
UM eHepropasxog B NPOMMLLIIEHMN YyCNoBUA

MaTtemaTnyeH Mogen Ha npoueca CMUNIaHe Ha MaTepuanm
¢ 6apabaHa TonkoBa menHuua (6TM)

MMpoueckbT Ha ModenMpaHe Ha BCEKU MHOrOGaKTOpeH 0BexT
npefcTaBnsBa CNOXHAa 3afadva, KOSTO Ce pellaBa KaTo Ce
W13M0oN3BaT CTPOrM MaTEMaTUKO-CTAaTUCTUYECKM METOAM, @ Taka
CbLLO ¥ peauua Hedopmanuanpanu metoau. Ha bnok cxema 1
Ca NoKa3aHu eTanuTe 3a pellaBaHe Ha Te3u 3afayu, Kato B
NPaBObIbIHULMTE CbKPaTEHO Ca YKa3aHW eTanuTe Ha
MOZAENMPAHETO MO peaa Ha W3MbIHEHUETO UM KaTo C MITbTHM
CTPEnKM Ce NOCOYBa OCHOBHATA NOCNEAOBATENHOCT, @ C ThHKM
obpaTHNTe Bpb3KM.

lMbpBata 3ajava, Mped KOSTO Ce W3npaBsMe € Mogenu-
paHeTo Ha OapabaHHu TomkoBu menHuun /BTM/ u scHo
topmyrmpaHe Ha uenta. Kato ce uma npegsug 6epHarta
WHopMaLws 3a 0beKTa Ha 13creBaHe 1 ronsmara CroxHocT
Ha u3crnegBaHeTo, CTaBa fCHO, Ye TO3W eTan e €auH OT
TPYAHWUTE U B CbLLOTO BPEME €AMH OT Hall OTFOBOPHUTE eTanw.

Lleneata @yHKUMsS TpsbBa f[a OTroBapsi Ha  HSKOW
U3NCKBAHMS.
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1. Uenesata dyHKuMs TpsbBa fOa Ce xapakTepusupa
KOMMYECTBEHO T.e. 3a BCAKa KOMOWHaLWS OT CTOMHOCTM Ha
BXOOHMTE (haKTOpM [a Ce XapakTepusupa C  4ucro.
MHOXeCTBOTO OT CTOMHOCTM, KOWUTO LieneBaTta (yHKUMS MOXe
[a npuema ce Hapuya obrnact Ha HeNHOTO onpegenexune. Tasu
obnact moxe [ga Obge oOrpaHMdeHa WM HeorpaHuueHa,
HenpekbCHaTa UK AuCKpeTHa.

2. Llenesata dhyHKUMs TpsibBa Aa Obae eanHCTBEHA.

B MHoOro cnyyau ToBa M3uCKBaHE Ce W3MbIHSIBA aBTO-
MaTWU4HO T.e. LieNTa e NocTaBeHa CTPOro KOHKPETHO 1 XapakTe-
pucTMkata N e egHa. Hai-4ecTo TakuBa ca MKOHOMMYECKUTE
Lenesw yHKLMKM ( ceBECTONHOCT, eHepropasxog 1 ap.).

U360p Ha yen u yenesu hyHKyUU

Kakto 6e noco4eHo LenTa Ha Hactoswarta pabota e aa ce
Cb3fafe mMaTemMaTuyeH MOZEn Ha mpoueca Ha CMWnaHe Ha
maTepuanm B OapabaHHa TOmMKOBa MeNHMUA, KOMTO Aa
No3BONST Ja Ce OTpassBaT OCHOBHUTE SIBMEHMUS, KOUTO
npoTuyat B Hesl. Cb3fafeHns MaTeMaTieH MOAEN Moxe Aa
obcnyxBa NPOEKTUPAHETO U eKkcrnoaTaumusTa Ha MalluHu OT
TO3W TN,

3a uenesw yHKUMM NpUemMame - EHepropasxos 3a eauHula
rOTOB MPOAYKT - E(kwh/t)- KOMMYECTBOTO pasxoaBaHa

eneKkTpoeHeprus 3a Npou3BoACTBO Ha eAMHULIA TOTOB NPOAYKT.

3a n3bpaHara Lienesa (yHKLMA MOXEM [a KakeM CedHOTO:


mailto:minin@dir.bg
mailto:minin@dir.bg

OTHOCUTENHUAT EHepropasxof € KOMMYeCTBOTO EHEeprus,
KOSITO € BroXeHa 3a Nory4aBaHe Ha eaMHULA rOTOB MPOMYKT.
OTHOCUTENHWS EHepropasxof XapakTepuaupa npoueca Ha
CMUraHe OTKbM HerosaTa eHepriitHa cTpaHa.

A 4 ;
1.M1360p Ha ueneBa yHKUUS. ]
v v

N

2. N360p Ha ynpaBnsaBawy akTopu. ]4—

v

3. OnpepensiHe CTpyKTypara Ha Mogena. ]

-

N

v —
[ 4.PeanuavpaHe Ha eKCI'IepVItIeHTa. ]
v
[ 5. O6paboTka Ha faHHuTe. ]
v P
[ 6. CTaTMCTUYECKM aHanus. ]—
v
[ 7. MNpoBepka 1 aHanu3 Ha pesynTaTtuTe. ]7

Bnok cxema 1. Etanu Ha moenupaHeTo.

M360p Ha ynpaensieawu ghakmopu

Mpu n3bopa Ha ynpaensiBalum caktopu Tpsbea aa ce umat B
NpesBua HSKOU M3UCKBaHWS, KOWTO OMPEeAEensT U [0 ronsma
CTeneH TexHMs u3bop:

1. Bcekun ynpaensBaLy aktop Tpsibea ga uma onpegeneHa

obnact Ha onpepensHe (Xmin » X rax ) B KOATO [ia Aonycka

€[IHO3HAYHO KOMNYECTBO OLEHKa T.e. Aa 6bae KOHTpyrepyem.

2. Qakropute Tpabea pga 6Obaar ynpaensiemu. ToBa
W3NCKBaHE O3Ha4YaBa (pakTopUTe [fa Ce YCTaHOBAT W
MOAABbPXKAT Ha PasnuYHM HUBA B AePUHMLMOHHATa UM 0bnacT.

3. ®aktopute TpsbBa Aga Ce M3MepBaT C Bb3MOXHO Hail-
BUCOKa TOYHOCT. [lpenBaputenHo Tpsbea ga ce oTyeTe U
thakta, 4e akTopuUTe, KOWTO MMaT TECEH MHTepBan Ha
W3MEHEHWE M KOWTO Ce O4epTaBaT KaTO Hal-CbLUECTBEHM
TpsibBa ga ce M3MepBaT C MaKCUMasHO Bb3MOXHATa TO4YHOCT.
HeTo4HOCTUTE OT M3MEpBaHETO MOraT Aa Ce M3pa3sBar ypes
€KBMBAmNEHTHOTO CMYLUEHME, KOETO MO-NMPWHUMN BOAM A0
nonyyaBaHe Ha M3MECTEHM OLIEHKW Ha KoeduuueHTUTe Ha
mogena.

4. Qaktopute TpsabBa ga ObaT He3aBUCUMKM — B LSNIOTO
MHOXeCTBO OT (DaKTopu Aa HAMa (PyHKLUMOHANHO CBbp3aHu
(haktopu. [pu aKTMBEH eKCepuMEHT ToBa M3UCKBaHE
OCUTypsiBa Bb3MOXHOCT 3@ YCTAHOBSIBAHe Ha BCeku hakTop Ha
OMPENENeHo HMBO, HE3aBWCKMMO OT HMBAaTa Ha OCTaHanure
thaktopu.

5. CbBMECTMMOCT Ha (hakTopute — TOBa M3UCKBaHE
Mo3BOSIsIBa Aa CE peanuanpat BCUYKM KOMBMHALMK OT HMBA Ha
thakTopuTe 1 TexHUTe AEUHULMOHHM 0BIacT, KakTo KoraTto
ce Tbpcu obracTTa Ha CbBMECTHMOCT.

Bpom Ha HabenssaHuTe MbpPBOHa4anH\ ynpasnssallx
(baKTOpI/I Ce CbKpalllaBa CbrnacHo MNO-rOpHUTE W3NCKBaAHWA,
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Criefl KOeTo Ce OMnpefensT U OTCsBaT CbLECTBEHUTE OT
HECBLLECTBEHUTE YNPaBNABaLLM (hakTopy.

Kato cnucbk Ha ynpaensealm aktopu
n3cnepBaHe ce NocoYBar:

e —bINOBa CKOPOCT Ha BapabaHa, rad/s;
W — OTHOCUTENHA broBa ckopocT,%
d; — [AMaMETbP Ha TomkuUTe,mm;

B HacTOALLETO

e (- CTereH Ha 3anbneaHe Ha bapabaHa ¢ Tonku ,%;

e L - [JbmkuHa Ha BapabaHa, mm;

e D - BbTpeLUeH AnameTbp Ha 6apabaHa ,mm;

e Q — HaToBapBaHe Ha MenHuuata c pyaa, th;

® o — MITBTHOCT Ha ToMKKTe, kg/m3;

e o - MITbTHOCT Ha MaTepuana, KOWTO Lie Ce CMuna,
kg/m3;

e 5 — aebenuHa Ha oBNMLOBKMTE , mm;

e Mg — Maca Ha 6apabaHa, kg;

e K, - CbAbpXaHWe Ha CUTHa Knaca B NOCTbMBalLaTa
pyaa, %;

e t —npober Ha obnuLoBKUTe, h;

o d — AnameTbp Ha LUWAKUTE Ha narepute, mm.

e Qg — [ebuT Ha nocTbnBaLlaTa Boga, Ifh;

e p, - MIABLTHOCT Ha nynna, t/ms;

(] - KONM4eCTBO CMIIAHA Knaca Ha Bxoda Ha

Qex.—0,08
MenHuuara, t/h;

® Qux_00s - KONMMYECTBO CMNsiHA knaca Ha u3xopa Ha

MenHuuara, t/h;
e M; -MacaHa cMunallaTta cpega, t.

Cmpykmypa Ha Mamemamuveckus moden Ha npoyeca
cmunaHe Ha mamepuanu e 6TW

C wusbopa Ha ynpaBnsBawmte aktopu q,i=Tm Cce
onpegens “m” NpOCTPaHCTBEHO, C KOoeTo TpsbBa fa ce
anpokcMmMMpa  perpecuoHHaTa  3aBMCMMOCT ¥(q) .

MaTematinyeckn Ta3n 3aBUCHMOCT ce hopmMmMpa KaTo YCIOBHO
(N0 OTHOWEHWE Ha BekTopa Ha BXOgHWUTE  dhakTopM)
MaTeMaTUYECKOTO O4YaKBaHE Ha Lienesata (hyHKUWS.

sl

(1)

Hait — yecTo anpokcumaumsiTa ce M3BbpLUBA C KpaeH Gpon
CYMM OT HEMPeKbCHATU (PYHKLMN Ha BXOAHUTE (hakTopw:

v =) @

KbaeTo:
f(q) - anpoKkcuMMpaLLyM yHKLK;
Kk - Opoil Ha Te3n yHKLWK;
B, - HEU3BECTHN KOEHULIMEHTH.

O6uKHOBEHO (YHKLMUTE f(q);(i =1.2..k) Ca HEMPEeKbCHATK
(yHKUMM Ha g W MMaT BUAA:

(3)

f.(q)= aftgsi2. qimi =1,2,.k; j =1,2,..m



CmamucmuyecKu aHanus Ha nosly4eHume pesynmamu

CTaTUCTUYECKMS aHanM3 Ha NOyYeHNTe pesynTaTi MOXe Aa
ce Hanpasu 1 06pabotn no ABa HaumHa. EguHMAT OT kouTo e
ype3 MaTemaTuiHO hopMynMpaHu  3aBUCUMOCTM, KOWTO ca
Jokasanu ageksaTtHocTTa cn [42,43,44,45,46,48,49,62,63] u
ap. Opyr HauvH, e 4pes3 M3NOMN3BaHETO HA KOMMKOTHPHM
nporpamMu, B KOMTO € 3anoxeHa TeopwsiTa Ha Mo-rope
cnomeHTara nurepatypa. [porpamu B KOMTO € 3aroxeHa
TeopeTyHaTa NocTaHoBKa ca nporpamute Regression ot Data
Analysis Ha Excel, Sigma Plot u ap.

CratucTmyeckus aHanus ce M3BbplWwBa B CrnegHata
nocnenoBaTenHocCT:

1. Onpegenst ce  gucnepcuure Mo pepoBeTe Ha
cnomararenHara marpuya J*

1 71y
s2-_—

J ﬂj—lr:l(Jr_Jj);j:lm

()

2. Onpenenﬂ Cce aucnepcuaTa Ha eAUHUYHUA OnUT:

3. [ucnepcuata Ha BB3NPOM3BOAMMOCTTA Ha CpegHata
CTOMHOCT € :

j=1'13

(6)

4. [lncnepcunte Ha KoeULMEHTUTE Ha perpecus ca:

(7)

5. MNpoBepka Ha 3Ha4MMOCT Ha KOEULMEHTUTE MO KpUTEpHS
Ha CTiogaHT npu cTeneH Ha cBoboga 1 HUBO Ha 3HAUMMOCT

=3 u-m ®)
j=1

YcnoBneTo 3a 3Ha4MMOCT € :
|| > tS{b};i=11

©)

EdbexTuTe Ha 3HauUMMNUTE hakTopy Ce M3KMIOYBAT KaTo BCsKa
CTOMHOCT Ha J,, r =1,N C€ WU3BaXaa CTOMHOCTTA:

32 = 0 (@ 71)

i=1

(10)

KbLETO:
I' — Opos Ha OTLENHMTE CbLUECTBEHN (haKTOPH;
g, — CTOMHOCTTa Ha (hakTopa B i- TS CTbNO U T —

TVl ped Ha MaTpuuara.
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3a g =+1:

|
‘]b2 = ZZb,
i=1

3a g =-1:
Jpp =0 (12)
Kato ce noBTapA aHanorn4Ho n3noxeHara

NocneaoBaTENHOCT OT AENCTBUS Ce paHxupa usna rpyna ot
CbLUECTBEHN (haKTopy.

[ucnepcusta Ha J ce onpedens OT Matpuuata  Ha
cnyyaitHms 6anaHc:

2

N _
1 . "
[ (J' —J') 13
N _12 ‘ (13)
Kato wuskniounm  sHaummute  bakTopu  AMCnepcusTa
Hamarsia 1 ce U34ICNsBa C U3pasa:
1Y —
S?=—— (Ji—Ji) 14
el (14)

OTHOCUTENHWUSI ASN Ha BCEKM (hakTop Lue ce onpepens ot
OTHOLUEHWETO:

2_ 2
S SZS' .100%

(15)

KaTo Ta3u TeopeTnyHa nocTaHoBKa, KakTo beLle cnomeHaTo
no-rope e 1 3anoxeHa B U36pOEHMTE KOMMIOTHPHM NPOrpamul.

W3cneaBaHe Ha OTHOCUTENHMAT eHepropasxopd Ha
menHuua TMn MTL, 4,5x6

B Tasu Touka LenTa Ha NpoBELEHOTO WM3CnenBaHe e Aa ce
onuwe ¢  MaTeMaTW4eckM  CpeactBa  OTHOCMTENHUAT
eHepropasxog Ha bapabaHHaTa TomkoBa MenHuua. 3a uenta
OsXxa HanpaBeHW M3MEpPBaHUS Bbpxy MenHuun tan MTL
4500x6000 pabotewy B ycnosusita Ha “Enauute men” - ALl
M3amepBaHusiTa  obxeawar nepuopga ot 01.01.2004r. po
09.11.2005r. n ce oTHacsi T 3a 4 Bpos MenHWUM C HoMepa
46,7 n 8. N3vepBaHnaTa Ca CPABHUTENHO OrPaHWYEHN MO
Opoit Ho ToBa 6e 0BOCHOBaHO OT (hakTa, Ye Te ce mpaeexa
camMo Mpu aBapWiHO W MNaHOBO-PEMOHTHO CrMpaHe Ha
MenHuumMTE Npe3 To3n nepuod. Kato ynpaenssaluym daktopu B
WU3cnepBaHeTo ca ONpeLeneHn CleaHUTe napameTpu:

1.PaboteH obem Ha GapabaHa Ha MemHMUaTa Vg,mS.

ObembT € onpeaeneH NOCPEACTBOM HarnpaBeHU W3MepBaHus
Ha BbTPELHWAT AnMaMeTbp W ObikuHaTa Ha OapabaHa Ha
MenHuuara.

2. KoemumeHT Ha 3ambnBaHe Ha bapabaHa CbC cmunalim
Tena ¢%. T031W napameTbp Ce W34MUCrsBa MOCPELCTBOM
N3MEpBaHE Ha BUCOYMHATa MEXOY PaBHWHATa MOMyyeHa OT
HaN-rOpHUS Croi TOMKM U Hail-BuCOKaTa TOYKa Ha BapabaHa
Ha MenHuuaTa.

3. Maca Ha cmunawlata cpega Mr,t. T03x napameTsp ce

n3yucnsBa kato paboTHNAT obem Ha HapabaHa ce yMHOXW no



KOepUUMEHTBT Ha 3ambfBaHe C TOMKM U MOMY4eHOTO
NpOW3BELEHNE CE YMHOXW NO NITbTHOCTTA Ha TOMKUTE, KOSTO
3aByCY OT AuameTbpa UM.

4. HaTtoBapeaHe Ha MenHuuata ¢ pyga Q.t/h. Tosu
napamMeTbp € M3MepeH MOCPEeACTBOM ENEKTPOHHA BesHa
MOHTMpaHa Ha IIEHTOBMS  TPAHCMOPTLOP  3axpaHBall
MenHuyaTa.

5.CbabpxaHnme Ha knaca -15 B nocTbneawata pypa
K_15,%. TO31 NapameTbp e NonyyeH cnefd CUTOB aHanus Ha

nocrbnBallata B MenHuuaTa pyaa B MOMEHTa Ha
W3MepBaHETO Ha ApyriTe napameTpu. ToBa e OTHOLIEHMETO
Ha knacata - 15 KbM BciykaTa nocTbnealla pyaa.

6.brnosa ckopocT Ha OapabaHa wrad/s. [lpu
HanpaBeHWTe W3MEPBaHMS MMame Camo [ABe W3MOon3BaHu
CKOPOCTU MOpagm ToBa, Ye M3cneaBaHUTe MEMHULM MMaT aBa
BMIa NpeLaBaTeNHN OTHOLLEHMS Ha 3bOHUTE UM Npeaask. Mo
TOYHO Ka3aHo pasnonarar ¢ Manku 3b06Hu konena cbe 35 n 33
Bpost 36m.

7. CbabpkaHue Ha LUMCTW Ha NocTbNBaLlaTa pyaa K, % .

Llenesata hyHKUMS OTHOCUTENEH EHEPropasxod, E,kWh/t
ce nomyyaBa KaTo pasfenuM W3MepeHata MOCPEACTBOM
AaTyMuM  MOLLHOCT Ha [Buratens Ha MerHuuata Ha
MPOV3BOAUTENHOCTTA HA MENHULATa 3a eAnHNLA Bpeme.

Tbli KaTo HAMa anpuopHa WHGopmauus 3a npouecuTte,
kouTto npotuyat B 6bapabaHa Ha BTM ce Hanara hopMupaHeTo
Ha cregHWTe M3X04H (Lenesu) napameTpu:

Y, — OTHOCUTENEH eHepropasxod Ha MenHuuaTa, kwh/t.

OTHOCUTENHUS eHepropasxop Ce Nory4vaea KaTo:

E :L,kWh/t
M

(16)

KbaeTo:
P - MOWHOCTTa M3pa3xodBaHa OT ABWraTens Ha
MenHuuaTa, kw ;
Qu - NPOV3BOANTENHOCTTA Ha MENHULATa, t/ h .

MpouM3BOAMTENHOCTTA Ha MemnHUuaTa ce u3ducrnsea no
crnegHata dopmyna:

Qu=Q-Qc.t/h (17)

KbaeTo:
Q - HaTOBapBaHeTO Ha MefHWLaTa c pyaa, t/h ;
Qc - KONMYeCTBOTO M3NW3all OT MefHuuaTa He

CMNSiH MPoAyKT (ckpab), t/h .

Pesyntatute OT u3MepBaHusATa ca NokasaHu B Tabnuua 1 un
Tabnumua2..

Tabnuuya 1
K Q o, E
Ne % | U,m3 " ’ K, % '
4 % | t/h | radls | " | kwhit
1. | 385 | 818 | 889 | 146 174 | 192 14
2. | 324 | 875 | 866 | 155 174 | 151 121
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3 33,1 88,3 | 89,2 147 1,74 19,1 13,9
4. 30,2 89,5 | 92,8 145 1,74 15,9 13,1
5. 34,4 89,7 | 91,3 154 1,74 36,6 13,5
6 359 849 | 914 145 1,74 32,5 13,4
7 26,7 90 87,2 142 1,74 29 13,4
8 371 806 | 87,6 136 1,74 13 14,6
9 33,3 825 | 842 132 1,74 25,5 14,8
10. | 343 81,9 89 138 1,74 29,8 14,6
1. | 361 859 | 895 152 1,74 30,1 13,5
12. | 355 859 | 891 142 1,74 294 14,5
13. | 338 872 | 894 145 1,74 39,9 14,3

Kato pasrnegame BHAMATEnHO napameTpute M3MEpeHu B
nokasaHute TabnuuM MOXEM [a ONpPenenuM  ChegHuTe
ynpaenssaLLm (akropu:

e ¢ - koeuuMeHT Ha 3ambfiBaHe Ha BapabaHa cbe
cmunawyy Tena, %;

e V -BbTpelueH obem Ha GapabaHa, m®;

e K_;5 - CbbpXaHue Ha knaca -15 BbB BXogsLiaTta

pyAa, %;
e Q - HATOBapBaHETO Ha MenHWLaTa c pyaa, t/h ;
e © - bITIOBA CKOPOCT Ha bapabaHa, rad /s ;
e M; -MacaHa cMmunalyata cpega, t ;

e K, - CbAbpxaHue Ha WKCTH B pyaata, %.

Pasrnexgaiku Taka onpefeneHnuTe ynpasnseawiy ¢aktopu
Ce BWKOa, Ye Te Ce pasnnyaBaT CbLUECTBEHO OT CrmMcbka
npurnoxex B rnaesa 3. ToBa ce Hanara no CRegHUTE NPUYNHU
1. EkcnepumeHTbT HanpaBeH B “Enauute-men” - ALl e
nacwBeH, T.e. NPeCTaBeHN ca napaMeTpy, KOUTO € Bb3MOXHO
ga Obgar wuamepenu. [lo Tasu npuunHa oTnagar Kato
ynpasnssalLm akTopu: Qg 008, Pas t -

2. Hakon ot napameTpute He MoraT Aa ObaaT NpOMEHsiHU,
3aT0Ba 3a OTCTPaHEHW OT ChMCbka Ha YnpaensBawuTe
thakTopu. TakmBaca: Qg, d, p, Mg, pr, dr .

3.0TnagHanu ca HAKOM MapaMeTpu OT ChCbKa Ha
ynpaensBawmre  akTopyu nopagM  W3WCKBAHETO  3a
yHUKanHocT. ToBa O3HayaBa, Y€ Te Ca B3aMMOCBbP3aHN W
TpsibBa Aa Ce npencTaBnsBaT OT eauH bakTop. Hanmpumep
ObImknHaTa Ha BapabaHa L, BbTPELWHNST My AMaMeTbp D 1
pebennHata Ha obnuuoBkuTe 5, MoraT pga Obgar
nNpeacTaBeHn OT edawH aktop - V- BbTpeweH obem Ha
GapabaHa Ha MenHuuara, me.

4. KbM ynpaBnssalymte (hakTopu € BKMKYEH CbLLO U efuH
Cy4aeH, a MMEHHO CbIbPXaHWE Ha LWMCTM (TPyOHOCMMIAEMN
yactuum) B pyaata K, ,%.




Tabnuya 2

f ,
Ne ? U m Ko | Q Kuw,% E,
kWh/t

12.| 355 | 859 | 142 | 146.2 17.4 89.1 294 14.5

13.| 33.8 | 87.2| 145 | 141.6 17.4 89.4 40 14.3

% % t/h rad/s
379 | 885 86,9 145 1,64 15,2 14,5

—

14.| 379 | 885 | 145 | 160.9 16.4 89.9 | 152 14.5

37,7 | 89,7 | 762 150 1,64 19,9 14,7

15.| 37.7 | 89.7 | 150 | 162.2 16.4 76.2 19.9 14.7

36,5 | 83,1 89 138 1,64 29,8 15,8

16. | 36.5 | 83.1 | 138 | 145.7 16.4 89 29.8 15.8

385 | 859 | 927 150 1,64 274 14

17.| 385 | 859 | 150 | 158.7 16.4 927 | 278 14

386 | 868 | 91,1 0 1,64 35,5 0

18.| 38.6 | 86.8 | 148 | 160.7 16.4 91.1 35.5 14.3

369 | 87,8 93 147 1,64 24,6 14,4

19.| 36.9 | 87.8 | 147 | 155.7 16.4 93 24.6 14.4

35 89 92,4 148 1,64 45,7 14,1

20.| 35 89 | 148 | 1515 16.4 924 | 457 14.1

436 | 83,6 87 140 1,64 18,8 14,6

21.| 436 |836| 140 | 1747 16.4 87 18.8 14.6

Ol Nl ||| w N

40,3 | 86,1 85,8 138 1,64 41,6 15,4

22.| 403 |86.1| 138 | 166.5 16.4 858 | 41.6 15.4

10. | 37,1 | 882 87,1 144 1,64 20,2 14,6

23.| 371 | 882 | 144 | 156.9 16.4 87.1 20.2 14.6

1.1 383 | 882 | 932 130 1,64 32,6 16,3

24.| 383 | 882 130 162 16.4 93.2 32.6 16.3

12. | 35 885 | 923 154 1,64 25 13,6

25.| 35 |885| 154 |1485 16.4 92.3 25 13.6

13. | 36 89,2 | 929 155 1,64 28,5 13,9

26.| 36 [89.2| 155 |154.3 16.4 92.9 28 13.9

B pesyntaT Ha nacuBHMsS  (DAKTOpPEH EKCrEepUMEHT
napameTpute ce npeobpasysaT B MaTpuua mnokasaHa B
Tabnumua 3.

27.| 355 | 889 | 148 |151.5 16.4 823 | 457 14.1

Pe3yJ'ITaTVI OT CTaTUCTU4YeCKUa aHanm3 Ha OTHOCUTENHUA
eHepropasxog ca nokasaHu Ha Tabnuuya 4.

OGpaboTkaTa Ha faHHUTe OT Tabnuua 3 ce U3BbPLLIBA, Ype3 Tabnuya 4
cTaTucTUYecku aHanus. OBpaBoTea ce LSNOCTHaTa MaTpuLa SU'\I"?'\e"ArF:;(S’,OO;”S':;ILiCS
33 OTHOCUTENHWUS eHEPropasxop. Mumplz = 0912376
. R Square 0.835992
CobcraBeHa e matpuuara Ha Fisher. Pesynratute o Adjusted R
ekcnepuMeHTa ca 06paboTeHW CTaTUCTUYECKM, KaTo Ce Square 0.775568
usnonsea nporpamMa Regression ot Data Analysis Ha Excel. Standard Error [ 0.398605
Etanute 3a o6paboTka Ha eKkcnepuMeHTanHU AaHHU ¢ Observations 2
Regression ca AaneHy B 6riok-cxema 2. ANOVA __
Significa
df SS MS F nce F
b Tools ]—P[ Add-in/Tool Pack ] Regression 7| 1538783 | 2.198261 | 13.83543 | 2.96E-06
Residual 19| 3.01884 | 0.158886
Total 26| 18.40667
y Coefficien | Standard Lower
Data ts Error tStat | P-value 95%
Intercept 31.14172 | 12.08889 | 2.576061 [ 0.018506 [ 5.839368
X Variable 1 0.153725 | 0.299915 [ 0.512562 | 0.614165 [ -0.474
X Variable 2 0.051715 | 0.121359 | 0.426129 | 0.674803 | -0.20229
Briok-cxema Ne 2.- ETanute 3a 06paboTka Ha ekcnepuMeHTanHu AaHHM. X Variable 3 -0.09165 | 0.014489 | -6.32558 | 4.53E-06 | -0.12197
X Variable 4 -0.01775 [ 0.023061 | -0.76968 [ 0.450956 | -0.06602
Tabnuya 3 X Variable 5 -0.54962 | 0.263415 | -2.08651 [ 0.050648 | -1.10095
Ne | Xg | Xo | Xs | X4 Xs Xs | X, Y, X Variable 6 0.014123 | 0.00927 | 1.523471 | 0.144113 | -0.00528
X Variable 7 -0.02121 [ 0.07241 | -0.29293 [ 0.772748 | -0.17277
0% V. | Q My o, K.is. | Kw. | E,
m® | t/h rad/s | % % | KWh/t OueHKaTa Ha 3HaYMMOCTTa Ha KOedULIMEHTUTE Ha perpecus
1.1 385 818 | 146 | 151.1 | 174 88.9 | 19.2 14 ce wn3Bbpwea no kputepus Ha CTIOOEHT NpPU HUBO Ha
2. | 324 | 875| 155 | 136.2 174 866 | 15.1 121 3HAYMMOCT o = 0,05 W 8 Bp. Ha cTeneHyn Ha ceoboaa v =8.B
3 | 334 1883 | 147 | 1346 | 174 | 892 | 194 13.9 nporpamara Tasu npouegypa € W3BEeCTHa KaTo Ce OLEeHsiBa
BEPOSTHOCTTA 32 3HAYNMOCT Ha KOEULIMEHTUTE Ha perpecs.
4. ] 302 |895| 145 | 1298 | 174 | 928 | 159 | 13.1 AKO Tasu BEPOSTHOCT
5 | 344 [89.7| 154 1481 | 174 | 913 | 366 | 135
6. | 359 |849| 145 | 1463 | 174 | 914 | 325 | 134 P —Value < a (18)
7.0 267 | 90 | 142 [1152 | 174 | 872 | 296 | 134
TO KOe(hMLMEHTA Ha perpecns € 3HaumMm (0 - JOBEPUTENHA
8 | 371 (806 | 136 |1434 | 174 | 876 | 11.3 | 146 BEPOSITHOCT).
9.| 333 (85| 132 [131.7| 174 | 842 | 255 | 148
10 343 (819 138 | 1328 | 174 89 | 298 | 146 AHanormyHo ce OLEHsIBa W aeKBaTHOCTTa Ha YPaBHEHMETO
NoCpeacTBOM 3HAaYMMOCTTa Ha Kputepuss Ha Fisher. Ako
11.| 361 | 859 | 152 | 1487 | 174 | 895 | 30.1 13.5 3HaUMMOCTTA Ha KpHTEpiUS &




SignificanceF < a. (19)
TO YpaBHEHUETO € afjeKBaTHO.

CbCTaBs Ce OTHOBO MaTpuua Ha ®uilep, B KoATO ce
WU3KNIOYBAT HE3HAUMMMTE (haKTOpW M aHanMsbLT Ce NoBTapst
0THOBO. OKOHYATENHUTE pesynTat OT  CTATUCTUYECKMS!
aHanm3 e aageH B Tabnuua 5.

3a lenesatTa (yHKUMA Y, Mofy4aBame  CreaHOTO
ypaBHEHMe Ha perpecus:

Y, =16,03+0,135X, +0,095X, —0,1X 3 (20)
Tabnuya 5
SUMMARY OUTPUT
Multiple R 0.87916
R Square 0.772922
Adjusted R
Square 0.743303
Standard
Error 0.426296
Observations 27
ANOVA
Significanc
df SS MS F eF
Regression 3| 14.22692 | 4.742305 | 26.09558 1.39E-07
Residual 23| 4179751 0.181728
Total 26 | 18.40667
Coefficient | Standard
S Error t Stat P-value | Lower 95%
Intercept 16.02611 | 3.290036 | 4.871104 | 6.42E-05 9.22016
X Variable 1 0.135448 | 0.027572 | 4.912532 | 5.79E-05 | 0.078411
X Variable 2 0.095201 | 0.037543 | 2.535795 | 0.018472 | 0.017538
X Variable 3 -0.10285 | 0.01471| -6.99175| 3.99E-07 | -0.13328

U3Boau

OTHOCHO noMyyeHUTe pesynTatM OT W3MepBaHuUsTa W
CTaTUCTUYECKNS aHamnu3 Ha OTHOCUTENHUS EHepropasxog Ha
MefHMLaTa MOXeM Aa KOHCTaTupame CregHoTo:

- OTHOCMENHWAT eHepropasxod ce Bnusie Halm B romnsma
CTEMeH OT TpU NapameTbpa, a MMEHHO OT KOeULMEHTLT Ha
3ambfiBaHe Ha MenHWLaTa CbC CMUNALLM Tena, BbTPELUHNST
obeM Ha MenHuMLaTa U HaTOBapBaHETO Ha MaluuHaTa C pyaa;

- Mpy NoBUWABaHe Ha KOE(UUWEHTLT Ha 3ambriBaHe Ce
MoBMLLIABa 1 OTHOCUTENHUAT EHEPropasxog Ha MenHuLaTa;

- MpW MOBULWABaHe Ha HATOBAPBAHETO Ha MenHULUaTa ce
HamansBa OTHOCUTENHUAT eHepropasxod Ha MalLnHaTa;

- MPY NOBWLLABaHE Ha BbLTPELIHUAT 06eM Ha MenHuuaTa ce
MoBMLLIABa 1 OTHOCUTENHWUAT EHEPropasxog Ha MenHuLaTa;

- npeHebperHaT ca Hakou OT dhakTopuTe nopaan hakTbT,
Yye Te He moraT Aa Obgat MPOMEHSHW UM M3MEpBaHW B
MPOMULLNIEHN YCroBWS. TakvBa ca brfoBata W KpUTWYHaTa
BITI0Ba CKOPOCT Ha MenHuuaTa.

MNocpeacteom nporpama Matematika e nokasaHo B
rpacmyeH BML BMMSHMETO Ha YMpaBnsiBaLTE NapameTpy,
KaTo €OMH OT TAX € OCTaBeH Ja 6bae MOCTOSHEH W BU3yasHO
ce HabnoaaBa BNUSHWETO Ha OpyruTe ABa BbpXY Lienesarta
yHkumsa. ToBa e nopagn akta, ye (yHKUMATA e OT Tpu
MPOMEHNMBI W He e Bb3MOXHO Aa Obae nokasaHa B 3D
MPOCTPAHCTBOTO, @ € Bb3MOXHO Aa Obaar mokasaHu camo
ceveHuaTa — cur. 1,2 u 3.
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®ur. 1

dur. 2

dur. 3

@ = 35% = const
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TOANLIHWK Ha MuHHO-reonoxkus yHuepcuTteT “Ca. VBaH Puncku’, Tom 49, Ca.III, MexaHu3aums, enektpudmkaums 1 asTomatmaums Ha MuHute, 2006
ANNUAL of the University of Mining and Geology “St. Ivan Rilski”, Vol. 49, Part Ill, Mechanization,electrification and automation in mines, 2006

KOMMIOTBbPHO U3CNEABAHE HA AUHAMUYHOTO HATOBAPBAHE HA
MEXAHWYHATA CUCTEMA HA POTOPEH BATEP TUM SchRs - 2000

Hukonaii Juues, lemko Hedsinkos

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cogpus
TexHuvecku yHugepcumem - Cogpus, 1756 buneapusi

PE3IOME. OGekT Ha u3cnefBaHETO e iByMacoBa MexaHU4YHa CUCTEMA Ha Haii-pa3npocTpaHeHaTa Jo6MBHA MalLMHa B OTKPUTUS Bbrenobus Ha Bbnrapus. basa Ha
Hay4YHOTO W3criefBaHe € MaTeMaTU4YeCKOTO OnUCaHWe Ha AeduHMpaHWs oBekT 3a paboTeH pexuM Mof LeiCTBMEe Ha CTAaTUYHOTO W AMHAMUYHO HaToBapBaHe.
OCHOBEH MHCTPYMEHT ca KOMMIOTLPHUTE MPUNOKEHWUS) HA YMCNIEHUTE MaTeMaTUYECKU METOAM 3a peluaBaHe Ha CUCTEMU AudepeHLMantmu ypasHeHus. MonyyeHute
pesynTaTi MoraT fia GbaaT U3NON3BaHM 3a NMpeunsMpaHe Ha MOLENUTe U anropuTMUTE, OMMCBALLM AUHAMUYHOTO MOBEAEHWE Ha POTOPHUS Garep, a OT Tam Ha
[0CTOBEPHOCTTA UM W TAXHATA NPUNOXMMOCT B NpakTukaTa.

COMPUTATIONAL RESEARCH OF DYNAMICAL LOADING OF BUCKETWHEEL EXCAVATOR MECHANICAL SYSTEM TYPE
SchRs 2000

Nikolai Dichev, Petko Nedyalkov

University of Mining and Geology “St Iv. Rilski”, 1700 Sofia

Technical University - Sofia, BG 1756 Bulgaria

ABSTRACT. Object of this research is two-mass mechanical system modeled after most widespread excavator for open pit coal mining in Bulgaria. It is based on
mathematical description of defined object for working condition under dynamical and static loading. Main instrument is computer application of numerical methods for
solving systems differential equations. Obtained results could be used to make more precise model and algorithm describing dynamical behavior of this type of
bucketwheel excavator, therefore their practical usability.

BbuBeaeHue
B nocnenHute gecetunetus potopHute barepu ce Hanarat WU3cnepgBaHe Ha AMHaMMYHaTa cucTeMa Ha Garep
KaTo €dHM OT Hal-pasnpocTpaHeHuTe OOOMBHW MallvHU B 1un SchRs - 2000

OTKPUTWTE BBITMLLHM pyaHuumn. MHorobpoiiHuTe npeammcTaa,
KaTo BWCOKaTa MPOWM3BOAMTENHOCT, BUCOKATa HAZEXOHOCT,
pobpute BB3MOXHOCTM 3a aBTOMaTW3auus Ha paboTHuUTe
npouyecu W CbBMecTHa paboTa C TPaHCMOPTHM CUCTEMW C
HenpeKkbCcHaT MpuHUMN Ha paboTa ca npeanocTaBku Tasu
TEHAEHUMS 3a B Obaelle fa ce 3anasu.

3a onpocTsiBaHe Ha AMHAMWUYHWUTE U3CrEefBaHNs U C orneq
Nno — NecHOTO Mocneapallo BepudMLMpaHe Ha pesynTaTuTe
MOJENMPaHeTO Ha [MHaMuKkaTa 3amodBa C NpUeMaHe Ha
OMPOCTEH MOZeNn Ha AuWHamudyHaTa cuctema Ha Harepa. Mpw
CbCTABSHETO HA Mofena Ca HanpaBeHW CheaHuTe
JONyCKaHWsiTa: nMnca Ha AWCMNaTMBHU CUNWM B CUCTEMaTa,
Tenata 1,2 u 3 ca TBbpAM M MacuTe Ha €enacTU4HUTE
eNeMeHTU ca MpuBeAeHM MO paBHO B [BaTa UM Kpas.
MpueTuTe ONPOCTSBaHWA MoraT Aa OTnajaT MOCTENEHHO ¢
EKCMEPUMEHTAIHOTO YTOYHSIBAHE HA MOZENa.

®ur. 1. KoHcTpykTMBHA cxema Ha 6arep Tun SchRs - 2000

Hykgata OT  noBMWABaHE HA  HagexgHoOCTTa  Ha
MexXaHWYHWUTE KOHCTPYKUWM Ha poTopHuTe Oarepn Hanara
W3crnedBaHe M aHanu3 Ha CTaTUYHUTE U Ha AMHaMWYHUTE
HaToBapBaHusi. [peaMET Ha HACcTOALOTO M3cneaBaHe e barep ®ur. 2. Mogen Ha auHamuyHaTa cuctema Ha 6arep Tun SchRs — 2000
TUn SchRs - 2000 (dur. 1) B ycTaHOBEH pexxum Ha paboTa.

89



3a  KuHeTW4HaTa €Heprna Ha cCucremara MoOxem [a
3anuiiem:

T =05%J, %@ +0,5%J, %, ()

KbaeTo:
J1, J2 — MacoBW MHEPLIMOHHN MOMEHTYW Ha TenaTta 1 1 2 okono
TouKa E;

@1, @2 — 3aBbpTaHMsa Ha Tena 1 u 2, npuetn 3a 0606LLEHN
KoOpAMHaTK;

3a noTeHunanHata eHeprua Ha cuctemata MOXeM [a
3anuiem:

=1, +1, +11, +11, (2)

KbeTo:
Met — NOTEHUMAMNHA EHEpPrus Ha MbPBISA eNnacTUIeH eNeMenT,
Mc2 — NOTEHLMANHA EHEPrus Ha BTOPUS eNacTUUYeH enemeHT,
Mmt — NOTEHLMaNHa eHeprus oT TErMoTo Ha MacaTa Ha Tano 1;
M2 — NOTEHLMANHA eHeprus OT TErnoTo Ha MacaTa Ha Tsno 2

3a 1 3annceame:
(yA'XB_XA'yB)2 2
2 2 2 7Pt
Xa+Yn X5 tYs
2
(yA'XB —Xa-Yg )
2 2 2
Xa +Ya X5 +Yp

2
(yA'XB _XA'yB) 2
2 2 2 R

Xp"+Ya +Xg + Y

17Cl =0,5.¢,.

+C,. 5P, + (3)

+0,5.c,.

KbAETo:
Xa, YA, X8, Y8 — KOOPAWHATM HA Toukn A n b;

C1 — €enacTM4Ha KOHCTaHTa Ha enacTuyHaTa Bpb3ka Mexay
TANO 1M 2;

C2 — €nacTMYHa KOHCTaHTa Ha enacTuyHaTa Bpb3ka Mexay
TANO 21 3

3a M2 3anucaame:;

(yB'XC_XB'yC)2 2

II. =0,5.c,. . (4)
K ’ XB2 + sz + X02 + y02 v

KbaeTo:

Xc, yc — KOOpAMHaTK Ha ToukaTa C

3a Mmt 1 Mm2 3anucaame:

11, =—0,5m,.8.y5 %’ 5),

Hmz =-0,5m,.g.ys_ .(p22 (6)

KbaeTo:
m1, m2—Macu HaTenata 11 2;

yGs, yGm — KOOpAMHATY HA LiEHTPOBETE Ha TEXECTTa Ha TANo
1nz;

g — 3€eMHOTO yCKOpeHune

Korato pewuMm M OnpoCcTMM u3pasa 3a noTeHUnanHata
€Heprna Ha cuctemaTta M CnpsaMo @1 1 @2 nony4yaBame:

2 2
7= 0,5.((.‘,11.(pl +2.C,.0,., +Cpp. 0, ) (7
KbAEeTo:
C11, C12, C22 — KBa3nenacTnyHu KOG(*)VILteHTVI Ha cuctemara,

Korato otuyetem paborata dW Ha cmywasaliata cuna,
nopogeHa 0T paboTHus npouec Ha barepa F(t) ¢ npunoxHa
TO4Ka A BbpXY TANOTO 1:

W =(x F®)-y.F,(0))5p  ©
3a cMCTeMaTa MOXeM J1a HanuLieM ypaBHeHuaTa:
I P +CL P +Cy 0 =X, Fy 1) —ys F(1) )

J,0,+CLp +Cyp, =0 (10)

CobCTBEHUTE YECTOTH Ha cucTeMaTta Wi M w2 NonyyaBame
KaTo KOpPEHUTE Ha ypaBHEHWETO:

4 2
J,.J,. 0" — (€., +C,pd)) 0" +
+C,.C,, —C, =0

(11)

OnpepensHe Ha cunata F(t) npu ycraHoBeH
pexum Ha paborta B 00w, BuA, NnpMBeAeHa KbM
oCTa Ha poTopa Ha barepa

Cunata F(t) npeactaensBa cymara OT BCUYKM CWMM
JencTealm Ha paboTHus opraH Ha Oarepa, mopoaeHu ot
paboTHMA MpoLec npu YCTaHOBEH pexum Ha pabora,
npuBegeHn KbM OCTa Ha poTopa. B cnyvas Tasu cuna e
eJMHCTBEHATa CMyLLaBalla curna B Mogena Ha AuHaMuyHaTa
cuctema. B nageanHus cnyyan peluaBaHeTo Ha MOLena Moxe
[a cTaHe ¢ yHkums 3a F(t), nonyyeHa ype3 anpokcumaums ot
YCPELHEHN eKCnepuUMeHTanH1 AaHHU. TakaBa (yHKLMS MOXeE
fa 6be 3agafeHa M aHanUTUYHO, KaKTO € HanpaBeHO B
HaCTOALLOTO M3creaBaHe, ako CHEMAHeTO Ha JaHHM e CKbMo
WNM HEBB3MOXHO. Bbnpekn Ye ToBa ce M3BbpLIBA Ha HasaTa
Ha pasnuyHuM LOMYCKaHMS, 3aLLOTO HAKOM OT NapaMmeTpuTe Ha
paboTHMA NPOLEC NPK POTOPHUTE Barepyn ce xapakTepuaupat
C BWCOKA CTENeH Ha HEONPEAENeHOCT, MpU MPaBUITHOTO
3aaBaHa Ha BXOOHWTE AaHHW onpegensHeTo Ha F(t) no Toan

HauMH Moxe Aa 6bae JoCTaTb4YHO TOYHO.
v/2 vi2

®ur. 3. Cxema Ha brnuTe, yyacTBawm B AehMHUPAHETO Ha UHTepBanuTe
Ha M3MEeHeHMe Ha cunuTe OT KomaeHe. 3alwpuxoBaHaTa obnact e
cpsi3BaHaTa oT pabOTHMSA OpraH CTPYXKa.



3a pa Hamepum F(t) TpsbBa ga nomyunm cymute OT
NpoeKLunTE Ha yyacTaalymTe npu hopmmparHeTo Ha F(t) cunn
Fir, Fin, Fm, Fa, Ff 3a i-TaTa koha no X 1 y Ha koopauHaTHa
cucTeMa C Hayano ocTa Ha poTopa fnexalla B paBHWHA
nepneHanKkynsapHa Ha Hes:

n -1
Fay kI () = ZO“ ki) 0<as<y

(12),

kr(t)=0, y<a<2r

[X y]

n -1
Ry kn() = Zo Foykni (), Osas<y
(13),

[X y]kn('[) 0, w<a<2r

n -1

m(t) = F[va]m(t) max ,

1%
F[X’y] l//SaSﬂ'—E (14),

1%
F.ym® =0, = -5 sas 27

n -1
R 2t = ZO Fogai®), 0sas<y
(15),

F[X’y]a(t)zo, w<a<2rm
T 14
Foyf®)= Z Fay fi (D), SSasr—o
(16)
14 T
F y]f(t)ZO, ﬂ—ESaSE

TyK BrBABLT 0 MOXe Aa 6bae npeacTaBeH kaTo u3pasa;

.27
a:(a)p.tﬂ.—j,rad
nk

a brbMna Y kaTo u3pasa:

(17),

KbeTo:
Fk: — paguanHa cuna oT KonaeHeTo;

Fikn — HOpManHa cuna ot KonaeHeTo;

Fm — cuna oT u3guraHeTo Ha marepuana;

Fa — cuna ot yckopsiBaHETO Ha Marepuana;

Ff— cuna ot TpueHeTo Ha MaTepuana B 3aTBaPALLNS CEKTOP;
nk — 6poi kodbm Ha poTtopa, Nk=14;
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a — b/ HA 3aBbpTaHe Ha poTopa okono cobcTBeHaTa My oc,
rad;

Wp — BITIOBA CKOPOCT Ha poTopa, rad/ s;

Y — b, ONpeaensiLy, BUCOYMHaTa Ha cTbnarnoTo H, rad;

H- B1coYmHa Ha cTbNanoTo, m;

R - paguyc Ha poTopHOTO Koneno, m;

V - bI'bJ1 HA CUMETPUYEH 3aTBapsLy cekTop, rad; i=0,1,2,...,14;

Cunara F(t) no npoekuuv no x 1y Mmoxe fa 6bae nomnyyeHa
B aHanuTU4YeH BUL KaTo Cyma OT Mpeau ToBa ONnpefeneHuTe
cunu:

Fopy®) =

K () + R, jkn(®) + R, m(t)
‘ (19
[X y a(t) + F

TN

OnpepensiHe Ha Ternata, KOOpAMHaTUTE Ha
LIEHTPOBETE HAa TEXECTTa M HAKOM XapaKTepHW
TOuKM OT Tenarta 1,2 u 3 B 3aBUCUMOCT OT bIbfa
Ha noBAuraHe Ha cTpenara

AHanUTUYHOTO onpefensHe Ha Ternata Ha Tenata 1,2 u 3,
KaKTo W KoopauHaTuTe Ha Toukn AB u UeHTpoBeTe Ha
TEXecTTa B 3aBMCMMOCT OT bibfla Ha cTpenarta ChpsiMo
XOpu3oHTa A [aBa Bb3MOXHOCTTa Mofena Ha AuMHaMuyHaTa
cuctema Ha SchRs — 2000 pga 6bae pelaBaH YMCREHO 3a
Pa3fnuYHM MONOXEHUs Ha cTpenaTa. brbibT Ba ce oTuMTa OT
MbPBW KBaApaHT Ha KOOpAMHATHATa CUCTEMA Ha AWHAMUYHMS
MOZEN, KaKTo e nokasdaHa Ha ®wr. 2 no nocoka obpaTtHa Ha
YaCoBHMKOBATa CTpenka. 3a ABONKMTE KOOPAMHAT MOXEM Aa
3anuem:

X, = Rg.cos6,, y, =Ry.sinb, (20),
Xg =R,,.C086;, Yy, =R,.sin6, (21),
X, =R, €086 , Y =Rs SinG  (22)
0,9%5 Gy + X5, -Gy +X%,.G, +0,5.%; .G,
X — ob rb v
G 0,5G,, +G,, +G, +0,5.G,
(23)
0,5.yGoh Gy + Yo, Gy +Y,G,+0, 5.va G,
Y, = 0,5Gy, +G,y, +G, +0,5.G,
. 0,5.%:G, + X5, Gy + X%, Gy
c 0,5G,+G, +G, '
(24),
. = 0,5.¢.G, +Yg, Gy + Y, Gy
Gp

0,5G,+G,, +G,

a 3a Ternara Ha Tenata 2 1 3, KakTo ca Hape4YeHn CbOTBETHO
MauTaTa U NPOTUBOTEXECTTa, MOXEM [a 3anuLiem:

G,=05G, +G, +G, +0,5G, (24),



G,=0,5G,+G, +G,

KbeTo:
Xa, YA — KOOpAMHATU HA T. A, m;

Ra — paguyc no KoWto ce 3aBbpTa T. A OKONO Ha4yamnoTo Ha
koopaMHaTHaTa cuctema, m;

Ba — BrbN MeXaY oTCeukaTa RA v koopauHaTHaTa

oc X, rad;

X8, Y8 — KOOpAWHATK Ha T. B, m;

Rs - paguyc no koito ce 3aebpTa T. B okono Hayanoto Ha
KoopaMHaTHaTa cuctema, m;

Bs — b Mexay Re 1 koopanHaTHaTa oc X, rad;

Xc, Yc — koopauHatu Ha 1. C, m;

Gs — Terno Ha ctpenata (tano 1), N;

XGs, YGs — KOOPAMHATY Ha LIeHTbpa Ha TexecTTa Ha Ternoto Gs
;m;

Res — pagnyc no KoMTo Ce 3aBbpTa LieHTbpa Ha TexecTTa Ha
TernoTo Gs OKONO HAa4YanoTo Ha KOOpAMHATHATa cucTeEMa, M;
Bes — brbN Mexay RGs 1 koopauHaTtHaTa oc X, rad;

Gm - Terno Ha mautara (1m0 2), N;

XGm, Y6m — KOOPAMHATM Ha LieHTbpa Ha TeXecTTa Ha TEernoTo
Gm, m;

Gob — TErN0 Ha obTeratenHarta Waxra — enacTuyeH enemeHT ¢
MPYXMHHA KOHCTaHTa c1, N;

XGob, YGob — KOOPAWHATU Ha LEHTbpa Ha MOMoBMHATa OT
TexecTTa Gob, NPUNOXeEHA B T. B, MAEHTUYHM Ha XB, Y8, M;

G — TEMO Ha NOABMKHWS PONKOB BMOK Ha BbpXa Ha MavTara,
N;

Xe, Yo — KOOpAMHATU Ha LeHTbpa Ha TexectTra G,
npunoxeHa B T. B, MOEHTUYHN Ha Xs, Vs, M;

Gg — Terno Ha rpeaara Ha maytara, N;

Xeg, YGg — KOOPAMHATK Ha LieHTbpa Ha Texectta Gg, KaTo
X6g=0,5. X8, y64=0,5.ys, M;

Gv — TErno Ha BbXeTo, HABWUTO Ha MofUcnacTa — enacTuyeH
€IIEMEHT C MPYXWHHA KOHCTaHTa C2, N;

Xev, Yev — KOOpPAMHATM Ha UeHTbpa Ha Texectta Gy,
MPUNOXEHW B T. B, MOEHTUYHM Ha Xs, VB, M;

Gp - Terno Ha npotueoTexectra (tano 3), N;

XGp, YGp — KOOPAMHATW Ha LiEHTbpa Ha TEXECTTa Ha TernoTo
Gp, m,

Guw — TErno Ha BbXeTO HaBuTO Ha BapabaHa, pa3nornoxeH 3ag
HenoaBWKHWS ponkoB 6ok Ha nonmenacta, N;

XGvb, Yovb — KOOPAMHATY Ha LiEHTbPa Ha Texectta G, m;

Gp — Terno Ha nnatgopmarta, N;

XGpl, YGpl — KOOPAMHATK HA LiEHTbpA Ha TEXECTTa Ha TernoTo
Gpl, m;

MoHexe Termata Gv M Gw Ce M3MEHAT B 3aBMCUMOCT OT
ronemMuHaTa Ha B, 3a TAX MOXeM Ja 3anuLlem:

G, =n,.p.(l,+7.n.D,) 27,
G, =G, -G, (28)
KbOETO:

ny — BPOW KNOHOBE Ha NonMecnacTa;

P — NIYHENHO Terno Ha BbxeTto, N/m;

l2 — gbIKMHA Ha nonmenacTa, m;

nr — BpOW ponky B NOAMcnacTa;

Dr — AvMameTbp Ha pork1Te Ha nonuenacra, m;
Gvo — TEMNO Ha LANOTO BbXe, N;
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3a |2 Moxem 1@ HanuLem u3pasa:

h=ﬂ&—&fﬂﬁ—%f (29)
3a Gvo MOXeEM [ja HanuLieM n3pasa:

G =Pl (30)
KbaeTo:

lvo — ABMKWHA HA LANOTO BbXE, M;

OnpepaensiHe Ha ONOPHUTE peaKLUM

OnopHUTE peakuuu, MOMyYeHn B PesynTaT OT AUHaMUYHUTE
HaTOBapBaHWS MMaT BUAA:

Dx =m 5<Gs +m, XGm - I:x (t) (31),
D - 1 16 .o .o
y _X_[_ 1¢1+ml(XGS Yo, = Y, XGS)_
D
_‘]2 (bz +m, (XGm *yem - me *Xem )+ (32),

+y, F (1) -x, F, (t)]

%{_‘Jl @ +m, [XGS Yo, ~

_(XGS _XD)yGSj|_‘J2 P, +

E=

(33),
+m, |:XGm me - me (XGm —Xp )} +

+Y, F (1) -x, F, (t)}

MornyyaBaHeTO Ha CyMapHWUTE peakuunm OT CTAaTUYHUTE U

OVHAMWYHW  HATOBapBaHWA CTaBa 4pe3 MpuHUMna Ha
cynepnosuyusTa.

YucneH npumep

BxogHute pgaHHM  Ha  mopgenma ca B3eTM  OT

eKcnnoaTaynoHHaTa gokymeHTauus Ha 6arep SchRs — 2000.
CvobpasHo pJapeHata mo-rope  MeToguMka €  uM3rpapeH
KOMMIOTbPEH CUMYMALMOHEH MOLEN Ha ByMacoBaTa cucTema
POTOPHAa CTpena — MayTa — CTpena Ha NpoTUBOTEXECTTa ChbC
CbOTBETCTBALLMTE U OMOPY.

MpecMeTHaTI ca COBCTBEHMTE YECTOTH HA CUCTEMATa:
f, =[12.58;0.92] ,Hz

Pesyntatit 3a OMHaMUYHUTE MapameTpy Ha cucTemata ca
NpeacTaBeHu B rpachuyeH Bua.



[rad]

t[s]

®ur. 4. TpenTeHnst Ha braMTe — @1 U @2 — 0000LIEHN KOOPAUHATH Ha
AUHaMUYHaTa cuctema.

y oscilations

[m]

t[s]

®ur. 5. BepTukanHu TpenTeHusa Ha T. A.

Force pulsations
0.05 . . " - . . ; : T

D045
oo4 |-
0035} -
003}

E a5t
o] SR
oot

0.005

®ur. 6. 06w BMA Ha CMYyLLABaLLMA MOMEHT.

[NpenopvyaHa 3a nybrukysaHe om
Peuerszenm douy. d-p Lie. JamsiHos
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MokasaHUTe AMHAMWYHW XapaKTepPUCTMKM Ha cucTemara ca
6a30BM W cryxaT 3a KOHTPON 4 npoBepka Ha Mogena. Cblyo
Taka MO3BOMSBAT W  EKCMEpUMEHTanHa MpoBepka Ha
nsuncneHnte napameTpun. MogembT e u3rpageH C rbBKaBa
CTPYKTYypa W MO3BOMSBA MPOMSHA Ha HayanHuTe OaHHW C
orned 3a CbBragaHe C KOHKPETHUTE paboTHM YCroBWs Ha
paboTa Ha pearnHata MalluHa.

N3Bogu

OCHOBHM 13BOAM OT HacTosiLaTa paspaboTka:
1. Cb3pageHa e MeToavKa 3a U3crneaBaHe Ha napameTpuTe Ha
OAMHaMMYHaTa cucTemMa Ha poTopeH 6arep € LU@pHUPHO
3aKpeneHa cTpena.
2. Cb3gapgeH e KOMMIOTbPEH CUMynNauMoHeH Mogen B
CbOTBETCTBUE C rOpenocoyeHara MeToauka.
3. UscnepBaHa e guHamukata Ha potopHu Garepu tvn SRs
Sch 2000 paboteLuy B ycnosusita Ha Munu ,Mapuua A3Tok”.
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W3CNEONBAHE HATOBAPBAHETO HA OINMOPHWA KPbI' HA POTOPEH BATEP
C HEM3TNACKBALLA CE CTPENA TUM SchRs-2000

KpucmusiH Jeemkoe , Hukonau [Ju4es
MrY “Ce. Wgan Puncku” Cogpus, 1700 brreapus

PE3IOME: B pabotaTa e npefcTaBeHa MeTofvKka 3a OnpefensiHe HAaTOBapBaHETO Ha OMOPHUS Kpbr Ha Oarep ¢ HewscTnackeala ce ctpena Tin SchRs-2000.
BarepbT ce pasrnexaa kato TpMMacoBa cCUCTEMA C €NacTUYHU BPb3KM MEeXay OTZAenHuTe 3BeHa. /acneaBa ce yCTaHOBEH pexuM Ha paboTa Ha MaluuHata npu
NepuUoaNYHO M3MEHEHWE Ha CuMnaTa Ha konaeHe 1 peakunsita Ha 3abosi. V13yyeH e 3aKoHbT Ha JBUXKEHWE Ha CUCTeMaTa, KaTo ca onpeaeneHn CoGCTBEHUTE 1 YECTOTH
1 NpuHyaeHuTe 1 TpenTeHus. OnpegeneHn ca ONOpHUTE peakLuu Ha TOpHUS CTPOEX BbpXy OMOPHWS Kpbr Ha 6arepa, NOpPOLEHU OT rpaBUTALMOHHUTE TOBapH,
cunata Ha konaeHe, peakumsita Ha 3a60s M MHepLMOHHUTE cunn. ChCTaBeHa e KOMMIOTbPHA NPorpama 3a U3YMCHsSBaHe Ha OTAEeNHUTe napameTpu. MpecmeTHaTH ca
OMOPHUTE peakLmm Ha (hN3NYECKN MOAEN C FEOMETPUYHN, KUIHEMATUYHI, EHEPTETUYHM U MacOBM XapakTepucTuki, Gnusku 4o Tean Ha potopeH Harep SchRs-2000.

LOADING THE SLEWING BEARING OF BUCKETWHEEL EXCAVATOR WITH CANTILEVER BOOM
Kristian Zvetkov, Nikolai Dichev
University of Mining and Geology “St Iv. Rilski”, Sofia, 1700 Bulgaria

ABSTRACT: The paper deals with a methodology for determining the loading of the slewing bearing of a bucketwheelexcavator type SchRs 2000 with cantilever
boom. The bucketwheelexcavator is modeled as a mechanical system with three links with elastic connections between them. A stationary regime of the system is
investigated under the assumption that the digging force and the reaction of the face are periodic. The governing equation of motion of the system are obtained and
studied. The eigen frequencies of the system as well as its forced oscillations are determined. The reactions of the supports of the upper assembly of the
bucketweelexcavator on the slewing bearing are obtained taking into account the gravitational forces, the digging force, the force of inertia and the reaction of the
face. A computer program to evaluate the parameters of the system is proposed. The support reaction of a physical model with parameters close to the real
bucketwheelexcavator are calculated.

1.BbBeaeHune 2.AHanuTU4YHO M3cneaBaHe

OnopHUAT Kpbr HA POTOpHUS Barep e BaXeH W OTrOBOPEH AHanUTUYHOTO M3CneaBaHe Ha OMOPHWSA Kpbr Ha Barepa e
KOHCTPYKTMBEH Bb3en a MawwHata. Toil noema rpasu- M3BBPLUMM 32 YCTAHOBEH PEXUM (M3KMHOUBANKM MPEXOAHMTE
TALMOHHUTE TOBapY OT TErnata Ha eNeMEHTUTE Ha BbPTALLUS pexuMm) Ha paboTa Ha MalLuHaTa.

Ce TOpPeH CTPOEX, KaKTO W peakuusita oT B3auMOAENCTBUETO

MEXIY M3MbIHUTENHUS opraH Ha 6arepa u 3abos npu pabota OnpocTeHa KOHCTPYKTMBHA CxeMa Ha poTopeH Garep Tvn

Ha MawwHata. Cunute M MOMEHTUTE, AEMCTBALUM BbPXY SchRs-2000 e nokasaHa Ha ¢ur. 1, a aganTupaHa U34Mcnn-

rOpHWS CTPOEX Ha barepa, ce NpeaaBaTt 4pes OMOPHUS Kpbr — TemnHa cxema - Ha dur. 2.

Ha JOMHWS CTPOEX Ha MallMHaTa MOCPeACTBOM aKCcMamnHo-

onopeH narep. To3u narep, 0CBEH Ye NpefaBa HaTOBapBaHETO FOpHUAT CTpoex Ha Oarepa € YCMOBHO pasgeneH Ha Tpu

OT TOPHWS Ha [OMHWS CTPOEX, OCUrypsiBa W BbPTEHETO Ha Tena, BKMOYBALLM CbOTBETHO (cpur. 2):

rOpHKS CTpoex Ha 6arepa Ha 360°, KOETO rapaHTupa peaniuau-

paHeTo Ha paboTHMS NPOLIEC Ha MalLMHaTa. 1 — poTopHa cTpenma W POTOPHO KOMENO 3aedHO CbC
3a[BIKBAHETO;

AKCHarnHWAT narep € TEeXKO HATOBapeH M U3KMIYMUTENHO 2 - BepTuKarHa CTolika 3aeHO C NOGEMHUS MONMCNacT;
OTFOBOPEH KOHCTPYKTWBEH enemeHT Ha Oarepa. Onpe- 3 — banaHcoBa cTpena 3aegHo ¢ 6anaHcoBa kabuHa W
AENSAHETO Ha rofieMMHaTa 1 XapakTepa Ha HaToBapBaHeTo My MeXaHU3MUTE, Pa3noNiOXEHN BbPXY HeS.
npn paboTa Ha MalwHaTa We no3somu Aa ce  nogobpu
Ka4eCTBOTO Ha eKkcnroaraumsta My W Lie AOBEAe A0 YBENu- Tenata 1 1 2 ca cBbp3aHu C enacTMyHa Bpb3Ka, MMalla
YaBaHe Ha ekcnnoatauumoHHus My pecypc. OcBeH ToBa MPYXMHHA KOHCTaHTa C4, a Tenmata 2 U 3 — C enacTiyHa
M3ACHABAHETO Ha HAaTOBAPBAHETO HA narepa e aane V|H¢)0p' BPb3Ka, MMaLLa NPYXMHHA KOHCTaHTa Co.

Mauusi, MO3BONsiBalja MpWUNaraHeTo Ha Hail-noaxogsiaTta
MaLUVMHOCTPOUTENHA TEXHOMOMMS MPWU PEMOHT W Bb3CTaHO-

Pasrnexgame OBWXEHWMETO Ha TpumacoBaTta CUCTEMa Ha
BABaHE Ha akChanHoonopHua narep.

FOpHMS CTpoeX Ha Oarepa BbB BepTMKanHa KOOpAMHATHA
cuctema Oxy.
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Bbpxy rOpHMA CTpoeX pencTeaT OCBEH BepTUKanHuTe
rpaBuUTaLMOHHM TOBApWU HAa ENEMEHTUTE, OT KOUTO € U3rpaaeH,

oLye 1 peakuusTa Ha 3abos F(t), kosTo e B 06LL0 nonoxeHwe.

e T

n
P e e

dwr. 1
2.1. ONopHM peakumn OT rpaBUTaLIMOHHUTE TOBapU

Mpu Bb3NpUETaTa CXema 3a MPEACTaBsHE Ha TOPHUS
CTPOEX, TANOTO 3 & HEMOABMKHO U € NOCTaBEeHO Ha onopa A,.
KOATO [AOMycKa eAHOCTPaHHa OfopHa peakuus u B, koaTo ce
npuema 3a HenoABUKHa CTaBa.

OT ycriousiTa 3a paBHOBECHE Ha pasrmexaaHara cuctema
cregga

%[ml(l =Xy )+ M, (1= Xc, ) +my (1 _XC3)]’

-9

T

(m1Xc1 TMyXe, + msxca) J

KbeTo peakumaTa A uMa camo BepTvKarnHa KOMMOHeHTa U
TpabBa Aa Gbae BuHarv nonmoxuTtenHa, M, M,, M, ca

macuTe Ha TpuTe Tena, Xcp, Xc,s Xcg Ca KOOPAMHATUTE Ha

TEeXHUTE LieHTPOBe Ha TexecT, a | e pascTosHmeTo mexay

[BETe onopu.
OnpepensHeto Ha macute M, M,, M, u KoopanHaTuTe

Xcpr Xcpy Xcg Ha TEXHUTE LIEHTPOBE Ha TEXECTU 3a BCAKO
OTAEMHO TANO CTaBa CbrNacHo opmynara:
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n

2. MiXj

2mi X = 4,
m
1

KbaeTo:

M., e macara Ha OTAENHMs enemeHT, U3rpaxaall AafeHoTo
TANOo;

Xi -KoopAnHaTaTa Ha LeHTbpa Ha TeXeCTTa Ha MacaTta mi

N — OposT Ha  CTPYKTYPHUTE eAMHULM, BKIHOYEHM B
[afeHoTO TAMO.

2.2. YpaBHeHMe Ha ABUKEHWE Ha cucTemara

2.2.1.0npedensive Ha cobcmeeHume yecmomu Ha mpen-
meHe Ha cucmemama

3a fa HamepuM ypaBHEHWSITA Ha [BWXKEHWE Ha Tasn cuc-
Tema , Le cbobpa3snm Haii-Hanpea, Ye ToBa e cucTema C fse
CTeneHn Ha cBob0Aa, Thbil KaTo TPETOTO TANO € HEMOABUXHO.
Mo HaTaTbk M3bupame 3a 060OLLEHM KOOpAMHATM 3aBbpTa-

HUATa Ha NbPBOTO M BTOPOTO TANO — CbOTBETHO @, U @, ,

KOMTO Ce OTYMTaT OT MOKa3aHOTO Ha yepTexa (dmr.2) paBHo-
BECHO noroxeHue. ToBa 03HayaBa, Ye B MOSOXEHUETO Ha
paBHOBECKE CUNUTE Ha Ternara Ha ABeTe Tena U enactuiHuTe
CUnK OT [BeTe NPYXWHU ce ypaBHOBecsBaT. B TakbB cryyai
KMHETMYHAaTa eHeprs Ha cucTemara Le 6bae

1. ., 1. .
(2) EJ1¢12 +§‘]2(p221

kbdeTo J, n J,, camacoBuTe MHEPLMOHHU MOMEHTY CbOT-

BETHO HA MbPBOTO U BTOPOTO TSNO CrPSIMO HEMOABMKHATA
0C, KOSITO MUHaBa npe3 Toukata A W € neprneHanKynspHa Ha
paBHWHATA Ha uepTexa. [loTeHUManHaTa eHeprust Ha cuc-
Temara e 6bae



o 11 %cl(ES— EDY +%02(50 ~ocf +

+m9(Yer - Yer )+ m29(Ve2 - Ye2)

KbeToC, W C, Ca MPYXUHHUTE KOHCTAHTM Ha NOKa3aHUTe Ha
¢ur.2 npyxuin, CD - DE ca gbmkunute Ha npyxuHute

B paeHosecHoTo nonoxedne, CD n DE ca gbmxunute
Ha MpyXWHWTE, KOrato MbPBOTO M BTOPOTO TANO ca ce

3aBbpTENMN Ha BIMU @, U @,. Me»q:ly KOOpAMHaTUTE Ha

3aBbpTAHATa TOYKa D u HenoaBuMXHaTa TOYKa D CbLlect-
ByBaT CnejHunTe 3aBUCUMOCTIU:

X5 = Xp COS @, — Yp, SiNg,,

@ _ .
Yo = Xp SIN@, + Y, COS @,

Kb[EeTo XD y VD Ca KoopauHaTUTe Ha BeYe 3aBbpTAHATa Ha

bbn @, Towka D, a Xp,Yp cakoopauHaTute Ha Tasu
TOYKa NPeau 3aBbpTaHeTo (B PABHOBECHOTO MONoXeHue). 3a
pasterHatata AbmxuHa Ha npyxiHata DC umame -

_ 1

DC = [()_(D ~xc f +(¥p - yc)ZF =

®) = [XZD + y|23 + XCZI + y(z: +2(yDXC —XpYc ))sin P2 —
1
~2(xpXc + YpYc )cos ] 2.

Torasa 3a BTOPOTO CbOMpPaeMo B u3pasa 3a noTeHuuanHaTa
eHeprvs  (3), cneq pas3BuTME B ped, W KaTto 3amasum Camo
UNEHOBE [0 BTOPM pes BKIIOUMTENHO (ThbW KaTo Lie ce orpa-
HAYMM  CaMO C JIMHEHM YNEHOBE B YpaBHEHWSATA Ha [BW-
KEHWE), LLe NomnyumMm:

2
EC (yDXC_XDyC) 2
25X Yo XY

(6)

IT, =

Mo aHanornyeH HaumMH obpabotBame 1 MbPBOTO ChOMpaemo
oT u3pasa (3). Cera 3a pasrerHatata AbJKWHA Ha NPyXMHaTa

ED (3a koopauHaTuTe Ha 3aBbpTsHata Touka E(X:, V:)
Ca BaMaHM 3aBKCYMOCTH, aHarnoriHu Ha (4)) -

ES=[(YE ~%p)f + (Ve —YC)ZE =

N - XE + Y& +xB + Y —2(xexp + yEyD))COS((Pl_(PZ)+
1

- 2(yexp — XgYp )sin(er - 92)12

3a mbpBoTO CbbMpaemo oT u3pasa (3) cnep passuTue B
Pei W KaTo 3anmasuM caMo 4neHoBeTe A0 BTOpU pea
BKIIOYMTENHO, Ce Monyyasa -
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21 (yEXD_xEyD)Z 2
M=Ca— 55 70+
Xg +YE +Xp T YD
2
YEXD —XgY
8 +c (2E D E2 D)2<P1<P2+

XE +YE +Xp + YD
2
1 (YeXp —XeYp)

+—C1
2 2 2 2
2 XE +YE +Xp T YD

2
¢2.

Mpeobpa3syBaHeTo Ha TPETOTO W YETBLPTOTO CLOMPaEMo B
(3) e M3BBPLLMM KaTo OTYETEM, Y€ 33 KOOPAMHATUTE Ha LieH-

Tposete Ha Texect C, n C, ca BanughHu 3aBucuMocTy,
aHanormyHu Ha (4), T.e.

9) Voi =X SIN@, + Y COSg,, 1=12.
Cnea pasBMTMETO B pead W 3ana3BaHeTo Camo
C‘b6MpaeMMTe 00 BTOPW pen BKMKYUTENHO, nonyvyasamve

Ha

1 1
(10) H3 +H4 = _E mlgyc1(012 _E ngyczq)zz'

3a na obnekunm cnefpalLuMTe 3anucBaHus, LWe npeacTaBum
noTeHynanHata eHepris (3) BbB BuAa:

1, < <
(11) IT= 5(011(012 + 26,010, + €0, )v

kbaeto koeduumertute €, C,, C,, ce onpemenst ot
u3pasure:

(12)

2
x (yEXD_XEyD)

CL=C—; 2 2 z —MQYe,»
Xg+Ye + X5+ ¥p

2
~ (yEXD_XEyD)
C12 Cl 2 2 2 21

XE + yE +XD + yD

5 —¢ (yEXD_XEyD)Z

(yDXC —Xp¥e )2

1,2 2 2 2
Xg +Yg + X5 +Yp

-m,gy.. .
2,2 2 2 2 2 C.
Xp +Yp + X +VYe 2

Tb KaTO pa3rnexnaHoTo PaBHOBECHO MOSIOXKEHWE €
YCTOMYMBO, CriefiBa Aa Cca yaoOBMNETBOPEHN YCMOBUSTA;

(122 &, >0,¢,C,, —C, >0.

Mpu Tean O3HaYeHUs CrIOMEHATUTE YpaBHEHWs Le ce
NPeACTaBAT KaTo;

J.¢ + €, + €, =0,

(13) . -
3,0, + €, +Cpo0, =0,
B ypasHeHusi 13 ca npeHebperHatm CbNPOTUBMEHUSATA OT
BCSIKaKbB BuA.
Mo HaTaTLK Lye AOMbIIHAM TE3W YPaBHEHUS KaTo OTYETEM U
JeicTBawara B Toukata M cuna F(f), kosato e 3apageHa



(yHKUMS Ha BpemeTo. Thid kaTo Tasu cuna feicTBa camo Bbp-
Xy TANoTo 1, Npu €4HO HEroBO 3aBbPTaHE HAa brbf dwq T4

Lie M3BbPLLKM paboTaTa

(14) SW =[xy Fy(t)-

KbaeTo (Xy .Yy ) Ca KoOpAMHATUTE Ha MPUNOXHaTa Touka
Ha cunata Ft), a Fy u Fy - KOMNOHEHTUTE Ha Tasn cuna B

Fy(t)] 891

nokasaHata Ha dur.2 koopauHarHa cuctema Oxy.
ToraBa e ficHO, Ye npu u3bpaHuTe 060OLLEHN KoopaMHaTH,
oboblLeHaTa cuna, KosTo OTroBapst Ha MbpBaTa KOOpAMHaTa

@,, € 13pa3bT B cpegHuTe ckobu Ha (14), a BToparta

0606LLeHa cuna, KOSTO OTroBaps Ha BTopaTa KoopauHata ¢,
€ paBHa Ha Hyna, T.e. oT (13) nonyyasawe:

Fy(t)-ymFelt).

3161 + 11 + Cro@p = Xy

(15) .~ -
J20o +C1o¢y +C9p =0.

Ot n3pasa (13) we ce onpeaensT cOGCTBEHNTE YECTOTH Ha
cucremarta, YMnTO KBagpaTu 0)12
HWeTO

, m%) ca KOPeHM Ha ypaBHe-

(16) ‘Jl‘]za)4 _(611'-]2 "‘622‘]1)(‘)2 +€,C _6122 =0.
2.2.2. punydeHu mpenmeHus Ha cucmemama

M3meHeHneTo Ha cunata F(t) e nokasaHo Ha ¢our.3. Buxaa
ce, Ye T He e NepuoanyHa, Ho UMa onpeaeneH eneMeHT Ha
nepuogmnyHocT. e npuemem, ye ToBa € NepuoaMyHa cuna,
KaTo yCpenHUM HeWHUTE CTOMHOCTM B eauH «nepuogy». Tosa
e W3MbAHUM MO CnefHus HauwH. Lle paspenum Bcekm
WHTEpBas, KOMTO OTTOBapsl Ha eauH nepuog, Ha 24 paBHM
NOAMHTEpPBaNa W Lie onpeaenuM opavHaTMTe Ha cunata 3a
npumepHo, 5 «nepuopar. Lle npecmeTtHem cpegHuTe CTOM-
HOCTU Ha Te3n OpAMHaTM W Lie onpesenuM  KoeduuneHTuTe
Ha CbOTBETHUA pef Ha Pypue 3a Te3n 24 opamHaTV B €OuH
noguHtepsan. 3a ymobcTBO MoxeMm fa w3nonasame ¢op-
MYNUTe, M3BECTHW KaTo LWAbMOHM 3a 24 TOYKM Ha pepn Ha
®ypue. Taka ce nonyyasa

6
F(t)= Ao+ D_ Ac coskpt+ By sinkpt,
k=1

(17)

Tbil KaTo No crnomeHaTute opMynu ce Hamupar camo
MbpBUTE LIECT KoeduumenTa Ha Oypue. Yectotata Ha

21
CMyLLEHVEeTO € P = T kbaeTo T e COMEHATUAT «Nepuoay.

C nocrosHHaTa KkomnoHeHTa B (17) e mpecMeTHEM mo-
HaTaTbK AOMbMHUTENHUTE OMOPHU peakuuu, AbMKally ce Ha
Hes, a B ypaBHeHusTa (15) HAmMa fa s B3eMeM Nof BHUMaHue,
3alL0TO TS NPOCTO LUE U3MECTW PaBHOBECHOTO MOMOXEHME — @
TOBA PABHOBECHO MOMOXEHME LLE NPUEMEM [ia € ThKMO TOBa,
3a KOETO MpEeCMETHaXMe BCUYKM enacTU4HWU KOHCTaHTW. Taka
JACHaTa CTpHa Ha MbpBOTO YypaBHeHWe oT (15) we ce
npeacTaBu Karo
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6
(17a) > (Hck coskpt+ Hgy sinkpt),
k=1

kbaeto Hej, Hsj 1=12,...,6 Ca N03HaT KOHCTaHTW.

MpuWHyLeHTe TPENTEHUS HA CUCTEMATA LUE Ce OnpeaensT
(Tyk ce pasrmexgaT Taka HapuyaHuTe YWUCTO MPUHYLEeHM
TPENTEHUS - C OCHOBHA YeCToTa p, Thbil KaTo pasrnexpame
YCTAHOBEH PEXMM Ha [JBVKEHWE Ha CUCTEMATa) OT M3pasa

3

@, =Y (A, coskpt+B, sinkpt), i=12,

kL
kbgeto amnmuryaute A, B, ,1=12,k=1,2,3 umar
BUga:

(18)

(522 Jz(kP)Z)HCk
JlJz((kp —(Dllkp —(D%)
(522 3, (kp)? )H
Jl\]z((kp —a)llkp —(J)g)

A C12 Hek
2
Jl\]z((kp —(nllkp —(1)2)
B Cr2 Hsk
JlJZ(kp —colep )
npun  Koeto M3KNto4YBame BbH3IMOXHOCTTA 3a pPe30HaHC

(kp # @y, @,).

2.2.3. OnopHu peakyuu om cunama F(t) u uHepyuoHHume
cunu.

Llenta Ha HacTosiLleTO M3cneaBaHe e fa ce onpemenst
OMOPHUTE peakuMu Ha cucTemata B YCTaHOBEH PEXMM Ha
pabota. Kato u3nonsBame npuHUMNA Ha KWMHETOCTaTMKaTa,
T.e. B CMUCTEMaTa OTYMTaMe OCBEH [ENCTBALLMTE BbHLUHM
CMNN, OLLE W BCUYKN MHEPLMOHHM UMK, TE3W ONOPHUA PeaKLm
Le ce nomnyyat OT CTaTW4HMTE YCMOBMSA 3a paBHOBECKe. TOBA
O3HayaBa [Ja OT4eTEM [EeNCTBUETO HA MOMEHTUTE Ha
WHEPLMOHHNTE cunn: J1®1 , Jo®o W HA MHEPLMOHHNTE CUnn,

KOUTO Ca MpUroXeHW B LeHTpoBeTe Ha TexecT Cq m C,.

MocneaHuTe L Ce U3PasaT Ype3 YCKOPEHNATA Ha Te3n TOUKM
W CbOTBETHUTE MAaCK Ha Tenata, T.e. KOMMOHEHTUTE Ha Tea

WHEPLMOHHM cuim e 6bgammiXcp u mjyci.i=12.

OsHayeHuTe  yCKOpEHWst Lie MpEecMEeTHeEM C  M3BECTHO
npubrmkeHne, Kkato OTYETEM TOBa, Y€ 3aBbpTaHWdTa Ha
Tenata 1 M 2 ca OTHOCUTENIHO Marku u TOraBa
npemecTBaHusTa Ha Todkute Cq; n C, . ca npeHebpexnmm ¢

OCTaHanuTe pasMepy B cuctemarta. Torasa OT 3aBUCUMOCTUTE

Xoi = X COS @, — Yo Sin g,

(20) .
Yei = X SIN@; +Yc; COS @,

KbAeTo Yci , Vci ca KoOp[MHATUTE Ha Beye 3aBbpTAHATA Ha

bbn @, Touka C;, a X, Yq; cakoopauHatuTe Ha Tasu



TOYKa Mpean 3aBbpTaHeTo (B PaBHOBECHOTO MONOXEHME),
cnepn ABykpaTHO andepeHUMpaHe crieasa:

(21)
ici ==X COS ¢, o+ Yei Sing, of - X SiN @@, = Y¢; COS 9.,
-y;Ci = =X Sing, -¢i2 —Yei COS 9, '¢i2 + X COS @@ — Yo SiN @y,

cnep KoeTo, Kato 0T4ETEM OTHOCUTEITHO MalkuTe 3aBbpTaHuA
@; , Hamupawve:

Xei = _)(Ci(bi2 - VCi(biv

Yei = Xoi® — YCi(”iz-
Kato npunoxum ycnosusTa 3a paBHOBECME Ha CUCTeMaTa,
BbpXYy KOSITO OCBEH BBLHLIHWTE CUMK (OMOPHUTE peakumn
cunata F(t)), genicteat W WHEPUWMOHHUTE cunn: MiXci W

m;Ycj , KOUTO Ca NPUNOXEHN B LiEHTpOBeTe Ha TexecT Cp
u C, ., nony4asame:

(22)

BX = m15<C1 + mzj(.cz - FX(t) ,

1 .
By == [-J10+mM(Xc1Yc1 — YeiXe1)—
(23) y |[ 1¢ 1( c1¥c1—Yc1 c1)
— oy + My (Xc2¥c2 — Yeokca)+

+ym Fx(t)— ym Fy (t)- Byh1,

A= Il [-J16+my(ye1 +h)%er — (e =) -
— 327 +My (Yoo +N)¥cp —(Xc2 = ic2)+
+(XM _I)Fy(t)_(YM +h)Fx(t)] )

OT KbIETO, KaTo OTYeTEM (22), Ce nony4aea;

.2 .. .2 ..
By = ml(X01<P1 +Yc19, )+ mz(xcz(Pz + YC2<P21)_ Fx(t) |

(24) 1. .. <.
By :T[_Jl(Pl_ 326 + Ym Felt)— xm Fy (t)-hBy 1,

1. ~.. ~ .. )
A= T [ 3161 + 32 + my(lycy —hxey )of +

+my (lyco —hxez )05 +
+(XM - I)Fy(t)_(yM + h)Fx(t)] )

KbETO CMe O3Ha4Unu:

[a onpenenm LOMbIHUTENHWTE OMOPHU peakuuy, KOUTo
Ce ObIKaT Ha CpefgHaTa CTOWHOCT Ha CMyllaBallata curna,
KoATO ce onpeqdens oT koeduuneHTa Ha Pypue Ao ot (17). OT
PaBHOBECHWTE YCMOBWS, KaTo OTYATaMe Camo CrioMeHaTaTta
cpegHa cToitHocT Fep, umame:

(25) B{F) =-F

1
CpX B(yF) :T(YM Fcpx —Xm I:cpy _hB>(<F))1
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AgF) :Tl(XM - I)Fcpy ~(ym + h)Fcpx .

3. Anpobaums Ha aHanMTM4YHaTa MeToamKa
AHanus Ha nony4yeHuTe pesynTaTu

BepHocTTa Ha aHanuTU4HaTa METoLMKa MOXe fja Ce NPOBEPH,
aKo TS Ce MPUNOXW 33 NpecMsiTaHe Ha ONpefeneHnTe B Hes
CUNOBM W AMHAMWYHU XapaKTepuUCTMKW Ha poTopHusi Garep
BbpXy uanyeckus mogen. Hait-nobpe 6u 6uno, ako ToBa e
pearHa npomuLLneHa MaluHa. B HacTosiwaTta pabota 3a Tasu
Luen we ce uanonasa potopeH barep SchRs-2000. KoHcTpyk-
TMBHA Cxema Ha To3u Darep € fageHa Ha ¢ur.1, a Heobxo-
JQUMUTE 3a MpunaraHe Ha MeToauKaTa reoMeTpuyHM, enac-
TUYHM, CUMOBM M MACOBM XapaKTEPUCTUKYM Ha MallMHATa Cca
CrieaHNTE (CbrMacHO O3HAYeHWsiTa Ha OTLEMHUTE BENUYUHM B
TekcTa):

[=8,2 m; h=2 m; Xc=27 m; Yc=16 m; Xd=2,6 m; Yd= 20 m;
Xe=-34 m; Ye=5,5 m; Xm=-45,8 m; Ym=-0,95 m; Xc1=-25,1 m;
Ycq=-3,6 m; Xcp=-1,9 m; Ycp=15,4 m; m4=414t, mo=47 t;
J4=407.108 kgm?; Jo=13.108 kgm2;X:3=29.9 m; Y3=11,2 m;
m3=472 t,  ¢4=200000000 N/m; cp=100000000 N/m;
9=9.81 m.s2.

OcuunorpamaTta Ha HaTOBApBAHETO HA W3MbIHUTENHUS
opraH Ha barepa (Ha cunata Ha konaeHe F(t)) e npegcTaseHa
Ha cour. 3.

[apeHuTe neT nocnegoBatenHu paboTHU LMK ca ocpea-
HeHu 3a ynaobHOTO MM onuceaHe B pen Ha Oypue. Ypes
WabnoH OT 24 TOYKu.

OcpepHeHUTe OpaMHaTH HA NPECTaBUTENHUS LWKBA Ca:

YF(1)=13 mm; YF(2)=11 mm; YF(3)=13 mm; YF(4)=14,6mm;
YF(5)=17mm; YF(6)=16,4 mm; YF(7)=21,6 mm;
YF(8)=26,6 mm; YF(9)=29,4 mm; YF(10)=29 mm;
YF(11)=33,8 mm; YF(12)=32,8 mm; YF(13)=36,6 mm;
YF(14)=34,6 mm; YF(15)=30,2 mm; YF(16)=27,4 mm;
YF(17)=24,6 mm; YF(18)=18,2 mm; YF(19)=16,4 mm;
YF(20)=15,8 mm; YF(21)=15,8 mm; YF(22)=13 mm;
YF(23)=12,4 mm; YF(24)=13 mm;
Z

(@)

X

I 4

*2 VA" 2 P AN ‘/J\\~
0,82 0,82 0,82 0,82 0,82 t, S

dur.3

lpadhvka Ha OBa nepuoda OT OCPEOHEHWS UMKbA € dadeHa
Ha ¢ur.4. 3a npernegHoOCT Ha OOCTOBEPHOCTTA Ha npen-
CTaBsiHe, BbpXy MbpBUSA LMKBI Ha rpacdukata ot ur.4, ¢ X’
ca o1benszaHu CTOMHOCTUTE Ha M3MEPEHWTE OT OCLWMo-
rpamata opgvHatTM Ha cunata  Ha  konmaeHe  F(t).



dur. 4
Ha ¢wr.5 ca npeactaBeHn rpadvkm Ha W3MEHEHMETO Ha

brbNa Ha TPenTeHe @1 Ha POTOpHaTa CTpena, U Ha brbna Ha
TpenTeHe @2 Ha A-obpasHata cToiika. Buxga ce, ye brnute
ca €HOMOCOYHM W 6nmM3kM no ronemuHa. ToBa Nokasea, Ye
agete Tena 1 1 2 (¢ur.2) ce gBMKaT NOYTM KaTo €4HO TAO.

fpmmme oo e cecdicaamneem—————

08

06

0.4

02

1) PR, U

02

91(92)x1073, rad

0.4

06

08

S P N S

-1

o
P
2
o

Dur. 5.

ToBa ce ObMKN Ha ronaMata pasnuka B MHEPLMOHHMTE
MOMeHTH J, 1 J, Ha TemaTa 1 v 2, KakTo 1 Ha no-ronamara

enactinyHa koHctaHta C4 B cpasHenue ¢ C,.
Makap 1 4a ca CpaBHUTENHO Masku bIoBUTE aMnMTYAN @1
W g2 Ha TpenTeHe Ha Tenara 1 v 2, AHaMUYHINTE KOMMOHEHTU

Ha peakuuute B onopute A u B ca 3HauutenHu. Toea ce
BWXAA OT (pur.6. [JMHaMUYHITE KOMMNOHEHTU Ha OMOPHUTE
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peakLum ca CbWU3MEPUMU CbC CTaTWYHWUTE, NOPOAEHW OT
rpaBUTaLMOHHUTE ToBapu. ToBa Ce 0DscHsBA C ronsmarta
WHEPTHOCT Ha cucTemata Ha 6Garepa (romemw Macosu
VUHEPLIMOHHN MOMEHTM J4 1 J5) 1 OTHOCUTENHO BIUCOKA YeCToTa

Ha NpUHyLeHUTE TpenTeHus ,4ninTo nepuog e T=0,82 s.

Ha dour. 7 ca npefcTaBeHn cyMapHUTE CTOMHOCTU Ha peak-
uuute B onopute A M B, Obmxalyn ce Ha rpaBuTaLMOHHUTE
TOBapu M Ha AMHaMmMKaTa Ha paboTHus npouec. [JuHamniHuTe
KOMMOHEHTW Ha peakuuuTe B onopute A 1 B ca cbluTe, KakTo
Te3u oT ¢ur.6, 3aLLOTO Te NPOCTO Ce CyneprnoHMpaT ¢ NocTaH-
HWTE CTOWHOCTW Ha peakuuwTe, Cb3hafeHu OT rpaBUTaLMOH-
HWTe ToBapU.

®ur.7

4. 3aKknoyeHue

Taka npeacraBeHaTa meToguka (anpobupaHa Bbpxy Garep
SchRs-2000) nossonsBa ypes peakuuute B onopute A v B ga
Ce ONpezenu HaToBapBaHETO Ha OMOPHMA fnarep no rofeMuHa
1 xapaktep. ToBa NpefcTaBnsiBa OCHOBA 3a NPECMSATAHETO U
ONpedensHeTo Ha EKCMNoaTaUMoHHWS pexuM Ha paboTa Ha
OnopHus narep Ha barepa.

Crnefga fa ce uMa npefsug, Ye pasrexmnaHusT npumep
NpeacTaBnsiBa YacTeH Cryyan Ha paboTHus npouec Ha barepa
npu paboTa Ha NOCNeAHUs B CPABHUTENTHO XOMOTeHeH 3aboi ¢
BMCOYMHA Ha CTbNanoTo H=r u HOMMHaNHO HaToBapBaHe Ha
POTOPHWS ABUraTeN.

Mpu no-guHammyeH paboTeH npouec (Mo-TBbpAM U HEXOMO-
FEHHM NacToBe OT M3KOMaBaHWs MaTepuan) e Bb3MOXHa no-
pasnuyHa KONM4YecTBEHA M KayeCTBEHa XapaKkTepucTika Ha
peakuuute B onopute A n B.

B HacToswara paGoTa CblIO Taka He Ce pasrnexaa
BNUAHMETO HA AWUCUNATMBHWTE CBOWCTBA Ha 3a00f, , KOUTO
HeCbMHEHO 6MXa OKasanu BMMSHWE HA AMHAMUKATA Ha
OMOpPHUTE peaKL B HanpaBMeHne Ha CHUKaBaHETO i.

MpoBexnaHeTo Ha MoBeye M MO-MPEACTaBUTENHU M3MeEp-
BaHWS MPU Pa3NMYHN TEXHOMOMMYHU U (DU3MKOMEXAHUYHW Xa-
PaKTEPUCTUKA Ha Ha 3abosl Le aoBeae Ao oboraTsiBaHe U
npeuusMpaHe Ha npeanaraHata MeToauka. [locnemHoTo
0BCTOSTENCTBO HECHMHEHO LLE PasULLMPK Bb3MOXHOCTTA 3a
npakTUyeckata MPUNOXMMOCT Ha MpeanaraHata M34ucnu-
TenHa MeToaukKa.



Nutepatypa

Kucwos, WB. [1. Hapbuhuk Ha uHxeHepa, Il vact. C., Hayka
u3kycTso, 1959.
KypcoBo npoekTipaHe Ha MiHHM MatlnHu. C., TexHuka, 1980

MpenopbyaHa 3a nybrukysaHe om
PeueHseHm 0Oou. 0-p Lie. JamsiHos

101

YyaHosckuit, B.KO. MexaHiuka poTopHbIX aKkckasaTopos. Vepy-
canum., Muka K. A., 2002

LWenpeToB, K. MiuHHM MawumHm, 1l yacT. C., TexHuka, 1983

Payer, G. u.a. Tagebaugrossgerate und Universalbager.
Berlin., VEB Technik, 1971



TOANLIHWK Ha MuHHO-reonoxkus yHuepeuteT “Ce. VBaH Puncku’, Tom 49, Ca.III, Mexanu3aums, enektpudukaums 1 asTomatmsaums Ha MuHute, 2006
ANNUAL of the University of Mining and Geology “St. Ivan Rilski”, Vol. 49, Part ll, Mechanization,electrification and automation in mines, 2006

WU3CNEOBAHE HA 0OJTHA YPABHOBECABALLW BBXETA NMPU PYOAHUYHU
NOAEMHW YPEOBWU. U3UCKBAHUA 3A U3BOP U NPUNOXEHUE

AHmoaHema SlHesa

MrY “Ce. Wgan Puncku”, 1700, Cogpus

PE3IOME: B HacToswaTa paboTa 06ekT Ha HanpaBeHOTO n3cneaBaHe ca AONHUTe ypaBHOBeCsBaLLM BbxeTa ([IPB) 3a pyaHuyHu nopemHu ypenbu. PasrnepaHa e
HeobXoANMOCTTa 3a M3MON3BaHETO UM MPU PasNNyHM TUNOBE NOAEMHU MaLUWHW, PasIUYHM AbN6OYMHM 1 CKOpOCTU Ha ABWkeHne. O60BLLEHN 1 aHanuavpaHy ca
KpuTepunTe 3a U3BOp Ha KOHCTPYKUMSTA MpU Beye M3YUCIIEHO TErNo Ha BbXeTaTa, CBbp3aHW C pexuma Ha pabota Ha nogemHa ypeaba (MY), ycnosusTa BbB
BepTMKanHaTa LuaxTa, M3MCckBaHUsITa KbM SKOCTTa, MOBEAEHMETO U AbNTOTPaitHOCTTa Ha BbXeTaTa.

OdpopmeHa e npenopbunTENHa MeToavka 3a u3bop Ha [IPB npu MHoroBbxeHM nofemMHn mMawmkm (MM) B 3aBUCMMOCT OT BiCOUMHaTa H, nonestus ToBap 1 6pos Ha
nofieMHUTE Cb0BE, YCKOPEHUSTA U U3UCKBAHWSITA 33 YaCTUYHO AMHAMUYHO ypaBHOBeCsBaHe. PesynTaTute MoraT fia ce pa3nocTpaHsT v 3a apyru Tunose MM, kakto
1 3a no-ronemu Abn6oYMHM U ToBapu. M3cnepnBaHeTo Moxe Aa MOCMyXW KakTo Mpu npoekTupaHe Ha PMY, Taka v npu onTUMMU3MpaHe Ha AuHamukata UM B
ekcnnoartalys Npu NPOMsHa Ha HKoW OT paboTHUTE NapameTpu.

INVESTIGATION OF BALANCE ROPES IN MINE HOISTING. REQUIREMENTS FOR CHOISE AND APPLICATION
Antoaneta Yaneva
University of Mining and Geology 1700, Sofia

ABSTRACT:_In the present research work the object of the carried out study is the balance ropes (BR) usage in mining hoist machines (HM). The necessity of their
applieance in different winder (drum, friction) types, depths and speed, is examined. The criteria for choice of the construction, with already estimated ropes weight,
and criteria, connected with the work regime of the HM, are analyzed and generalized, as well as the conditions in vertical shaft, strength and behavior, and durability
requirements of ropes.

Advisable methods for choice of BR, used in multi-rope hoist machines, depending on the depth, the pay load and the number of hoist conveyances, accelerations
and requirements for partial dynamic balancing, are formed. The results may be spread for other types of HM, as well as for bigger depths and loads. The research
work may be used for HM design, as well as for optimization of their dynamics in the exploitation, when some of the parameters change.

YBop YpaBHOBECSBAHE Ce OCUrypsiBa OT npodmna Ha paboTHUS
OpraH 3a HaBWBaHe Ha BbXeTara.

HeobxogumocT, npeaHasHayeHne 1 NpuUnoxeHne Ha gon-
HWUTe ypaBHOBecsBaLWyM BbxeTa (OPB) npu pyaHUYHW nogeMHu
ypenbu (PIY) 3a BeptukanHu waxtu (BLU).

Mpu unuHapuyHK 6apabaHHu MawmHmu Ype3 [IPB moxe 6a
C€ NOCTUrHE No-pPaBHOMEPHO HATOBapPBaHE M CbOTBETHO HaMa-
nsiBaHe Ha MOLLHOCTTa Ha Auratens. Mpasu ce npoBepka 3a
CTENEHTa Ha HeYpPaBHOBECEHOCT W, ako UMa Hyxaa, ce u3bupa

eQHa OT OCHOBHWTE MPOBEPKM € Tasn 3a HeobxogumocTTa o1 No-Marko uim .n?-ronfmo Ternzo (a) Ha [IPB cnpsimo ToBa Ha
[IPB. MaBHOTO MNpenHasHayeHMe Ha Te3n BbXeTa e Aa nogemxoro (p): 1) g = p um 2) q > p. B mbpauA cnyvait ce
OCUIYDST GTATMNHO WM YAGTUHO [UHMWHO ypasrose-  CCATYPSIBA TBIHO YDABHOBECABAHE Ha CTaTuHHaTa cuna (Fet
CSIBaHe Ha MOJeMHaTa CUCTEMA, Ha CUMUTE B [4BAaTa KIoHa Ha = const) 3a eauH noaeM. AKo vckame OT4acTU Aa HamanuM
BbXeTaTa, B 3aBUCMMOCT OT BUCOYMHATA Ha nodema H u BIMAHWETO W Ha VHEPLMOHHUTE CUIM Npu TMOTernAHe u
nsBpanus nopemen cbg (MC) ¢ NpoekTeH noneseH Topap Qn.  CMYIPaHE, THPCUM N0-BUCOKO TEMNO Q" B OMPEAEIIEHN rpaHMLK,

OcHoBHUTe haKTOpH, BIUALM BbPXY UANON3BaHeTo Ha fPB, 3aBMCELM OT PAaBHOMEPHOTO HaToBapBaHe Ha [BuraTens u ot
ca: H, THTLT Ha nogemHara Mawwda (M) u ycriosusTa Ha HeoOXO4NMUTE KANWTAIOBIOXEHMS, KaTO MaKCMMarHO BHU-

paboTa Ha eneKTpO3anBMKBaHeTo. Mo-ronaMoTo Terno Ha MaHue ce OTAEeNs Ha curypHata u 6esonacHa pabota Ha Y.
[PB npoTuBOaenCTBYBa 1 Ha MakCUMarHUTE AMHAMUYHU CUMK
npm yckopsiBaHe 1 3abaBsHe Ha cucTemara.

[Mpu npoekTupaHe 1 M3bop Ha onTumarneH BapuaHT 3a PI1Y

B npencraeeHata paborta ce pasrnexaar Han-seve M ¢
Tpvewa wanba, KbdeTo Ce crnegsT JOomyCTUMUTE MakCUMarHm
YCKOPEHMS 11 CUrYPHOCTTA CPeLLy NpUniTb3BaHe Ha NOLEMHUTE

Kakto e u3BecTHO npu ronemm gbnboUnHU 1 MHOTOBBXXEHM
BbXeTa U oka4yBaHeTo Ha [IPB e 3agbmkuTenHo.

Tpuewy wanbn okausaHeto Ha [IPB e 3agbmxuTenHo 3a
MocTUraHe Ha HeobXoAMMOTO OTHOLIEHME HA CunMTE B ABaTta
KIOHa Ha BbXEeTaTta v ocurypsiBaHe Ha HopmanHa v 6esonacHa
pabota Ha cuctemarta. Mpu GULMNMHOPOKOHWYHK GapabaHHM
mawvHn [PB He e Heobxogumo, 3aW0TO MPUHUMMBLT Ha
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1.0CHOBHM ypaBHEHMSA N 3aBUCUMOCTH, CBbP3aHH
¢ n3bopa Ha [JOMNHO YpaBHOBECABALLO BbXe

3a opueHTMpoBBbYEH M360p Ha [IPB KaTo NMHENHo Terno — q,
N/m - npeay n34ncnsBaHe Ha AMHaMuKaTa ce NpaBsy NpoBepKa
3a CTeneH Ha HeypaBHOBECEHOCT “3”; T.e. JOKOMKO OKaYBaHETO
Ha JOMHO Bbxe B1 KOMNEHCUPano TernoTo Ha NoNe3HUs ToBap
11 4acT OT ronemMmnHaTa Ha MHepLWUOHHUTE CUMK NPYW NOTernsHe
U CniMpaHe Ha nogemHarta cuctema. Ako “8” e noseve ot 50%,
ce n3bmpa [IPB (q = 0).

ng.p.H
kQ,

&= (1)

3a M ¢ nocTosiHeH paguyc Ha HaBuBaHe — 2-6apabaHHu
MHOroBbXeHM — 1 pabota ¢ aa NC Baxar cnegHute AuHa-
MWUYHU YPaBHEHNS!:

Fae =kQn —(q-p)YH-2x)tmpa 2)

Fer =kQqp - (q-p)H-2x) 3)
/3non3BaHu ca crneaHuTe 03HaYeHNs:
Fer — cratndna cuna, N

F,qs - aBuratenHa cuna, N

K — TOBapeH koeduupeHt (k = 1,15 3a ckunosm 1Y);

Qp, N — noneseH Tosap;

g, N/m - nuHenHo Terno Ha JONHOTO YpaBHOBECSBALLO
BbXeE;

p, N/m — IMHEHO TErMO Ha NOAEMHOTO BbXE;

A =q - p, NIm - pasnvka B IMHENHUTE TErNa Ha BbxeTata

ng — 6poit NoieMHN BbXxeTa;

m(, kg — NpvBeeHa Maca Ha BCUHKM [IBIKELLM Ce 4acT

aj=aq, a3, M/s2 — NHEIHM YCKOPEHNS, CHOTBETHO NP
noTernaHe v crmpaxe.

lMpaBuTeE NUHWK, NOCTPOEHM NO ypaBHeHue (3) - 3a N3MeHe-
HWE Ha CTATMYHUTE CUNM BbB (OYHKUMS OT M3MMHATMA MbT 3a
€[iHa NoAeMHa onepauus, ca nokasaHu CXemaTuyHo Ha cur.1.

a)npu q=punb)npnqg>p.

|=CT
0
kQp .
a
0 0,5H H

®ur.1

[Mpy MHOTOBLXXEHW TpHeLLM Lwaiibn TpsibBa Ja ce Hampaeu 1
npoBepka Ha KOoeWLWEHTUTE Ha CUrypHOCT CpeLly npu-
MITb3BaHe - CTaTUYEH (Lgr) U AUHAaMUYEH (uig). BaxeH B cny-
yas e 13bopbT Ha brbn Ha obXxBallaHe Ha MOAEMHOTO Bbke
OKOrIO TpyeLaTa Lwaiba - oy, kakTo 1 M36opLT Ha NOAXoAALa
00rMuoBKa Ha kaHanuTe Ha wanbata. brumbT Moxe Aa 6bae
or 180° po 230° B 3aBUCUMOCT OT KOHCTPYKUMSATA Ha no-
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JEMHUTE CbAOBE W HauMHa UM Ha BogeHe. Hai-yecto npu
MOHTaX Ha OTKMoHsBawa wanba ce ocurypssa bron 195°-
215°. Tlpn npoekTMpaHe Cnopes MOBEYETO HOPMU U
npasunuHnum NBT /2/, VDI /4], TAS /3/ ce npenopbyBa aa ce
3an0Xn KoetULMEHT Ha TPUEHE MEXOY BLXETO W KaHana Ha
waibata npu npecoBaHu nnactmMacosu obnuuosku f = 0,25.

Mpu nogem Ha ToBap CTATUYHUAT KOE(ULMEHT Ha CUryp-
HOCT Ce u3uncnsiBa no cneaHara dopmyna:

B an(ef-ao —1)

CT —

>175 4)

Fr —Fop

Mpw npoekTupaHe Ha PITY 1 u3bpaHa KOHCTPYKLWS U HauMH
Ha MOHTaX Ha MHOrOBbXeHaTa Tpuella Wwanba — Ha NoBbpX-
HOCTTa MMM B noAemHata kyna — ¢ unu 6e3 OTKNoHsiBalla
wawba, bruibT ‘o)’ M KOEPUUMEHTHT Ha TpueHe ‘" ca n-

BecTHW. OcTaBa fa ce ONpeaensT CunuTe B TOBapHUS U Npas-
HMS KMNOH Ha MOAEMHUTE BbLXETA, Taka Ye Aa € ChaseHo
M3WUCKBAHETO 32 MUHUMAITHUS KOEHULMEHT Ha CUTYPHOCT | CT.
ToBa 0THOBO 3aBucM camo OT Ternoto Ha [PB npu Beve
n3bpaH MC.

NunenHoto Terno “q” Ha [IPB - cnopeg /5/, /6/ - moxe ga
Bapupa 0T 5-10% fo makcumym 20% no-Texko OT TOBa Ha
NnogemMHUTe BbXETa, B MOBEYETO Clyvyanm Ce CTpeMUM KbM
paBeHCTBOTO UM. OBOBLLEHMTE AaHHM OT NpaKTUKaTa, KakTo u
OT W3TOYHMUMTE — NpPaBUNHULK 3a NPOEKTMpaHe, MnokassaT
cTomHocTM 3a A = q — p B pamkute 1,5 go 3kg/m. Makeu-
ManHaTa CTOMHOCT Ha “A’, aHanuaupaHa B HacrosLaTta
nybnukauws, e 5 kg/m.

paHnyHaTa TEOPETUYHA CTOWHOCT, BaXalla 3a 2-NepuoaeH
XapMOHMYeH nogem /1/, Moxe [a Ce W34YMCNN 3a KOHKpEeTHa
PIY no cnegHus HauuH:

_ Mopaz
H

A (5)

3a ycnosuata Ha PITY ¢ Tpuella wanba v 13803 Ha ToBap
amax = 1m/s2. 3a pasrnexaaHwTe B paspaboTkaTa BUCOUMHM
Ha nogema ot 900, 1300 1 1700m u mambk Q,=20t npubnu-

3UTenHaTa pasnuka B Ternata Ha BbxeTata 6u ce ABVXMIA B
pamkuTe Ha okono 35 go 70 kg/m unm 7 go 14 mbTu noseye oT
ropenperopbyaHata. lpeanaraHnaT XapMOHWYEH NodeM e
NPaKTUYECKM HEMPUIOXUM, HO CPABHEHWETO CE& MpaBu, camo
33 Aa nogyepTae BAMSHUETO HA AONHUTE ypaBHOBECSBALUM
BbXETA BbpXy AMHamMuKaTa Ha MOAeMHaTa cUCTeMa W Bb3-
MOXHOCTUTE 33 HaMarsBaHe Ha eKcnnoaTaLUoOHHUTE Pasxoam
Ha eneKkTPo3afBUKBAHETO.

2. Kputepumn npmn u3bopa Ha KoHCTpyKums [PB.

2.1. OCHOBHU U3UCK8aHUS Nnpu 8e4Ye MOYHO U3YUCIIEHO
JluHeHo meano “q”, N/m.

[PB Ttpsbea ga umaT AocTaTbyHa MbBKABOCT, 3a da Ce
Ccrnasn pascTosHUETO MEXAY OCUTE HA MOAEMHUTE CbAO0BE Mpu
orbBaHe Ha Bbxerata B 3ymnda. [lpu pasnuyHuTe KOH-
CTPYKLMM OTHOLUEHMETO Ha TO3W AMaMETbp Ha OrbBaHE KbM
AvameTbpa Ha BbxeTo e Dor : dB = 25-45 (60-90). Mpw nnocku
[PB ce nocturat oLle no-marnku oTHoweHus. Heobxoanma e un



YCTOMYMBOCT Ha pascykBaHe, KOMOWHMpaHa C [ocTaTbyHa

SKOCT 1 KOPO3OYCTONYMBOCT.

a) hupmarta “Bridon” — npeasiara HSKOMKO KOHCTPYKLMMN:
- Multi-strand rotation resistant ropes — MHOro-gunkoBo
YCTOMYMBO Ha pa3CyKBaHE BbXE - OTrOBAps Ha BCUYKM
TOPHM W3NCKBAHMS;
- Superflex balance ropes (non-rotating) — cynepdnexc
JOMHO BbXe (Hepascyksalo ce) - Hal-ronsma YcTou-
UMBOCT Ha pasCcyKBaHe M ONMTUMariHa SKOCT, CbyeTaHa C
KOPO30YCTONYMBOCT; NOpagW NUNca Ha YCykBaHe KakTo B
KpauLiaTa Ha 3axsallaHe B NpULENnHUTE YCTPONCTBA, Taka
W B yyacTbka Ha MpoBWUCBaHe B 3ymnda paspyllaBaHEeTo
OT YMOpa B TE3W MeCTa e U3LAMo eNMMUHUPAHO;
- NPUNOXMMM Ca W anTePHATUBHI KOHCTPYKLMM - KbAETO He
Ce W3MCcKBa MaKCUManHo “HepascykBaHe” — 3a Halt-6nnabk
OTTOBOP Ha crneuuduyHuTe ycrnoeus Ha pabota Ha MM u
3a ONTUMAITHU KanuTarnHu 1 ekcnnoaTaLyuoHH1 pasxoau;
- Flat balance ropes — nnocku JonHM BbxeTa — Hepas-
CyKBaLLy ce.

B obracTra Ha nMpou3BOACTBO Ha CTOMaHeHM BbxeTa 3a
MWHHaTa MPOMWLLAEHOCT paboTAaT MHOro dvpmm OT ABCTpa-
nus, Asctpus, Mepmanus, Wtanus, Kanapa, CALL, YkpaitHa,
Yexws, LLiseuus, KOAP v gp.

OcHoBHO pa3rnexaame NpoayKTUTE Ha aHruickata dupma
Bridon, kato egHn OT Hail-pasHoobpasHuTe, Hal-6mM3kM 1
usnonssaHu B EBpona M c Hait-cepuoseH cepTudukat 3a
KayecTBO Ha NPOM3BOACTBO, M3NUTBAHE 1 eKcnoaTaLys.

2.2. PabomHu ycnoeusi ene BLU

- BII@XHOCT, TEMNepaTypa 1 npoMsHaTta uw;

- PYBHUYHM BOOW - KONMYECTBO, KayecTso, pH-HWBO 1 ap;

- HannM4ue Ha BXOOHA WNM M3XOOHA eCTeCTBeHa TAra unu

BEHTUMALMOHHA CTPYS;

- HaNM4Me Ha napa, BpeaHu rasose v ap.;

- BWO Ha LaxTHaTa apmupoBka 3a BogeHe Ha C -

TBbPOA, MbBKaBa, KOHCTPYKUMS Ha BOJAYUTE;

- YCroBMS 3a MbPBOHAYATHO OKayBaHe, Nperneam n cMsHa

Ha JOMHUTE BbXeETa:
- [IPB morat fa ce ombHaT NpeaBapuTenHo 1 ga ce
CBbpXKaT C NpULENHUTe YCTPOINCTBA Npeam okayBaHeETo
um kbMm MC — ToBa CnecTsiBa BpeME 3a MOHTaX; OCHry-
psiBa efHaKBa [ObIDKMHA Ha BbXeTata W Hamansea
OCTaTbYHOTO UM YAbITKEHWE — 0C06€EHO BraronpusTHO
e 3a BLU ¢ orpaHuyeHo Haa3ymMndoBO NPOCTPaHCTBO;
- NpuuenHoTo ycTpoictBo (Swivel — anrmn., Wirbel —
HEMCKM) LIapHUPEH KayLl (C Bb3MOXHOCT 3a ABWKEHWE
B 1BE PaBHWHM) € 3abIDKUTENHO NPY CBbP3BAHETO Ha
kpbrim [APB ¢ MC cpelwy ycyksaHe — cnopeg TAS /3/ u
Mining Rules Handbook /4/;
- MpOBMCBbT Ha BbXETO B 3ymnd)a HOPManHo €
cBobogeH (He mpemuHaBa npes Lwaiiba, He Ce ombBa
CneuyarnHo); paguycbT Ha OrbBaHe 1 HeobpasyBaHeTo
Ha YCyKBaHUS Wnu “OCMOpKA™ MOXe Ja Ce Ocurypu
4pes3 BEPTUKANHW ObPBEHW BOAAYM M HANpeYHa rpega.

2.3. PabomHu ycnoeusi Ha nodemHama ypedb6a:
- KkpaeH okaveH ToBap (Qo); AMHaMW4HM paboTHU K
aBapWilHN HATOBapBaHWs (Hamp.. BMUSHUE Ha BUCOKUTE
CKOPOCTM M YCKOPEHWS, BHE3AMHM CTIMPaHIS U MOTErNsHWA,
Opoit pabOTHM LVKNK 33 Yac; HAYWH Ha TOBApEHe — 3aCTo-
nopeH MC unu BUCSILL, Ha NOAEMHUTE BbXeTa U ap.);
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- yMopa Ha orbBaHe Ha [IPB — 3aBucu OT AuameTbpa M
Opos Ha lwaiby, GapabaHu WNM POMKM, OKOMO KOWTO
npemuHaBa BbxeTo; [IPB B GOMIMHCTBOTO Cnyyau He ca
OMbHATK OKOJIO M3BPOEHNTE OpraHi, OrbBaT Ce Ha paguyc,
3aBuceLy 0T pascTosHueTo mexay MC 1 nog AeiicTeue Ha
coOCTBEHOTO CU TErMo;

- MEXaHW4YHO pa3spyllaBaHe — BbHLUHO WIN BBLTPELIHO —
npu npemu-HaBaHe MO [OMaMETbpa Ha OrbBaHE WM B
cpefa Ha msacbk, abpasvBHM MaTepuanu; TerneHe npes
pbOOBe — MpW NpeHaBMBaHE M MOHTaX M Ap. — 3a
npegnaseaHe OT Te3n BL3AEWACTBUSI CE MpenopbyBa npu
KpbrnuTe BbXeTa Te [a ce u3bupar HopMarnHo ¢ no-ronsm
ONaMETBP Ha BLHLUHUS CIION XNYKN;

- BMOpaumu B cucTeEMaTa — BOAST 40 CKbCBAHE Ha WYk B
MACTOTO Ha MOrMblUaHeTo Ha BMOPALMOHHOTO Bb3-
JeiCTBIE — 04aKBaT Ce Camo BbB BbTPELIHOCTTA Ha Bb-
KETO; HE MOTaT [ja Ce OTKPUSIT C BU3yareH KOHTPON;

- kopo3us — oyakea ce 3a [IPB npu npemuHaBaHeTo MM
npe3 3ymnda — npenopbyBa ce 13bop Ha ransaHU3vpaHm
BbXeTa, a 3a AWIKATE Ha MIockuTe W 0bLO 3a Kpbriute
BbXeTa — Bb3MOXHO Haii-ronsiM AMamMeTbp Ha BbHLUHWS
CMOA KWYKKM, aKo TOBA He MPOTMBOPEYM Ha [Lpyru
WN3NCKBaHMSI.;

- paboTHM TemnepaTypyu — OKa3BaT OCHOBHO BIMsiHME
BbpXy u300pa Ha CbpLeBMHATA HA BbLXETO W Ha
CMa304HUTe MaTepuani — NocrneaHuTe, KakTo N BCAKAKBY
CUHTETMYHW 3ambiiBalyM WAM  MOKPUBALLM  MaTepuani
(KOHCEpBaLMOHHM W Ap.), MoraT da cTaHaT HeedheKTUBHM
Npu onpedeneHu MHOMO HWUCKM WNM  MHOTO  BUCOKM
Temneparypu.

3. MpenopbunTenHa MeToAMKa 3a M300OpP Ha JIMHEMHOTO
Terno “q” Ha [IPB

3.1. Ycnoeus Ha uscnedsaHemo

Pasrnexga ce MM - Tpuewa wanba 3a 13B03 Ha TOBap,
KOMTO € MO-TeXKMST cryyan. Ako 1Y 13Bo3Ba xopa, TErnoTo Ha
n3bpanute [IPB e ypaBHOBecsBa ouwe no-gobpe uHep-
LIMOHHUTE CUMK, 3aLLOTO YCKOPEHWsiTa Npu M3BO3 Ha Xopa ca
no-Marku OT Te3u Npu U3BO3 Ha TOBap.

3a ycnosuaTta Ha 6bnrapckus pynonobus usbupam Heobpb-
LjaTteneH ckun ¢ WuObpeH 3aTBOp W cpeaHa BMECTUMOCT

V=11m3, Mpn nmbTHOCT Ha pydata p = 1,82 Mg/m3 nonyva-
BaMm 3a noresHns Tosap Qn = p.V =20t

Qp =const =20t
H =900, 1300, 1700 m

a = 1m/s2 = const
p = const
A=q-p=var

bpoit nogemHmM cboBe — U3cneaBaT ce 4Ba BapuaHTa:

A) PT1Y ¢ 2 HeobGpbLUaTENHM CKUNa;

B) PIY ¢ 1 HeoOpbLUaTENeH CKMM M NPOTUBOTEXECT.

3a BapuaHT A ypaBHeHue (3) 3a cTaTuyHaTa cunia B Hava-
N0TO Ha nogema LU uva Buaa:
Fer =kQp —AH, N (6)

3a BapuaHT b ypaBHeHue (3) 3a cTaTuyHaTa cuna B Hava-
noTO Ha nogema Lue bbae:



Fer = (k-05)Q; —AH, N
3.2. U3uncnenus n pesyntatu

Mo papeHuTe d’)OpMyﬂI/I 3a [BaTa BaphaHTa npecmaTame
cunute 3a Tpute M36paHI/I BUCOYNHW Ha nogemMa - Hi n 3a

YEeTUPUTE Pa3nnKN B Ternata Ha BbXetara - Ai. npe,D,CTaBFlMe

pesynTatute B Tabnuua 1, kKato B OTAENHM pefoBe JaBaMe W
NPOLEHTHUTE HaMareHWs Ha CTaTUYHUTE CWUNK CNPSMO Tasu
Mpu nunca Ha 4onHo Bbxe Fry 3a Ai= 0.

3a ycnosuata Ha PIY ¢ Qp = 20t = 196,2 kN; k = 1,15 -

HeoOpbLUaTENeH ckun.

Qp = 20 +424,4

=11,1t=11,1.1000.9,81 = 109 kN
NHeltHOTO Terno ce M34McnsiBa No cnegHarta dopmyna /1/:

Q
p=-"K,y0 ., N/m )
Go

p = 109.1000.9,5.95000/1770.1000000=55,58 N/m = 5,66kg/m

[aHHuTe 3a nuHeitHOTO Terno Ha [PB npu u3bpanute 3a
rpoBepKa CTOMHOCTY Ha A ca NokasaHu B Tabnuua 2:

Tabnuua 2

p, kg/m 5,66 5,66 | 5,66 5,66 | 5,66
Tabnuua 1
2Nc 1nC Ai, kg/m 0 1 2 3 5
H,m A, N/m FCT, N Feri/ FCTO, % FCT, N | Feri/ FCTO, % ql - AI +p, kg/m 5,66 6,66 7,66 8,66 10,66
Fet0] 0 225630 100 127530 100
900 | 9.81 216801 96.09 118701 93.08
1962 | 207972 217 109872 86.15 3a OKOHYaTenHo onTuMMaMpaHe Ha usbopa Ha [IPB cnep
29.43 199143 88.26 101043 79.23 cbobpassBaHe C ropenocoveHUTe KpUTEPUN THPCUM W34Mre-
49.05 181485 80.43 83385 65.38 HUTE Q; NP MUHUMAnNHO Ce4eHMe Ha BbXeTara, ocobeHo 3a
1300 9.81 212877 94.35 114777 90.00 KOHCTPYKLMK C Kpbriio ceyeHne. OT gaHHUTE 3a OTHOLIEHWETO
19.62 | 200124 88.70 102024 80.00 Ha Dor:de = 25+60 Bridon /6/, cTp.56/ BiKIaMe, Ye KOrKoTo
2943 | 187371 83.04 89271 70.00 no-ronsam € GposT Ha AWMKUTE BbB BBXETO M Ha XU4KATE B
49.05 | 161865 71.74 63765 50.00 ANNKATE, TONKOBA FOPHOTO OTHOLLIEHIE € MO-ManKo, KbM KOETO
1700| 9.81 | 208953 92.61 110853 86.92 ce W CTpeMUM 3a ocurypsisaHe Ha nposuca Ha [IPB 1 3a
1962 | 192276 85.22 94176 73.85 cnasBaHe Ha MeX[yLeHTPOBOTO Pa3CTOSHME Ha 2-Ta NOJEMHU
2943 | 175599 77.83 77499 60.77 cbaa. 3arosa usbupame koHcTpykumm ¢ Dor:ds = 25+35. Ot
49.05 | 142245 63.04 44145 34.62 cdupmata-nponssoguten “Bridon Ropes” /6/ nogxopsawm ca

3BoguTe OT ropHMTE NpECcMATaHMS ca, Ye Npy NpoMsHa Ha
NNHEHOTO TErmno Ha fONHOTO BbXe ¢ 1 fo 5kg/m noseve ot
TOBa Ha NOAEMHOTO 3a CTATMMHUTE CWAM  MONyvaBame
HamaneHwe cpegHo ¢ 4,5 0o 37 % cnpsmo Tasm npu g = p 3a
My ¢2TMC wncbe 7 po 65% npu 1 TC n npoTMBOTEXECT.
[BuratenHute cunu We Hamanseat npubRM3UTENHO CbC
CbLLOTO MPOLEHTHO OTHOLUEHWE MPW paBHW ApYrM YCMOBMS
(a=const). ToBa e TaKa, 3aLL0TO NPUBEAEHETA Maca Ha CuCTe-
Mata ‘my’ e ce MPOMEHA B HE3HAYNTENHM rapHAunM oT

HapacTBaHeTo Ha “q”. Hanpumep 3a A = 5kg/m 1 H = 900m 06-

LIOTO HapacTBaHe Ha TernoTo Ha [IPB wwe 6bae okono 450kg
unm 4,4kN.

3a [a HamepuMm peamnHu CTOMHOCTW Ha “Q’, OT pasrnex-
JaHuTe MPUMEPN U3YMCNABAME TErnOTO Ha NMOLEMHOTO BbXE
“p"Npm cnegHUTE KOHKPETHU YCROBUS:

H =900m; Qp = 20t; Qy, = 24,4t
ng = 4 (6poit nofieMHn BbxeTa)
Kp = 9,5 — npuBedeH KOBUUMEHT Ha CUrYPHOCT Mpu u3-

Oop Ha noaemHu BbxeTa 3a M ¢ Tpuelya warnba u BUCOUMHa,
no-ronsma ot 600m)

Yo = 95000 N/m3 — 06eMHO Terno Ha BLXeTo;

oy =1770 N/m? — rpaHuuHa SIKOCT Ha OMTbH Ha BLXETO (OT

katanor /7/)
KpaitHuat okayeH ToBap Ha eHO BbXE €:

Q4 Qy
nB

Qo
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CNEeSHUTE KOHKPETHM TUMOBE KOHCTPYKLMM:
- BbXeTa C KPbrio CEYEHUE W KPbITI XUYKN — 2-CIIOHN
18x19 n 3-cnonum — 34x19, Tun Tiger,
- BbXeTa C KPbIMO CEYEHWE U KOMOMHMpAHU XWYKM —
KpBIIW 1 npocunHm — 2-cnoiHm 18x19 n 3-cnoikn 34x19 -
Tiger Dyform;
- BbXETA C KPbITIO CEYEHWNe NMOCKOOMNMETEHN — 2-CIOMHN
14x6 1 17x6 v 3-cnoinn 20x6 - Tiger Superflex;
- nnockn BbxeTa ABoiHO ywutu (DIN 21256), /7/ — 8x4x7
unu 8x4x12;
B Tabnuua 3 ca gageHu NuHEnHUTe Terna u reoMeTpUYH1TE
napametpu Ha [PB 3a rpaHuyHuTe wn3bpaHu pasnuku
A9 =1kg/m 1 Ag = 5kg/m 1 3a 8-Te TUNa KOHCTPYKLMA.

Tabnuua 3
Tun BbKe |dyqy, KIMI Gyapp,  (dB,mm (bxG)| Dor:
kg/m ds
20x6 SF 6,66 0 0 25
17x6 SF 6,66 7,31 44 30
14x6 SF 6,66 7,22 43 30
= [34x19 6,66 6,96 40 30
1kg/m

18x19 6,66 0 0 35
34x19Dyf | 6,66 6,67 36 30
18x19Dyf | 6,66 6,8 37 35

8x4x7 6,66 6,76 113x20
20x6 SF 10,66 11,12 54 25
17x6 SF 10,66 10,83 54 30
14x6 SF 10,66 0 0 30
34x19 10,66 10,88 50 30
A = 5kgm 1819 10,66 0 0 35




34x19 Dyf 10,66 10,90 46 30
18x19 Dyf 10,66 11,45 48 35
6x4x12 10,66 11,1 130x29
8x4x12 10,66 11,0 146x25

3a A = 1kg/m Hai-nogxogsawm 6uxa Bunn KOHCTpyKUmMUTE
kpbrio Bbxe 34x19Dyf u nnocko Bbxe 8x4x7. 3a A = 5kg/m
ca npenopbynTenHn cblo 34x19Dyf u nnocko 8x4x12.

3a pelweHus npumep M n3bpaHUTe MNOLEMHU U [OMHM
BbXETa npecmsiTame no dopmyna (3) 3a HayanoTo u kpas Ha
nogemMa M YepTaeM M3MEHEHMETO Ha CTaTuyHaTa cuna 3a
fBata rpaH4HK cnyyas: 64) A = 1kg/m n 69) A = Skg/m. Mpu

PMY ¢ 2MC cronHocTTa Ha k.Qn e:

k.Qn = 1,15.196200 = 225,63 kN, otrosaps Ha npasa n1HUS
a)3aq=p

F_, [KN]
0,
% 51
2256 .
216,8 7 a
181,5
0 450 900

X [m]
dur.2

AHanor14HK 13cneaBaHUs Morat Aa ce HanpaesiT U 3a apyru
no-ronemu nonesHu Tosapu Qn, gbn6oYMHN Hi 1 KOHCTPYKLMK
BbXETa, a pesynraTute M MpenopbkuTe Morat fja ce pas-
npocTpaHaT u 3a apyru Tunose M (2-6apabaHHa uummH-
ApuyHa wnm 2-BapabaHHa cuctema brienep), koeto e u
npeanuMCTBOTO Ha pa3paboTeHaTa kpaTka METoAMKa.

Moxe aa 6bae pelwaBaHa u obpaTtHaTa 3agava. M3bpaHoTo
Mo SIKOCT M KOHCTPYKUMSI OOMHO PaBHOBECHO BbXe [a Ce
NpoBepu KakBa MakcUMarHa pasniuka B CUNIUTE UMK CTEMeH Ha
YPaBHOBECEHOCT MOXE [1a OCUrYpPH.

lMpenopbyaHa 3a nybnukysaHe om
Kamedpa “MexaHusayus Ha muHume”, MEM®
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3aknioyeHue

W3cnegBaHu M aHanuauMpaHu ca pasfuyHKM  KOHCTPYKLMK
[PB, kakTo 1 KpuUTepumuTe M 000CHOBKaTA 3a M3bopa UM.

PaspaboteHa e  npenopbuuTenHa  MeTogMka  3a
onTuMuMpaHe Ha usbopa Ha [PB no nuHenHo Terno,
KOHCTPYKLMS U cneLmudmuyiHu uancksaHus Ha PIY v ycnosusTa
Ha ekcnnoaraums.

HanpaBeHn ca nNpUMEpHM W3YUCAEHMS W CPaBHWUTENEH
aHanuW3 Ha pasnuuHuTe KOHCTpykuun [PB npu pasnuyHm
BMCOYMHM Ha nogema W pasnuyeH 6poit IC.

MpeonoxeHn ca ONTUMAnHX KOHCTPYKUMM BbXeTa 3a
KOHKpeTHU paboTHM ycrnoeus Ha MM ¢ Tpuelya 3apBuKBaLLa
wanba M 4YaCTUYHO [OWHAMWYHO YpaBHOBECSBaHe  MpU
u3non3saHe Ha eanH unu aga NC.

/3cnenBaHeTo € NpunoXuMo KakTo Npu NpoekTMpaHe, Taka
W NpW ONTUMU3MPaHE Ha AuHamukata Ha PI1Y no Bpeme Ha
ekcnnoartauus.
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NEW POSSIBILITIES OF DRIVER OF PIVOTING MECHANISM OF THE
ROTATIVE ARM FROM THE EXCAVATOR SRS TYPE 1400
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ABSTRACT: In this paper are presented some possibilities to modernize the driving and adjustment systems of the pivoting mechanism at a SRs 1400
excavator.
Keywords: static frequency converter, energy consumption, field orientation

HOBU Bb3MOXHOCTU HA BbPTALLUA MEXbHU3BM HA POTALJUOHHOTO PAMO HA 3ALBUXBALLOTO KOJIENIO HA
BATEP TUIT sRs - 1400

Jlymuruma, Monecky, Onapy OHucugbop, MapuaH lNonecky

YHusepcumem “KoHcmanmuH bpaHkywu” Topey Xun, PymbHUS

PE3IOME: B doknada ca npedcmaseHu HAKOU 8b3MOXHOCMU 3a MOOepHU3UpaHe 3adsuxeaHemo U pezynupaHe CUCMEMUME Ha 8bPMSAWUS MeXaHU3bM Ha
eckagamopa SRs 1400
Krroyosu dymu: nocmosiHHO YecmomeH KoHeepmep, nompebieHue Ha eHepausi, OpUeHMayus Ha noremo

Introduction The variations laws (1) determined for the pivoting and
rotation (of the wheel with grab) speed assures complete take
As it results from using the ERC, in order to have optimal over conditions of the material and lead to maintaining
conditions for the excavation process and to have the width constant the maximum flow capacity, and also satisfy the
of the excavated splinter smaller or at least equal to the width optimality conditions under the aspect of energetic
of the excavator grab, it is necessary that the rapport ~ consumption and of the dimensioning power of the basic
between the speed of the grab wheel and the pivoting wheel assembly of the excavator.
to be constant, meaning that the two speeds to follow the
same law: The scythe shape of the excavated splinter and the

necessity to assure a constant flow are the essential elements

vy, A (1) which impose the driving choice of the pivoting mechanism.
Vp(¢)=ﬁ Vr(w):K The probability for obstacles to show in the working field,
4 ¢ which may overtax the cinematic chain of the mechanism and
where: the rotoric arm, impose a maximal current protection with
¢ is the pivoting angle (made by the arm with the momentary operation.
march axel)

) ) In other words, driving the pivoting mechanism must fulfill
Vo, Vro — basic speeds corresponding to ¢=0. the following requirements:
The optimal diagrams are presented in figure 1.

. - to defeat the maximum resistant moment in the
Ty conditions of the toughest working front to assure the
) : maximum load of the grabs,
: - to allow the pivoting speed variation for insurances of
NS ey a constant flow on the whole circle arc of pivotation,
E b - to answer with high liability to the frequent direction
g Vi R e 0 switches imposed by the shuttling of the rotoric arm,

: - to ensure a close correlation between the transitory
T processes (electrical, mechanical: starts and stops) and the
arm ineptness, avoiding the mechanical shocks (important
aspect),

v

v

Fig. 1. The optimal diagrams of the speeds: rotation of the grab pivoting
wheel function of the pivoting angle
a) Rotation (grab wheel); b) Pivotation
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- the driving engines should be robust, certain in
functioning and to reclaim as few maintenance works as
possible,

- combined with the wheel with grab driving, to offer
permanently the maximum capacity for excavation of the
equipment in full security environment.

MODERN SYSTEMS FOR SPEED ADJUSTMENT
FOR THE PIVOTING MECHANISM OF THE
ROTORIC ARM AT THE SRS 1400 EXCAVATOR

Modernizing the driving for the pivoting mechanism of the
rotoric arm at the SRs 1400 excavator requires the
replacement of the Ward-Leonard group with frequency
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converters and of the continuous current motors with
asynchronous motors with short circuited rotor (2x37 kW,
380V, or 2x45 kW, 380V).

In figure 2 is a variant of adjustment scheme for the pivoting
mechanism driving, and in figure 3 there are the working
characteristics for the Ward Leonard driving system (fig. 3a),
and also for the proposed driving system (fig. 3b) [1].

The revolution of the asynchronous motors is modified
function of the output frequency from the inverter.

The switch of the revolution direction at the asynchronous
motors alimented from the converter is made in the electronic
unit through reversing the commands between two phases of
the three-phased bridge from the inverter.
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Bps - electronic block for prescription of rotation steps and galvanic separation of the signals received from installation

Cpr - circuit of processing ramp and frequency prescription
Ccn - the electronic block for output tension calculating
Cpcd - circuit of diagnosis and electrical signals processing
Cve - circuit of processing the effective value

Ri - current regulator

Rui - tension regulator in brake system

BO - command for frequency and tension oscillating block

F. PWM1, F. PWM2 - formatters of modulated impulses in time for inverter and chopper of braking
Fig. 2. The driving of the rotation mechanism with a static-asynchronous motor mechanism with the rotor in short-circuit. The block scheme of adjustment
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a) Driving the pivoting mechanism with Ward-Leonard group
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b) Driving the pivoting mechanism with asynchronous motors
Fig. 3. Working characteristics of the driving system of the pivoting mechanism
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Analyzing the variation diagrams in figure 3, it can be
observed:

- At the idly working in the Ward-Leonard group driving
variant, the active power is in average with 1kW higher than in
the proposed driving variant, but the power factor has values
between 0,14 —- 0,15, comparing with 0,91 < 0,92 in the
modern variant,

- As a consequence of a inadequate power factor, the
absorbed current is of 60A in the classical variant compared
with 9A in the modern one,

- When working under charge, the differences are
maintained.

Out of the working characteristics of the Ward-Leonard
group and the driving with asynchronous motors, powered by
the frequency converters, it is observed the energetic
advantage of the modernization of the driving pivoting
mechanism with frequency converter (energy saving, power
factor etc.). Also, from these diagrams results that there are
certain possibilities to reduce the power of the driving motor of
the pivoting mechanism.

In figure 4 there is another variant of scheme of adjustment
of the asynchronous motors, and that is with field orientation
(rotoric flux) [2], in figure 5 is the simulation scheme, and in
figure 6, the scheme of the static converter is presented.

R o—— Invertor de curent
R L 0 ———
R L P (")
A A
tc)
GEN GEN
. PWM PWM
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Reg. Reg. i it - iy
turatie cuplu 4 o <
T> D I'b + - by
i el I'p 2-3 > :_* n 1 ®
ans Reg. _>d > L #(X)‘—C —T
i — flux
A, sinBs T TCOSBB
Bloc Be Model
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$y"
Yr A 4

Fig. 4. The block scheme of adjustment with field orientation of the revolution of an asynchronous motor powered by a PWM current inverter
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In figure 7 a), with dotted line is the revolution reference and with continuous line is the reply of the system in revolution. It can be
observed that when using this adjustment system, the revolution of the motor follows very faithfully the reference on both rotation
directions. Also, a working without current shocks is assured, as seen in figure 7 b), and the couple and flux are maintained

approximately constant (fig. 7 csi d).
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Fig. 7. The results of the simulation of the working system for revolution adjustment, rotoric flux oriented, for the ERC 1400 pivoting mechanism
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Conclusions

Through the proposed modernizations at the driving system
of the pivoting mechanism at the SRs 1400 excavator, the
following advantages can be found:

- control of the start current,
- avoiding the mechanical shocks in the cinematic

- better characteristics for revolution adjustment,

- symmetrical load of the motors phases,

- a simple electrical scheme,

- the start time is function of the resistant couple,

- the power factor is improved,

- the high liability of the cinematic and electric chain,
as consequence of the lack of movement parts, which leads to
the improvement of the use of the equipments index,

Recommended for publication by the Editorial staff
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- the nominal couple is assured for the conditions of
the toughest working front, and for the toughest march (“stick
in the mud”) conditions,

- electric break is assured at the shift of direction of
the rotor arm,

- the improvement of the timetable capacity is assured
through improvement of the characteristic for revolution
adjustment and permanently combination of the parameters of
the wheel with grabs with the parameters of the pivoting
mechanism.
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STUDY OF POLLUTANTS DISPERSION RESULTING FROM LIGNITE COMBUSTION IN
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ABSTRAC: The mitigation of power plants impact on environment generated through combustion of coal involves reducing pollutants emissions COz; SOz, NO,
airborne ash. The study of pollutants dispersion allows identifying of the areas affected by pollutants emissions as well as the areas in which concentrations of

pollutants are beyond the legal limits.

W3CNEOBAHE PA3MPOCTPAHEHMUETO HA 3AMBPCUTENN HA OKOJTHATA CPE[LA, MOCNEAULA OT U3rAPAHETO HA
NUrHATHWU BBIMULLA NPU NMPOU3BOACTBOTO HA EJTEKTPOEHEPT UA

Kpucmunen Pakokeary, Jlymuuma IMonecky, 5o2dan M. fsakory

Yuusepcumem “KoHcmarmu Bparkywu”, Tepey Xun, PymbHus

PE3KOME: CmekyaBaHe 0nacHOTO BNMsiHUE Ha eHepFMVIHMTe 3aBOAK BbPXY OKONHaTa cpeda oT BpeaHW eMUCUK, NPUYMHEHN NPU 3rapAaHEeTOo Ha BbrnuLliaTa BKIYBa
HamanaBaHe Ha 3ambpcABalllM OKOnHata cpefda emucuun: CO2; SOz, NOy, nenenwm, HOCeLN ce BbB Bb3ayxa. M3cneaBaHeTo nossonseat ga ce YCTaHOBAT
3acerHatute paIZOHI/I 0T 3aMbpcaBally Bb3fyXxa eMUCUMU, KaKTO W paIZOHVITe, B KOUTO KOHLEHTpauuATa Ha 3aMbpCABaHWATA Ha Bb3Ayxa OT BpeaHU eMUcuun

HaasuwaBsa gonyctuMmuTe CTOMHOCTH.

Modelling of pollutants dispersion

The necessity of reducing atmosphere pollutions led the
government institutions to issue air quality standards, which
establish the values of average concentrations of pollutants,
sampled over a precise interval of time — values which should
not be exceeded.

The sampling interval is an important factor that must be
considered when a pollutants control strategy is implemented;
it must consider the fundamental mechanisms of transport and
atmospheric dispersion.

The most important parameter which determines the
transport, diffusion and dispersion of the pollutants is the
general condition of the weather, or, in other words, the
climate. The climate is characterized by physical properties of
the air (temperature, density, temperature gradient) and
pressure distribution, which determines the velocity and the
direction of the wind.

These parameters influence the transport and distribution of
the pollutants to different degrees. For example, at high values
of wind velocity, one would expect the pollutants to be borne at
high distances but the high velocity of wind enhances the
internal turbulence of the effluent and intensifies the
dispersion.

On the other hand, at low values of wind velocity, the
effluent remains relatively compact, the height of the effluent is
large and the dispersion is reduced, therefore the
concentration of the pollutants it is likely to be higher than in
the case of large values of wind velocity.
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There are also complex feed-back mechanisms; the
atmospheric turbulence depends on the air properties and
especially on the temperature gradient; the temperature
gradient determine the direction and the velocity of the wind
velocity, the distribution of nebulosity and the level of
nebulosity determines the extent to which solar radiation
modifies the temperature gradient. The level of nebulosity
determines the intensity of chemical reactions between various
components of the atmosphere.

All these factors make difficult to develop a determinist
model for the dispersion and the transport of the pollutants (an
a priori computing strategy of the pollutants concentration in
various points in space). Most models rely on simplifying
assumptions, measured values and statistical theories.

The main problem that must be solved in the case of
pollutant emissions is on the one hand the mitigation of their
harmful potential and the amount emitted in the atmosphere
and on the other hand to ensure the emission conditions in the
atmosphere so that when the effluent comes back to sail its
concentration remain below the values admitted. This last
aspect involves the interaction of three factors: the recipient,
the effluent and the emission conditions.

The transport and dispersion of the pollutants takes place in
the atmospheric boundary layer, between 500 and 1000 m
above the soil.

The values of various parameters which influence the
turbulent movement in the atmosphere are not precisely
known, on the one hand due to the difficulties and errors in
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their measurement and on the other hand due to their fast and
random fluctuations.

The effluent consists of a mixture of solid, liquid and
gaseous particles. Among gases, the sulfur, nitrogen and
carbon compounds occur most frequently (SO9, SO3, NO,

NOo, CO). The presence in the effluent of more compounds in

different phases makes difficult to dete mine the exact
composition of the effluent and on the other hand makes
possible for various chemical reactions subsequent to the
emission to occur. Such chemical reactions introduce in the
complete description of the effluent a supplementary number of
chemical and physical variables.

The emission conditions are not generally speaking
problematic since they are known for nominal regime of the
installation. The emission conditions involve the geometrical
characteristics of the chimney stack, the relief, the presence of
natural or artificial obstacles in the vicinity of the source and
the parameters of the effluent (temperature, velocity,
composition).

The experimental installation

Fo the study of pollutants dispersion resulting from lignite
combustion at Rovinari power plant the numerical modeling
program ISC 3 View (Industrial Source Complex, version 3,
Office of Air Quality Planning and Standards, U.S.
Environmental Protection Agency, S.U.A.). The model was
developed on the basis of classic formulae of Gaussian
dispersion described by Pasquill (The estimation of dispersion
of windborne material, Meteorological Magazine).

Steady state conditions:
- emission is continuous and uniform
- the horizontal field of wind velocities
homogenous;
- no friction in vertical plane
The characteristics of the pollutant:
- the gas or the particulate are small enough so that
the effect of gravity can be neglected;
- no chemical reactions
- total reflexion at the ground.

is

ISC3 is the latest version of ISC (Industrial Sources
Complex). The models were evolutive in the sense of
improving the user friendliness and easiness of introducing the
input data concerning the spatial distribution of sources and
meteorological data.

The program offer answers to the most frequent impact
analysis for any type of source (stationary of mobile) any
height and for any origin (industry, combustion installations,
ventilation, intersections, parkings), for any size and for any
location.

Through the options they offer the programs can compute
average values for 30 minutes, daily, annual or over a
prescribed interval of time.

The more representative the input data are, the more
veridical conclusions. Regarding the emission concentrations
(input data of the source) the online measurement method is
recommended, under representative duration conditions or
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statistical processing of data, using the so called emission
factors.

The dispersion model ISCST3 represents a steady state
Gaussian model that can determine the concentrations of
pollutants generated by a large number of sources. A few
modeling capabilities of ISCST3 are:

1. Modeling of atmospheric dispersion of a large number of
pollutants

2. The program can take into account a large number of
punctual, surface or volume sources

3. The pollutants flow rates can be considered constant or
variable over an hour, month or a season. These emission
factors can be defined for one or for more sources

4. The positions of the receiving points can be defined in
Cartesian or polar coordinates.

5. Complex topography terrains modeling

6. The program uses real meteorological data that determine
the impact on atmospheric pollution.

Compared to the previous versions the program ISC3 View
uses a new interface for the ISCST3 model. This interface was
developed especially for operating system Microsoft Windows
and operates as well under Windows 95, Windows NT, and
Windows for Workgroups

The interface  ISC3 View uses five different menus for
defmmg the input data file for the model ISCST3:
Control menu (CO), which specifies a modeling scenario.

2. Sources menu (SO), which specifies the pollutants
emissions;

3. The receivers menu (RE), which specifies the matrix of
receivers

4. Meteorological conditions (ME), which specifies the
meteorological data for the location considered

5. Complex terrain configuration (TE) — the option that takes
into account the areas with complex topography

6. Output menu (OU), which specifies the output data for a

complete analysis of impact on air

In the program ISC3 View each of the six options is
represented by an icon (figure 1), which in its turn opens the
first window of the menu. The rest of the options are specified
in the lower corner of each window.

The program ISC3 View allows modeling of a maximum
number of 300 sources using a matrix with maximum 1200
receivers and a maximum number of four groups of sources.
At the end of the data input process the program is run after a
check of the data introduces in the modeling scenarios in the
window titled Project status (figure 3).

VB || E2| 1
Control | Sowece K hl!t T. Grid

Fig. 1. General menus of ISC3

In the upper side of window are specified the input and
output files and in the lower side a confirmation message is
displayed.

The check of the input data is achieved by a post processor
ISC View Post that can draw the curves of equal concentration
for the data defined in each scenario. The curves are drawn at
the ground level taking into account the shape of the relief



throughout the whole area analyzed. The parameter of the two-

dimensional curves is the pollutant concentration.
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Table 1. Results of measurements

Input File :  HALANGA NP

Ouiput File: HALANGA OUT |

Control; T Source T Receptar T Meteorology T Terrain Grid T Oytput
Dispersion Options : DEFALLT
Output Types : CONC -
Dispersion Type : URBAN @
Plume - Run Option : RUN
FoRutants iz Optional Files :
Averaging Time : 1 24 PERICD

EVENT Input File : O
Exponentiel Decay:  nO

Re-Start File ]
Terrain Height = FLAT

Error Listing File : NG
Terrain Algorithms :  SMPLE TERRAR
Flagpole Receptors:  NO (0.0m)

Your Project Input seems to be Complete. You Can RUN How. |

Help | Br

=

Details

Fig. 3. The check window

Experimental results

In table 1 are presented the results of measurements carried
out at Rovinari power plant in October 2005. The data was
used for simulations with USC 3 View

Nr. Parameter Symb U.M. Boiler C4 , Boilers C5;C6 ,
crt. chimney stack 2 chimney stack 3
1] Temperature of flue gas at the chimney stack tgc Oc 137 158
2[Height of the chimney stack He m 250 250
3| Diameter of the chimney stack D¢ m 8 8
4| Velocity of flue gas Wqc m/s 16,4 14,1
5[Mass flow rate of carbon monoxide Meo mg/s 9800 11230
6| Mass flow rate of nitrogen oxides Mnox mg/s 143200 161400
7|Mass flow rate of sulfur oxides Mo, mg/s 1030600 1222600
8| Mass flow rate of ash my mg/s 172900 71990

In table 2 are presented the values of concentrations

measured at receivers, as evaluated by the simulation program
(for carbon monoxide) as well as the limits specified by STAS
12574-87; in figures 4 and 5 are presented the hourly and daily

average distributions of CO (expressed in Dg/m3N) generated by
chimney stacks 2 and 3 at ground at 5 km distances measured
from the center of the matrix.
Table 2. Values of concentration measured at the receivers for carbon monoxide

In table 3 are presented the hourly and daily distributions of

nitrogen oxides (expressed in Dg/m3N) emitted by chimney
stacks 2 and 3 at 5 km distances measured from the center of
the matrix.

(COmax)30min (COmax)30min (COmax)24ore (COmax)24ore
(Crhay) Dg/m3 ] Ccomputed X Y (Crax) [Dg/m3 | Ccomputed X Y
max/STAS N 3 ml | ml max/STAS N 3 ml | ml
[lg/m°p] [lg/m°N]
6000 3,41 2973 | 2676 2000 0,48 2973 |2676
Table 3. Values of concentration measured at the receivers for nitrogen oxides
(NOXmax)30min (NOXmax)30min (NOXmax)240re (NOXmax)240re
(Crmax)STAS [Dg/m3N] Ceomputed X1 Y (Cmax)STAS [Dg/m3N] Ceomputed X Y
tgmdy | M| pgmdy | M |
300 24,97 0 | 3500 100 4,37 2973 | 2676
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Fig. 4. Hourly distribution of CO emitted by chimney stacks 2 and 3 at
ground over distances of 5 km

Conclusions

As the table 2 reveals, the calculated values of CO
concentrations at the receiver are much lower than the
maximum values admitted according to STAS12574-84. The

maximum value  (COmax)computed.30min is encountered in

the village of Cilnic and (COmaxlcalc.24ore is encountered in
the village of Timiseni.

The computed values of concentrations of nitrogen oxides
are much lower than the maximum values admitted according

to STAS 12574-84. (NOy max)computed.30min is encountered

in village of Poiana and (NOy max)computed.24ore is
encountered in the village of Virt.

Recommended for publication by the Editorial staff
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Fig. 5. Daily distribution of CO emitted by chimney stacks 2 and 3
at ground over distances of 5 km
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DIMINUTION OF ELECTRICAL ENERGY CONSUMPTION FOR THE PROCESS OF WATER
EVACUATION FROM THE LINING MINING PIT OF OLTENIA

Luminita Popescu, Racoceanu Cristinel, Grofu Florin, Popescu Marian

Constantin Brancusi, University, Tg-Jiu, Romania
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ABSTRACT: In the lignite mining pits from the Oltenia Coalfield appear special problems because of the big quantities of water which come from infiltrations and
rainfall. In order to evacuate these enormous quantities of water there are being used pumping aggregates (figure 1) whose number depends on the surface of the
mining pit and on the quantity of water which is estimated to be evacuated from that certain mining pit. The electrical energy consume of these pumping aggregates is
very high, almost 10% from the total consume of electrical energy from the mining pit. This justifies the efforts which must be done by specialists in order to reduce
this consume of electrical energy.

HAMANABAHE KOHCYMALIUATA HA ENEKTOEHEPIMA B MPOLECA HA U3MOMNBAHE HA BOOATA OT BBl IULLHUA
MWHEH BACEWH ONTEHUA

Jlymunuma lMonecky!, luminita@utgjiu.ro

Pakokeany Kpucmuren?, cristi@utgjiu.ro

Ipogpy ®nopuns, florin@utgjiu.ro

Monecky Mapuan*, marian@utgjiu.ro

Ynusepcumem ‘KoHcmanmun bpankywu”, Tepey Xun, PymbHus

PE3IOME: B MuHHWTE PYAHWLY 38 IMTHUTHY BbIMWLLA OT BbrmweH 6aceith OnTeHus, cneuundmyeH NpoGnem ce ABsiBa HaMYMETO Ha ronieMu KonMYecTsa Boaa,
KOMTO ca nocreguua oT NpoCMyKBaHeTo v Banexute. ETo 3alo 3a fa ce U3TErNAT Te3u OTPOMHI KONMYECTBa BOAA CE M3NOM3BaT WUanomnealyy arperatu (dur. 1),
4uMTO GpOit 3aBMCH OT NOBBLPXHOCTTA Ha MUHHATa Kapuepa M OT KOMMYECTBOTO Ha BoAaTa, KOETO ce npeleHsiea fa Gbae M3TerneHa oT onpedeneHata MUHHa
kapuepa. KoHcymauusaTa Ha eNekTpuyecka eHeprust OT Teaun NOMMEHM arperati € MHOro Bucoka, noyt 10 NpoLeHTa oT ToTanHaTa KOHCyMaLusi Ha enekToeHepris Ha
pyAHuka. ToBa onpaBaasa ycunusita, kouto TpsibBa Aa GbaaT HanpaBeHu OT CrieLuanucTTe 3a Aa ce Hamanu NoTpeGNeHNeTo Ha Ta3n enekTPOEHeprus.

1.Introduction The functional correlation of the enumerated parameters and
other parameters can be achieved through a complex

Diminution of electrical energy consumption is a desideratum informational system which implies the acquisition of the data,
of specialists in the field of the ligning mining pit. For that, they the control of the process and command elaboration, as in
conceived specifically solutions for each component of figure 2.
technological process, for example: modernization of
electrical  movements, modernization of protection and This system must to achieve the following objectives:
switching equipments,  of measurement equipments using - the working of the pumps in an automated regime in
complex data acquisition system. accordance with the water quantity which must be

evacuated;

The electrical energy consumption for the process of water - the monitoring of the energetic working regime of the
evacuation is big, approximately 10% of total electrical energy electrical engines which activate the pumps;
consumption from a lignin mining pit. - the control of the pumping aggregates technical state.

In order to reduce this consume of electrical energy, in the For achieve that objectives, it is necessary to do a data
first place it is necessary to correlate the energetic parameters acquisition system at the pumping aggregates level, and
(absorbed currents, power factor cos @ etc.) which characterize another acquisition system at the electrical house level.

the electrical engines which drive the evacuation pumps with o o
the technological parameters (the water level in the collecting 2.The Description of the Application
tank, the warning water level in the collecting tank, the clogging

level from the Jomp, the depression from the pump aspiration 21. The local data acquisition system (at the
column, the pressure from the pump discharge under pressure pumping aggregates level). Hierarchical level 1
column etc.). system
The input quantities of local data acquisition system are
following:
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Fig. 1. General View

1 - h1[m] - level of water in Jomp (analogical signal, provided
by level transducer 1, in unificat signal 4-20 mA or 0-10 V);

2 — h3 [m] - level for warning (digital signal);

3- hz2 [m] - level for clogging (analogical signal provided by
level transducer 2, in unificat signal 4-20 mA or 0-10 V);

4 - Afwe — analogical signal from vibrations transducer, which
provided information about frequency range and amplitude
of vibrations from engine 2.

5- P22 - upending pressure of pump 2 (analogical signal);

6- P12 — pressure (negative) from aspiration column from
pump 2 (analogical signal provided by pressure transducer
in unificat signal 4-20 mA or 0-10 V);

7 - Afp2— analogical signal from vibrations transducer which
provided information about frequency range and amplitude
of vibrations from pump 2;

8- Afp1— analogical signal from vibrations transducer which
provided information about frequency range and amplitude
of vibrations from pump 1;

9- P11 - pressure (negative) from aspiration column from
pump 1 (analogical signal provided by pressure negative
transducer in unificat signal 4-20 mA or 0-10 V);

10 — Afw2— analogical signal from vibrations transducer, which
provided information about frequency range and amplitude
of vibrations from engine 2;

11— P21 - upending pressure (negative) from aspiration
column from pump 1 (analogical signal provided by pressure
negative transducer in unificat signal 4-20 mA or 0-10 V);

12— P21 - upending pressure (negative) from aspiration
column from pump 1 (analogical signal provided by pressure
negative transducer in unificat signal 4-20 mA or 0-10 V);

The local acquisition system (the hierarchy level 1), at the
pumping aggregates, takes over the input quantities and
transfers them through the serial interface towards the process
computer from the electrical house.
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1.2 Data acquisition system from electrical house.
Hierarchical level 1 system.

The acquisition system from the electrical house (the
hierarchy level 1) is made of two modules: one of them takes
over the quantities with a general nature at the electrical house
level (the electrical current, the electrical potential, the
consumed energy and the cos @), and the other one which
takes over the quantities with specific nature and also realise
and electrical protection functioning ( SEPAM 1000).

The both modules transfer the information (data) through the
serial interface towards the process computer. And also,
through the serial interface, the system receives commands,
decisions, which are send by the superior hierarchic system.

a) Module 1, witch purchases the following quantities:
1- I — analogical signal, phase electrical currents 1 of

engine 1, provides by current transducer TC1, in 0-5 A
2- Iz — analogical signal, phase electrical currents 2 of

engine 1, provides by current transducer TC2, in 0-5 A
3- In3 — analogical signal, phase electrical currents 3 of

engine 1, provides by current transducer TC3, in 0-5 A
4 - lp1 - analogical signal, phase electrical currents 1 of

engine 2, provides by current transducer TC4, in 0-5 A
5- 2 — analogical signal, phase electrical currents 2 of

engine 2, provides by current transducer TC5, in 0-5 A
6- Iz — analogical signal, phase electrical currents 3 of

engine 2, provides by current transducer TC6, in 0-5 A
7- Ssw — contact’s state of electrical separator from engine

1 (digital signal);

8- Sswmz — contact’s state of electrical separator from engine

2 (digital signal);

9- Sigw — fuse’s state from engine 1 (digital signal);

10 - Sigwz — fuse’s state from engine 2 (digital signal);

11— Sewr — contact’s state of contactor from engine 1 (digital
signal);

12 - Semz — contact’s state of contactor from engine 2 (digital
signal);

13- Se1 — reading short circuit protection from engine 1

(digital signal);

14 - S — reading short circuit protection from engine 2

(digital signal);
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15— Sc1 - reading overhead protection from engine 1 (digital
signal);

16 - Sc2 - reading overhead protection from engine 2

(digital signal).

b) Module 2 ( SEPAM 1000), which purchases the following

quantities:

1-Un — analogical signal, phase electrical potentials 1,
provides by tension transducer TT1 in 0-100 V;

2-Ur - analogical signal, phase electrical potentials 2,
provides by tension transducer TT2 in 0-100 V;

3-Us - analogical signal, phase electrical potentials 3,
provides by tension transducer TT3 in 0-100 V;

4 — cos ¢ — power factor (analogical signal);

5-1In - analogical signal, phase electrical currents1 of
transformer station, provides by current transducer TC7, in
0-5A

6-1ln — analogical signal, phase electrical currents2 of
transformer station, provides by current transducer TC8, in
0-5A

7-ls — analogical signal, phase electrical currents3 of
transformer station, provides by current transducer TC9, in
0-5A

8- Tint [°C] - inside temperature from electrical house
(analogical signal, provides by integrate temperature
sensor in mV/°C;

9 - Text [°C] - outside temperature (analogical signal);

10 - TP - input (analogical signal) from rainfall
transducer;

M- SF - fume sensor from electrical house (digital
signal);

12— Ucom — existence potential for command (digital
signal);

13- SG - contact's state of general electrical separator 6
kV from electrical house (digital signal);

14 - Sio — contact's state of general electrical switch
50,6kV;

15— reading state — all STOP — (digital signal).
OUTPUT QUANTITIES

1 - command for electrical engine 1 (digital output);

2 - command for electrical engine 2 (digital output);

3 - warning — average (digital output).

2.3 The process computer (Hierarchical level 2

system)

The function of this system is:
1. To take over and to administrate the information to results
from all hierarchical level 1 systems;
2. To create a data base with following information :
- the state of the pumps: working or pause;
- number of hours in witch the pumps are working: on a
day, on amonth , on a year,
- pumping aggregates electrical energy consumption: on a
day, on a month, on a year
- evacuate water quantities: on a day, on a month, on a
year, for each pumping aggregates;
- damage in pumping aggregates working;
- pumping aggregates performance;
- evacuate water quantities according to origin
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3. To elaborate the following commands:

3.a. Command of pumping aggregates working in order to:

- to assure a pumping aggregates equilibration utilization;

- to assure the working of pumping aggregates number in
according to water level from gathering basin;

- to take over of the loads of one damaged pumping
aggregate by the available pumping aggregates;

- to start “no frost” working program when the temperature
decrease under -3°C and correlating this working
program with external temperature;

3.b. To elaborate warning signals in following situations:

- starting of protections;

- appearance of the mechanical damage at the electrical
motors and the pumps;

- appearance of the rainfall;

- overtaking level for clogging;

- reaching of warning level for water in the jump;

- appearance of pumps hydro-dynamic damage
(unstriking,  low debit, unbalance between pumps
coupled on the same evacuation column);

The transmission of the information (dates) towards

dispatcher in following two modes:

- usual (consumed electrical energy, momentary power,
number of pumps in working state, water level in
gathering basin, number of working hours for pumps);

- on demand (every other information witch is in the data
base).

2.4. The dispatcher (hierarchical level 3)

The function of this system is following:

- to receive the information from the process computers
(hierarchical level 2) located in all electrical house;

- to create a global data base on whole mining pit;

- to inform the human operator about unusual situation
mentioned from inferior hierarchical level;

- to elaborate the warning signals about maintenance
cycles as well as report about the origin of the damage;

- to elaborate decisions of force starting or force stopping.

3. Conclusions

The complex automation of the water evacuation system
from the lignite mining pit leads to lower consume of electrical
energy and to the growth of the pumping aggregates reliability,
from the following reasons:

- pumping aggregates together with electrical motor witch
drive them, working only is necessary, in according to
information provides by data acquisition system (level
transducers);

- by acquisition system from electrical house are controlled
all electrical parameters and it is possible to improve the
power factor in order to lower the consumption of
reactive power;

- by modern protection system (numerical system) is
prevented extension of possible damage or diminution of
possible losses create by electrical damage.
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ABSTRACT: The power quality is a complex and controversed problem that has to be seen in the context of relation between supplier and consumer under the
influence of perturbations.

The power consumers can induce perturbations in the power supply net, as: the worsening of power factor, the occurring and amplifying of voltage harmoniques, the
deficitary circulation of power in the net, and their existence requests the analysis, monitoring and measures to be taken for the ensuring of power quality.

In the last period, in the power nets of lignite mining exploitations, as following the equipment’s refurbishment had appeared driving mechanisms with variable
revolution speed using rotor converters or commanded rectifiers for the driving of bucket wheel, for upper structure spinning, for the marching mechanism, for the
driving of belt conveyors, by introducing in the power system of superior harmonics, and by this vitiating the quality of electric power.

For a quality consumption of power, in conditions of economical efficiency, it is recommended the amortization of the harmonics that are occurring in the power
system.

KAYECTBO HA EHEPIMATA NPU 0OBUBA HA NUTHUTHU BbIMMULLA
Bacune Ko3ma', JaHuena-Arndxena bap6y?

T KoHcmaHmuH BpbHkyw YHugepcumem - Tepey Xun, Twpey XKun, PymbHUs
2 HayuoHarnHa KoMnaHus 3a ueHUmHU ebanuwa, Topay Xur, PymbHUSA

PE3IOME: KauecTBoTo Ha eHeprusTa e CoXeH W JUCKYCUOHEH BbMPOC, KONTO Tpﬂ6Ba na 6bae pasrnexgaH B KOHTEKCTa Ha OTHOLUEHUATa MeXOy AO0CTaBYMK U
I'IOTpeGVITeJ'I, BNMeLn ce oT CMyLleHuA. nOTpeGMTeJ’IMTe Ha eHeprua morat Aa NpeausBuMKaT CMyLLEHWA B €NEeKTpOonpeHocHaTa Mpexa 4pes: BholaBaHe Ha
€HepruiHua pakTop, HacTbMBa BICOKO HaMpexeHue, He noﬁpa LUMpKynaumaTa Ha eHepruaTta B eNeKTPONPEeHOCHUTE MPEXU, a TAXHOTO Hann4yme U3UCKBa aHanus,
MOHUTOPUHT U KPUTEPUM, KOUTO TpHGBa pa 6baat B3eTM Noj BHUMaHWe 3a Aa ce rapaHTpa kayecTBoTO Ha eHeprusl. Mpe3 nocnegHUTe roanHN B eHepriiHuTe
Mpexu Ha pobvBa Ha NUTHUTHY BbrnuLla, Npu 0CBEXaBaHETO Ha oGopy.qBaHeTo, Ce NosBABAT ABIKELLM MEXaHN3MU C PA3NUYHN BbPTALLW Ce CKOPOCTH, U3NOM3Baiiku
POTOPHM KOHBEPTOPW MU yNpaBnaBaLly TOKOU3NPaABUTENN Ha ABUXELLUTE 6yTana, 3a 3aBbpTaHe Ha ropHaTa KOHCTPYKLUMA Ha XOO0BUTE MEeXaHU3MU, 3a 3aBUXBaHE
Ha KOHBemepuTe, Ypes BHeAPSBaHE Ha MOLLHW CUCTEMM OT U3KIIOUYNTENHA XapMOHWS 1 OT TOBA BNOLLABAHE KA4ECTBOTO Ha eNneKkTpuyeckaTa MOLLUHOCT.

3a KayecTBEHO norpeGneHme Ha MOLLHOCTTa, B YCMOBMATA Ha MKOHOMUYECKA E(hEKTUBHOCT Ce MpenopbyBa amopTU3aLMs Ha XapMOHUATa, KOETO Ce cry4sa B
€NeKTPo- CUCTemuTe.

Introduction regimes is generally caused by the non-linear elements of
transfer and due to the electromagnetic power transformed in

In modern power systems the non-linear consumers have a other form of energy.

an increased weight; by using on a large scale of adjustable
auctioning of alternative current having rectifiers with diode as
first conversion floor of continuous current based upon
rectifiers with tiristors, have as consequence the increasing of
harmonical content of the current absorbed by the consumers.
The disadvantages of these hamonics of current are well
known: increased dissipation of power in cables, transformers,
power machines and condensers. In three phased systems
with null, the harmonics that are the multiple of three are added
in the null conductor and the current in the conductor reaches
at unacceptable values. The harmonics of current are causing
the disturbance of supplied voltage for all consumers, and are
affected also the linear consumers, that are not generating
harmonics of current. The harmonics are accelerating the
ageing processes of the isolation and are reducing the life of
installations.

Can be enumerated four major arguments that are justifying
the interest towards for the power quality field:

1. Modern equipments are more sensitive to the reducing of
power quality, due to the fact that they have in components
controlling systems based upon microprocessors.

2. The semiconductor power devices became omnipresent in
conversion processes of power.

3. The consumers became more aware and more informed
about the impact of electromagnetic perturbances over the
electrical equipments and over technological processes and as
a following they are requesting to power suppliers to supply the
power at quality parameters that were contracted.

4. The complexity increasing of energetical systems has a
large influence betwenn the systems and users and also
between the connected consumers to the same suplly system.

It is considered deforming regime that alternative regime
where the variation in time of at least one of characteristic state
dimensions - current or voltage — is describe by a non-
sinusoidal periodical function. The occurring of deforming
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In general, the industrial cconsumers can loaad the net,
simetrically on all phases or un-symmetrically.

Sources of harmonics

At the present the equipments that are containing statically
converters are the main source of harmonical pollution of
power net. The semiconductor devices of power that are in the
converter structure are conducting only a fraction of period the
fundamental component. The special proprieties of statically
conversion of energy can be obtained by this way; as following
the statically converters are absorbing a current strongly
distorsioned.

The non-linear loadings are absorbing a non-sinusoidal
current, even when the supply conditions are perfectly
sinusoidal. The functioning effect of a non-linear load in the
power net can be represented by a generator for current that
injects a harmonic of order h. In the common point of coupling
(PCC), the tension is distorsioned (contains harmonics of
tension), as following of the presence of In harmonic of current.

Vecem) = (ZTRTZs) - In,

and the distorsioned tension is applied to the other consumers
connected to PCC.

A first effect of the tension harmonics presence is the
increasing of effective values and of the top value of tension.
Other negative consequences of the tension harmonics
presence are: increasing of iron and copper losing, in the
respective installations, due to the increased thermical
solicitations; starting of thermical protections; burning of
fusible; accelerated ageing of isolation. The equipment that is
using the net tension as reference can have problems of
synchronization. The monophased consumers that have a high
content of 3rd harmonic of current are causing a significant
increasing of current of null, because these harmonics are in
the phase and they are added on the null conductor.

3. Effects of the harmonics presence

Main effects that the deforming regime is producing in the
electromagnetic systems are the following:

-Distortions of tension and current: at all levels between the
sources and consumers characterized by the coefficient of
distortion Ou, respective 6, defined as ration between the
deforming residuum and the effective value of a tension
respective of current:

0

2

u n
n=2

2

du= x 100 %
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n=2

where Un, Inare harmonics of order n of tension,
respective of current

x 100%

- Over voltages of harmonical resonance due to the resonant
circuits formed by condensers for the compensation of reactive
power and of inductive reactance of the system

- Overloading of condensers due to the exceeding of
maximum admitted value, 1,3 Inc; 1,1 Unc; 1,43 Qne

- Supplementary power and energy losing in the nets due to
the increased apparent power

S= \/(P2 +Q% + DZ),whereDisthe

deforming power

- Occurring of parasite couples and supplementary power
losses in electrical machines.

- Errors of functioning of the measurement, protection and
command devices, due to the power factor in deforming regime

_E_COS cos &
g cospeee

where cos ¢ is the power factor in the absence of deforming

regime, and
JP?+Q? +D?)

The circulation of harmonic currents in nets can be a danger
for the electrical installations functioning, specially in the
resonant circuits of derivation, condenser-system. In this case
due to the phenomenon of the current harmonics amplification,
in the resonant circuit, it occurs the overloading or destroying
of condenser batteries, of generators or other elements of the
system. dangerous for the condenser batteries are the
resonance that are occurring, usually at harmonics 5, 7, 11 and
13.

cos € =

The amplification phenomenon of superior harmonics of
current is accompanied by the amplification of tension
harmonics — over tensions — that can reach to the values that
are corresponding to the resonance phenomenon, that leads to
the deterioration of cables isolation or of the condensers
dielectric.

At the electric cables together with the losing in dielectric
and supplementary ohmical losing, is occurring the corrosion
phenomenon of the cables in the presence of harmonics.

In the case of asynchronous motors, when supplying them
with a non-sinusoidal tension, their output decreases very
much.



Ways of reducing the superior harmonics of
current and tension

For reducing the effects of deforming regime there are used
active filters of power that can be with repression or
absorption.

The active filters are static converters of power that can have
diverse functions. The actual schemes of filtering allow the
syntherization of any form of current with harmonic
components of relative high frequencies, and there are
sufficient for most of practical cases and at higher and higher
levels of power.

The term ,active filter of power” has a wide character and is
applied to a category of circuits that contains also the
semiconductor devices of power and passive elements for the
energy storing — inductances or condensers. The functions of
filters can be different, depending upon the application.

Pressing filter

It is made by serial connection of the condenser battery with
a coil of reactance Xo. The value of this coil is chosen to ensure
that the resulting circuit to have a capacitive character for the
fundamental frequency and at superior frequencies to have an
inductive character. Hence:

X=X, > X"
xbzi;xc
n

m
where Xo, Xc, are corresponding to the coil reactance,
respective condenser battery, and nmis the minimum order of
unwanted superior harmonics.

Disadvantage: pressing filters are loading the net with
pressing harmonic currents; for this reason these are used only
for the protection of existing installations of condensers.
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Fig. 1. Mounting of active filters — scheme of principle
a-pressing filter; b-absorbent filter

Absorbent filter

There are made of condensers in serial connection with coils
of reactance X, that are entirely absorbing the harmonic
current on which it was adjusted and in lower proportion the
harmonic currents of close frequencies.

The filters are calculated to present a serial resonance for
the superior harmonics that are present at the consumer's
bars.

By this way are obtained the main characteristics of the
filter.
reactance of coil at resonance:
(n

c
n2

XM= where X V= ¢, L" and

XM =1/ @C™ there are the reactance
that are corresponding to the fundamental

- absorbed current 1= w/Il(”)2 +17, where

the current for the fundamental s
I =U,a/ X ™, where a s the coefficient
2

of supra-tensioning, a = and it has

n2

values between 1,006 (n=13) and 1,04 (n=5)
tension at the condenser terminals,

n _ (n)2 2
Ug” =U;”" +Ug
Ul =au,, U, = o
q 1 cn T (n)
' nX,
power of condensers, Q" = Qg + Qg

where the first term corresponds to the
fundamental of tension and the second term is
the overloading due to Iln harmonic, respective

where

U2
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c
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available power at the filter terminals for the
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filter's characteristic of frequency represents the
variation of admittance depending upon the
frequency according to formula:

1
Y! =
¢ 1

a)CI"I

n
— ol
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Fig.2 Variants for compensation and filtering of superior harmonics

20/6kY

a-automated compensation without filtering, b-compensation and filtering of harmonics 5,7 c-compensation and filtering of harmonics 5,7

In picture 2 are presented variants for compensation and
filtering of superior harmonics

Conclusions

For a quality consumption of power, in conditions of
economical efficiency, it is recommended the amortization of
the harmonics that are occurring in the power system of
S.N.L.Oltenia.

Hence we proposed the reducing of deforming effect by
using the active filters of power. The active filters are static
converters of power that can have diverse functions. The
actual schemes of filtering allow the syintherization of any form
of current with harmonic components of relative high
frequencies, and there are sufficient for most of practical cases
and at higher and higher levels of power.

Recommended for publication by the Editorial staff
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The term ,active filter of power” has a wide character and is
applied to a category of circuits that contains also the
semiconductor devices of power and passive elements for the
energy storing — inductances or condensers. The filter's
functions can be different, absorbent or pressing.
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COCTOAHUE YNPABNEHWUA SHEPTETUYECKUMU PECYPCAMU HA TOPHbIX

NPEANPUATUAX POCCUU

A.B. Jlaxomckuil, E.H.lMepgunbesa

Mockoeckuli 20cydapcmeeHHbIli 20pHbIl yHUSepcumem, 2. Mockea

YBENMUMBAIOLLMECS TEMMbl  SKOHOMWYECKOTO pocTa B
Poccum B XXI Beke, 6€3yCnoBHO, Bbi3bIBaAKT BCE BGOMbLUMIA
CnpoC Ha 3Hepropecypchbl. V13-3a MOCTOSIHHOTO YBEMUYEHMS
LeH Ha 9HeproHocuTenu (MpUPOAHbIA ras, HedTenpoayKTbl,
3NEKTPOIHEPrUs W [p.) JONS 3HEPreTUYECKO COCTaBNSIOLLEN
B ce6ecToMMOCT MPOLYKUMM HA MHOTUX MPOMbILLIEHHbIX
NPEeLNpUATUSIX MMEET ONEPEXAIOLMIA POCT MO CPABHEHWIO C
poctom  cebectoumoctn. Tak Ha  ropHogobbIBaOLLMX
nPeanpuATASX 3aTpatbl HAa 3HEPropecypchbl AOXOAAT OO 22-
35% ot cebecroumoctn npogykumn. CHwxeHve 3atpar Ha
9HEPropecypcbl  HampsiMyld  CBSI3aHO € MOBbILEHMEM
3HeproadhHeKTUBHOCTM MPOM3BOACTBA B TOM YMCNe 3a cyeT
MOBBILLEHNS YPOBHS YNpaBMEHNs SHEPreTUYECKMM pecyp-
camu.

OpgHoW  ¥3  nepBOOYEpedHbIX — 3adady  MOBbILIEHNS
3HeproadhHeTUBHOCTM  SABMSETCS  OLEHKA  COCTOSIHUS
yNpaBIieHNs 3HEPreTUMECKMMU pecypcami. YkasaHHash oLieHKa
JomkHa 0asvpoBaTbCl Ha pesynbTaTax MCCNEnoBaHMS,
no3BONSIOWMX [aTb KONMMYECTBEHHY0 6a3y ans Bbibopa
Hanbonee NpeanoYTUTENbHBIX PELUEHWH.

Mpn wuccregoBaHUMM — COCTOSHUS — YNpaBneHnss  aHepre-
TUYECKUMM pecypcami Ha TFOpPHbIX MpeanpusaTusx B Bugy
MHOroobpasms BMSIOLLMX Ha 3HepronoTpebneHne akTopos,
KOTOpble He MOAAAKTCH HEMOCPELACTBEHHBIM  W3MEPEHMAM,
LienecoobpasHo MCMoMb30BaTb METOL SKCMEPTHbIX OLEHOK.
MeTog  3KCTepTHbIX  OLEHOK MPEACTaBMIseT  KOMMEKC
NOTMYECKMX, MaTeMaTuKo-CTaTUCTUYECKMX npoueayp,
obecneynBaroLLMX NOMyYeHUe OT CMEeLManmucToB MHGopMaLmm
0 COCTOSIHUM Mpouecca ynpaBneHust SHepronoTpebneHnem,
Heobxoaumoi ans  paspaboTkM  PELUEHNA  MOBbILIAKLLMX
3HEProathHEKTUBHOCTb.

MeTogumka uccnenoBaHust npegnonaraeT UgeHTUduKaLuuo
OBYyX Tpynn  (haKTOPOB, CyLWECTBEHHO BMAIOWMX Ha
ynpaBrneHne, a UMEHHO: TPyNMy YNpaBNeHYECKNX (DAKTOPOB
rpynny TexHudeckux aktopoB. K uncry ynpaBneHveckux
MOXHO OTHECTM Te (haKTOpbl, KOTOPbIE PETYAMPYIOT NPOLLECCHI
ynpaBrneHns, CBA3aHHble C MPaBOBbIMW, 3KOHOMUYECKVMM,
OpraHM3aLMOHHbIMK, MOTUBALMOHHBIMU, WH(OPMALMOHHBIMK,
MapKETUHIOBbIMU, MHBECTULIMOHHBIMM acnekTamm NOBbILIEHNS
3HeproahekTMBHOCTU. K umcny TexHuyeckux (hakTopoB
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MOXHO OTHECTM Te (PaKTOPbI, KOTOPbIE PErynupyioT NpoLEecehI
yNpaBneHns, cBsA3aHHbIE: CO CTeneHbio NOMnesHoCTM npeobpa-
30BaHNS 3HEPropecypcoB, C NOMHOTON WX WUCMOMb30BaHMS; C
YYETOM, NNaHMPOBAHMEM 1 HOPMUPOBAHMEM SHEPTOPECYPCOB;
CO CTaHOapTM3auueir B BOMPOCAX MOBbILUEHUS 3HEPrO-
3hHEKTUBHOCTM; C UCMONB3OBAHNEM BTOPUYHBIX PECYPCOB; C
MUHAMW3ALMEN BPEHOrO BO3AEUCTBUS HA  OKPYXatLLyHO
Cpeay v ap.

KomnnekcHoe BnmMsiHUE BbiLEYKa3aHHbIX rpynn (pakTopoB Ha
COCTOSIHWE  YNpaBMEHUS  3HEPrOpecypcamMm  Ha  MpoM-
NPeanpusTUSX MOXHO OMWcaTb B BUAE Creaytollen Mogenu.
YnpaeneHyeckme aKkTopbl XapakTepusylTCs  BEKTOPOM-
cTpokon A=a1, ... , an, TexHuyeckue (DaKToOpbl XapakTe-
pU3yHOTCS BEKTOPOM-CTONBLOM B=bx,...., bm rae:

M — YMCrO YNpaBREHYeckMx (hakTOpoB, N — uYKCIO
TEXHUYECKMX (haKTOPOB, OKasblBaIOLMX BIMSHME Ha MpoLecc
ynpaBneHus 3HepronoTpebneHnem

[lenctBne  ykasaHHbIX  (paKTOpPOB B obnactu
3HeproadhEKTUBHOCTN MOXET ObiTb OMMCAHO B paMKax
MYNbTUNNMKATUBHOM MOZENN.

B COOTBETCTBMM C 3TUM  COCTOSHUE  yrpaBreHvs
3HEpreTUYecKIMI Pecypcamin MOXeT BbITb oM CaHo MaTpuLiel
Y pasmepom M>N npencrasnsioeit coboit nponsseaeHme
BEKTOpPa-CTPOKM A Ha BekTop-cTonbel B.

Y

AB

OueHka cTeneHn ynpaBneHWs MpoLeccoM noTpebneHus
SHEpreTUyeCKNX pecypcoB Obina ocylecterneHa Ha Muxan-
nosckom [OKe, JlebeauHckom [OKe, ropHo-oGoratutensHoOM
komnnekce Marnutoropckuin Metannyprideckuin Kombunar,
ropHbix npeanpusatusx AK «ANTPOCA», npeanpusituax AO
«KasumHk». OkcnepTam npegnaranocb OLEHUTb JOCTUXEHWe
ONPEOENEHHOTO  YPOBHS  pa3BuTMA (MO NpeaBapuTenbHO
COCTaBMEHHON NATUOANMBHONM Ka4EeCTBEHHOM LUKaNe) Kakooro
hakTopa 13 ABYX BblLLEYKa3aHHbIX rpynm.



Pe3ynbTaThl UccnefoBaHMs nokasanu, YTo ynpaBieHYeckne
(bakTopbl  HELOCTATOMHO  BIMAKT  Ha  3(EeKTMBHOCTb
npowecca aHepronotpednerus (3HayeHns caktopos ot 1,4 4o
2,5 u3 5). Cpegn atx (hakTOpoB, TakMe Kak MOTMBALMS

nepcoHana, MapKeTMHroBoe oBecreyeHne  ynpaBneHus
SHEpropecypcamii UMeoT HU3LIME 3HAYeHUsl. TexHuYeckue
(haKkTopbl,  BRMSIOLME  HA  yMpaBneHue  MPOLECCoM

3HepronoTpebneHuns nmetoT 6onee BLICOKYIO oLeHKy (oT 1,5 1o
3u3b).

BbINOnHeHHbIE UcCnenoBaHns nokasani, CoCTosHME ynpas-
TNIeHNs 3HEPreTU4eCKnMn pecypcamm Ha ropHbIX NpeanpuaTuax

[penopbyaHa 3a nybnukysaHe om
PedakuuoHHa koneaus
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HaxoaMTCA  Ha  HEeJOCTAaTOMHO  BbICOKOM  YPOBHE,
CnenoBaTeNnbHO Ha MPefnpuaTUSX WMeeTCs 3HauYUTenbHbIN
NoTEHUMaN AN MOBbLILEHUS YPOBHS YMpaBnieHust noTped-
neHneM 9HepropecypcoB.  [ns  ynpaBneHus npoLeccom
3HepronoTpebneHus, TpebyeTcs NOBLILIEHNE YPOBHS BIUAHMS
BbllUEYKa3aHHbIX (DaKTOPOB Ha MOBbILIEHWE 3HEProad-
(hEKTUBHOCTM.

B cuctemMHOM nnaHe 3TO MOXHO peanu3oBatb nytem
pa3pa60TKM CUCTEMbl  SHEPreTU4eckoro - MeHeoXMeHTa.
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DETERMINING BY SIMULATION THE ENERGETIC PARAMETERS OF A SYSTEM WITH
AN ASYNCHRONOUS MACHINE

llie Borcosi', Constantin Brindusa?, Nicolae Antonie3, Adrian Mihailescu*

"“Constantin Brancusi” University of Tg-Jiu, Geneva Street, Nr. 2, Gorj, ilie_b@utgjiu.ro
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3“Constantin Brancusi” University of Tg-Jiu, Geneva Street, Nr. 2, Gorj, nicolaeantonie@yahoo.com
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ABSTRACT: Starting from the particularities of the mono phased invertors, at which the modulation technique (the command signal of a completely controlled signal
element) also represents the wave form of the current or the tension, the energetic analysis is actually the spectral analysis of the elements command signal.

U3B0P HA CUCTEMA C ACUHXPOHEH IBUTATEN YPE3 UMUTUPAHE HA EHEPTUAHW MAPAMETPU
Wnue Boprowu?, Koncmanmun Bpundyca?, Hukonae Aumonu?, AdpusiH Muxaunecky*

13, YHugepcumem “KoHcmanmuH Bparkywu”, Tepey XKun, yn. enesa cmpuum, Ne 2, [opu, ilie_b@utgjiu.ro,
nicolaeantonie@yahoo.com

2 |CMET, Kpatiosa, brindusa@yahoo.com,

4 Asmomobunu Cumerc, Tumuwoapa, adrianm@utgjiu.ro

Pestome: Bb3HukaHeTo Ha 0cobeHOCTM Ha MOHO-(ha3HWUTe WHBEBEPTOPU, NPU KOUTO TEXHUYECKUTE NOXBATW Ha MOAYNaLus (yl'lpaBJ'IFIBaHeTO Ha curHan oT HanbiHo
KOHTpONupaH ceran) Npean3BUKBaT BbiHA OT eN.TOK UNW HanpexeHue. EHEPruiHUAT aHanua € BCBLYHOCT CMeKTpaneH aHanua Ha eneMeHTUTe Ha KOMaHAHWs
curHan.

1 The mathematic model; the Simulink model 2T )
A, :?Il(t)smka)t dt ; (5)
A part of the relations that are used in the energetic analysis 0
a S.A cu MA. and CSTF use the effective values of the ~ -the components amplitude in cosine of the “k" order of the
harmonics of the tension and current and in determining these harmonics of the current,
there where used the following expressions: 2T
B, = ?Il(t)COS kot dt ; (6)
- the components amplitude in sinus of the harmonics of “k” 0
order of the tension, -the effective values of the “k” order of the harmonics of the
2T ) current,
A, _?J'u(t)sm kot dt; (1) A B2
0 Ik — i ki : (7)
- the components amplitude in cosine of the harmonics of ‘k” 2
order of the tension, -the lagging of the “k” order of the harmonics of the current,
2 By .
B, = = I u(t)coskat dt; ) ¢ =arctg Ekl ®)
0 i
-the effective values of the harmonic of “k” order of the tension, - the lagging between the “k” order of the harmonics of the
? _ p? tension and the current,
+
U, =«/%; (3) O = Py — P - ©)
-the lagging of the “k” order of the harmonics of the tension, The calculation of the powers P, Qs and Qc in different
" stationary drive can be achieved by simulation and by matrix
Py =arCth’ (4) calculation, utiizing MATLAB Simulink. For this we have
T created the Simulink block “Aku, Bku, Aki, Bki” (fig. 1), that has
-the components amplitude in sinus of the *k” order of the as intake the tension and phase current as instant values in a
harmonics of the current, period of the stationary drive also analyzed in the reset
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condition of the integrators, and as output values there are 4
vectors (Aku, Bku, Aki, Bki), that have there elements
calculated according to (2.61), (2.62), (2.65) and (2.66). The
dimension of the vectors is (n+1), where n is the number of
harmonics that are taken into consideration, and the first
element is the time.

m uA
in_1 out_1
Bl Ak out.2 b)
BRAK a) A
i
A —slp | =]
in_2 K" n out_3
cond.reset. g alq  out 4
Bl Ay, Bid Ak in_3
1 < B
in_1 MATLAB - E’ Hm (1]
Funetion b 1
Gal Mo oo
cosko! Integrator ain
2 cond.reset th) cu resetare
in_2 MATLAB
e L ] o = SN N i
Clock Product P2
fodu sin(komt) Integratpr  Galnt

w25 pit cu resetare

Constant

Fig. 1 The Simulink Model for calculating the components amplitude in
sinus and cosine of the tension and current harmonics : the mask block
-a); it’s structure -b); the structure of the blocks “Bku, Aku” and ”Bki,
Aki” -c)

Utilizing the integrators with reset allows integration only on
one period and reset and the end of it.

In the block “Constant”, the k value is a vector, that has it's n
components as the orders of the harmonics that are taken into
consideration in the energetic analysis.

Because the calculation of the apparent power and other
power and synthetic factors need the determination of the
effective values of the phase current and the tension there was
realized the block “Uef, lef’ (fig. 2). The third intake value is the
reset condition of the integrators that is the same to all the
integrators in the graphic. The blocks “MATLAB Functions” do
the mathematical function square root.

Uef,lef

Fig. 2 The Simulink Block for the calculation of the effective values of the
tension and the current : the mask block -a); the blocks structure -b)

The complete Simulink Model of S.A. with M.A. and CSTF
(fig. 3), permits by simulation the determination of all the
values needed for the calculation of the energetic parameters,
for different stationary drives. For this, there was used the
“V_I_p” block, that has it's output values as the reset
conditions of the integrators and as the validation of the
integration. (fig. 3.4). The block “Signal Generator (Generator
de Semnal) " gives a logic signal, generated so that it will be in
the 1 stage more times, in the 1/f time interval, in the time that
the integration is wished to take place, and 0 the rest of the
time. This is also the integration condition. The evolution in
time of this value is specified for every functioning frequency in
a Matlab program.

| -
) G L T
1

Filtru_€

» ]
X} A3_N
ﬁ"@
udue LX)
L e
I 7 YT
X
Wiy -
MNP

Fig. 3 The Simulink model of S.A. with M.A. and indirect CSTF, tension
source with the determination of energetic parameters

P
V_I_p
Validare ond:
i Genarator de .
lnt::mdzu semnal | lniegrale={z|
semnal periodic =
a) b)

Fig. 4 The validation block of the integration and reset of the integratbrs:
the mask block -a); the structure —b)

For every stationary drive, after the integration, in the matrix
Bku, Aku, Bki, Aki, Uef, lef we add an additional line. It's similar
for P, Q, to which we come back in 3.2.1 but as well for OM
and M which contain the medium values of the angular velocity
and electromagnetic couple (in stationary drive).

2. Numeric results

After the functioning simulation S.A. with M.A. and CSTF the
tension source with modulation in frequency having n=24, at
three frequencies (10Hz, 20Hz and 40Hz) and Mse< [0, My]
and the determination of the energetic parameters taking into
consideration the harmonics until the 31 order, was graphically
presented their dependence to the couple (fig 5, 6). To
compare with the experimental results there were taken into
consideration:

-the reactive power on the fundamental,

Q =3U,l;sing;; (10)
and the following synthetic factors which characterize the

deforming drive:
-the deforming factor in both forms,

DB DC

fd_ B=—2: fd _C=—Ct: (11)
S S
-the global power factor,
P

fp=-2L: 12

p S (12)
-the power factor on the fundamental,

fof = —3U1'18C°S 2 (13)

-the distortion factor of the current (FTDi);
-the motors efficiency,

MO
P,
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Fig. 5 The dependence of the power with the couple for S.A. with M.A.
and CSTF power source with modulation in frequency: at f=10Hz -
continuous line; at f=20 Hz - interrupted line; at f=40Hz - dotted line.

i I O B
s a w7 M Coply [l
Coph gt

Fig. 6 The dependence of the synthetic factors of energetic analysis with
the couple for S.A. with M.A. and CSTF power source with modulation in
frequency: at f=10Hz - continuous line; at f=20 Hz - interrupted line; at
f=40Hz - dotted line.

To compare the different definitions of the same energetic
parameters, they were represented graphically depending on
the couple, at two different functioning frequencies.

These dependencies show that, at smaller frequencies, the
apparent active and deforming powers (S, Ps, Ds and Dc)
grow a bit with the load and , comparing with bigger
frequencies, are bigger at lower loads. The reactive powers
drop a little with the load at 10Hz frequency and grow with the
load at frequencies starting with 40%Mn. Watching the fast rise
with the load, at the same frequency, of Qc comparing with Qn
and as an effect of the lower values
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Fig. 7 The difference between the definition of the energetic parameters:
Continuous line - Budeanu variant , interrupted line — Czarnecki variant

chosen at high frequencies and small loads), the fd_C factor
rises with the load and has a lot lower values then fd_B,
especially at small loads. So FTDi is smaller at higher
frequencies and loads. Watching the known evolution with the
load, the efficiency is bigger than at low frequencies.

3. Conclusions

Comparing the three analyzed systems (fig. 8 and 9) we find
out the following:
-the apparent power is bigger at smaller loads with ~15% in the
case of frequency modulation and the other way around at
higher loads;
-the active powers and practically the same;
-Qs is bigger with ~25% with no load for frequency modulation
a value that gets lower with the load; My values with sinus
modulation and with the elimination of the harmonics are close;
-Qc, keeping the difference towards Qg taken from the
definition (Qc>Qs because Qs doesn't include the whole
reactive power /12/), illustrate the same thing like Qs, but at
Mn, the 3 values are equal;
-the differences between the values of Dc appear in load, rising
with it, showing a higher value the case of eliminating of the
harmonics;
-the equality of the three values of Dc in no load isn't kept at
Ds, because Ds is bigger in frequency modulation;
-fd_B is just a bit different at M (~1%);
-fd_C is almost identical for sinus modulation and with the
eliminations of the harmonics, and in load it's value for
frequency modulation is smaller with ~15%;
-the biggest FTDi characterizes the frequency modulation (0.7
in no load and 0.2 at M), and the smaller is with modulation
with the elimination of the harmonics (with ~50% in load);
-the differences between the values of FTDi in the case of
sinus modulation and with the elimination of the harmonics are
very low;
-the maximum value of the efficiency appears in the case of
the sinus modulation (= 1) , and at M the efficiency values
are very close (~0.6).
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Fig. 8 The dependency of the powers in couple, at f=20Hz for: S.A. with
M.A. and CSTF cu frequency modulation - continuous line; S.A. with M.A.
and CSTF with sinus modulation - interrupted line; S.A. with M.A. and
CSTF with the elimination of the harmonics - dotted.
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Fig. 9 The dependency of the powers in couple of the synthetic factors of
energetic analysis at f=20Hz for: S.A. with M.A. and CSTF cu frequency
modulation - continuous line; S.A. with M.A. and CSTF with sinus
modulation - interrupted line; S.A. with M.A. and CSTF with the
elimination of the harmonics - dotted.
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ABSTRACT: This paper proposes a solution for a mobile robot project, which moves in a certain space with obstacles that must be avoided

OBWXELL CE POBOT, OTBArBALL, NPENATCTBUATA

Wnue Boprowu?, dnopun Fpogpy?, Mapuar Monecky 3,JaHuena HebyHy*
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PE3KOME: Toau goknag npeanara NpoekTHO peLleHmre 3a MOLBUXKEH pobOT, KOTO Ce ABWXMW B ONPEeLeneHo NPOCTPAHCTBO C MPENSITCTBUS, kouTo TpsbBa ga 6baaT
u3berHati.

1. Introduction (three emitters and three receivers) positioned in the front side

An important problem of the mobile robots which must be of the robot, as shown in figure 1.
solved is planning the moves or to generate a trajectory which
must consider the working space, with the obstacles within SL

and, the shape, structure (fixed or mobile), dimensions of the
robot' movement

chassis<_| S ——dirontien

For a mobile robot, planning the moves implies creating

some algorithms of automated and continuous calculus of the

trajectory, so that the robot to move from a position to another
and to avoid collisions with other fixed or mobile objects.

SR

Fig. 1

The study of the movement grows in complexity as the
working space in which the robot moves is more populated
with other objects and if the movement is three-dimensional.

The middle sensor, S, allows the detection of the objects in
front of the robot. The lateral sensors are mounted under a
certain angle from the forward moving direction.

If the robot has a fixed base, the shaping of the working

space is simpler. They detect objects situated on the right side (SR) and on

the left side (SL) of the robot, with which it could collide.

But the difficulty of the study for this case increases with the

number of iberty degrees of the robot. If there is an object close to the robot (risk of collision), the

infrared radiation flux from the emitter is reflected (by the
2. Robot description object) towards the receiver.

The electrical scheme of the sensor's charge is shown in

The mobile robot on which we'll debate in the paper has is figure 2.
composed of a metallic or plastic chassis, four driving wheels,
a sensorial system and the control electronic system. The control electronic circuit has the scheme in figure 3 and
is composed of: PIC 16F84 microcontroller, the power driver of
The four wheels are driven by two boosters: one for the two  the two boosters (meaning Darlington transistors BD681 and 2
wheels on the left and the other one for the two wheels on the re|ays). The two re|ays are used to switch the way of rotation of
right of the chassis. the two boosters.

The sensorial system has to detect the objects which are in
front of the robot and with which it could collide during
movement. It is composed of three pairs of infrared sensors
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Front Left sensor Right

In the PIC 16F84 microcontroller is written the program used
for the robot’s command, or better said, of the two boosters.

The program is written in assembly language or in the
mikroPascal language, after the logical scheme presented in
figure 5.

Initially, the robot is commanded to move towards, which
means that both boosters are charged with the polarity in figure
3. Testing the sensors S, SR and SL gives information about
the presence of objects in the moving direction of the robot.
For a big dimensions robot, each sensor has many emitter-
receiver pairs to ‘see’ small objects.

IfS=0, SR =0, and SL = 0 then in front of the robot is an
object at least as big as its frontal side. In this case, the robot
receives command to head backwards, T temporized, and both
boosters are charged with reverse polarity through the action
of the two relays. After the T temporization is done, of
backwards movement, the robot is lead to swerve temporized
right, with the same T temporization, if the sensor SR = ‘1’

7805 =
sensor (S) (SL) sensor (SR) D: 1V v 3 V°\°,15
+5V +5V +5V g Yov !
GN 1K
e Cx 2 Cs Cs
i =] ::100 100:: L=
100 n n 100
1801100 180 | 100 180 | 100 T H Ho Va
[ K [ K [ K -|— 6 |° - 16
RB RB RB A L
— —* — Fig.3 -
X f X f \ f The electronic circuit is powered by a continuous power
= R E; R Es R source at a 6V voltage (4 batteries of 1,5V) through a
1 ) 3 continuous voltage establisher with the 7805 circuit (electrical
scheme in figure 4).
Fig.2
/1 Vcc
BD |
Cs MCLR Voo 601 |
|_T—OSC1/CLK RB,
27pF = 1
Cs I:Ix;(iL RBs BCj Rel e
1k e
oF 4MHz OSC2/CLKO 10
PIC 16F84 Ko
from RB RB RBs
1= ! T e T Booster2
sSensors RBZ | RBZ 1K
RB; —| RBs RB; BD
601
+$V
+5V
1k BC Rela
10
Fig.4

(there are no objects ‘seen’). On the contrary, when the sensor
SR = 0 (there are objects), the robot must swerve temporized
left if the sensor SL doesn’t ‘see’ objects (SL = *1°). When SL =
0, the robot makes another temporization backwards.

In order for the robot to swerve left, only the booster which
drives the right wheels is charged and for the robot to swerve
right, only the booster which drives the left wheels is charged,
and so on.

3. Conclusions

This mobile robot is simple and economical to be made, and
with a low cost. It can be used in many domains, but mostly in
the areas with high toxicity (where the lives of people can be
affected) for material transport. It can be used in the military
domain for security to transport materials in the limited access
areas. Also, if a vacuum cleaner is attached to the robot, it may
maintain a clean precinct.
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OMPEQENSAHE HA YCIIOBUATA 3A YCTOUUMBA PAEOTA HA ACUHXPOHHU
ABUTATENW NPU KOMNEHCUPAHE HA PEAKTUBHA MOLLHOCT B
ENEKTPUYECKATA MPEXA

Eemum KvpuyenuH

MurHo-eeonoxku yHugepcumem “Ce.Uean Puncku’, 1700 Cogpusi

PE3|‘OME:B'bI'IpOCI/ITe 3a yCTOI;I"II/IE!aTa pa60Ta Ha eneKTpon0Tpe6MTenv|Te € TACHO CBbp3aHa C TAXHAaTa ekcnnoaTtauuoHHa HadeXOHOCT U MHOro 3aBWUCAT OT
nokasaTenuTe 3a Ka4eCTBO Ha eNneKkTpoeHeprudaTa.

M3cnepnBaHa e 3agayata 3a onpepnensHe Ha ycnosuAaTta 3a yCTOVNVIBa pa60Ta Ha aCUHXPOHHW ABUraTenu npu u3non3saHe KOMNeHcauna Ha peaktuBHaTa MOLLHOCT B
eneKkTpuyeckaTa mpexa ¢ KOHOEH3aTopHU 6aTepVIVI.

DETERMING THE CONDITIONS FOR STABLE FUNCTIONING OF ASYNCHRONOUS MOTORS WHILE COMPENSATING
REACTIVE POWER IN THE ELECTRIC NETWORK

Evtim Kurcelin

University of mining and geology “St. Ivan Rilski”, 1700 Sofia, Bulgaria

ABSTRACT: The issue of stable functioning of electricity consumers is closely related to their operational reliability and depends on the index of the electrical energy
quality. The purpose of this paper is to determine the conditions for stable functioning of asynchronous motors when using condenser battery compensation of reactive
power in the electric network.

Bbpxy BnowaeaHe Ha ycnosusTa 3a ycToiumearta pabota Ha

eJ'IeKTpOI'IOTp66VITeJ'IVITe OKasBaT BnuAaHWE peauua (i)aKTopVIZ KbeTo: Q - peaKTMBHa MOLLHOCT, KOHCyMMpaHa oT
HECUHXDOHHO  BKIKOYBaHE B eHeprocucTemara,  pasnuqHit ACUHXPOHHUTE ABuraTeny, KBAP.

BMOOBE aBapuiHM cuTyauun (KbCW CbeduHeHns C romnsma
NPOLBIKUTENHOCT,MPEKbCBAHE  HA edHa OT (asuTe Ha
3axpaHBaljata Mpexa W gp.), pexuma Ha pabora u
MOLLHOCTTa Ha KOHAEH3aTOpHUTE ypeabu, B3aUMHOTO BRUSHWE
Ha pexumuTe Ha paboTa Ha camuTe enekTponoTpeburenu (B
YaCTHOCT aCMHXPOHHM ABUraTenk) u ap. KOATO He 3aBWCM OT HATOBapBaHETO Ha [Apuratens w ce

onpegens ¢ u3pasa:

KoHcymupaHata OT aCWMHXPOHHWS [ABMraTeNl peakTuBHa
MOLLHOCT MMa CFeHUTE KOMMOHEHTU:

- PEeaKTUBHA MOLWHOCT Ha HaMarHUTBaHe Qy,

lLle ce u3cneaBa 3afavata 3a onpenensHe Ha YCriosuaTa 3a

ycToiumBa paboTa Ha Hai-pasnpoOCTPaHEHUTE  EneKkTpo- 2
notpebuteny B NPOMULLNEHUTE NPEANPUATUS — aCUHXPOHHUTE 3U )
ABUraTenu, Npyu HamMyneTo Ha KOMMEHCAUMsA Ha peakTWBHA Qu = X_ (2)
MOLLHOCT C NOMOLLTa Ha KOHZEH3aTopH ypeabu KY. H

YcTonumBocTTa Ha paboTa Ha acHXPOHHWA ABUraTen Moxe KbaETO: Xy - VHOYKTMBHO CbMPOTUBMEHME Ha
Ja Ce Hapylw, KaKkTO B YCTAHOBEH, Taka M B AWHAMWUYEH
pexvM paota. [MHamuuHaTta ycromuuBocT Ha Afl ce HamarHuTBalLaTa Bepura Ha acuHXpoHHUs gauraten, Owm;
XapakTepusupa C Heroata CrmocobHOCT [a Bb3CTaHOBM - peaKTMBHa MOLLHOCT Ha pa3sceiiBaHe Qr,

HopMarnHuTe cu 00OpOTW Cried OTCTPaHsSBaHE Ha MPUYMHUTE

. 3aBUCellla OT HaTOBapBaHETO:
32 Bb3HWKBAHE Ha CbOTBETHaTa aBapuiHa CUTyauua B

enekTpoypenbata. uU qzb
Qr = 3)
YcTonumBata paboTta Ha enekTponoTpebutenute, BKIOYK- SKP 2
TENHO W Ha aCWHXPOHHWTE [ABWraTeNM NMpU HanmMuueTo Ha X +1
KOHLEH3aTOpHW GaTepun ce onpepenst C U3MbAHEHWETO Ha S
CMeHOTO HEPaBEHCTBO
dQ KbaeTo: X — peakTUBHO CbNPOTMBMEHWE HA ACWMHXPOHHMS
—~ <0 (1) asuraten, Owm;
du
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Swu SKp - XJITb3raHe N KPUTUYHO XImb3raHe Ha aCUHXPOHHUA

asuraten.

ENeKTpOMarHUTHUAT  BbPTALY MOMEHT Ha aCUHXPOHHMSA
peuraten M ,, nNpu M3MEHEHWE Ha HaMpeXeHWeTo ce
onpeqens no u3secTHata onpocTeHa (opmyna Ha Knoc:

2

ein
UHOM S +S’<P
S, S

kbaeto: M kp - MaKC/AMareH (KpUTUIeH) BbPTSILL MOMEHT Ha

ACUHXPOHHKUA ABuraten npu HOMUHaNHO HanpexeHne U HOM -

Ot chopmyna (2) ce Bwxaa, Ye peakTMBHATa MOLLHOCT €
npaBo NponopLMoHanHa Ha kBaapaTa Ha HanpexeHueTo, T.e.

Qu g

Q M HOM

(5)

Ako BbB (hopmyna (3) oTHOLIEHMETO S - / S ce 3amecTy

OT ¢opmyna (4), ToO cnep HecroxHo npeobpasyBaHe ce
nomnyyasa cregHus u3pas:

2
U,y M
Qr: HOM 6]12 . (6)
U
2U2XMZ, |1~ M HoM
Kp U

Ot cbopmyna (6) cnenga, Ye MOLHOCTTA Ha pa3cenBaHe Ha
ACMHXPOHHMS fBuraten e o6paTHO NponopuuMoHanHa Ha
KBagpaTta Ha HanpexeHWeTo:

Qr

Qr HOM

(7)

1

4

YCTaHOBEHMAT PEXIM Ha paboTa Ha aCMHXPOHHMS JBMraTen
Ce onpefenst OT YCMOBMETO 33 PABEHCTBO MEXMY BbpTALMS
MOMEHT Ha ABMraTenss W CbMPOTMBUTENHMA MOMEHT Ha
3a[B/KBaHaTa MallWHa, T.6. OT MpeceyHaTa Touka Ha aBeTe
MOMEHTHI XapaKTEPUCTUKN.

CriefoBatenHo, npu [afeH CbMNPOTMBUTENEH pexuM 3a
BCEKM aCMHXPOHEH [Buraten MMa onpefeneH KputudeH
PEXUM, KOWUTO Ce XapakTepuaupa C TOBa, Ye mnpu Mo-
HaTaTLLUHOTO HaMansBaHe Ha HanpexeHueTo paborarta Ha
ACUHXPOHHMSA BUraTenN CTaBa HeycToMuMBa.

W3xoxaaiikn OT TOBA, KPUTUYHMS PEXMM Ha ACUHXPOHHMUS
ABATaTer e Bb3MOXHO [a Ce M3pasu CbC CredHuTe [Be
YCroBUSE:
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(8)
Q_,
du

O1 dopmyna (5) cnedsa, Ye HapyllaBaHe ycnosusTa 3a
ycTonunea pabota Ha ALl e Bb3MOXHO Aa HacTbMi M NO-paHo,
Mpu HsiKakBa Apyra CTOMHOCT Ha HampeXeHWeTo B TOuKa, 3a
KOSITO € M3MbITHEHO YCIOBUETO:

aQ _,
du

B TO31 cnyvai e o4eBMAHO, Ye aHanusa 3a ycTonynBaTta
paboTa Ha acuHXPOHHWSA fABuraTen e LienecbobpasHo Aa ce
W3MbIIHU no opmyna (1).

lLle ce HanpaBu CpaBHEHWE Ha CTATUYHUTE XapaKTEPUCTUKN
Ha 3axpaHBallMsi W3TOMHMK M Ha KOHCymaTopa Ha
erneKTPOeHeprUs A0 M Crief KOMMeHcauus Ha peakTuBHaTa
MOLLIHOCT.

CraTtuyHata XapaKTepucTka Ha W3TOYHWKa Ha eHeprusa
(Hanpumep,  reHepaTop) ce onpegens oT 6anaHca Ha

HanpexeHusita B Havamoro Ujq u kpas Uy Ha
3axpaHBalata NMHUS C OTYTaHe Ha 3arybute Ha
Hanpexerre AU , a uMeHHo:

PR + QX

2

U,=U, +4U =U, +

lMoBauraitkm Ha kBagpaT ABETE YacTW Ha ypaBHEHWeTo (9)
Le ce Mnomyyy CneaHns u3pas:

), [PREQX

2

U/ =U? +2(PR+QX (10)

Cnepg cwoTBeTHUTE anrebpuyHu npeobpasyBaHus CpsSMOo
Q ce nonyyasa crneaHoTo ypaBHeH1e

dQ2+eQ+c:O

KbAEeTO:

a=X?

s=2x(U% + PR)

c=Uj +2PRU% —U?UZ +(PR)?

(1)

(12)

3amecTBarikn Te3n CTOMHOCTM B (11) ce nomnyyasa CregHus
n3pas:



~UZ +PR _ UjU,
X X

Q2 = (13)

3HaKbT “Noc”, NonyyYeH Npu KOPEHyBAHETO Ce OTHAcA 3a
HeyCToMYMBaTa YacT Ha CTaTUYHaTa XapaKTepuUCTHKa.

CTaTuyHUTE XapaKTepUCTMKN Ha TOBapa e Bb3MOXHO Ja Cce
U3pas3aT Cblwo C ypaBHeHne oT Bupa (13). Te we ce
XapaKTepuaupart ¢ Be CTOMHOCTY: KOe(WLIMEHT 3a HaKINOHa Ha

XapakTepuctukaTa n CTOVHOCT Ha HanpexeHneTo U min » MPH
KOETO CTaThU4yHaTa XapakTepuctuka 4ocTura MUHUMYM.

Cnen ToBa [BeTe XapaKTepUCTMKM Ha W3TOYHMKA W Ha
noTpebuTens e Bb3MOXHO Ja ce cbbepar, B pesynTar Ha
KoeTo ce mnonyyasa edHa 060GLiEHA XapakTepucTuka Ha
W3TOYHMKA M KOHCYMaTOpa Ha eHeprus [0 MOMEHTa Ha
KOMMEHCMpaHe Ha peakTMBHAaTa MOLLHOCT.

Cneq MOHTaX Ha KOHAEH3ATOPHO  YCTPOWCTBO  3a
KOMMEHCUpaHe Ha peakTMBHaTa MOLLHOCT u3pasa (9) (npu
YCNOBME, Ye CTOMHOCTTA Ha HaNPEXEHNETO B KPas Ha NUHUATA

e uma cblata ctoitHocT U9, koeTo cred BKmiouBaHe Ha

KOH[EH3aTOPHOTO YCTPOMCTBO Ce MOCTUra Ype3 U3MEeHeHue
koeuuMeHTa Ha TpaHC(opMauus Ha CUroBUTE TpaHc-
thopmatopy) LLe npueme CriefHus BUA;

PR+(Q-Q, Jx
2+
U,

(14)

U;

lMoBaurankm Ha KBagpaT [4BETE YaCTW Ha ypaBHEHWETO (14)
Le Ce MOy CreaHus u3pas:

PR+(Q-Q, )X T’

uf:u;+z[PR+<Q-Qw>x]{+<g%>] (1)
2

MpeoGpasysaiiku ypaeHerue (15) cnpsmo Q e ce nonyuu

ypaBHeHue oT Buga (11), HO C KOpUrMpaHu KOedWLMEHTH,
KOUTO LLe MMaT CREeaHOTO NpeacTaBsHe:

a'Q% +6'Q+¢' =0 (16)

KbaeTo:
a'=a=X?
6'=6-2X°Q,, (17)

¢'=c—XQ, (2u22 ~2PR+ QKyX)

3amecTBalikn CTOMHOCTUTE Ha koednumeHTute oT (17) B (16)
3a kopeHuTe Ha (16) ce nomnyyasa cnegHys M3pas:

0.~ At(AY -4X%B
b2 2X

koaeto: A=6 — 2X2QKy
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B=c- X0, (2UZ -2PR+Q, X)

MolLHoCTTa Ha KOHAeH3aTopHaTa ype,q6a Cce onpenena no
M3BECTHUA U3pas:

Q,y = 27fcU .

. _112 o
Tbi kaTo QKy = U , d CTOMHOCTTa Ha npoMuLINneHata

yectota e TouHo onpegeneda u f =50Hz, 10 3a
cTaTuyHata  XxapakTepucTka  Criefl  KOMneHcauus — Ha
peakTUBHaTa MOLLIHOCT C MOMOLLTa Ha KOHAEH3aTopHa ypenba
LLie Ce MOy CrIeAHs 13pas:

06X2%cU?2-2XC++2XD
Q1,2: 2x2 -
(19)
—4X?|E-03XcU?F
_>
2X?

wpers: C=UZ + PR
D=U;+PR-06X%cU}
E=U2-2PRU? -U,U, +(PRY
F=2U7-2PR+03XcU2

3Haelfku CTOMHOCTUTE Ha koeduumeHTuTE
a,a’ 6,6 c,c’ no ypasHenusta (11), (16) u (19) 3a

pa3nuyHN CTOMHOCTM Ha HanpexeHneto U o ce usuncnsigar

CTATUYHUTE XapaKTePUCTUKU MPeau W Cried KomneHcauns Ha
peaKTUBHATa MOLLHOCT.

AHanu3bT Ha POPMYNINTE 3a CTATUYHUTE XaPaKTEPUCTUKM Ha
eNIeKTPOKOHCYMaTOpUTe Mpean M Cred  KOMMeHcauus Ha
peakTMBHaTa MOLWHOCT NOKa3Ba, Ye KOMMEeHcauusiTa npu
MPOMULLIIEHNTE  ENEKTPOKOHCYMATOPUTE € MOMOLYTa  Ha
KOHZEH3aTOpHUTe ypeabu BoaM A0 M3MEHEHWE Ha CTATMYHUTE
XapaKTepUCTMKM ~ Ha  3axpaHBaljata cuUCTeMa UM Ha
enektponoTpedbutens. [lpu KOMMeHcauuss Ha peakTUBHA

MOLLHOCT KkpuTu4HoTO Hanpexenne U min ce mpubninkasa

KbM HOMMHanHaTa CTOMHOCT Ha HanpeXeHWEeTO U BbIbibT Ha
HaKIOHa Ha CTaTuyHaTa XxapakTepucTika HapacTBa, Npy KOeTo
C MOBMWLUABAHE CTEMEHTa Ha KOMMEHcaLus, a CbLUo Taka U C
YBEMMYABAHE HA  EKBMBANEHTHOTO CHMPOTWBIEHME HA
MpexaTa epekTbT HapacTBa.

Mo TakbB HauMH, KOMMEHCALMs Ha peakTUBHA MOLLHOCT C
rnomoLLTa Ha KOHAEH3aTOPHK Ypeadu Boay O HamarsaBaHe Ha
3arnaca Ha YCTOMYMBOCT Ha eNeKkTpUdeckaTa cucTema.

OCHOBHMST M3BOA €, Ye C YBeNMyaBaHe MOLWHOCTTA Ha
KOHAEH3aTOpHUTE ypeabu 3a KOMNEHCMpaHe Ha peakTUBHaTa
MOWHOCT MpW MOfAbpkaHe Ha MOCTOSHHO HWBO Ha
HanpexXeHUeTo, OTPULLATENHO BIMSIHNE BbPXY YCTOMYMBOCTTA
Ha ToBapa B Te3W Crlyyau, Mpu KOUTO OBLIOTO MHAYKTMBHO



CbNpoTUBNEHNE ZX]_ (npe,qm BCMYKO CbMNpPOTUBNEHUATA

Ha MOHWXaBalMa TpaHcdopMaTop W Ha 3axpaHealiaTa
NIMHKUS) € NO-TONAMO OT BBHLIHOTO EKBUBANEHTHO UHOYKTUBHO

CbNpOTUBNEHNE Ha TOBapa X2, T.€. NpN U3NMbJIHEHNE Ha
yCrnoBueTo

ZX]_ >X2

OT HepaBeHcTBO (20) cnegBa, 4Ye C yBenuyaBaHe Ha
ZX 1 (a ToBa MOXe [ia CTaHe camo Npu BKMKOYBAHETO Ha

(20)

KOHOEH3aTOPHU yCTpOI7ICTBa 3a KOMneHcauunsa Ha peakTuBHa
MOLLUHOCT Mnu npu HamanaeaHe Ha X2, KOETO € Bb3MOXHO

Ja ce nomyy npW yBennyaBaHe KoeduUmeHTa  Ha
TpaHcdopmauus Ha TpaHcopmaTtopa) YCTONYMBOCTTA Ha
TOBapa Ce HamansBa.

MpenopwyaHa 3a nybnukysaHe om
Kamedpa “Enexmpucpukayus Ha MuHHomo npousgodcmeo”, MEM®
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OT BCWYKO M3NOXKEHO CrieaBa, Ye Npy OMpeaenieHm ycroBus
MOXe [a Ce OKake HemomyCTUMO W3MOM3BaHETO Ha KOH-
[eH3aTopu nopagu TOoBa, 4Ye Te cTaBaT MpuWyMHa 3a
HamarnsiBaHe Ha yCcTOA4MBOCTTa (OCODEHO MPW ACUHXPOHHWTE
JBUraTenu, npu KoMTO B Mpoueca Ha paboTa npu Takasa
CUTYauust € Bb3MOXHO [a Bb3HWKHAT SIBNEHMSTA: CaMo-
W3KMIOYBaHe, 0OPbLLAHE, CMpaHe U T..H.).

ETo 3aWo Tean @BneHMs cnedsa da Cce OTYMTaT M
KOHTpONMpaT, 0cobeHo Npy ONPeensHETO Ha CTPOTM YCMOoBMS
3a reHepaLs 1 KOHCYMaLms Ha peakTUBHA MOLLIHOCT.

Nutepatypa

HOancuc A.b. v gp., EMkocTHas KomneHcauusi peakTUBHbIX
Harpysok MOLUHbIX TOKOMPUEMHUKOB MPOMBILLIEHHMbIX
npeanpusTuia, M., SHeprus, 1980.

Benukos B.A. n ap., CTaTudeckue MCTOYHUKM PEaKTUBHOM
MOLLHOCTU B enekTpudeckux cetax, M., Oneprus, 1975.
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OLIEHKA HA Bb3MOXHOCTUTE 3A NOBULIABAHE HA EHEPTUAHATA
E®EKTUBHOCT HA IMABHW BOAOOTJIMBHM YPELABU HA NOA3EMHU PYAHULIU

Eemum KvpuenuH, PymeH UcmanusiHoe

MurHo-eeonoxku yHugepcumem “Ca. Mear Puncku”, Cogpus 1700, brvneapus E. mail: rgi@mgu.bg

PE3IOME: O6ocHoaH e noaxop 3a oLjeHKa eHepruitHaTa epeKTUBHOCT Ha FMaBHY BOAOOTAVBHY YpeAtH 3a NOA3EMHI pYAHULM. HanpaBeH e aHanu3 v oLieHKa 3a
BIVSIHUETO Ha OTAENHM ENTEMEHTV Ha BOAOOTNMBHATA ypesba BbpXy HellHaTa eHepruiiHa eheKTUBHOCT.

ESTIMATION OF ABILITIES FOR INCREASING OF ENERGY EFFICIENCY IN MAIN PUMP INSTALLATION FOR

SUBTERRANEAN MINES
Evtim Rurzelin, Rumen Istalijanov
University of Mining and Geology “St Iv. Rilski*, Sofia, 1700

ABSTRACT: The method of Estimation of abilities for increasing of energy efficiency in main pump installation for subterranean mines is laid in the paper. Analysis
and evaluation of influence of different parts of pump installations on their energy efficiency are done.

AktyanHoct: CbBpemMeHHaTa LMBUNM3aLMs e Ha npara Ha

HOBA EHeprumHa Kpu3a, npegonpefeneHa M HemsbexHa
nopagu cnegHuTe hakTopu U NPULHMHA:
1. HenpekbCHaTO MOBMLWIABAHE Ha LieHaTa Ha eHeprusTa
€HeproHocUTenuTe Kato pes3yntaT OT HamansBaHe Ha
3anacute Ha HeBb30DHOBSEMM W3TOYHWLM Ha EHeprist W
3HaYMTENHOTO YBENuUYaBaHe Ha pasxoauTe 3a LobuB.

2. PasBuTeTo Ha eHepreTukata Ha OCHOBaTa Ha
HEBL30OHOBSEMM M3TOMHULM Ha €Heprust e npeg npara Ha
TONAMHHATa Gapuepa, NPEeMWHABAHETO Ha KOSTO BOAM A0
HensbexHa ekonormyHa katactpoda.

3. Pa3BuTMETO Ha eHepreTMkata Ha OCHOBaTa Ha
Bb30OHOBSEMI W3TOYHWLM HA eHeprus e Ha eTan u
Bb3MOXHOCTH, C KOWTO He MOXe fJa Ce ocurypsea
3a[0BOMIsIBaHe Ha pearHUTE W HEMpeKbCHATO HapacTBaLyy
noTpebHOCTM Ha CbBPEMEHHaTa LIMBUIMU3aLWS.

4. EQVH OT CbBPEMeHHUTe npobrieMn Ha eHepreTukata , a
Ha CbBpeEMEHHaTa Hayka € CBbp3aH C BMCOKaTa
€HEeproemMKoCT Ha pasfnyHNTe NPOLECH B MPON3BOACTBEHATA
[EMHOCT 1 B chepaTta Ha KOMyHanHo-6uToBOTO 0BCnyxBaHe
Ha 00LLEeCTBOTO.

5. Mi3cnegBaHusTa nokassat, Ye MKOHOMUSTA Ha EHeprus ce
fBABA 3HAuUMTENHO Mo-eBTMH M 6OesonaceH MeTog 3a
YBENN4YaBaHe Ha EHEProreHepupaLLMTe MOLLHOCTH, Thif KaTo
pasxoauTte 3a ukoHomus Ha 1 kW molHocT ca 4-5 mbTu no-
Manku B CpaBHEHWE C pa3xoguTe 3a CTPOUTENCTBO W
BbBEXAaHe B ekcnnoaraums Ha 1 kW HOBW MOLLHOCT.

ETo 3awo HayyHuTe u3cnegBaHus C KpaiHa uen
peanuaupaHeTo MKOHOMUSI Ha EHEeprusi ca akTyanHa 3agadya
Ha CbBpEMEHHaTa Hayka.
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Bcska TexHudecka CUCTEMa, KOATO KOHCymupa
EHEeprus, ce Hyxpaae OT W3CrieaBaHe U TEXHUYECKN aHarus, B
pesynTaT Ha KOWTO [Ja Ce HampaBi OueHKka [0 KOMKO
e(eKTMBHO € M3NON3BaHEeTO Ha eHeprusiTa, 3a Aa W3MbIHM
CBOMTE MONE3HN (HYHKUMM — MPOM3BOACTBO Ha MPOAYKLMS,
npeobpasyBaHe Ha €HeprusTa OT €OWH BuL B APy,
ocurypsisaHe Ha KOMAOPT MIK NpeaocTsIBaHETO Ha NonesHu
YCyru Ha YoBeka.

3a npoBexgaHe M W3MbIHEHWE Ha TaKbB aHanu3 e
HEOMBX0AMMO CbOTBETEH Hay4eH MHCTPYMEHTapUyM 1 npeau
BCMYKO Ha METOAM 3a onpedensiHe Ha egeKTMBHOCTTa Ha
W3MonaBaHe Ha eHeprusita B PasfMYHUTE MPOM3BOACTBA M
npoLecy.

OO6LLOM3BECTHO €, Ye KOeULMEHTLT Ha NONE3HO AeCTBIe
(k.n.g.) ce siBABa Hait-yaobeH M yHMBepcarneH nokasarten 3a
eheKTUBHOTO (DYHKLMOHMPaHe Ha EHEPreETUMHITE NPOLIECH.

3a oueHKa Ha eHepruinHata e(PeKTUBHOCT Ha eNeMeHTUTe
Ha efHa BOROOTNMBHA ypenba u Ha ypepbara karo Lano Lwe
C€ M3BBPLLM CbLLO HA OCHOBATA Ha K.M.A.

WU3meHeHne Ha paboOTHUTE  XapaKTEPUCTMKM
BOJOOTNIMBHATA ypeada B npoueca Ha ekcnioaraums.

EgHa ot cbluyecTBeHuTE 0COBEHOCTM NPK DYHKLMOHMPAHETO
Ha BOJOOTIMBHUTE ypeabu e CBbp3aHa C HamansBaHe Ha
OCHOBHWTE paboTHU NapameTpyn (MPOU3BOAUTENHOCT, HaMop,
k.Nng. ) B mpoueca Ha ekcnnoatauus. To3u mpouec Ha
Jerpagauns Ha ypepbata ce 00sCHABa C M3KIIOYUTENHO
TEXKMTE YCMOBMA  3a ekcnnoarayns, 0cobeHo nmpw
W3MOMMBAHETO HA KUCENMW U CWIHO 3aMbpPCEHW BOOM.
HesaBucumo OT ToBa , Y€ BbB BOAOCOOPHMKA CKOPOCTTa Ha
JBKEH/e Ha BOAATa e Marka M ce O4YakBa M3buCTpsiHe Ha
Bogata, okono 40% oT TBbpaMTE YacTuM B Hed Cce

Ha
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3aCMyKBaT M NpeMMHaBaT Npe3 MOMMMUTE, KOETO BOAM 4O
WHTEH3WBHOTO WM W3HOCBaHE. PecypCbT 3a MALLMHHOTO
BpEMeE Ha NMOMMUTE B HALLWTE NOA3EMHN PyAHWULM AOCTUTA A0
500-700 yaca, a CbrnacTHO NacnopTHUTE UM JaHHW MNpu
yncTa Bopa Tpsibea aa pabotar 6000 vaca.

B npoueca Ha ekcnnoatauusi NOCTEMEHHO Ce Hamansea
nponyckaTenHara cnocobHOCT Ha TpbOonpoBoaa.

B pesynTaT OT CyMapHOTO Bb3AEWCTBME Ha BCUYKM Te3u
thakTopu Ce M3MeHsT paboTHUTE napameTpu Ha nomnara:
NPOV3BOAMTENHOCT, HANop U K.N.0., KOETO B kpaiiHa cMeTKa
BOAM [10 NPepa3xof, Ha eneKTpoeHeprus 3a BOJOOTIMB.

BrowasaHe Ha paboTHUTE NapameTpu Ha nomnata
HacTbnBa B pesynTaT Ha oOWMTE M3MEHeHWs B
XapaKTepucTVKkuUTE Ha nomnaTa u Tprbonposoaa. ETo 3alo
3a onpepensHe Ha paGoTHaTa Touka e HeoGXOAUM KOHTPON
Ha MMHMMYM [1Ba NapameTbpa: NPOWU3BOAWTENHOCT W Hamop.
OcaeH ToBa, N0 NapaMeTpuUTe MOXE fa Ce Onpefeny K.n.A. Ha
nomnaTa BbB Bpb3Ka C W3MEHEHWETO XapakTepucTukata 3a
K.M.A..

ETo 3awL0 3a oueHKka edeKTUBHOCTTA 3a eKkcrnoaTtaumus Ha
BOOOOTNMBHATA ypeaba e Heobxogumo fa ce u3Mepu
NPOU3BOAMTENHOCTTA, HaNopa, MOLWHOCTTa W a ce onpeaent
(bakmqecmn K.N.A. N0 U34ymncnuTeneH nur.

OnutsT OT ekcnnoataumMa Ha BOAOOTNUBHU ypeg6m B
MOA3EMHM PYAHWLUM MOKasBa, Ye BbpXy HagexgHata w
WKOHOMWYHaTa paGOTa Ha BOAOOT/MBA CbLLEeCTBEHO BNuUAHKE
Oka3Ba MosiBaTa Ha HeW3npaBHOCTW B peauua enemeHTH Ha
BOOOOTNMBHATa ypenba. KoM Te3n enemeHTM Ha MbpBoO
MACTO TpsbBa fAa Ce OTHEChT CMyKaTenHUs Kow W
CMyKaTeNHWs KrnanaH Ha noMneHusT arperat. B pesynTar Ha
TOBa Ce YBeNnW4yaBa CbMpOTUBMEHNETO W Bakyma B
CMyKaTenHuaT Tpbbonposog, kOeTo BOAM He camo [0
BMOLIABaHe Ha WKOHOMMYHaTa pabota Ha noMnuTe, HO Ham-
4yecTo M [0 mbiHa 3arydba Ha paboTocnocobHOCT Ha
MOMMEHNA arperatr B Pe3ynTaT Ha Bb3HMKBAHETO Ha
KaBUTALMOHHM PEXUMW W paspyllaBaHe Ha paboTHOTO
konemno. KeM CbLUMAT pesyntaT BOAM M eOHO 3HauUTenHo
pasxepmeTuU3upaHe Ha CMmykaTenHus TpbbompoBog Ha
nomneHus arperar. ETo 3allo Hain-4ecTo ce npenopbysa aa
Ce ocurypsia WHTErpaneH KOHTPOM 3a M3npaBHOCTTa Ha
CMyKaTesnHus TpbbonpoBog ypes haKkTUYECKUS BaKyyM.

B HanopHaTta yacT Ha TpbbonpoBoga Han-HUCKOHALEXHM
ereMeHTN Ce sABABaT obpaTHWTE KnanaHu W CrmpaTenHuTe
kpaHoBe C ernekTpo3agBkku. OTkasuTe WM HeTOYHaTa
pabota Ha nocnegHWTe BOOAT OO MOBMWABaHE Ha
CbMPOTUBNEHNETO Ha TpbbompoBoga M HamarnsBaHe Ha
HeroBaTa nponyckaTenHa cnocobHOCT.

M3npaBHOTO CbCTOSHME Ha  HamopHaTa 4acT Ha
TpbOONPOBOAa € Bb3MOXHO [a C& KOHTponMpa no K.n.A. Ha
TpbbonpoBoaa : nrp=Hi/Hu . 3a Tasn uen e Heobxognmo ga
Ce U3MepBa MaHOMETPUYHIS HAanop Ha nomnarta.

CuctematnsmpaHo cbbupaHe Ha [JaHHW 3a KONMWM4ecTBeHa
OLieHKa Ha HaZIeXXHOCTTa U MKOHOMMYHOTO (YHKLMOHMPAHE Ha
BOLOOTIIMBHUTE ypeabu He e MPOBEXJaHO B CTpaHata W
TakMBa [AaHHM nunceaT. ToBa ce obsicHABa C ronsMara
TPYLOEMKOCT W ronsiMata NPOAbIKUTENHOCT Ha wW3cned-
BaHMsATA, KOMTO TpsibBa Aa ce npaBsT 3a CbOMpaHe Ha
Heobxogumata  cratucTMdecka  MHdopmauus.OTaenHu
W13CneaBaHNs NPOBENEHM B Tasn obnacT, CBUAETENCTBAT 3a
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W3KIIOYNTENHO HUCKATa HAZEXHOCT Ha BOAOOTMMBHUTE
ypenom.

Pesyntatute 0T ekcnnoaTauusata CBuAeTencTsar 3a
W3KIIOYUTENHO HUCKATE MOKa3aTenu 3a MKOHOMUYHOCT U
HaeXHOCT Ha (hyHKLIMOHMPaHe Ha BOLOOTIIMBHM ypeadv U 3a
HeobX0AMMOCTTa OT KOPEHHO U3MEHEHME Ha yTBbpaAuUnaTa ce
npakTuka 3a ekcnnoatauus 1 obcnyxsaHe. 3a noBuLLAaBaHe
Ha edekTBHaTa paboTa Ha BOAOOTNMBHUTE Yypenbu e
Bb3MOXHO [1a CE BbPBY MO CMEAHUTE HaNpaBneHus:

- Cb3[aBaHe Ha CMneuuarHo, BMCOKO HaJeXHO
o63aBexaaHe;..

- BHeOpsiBaHe Ha CPeAcTBa 3a AMarHoCTMKa Ha
CbCTOSHWETO Ha 003aBexgaHeTo Ha noMmneHuTe ypeabu c
Len CBOEBPEMEHHO OMpefensHe  HAaCTbMBaHETO Ha
HEMKOHOMUYHM pexuMn Ha pabota W  CBOEBPEMEHHO
npoBexaaHe Ha NpodmnakTka U PEMOHT 3a OTCTpaHsiBaHe
Ha 0TKa3u B PaHHWS CTaduiA Ha TAXHaTa perncTpaums;

- 0b0CcHOBaBaHe 1 BHeApsBaHe Ha MKOHOMWYHM
pexuMM Ha paboTa Ha rMaBHU U Y4acTbKOBM NOMMNEHN ypeabu
( paboTa Ha NOMNUTE U3BBH 30HUTE HA BbPXOBO HAaTOBapBaHe
Ha eHepruiHara cuctema, pabota Ha NOMNEHWe arperar Ha
ABa HanopHu TpbbonpoBoga, ONTMMM3AUWs napanenHata
paboTa Ha ABa NMOMMEHW arperata, ONTUMMU3aLMS cxemata U
Bpos Ha 3aBuKKUTE B MOMMEHaTa kamepa 1 ap.)

3a nosuwasaHe Ha edpekTBHaTa pabota U yHKLMO-
HUPaHETO, rMaBHUTE BOAOOTNMBHM Ypeabu e Bb3MOXHO Aa ce
pasrnexaar kato 0bekT, CbCTosL, Ce OT ABE YacTu (CUCTEMM)
— eMeKTpUYEeCKa M MEXaHNYHa.

Enextpuyeckata yact Bknmtoua B cebe cu: cuctema 3a
enektpocHabassaHe (CEC) Ha rnaBHa BOfooTnMBHA ypeaba
Ha NoZ3eMeH PYOHUK, ENeKTPO4BUraTeNi 3a rmaBHUTe NoMnu
(EL), anapatypa 3a aBTomaTtuyHO ynpaeneHue (AAY). Kbm
MexaHuyHaTa 4acT Ce BKMKYBA - CMyKaTerneH M HamopeH
Tpbbonposog (CT u HT) u rnasHm nomnu(ITT).

AHanu3bT Ha OTKAsWTe U MPUYMHUTE 3@  TAXHOTO
Bb3HWKBAHE CBWAETENCTBAT, Ye B Mepuoaa Ha excrnnoaraums
Ha BOOOOTNMBHATA ypeaba Bb3HWKBAT KAaKTO BHE3amHW, Taka
1 NOCTeneHHN oTkasu. [TbpBuTE ca CBbp3aHK C gedekTn oT
3aBOACKOTO MPOW3BOACTBO, KAYECTBOTO HAa MOHTaxa W ce
nposiBsBaT Npeau BCUYKO B NEpUoAa Ha NpoBexaaHe Ha
eOMHWYHATE M3NUTaHKA W 72 — YacoBuTe Npobu. Bropusat Bug
OTKa3W ce NPOosIBABAT B YCTAHOBEH PEXMM NP eKkcnoatauus
M Cca CBbp3aHM C EKCMIOoaTaLUMOHHOTO W3HOCBaHe Ha
efieMeHT OT BOgoOTNMBHaTa ypenba. [lapametpure Ha
OnpedeneHn enemMeHT OT Hesl Ce BIOLABAT MOCTENEHHO,
[OCTUraknm 40 rpaHudYHU CTOMHOCTU , Cref KOeTo HacTbrBa
oTka3. Mpu TOBa 4aCT OT eneMeHTWTe BrollaBaT CBOUTE
napameTpu 0es BUOMMO W3MEHEHME Ha nokasaTenuTe 3a
WKOHOMWYHOCT (ENEMEHTU Ha enekTpuyeckata 4acT Ha
ypenbata), Apyru (3a MexaHu4HaTa YacT)npean3BuKkeaT uame-
HEHME Ha eneKTPUYecKNTe M TEXHOMOTUMHW MapameTpu
(Mpon3BoANTENHOCT,HaNop,K.N.4.,enekTponoTpebnexue v ap.)

lMocTeneHHUTe OTKA3M Ha OTAEINHWUTE ENEMEHTU € Bb3-
MOXHO [a CE OTKPUAT Ype3 M3MepBaHe Ha KOHTPONMpaHWTe
napamMeTpu M mpu NpubNMKaBaHETO MM KbM TPaHN4HWTE
CTOWHOCTK fa Ce NnaHMpa NPoBEXAaHeTo Ha NPOGUNAKTUYHM
MEpOnpoUsHUS MO Bb3CTAHOBABaHE WM MOAAbPXAHe Ha
enemMeHTUTe B paboToCnoCOOHO CLCTOSIHWE MpU onpedeneH
Cpok 1 obem Ha paboTa. [uarHocTvkaTa € Bb3MOXHO [a Ce
M3M0r13Ba 3a KOHTPO KA4ECTBOTO Ha PEMOHTHUTE paboTy.



OnpepensiHe Ha eHeprumHata eq)eKTUBHOCT Ha MaBHM
BOAOOTNMBHN ypeabu Ha MNOA3EMHU pyOHWUM B
ekcnnoaraums

C NOMOLLTa Ha EHeprutTn4HMA noaxod Lie ce Hanpasu
OLeHKa 3a eHeprM|7|HaTa e(fbeKTVIBHOCT Ha rnasHW BOAO-
OTNIMBHN ype,q6|/| Ha NOA3EMHM PyAHULN B eKCnnoatauud.

M3nomnBaHeTo Ha BOJaTa B eAMH MOA3EMEH DYAHUK €
TEXHOMOrMYEH MpPOLIEC, 33 MPOTUYAHETO Ha KOWUTO e
HeobXxoaMMo Ja ce M3BbplM onpegeneHa paboTa (aa ce
W3pasxodBa  OMpedeneHo  KOMMYecTsBO  eHepriis)  3a
NPeMeCTBaHETO Ha OMpeneneHo KONMMYecTBO Boga OT eaHo
HMBO Ha APYro, MO-BUCOKO HMBO.

CbrmacHo OCHOBHMSI 3akOH 3a npeobpasyBaHe W
CbXpaHeHWe Ha  eHeprusaTa, U3BbplieHata paboTa
(M3pa3xopBaHOTO KONMMYECTBO EHEpriisl) 3a MpOTUYaHeToO Ha
TO3M MpoLec (MPEMECTBAHETO Ha OMpPefeneHo KomnyecTso
BOJA OT eAHO HWBO Ha [pyro, Mo BWCOKO HMBO) We Obae
paBHa Ha TMOTeHUManHata eHeprus Ha  KONMYECTBOTO
npemecTeHa (13nomnaHa) Boga.

3a onpepensHe Ha eHepriHaTa eqheKTMBHOCT Ha rMaBHM
BOAOOTNIMBHW ypenbu Ha Nog3eMHU PYaHULM B ekcrnoaTtaums
ypes k.n.gd. e Heobxogumo Oa ce onpedensT CnegHuTe
nokasaTtenu — TEOPETMYEeH W [OeACTBUTENeH creuudunyeH
pasxod Ha eHeprus 3a u3nomnBaHe Ha 1 md Boga Ha
BUCOYMHA 1 m.

B wmexayHapogHata u3mepBatenHa cuctema Sl [1]
MexaHWyHata paboTa W eHeprus WMAT edHa M Cblya
u3MepuTenHa eauHuua [mkayn J], kosTo ce aedmHupa cbe
CMESHMAT U3pas:

W=A=Fs=1IN.Im=1J

kbaeto: F- cuna [N]; s —mbT [m].

Cunara Ha TernoTo Ha egHo Tano ce gednHMpa ¢ u3pasa:
F=G=m.g
KbaeTo: m — maca Ha 111070 [kg]; g =9,81— 3eMHO yckopeHue
[m/s2].

3aBucMMoCTTa Mexay macata u obema Ha edHo TAno ce
AeduHMpa ¢ NOHATUETO 0BEMHO TErNO o CbC CNEAHWS U3pas:

mW/ﬂ
= m
P Y g

OTKbAETO ClieaBa 3aBUCMMOCTTA:
m=pV

kbaeto: V- o0bem Ha tanoto [m3];

Ha ocHoBaHMe W3NMOXEHOTO 3@ OnpedensHe Ha
noTeHUManHaTa eHeprust Ha egHo Tano ¢ obemMHo Termo p
obem V , noBourHaTo Ha BUCOYMHA h Cce nomny4aBa CregHusT
u3pas:

W = p.gV.h y (")
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3a onpepnensiHe Ha TEOPETUYHUS cneyuduyeH pas3xoq Ha
€Heprusi 3a U3nomneaHeTa Ha 1 m3 Boga Ha BMCOYMHa 1 m e
Ce npuemar CregHuTe CTOMHOCTY:
=1000 kg/m3;
V=1m3;
h=1m;
9=9,81 m/s?

Cnep 3amecTBaHe Ha Tean CTOMHOCTU BB hopmyna (1) ce
nonyyaea:

Woom =gV h=
=1000.9,81.1.1=9810 J

(2)

B wu3mepBatenHata cuctema Sl e B cuna cnegHata
3aBMCUMOCT:
3)

1 Wh=3,6.10%J
C otuuTaHeTo Ha (3) n3pasa (2) ce npeobpasya B CriegHus
BUL;

o W 9810
om36.10°  36.10°

3a M3MOMNBaHETO Ha Ha 1 m3 Bogda Ha BUCOYMHA 1 m.

OT NpoBefeHOTO eKCrepUMEHTANHO 13cneBaHe Ha rMaBHH
BOOOTNMBHM ypeabu Ha NoA3eMHU PyAHULM B eKcrnoaTaLust
€ TnonyyeHa cCnegHaTa ycpegHeHa  eKcrepuMeHTanHa
CTOMHOCT 3a cneyutuieH pasxoa Ha enekTpoeHepruis:

m —
onem =048 Wh 3a usnomneaneto Ha Ha 1 m3

BOJa Ha BMco4YmMHa 1 m.
3a k.n.0. Ha BOZOOTNMBHUTE ypeabw B ecknnoatauus ce
nony4aea criegHara CTOMHOCT:

=2725 Wh

W, 2725
7, =100 = =100 = 42%

oeucm '
OT nonyyeHaTa CTOMHOCT 3a K.N.4. MOXE [a Ce Hanpasu

M3BOAA 3a HUCKA eHeprumHa edEeKTUBHOCT Ha TNaBHM
BOZOOTNMBHM ypeadu Ha NOA3EMHM PyAHWLM B eKcoaTaums

K.N.[. Ha enekTpuyeckaTa Mpexa
K.n.n. Ha enekTpuyeckata Mpexa ce onpeaens ¢ u3pasa:

P
Moy - r
%+A%M7
KbaeTo:
APenwp - 3arybu Ha MOWHOCT B  3axpaHBallaTta
ENEeKTPOMPEXa;

KoHcymmpaHaTta MOLLHOCT OT enekTpogBuratens 3aBucu ot
HEroBOTO HaTOBapBaHE W € Bb3MOXHO [Ja Ce W3pasn u4pes
HOMUWHaMHUTE My NapameTpy No opmynara:

Pp = kHam PH Mg

KbaeTo:

ky - koeduUMeHT Ha HaToBapBaHe;
Nge — K.N.J4. HA ABUraTens.



HoMuHanHaTa MOLWHOCT Ha ABWraTens ce Oonpegens ypes
HOMMHaIHWS TOK ¥ HOMUHAIHOTO HanpeXeHWe Ha ABuraTens
no ¢popmynara:

P =+3U,.l .cose,
3ary6ata Ha aKTMBHa MOLLHOCT B eneKTpudeckara Bepura

oT apuratens Ao LleHTpanHata nogsemHa nogcTaHuMsTa Ha
pyOHuKa ce onpefens ¢ U3pasa:

. 2
APeﬂ.Mp =3K .1, .RMp
Kbpoeto:

- Rup - aKTUBHO CbNPOTUBIEHME Ha 3axpaHBallaTa kabenHa
Mpexa 1 ce onpepens ¢ u3pasa:

L

er.mp ]/S

L- pbmkuHa Ha kabenHaTa Mpexa (m);

S- CeyeHve Ha CUNoBUTE Xuna Ha kabena (mm2);

¥ - NPOBOAWMMOCT Ha MaTepuana OT KOWTO Ca W3roTBEHM
Xunata Ha kabena.

R

CeyeHneTo Ha 3axpaHBallata nuHUS ce wusbupa no
WKOHOMWYHA NMITLTHOCT Ha TOKA C W3MON3BaHe Ha CheaHWs
13pas:

ok,

/4

C oTuynTaHe Ha 3anucaHuTe Mo-rope, W3pasu 3a K.M.4. Ha
eleKTpuYeckaTa Mpexa ce noryvaea CrnegHusT n3pas:

1
. J3yL107%,,
U, .cose, ]

BenuumHuTe Bnu3alLm B ropHata dopMmyna umat criegHuTe
YUCTIEHN CTONHOCTY:
j=2,0+2,5 Amm?; L=50+100 m; cosp=0,75+0,95; U,=6000 V.

77:

1

B TO3M cnyyait npoMeHnMBaTa 4acT Ha 3HaMeHaTens B
nocregHata copmynata ce uaMeHs B rpaHuauute (0,6
+1,8).103, a cToMHOCTTa Ha KN4 Ha Mpexara
mmp=0,999+0,998 .

AKko ce otyeTe 3aryGaTa Ha eHeprna Ha udanata 3axpaH-
Ballla Mpexa [0 rnaBHata MoHWXaBalla MNOACTaHUMA Ha
NOBBLPXHOCTTA, TO C [AOCTaTb4yHa TOYHOCT K.n.4. Ha
efl.Mpexara Moxe fa ce rnpuveme 3a NnOCTOAHEH W paBeH Ha
T]en.Mp=0,98.

K.M.JO. Ha enektpoaBurartens

K.n.o. Ha enekTpodBuratens 3aBuCK OT HEroBOTO HaTo-
BapBaHe U Cce xapaktepuaupa ¢ obluTe 3arybu B gsurarens
APgs . HOMWHanHMAT K.N.4. Ha gsuratens ce onpenens ¢
u3pasa:
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P

— H
P, + 4P,

3arybute Ha MOLWHOCT B [Buratens ce pasgenat Ha
noctosiHimM (K) u npomeHnuam (P). TocTosHHUTe 3arybu He
3aBUCAT OT HAaTOBApBaHETO Ha ABWraTens, a NPOMEHNMBUTE
ca NponopLyoHanHu Ha KBafpaTa Ha Toka W KoeduLmeHTa Ha
HaToBapBaHeTo. CnenoBaTenHo, 3a 3arybute B Apuratens e
Bb3MOXHO [1a Ce HanwLUe CREeSHUAT 13pas:

7706

2

AP, =K +P=K +P, IL

H

. 2 2
=K+P, Kk, + PH.(a+kH)
Kbaeto: - a=k/Py - KOHCTAHTHA BENWYMHA 3a ABUraTenuTe (3a
aCMHXpOHHW aBuratenu a=0,5+1,0)

®dakTuyeckata CTOWHOCT 3a K.N.A. Ha [ABuratenute ce
onpenens ¢ upasa

1

AP
[ ap—

06
OTuntanmkn, Ye (haktTuyeckata MOLLHOCT 3a ABuraTens e
Bb3MOXHO [a Ce W3pa3n 4pes3 KoeduumeHTa 3a HEeroBoTo
HaTOBapBaHe;

P, =k, P,

OGopmyriata 3a K.n.4. Ha enekTpogsuratens e npueme
CrieaHNs BU:

1
1. (1+776H).(a+ kf)
M, K, .(a + 1)

OT ropHusT n3pa3 cregga, Ye BIMSIHUE BbpXy K.N.4. Ha
JBUraTens € Bb3VOXHO CaMO Ype3 W3MEHEHUEe Ha HeroBoTO
HaToBapBaHe. HaToBapBaHETO Ha enekTpogsuratenuTe,
3a[BWXBALLM MOMMWTE 3a rMaBeH BOLOOTIMB Ha NOA3EMEH
PYZHWK MO NPaBUIO He € MO HUCKO OT 75% OT HOMMHAMHKS.
OTtuutraitlkm ToBa, MOXe Aa Cce Mpueme , Ye K.n.jg. Ha
JBuraTens B npoLeca Ha ekcroatauusita Ha BOLOOTNMBHATA
ypenba He ce M3MeHs 1 € paBeH Ha HeroBaTa HOMWHarHa
CTOMHOCT. 3a Ha aCWHXPOHHUTE [BUratenu OT CrpaBOYHaTa
nuTeparypa ce onpegens k.n.g. B rpaHnuute Ha 0,9+0,96 .

7708 =

XnppaBnuyHu 3arybu

XnppaBnuuHute 3arybu B momnata npeAcTaBnsBaTt no
CbLLECTBO 3arybu OT TpUeHe Npu ABMXKEHWE HA TEYHOCTTA B
KaHanuTe Ha MPOTOYHATa YacT Ha nomnara W BUXPOBM 3arytu
wnn 3arybu oT ygap. 3arybute Ha TpueHe HapacTear
KBapaTW4YHO C YyBENMYaBaHe Ha MPOW3BOLMTENHOCTTA Ha
nomnara. 3arybute Ha ymap Ca paBHW Ha Hynma camo npw
HOMWHaNHa NpOM3BOAUTENHOCT Ha Momnata, W HapacTeat



KBagpaTU4HO C OTKMNOHEHWE Ha CI'.)aKTI/NeCKaTa npons3Beo-
AWNTENHOCT Ha nomnarta oOT HeliHaTa HOMMHarHa CTOMHOCT.

Bb3HWkBaHETO Ha 3ary6v| Ha MOLWWHOCT B nomnata ce
nposBABa B HaMansABaHETO Ha (baKTI/NeCKI/Iﬂ Hanop B
CpaBHEHNE C TEOPETUYHUTE Bb3MOXHOCTN. OTHOLLIEHMETO Ha
[eACTBUTENHMS Hanop 6 KbM Herosarta TEOpPETUYHA CTOMHOCT
3 npeacraendaesa No CbLWIECTBO XWAPaBNUYHMA K.N.4. Ha
nomMmnara.

H
nxudp = H_

2
Ha T03u1 eTan OT OT pa3BuTie TEOpUATA Ha LIEHTPOBEXHUTE
nomMnn HaMa paspaboTeH HafeXAeH MeTod 3a aHanuTUYHO
onpefenaHe Ha XwapaBnuuHWTE 3arybu M XupopaBnuyHus
K.n.4. Ha nomnata. Tean 3arybu ce onpepenst ¢ npous-
BOOWTENHOCTTa Ha nomnara, kosTo B Mpoueca Ha
eKcnnoatauus ce OTKIOHSBA OT HOMMHarHaTa CTOMHOCT, a
CnefoBaTeNHO W XWUAPaBNUYHWS K.N.O. Lie ce onpenens ot
hakTyecknst pexum Ha pabota Ha nomnata  KbM

TpbOONpoBoAa.

O6emHm 3aryom

ObemHuTe 3arybu B nomnara ca CBbP3aHW C YTeuKuTe Ha
Bofa npe3 nydgToBETE B YMITBTHEHWATA M Pa3TOBApHOTO
ycTporictBo. OT AeiCTBMETO Ha KOpPO3usITa, M3HOCBAHETO Ha
pasTOBapHWTE YCTPOICTBA U Ha YNTbTHEHWSTA B MpoLieca Ha
ekcnnoatauus nygToBeTe ce yBennyaaT, a obemHuTe
3arybu HapacTBat.l onemmHaTa Ha yTeYKuTE Ce OLieHsIBa Ypes
06eMHus K.n.4. Ha nomnarta:

_Q
Q+0

kbaeto &-0bemHy 3arybu Ha BoAa, KOMTO ca OT Nnopsigbka Ha
3+5% ot npon3BoauUTENHOCTTa Ha nomnarta Q.

7706

MexaHu4HM 3arybu

MexaHuuHuTte 3arybu B nomnara ce npeaw3BukeaT OT
TPUEHETO Ha paboTHUTE KoMena Ha nomnata W TeYHOCTTa, a
Taka CblLO W OT TPUEHe B YNMITbTHEHUSITA W narepute. Tesu
3arybu ce oueHsBaT C MEXaHWYHMs K.M.4., KOMTO Cce
AetrHMpa KaTo OTHOLLEHWE Ha XuapaBnMyHaTa MowHocT N.
KbM MOLLHOCTTa Ha Bana Ha gauratens Ne :

Ny _pgH,(Q+0)
N N

8 8
06w K.n.4. Ha nomnara

77/1/16‘)( =

OBwwmAaT K.N.4. Ha NnoMnaTa LUe ce onpeaens ¢ u3pasa:
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nnowz = nxudpna '77/% =

_H Q pgH.Q+5)_
H, (Q+s) N,
:p.g.H.Q

N

8

CTONHOCTUTE Ha OTAENHUTE K.N.4. Ha e4Ha NoMna Ce M3MEHAT
B CMeAHUTE rpaHmL:

- mx=0,7-+0,95;

- 110 =0,93+0,99;

- 1w =0,89-+0,95.

C oTtunTaHe Ha CTOMHOCTUTE Ha 77, 7o, M OOLLMSA
K.n.4. Ha nomnara e B rpaHuuure Ha 0,5+0,75.

CnepoBaTenHo, K.n.g. Ha Uanata BOLOOTNMBHA Yypenba
CbLUECTBEHO 3aBWUCK OT K.N.O. HA NoMnara, KosTo ce sBsBa
eneMeHT OT uanata cuctema. WMameHsku ce B TBbpAe
wupoku rpanuum (0,5+0,75) k.n.g. Ha nomnara ce onpegens
npean BCUYKO OT e(PEKTUBHOTO (PYHKLMOHMpaHe Ha uanaTa
ypenba.

K.N.0. va ypubonposoaa

K.n.o. Ha TpubonpoBoga 3asucy OT 3arybute Ha Harnop B
HEroBuTE enemMeHTU 1 Ce onpeaens Cbe CeaHNs u3pas:

H

2

H

M
KbpeTo: Hy — MaHOMeTpu4eH Hanop Ha nomnata (m).

My =

B pesyntaT Ha MOBMWEHOTO  CbMPOTWBIEHWE B
CMyKaTenHus TpbOONpOBOA, M3HOCBAHETO Ha CrIMpaTENHUTE
KpaHoBe, 0DpaTHM Knanu, 3aMbpcsiBaHE Ha CMyKaTenu,
YacTMYHa pasxepMmeTu3auus, K.N.4. Ha TpbbonpoBoga B
npoLeca Ha ekcnnoaTaums Tbpnu U3MEHEHNS.

C oTunTaHe Ha orpaHMYeHmsITa No YCMOBMETO 3a YCTONYMBA
paboTa Ha nomnara KbM TpbO0MPoBOA:

H <0,95

2

M
K.n.o. Ha TpbOonpoBoga e HeBb3aMOXHO Aa 6bae no-ronam
ot 0,95.

lMpeacraBnsiBa MHTEPEC ONPEOENSHETO Ha Bb3MOXHWS

MaKCUMareH K.n.4. Ha BOROOTNMBHaTa ypeaba. Ako npuemem
ye:

- 1jup =0,98;

- 170e =0,94;

= 1nom =0, 7;

- Iimp =0,95.
To 3a makcumanHus obLy K.n.4. Ha nomneHara ypeaba e ce
nomnyyu:

Max = nmpnde Mo 'nmp =
=0,98.0,94.0,/.0,95=0,62



OTuntalku, Ye cpegHoCTaTUCTMYECKUTE K.M.O. 3@ BOAO-
OTNMB Ha MOA3EMHU PYAHWLM € B rpaHuumute Ha 0,42, e
Bb3MOXHO [a Ce TBbpAW, Ye CblUecTByBa MOTEHLManHa
Bb3MOXHOCT 32 MKOHOMMSI Ha eHepris B rpaHuuuTe Ha 20%
npu €OHOBPEMEHHO MOBWLIABAHE Ha HALEXHOCTTa Ha
(DMHKLMOHMPaHe Ha BOLOOTNMBHWTE ypenbu 3a cMeTka Ha
13NOn3BaHe Ha CpefcTBaTa 3a AMarHOCTMKA, AeNCTBUETO Ha
KOWTO € OCHOBAHO Ha EHEPrUTUYHUSA MPUHUMM 33 aHanu3
e(EeKTUBHOCTTA Ha eKcnnoatauMs Ha  BOAOOTAMBHUTE
ypeaobwm.
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W3CNEOBAHE HA NMPEXOAHWUTE NPOLIECU NPU KOMYTUPAHE HA KOHOEH3ATOPHU
BATEPUU

UeaH Cmounos, fJuaHa Taweea, Kupun [xycmpos

MurHo-eeonoxku yHugepcumem “Ce. Us. Puncku”, 1700 Cogpus

PE3IOME: BkntoyBaHeTo M M3KMIOYBAHETO Ha KOHAEH3aTOpHU baTepuu 3a KOMNEeHCUpaHe Ha peakTWBHaTa MOLHOCT BOAM A0 MOSIBA Ha MPEXOAHWU MpoLecu, mpu
KOMTO MpOTWYAT ronemu yaapHU TOKOBE M Ce reHepupaT npeHanpexenusi. ToBa Cb3faBa OMacHOCT OT MOBPEAM B KOHAEH3aTOpHWUTe Batepuu, KOMyTaLMOHHUTE
anapatit 1 ApyruTe enekTpUYECK CbOPbKEHNS.

B poknapa ce pasrnexpaTt pesyntatute OT eKCriepUMeHTamnHW M3cneBaHns Ha NpexofHUTe MPOLecH Npu KOMYTUPaHe Ha KOHAEH3aTopHW BaTepuy, MOHTUPaHH B
pa3npefenuTenHaTa ypenba 6kV Ha pyaHudeH komnnekc “Enauute”. TokoBeTe 1 HanpexeHusiTa Ha TpuTe pasu ca perncTpupaxi B LMdpoB BIUA NPK KOMYTUPaHE Ha
KoHAeH3aTopHK BaTepuu ¢ ManomacneHu npekbcBauuM W enerasosu koHTaktopu. OBpaboTkaTa Ha MHbopmauusiTa e ocbluecTBeHa B cpegaTa Ha MATLAB. 3a
nony4yaBaHe Ha NPeXoAHUTE MPOLECH B “U3YNCTEH” BUA Ca OTCTPaHEHM NEPUOAUYHIUTE CbCTaBHW Ha YCTaHOBEHMS TOK, C paspaboTeHa ONTMMM3ALMOHHa Nporpama.
OnpefieneHn ca MakcuMarnHWUTe amnnuTy[HU CTOMHOCTW Ha yAapHUs TOK, YecToTaTta, BpeMeHaTa 3a yCTaHOBsBaHe M Ap. PeructpupaHu ca HuBata Ha
npeHanpexeHnsTa BbpXy KOHAEH3aTOpHUTE OaTepun Mpu BKMOYBaHe M M3KkMiouBaHe. PesynTatuTe ca u3nons3BaHu 3a MpeleHka Ha HeobxogumocTta OT
OrpaHu4aBaHe Ha yAapHuTe TOKOBE C Orflef enekTpuyeckaTa U3HOCOYCTOMYMBOCT Ha MPUOXEHNUTE KOMYTALMOHHM anapaTy.

STUDING THE TRANSIENT PROCESSES OF THE COMUTATION OF CAPACITOR BATTERIES
Ivan Stoilov, Diana Tasheva, Kiril Dzhustrov
University of Mining and Geology “St. Ivan Rilski” — Sofia

ABSTRACT:The switching on and off of capacitor banks of power factors compensating circuit results in the origination of transitional processes, which are
accompanied with high inrush current and generation of over-voltage. This means risk of faults in the capacitor banks commutation apparatuses and the other
electrical devices.

Results have been discussed based on the experiments on transitional processes of the commutation of capacitor batteries, installed at the 6 kV distribution network
of the “Elacite” mining company. Currents and voltage of the three phases have been registered digitally after the commutation of capacitor batteries with oil circuit —
breakers and contactors uses SF6 gas for insulation and circuit breaking. Processing of the information has been performed in the medium of MATLAB. For obtaining
the transitional processes in a “pure” type, the periodical components of the current have been removed by an optimizing software program. The maximum amplitude
values of the impact current, frequency, periods of time etc. The levels of the over — voltage on the capacitor batteries in case of switching on and off have been
registered. Results have been used for an assessment of the need for limiting the impact current with the aim of improving the electrical wearing capacity of applied
commutation apparatuses.

YBop anapaTty 65xa NpoBeeHN eKCnepuMeHTanHN U3cnesBaHmus Ha
NPEXOHNTE MPOLIECH MPW KOMYTUPaHe Ha CbLUECTBYBALLMTE
3a edekTMBHO M3MON3BaHE Ha EneKTpu4Yeckata eHeprus, KOH[IEH3aTOPHI ypeadu.
NPOMULLNEHUTE NPEANpUATAS e HeobXoaMMo Aa peanuaupar
CpeHOMECEY€EH (haKTop Ha MOLLHOCTTA COS¢ > 0,9. M3BecTHK ca |'|p06]'|eMVITe C yOapHUs TOK Npu BKNOYBaHE Ha

KOHOEH3aTOpHW baTepum W Te ca NpegMeT Ha MHOXECTBO
nacnegeanma  ( Adly et al. 1993, Kojovc et Falcao 2001,
Bansode 2003, Liu et Chen 1998). lonemute CTOMHOCTM Ha
yOapHMs TOK B CbyeTaHWe C NO-BUCOKaTa My YecTtoTa
(300+1000Hz) BoAM [O MHOFO MO-MHTEH3WBHO W3HOCBAHE Ha
KOHTaKTHUTE Tena Ha KOMYTaLMOHHWNS anapat. YAapHUsT TOK
HapacTBa MHOTOKPaTHO MpW BKOYBAHE Ha KOHOEH3aTopu
napanenHo Ha Apyri BeYe BKMKOYEHU KOHAEH3aTOpHW bart-
epwu. MoseyeTo nacnegosatenm (Koch 2000) npenopbyBart B
TE3U cryyan Ja ce W3NonaeaT MHOYKTMBHOCTW 3a OrpaHuya-
BaHe Ha rofemuHata Ha ygapHus Tok. PaspaborBar ce u
cneynanHu xubpugHW MpekbeBayW, KOWTO Aa orpaHuyaBar
ronemuHata Ha ygapHus Tok (Witte et al. 2005).

Otkputus pyoHuk “Enaumre” ce xapaktepuaupa C pssko
MPOMEHIMB aKTUBEH TOBAP W HUCKA CTOMHOCT Ha ECTECTBEHUS
(hakTop Ha MOLLHOCTTa, KOETO Harara KOMMNEHCUPAHETO My C
koHaeH3aTopHn 6Gatepuu. ColuecTByBawata ypegba 6e
peanuaupaHa B LiEHTpanHaTta pasnpegenurenHa noacraHums
Ha HanpexeHue 6 KV 1 BKNoYBalle ABe CeKUWW C MOLLHOCT
750 kVAr n 1650 kVAr. Komytaumusata ce usBbpLUBaLLE PbYHO
¢ Obnrapcku mamnomacnesu npekbcsauu ot cepust A. lMpes
2004 r. B LUPM 110/6kV Ha pyaHuKka e BHEApEHa MWKPO-
MPOLECOPHa CHCTEMa 3a KOHTPOI M yNpaBneHne Ha enekTpo-
noTpebreHneTo, B KOATO MMa MOAYN 3a peanuavpaHe Ha
aBTOMATW4YHO YMpaBMEHWe Ha  KOHAEH3aTopHu Oatepun
(Ctounos u gp., 2004). 3a B3emaHe Ha ODBOCHOBAHO TeEX-

HUYECKO pelleHMe NO OTHOLUEHWEe Ha HOBUTE KOMYTauWOHHU I'Ipo6neMV|Te PV A3KIH04BAHE Ha KOHAH3ATOPHI 6aTepMM’

0CODEHO KoraTo 4acT OT TAX OCTaBaT BKITIOYEHH, Ca CBbp3aHu
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C Bb3MOXHOCTTa 3a NOBTOPHO 3dnoneaHe Ha Abrara 1 nosiea
Ha 3Ha4YUTEITHU NpeHanpexeHnsa.

AHanusbLT Ha pesynTaTuTe OT u3crefBaHusTa Ha npexop-
HWTE NpOLlecH Npu KOMyTUPaHE Ha KOHOeH3aTopHUTe Batepum
CnoMorHa 3a onTMManHns n3bop Ha KOMyTaLMOHHUTE anapaTtu
Ha peKoHCTpyupaHaTa ypenba, u4WATO OMpOCTeHa Cxema e
npegcTaBeHa Ha cur. 1. KonpeHsaTopHute 6atepum ce ynpas-
nsaBar 0T enera3osu koHTakTopu “Rollarc-400D” B komBuHaLms
C ToKoorpaHuiaBaiwy npeanasutenn “Fusarc CF”. MoHTupaHe
Ha MHOYKTMBHOCTM 3a OrpaHMYaBaHe Ha YAapHWA TOK He e
Heobxoammo.

110 kV

10MVA 10MVA

6,3 kV

) !
AP

450 kVAr

LN

1200kVAr 750 kVAr

®ur. 1. OnpocTeHa cxema Ha KOHAEH3aTOpHaTa ypeada

Tbit KaToO XapakTepbT Ha NPeXogHUTe NpoLeck 3aBuch U OT
KOHCTPYKLMSITA Ha KOMyTaLMOHHUTE anapaTyi Bsxa nposeaeHu
M3MEPBaHUS Ha PEKOHCTpyMpaHaTa KoHaeH3aTopHa ypeaba. C
uncpoe ypen “Multiver 3SN” ca peructpupaHu Toka M
HanpexeHusTa B Tpute asn. TOKbT Ce 13MepBa AMPEKTHO C
aMnepkrewy, a HanpexeHusTa ca 3acHeTM OT u3MepBa-
TenHuTe TpaHcopMaTopu KbM BCska OT  Datepuure.
lMpexogHuaT MpoLec Ha Toka NpM BKOYBAHE Ha Gatepus
750kVAr napanenHo Ha Beve BkntoueHn 6atepum 1200 kVAr
1 450 kVAr e npeacraBeH Ha ¢our. 2.

1000

200 T 7= N 77X
IV N/ \ —
A \ / \ s N _ —
| 7 = — 2

|/ -000

-1000

¢ur. 2 . MpexoaeH npouec Ha Toka

OOpaboTka Ha faHHUTE OT eKCNePUMEHTanNHUTe

n3cnegBaHuA
PeructpupaHute U3MEHEHUS B CTOMHOCTUTE Ha TOKa Npu
BKIMIOYBAHE Ha KOHAEH3aTOpHM OaTepum Ce [Obixar Ha
HacrarsaHe Ha [jBa npoueca:
- ycTaHoBeH konebateneH, npegonpegeneH oT
3aXpaHBaLLOTO HaMPEXEHME;
- TMpexogdeH, aKTMBMpaH OT BKIKYBAHETO Ha
KOHAeH3aTopHUTe BaTepuu.

Bbrpekn Ye B MHOXECTBO NyBnukaLyMm 06eKT Ha U3cneBaHe
Ca XxapaKTepuUCTUKUTe Ha To3n 0BOBLLEH NPOLIEC, TOM HE MOXeE

Ja Obe cuuTaH 3a nokasaTeneH, Tbil KaTo CUMHO 3aBUCK OT
MOMEHTA Ha BKMOYBAHE HA KOHAEH3ATOPHWTEe OaTtepuu.
3aToBa ce nocTaBu 3agavata fa ce M3onMpa u 13cnesa camo
“uncTis” npexoaeH npouec. PeluaBaHeTo 1 00xBaHa cneaHnTe
Tpu eTana:

Uncnoso MopenupaHe Ha ycTaHoBeHus KonebateneH
npouec.

[IMCKPETHOTO OnmUCaHKe Ha YCTaHOBEHMA konebaTeneH npo-
Liec uma Buaa:

Agsin(wqiTg) + Ay sin(waiTy) + ... + Ay sin(w,iTy)

i=01..,q,

kboeto Aq, Ap,.., A, ca amnmutyaute, a Wq,Ws,..., Wy
YeCTOTUTE Ha XapMOHWYHUTE CbCTABHM Ha KonebaTenHus
npouec. WHTepsanbT Ha AuckpeTusaums T, CbBraga ¢ To3n
Ha NpOBedeHUTE eKCMepUMeHTanHu uacneasaHns, a (
onpefens MPOAbIKUTENIHOCTTA Ha BPEMEBUA WHTEpBan, B
KOWTO € Heo6X0AMMO U3BBPLUBAHE HA Y1CMOBA CUMYNALNS Ha
konebaTenHmsa npoLec.

Upes cnektpaneH aHanuM3 3a BCEKM EKCMEPUMEHT ca
onpegeneHn  6posT Ha  XapMOHMYHWTE  CbCTaBHM B
yCTaHOBEHUs konebaTeneH npouec, TEXHUTE YecToTu WU
amnmuTyau.  MsnonseaHn ca [JaHHUTE MOMyYyeHu Ccneq
3aTUXBaHE Ha MPEXOAHWS NPoLeC B Pe3ynTaT Ha BKIHYBaHe
Ha KOHOeH3aTopHUTe BaTepum.

Kato npumep Ha dwmr. 3 e npeacraBeHa u3Bagka OT ycTa-
HOBeHus kornebaTteneH mpouec Ha ToK |y npu w3cnegBaHe

BMWSHWETO OT BKIKOYBAHE Ha KOHAeH3aTopHa Gatepus 750
kWAr. Ha dour. 4 e nokasaHa crnekTpanHata mimbTHOCT S 3a
CbLUMS NPOLEC, KaTO [BETE XapaKTEPUCTUKMA Ca NOMyYeHu Npu
W3NON3BaHE Ha KOPENauMoHHW npo3opuu Ha bapTner u
XEMUHT.

ffaj

1a0

a0

A0

-100

-150

0 om 0oz 003 004 t fs]

¢ur. 3 . U3Bagka oT ycTaHOBEHUSA npouec

1
318 318 318 f {Hz]

¢ur. 4. CnekTpanHa NMLTHOCT Ha YCTaHOBEHUA konebaTeneH npuec
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3a CblUEeCTBEHW MoraT Aa ce npuemat Tpu
50.2880,

B cnyyasr
XapMOHWYHM CbCTaBHW, CHOTBETHO C YECTOTH:
255.9540 n 352.1519 Hz.

OTcTpaHsABaHe BNUSIHMETO Ha konebaTenHus npouec.
[VMpeKTHOTO W3BaxgaHe Ha CUMynupaHus konebareneH
NPOLEC OT eKCNepUMEHTaNHUTE AaHHW € HEBL3MOXHO, Tbi
KaTo BKMKOYBAHETO HA KoHLeH3aTopHuTe 6GaTepun ce
W3BbpLUBA B CNy4yaeH MOMEeHT OT Bpeme. CneposaTenHo
npean usBaxgaHeto Tpsabea Aa ce opegeny HOMepbT Ha
puckpeTata OT pasBUTMETO Ha konebaTenHus npouec,
CbOTBETCTBALLA HA MOMEHTa Ha BKMtoYBaHe. [py NpasBunHoOTO
W onpegensHe, Cnef wW3BaxaaHe Ha [paTa npoleca, Lie ce
nofyyn “4mctms” nNpexofeH npouec, KOWTO 3a Bpeme
Ty = pT,, 3atuxaa npu ctonHoct 0. To3u dakT e u3non3saH

npu paspaboTBaHe Ha anropuTbMa M nmporpamara 3a onpe-
JensHe Ha OTHOCUTENHOTO W3MECTBaHe Ha MOMEHTa Ha
BKIMIOYBAHE CMPSMO HYNMEBMS MOMEHT OT pasBuTHEe Ha
ycTaHoBeHust konebateneH npouec. [Mo cCbljectBo Te
npeAcTaBnsaBaT  ONTMMW3ALMOHHA npouedypa B KOSTO
ynpaenssaLl, akTop ce ABsiBa HOMEPBLT Ha Auckpetata k ot
OnMcaHWeTo Ha konebaTenHus MpoLec, KOATO Ce mpuema 3a
HayanHa CrpsaMO MOMEHTa Ha BKIIYBaHE Ha KOHAEH3a-
TOpHuTE Batepun. BbanpueT e uHTerpaneH KsagpaTUyeH

KpuTepuii 3a onTumanHocT Q = g[e(iTo)]2 , kbgeto ¢ e(t)
i=2p

€ O03HayeH MpOLECHT MOMyyeH cnep M3BaxXaaHeTo Ha

konebaTenHms npouec OT eKCrepuMeHTanHuTe gaHHu. Ha

Hero e TbpceH MUHMMYM. LleneHacoyeHo chopmupaHeTo Ha

KpuUTEpuii ce M3BbPLIBA Ha ©asa Ha JaHHUTE OT MOMEHT 2Ty

[0 MPOABLIKUTENHOCTTA Ha HabniopeHneto NT,, Tbil KaTo

npean nonyyaBaHe Ha “4ncTus’ NPEXOAeH NPOLEC He MOXe
TOYHO fja Gbae onpeneneHo BpeMETO 3a 3aTUXBAHETO My Ty .

EdektbT oT pabotata Ha onTUMM3auUMOHHATa nporpama e
UNKOCTpUpaH Ha ur. 5 n 6, KbAeTo ca npeacTaBeHM
€KCMIEPUMEHTAITHO MONYYEHNUTE JaHHW 32 M3MEHEHWNETO Ha TOK
npu  BKIKOYBaHE Ha koHaeHsaTopHa Gatepus 750 KWAr u
“34nCTEHMS” NpexoaeH npoLec.
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®ur. 5. EkcnepuMeHTanHu AaHHW 3a U3MEHEHMETO Ha Toka
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®ur. 6. “U3uncten” npexoaeH npouec

OnpegensiHe XapakTepUCTMKUTE Ha YUCTUA npexoAeH
npotec
3a npexogHUTe NpoLiecy, NoNyveHn cneq OTCTpaHsiBaHe Ha
CbOTBETHUTE NEPUOAWNYHU CbCTaBHWU OT EKCMEPUMEHTaNHUTE
[aHHu ca onpegenexu:
Bpeme 3a yCTaHoBsABaHe tj ;

vectota fp;
MakCcMmanHa amnnutyaa |m ;

KoeULMEHT Ha 3aTuxBaHe @ = ———=;

2!

a

CKOPOCT Ha 3aTuxBaHe v =

C a;, ap n ag ca 03Ha4YeHU CTOMHOCTUTE Ha TpuTe

NocneaoBaTeNH ONTUMyMa OT Pa3BUTWETO Ha MpexogHaTa
XapaKTepucTuka.

3a pocTuraHe Ha Mo-BMCOKA TOYHOCT 4ecToTaTta (pecnek-
TMBHO NepuoabT T) HE ca ONpenensHu Npsiko, a Ypes U3norna-
BaHe Ha CpEeACTBarTa Ha cnekTpanHust aHarma. [padmkarta Ha
cnekTpanHaTta NiTbTHOCT 3a “U34MCTEeHMs” NpexodeH npouec e
npeacTaBeHa Ha dur. 7.

10° L L
0,318 3,18 31,8

fiHz}

®ur. 6 CneKkTpanHa NbTHOCT HAa NPEXOAHUA npouec

Pa3paboTeHoTo cneynanuanpaHo nporpaMHo ocurypsiBaHe 1
usnocTHata obpaboTka Ha €eKCnepuMeHTanHuTe OaHHW ca
peanuaupaHu B cpegata Ha MATLAB.



PesyntaTtu oT uscneasaHusaTa

YcTaHOBEH pexum

W3cnenBaHnaTa Ha YCTaHOBEHWUS! TOK 3a KOHAEH3ATOPHUTE
Batepum ¢ mowHocT 750 kVAr u 1650 kVAr , komyTupaHu ¢
MarioMacneHu NpekbCBayu nokasaxa Hanuume Ha 5-Tu U 7-mu
XapPMOHWK, KaTo MO-CUIHO U3Pa3eH € ceamus.

C npomsiHaTa Ha KOH(MrypauusTa Ha KOHAEH3aTOpHUTE
ypenou ( pasgensiHeTo Ha batepusita 1650 kVAr Ha paBe
otgennm - 1200 kVAr n 450 kVAr ) ce peructpupaxa u HOBM
XapMOHUYHM CbCTaBAWMW. Makap 1 ¢ HE3HaYUTENHU CTOMHOCTH
MpuW YacT OT U3MEepPBaHWATA OCBEH 5-TW U 7-MM XapMOHUK ca
peructpupann  3-t1, 9-1, 11-T 1 13-TM XapMOHWK B TOKa Ha
batepusTa. Te3n XapMOHWUYHM CbCTaBALLW HAMAT NPaKTUYECKO
3HaveHue. OT npeauwwHm uamepsanus (Ctounos u ap., 2005),
€ YCTaHOBEHO, Ye KOHAeH3aTopHuTe Oatepum He ce
npeToBapBaT Mo TOK OT BUCLUW XapMOHULM Hag AONYCTUMUS -
1,31, . KpuBaTa Ha HanpexeHueTo He e AedopMupaHa, Tbil

KaTo MOLLUHOCTTa Ha KbCO CbeAuMHEHWe B TOYKaTa Ha
MOHTMPaHe Ha KOHAEH3aTopHUTE 6aTepI/1M € MHOro ronama.

MpexoaHu npouecu

PesynTatute OT NPexofHMTE NPOLECH Mpy KOMYTUpaHe Ha
KoHAeH3aTopHuTe 6atepum C  GbArapcku  ManomacmeHu
npekbCBaym OT cepusita A ca fagenm B Tabnuua 1.

Tabnuua 1.
KomymupaHe Ha 6amepuume ¢ MarioMacrieH npexkbcsay

Nl I1] InAlfo,H] toums [ o [ v
Bbamepus 750 kVAr

I | 387 375 27,8 205,4 2,86

1 || 1308 341 32,4 509,6 9,27

Is | 1580 568 26,9 935,0 5,58

l1 | 826 352 26,4 250,0 6,72

2 | l2] 405 354 32,0 297,0 2,67

ls | 963 330 21,8 1158,0 | 12,50
Bbamepus 1650 kVAr

I+ | 689 382 44,0 48,0 1,14

1 1| 635 382 44,0 88,5 1,37

ls | 1323 385 33,8 86,1 1,28

I+ | 804 392 43,3 85,7 1,16

2 |l2] 515 385 39,0 86,7 1,38

Is | 1304 392 38,4 83,4 1,26

I | 1396 329 234 462,7 8,30

3 | 2| 1032 329 49,6 139,5 1,97

Is | 1694 335 34,9 212,8 2,74

MakcumanHuTe KpaTHOCTW Ca W34MCIEHM KaTo 3a BCsKa
Batepus e onpegena Han-ronsMara CTONHOCT Ha YAAPHWS TOK
I ¥ KbM Hero e pgobaBeHa amnnuTygHaTa CTOMHOCT Ha

HOMWHaIHWA TOK Ha 68TepVIFITaZ
In+v2.1;
J2.1,

KbaeTo |. € HOMUHanHaTa edeKTUBHA CTOMHOCT Ha TOKa Ha

Kmax =

batepusra.

MakcumanHata KpaTHOCT Ha ygapHust TOK, KOSTO e
peructpupaHa e 3a Oatepusta 750kVAr e 17,4, a 3a
batepusara 1650kVAr e 8,9. BpemeTo 3a AOCTUraHe Ha MbpBus
ekcTpemym e B uHTepBana 0,5+1,5 ms. CobcteeHaTa yecTota
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B npeobnapasawmte cnyyan e B rpaHuuymte 330+390 Hz.
BpemeTo 3a 3aTuxBaHe Ha MpexofHWs npouec 3a batepusTa
750 kVAr e B rpanuuute 21,8+32,4 ms, a npn 1200 kVAr —
23,4+49.6 ms.

lMpn KoMyTMpaHe Ha KOHAeH3aTopHuTE Datepun C enera-
30BUTEe KoHTakTOpyu “Rollarc-400D”, 3HaYUTeNnHWN M3MEHEHNS B
n3cnepBaHuTe napameTpu He ce 3abenssear (tabnuua 2).

Tabnuua 2.
KomymupaHe Ha bamepuume ¢ ene2asos KOHmMakmop.

M I | InA]f,H [toms| o | v
bamepus 450 kVAr
I 1130 - 12,2 1332 5,34
11 I 1700 10,8 963 6,87
I3 1087 - 14,5 212 14,9
I 252 346 19,9 161 8,10
2| I 1637 - 15,4 1641 4,16
I3 153 365 26,4 320 1,07
I 52 659 21,0 135 1,14
3 I 505 647 16,5 207 2,26
I3 401 635 18,4 228 1,6
bamepus 750 kVAr
I 1627 346 21,6 625 3,10
11 I 1179 372 22,2 186 5,75
I3 1688 352 27,3 546 2,32
bamepus 1200 kVAr
I 636 385 40,2 86,5 1,37
11 Iz 324 437 41,8 137,4 1,18
I3 911 429 36,4 47 1,06
I 160 421 34,6 171,5 1,21
20 I 872 437 35,9 60,9 1,24
I3 832 437 35,9 92,9 1,39
Bxrroyeare Ha 750 kVAr
npu ekmo4eHu 450 kVAr u 1200 kVAr
I 776 340 20,5 740 5,11
11 |2 262 359 472 240 1,26
I3 683 359 25,3 813 1,68
I 516 359 32,5 462 2,69
21 I 1776 - 24,1 302 6,08
I3 1030 365 31,3 851 3,00
I 111 346 45,0 315 1,22
31 I 1405 371 29,1 234 2,15
I3 1622 340 28,4 1121 9,07
I 1013 372 30,7 548 6,05
41 Ip 357 378 30,4 218 1,87
I3 459 358 31,6 363 6,59

MakcumanHuTe KpaTHOCTM, KOUTO 6sixa perucTpupaHu ca
KakTo cnepga:
3a b6arepusi ¢ mowwHocT 450 kVAr — Kpax =30,3

3a b6arepusi ¢ mowwHocT 750 kVAr — Kpax = 18,4
3a barepusi ¢ mowHoct 1200 kVAr— Kyax =6,9

Tean paHHM KkopecnoHgupat ¢ mybrvkyBaHute ot Koch
(2000) «kpaTHOCTM Ha y@apHus TOK B  3aBMCMMOCT OT
MOLUHOCTTa Ha 6aTepusiTa M MOLLHOCTTA Ha KbCO CbeAMHEHNE
B TOUKATa Ha NPUCHEANHSIBAHETO W.



Mpn komyTupaHeTo Ha Batepusta 750 kKVAr npu BKHOYEHN
Batepum 1200 kVAr u 450 kVAr He ce 3abensi3Ba 3HaUMTENHO
yBENMYeHue Ha nukoBus Tok. MakcumarnHata peructpupaHa
kpaTHocT € 19,3. ToBa Moxe fa ce 0BSICHW CbC CPaBHUTENHO
BUCOKAaTa WHOYKTMBHOCT Ha Bpb3KaTa MeXZy OTAeNnHWTe
Batepum .

OT nonydyeHuTe pesyntatu ce BWXOA, Y€ MakcuManHaTa
perucTpupaHa CTOMHOCT Ha nukosus Tok e 1776 A (nonyyexa
npu BKntouBaHe Ha 6atepus 750 kVAr npu BkniodeHu 6atepum
450 kVAr n 1200 kVAr). Tlpu HacnarsaHe ¢ MakcuManHaTta
CTOMHOCT Ha Toka Ha 6Gatepuata (421,) Ce ouyaksa, ue

MaKcuManHata CTOMHOCT Ha YAapHUs TOK, KOMYTUpaHW OT
koHTakTopuTe “Rollarc R400D” B cnyyas we 6bae 1873 A He
Hagxsbpnsa 2000A. ToBa 03HayaBa, Y€ PELLEHMETO fa He ce
W13non3BaTt UHAYKTUBHOCTY 3@ OrpaHnyaBaHe Ha yAapHUs TOK €
npasunHo. Mpoussogutenute (Catalogue Schneider Electric —
Merlin Gerin, 1998) rapaHTupaT enekTpuyecka M3HOCOYCTOM-
umsocT Ha koHTakTopute “Rollarc” 300000 komyTaLMOHHH
LMKbNa Npy CTOMHOCT Ha yaapHus Tok 2000 A cbe cobeTBeHa
yecToTa no-mManka unu pasHa Ha 1600 Hz. 3acnyxasa ga ce
otbenexu akTbT, Ye NpW ABOMHO yBENWYABAHE HA KOMYTU-
paHWs ymapeH TOK, OposT Ha  KOMYTAUMOHHWTE  LMKMM
HamansBea 6 MbTy.

BpemeTo 3a fgocTuraHe Ha MakcumanHata amnnutyaa He
Haaxsbpnsa 2 ms.

CobctBeHaTa  4ectoTa  Ha  MNPEXogHus  Mpouec
1
fp =——— 04eBMOHO Ce oOnpegens OCHOBHO OT
277,/ LyC
WHOYKTMBHOCTTa Lo Ha  WM3TOYHMKA Ha  HanpexeHue

(TpaHcchopmatop 110/6xV — 10MVA), Tbil KaTo Npu OTAENHUTE
BaTepum T5 He ce pasnuyasa 3HaunTenHo. MNpeobnapasawymre
4ecToTu ca B rpaHuumute Ha 340+440 Hz. WsknioueHne npasw
€[JHO 3MepBaHe Npu BKIIOYBaHE HA KOHAEH3aTOpHa baTtepus
450 kVAr, KbaeTo npexogHus NpoLec € NpoTekbn ¢ YecToTa
okono 650 Hz.

CpaBHVITeJ'IHO HWUCKUTe CODCTBEHW YECTOTM Ha npexogHna
npouec ca npeanocraBka 3a HamaneHo W3HOCBaHE Ha KOH-
TaKTHWUTE Tena.

PesyntaTtute oT NpoBedeHUTE M3crneaBaHns Ha NpexoaHuTe
MPOLECH Ha yAapHUS TOK MPW BKMIOYBAHE Ha KOHOEH3aTOPHM
BaTepun gaBat OCHOBaHWE [a Ce TBbPAW, Y€ AOPU M Mpu Hal-
TEXKUTE eKcnnoaTtaumoHHM pexumu koHTaktopute “Rollarc
R400D” we ca B CbCTOsHME [a peanu3npar katanoxHus 6poi
KOMYTaLMOHHM LIKITN.

PerucTpupannTe CTOAHOCTY Ha YAAPHUS TOK MpW BKMKOYBaHE
He ca onacHM M 3a KoHaeHsatopute. lpu TAX € BakHO
YAAPHWAT TOK HUKOra da He Hagxsbpns 100 mbTi HOMUHAMHKS
um Tok. Mpu kpatHocTh 30 | . , KOHOEH3aTOPUTE MOraT fia noe-

mat ToBa HatoBapsaHe 100000 mbTui roguwHo. CrnegoeaTenHo
He e HeoOxoguMO f[a Ce WHCTanupaT WMHAYKTMBHOCTM 3a
OrpaHMYaBaHe Ha yaapHus TOK NPe3 KOHLEeH3aTopuTe.

Mpu BKMIOYBAHE W MPU M3KIIOYBAHE HA KOHAEH3ATOPHUTE
GaTepun ce reHepupaT W npeHanpexeHus. MakcumanHuTe
KpaTHOCTW CMpsIMO HOMMHAIIHOTO HampeXeHue, KouTo ca
PEr1cTpUpaHmM KbM CTpaHaTa Ha KOHAEH3aTOpHIUTE BaTtepun ca
KaKTo crefga:
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npu BkniouBaHe - K=1,16;
npu u3kniouBaHe - K=1,28.

Tean CTOWHOCTW Ha MpeHanpexeHusTa He NpeacTaBnsBat
ONacHOCT 3a KOHOEH3aTopuTe W OCTaHanuTe anapati B
noacTaHuusTa. Bvanpuetata ot “Merlin Gerin” TexHonorus 3a
KomyTupaHe B enerasoBa cpega (SF6) npu OTHOCUTEMHO
HWUCKO HansaraHe (Mo-Manko unu paBHoO Ha 2,5 bar) ocurypsisa
W3KMIOYBaHE Ha KanauuTuWeHWS TOK ©6e3 NOBTOPHO 3ananBaHe
Ha Abrata W CbOTBETHO HSIMA OMACHOCT OT BUCOKM CTOMHOCTM
Ha NpeHanpexeHusTa.

N3Bogu

1.Tony4eHn ca ekcnepumeHTanH1 AaHHU 3a yaapHUs TOK U1
MpeHanpexeHnsTa npu KOMyTUpaHe Ha KOHAEH3aTOpHM
BaTepun Ha cpeaHO HampeXeHue.

2.Ypes cpeAcTBaTta Ha CreKTpanHus aHanus ca onpeneneHu
XapMOHWYHUTE CbCTABHM HA YCTaHOBEHMS TOK M YecToTata
Ha NpexoaHuTE NpoLiecy.

3.MpepnoxeH e opwrvHaneH nogxog npu obpabotka Ha
JaHHUTE OT M3MepBaHWsTa, NO3BONABALL eNMMUHUPaHe Ha
nepuoguyHaTa CbCTaBHa Ha YCTaHOBEHMS TOK U HaMMpaHe
Ha “M3uMcTeH’ npexogeH npouec. Ton e peanuaupaH
nporpamHo B cpegata Ha MATLAB.  Onpegenexu ca
OCHOBHW XapaKTEPUCTUKM Ha  “U34UCTEeHUTE” NPEexoaHu
npouecu. lNpunaraHeTo Ha TO3W MOAXOL NO3BOMsBA MO-
TOYHOTO onpedendHe Ha MakCuUMmanHua ydapeH TOK U ce
fBABa MpeanocTaBka 3a No-eDeKTMBEH aHanu3 Ha
ycnoBusTa Ha paboTa Ha KOMyTalMOHHaTa anaparypa W
KOHZEH3aTopuTe.

4.YCTaHOBEHO €, Ye 3a KOHKpEeTHaTa KOHAeH3aTopHa ypeaba
He e HeobXoaMMO [a ce BbBEXAaT LOMbIHWUTENHU WHOYK-
TMBHOCTW, Tbi KaTO  y#apHWUAT TOK HE € omaceH 3a
KOMYTaLMOHHUTE anapaTu U KOHAEH3aTopuTe.

5.KomyTupaHeTo Ha KOHAEH3aTOpHM BaTepun C enerasosu
koHTakTopK “Rollarc” n3knioyBa Bb3MOXHOCTTA 3a MosiBa Ha
OMaCHY NPEHANPEXEHNS.

Nuteparypa

Crounos, W., K. [xyctpoB, M. MeHtewes. 2004. EpgHo
HeTpaZWLMOHHO PeLLEeHne 3a ynpaBrneHne Ha peakTuBHaTa
eHeprvst B pyaHuk “Enauute”. FoduwHuk Ha |MIY “Ce.
Wean Puncku”, 7.47, cs. lll, 77-80.

Cromnos, ., K. Dxyctpos. 2005. M3cnegsaHe Ha Bucwiute
XapMOHULM B ENEKTPUYECKUTE MPEXM HA  MUHHM
npeanpusatus. Enepauer hopym 2005, Tom 2, 213-226.

Adly, A.,C. Fallon, J. Rubino, R. Catoe. 1993. Harmonics and
Transient Overvoltages Due to Capacitor Switching. IEEE
Transactions on Industry Applications, vol. 29, No 6,1184-
1188.

Bansode, V. 2003. Testing Measurements and Analysis of
Transient Characteristics in Power System. IEEE Bologna
PowerTech Conference.

Koch D., 2000. Control Equipment for MV Capacitor Banks.
Cahier Technique Meriin Gerin , No 142, 1-19.

Catalogue Schneider Electric — Merlin Gerin, 1998, Rollarc
R400-R400D contactor .

Kojovc, L., N. Falcao, 2001. Application of Three-Phase
Vacuum Reclosers for Capacitor Bank Switching. IPST01
Rio de Janeiro, Brazil, Paper 121,1-7.



Liu, K-C., N. Chen. 1998. Voltage-peak synchronous closing
for shunt capacitors. IEEE Proc. Gener. Transm. Distib.
vol. 145, No 3,233-238.

Witte, J. , P. DeCesaro , R. Mendis. 1994. Damaging Long-
Term Overvoltages on Industrial Capacitor Banks due to
Transformer  Energization Inrush  Currents.  IEEE

MpenopwyaHa 3a nybnukysaHe om
Kamedpa “Enexmpucbukayusi Ha MuHHomo npousgodcmego’, MEM®

154

Transactions on Industry Applications, vol. 30, No 4,1107-
1115.

Wu, Jinn-Chang, Hurng-Liahng Jou, Kuen-Der Wu, Nan-Tsun
Chen. 2005. Hybrid Switch to Suppress the Inrush Current
of AC Power Capacitor. IEEE Transactions on Power
Delivery. Vol 20, No 1, 506-511.



TOANLIHWK Ha MuHHO-reonoxkus yHuepcuTteT “Ca. VBaH Puncku’, Tom 49, Ca.III, MexaHu3aums, enektpudmkaums 1 asTomatmaums Ha MuHute, 2006
ANNUAL of the University of Mining and Geology “St. Ivan Rilski”, Vol. 49, Part Ill, Mechanization,electrification and automation in mines, 2006

EKCMEPUMEHTANHO U3CNEABAHE HA ENEKTPO3AABMXXBAHUA HA KOHYCHHU

TPOLUAYKHK

CmedpaH YobaHos

CMC-C EOOL, MuHHo-2eonoxku yHusepcumem “Ce.MeaH Puncku”, 1700 Cogpus

PE3IOME: B ctaTtusita ca BKITOYEHWN OCHOBHUTE pe3yntatn OT eKCnepuMeHTanHuTe M3cneaBaHua U aHanusn Ha nyckosu u paﬁOTHM PeXuMn Ha enekTpo3afBuXBaHNA Ha

KOHYCHM TpOLUa4KK 3a CPEAHO U CUTHO TPOLLEHE. EJ'IeKTpVNeCKVITe ABuratenn ca aCMHXPOHHU C HaKbCOCHEAMHEH POTOP U HanpexeHue BkV.

EXPERIMENTAL STUDY ON ELECTRICAL DRIVES OF CONE CRUSHERS

Stephan Chobanov
CMC-C Ltd., UMG “St.Iv.Rilski” Sofia, Bulgaria

ABSTRACT. General results from experimental studies and analysis on starting and operating modes of electrical drives of cone secondary and tertiary crushers
have been included in the article. Electric motors are asynchronous with a squirrel cage rotor and voltage of 6kV.

00eKTH Ha nscneaBaHe

EkcnepuMeHTanHo ca W3cnedBaHW 1 Ca aHanuaupaxu nyc-
KOBM M pabOTHM pPexXUMM Ha KOHyCHM Tpowadkn B Oboratu-
TenHute abpuku Ha Yenoney Maithudr ALl n Enauute Meg
All, B LiIEXOBETE Ca CPEOHO M CUTHO TPOLLIEHE.

3agBwKBaT Ce OT AaCMHXPOHHW [BUraTeny ¢ KbCOCbEAWHEH
potop, ¢ mowHocT 250kW 1 355 kW v HanpexeHue 6kV.

Len

Llenta Ha wu3cneaBaHeTo e fAa Cce MOMyyaT TOYHU
KOMMYECTBEHW OLEHKW 33 HAaTOBAPBAHETO Ha TPOLLAYKUTE MpK
BCUYKM pexumu Ha pabota, 3a m3bopa Ha MOLHOCTTA Ha
ABUraTenuTe, fa Ce Nomyvat peanHu AaHHW, KOWTO Aa ce
noroxart B OCHOBaTa Ha 13060pa 1 HaCTPOIKMTE Ha 3aLUUTUTE;
OTYMTaHE Ha NPEXOAHUTE MPOLECK NPW BKIKOYBAHE W TXHATA
NPOLBLITKUTENHOCT,  AMana3oHWTe B HATOBapBaHETO W
OTYMTAHETO WM MNpU TOKOBWTE 3alUMTW; acuUMeTpusTa B
pexumMuTe Ha paboTta reHepupalla CUMETPUYHITE CLCTaBKN C
Hyneea, npaea UM obpaTHa nOCReLOBATENHOCT B
HanpPeXeHMeTo 1 Toka.

MeTtoauka

WacnensaHeTo ce Gasvpa Ha M3MepBaHMA 3a excrepu-
MEHTaNHO MonyyaBaHe Ha AAHHW 33: MOMEHTHUTE U edek-
TUBHI CTOMHOCTM HA TOKOBETE 1 Ha NMHENHUTE HaMpeXeHns B
TpUTe (ha3u; akTUBHATA W PeaKTUBHATA MOLLHOCTM W EHepriu;
cos . 3anucuTe ca BbB (PyHKUMS OT BPEMETO, KOETO MO3-

BONABa Ada Ce onpenenn NpoAbJDKUTENHOCTTa Ha MyCcKoBUTE

npouec M fJa ce TomfyyaT CPenHUTe CTOMHOCTM Ha
BENMYMHUTE 33 MPOM3BOSHO BL3NPUETN UHTEPBANM OT Bpeme
B Mepuoau,  XapakTepusupal  YCTaHOBEHM W
KBa3MyCTAHOBEHW PEXUMM MpK paboTa Ha NpaseH XoaW 1 nog
TOBap.

M3amepBaHusTa ca npoBegeH! ¢ MUKPONPOLECOPEH anapart
,MynTuBep’, ckaHupaLLy, MOMEHTHM CToMHOCTM Npe3 0,5ms.

AHanus Ha pexumuTe Ha paboTta

Myckoeu npoyecu

MyckoBUTE MPOLECM HA KOHYCHWUTE TPOLUAYKM Ce Xapak-
Tepuaupart ¢ ocuunorpamute Ha ¢ur.1, 2 u 3. Te nokassart
WAEHTMYHOCTTA UM 3@ PA3NINYHITE MO MOLLHOCT ENEKTPUYECKM
JBUraTeNN KaTo XapakTep Ha M3MEHeHWe Ha MyCKOBMS TOK.
Pasnunuusita ca B ronemMuHaTa Ha Toka M NpoLbIKMTENHOCTTa
Ha MyCKOBMS MpOLIEC.

MyckoB npouec Ha TpoLwaska N7 B LeX CPEAHO U CHTHO TpoLueHe Ha "Enaumte-Men"Al.Tun
"Kpyn".ALLUH=6KV;PH=355kW
LA
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Mycko. Tok Ha Tpowauka KMAT 250kW

MycKkos npouec a Tpowaska N11 6 Lex GpeaHo 1 CHTHO TpoueHe & "EnauuTe-Mea"AfL KoHycHa, AMpeKTHO
Kynnvpana. AlLUK=6KV:PH=250KW
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POTOP B MWHHaTa npomuwineHocT [1], NoTBbpXgaBa aHano-
MMYHUS XapakTep B M3MEHEHWSTa Ha Toka B mnpoueca Ha
nyckaHe. OBoblienute AaHHM B Tabnuua 1, mokaseat ue
OTYETEHUTE CTOMHOCTM 3@ KPATHOCTUTE Ha MYCKOBWUTE TOKOBE
Ha noBuratenute ca oT 58% po 76% no-ronemn cnpsiMo
obsisenuTe. Tora obcTosTencTBo TpsibBa Aa ce uma npeasua
Npu ONpepensiHe OTCTPOMKUTE Ha CBPbX TOKOBMTE 3aLLuTL,
0coBeHo Ha Teau C TokoBa OTcevka. pogbrkuTenHocTTa Ha
NYCKOBMS MPOLIEC BMSie CLUECTBEHO KAKTO BbPXY HAcTPOM-
KATE Ha 3aBUCUMMTE OT BPEMETO TOKOBM 3alTM OT
npeHaToBapBaHe, KaKBUTO Ca BbBEAEHM M NpW TPpOLLAYKUTE,
Taka M npu onpedensHe Ha gonyctumus Opoil mocne-
[0BaTeNHU NyckaHus Ha ABuUraTenuTe.

3000 3500

tms

1000 1500 2000 2500

our.3

B MomeHTa Ha BKkntouBaHe 1 npes nbpeuUTe 25 nepuoga (4o
250 ms) ce HabnopaBa MBMEHEHWS HA NYCKOBWS TOK KaKTO Ha
MOMEHTHUTE, Taka M Ha edqeKTMBHWUTE CTOMHOCTW (cpur.4):
BbPXOBWTE MOMEHTW CTOMHOCTM ca C kpaTHocTu oT 9,86 (3a
ppuratenute ¢ mowHoct 355kW) go 5,8 (3a geuratenure ¢
mowHocT 250kW) Tesu CTOMHOCTM, KOMTO Ca C Marka
NPOLBLITKUTENHOCT, Ca MO-TONEMM CIPSIMO  KaTanoxHUTE
napameTpu. 3a [fBata Tuna [JBWraTeNn KpaTHOCTUTE Ha
MYCKOBUTE TOKOBE CMPSIMO HOMWHANHUTE Ca CbOTBETHO 5,6
5,5. lNo HaTaTbK, B X04a Ha NyCKOBMS NPOLEC, TOKLT FIMHENHO
MW C Manka CKOPOCT HamansBa, AOCTWraiikm KpaTHOCTM
cboTBeTHO 5,3 (3a gsuratenn 355kW) n 4,5 (3a gsuratenu
250kW)

MyckoB npoLiec Ha Tpowwaska N7 B Liex CPEIHO M CUTHO TpoweHe Ha "Enauute-Mea"Al. Tun
"Kpyn".All.UH=6KV;PH=355kW
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200 \
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1000 1500 2000 2500 3000 3500 t,ms

dur.4

ToBa e nepuoaa, KONTO ce NPOMEHS MO NPOABLITPKUTENHOCT B
3aBMCMMOCT OT CbMPOTUBUTENHNS MOMEHT.

B kpas Ha nyckoBus npouec, B nocnegHute 300-500 ms,
MOMEHTHWUTE  (ebeKTMBHM)  CTOWHOCTM  Obp30,  Makap
HepaBHOMEPHO HaMmarnsBaT, BOCTUraiikm paboTHus ToK (cpur.1,
2 un 3). WacnegeaHusta Ha aBTopa W BbpXy Apyru
3a[BWKBaHUS C ACWHXPOHHW [ABWraTenu C KbCOCLEAWHEH
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Tabnuya 1
AMNIUTYOHM
CTOHOCTU Ha KpatHocT Ha Toka
M ObsBe nyckoBus Tok, A
oLHocT " Mo
Ha
| peuraten (HOMUH 065 | ocuunorpam ObsBe Mo
@ ute, kW aner) Bera vre Ha ocyurnorp %
ToK, A cToii MakcuManH CTOHO
amute
HoCT a cT
IcpenHa
il 250 348 273 278/254 55 5,8/5,5 105/
100
355 45,0 358 620/467 5,6 9,86/7,3 176/
130

OnpegensiHeTo Ha gonyctummus Gpoi  nmocrnefoBaTenHun
BKIIOYBaHUS W Bpos Ha BKMIOYBaHUATA 3a Yac € 0cobeHo
aKTyanHo 3a ABWraTenuTe ¢ rofiemMmu MOWHOCTW OT nopsabka
102 — 103 kW, kouTO HOpMarHo WMmat no-NpPOAbIKUTENEH
nyckoB nepuog. B metopmkute [1, 2, 3] ce Bb3npuema, Ye
MyckoBMsi  TOK, PECMEKTMBHO MyckoBaTa MOLHOCT €
KOHCTaHTHa, KaTo Ce u3uncnssar no obsiBeHa CTOMHOCT |7,

I
Toea MoOxe pda Ce npeuusvpa, Bb3NON3BaMkm ce OT
NonyyeHnTe pes3ynrati, onpeaensiiki cpegHata CTOMHOCT Ha
TOKa B MyCKOBYWS! NPOLIEC.

AHanuanpanku oCLMIorpamMuTe Bb3HWKBA MLesTa, M3MeHe-
HUsTa B ehEKTUBHUTE CTOMHOCTM Ha TOKa Mpu MyckaHe Aa ce
anpoKCUMMPAT C NpaBm IUHWK (ur.5)

Tlyckos Tok na Tpomauka KM/IT 250kW - T eff
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rpad)quo, BbMpeKkn, 4e € Bb3MOXHO W aHannTn4Ho ,El,e(bVIHVI-
paHe Ha ABeTe npask No MatemaTn4eckn Kputepun 3a paBHo-
OTAarne4yeHoCT.

CpefHaTa CTOAHOCT Ha MyCKOBMS TOK, MpW rpadpmyHa
anpokcumaLms (dur.5) ce onpeaens no 3aBUCMMOCTTa:
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1 2
W3uncnenmsata HanpaBeHu no  (3) 3@  3acHeTuTe

ocuunorpamu (cpur.1 v ¢umr.2) nokasear, Ye onpeaeneHuTe
CPeaHM CTOMHOCTW Ha MyckoBeTe ca CbOTBETHO: 3a 355 kW

cp cp
aswraten L =275A; 3a 250kW psuraten L, =223A. Tean
cTonHocTM ca cbotBeTHO 9,12% u 16,14% no-ronemu ot
006s1BeHMTE (HOMUHATMHM) NYCKOBM TOKOBE.

PabomHu pexumu

[lBa ca xapakTepHuTe paboTHM pexuMK Ha Tpowadkute. Te
ca WMKCTPUpaHM C TOBAapoOBWTE AMarpamu 3a akTUBHaTa W
peakTMBHaTa MOLLHOCT, onpegeneHn 3a 1 min, nomnyyeHun 3a
koHycHaTa Tpowauyka KM 9 B Enauute mep (¢wr.6), c
HOMWHamHa MoLLHoCT 355kW.
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dur.6

Pexum Ha npaseH xofd. KbMm Tpolwaukata He ce nogasa
matepuan (pyga). KoHcymmpaHaTa aKkTMBHa MOLLHOCT €
npubnuautenHo 104,5 kW, koeto npegcrasnsea 29,4% oT
obsiBeHaTa (HOMMHAMHA) MOLLHOCT. PeakTuBHaTa MOLWIHOCT €
cpeaHo 208,0kVAr n numutupa cosy =0.446, npubnusutenHo

0,45.

3a peuratenute ¢ mowgHocT 250 kW, akTuBHaTa MOLHOCT
Ha npaseH xon e 91,25 kW (36,5% cnpsamo obsseHata), a
peakTueHata — 97,2%. Te onpenensT pakTop Ha MOLHOCTTA
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npu npaseH xof cosp=0.35. Pasnukute B CcpegHuTe
CTOMHOCTY Ha COS( B PEXWM Ha NpaseH X0A ce onpeaensT ot
KOHCTPYKTUBHWUTE NapaMeTpu Ha ABaTa ABuraTens.

PaboTteH pexum ¢ ToBap (cur.6, cneq 10min). Habniogasa
Ce PA3KO HapacTBaHe Ha KOHCyMUpaHaTa akTUBHA MOLLHOCT —
noyt 480% cnpsAMO MOLYHOCTM MpW Mpa3eH Xod: Makcu-
ManHoTo HatoBapBaHe e 482,3 kW, T.e. npeToBapBaHe (3a
1min) ¢ 35,8%; cpegHata akTMBHA MOLWHOCT (MO OcCLMIo-
rpamata e 334,78 kW, koeto npeacrasnssa 94,3 oT HOMM-
HanHata MolHocT Ha pasuratens (355 kW). Pasmaxbt B
KOHCYMMpaHaTa MOLLHOCT €:

P, — P, =482.3-316.7=165.5kW

Taka ce nOTBbpXAaBa NPOMEHNWBUS XapakTep Ha Haro-
BapBaHETO, KOETO € (PYHKLMSA OT paBHOMEPHOTO NoJaBaHe Ha
MaTepuana B Tpolladkara, OT CUTOBUS CbCTaB Ha pyAata cneq
CTagusl CpPeaHO TPOLLEHE, KaKTO M OT (IU3MKOMEXAHUYHWTE U
CBOWCTBA.

CpenHaTa MOLLUHOCT, KOATO C€ KOHCymMupa B KBa3u-

CTaumoHapeH paboTeH pexum e P"P =331kW. Pesyntature
OT W3MepBaHMsITa W aHanmM3a Ha NONyvyeHuTe pesynTaty
NOKa3Bart, Ye eNnekTpo3aaBmMxXBaHUATa Ha KOHYCHUTE TPOLUAYKK
3a CUTHO TPOLLEHe ca nogbpaHu npasunHo. B paboteH pexum
cpeaHoTo HaTosapsaHe 3a 30min e 93%, npu cospcp=0.8 3a
pgpuratenm ¢ mowHoct 355kW. OT cbwwma nopsagbk €
HaToBapBaHETO Ha KOHyCHaTa Tpolwlayka 3adBuXBaHa C
250kW pBuraten. OtuuTaiikn, Ye enekTpuyeckuTe ABuUratenm
noHacsaT 6e3npobieMHO NPOLLIKMTENHO NPEHATOBapBaHe A0
5%, mowHocTuTe ca pesepsupaHn ¢ obwo 12,15%, koeto
rapaHTpa W TaxHata HopmanHa pabota npu Bb3npueTute
napameTpu Ha TEXHOMOTMYHUS PEXUM.

AcumempuyHU peXXumMu 8 HamosapeaHemo Ha
enlekmpo3adeuxeaHusma

W3amepBaHuaTa nposegenn B OM  Enauute Meg”
KOHCTaTMpaxa acMMeTpWsi B HaTOBApBaAHETO Ha (hasuTe BbB
BCMYKM W3CMEABaHN €neKTpO3adBMKBAHUS Ha  KOHYCHUTE
Tpowaukn. OtyeTeHa Oe acumeTpuss Ha TpuTe TOKa
(ocpegHenn 3a 1min) (dur.7), cpaBHSABaKM MOAYNNUTE UM ,
6e3 pa ce otuuTaT TEXHUTE (hasn, KOWTO HE ca M3MEPEHM
[O0CTaTbYHO TOYHO.
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Mpu npa3eH xod, cpegHaTa CTOMHOCT Ha TOKa 3a ABura-

I,

Tenute ¢ MowHocT 355kW e =21.73A, KaTO OTKIOHEHMATa
B TpuTe hasn ca cbotBeTHO +0,62A (2,85%); +0,32A (1,47%);



-1,65A (-7,5%). MakcumanHuat pasvmax e 2,27A, koeto e
10,45% cnpsmo cpeaHus Tok, unmn 5,04% cnpsiMo HOMUHaMHUS
TOK Ha JBuraTenure.

Mpu HaToBapBaHe cpefHaTa CTOMHOCT Ha MOAynuTe Ha
Tpute Toka |la|, |I8|, |Ic| e 54,03A, a OTKNOHeHWATa B TpUTe
thasHu Toka ca cboTBeTHO +1,16A (2,15%); +0,1A (+0,002%); -
1,27TA (-7,5%). PasmaxbT Ha TokoBeTe e 2,43A, koeTo
npeactaensea 4,5% cnpsMo cpegHus usmepeH Tok U 5,4%
CNpPSIMO HOMUHATHMS TOK.

3anucuTe Ha NIMHEHUTE HanpexeHus B TpudasHaTa Mpexa
(chur.8), nokasaxa, Ye B TAX CbLUO Ce HabmniofaBa acUMETpUS.
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our.8

Mpu paboTa Ha npa3eH xof Ha knemute Ha ABuratens (no
TOYHO Ha wm3Bopga Ha KPY 3a pBuratens) ca u3mepeHw
HanpexeHus  |U1-2|=6,211kV,  |U1-3|=6,286kV,  |U2-
3|=6,212kV. Mpu cpegHa CTOMHOCT Ha MOZYNMTE Ha TpuTe
HanpexeHus

3
Ui
L =6.236kV

lu

p

OTKMOHEHWsiTa B TpUTe (Pa3HW HanpexeHusi ca CbOTBETHO -
25V (-0,40%); +50V (+0,8%); -24V (-0,38%), pasmaxwT e
1,20% (B abcontoTHn cTonHOCTM 75V).

MopobHa acumeTpus B HampexeHusta Ge KoHCTaTMpaHa
ctpaHa 110KV, T.e. T e reHepupaHa B enekTpopasnpege-
nuTenHata cuctema.

Tpsibea ga ce nogyepTae, ye npu pabota nog Tosap (¢wr.8)
acuMeTpusTa He Ce MPOMEHS CbLLECTBEHO. MaumcneHuTe
OTKITOHEHWS 3a TpuTe (hasm ca cboTeeTHO: -0,43%; +0,79% u -
0,3% npu pasmax 76V (1,21%).

[NpenopvyaHa 3a nybriukysaHe om
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AHanuabT Ha acUMETpUsTa Ha TOKOBETE M acUMETPUATA B
HanpexXeHusTa, NoKa3BaT Ye Npy TOKOBETE TS € 3HAYUTENHO
rno-ronsMa, Mpu ToBa 3aBUCEL OT HaTOBAapBAHETO Ha
pBuratens. CrnenoBaTenHo, acMMeTpUsTa B HAaTOBapBaHETO €
PE3YNTaT KaKTO Ha acUMeTpuUsiTa B HanpeXeHWeTo, Taka U Ha
acumeTpusiTa B MMMeaaHcuTe Ha Tpute dasu Ha ABUraTens.
CbLLECTBEHOTO €, Ye TS reHepupa TOKoBe C npasa, obpaTHa U
Hyresa noCneoBaTeNHOCT, KouTo TpsbBa ga ce wmar
npefsua MpW HACTpOKMTE Ha 3alTy, pearvpawy Ha
acumeTpust.

N3Bogu

EnekTposaaBuxBaHusaTa Ha KOHycHuTe Tpowadku B CCT Ha
Enauute Mep 1 Yenoney MaitHuHT ca npaBunHo noadpaxu no
MOLLHOCT.

lMyckoBuTe Npouecu 3aTuxeat Ao 3-3,5S, kaTo B MOMeHTa
Ha BKMIOYBAHE CU MONy4aBaT 3HAYMTENHW MOMEHTHW TOKOBE,
no KouTo TpsibBa A Ce OTCTPOST 3aLUUTITE C TOKOBI OTCEYKM.

CpegHaTa CTOMHOCT Ha TOKa MpW  BKKOYBAHE Ha
JBUraTens, B Nepuofa Ha pasBbpTaHe HaLXBbpns 0b6siBeHMs
nyckoB Tok Ao 20%, koeTo Tpsba ga ce oTuMTa npu
onpegensHe Ha  gonycTumus  Bpoil  nocneaoBaTesnHu
BKIIOYBAHUS HA [BUraTenuTe 3afBWKBALLM TPOLIAYKM, KAKTO
Ha 3aLMTuTE OT BrIoKMpaH poTop.

WamepBaHnusiTa B O ,Enaumure Meg” gokasaxa Lenecbob-
Pa3HOCTTa OT BbBEXaHe Ha 3aluTh OT TOKOBE W HanpexXeHue
¢ obpaTHa nocrnegoBaTeNHOCT M OTCTPOMBAHE Ha 3EMHUTE
3alyMTi OT TOKa C HyneBa MOCeLOBATENHOCT, FreHepUpaH ot
acuMeTpusiTa B TOKOBETE.

Pesyntatute OT w3cnegBaHusTa Aokasaxa Heobxoau-
MOCTT@ M MOJIE3HOCTTA Ha EKCMEPUMEHTANHOTO W3CMesBaHe
Ha eneKkTpO3adBWKBaHWATa ,kaTo HEOOXOAMMO yCroBue 3a
n3bopa M HacTpoMKaTa Ha CbBPEMEHHUTE MUKPOMPOLIECOPHM
3aLmTL.
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OCBETJIEHME HA MbTULLA CbC CBETOAKUOAU

Kpacumup BenuHoe

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cogpus

PE3IOME. B nokrafa e onvcaHa HOBa KOHLENUMs 3@ MPOEKTUPaHe W U3rpaxaaHe Ha yNu4YHW OCBEeTUTENHM ypenbu. flecmHupaHa v € pelleHa OnTUMU3aLMoHHa
3afiaya C KpuUTepuit MocTUraHe Ha OMpefeneHo HUBO Ha BMAMMOCT. KaTo pesynTtaT e Bb3MOXHO M3Non3BaHe Ha CBETOAMOAHM OCBETUTENM C Maska MOLLHOCT M

MOHTUPaHW Ha Marnka BUCOMUHa .

STREETLIGHTING WITH LED
Krasimir Velinov\

University of Mining and Geology “St. Ivan Rilski”, Sofia 1700, Bulgaria

ABSTRACT: The paper describes a new conception for street lighting, which uses the visibility level as a criterion

BbBepeHue

MpreTo € HOPMMPAHETO Ha YMUYHOTO OCBETNEHME Aa Ce
u3BbpwBa no apkoct [1,2,3]. 3a ynuun OT CpeaeH knac
HOpMeHaTa CTOMHOCT Ha sipkocTTa e ot 0.5 — 1.5 cd/m2. [lopu
W NpyM ONTUMarHO CBETNOPa3npefeneHne Ha OCBETUTENs,
HeobxoauMms CBETNIMHEH MOTOK 3a NocTuraHe Ha sipkocT 1.0
cd/im2 e no-ronam ot 2000 nymeHa (3a WupoYnHa Ha ynuuaTa
7 M 1 mexaycrbnoue 30m) [4,5]. Peanuaupare Ha spkocT 1.0
cd/m2 B noBeyeTo cnyyan cb3paBa [obpu ycnosus 3a
BUXOaHe, HO ako TpsibBa [a OCBETVM MEXIYCENULIEH MbT UK
maructpana, 7o ToBa We Obae AOCTa CKbNO YAOBOMCTBME.
Mopagu XapaKTepHaTa ornepanHa oTpaxarenHa
XapaKTepUCTWKA Ha MbTHAaTa HACTWMKA € Bb3MOXHO NOCTUraHE
Ha NO-BUACOKA SIPKOCT 4Ype3 MaKCMMarHO M3non3BaHe Ha
W3bYBaHETO Ha ocseTuTena B obmactta or 80 — 900 .
3non3eaHeTo Ha Ta3W 30Ha € OrpaHMYeHo OT CTaHaapTa, ¢
ornes HamansBaHe Ha 3acnensiBaHeto. [losBata Ha ronsmo
3acrensiBaHe € XapakTepHO 3a Cryyasi, KoraTo OCBETUTENS e
MOHTMPaH Haj HMBOTO Ha OuMTe Ha Habntogatens. Hsma
NPUHUMNHA Mpeyka OCBETWUTENS fa Ce MOHTMpa Ha Marka
BMCOUMHA — NPUMEPHO NO-Marika oT 1M 1 B CbLIOTO BpeMe fa
Ce ekpaHupa U3Tb4YBaHETO B ropHaTa nonycdepa.

®opmynupoBKa Ha 3agavarta

Llen Ha HacTosiwara pabotTa e fga ce nonyus Takosa
CBETNOPA3npeLerieHne Ha OCBETUTENS!, Ye CBETMMHHIA MOTOK
Ha M3TOYHMKA Ha CBETNMHA Ja 6bae MuHuManeH. Mpu Tosa
KaTO OCHOBHO OrpaHWYMTENHO YcroBue fa ce chbnioaasa
BUOMMOCTTA Ha TecToBMs 00ekT ga Obae no-ronsma oT
npeLBapuTENHO ONPEAENEHO HUBO. 3a YCMOBMSTA Ha MbTHOTO
OBXeHWe ce npuema, 4e Hueo 10 MbTM no-ronsMo OT
rpaHWMYHOTO € npuemnuBo. Kato TecToB obekT ce u3noraea
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CTaHOapTeH 3puTeneH 0BeKkT Bb3npueT OT MexayHapoaHaTa
KOMMCUS MO OCBETMEHNE — Kyb CbC cTpaHa 0.2M 1 KoeduuueHT
Ha oTpaxeHue = 0.2.

MaTemaTnyeckm onTUMMU3aLMOHHaTa 3adava ce aeduHupa
Taka:

(1) ®=min
(2 li;>0
(3) Vij >Vo

(4) Lvoal <Ti.Lav
(5) Gl=Lij/Lav> Go

HeunssecTHUTe B ropHuTe (DOPMYNM Ca MHTEH3UTETUTE Ha
cBeTnuHaTta lij 3a pasnuyHM cToiHOCTM Ha brimte y m C —
PaBHUHUTE.

Mauncnennata ca nposedeHu npu crnegHute UKCUMpaHm
napameTpu;
- pa3nonoXeHue Ha CTbNboBETE — €AHOCTPAHHO - NSBO

- BUCOYMHA Ha cTbnba — 0.8 m.

- MexaycTbnbue — npomeHneo 10-25m
- Bpoit Ha ocBeTUTENM Ha CTBID — 1
- TUN Ha poraTkaTa — e[JHOCTpaHHa

- HaKIOH Ha poratkata — 0°
- OTpaxaTeNnHa XapakTepucTika Ha mbTHaTa HacTunka — Rl

- 3a1a0eHo HMBO Ha BuammocT - Vo = 10;
- 3aaaaHa oblwa HepaBHomepHocT — Go = 0.4
- bpoi neHTu 3a gBuxeHne — 1, 2, 3

- 6poit Ha n3uncnuTenHuTe Toukm — 1200
- BB HA HAKIOHa Ha nornega - 1°
Ha cur. 1. e nokasaHa reomeTpusiTa Ha 3puTenHaTa 3agava.



OnTUMM3aLMOHHaTa 3agada e hopMynupaHa Kkato fMHerHa.
3a pelwaBaHeTO Ha MMHENHW ONTUMM3ALMOHHWM 3ajaqu
MHOXECTBO anroputM ca [okasanu eqeKkTUBHOCTTa CU.
TakuBa ca MbPBUYHWA CUMMIIEKC METOA, LBOVHUS CUMMNEKC
METOA 1 METOAM OT BBTPELLHU TOYKW. B HacToAwmAT Aoknag
3a pellaBaHe Ha 3afjayata ce WU3non3ea cTaH4apTeH ONTUMU-
3aumoHeH naket MATLAB 6.5. 3a uauucnsBaHe Ha koedu-
LMeHTUTe Npef HEeM3BECTHUTE e Cb3fadeHa cnelmanuavpaHa
nporpava Ha 6asata Ha npouegypu OT nporpama 3a
NpOeKTMPaHe Ha YNM4YHU OCBETUTENHM ypeabu EPS 1.4.2 [6]

dwmr. 1.

OnpenenﬂHe Ha CBEeTnopasnpeaeneHneTo no BMaANMOoCT ce
M3BbpLLUBaA B CnegHara nocnegoBaTesniHoCT:

1. 3agaBa ce yCnoBHO cBeTnopasnpeaeneHue la = const =
10000cd

2. Viauncnssar ce:
- Pasnpegenenue Ha spkocTTa LgoH 3a la = 10000 cd

- Pasnpe,qeneHme Ha BepTKKanHaTa OCBETEHOCT

- Pasnpegenenue Ha sipkocTTa LobekT 3a la = 10000 cd -
TectoB 0bekt 0.2x0.2m, Ro=0.2

- Pa3npegeneHue Ha spkocTHaTa pasnuka LobekT - LdhoH 3a
la =10000 cd

- Onpepgens ce nparoata sPKOCTHA Pa3NuKa - YCOBHO
(LopoH = 1cd/m2)

- Pasnpegenenue Ha BugumoctTa (LobexT -
Ldpon)/Delta_Lnparosa 3a la = 10000 cd

3. MauncnsiBa ce cBETNOpa3npeaeneHneTo Ha oceeTutend la
= (3a BCsAKa M34McIUTenHa Touka) cd Npy HUBO Ha BUAMMOCT =
10

4. W\3uncnsea ce CBETNMHHMSA NOTOK

5. MpoBepsiBa Ce KakBa e peanuavpaHaTa apkocT Ha MbTHOTO
nnaTHo

6. MpoBepsBa Ce KakBa e peanuavpaHaTa SpKocT Ha TECTOBUS
obexkT

Pesyntatu

3a BM3yanu3auust Ha NONy4YeHUTe pelleHus Bsixa CbCTaBeHu
cneuuanuavpadn npoueaypu. MpumepeH BWA Ha pesynTa-

TUTETE OT peELleHnATa Ha ONnTUMMU3aUWOHHATa 3afada npu
KOHKPETHBM BXOOHW NapaMeTpu € nokKasaH Ha (bl/ll'. 2un 3.
CBeTpopaanpe,qeneHmeTo Ha ocBeTuTend € MoKa3aHo
CbOTBETHO B AEKapTOBa W NonidpHa KOOpAnHaTHa cucTema.

Ha cur. 4. ca BusyanusmpaHn pesyntatute OT uauucre-
HMATa W NONyYeHns HeoOXO4UM CBETNMHEH MOTOK Mpu Npo-
MsiHa Ha MexaycTbnoueto ot 10 fo 25m u 6pos Ha neHTUTe
3a asuxeHue ot 1 go 3. OT rpacdhmkaTa ce BUXaa, Ye OCHOBHO
BMMsiHWE BbPXY OMEMWHATA Ha CBETIMHHWA NOTOK OKa3Ba
MeXQyCTbnouUeTo, KOETO € 0TPa3eHo Ho dur. 5.

ToBa KOETO NpaBK CUITHO BNeYaTNEHME €, Ye e [OoCTaTbyeH
ceeTnuHeH notok oT 40 go 60 nymeHa 3a ga ce NOCTUrHe
3a/1af1eHOTO HIBO Ha BUAMMOCT.
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CBeTnuHeH notok 3a V=10
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MpakTuyecka peanusauums

PeanuaupaHeTo Ha OCBETUTEN C MOCOYEHOTO Ha ur. 2 u
3.ceTnopasnpeseneHne e Bb3MOXHO U C TpaguLMOHHUTE
cpegctsa. Mo NpuHUMN TakaBa peanu3auust UMa BbB BCEKM
aBTOMOOMNeH dhap. BbamoxHOCTTa ga ce mocturHat Aobpu
YCNOBUS HA BUAMMOCT ChC CBETNMHEH NOTOK 0KOMo 50 nymeHa
no3BonsiBa OlLe Ha CerawHWs eTan da Ce KOHCTpywpart
OCBETUTENM W3rpafeHn oT CBETOAWOAHA WKW  nasepHa
nonynpoBoAHMKOBaA Marpuua. Ha cerawxus etan Ha passuTne
Ha NoONynpOBOAHWKOBWTE CBETOAMOAW He e npobnem ga ce
npousBedat Takuea ¢ wmowpoct 1 — 5W, a ceetnootga-
BAEMOCTTa Ha OBWUKHOBEHHUTE MOLLHWU OWOAM € B rpaHuuuTe

[penopbyaHa 3a nybrukysaHe om
Kamedpa “Enexmpucpukayus Ha MuHHomo npousgodcmeo”, MEM®
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okono 10-15Im/W. OcBeTuTen uarpageH OT TakvBa ENeMEHTH
Le uma MolyHocT oT 3 fo SW un xusoT Hag 100000 yaca.
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Vassilev H., Velinov K., Optimization of the Light Distribution of
Street Luminaires, 5. Ulusal Aydinlatma Kongresi ve
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TEXHONOIMA 3A U3PABOTBAHE HA IABHA U30NALUA NPU PEMOHT HA
ACUHXPOHHU ABUIATEJIN 6 KV B YCNIOBUATA HA “PEMOTEKC - PAOQHEBO” EA[]

KoHcmaumun Tpu4koe, KoHcmaHmuH Kocmoe

MurHo-eeonoxku yHugepcumem “Ce. Uear Puncku’, Cogpus 1700, E-mail: cctq@mgu.bg

PE3IOME: CbBmecTHO C KonekTu Ha EHepro-pemoHTeH Lex (EPLI) e paspaboTeHa KOHCTpYKuWst W TexHomnorust 3a u3paboTBaHe Ha rmaBHaTa u3onauus npu
PEMOHTa Ha acUHXPOHHM asurateny 6 kV B ycnosusita Ha “PEMOTEKC — PAOHEBO” EALl. M3nongeaH e usonauuoxeH matepuan CONDUCTOFOL-2159 Ha cvpma
ISOVOLTA — ABCTpyst, npeaHa3HayeH npu Npon3BOACTBO U PEMOHT Ha ABUraTENM C BIUCOKO HanpaxeHue.

TECHNOLOGY FOR MAKING MAIN INSULATION USED TO REPAIR 6 KV INDUCTION MOTOR PERFORMED BY “REMOTEX

- RADNEVO” AD
Konstantin Trichkov, Konstantin Kostov

University of Mining and Geology “St. Ivan Rilski”, Sofia 1700, Bulgaria

ABSTRACT: Design and technology for making main insulation performed by “Remotex — Radnevo” AD are worked out together with a team from the power repair
workshop. It is used to repair 6 kV induction motor. New insulating materials with high operating features, made by ISOVOLTA, Austria, used to manufacture and

repair high-voltage motor are offered.

Llenta Ha HacTtoswara pabota e pga ce paspabotu
KOHCTPYKLMSITA M TEXHOMOTUSTA Ha rnaBHaTa u3onauus npu
PEMOHTA Ha aCWHXPOHHWTE aBuratenu 6 kV B ycnosusiTa Ha
“PEMOTEKC - PALHEBO” EAJl. 3a n3onauns Ha akTuBHUTE
YaCTW, YerHWTE CbEAMHEHMS W BPbB3KATE € M3NOoM3BaH
enektponsonaumonHus matepuan CONDUCTOFOL-2159 Ha
tupma ISOVOLTA — AscTpust. OCHOBHUTE TEXHUYECKM AaHHW
Ha CONDUCTOFOL-2159 ca npeacraBeHu B Tabnmua 1.

Tabnuua 1.
TexHuyecku 0aHHu Ha CONDUCTOFOL-2159
CoiicTBa Tect Msipka CroitHocT
meToq
HomuHanHa pebenuxa mm 0,10
TonepaHc |IEC 371 mm + 0,01
[ebenvHa Ha npecoBaHe mm 0,07+0,015
0610 BeLlecTBO IEC 371 g/m? 148 + 14
PET-cbonmo IEC 371 g/m? 812
mm 0,006
CniogennToBa xapTusi |IEC 371 g/m? 75+3
PET-cbonmo IEC 371 g/m? 42+4
(mokpuTO € Nenuno) mm 0,030
CbabpxaHue Ha cmona |IEC 371 g/m? 23+5
[Mpo61BHO HanpexeHue IEC 371 kV 27
FAKOCT Ha OmbH IEC 371 | N/10mm 245
Knac Ha Tonnoycroumsoct | IEC 371 F(155°C)

Conductofol-2159 moxe pa 6bae M3non3BaH KakTo 3a
HaBMBKOBA M30MaLWs Ha €OMHWYHW W CbCTaBM MPOBOSHMLM,
Taka u 3a n3paboTBaHe Ha rmaBTaTa U3oMauus Ha en.MaLlnHN
u anapatu. [lpu paspaboTkata Ha KOHCTpyKuusiTa U
TEXHOMOrMATa Ha [MaBHaTa w3omauus npu pemMoHTa Ha
en.mallmHu 3a HanpexeHue 6000 V B ycnosuata Ha EPLL Ha
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“Pemotekc — PagHeBo” EA[l cme ce pbkoBOgUIM OT CriegHuTe
[Ba hakra;

- MakcumarnHo u3nonssaHe Ha BUCOKUTE EeKCnNoTaunoHHN
KayeCTBa Ha Matepuana;,

- Wsnon3BsaHe Ha cbluecTBYBaLLOTO 0bopyaBaHe Ha EPLL,
NPy MWHUMANHO KOMWYECTBO Ha W3WCKBAHE Ha HOBM
CbopbXeHue. [py ToBa PBUHUST TPYA CbLUo TpsibBa Aa
ObAe CBEeAEH 40 MUHUMYM.

PaspaboTeHaTta TexHonorvs obxgalla cnegHuTe eTany:
A. MoaroTroBKa Ha ceKUMUTe HAa HAMOTKaTa

- HaBuBaHe Ha npoBoAHMKa Ha “nopaka”

Mpu ToBa HaBuBaHe ce nonara wsonauus ot PET-onno
(xocTachaH) mexgy BCSKa HaBMBKAa KaTo [OMbIHUTENHA
nsonauus. Npu Hanuume Ha JOCTaTbYHO MSICTO, OCOBEHO Mpu
MOM3BaHETO Ha [ABa Wi NOBeYe NapanenHu NPOBOSHMKA MOXE
HaBMBKOBaTa M30MauuWs [a Ce W3MbfHM C HaBMBaHE Ha
n30naumMoHHa fneHTa eauH cnou ¢ Y2 mpunokpusaHe. B
Ka4yeCTBOTO Ha TakaBa M30raLnoHHa cucTema ce ynotpebssa
CONDUCTOFOL-2159.

- MpeaBapuTenHO ykpenBaHe Ha ceKumsTa

HaButata “nogka” ce 6GaHaaxupa “MapTeHMYHO” CbC
cTbkrnonenta 6aHgaxHa 0,10 x 20 cbe cTbmka okono 50 mm.
lMpeBpb3KATE OT NamMyy4Ha NeHTa Npum TOBa CE CBAmAT.


mailto:cctq@mgu.bg

- UmMnperHupaHe Ha cekumaTa
HaButata » OaHoaxupaHa ‘nogka’ ce  UMMperHupa
ABykpaTHo ¢ nak TM 50 nog BakyyMm ¢ nocneggalLo u3nuyaHe.

[onycka ce umnperHauus Ha “nogkata’ 6e3 Bakyym, 4pe3
noTansHe, Ho TpsibBa f[a Ce cnasBa Marka CKOpOCT Ha
notansiHe (okono 3 mm/s) ¢ yen 4obpo NPOHWKBaHE Ha naka
BbB BCUYKN MEXOMHN.

- MakeTupaHe Ha ceKumaTa

MakeTupaHeTO Ha CekuusiTa Ce W3BbPLUBA HAa MalMHa 3a
maketupaHe MAMC. [JaHHUTe 3a MakeTUpaHeTo ce npecMsTar
CbIMaCcHO WMHCTPYKUMATA HA MallMHata Wnu Ypes crneuuanHa
KOMMIOTbpHA NporpaMa 1 ce BbBexaaT B MallMHaTa.

HenocpeactseHo npenn  MakeTWpaHeTO — Cekuuute  ce
3arpseat go Temnepatypa oT 60°C ¢ uen omekBaHe Ha
YMMNpPerHaLMoHHIUs Nnax.

Besika CeKkuma cnen MakeTupaHeTto Ce npoBepsABa Ha
KOHTpOneH WabnoH, KaTo Mankute HECbOTBETCTBMS Ce
KopurupaT pb4HO, a Npu Hannyme Ha roneMun HeCbOTBETCTBUA
Ce NpucTbnBa KbM HaCTp0I7IKa Ha MallnMHaTa 3a MakeTupaHe.

- MpepBapuTENHO M30NIMPaHe BITIUTE Ha CeKuuATa

Ha Bcska 4ynka ce HaBMBa HSIKOMKO Crosi u3omauusi ot
Conductofol 2159 (Ha neHTa) Taka, Ye MakcUManHaTta
pebervHa ga oTroBaps Ha febenuHata Ha u3onauusTa Ha
npaBuTe 4actu. Vlaonauvaa Ce HaBuBa PbYHO, CTErHaTo U
paBHOMepHO. CTpeMeXxsT e a ce Nonyym nnaseH “koHyC'.

1. OcHoBHa “30NaUMA Ha YENHUTE YacTu
2. BbHWeH 6aHaax Ha YyenHuTe Yactu

3. MNpexopeH KOHYC Ha vynkaTta

4. OcHoBHa M3onayus Ha npasara 4YacTt

®ur.1. U3onaumsa Ha vynkata

b. MonaraHe Ha M3onauusATa Ha npaBuUTe YacTu
Ha ceKumnaTa

- MNpegBaputenHo ce HapsA3BaT 3aroTOBKUTE OT

Conductofol 2159 (pyno) nog cdopmarta Ha Tpaney, (dur. 2)

®ur. 2. 3aroToBKa 3a M30M1aLMA HAa NpaBaTa 4YacT Ha CeKuumTe
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PasmepbT B ce cbobpassiBa ¢ AbmkMHATa Ha NpaBaTa YacT
Ha cekuynsta. PasvepbT D e or 30.. 40 mm. 3a
ONTUMUM3MPaHe Ha paskporkaTa Ha MaTepuana ce fomnycka
nokasaHusi Ha Gour. 2. IUCT Aa Ce CbCTOM OT HSKOMKO YacTu.

HaBuBaHeTO Ha nucTa BbpXy CeKLMsTa Ce M3BBPLLBA PbYHO,
kKaTo ce 3anoyBa OT TECHMA Kpal Ha TpaneLa. Haii-otrope ce
HaBMBa HaBWBKAa ¥ MOMOBWHA OT TenedOHHA XapTWs Wiu
npewnad 6 = 0.1 mm c npegnasHa uen (npegnassa Hail-
ropHus croit Ha Conductofol 2159 ot HapaHsiBaHe, kaTo cneqg
3anpecoBaHeTo Ha u3onauusTa ce csans). Mpuxealla ce Ha
[gBe MecTa C namyyHa TieHTa 6OaHpaxHa npoTuB
camopasBuBaHe.

- BanupaHe Ha npaBuTe YacTyh Ha cekuusTa

Taka noaroTBeHUTE NpaByW YaCTu Ha CEKLMSITa Ce MOCTaBST B
OapabaHa Ha BanupmawwHata (cpur. 3). lMocokata Ha
HaBuBaHe Ha u3onauusTta TpsibBa 4a cbBnaga ¢ Nocokata Ha
BbpTEHE Ha HapabaHa.

Mpu BanMpmalLMHaTa CeKUMSTA € HEMOABMXKHA, BbPTU Ce
GapabaHa ¢ TpuTe HarpesaTenHu nnoyu. MNnounTe ca 3arpetu
pgo okono 160°C.....180°C. [pyxuHupalums Harpesaten
NpuTUCKA NpaBaTa 4acT Ha CeKUMsATa KbM  OCHOBHWUTE
HarpesaTenu 1 yBnuya u3onauusiTa no Nocokata Ha BbpTEHe.

1. Bapaban sbpTAW ce;, 2. Harpesaten NpyxuHupalwl, 3. Cekyws; 4. HarpesaTtenHu ocHosM

®ur. 3. BanupaHe Ha npaB1Te YacTh Ha CeKuumTe

MexayBpeMeHHO M3onauusTa ce 3arpsisa ¥ CBbP3BALLOTO
BELLECTBO (enoKcuaHa CMoMa) U 3anenBalmsi CbCTaB
omekBaT. ToBa MO3BONSIBA  OTAENHWTE  HaBMBKM  Ha
WN30MaLMOHHUS MaTepuan Aa NpeniTbaHaT e4Ha Crpsmo Apyra,
KOETO AoBeXga A0 MHOro [o6po CTsraHe Ha OTAenHuTe
HaBMBKM W30Mauusi, kaTo MpW TOBa Ce eBaKyupaT BCUYKM
Bb3AYLUHN BKMIOYBaHWS. [pOgbIKUTENHOCTTA Ha BanpaHeTo
e okono 15 min.

- 3anpecoBaHe Ha NpaBWUTE YacTH Ha CeKUuATa

Cnepn w3BaxgaHeTo OT BanMpMallLMHATa CEKUMsiTa BegHara
Cce MocTaBs B CTyfeHa npeca. Tam ropeLiata npasa 4acT ce
cTAra Mexgy YeTMpu NOBbPXHOCTM, ONpefenswy TOuYHWUTe
reOMEeTPUYHN pa3Mepu Ha HanpeyHoTO ceveHne. 3aabpxa ce
Taka 4o u3cTmBaHeTo 1 fo okoso 40.....500C.

lMonyyeHaTa n3onauus Ha MpaBuUTe 4acTu Ha CekuusiTa ce
ornexga BHAMATENHo 3a BuauMMn gecdekTu. lNoyuctear ce ¢
MOMOLLTa Ha HOX BCUYKM 3ayCEHBLM W U3MNLBLM Ha cMmora,
KakTo M ocTaTbLuTe OT TenedoHHaTa xapTus. KpainyeTtara Ha
CeKUMsITa Ce NOYMCTBAT OT M3oMaumusaTa 4o MeTaneH brsicbk 1
ce NoAroTBAT 3a 3anosiBaHe.

CekuusiTa ce npoBepsiBa 3a TOYHUTE CU TEOMETPUYHM
pasMepu Olle BeAHbX Ha LWabnoH, a npu Heobxogumoct
pasmepuTe ce Kopurupar.



B. MonaraHe Ha u3onauua 3a W3BUTU YenHU
4yacTu Ha ceKuuaTa

W3onauusita Ha YerHUTE YacTh Ha CekUMsTa Ce M3MbHsABA
cbwo ¢ Conductofol 2159, Ho BbB BMA Ha MEHTa, LWMpOkKa
okoro 20 mm. HaBWBaHETO MOXe [a & PbYHO WK C NOMOLLTa
Ha MawwHa. [lpeau 3ano4yBaHETO Ha  HaBMBAHETO,
OCUrypsIBAHETO HA  M3onauusiTa Ha  Yynkute NpOTMB
CaMOpasBMBaHe Ce OTCTPaHsBa, kaTo Kkpas Ha NeHtata ot
UyrnKkuTe Ce 3acTbMBa C NeHTaTa 3a M30nauus Ha YenHuTe
yacTu.

M3onaumsaTa Ha 4YenHUTe 4acTu Ha cekuusiTa ce HaBuBa
00MKHOBEHO C %:2 3acTbrBaHe W Ce HaBWBaT [OCTATbYHO
Cnoese 3a nonyvaeaHe Ha Heobxoaumata aebenuHa. Tpsbsa
Ja Ce WMa npedBug, Y€ TyK CBMBAHETO Ha feHTata no
pebenvHa we Obae no-manko. [lebenvHata Ha neHTata ot
0,1 mm we craHe okono 0,09 mm. OceeH ToBa AebenuHaTta
Ha usonauuaTa Ha yenHute yactu ce B3ema ¢ 0,2 ... 0,3 mm
no-manka ot febenuHata Ha u3onaumsiTa Ha npaBuTE YacTu
Ha CeKuusTa, 3apads [OOMbIIHWUTENHWS BbHWeEH OaHaax
(Gour. 1) KaKTO 1 NO-rONEMUTE U30MALMOHHN PA3CTOSHNS.

. MonaraHe Ha BBLHIWEH 6aHA4AaX Ha YenHuUTe
4YacTu Ha CeKUHnATa

- Matepuan 3a BbHILEH GaHAax

3a BbHLeEH HaHgax Ha YemnHUTe YacTu Ha cekuusiTa Tpsbsa
Ja ce W3Mnon3sar camMoCBMBALLMTE Ce MpW 3arpsiBaHe NEHTH.
Kato nogxopsiy matepuan 3a uenta e newrara Isoseal P 0713
Ha pupmarta ISOVOLTA — AscTtpus.

Matepnana uma gebenvna 0,18 mm u ce goctaBs Ha NEHTH
wupokn 20 mm, HaBMTM Ha ponku. Ha ponkute 3aegHo ¢
Isoseal P 0713 e HaBuT ¥ paspenuTeneH marepuan, KOmTo
npegnasga OTAENHUTE HaBWBKM OT Ccamo3anenBsaHe Npu
CbXPaHEHNETO MY W KOWTO Ce OTCTpaHsiBa npu ynotpeba
(KamanoxHu daHHu....)

lapaHUMOHHMAT cpok Ha Isoseal P 0713 e 6 meceua -
cbxpaHeH npy Temnepatypa 200C u 12 meceua — npu 5°C.

- MonaraHe Ha BLHWHKUA GaHAax

Nentata Isoseal P 0713 ce HaBuMBa KaTo mnocneaeH
MOKPWBALY CMIOM Ha uW3oMauudTa Ha YenHuTe 4acTn Ha
cekumsaTa. HaBuBaHeTo 3amoyBa Ha okono 10 mm npeau
Ha4yanmoTo Ha KOHyca Ha u4ynkata (dwr. 1) v 3aBbpliBa C
M30NMPaHETO Ha rnaBaTa W Kpaivetarta. JleHtata TpsibBa ga
Ce HaBMBa MaKCUMamHO CTerHato KaTo KpasT Ce ocurypsiea
Cpelly camopa3BuBaHe upe3 3aBbpaBaHe. KpasdT Ha neHTata
(3aBbp3BaHETO) TPsIbBA MO BL3MOXHOCT Aa € Ha KpaiieTaTta
Ha ceKuwsdTa, TbW KaTo creq w3paboTka Ha Bpb3KUTE U

[NpenopvyaHa 3a nybriukysaHe om
Kamedpa “Enexmpucpukayus Ha MuHHomo npoussodcmeo”, MEM®
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n3eoaute baHaaxupaHeTo um ¢ Isoseal P 0713 we npopbimku
TOYHO OT Tam.

Tpﬂ6Ba [a Ce BHMMaBa Mpu CBbpLUBaHE Ha ponkata WK
CkacBaHe Ha NneHTaTa, HOoBaTa feHTa Aa Ce 3aCTblu u,oﬁpe
CbC CTapata. ToBa Ce Hanara nopagu ronemure ycunus, Ha
KOWUTO € NoANOXeHa NeHTata B npoueca Ha CamoCBMBaHe Npu
HarpsieaHe 1 OonacHOCTTa OT CamOopa3sBnBaHe.

- MonaraHe Ha BLHILEH GaHAAX Ha BPb3kuTe

Cnep n3paboTkaTta Ha BPb3KIUTE M U3BOANTE U U30NMPAHETO
um ¢ nenta ot Conductofol 2159, Te cbLwo ce 6aHgaxmpaT ¢
Isoseal. Bcuuko kasaHo 3a HaHACsSIHETO Ha BBHLUHMA DaHaax
Ha YENHUTE 4YacTM Ha CekuMsiTa € B cuma W TyK.
BangaxupaHeTo obxBalla v u3BoauTe Ha okono 10 mm cneg
n3onauusTa Ha cnomkata. Kpauwara Ha neHTata ce ocTaBsT
KbM CXemaTa Ha Bpb3KkuTe Taka, Ye DaHaXMpaHEeTo Cbe LUHYP
nonMaMuaeH Ha BPb3KWUTE C YKpenealuTe enemMeHTn fa ce
3aTHCHaT.

- N3nunyaHe Ha neHtata Isoseal P 0713

M3nuuyaHeTo ce 3BbPLLBA e Kato LsnaTa HamoTka bbae
rotoea. ToraBa CTaTOpHUS NakeT ¢ HamoTkata ce MocTaBs B
newy 1 ce u3nuya npu Temnepatypa 140°C B npogbxeHne Ha
6 yaca.

3aknioyeHue.

3a pa 6bge mscneggaHa msonauuata ot CONDUCTOFOL-
2159 B EPL| Ha PEMOTEKC PapHeBo Gsxa uspaboteHu 8
Oposi 0bpasLy Ha akTUBHATA YaCT Ha CEKLWW W Ca NPOBEAEHM
NOMNYNPOMMWLLIIEHN W3NUTAHWS 3@ YCTaHOBSIBAHE Ha OCHOBHU
ENEKTUPEYECKN XapaKTEPUCTUKW Ha M3MOMN3BAHUTE EnekTpo-
WN30MaLMOHHIN MaTepmany:

- cneundgmnyHo 06EMHO 1 MOBBPXHOCTHO CHMPOTUITHEHNE;

- eNeKTpu4ecka AKocT;

- BMeneKkTpuYHM 3aryou —tg 6

OO6pasyute npeacTaBnsiBaT CHOM M30MNMPaHW MPOBOAHWLM
tmn NCLO-F ¢ pasmepn 1,8 x 5.00 .

MonynpoMUWINEHUTE  U3NUTAHUS Ca  MPOBEAEHW BbB
BMCOKOBONTOBA W3nuTBaTenHa nabopartopus Ha 3aBoga 3a
enekTpuyeckn mawwmHu — 3EM Codpons

INutepatypa

A. Togoposa, I". [ltocTabaHoB, Prk0sodcmeo 3a nabopamopHu
ynpaxeHuss no enekmpomexHuyecku Mamepuanu., TY
Codpms, 1996.

Kamanox+u 0anHu u paspabomku Ha dupmarta ISOVOLTA -
AscTpus.
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ENEKTPOMATHATHW MOMEHTW, QEMCTBALLM BbPXY ®EPOMATHUTHO TANIO BbB
BMUXPOBA MALLUHA

Konecmanmun Kocmoe, KoHcmanmun Tpuykoe

MurHo-eeonoxku yHusepcumem “Ce. MeaH Purncku’, 1700 Cocpus, costovs@yahoo.com

PE3IOME. Vscnesga ce MarHUTHUSIT MOMEHT, ﬂeVICTBam Ha (bepomarHMTHa paﬁOTHa YacTuya B XOMOreHHO BbpTALLO Cé MarHMTHO none Ha BUXpoBa MalluHa. 3a
Tasu uen ¢ nomoLTa Ha nporpama, paBOTema Nno MeToAa Ha KpaVIHI/ITe €NeMeHTU, ce n34ncnaBa noneTo BbB BCAKA TOYKA, Cref KOeTo Ce Hammpa MakCcyenosuar
TEeH30p Ha HanpexeHudaTa no KOHTyp, oﬁrpa)mam TanoTo. M3uucnsea ce PE3YNTAHTHUAT MOMEHT 3a Pas3nU4HN peNaTtMBHAU bIrNOBK CKOPOCTU CNPAMO BbPTALLOTO Ce
MarHuTHo none. OT4nTaT Ce NOOTAENHO ACUHXPOHHUAT U CUHXPOHHUAT PEaKTUBEH MOMEHT. PeSyl’ITaTVITe no3BonABaT Aa Ce HanpasW CpaBHEHWE C Nony4YyeHuTe no
aHanuTyeH NbT 3aBUCMMOCTU U Aa Ce OLEeHN CbOTHOLLEHMETO MEXAY OTAENHUTEe KOMNOHEHTU Ha eNeKTPOMarHTHUSA MOMEHT.

ELECTROMAGNETIC TORQUES, ACTING ON A FERROMAGNETIC BODY IN A VORTEX MACHINE
Konstantin Kostov, Konstantin Trichkov
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, costovs@yahoo.com

ABSTRACT. It is investigated the magnetic torque, acting on a ferromagnetic working particle placed in homogeneous rotating magnetic field of a vortex machine. For
that purpose through a program, working with FEM every point of the field is calculated. Then Maxwell's Stress Tensor is evaluated on a contour, encircled the body.
The resultant torque for various relative angular speeds toward the rotating magnetic field is calculated. The induced and reluctance torques are given separately. The
results enable to compare with the obtained before analysis formulae and to estimate the proportion between the single components.

BbB BuxpoBatTa MallMHa Ce 3adBMKBAT MHOXECTBO
UMANHAPUYHYM (DePOMarHUTHU paboTHM YacTULyM C NOMOLLTA Ha
BBLPTALLO Ce MarHUTHO none. TAXHOTO ABWMXEHWE NPean3BuKBa
HEenpeKbCHaTU CTbIIKHOBEHWS ¢ obpaboTBaemusi matepuarn.
Toea ce wu3MOM3Ba 3a WHTEH3UUUMPAHE Ha  HSIKOM
TEXHOMOMMYHW  MpOLECH  KaTo  CMWNaHe,  EMymnrupaHe,
cMecBaHe U ap. EdbekTvBHOCTTa Ha MOCMegHUTE 3aBMCH
MPEAUMHO OT YecToTaTa Ha BbpTeHe Ha paboTHUTE YacTULn 1
OT TexHust enekTpomarHuteH momeHT. B [Koctos, 2004 ] u
[KoctoB, 2005 ] ca u3BegeHW aHanmMUTUYHM 3aBMCMMOCTM 3a
OCHOBHWTE MOMEHTH, KOWTO [EeWCTBaT Ha POTaLMOHEH
€nMncons — acMHXPOHEH (MOMEHT Ha BMXPOBWTE TOKOBE) U
CMHXPOHEH peakTuBeH. [lpeHebperHat € XUCTepe3nCHUAT
MOMEHT, 3aloTO O00WKHOBEHO paboTHWUTE yacTuuM ce
n3paboTBaT OT MarHWTHO MeK Marepwan. B Hactoswata
pabota ce w3crnedBaT  €neKTPOMarHWTHUTE  MOMEHTH,
JenCTBallM BbpXy KOHKPETHa (hepomarHuTHa uactuua, ¢
nomowTa Ha nporpama FEMM, pabotewa no metoga Ha
KpaHWUTE eneMeHTH.

®opmynupaHe Ha 3agavarta

®ur. 1. KapTvHa Ha MarHMTHOTO NoJie BbB BUXPOBA MallHa B
NpUCHCTBME Ha NPaBObIbIIEH hepoMarHUTeH napanenenunes

lMpuema ce, ye BMXpoBaTa MalMHa e Oe3kpanHO Abnra U

CrneoBaTesIHo HeHOTO MarHUTHO none e nnockopagnanHo. C NPaBObIbIIEH Napanenenunes ¢ 0CHoBa — KBaapar. ﬂ'bnra'ra
VacrenBareTo Ha (bepoMarHUTeH LUNMHABD B Takosa rore OC Ha napanenenunega € YCriopeiHa Ha paBHUHMTE Ha
obaye e npocTpaHcTBeHa 3ajaya, a u3non3saHata Tyk BbPTEHE Ha BEKTOPUTE Ha MOJIETO U CKIToYBa bIbfl B € oCTa

nporpama FEMM He peluaBa TpunamepHu npobnemn. Hanara

Ha (basa A, YMATO TOK € MaKCUManeH B HavanHWs MOMEHT.
Ce 3aMEHSIHETO Ha PearnHo 13MNoM3BaHOTO LMMMHAPUYHO TAMO

MocnegHusT e OPUMEHTNPAH bIbll N € No-mankaTta CTOMHOCT,
KOATO Ce OT4YMTa OT AbJIrata OC Ha napanenenunena KbM octa
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Ha basa A. [IBe OT OKONHWTE CTEHW Ha Napanenenunena ca B
paBHWHW, NapanenHu Ha PaBHUHUTE Ha BbPTEHE Ha BEKTOPUTE
Ha noneto, ®ur. 1. Mo TO3M HauMH TpUM3MEpPHATa 3afaya ce
npueexaa KbM [ByMepHa Mpu M3BECTHA HETOYHOCT, nopaau
KpaiH1s pasMep Ha TANOTO NO OCTa Ha BKXpoBaTa MaluuHa.
ToBa obaye HAMa fa MOBMMsSE HAa CLOTHOLIEHWETO MeXOy
ACVMHXPOHHWUS U CUHXPOHHMS MOMEHT, Ha 3aBWCMMOCTTa Ha
CUHXPOHHUSI MOMEHT OT brbfla B W Ha acCWHXPOHHUS — OT

YecCToTaTa Ha BbpTEHE.

Mporpamata FEMM He paboTu ¢ geuxelum ce obektn. ETo
3aLl0 e cyuTame 3a HenoaBWKHO TANOTO, a Le NpOMeHsMe
yecToTaTa Ha BbpTEHe Ha noneto. Thil KaTo TAMOTO € TBbpae
Marko B CPaBHEHWE C OTBOpa Ha MHOYKTOpa, B pearnHu
YCIOBUS! TO MPAKTUYECKWN HE BMMSE HA MArHUTHOTO Mone B
cTaTtopa M Ha TOKOBeTe B HamoTkaTa. 3aToBa e Heobxoaumo
33 pasnuyHKM YeCTOTU M 3@ PasfMYHKN CTOMHOCTM Ha brbn B

noneTaTa Ha JOCTaTb4YHO Pa3CcTOsiHUE OT TANOTO W CTAaTOpHUTE
TOKOBE fia Ca HeuameHHW. Mpu peanHn ycrosusi NoneTo ce
BbPTW C MOCTOSHHA, a TyK Ce 3ajaBaT pasfuyHu brIoBM
CKOPOCTW CnpsMO cTaTopa. Ha TaX CbOTBETCTBAT pasfnyHu
3aryou B cromaHata My. [opagu TOBa Ce npuema, ue
cneyucuyHaTa NpoBOAMMOCT Ha CTOMaHaTa Ha craTopa
o =0 u ce npeHebpersat xuctepesncHuTe i 3arybu, kato ce
JaBa CTOAHOCT Hyna 3a brbfla Ha W30CTaBaHe npu
xuctepesnc. MsnuwHO e Aa ce BbBeXga MarHutHata i
XapakTepucTuka, 3alloTo Bb3fyllHaTa MeXauHa € MHOro
ronsMa UM [OMycKkaHeTo, Ye OTHOCUTEeNHaTa MarHuTHa
NPOHMLAEMOCT 4, € MOCTOsIHHA, BOAM [O He3HauuTenHa

rpewka. lMpu TOBa, Mopagu MarkuTe pasmMepu Ha TAroTo,
rpeLukara € noyTv egHaKBa 3a PasfnyHN YeCTOTU U CTOMHOCTM
Habrbn S .

Mo TO3nM HauymH ce chopmynMpa KaTo nnockonapanenHa
cnefHarta 3agava.

[la ce onpemenat MOMeHTMTE, [OelcTBalm Ha epo-
MarHWTeH npaB naparenenunes, NocTaBeH B MarHUTHO nore,
Bb30YyZEHO OT cTaTopa Ha TpudasHa ABYNOMOCHA MalliHa C
u3BageH potop. [lagexu ca

- pas3Mepu Ha napanenenunena: Ab/kWHA 22 MM K
CTpaHa Ha 0CHoBaTa 2,2 MM;

- MarHMTHaTa XxapaKkTepucTka Ha CTOMaHata Ha
napanenenunega u cneuudguyHaTa i enexkTpuyecka
nposogumocT  10,44.108 [Zm];

- reomeTpusTa Ha cTaTopa;

- OTHOCUTENHAaTa  MarHWTHa  MPOHULAEMOCT
CTOMaHaTa Ha cratopa x, = const =1000 .

- MITbTHOCTTA, YecToTaTta 1 (hasaTa Ha Toka BbB BCEKM
CTaTopeH KaHan.

Ha

MapanenenunegbT € pasnoioxeH Taka, Ye LEHTbPbT Ha
TEXECTTa My CbBMafa C LeHTbpa Ha HaNPeYHOTO CeyeHne Ha
cTaTopa.

PeweHue 1 aHanu3 Ha pe3ynTaTute

MpUCLCTBMETO Ha (hepoMarHMTHa YacTuua B MarHUTHOTO
none ro gedopmupa Taka, Ye ako ce 0DXBaHe TANOTO C
MOBbPXHUHA, BbpXY NoOCnegHata Lie AencTBaT MEXaHW4HM
cunu. PesynTaHTHaTa cina, KakTo W HEMHWAT MOMEHT CrpsiMO
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LEeHTbpa My Ha TeXeCTTa Ce M34ucnaBaT 4pe3 MakCyernosund
TEH30p Ha HanpexeHuATa. Ton npeacraBndgBa cunara FO 3a

eanHuua nnot, ,D,GVICTBaLIJ,a BbpXy NOBbPXHUHATA, oﬁxsama-
la TAnoTo. B TeKyLla TO4Ka OT NOBbPXHMUHATa

R =2 [FE)- 8(FHA)- (HEfR) (1)
KbAeTo
ﬁ — ©0WHWYeH BEeKTOop, HOopManeH Ha

NOBBbPXHUHATA B MHTEPECYBaLlaTa HA TOYKa,
B, H — WMHAyKUWa U UHTEH3UTET B TOYKaTa.

CymapHaTa cuma Bbpxy TAMOTO Ce Nonyyasa 4pes
UHTErpupaHe Ha cunata no Tasu NoBbPXHUHA.

B Tabnmua 1 ca nokasaHu  pesynTatute  3a
€NEKTPOMArHMTHUS MOMEHT B 3aBMCUMOCT OT YecToTaTa Ha

CTaTOPHUS TOK, NPU bIMU 3 = 45° v 60° . Tbit kaTo NoneTo e
ABYMOMIOCHO, penaTieHaTa YecToTa Ha BbpTeHe Ha TANoTo e
n,=f,[s]*. Mpu toBa ce nonyvasar nocrosHHM
MPOMEHNMBI CbCTaBKX Ha MOMEHTA. Mpu N, # O CUHXPOHHUST
peakTMBEH MOMEHT HSMA MOCTOsIHHA KOMMOHEHTa M, ...
CneposatenHo M,,.,, Npeacraensasa cpegHa CTOMHOCT Ha

ACUHXPOHHNA MOMEHT W € OoTpulaTeneH, 3alloTo NPUeTUAT
(ha3oB ped B MPOCTPAHCTBOTO OMpPefens BbpTeHe Ha NomneTo

no YacoBHMKOBaTa CTpenka. Pesynratute 3a ﬂ=450 7

p= 600 HaMb/IHO CbBNaJaT Npy efHaKBK penaTBHU YeCcTOTH

Ha BbpTEHe, KOETO TpsibBa fa ce 04akBa 3a cpegHa CTOMHOCT
Ha acuHXpoHeH MOMeHT. OT N, ce HaMupa XITbaraHeTo s 3a

Crnydyail Ha aHanua npu ABWKEHWE Ha TANOTO M YecToTa Ha
3axpaHBaHe f, =const=50Hz :

s=f/f,=1/50. (2)
Ha ®ur. 2 e gageHa 3asucumoctta M, .., BbB YHKUMS OT

XITb3raHeTo 3a [ = 600 npu o = 10,44.106[Q.m]’1. KakTo

ce BIKAa, 3aBUCAMOCTTa M = f(S) Ha aCMHXPOHHMS MOMEHT,
A
160

M qer [Nm] x 10™
120
80

40

0 >

02 03 04 05 06 07 08 09 1 g
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0
®ur. 2. MocTosHHa cbCTaBKa Ha MOMEHTa 3a 3 = 60



Tabnuua 1
o =10,44.106[Q.m]1

| g B =45° B =60°
~ 4 ) 4 . .
n,st| - | M oo 0% W, 104 Nm | M o X051 W, X104 Nm M 1o X104 N
0 0 157,0 0 138,6 0 0
2 004 | 02477 | 15484000319 | 0242 134,0477 4 0,03
0 | 02 1,210 154,7+0,0530 1,204 133,9477,3 0,10+0,15
20 | 04 2,382 154,4+0,0043 2,376 133,7477.1 0,30+0,31
0 | 06 3,530 154,140,148 3,529 133,5477,0 0,54+0,48
0 | 08 4,658 153,840,189 4,650 133,2476,8 0,81+0,64
50 ! 5,760 153,5+0,1007 5,760 132,976,7 1,09+0,79
Tabnuya 2
0=0
owe | B =45° B =60°
n,st| - | M o K051 M, xi0sNm | M oo X% 1 W, x104Nm
0 0 157,0 0 138,6 0
2 004 | 00033 154,80,0237 0,0004 134,0477,5
10 0,2 0,0033 154,80,0237 0,0004 134,0477,5
2 04 0,0033 154,840,0237 0,0004 134,0477,5
30 06 0,0033 154,840,0237 0,0004 134,0477,5
40 08 0,0033 154,840,0237 0,0004 134,0477,5
50 ! 0,0033 154,840,0237 0,0004 134,0477,5
Tabnuya 3
=50 H, §=1
0=0 o = 10,44.108Q.m}-
Pl Mo 104, | x104Nm | MaoanX 105404 Nm
o wpou o o
0 | 0000184 001141547 5,768 0,12+j153 4
15 | 000713 77441340 5,761 76641329
30 | 000753 134,0477 4 5,761 132,8+j76,8
45 | 000333 154,840,024 5,769 153,5+j0,11
60 |  0,00945 13404775 5,760 132,9476,7
75 | 000188 077,4134, 5,756 76,84132,8
0 | -0,00277 0,0004154,7 5,776 0,095-153,5

JENCTBaLY, Ha TAMOTO, MOYTW CbBMaja C NpaBa NMHWSA Npe3
Ha4yanmoTo Ha KoopawHaTHata cuctema. [lpu aHanm3 Ha
MOMEHTa Ha BWXPOBWUTE TOKOBE B POTOpa Ha aCMHXPOHHA
MallWMHa, KoraTo Ce npeHebpersa pa3MarHuTBalloTO WM
[encTBue, ce nonyvyaBa CblUO NUHeRHa yHKuus, [Bomnbaexk,
1966]. T KaTo pasMepuTe Ha TAMOTO Ca HE3HAYMTEMHM
CNpsiIMO OTBOPA Ha CTaTopa, TYK Ha MpaKTVka MarHUTHOTO Mose
Ha BMXPOBUTE TOKOBE HE OKa3Ba BMMSHWE Ha MOMETO BLbB
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Bb3yllHaTa mMexauHa. 3aroBa pe3yntatbT € 3aKOHOMEpPEH U
He Ce nonyyaBa XapaKTepHUAT 3a aCWHXPOHHA MallunHa
eNeKTPOMarHUTeH MOMEHT C MakKCUMyM npu  KPpUTUYHOTO
XIb3raHe.

Ha cblarta curypa ce Buxaa CKOKbT B MOCTOSHHATa
CbCTaBKa Ha MOMEHTa, KOrato TAMOTO CE CHUHXPOHW3WpA.



M ,.oem CMEHSI 3HAKa CW 3a Ta3W CTOWHOCT Ha [, 3aloTo

ACUHXPOHHMAT MOMEHT € B NMOCOKa Ha penatMBHaTa CKOPOCT
Ha noneto CnpsaMo TANOTO, @ CUHXPOHHUAT peakTUBEH — B
nocoka Ha HamanaBaHe Ha bbn S .

Moxe fa ce npoBepy hanu MpOMeHnMBaTa CbCTaBka Ha
MOMEHTa MNPeACTaBNsBa CWUHXPOHEH PEaKTUBEH MOMEHT.
CwrnacHo u3eefeHoTo B [Koctos, 2004],

M =M ey SiN(2cy — 20t), (3)

peakm

Kb[EeTo

Qg NO-MankuAT OpPUEHTUPaH BB  Mexay

Abnrata oC Ha TANOTO W HanpaBneHWeTo Ha BekTopa Ha
noneTo B HayanHus MomeHT. OT JecmHuuMuTE Ha g U B

crnenga, Ye ako asa A e C MakCUManeH TOK B HayarHus
MOMEHT, @y = 3 3a TANO B ONPEAENIEHO NONOXEHME.
®=24f — brnoBaTa 4ecToTa Ha 3axpaHBaLiOTO
HanpexeHue. PaBHa e Ha brnoBaTa CKOPOCT Ha BeKTOpa Ha
MnoneTo, Korato cyuMTame TSNOTO HenoaBWKHO. Mpu BLPTALLO

Ce TANno e penatuBHaTa brnoBa CKOPOCT Ha BEKTOpa Ha
noneTo CnpAamMo TANOTO.

MHoXuTenaT 2 nokasea, Ye Mpy BbPTEHETO HA BEKTOpPa Ha
noneTo ce nNoBTaps Ha Bceku 1800 B3aMMHOTO My MONOXeHWe
C TANOTO, HO CNPAMO ApYrus kpan Ha gbnrata oc. Mpeq 2wt
MMa 3HaK MWHYC, 3alUOTO B OafeHWs Chydyall BEKTOPBT Ha
noneTo ce BbpTM B MPOCTPAHCTBOTO MO YacOBHMKOBATA
cTpenka.

3a o =600

M e = Mgy Sif120° — 264 )= M, co8(-30° + 2at).  (4)

peaxm

ENEKTPOMAarHUTHUST MOMEHT Ce CbCTOM EQMHCTBEHO OT
CUMHXPOHEH PEaKTUBEH, KOraTo B TANOTO HsAMa BUXPOBM TOKOBE.
Mpu penaTveHa ckopocT @, # 0 TOBa € Bb3MOKHO, ako Ce

npveme, Ye cneuuduyHaTa enekTpuyecka NpoBOAMMOCT Ha
cTOMaHata Ha Tanoto o =0, Tabnuua 2. MpomeHnneusT

MOMEHT, MosyyeH ypes nporpamata FEMM B To31 cnyyait e
paBeH Ha peakTuBHWS. MpeacTaBeH e kaTo KOMMEeKe an(w

C YKa3aHue, 4e e ¢ [BoMHa yectoTa. MoMeHTHaTa My CTOAHOCT
Cce Hamupa Ype3 peanHara YacT Ha M j2at.

:Re[l\il ejz‘”‘]:|lv'l

npom

np on€

M *

npom

npom (5)
*cos(— 30° + 2a)t)z 0,01548 cos(— 30° + 2a)t)
Tyk npen 2t 3HaKBT € NAIOC, 3aL0TO KOMMAEKCHNAT 06pas3
Ha MOMEHTa Ce BbPTY B MOMOXUTENHA NOCOKA.
3a o =0 npu penarmeHa ckopocT @, # 0 ce nonyyasa

M ,.pem = 0. CTOMHOCTMTE Ca pasnmWMyHW OT Hyna nopagu
HEMUHYeMU M3dmMCriuTenHu rpeikn. Mpu @, =0 acuH-

XPOHHUST MOMEHT Ce aHynupa. CbLUEBPEMEHHO B TO3W Cryyait
CpeAHaTa CTOMHOCT Ha PEeaKTVBHMS MOMEHT € pasfuyHa OT

Hymna 1 e MouTV paBHa Ha Mofyna Ha M 3@ w,#0.

npom

lMpenopbyaxa 3a nybnukysaHe om
Kamedpa “Enexmpucbukayusi Ha MuHHomo npousgodcmeo’, MEM®
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WHTepecHo € fna ce WHTEpnpeTMpa pasnukara Mexay
. 6 1 .

M 3 0=1044.10"[Qm] " u M, ,, 38 o=0.
OueBMgHO T € paBHAa Ha NpOMEHNMBaTa CbCTaBka Ha
ACMHXDOHHUS! MOMEHT M [bmxu ce Ha pasnuumeTo B

npom

ac,npom”
TANOTO NO ABETE My OCU N Ce U3MEHSA KaKTO MpOMeEHIMBaTa
CbCTaBKa Ha peakTUBHUA MOMEHT — C blTl0Ba 4€CTO0Ta, paBHa
Ha yABOEHaTa penatuBHa brnoBa CKOPOCT. B Ta6n|/|ua 1e

nokasaH M 3a ﬂ=600. Bwxaa ce, 4e nogobHo Ha

ac,npom

cpeaHaTa CTOMHOCT Ha aCMHXPOHHUS MOMEHT n M e

ac,npom
NpubnM3NTENHO NPONOPLMOHANEH Ha penatuBHaTa CKOPOCT.
Pasbupa ce, HamMpaHeTO My KaTo pasnuka Mexay ase Onmaku
Mo ronemMmHa BENUYMHI, BOAM 4O 3HAYUTENHM MPELLKU.

B Tabrmua 3 ca nokazaHn M nM B 3aBUCUMOCT

nocm npom

oT brbNl B 3a yectota f =50Hz . Kakto v tpsibea fga ce

ovaKea, 3a o :10,44.106[Q.m]’l ACUHXPOHHWAT MOMEHT
M ~ const. JlecHo ce ycTaHoOBSBa, Ye peanHata 4yacT Ha

M npom?
MOMEHT B Ha4anHWs MOMEHT, € NPOonopLMoHanta Ha Sin 25 .

nocm

KOATO npencraensasa CTOMHOCTTa Ha peakTuBHUA

N3Boau

MonyyeHnTe pesynTaT NOTBbPXKAABAT MPaBUNHOCTTA Ha
nsseneHute B [Koctos, 2004 | u [Koctos, 2005 ] chopmynu 3a
CMHXPOHEH PeakTMBEH U 3a cpefHaTa CKOpPOCT Ha aCMHXPOHEH
MOMEHT. YCTaHOBM Ce, Ye aMmniuTygata Ha CUHXPOHHWS
peakTuBeH MOMEHT M ..., max € MHOTO Mo-ronsma ot
cpegHaTta CTOMHOCT Ha acWHXPOHHUs. [locnegHusT wma
MakcUMyM M. o, 38 xmb3raHe s=1. CbOTHOWEHNETO
MeXay MakCUMarHUTE UM CTOMHOCTN e

peaxm,max 0,01548

Memsx 5772074

AmMnnuTynata Ha NpOMeHNMBaTa CTOMHOCT HA aCHXPOHHMA
MOMEHT 3a BCWUYKW XiTb3raHus s =0 e npubnusutenHo 25%
OT CbOTBETHATA CPefHa CTOAHOCT Ha aCUHXPOHHUSI MOMEHT W
€ HULLOXEH B CPABHEHWE C PEaKTUBHIS| MOMEHT.

CpepnHaTa CTOMHOCT Ha aCMHXPOHHWS MOMEHT € IHenHa
(OYHKLWS Ha XITb3raHeTo.
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NPOEKTUPAHE HA KOMMIOTBbPHA MPEXA 3A U3YUCITEHUA U CBXPAHEHUE HA
AAHHWU C ONMTUMANHA NPOU3BOAUTENHOCT NPU MUHUMAITHU PA3XOOU 3A
PEAJIU3ALINA
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PE3IOME. an/I NPOEKTUPaHEeTO Ha KOMMITbPHU MPEXHK, BKMHOYBALLN Bb3NN 3a CbXPaHEeHWE Ha AaHHU nvnm 3a peanusauna Ha u34ucnuTenHu npouecu, ce Tbpcu
Bb3MOXHOCT 3a NOCTUraHe Ha onTuManHa NpPou3BOAUTENHOCT NO OTHOLLUEHWEe Ha obema Ha MHd)OpMaLLMﬂTa, kosiTo ce obmeHs Mexay Bb3nute U CKOpOCTTa Ha
06pa60TBaHe Ha 3apaHusiTa. 3a Luenta ce npegnara aﬁchaKTeH Mojen 3a Bb3CTaHOBABaHE Ha rpadp No 3ajafjeHn CTeneHn Ha BbpxoBeTe U TbpCeHe Ha onTUManHo
Bb3CTaHOBABaHE MO KpuTepuu 3a onTumanHa Nnpou3BOAUTENHOCT U MUHUMANHK pa3xoaun.

DEVELOPING AN OPTIMAL PERFORMANCE COMPUTER NETWORK FOR DATA STORAGE AND DATA PROCESSING
Petko Lalov', Stefan Dimitrov?

"University of Mining and Geology “St. Ivan Rilski”, 1700-Sofia, e-mail: petko@mgu.bg

2Sofia University “St. Klement Ohridski”,UCC, 1164-Sofia, e-mail: stefan@ucc.uni-sofia.bg

ABSTRACT. In the process of developing computer networks, containing nodes for data storage and/or data processing, opportunities are sought to obtain optimal
performance in respect to the amount of information exchanged between nodes and the tasks processing rate. An abstract model is proposed for this purpose
describing the reconstruction of graph on given degrees of vertices and seeking the optimal reconstruction upon optimal performance criteria and minimal cost..

BbuBeaeHue R=2 2 X Cj (1)
Ol'paHVIquVIFITa 3a CTeneHuTe ce fasart C.

Mpy NPOEKTUPAHETO Ha KOMMIOTHPHU MPEXH, BKIHOYBALM

B3NN 3a CbXPaHEeHMe Ha JaHHM WM 3a peanusauvs Ha 2 Xj = pi 2)
WN34YMCTIUTENHM MPOLIECH, Ce ThPCU Bb3MOXHOCT 3a MOCTUraHe _

Ha ONTUMAarHa NpoM3BOAUTENHOCT MO OTHOLIEHME Ha obema Topey ce min R npy orpariderits (2).

Ha MHopMaLMaTa, KOSTO ce OOMEHs Mexay Bb3nute U

ckopocTTa Ha 06paboTeaHe Ha 3afaHusaTa.MapanenHo ¢ ToBa Tosn pAuckpeTeH Mopen UMa  TpyaHa - peanusauus.
ce Lenu fa GbaaT MUHVMM3MPaHU PasxoauTe Mo peanuaa- W3BecTHUTe meToam ( Ha FOMOpM, HAa OTCUYAHETO ) M3UCKBAT

MHOrO [06pM KOMMIOTBPHM MpOrpamyl, KaKBUTO 3a FONsIMO

LMATa Ha Mpexara.
CbXaneHMe He ca LUMPOKO pasnpocTpaHeHu. OcBeH ToBa

MaTemaTnueH Mogen ONTMMArHOTO pellieHe € Bb3MOXHO [a He € CBbp3aH rpad,
Hexa umame n Ha 6poil MOTOKOBM  M3TOUHUKA KOETO € BaXHO 33 NPAKTUHECKHTE NPUTOXEHNS! HA TO3M MOZET.

(CbpBbLPU,BBANM 3@ CbXpaHeHMe Ha [JaHHM). Ha  Tax 3atoBa  lle AajeM  eAMH  anropuTBM,KOATO  MMa

CbOTBETCTBYBAT BbpXOBETE Ha eiuH rpad. Ha sceku aBa MPEAUMCTEOTO,4€ € NNECHO peanusyem.

BbpPXa i 1 j € CbNOCTABEHO HEOTPULIATENHO YKCHO Cj, KOETO Ce

Pasmexda Kato Pasxon 3a CBbPIBAHETO HA i-TM U [T Taka aKko e W3BECTHa MaTpuLaTta Ha CBbP3aHOCT, W

Bp'bX(CTOMHOCT Ha Bp'b3KaTa). 3a BCEKU Bp'bX e 3ajafeHa MHHMAQHTHOCT, HE € I'Ip061'leM reHepl/IpaHeTO Ha rpadJVNHVIFI

CTeneH, CbOTBETCTBYBAlLA HA KAMALMTETHUTE My Bb3MOX- MOZJEn Ha Mpexata. He 3a BCUKM M3BECTHI MHBapUaHTX ToBa

HocTW. TpsibBa aa ce reHepupa Mpexa ¢ MUHIMAIHK CyMapHi e neka 3afava. llpu ToBa pellieHMeTo Moxe fa He e

pasxofu. Ako cTeneHTa Ha Bbpxa Vi e pi (i=1,2,.....,n), TO Tasm €ANHCTBEHO.

3afa4a MoXe Oa ce (hopMynMpa kato 3ajava Ha Leno-

YMCNIEHOTO MATEMATUYECKO NPOrPaMUPAHE MO CIIENHNS HaUMH: e ce cnpem no-noApobHO Ha WHBApuUaHTaTa BEKTOp OT
x;i=0/1 e [BOMYHA NPOMEHNMBA, KOATO MpuUema CTOMHOCT 1, CTeneHnTe Ha eauH rpad, KOATO UMa ¥ KOHKDETHO

aKo i-TM W j-TH BPbX Ce CBbpXaT i 0, ako He Ce CBbpXar. MPaKTM4ECKO MPUNOXeHKe. W Taka uckame 4 Bb3CTaHOBAM

OUYEBMAHO Xi=Xj . eauH rpac G(V,B) ¢ n Bbpxa 1 m Abru, 3a KOWTO € U3BECTEH

OBLuyiTe CymapH¥ pasxomy ca BEKTOpa OT CTeneHuTe Ha n-Te BbpXa S (P1,P2........Pn).
MpeBedeHo Ha e3nka Ha MPEXOBMA aHanms, [afeHn ca n
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enemMeHTa, 3a kouto TpsibBa Aa Ce NpoeKTMpa Takasa cucTema
OT BPb3KW, KOATO Aa YOOBMETBOPSBA W3MCKBaHWATA 3a Pi 3@
BCEKW enemeHT(BpbX ). Hanpumep, Heka nMame n CbpBbpU 1
nckame Aa rn obeguHMM B cuCTeMa,Taka Ye B MOMEHT Ha
npeToBapBaHe Ha Mpexara, [a Ce M3nonaysar 3anacute Ha
Bcekn 0T Tax. OcBeH ToBa 3a BCEKM CbpBbP, B 3aBUCMMOCT OT
HEroBuTE MOTEHUMANHM Bb3MOXHOCTM € MOCTaBeHO M
YCMOBMETO C KOMKO Ha Opoit CbpBbpu MOXe Aa Obae
cBbp3aHa. Ha c¢wur.1 ca pagenu gBa rpadpa, kouto ca
Bb3CTaHOBEHM OT BekTopa §( 2,2,2,2,2,2 ).

Tosn npumep nokasea, Ye PELLEHMETO He e eOMHCTBEHO,
ABata rpaca He ca M3oMopdHU. Helwo noseye, MbPBUAT AOPH
He e cBbp3aH. Bce nak vHTepec npeacTaBnssa anropurbma 3a
reHepupaHeTo Ha rpad, ¢ NpeaBapuTENHO 3aAafeH BEKTOP Ha
cTeneHute Ha BbpxoseTe. Llle onuwem eguH TakbB
anropuTbM, KOWTO € AadeH B [1], cnen KOETO WM3NoMn3yBaiku
TO3 anropuTbM Lie 0600WMM nocTaBeHaTa 3ajava, Kato
BbBeEM U JOMbIHUTENEH KPUTEPUIA 3@ ONTUMATTHOCT.

Heka e 3apaneH BekTopa OT cTeneHn s( p1,p2,.......Pn ) Ha
BbpxoseTe. pu1eTo e fa ce ka3sa, Ye pesuuara (p1,p2,.......,Pn
) OT HeoTpuUATENHW LenW uucma e rpadmyecka, ako
CbLUECTBYBA rpach C BbPXOBE V1,V2,.....,Vn , TAKbB Ye BbpXa Vi
uma cTeneH pi. He e TpyoHo Aa ce npewieHu, Ye cymata oT
cTeneHuTe pi TpsAGBa ja € YETHO YnCro.

Homeprpame OTHOBO BbPXOBETE Ha rpada B CbOTBETCTBUE
C Hapegbara:
P1Zp22....cvne 2Pn

[a B3emem Bbpxa Vi CbC CTeneH pi [la u3vyepnum pi
03Ha4yaBa fa CBbPXKEM BbpXa Vi C BbPXOBETE V1,V2,......,Vpi ,
aKo pi<i, UNK € V1,V2,...Vi1,Vi#,..,Vpi+1 ,aKo pi > |. Peguuata ( p1-
1,02-1,.ccc0, P 1, Ppit 1,0 osPit ,0,Pi41 4eesPn ) CE Hapuua
ocTaTbyHa pegvua. Cneg  Te3n onpefeneHus Moxe [fa
thopmynupame v anropuTbMa 3a peanusauus Ha peguuarta (
P1,P2,eenee Pn), P1= P2 2.2 Pn

1. u3bupame nNPOM3BOMHO Pk
AeUHMPaHNS CMUCDIT;
2. onpefensme ocTaTbyHaTa peaula U noapexaame 0THOBO
BbpXOBETE, Taka uYe oOcCTaTbyHaTa peauya Aa CTaHe
Hamanswa. loeTapsMe TO3M NpPOLEC, [OKATO CTUTHEM [0
e[]Ha OT CNeSHUTE [BE CUTYaLM:

- BCUYKM ocTaTbyHM cTenenmn ca 0. B To3u cnyyaii rpada e
MOCTPOEH;

- efHa OT OCTaTbyHUTE CTEMEHW e OTpuuaTenHa.
CrepnoBaTenHo peauuaTa s He e rpagmyecka.

# 0. M3auyepneame px B

AKO B ONMCaHWs anropuTbM W34eprBame Ha BCsika CTbka
Halt-MarkaTta HeHyneBa ocTaTbyHa CTEMEH, NomnyyeHusT rpad
e 6bae cBbp3aH.

FICHO €, Ye peLIeHWETO Ha pasrnexaaHata 3ajadva He e
€[HO3HayHO. ToraBa MOXEM Aa BbBEEM M3NCKBAHETO 3a
ONTUMANHOCT Ha HsKOW OT BapuaHTUTe Ha peweHue. Le ce
CMpeM WMEHHO Ha TO3u MpoBreM W HEroBOTO MPAKTUYECKO
MPUIOXeHMe.

Heka ca [jafeHu BEKTOpa OT CTENEeHUTE Ha JafieHu N Bbpxa
$=(p1,p2,...,pn) U CUMETPUYHATA MaTpuLa { Cj } OT pasxoauTe 3a
CBbp3BaHe Ha i-Tus 1 j-Tus Bpbx. Cera crassame crieaHata
nocreaoBaTenHoCT:
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1. KaTo Havano ce NocTposiea cBbp3aH rpad Go € AageHust
BEKTOP Ha CTEMeHuTe, W3NOoN3yBalki AafeHus No-rope
anropuTbMm,;

2. U34MCNABAT Ce pa3xoauTe 3a peanusaums Ha Tasn Mpexa
RO;

3. obrute Ha rpadha Go ce oLBeTsBaT.

G e nbnuus rpad, obpasysaH oT n Bbpxa. Cneg
ouseTsaBaHeTo Ha Go, YacT OT Abrute Ha G ca ouBeTeHu, a
ocTaHanuTe He ca. [lo HaTaTbk Le u3nondysame egHa
Teopema. [lpean HEMHOTO W3NOXEHWe Lie AafeM efHa
AeduHnLms.

AnTepHaTMBeH KOHTYp B G Lie Hapuyame TakbB KOHTYP B
KOWTO OLIBETSBAHETO Ha [bIUTE, y4acTBYBalyM B Hero ce
CMeHs anTepHaTuBHo. Ha chur.2 e nokasaH TakbB KOHTYP.

Teopema: Ako B anTepHaTMBeH KOHTYp Ha G CMeHUM
OLIBETEHWUTE [bIM C HEOLBETEHU W 0BpaTHO, HOBMS rpad OT
OLBETEHM ObIM € peanu3aLus Ha BeKkTopa S.

DHokasatenctBo  AkO  B3eMeM MpOM3BONEH BPbX OT
anTepHaTUBEH KOHTYP, TOW € MHUMOEHTEH C eHa ouBeTeHa 1
efHa HeoLBeTeHa Abra. [lpomsHaTa Ha OLBETEHOCTTa Ha Te3u
[Be Abr He BOAM 4O NPOMSIHA Ha OLIBETEHATa CTEMEH Ha To3u
BPBX.

Ako B eauH anTepHaTUBEH KOHTYP, CymMaTa OT pasxoauTe Ha
OLBETEHUTE AbMW € Mo- rorisMa OT cymaTta OT PasxoauTe Ha
HEOLBETEHUTE  [blM, TO3M  KOHTYP LUe  Hapuyame
anTepHaTMBHO HamansBaLy.

4. B G TbpCcUM anTepHATUBHO Hamassialy KOHTYp. AKO
HamepuM TaKbB, MPOMEHSME OLIBETEHOCTTA Ha [brUTe B HETo
W nonmyyaBame HOBA peanu3auus Ha Mpexata C No-Marnku
pa3xoan. CblUeBPEMEHHO CrieauM 3a CBbP3aHOCTTA Ha
HOBOMOSTyYeHus rpad.

Touka 4 ce noeTaps, gokato B G He MOXe fa ce OTkpue
noBeye arnTepHaTUBHO HaMansBaLy KOHTYP.

[la pasrnegame eauH npumep.

V1 V2 V3 V4 Vs V6
V1 16 8 12 10 9
V2 16 14 13 8 15
V3 8 14 1 9 7
V4 12 13 1 10 6
V5 10 8 9 10 12
V6 9 15 6 12

s=(4,3,3,2,2,2)

[eHepupame eduH OT rpacuTe, MO 3adafeHUs BEKTOP OT
cTeneHn.Ha cur.3 ce Buxaa rpadmyeckata peanusauus Ha
TO3M rpad.

INutepartypa
P.Bacakep, T.Caatu
1974, (in Russian).

KoHeubie rpadibi 1 cetu, Moscow,



NMPUNOXEHUE

®ur.1
O O\
O
@) /
e
O
dur.2

Ro=96
AnTepHaTUBHO HaManaBalLly
KOHTYP:V2-V1-V3-V5-V2

Ro=87
AnT. HamansBaLy
KOHTYP:V2-V6-V5-V4-V>
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Ro=81
HAMa anT.HamansBall
KOHTYP.

N

CnepoBatenHo ToBa € ONTUMAHO pelueHne. HammupaHeTo Ha anTepHaTUBHO HaMansBally KOHTYp MOXe Aa CTaHe Hanpumep C
MOMOLLTA Ha anropuTbMa XoA Ha3ag,

éour.5

lMpenopbyara 3a nybnukysaHe om
Kamedpa “Ungpopmamuka”, MEM®
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KOMMIOTBbPU3NPAHA CUCTEMA 3A KOMMIEKCHA OLIEHKA HA TEXHWYECKO
PELWIEHUE

Hukonaii flHes, KbH40 UeaHose

MurHo-eeonoxku yHugepcumem "Ce. Mean Puncku", 1700 Cogpus

PE3IOME: CTatusiTa pasrnexaa peanusaumsta Ha MHopMaLmMoHHa cuctema ¢ web nHTepdeic 3a MHOroKpuTepuanHa oLeHka 1 u3bop Ha BapuaHT Ha TEXHUYECKO
pelleHve Ha Ba3aTa Ha WHTErpaneH KonmuMyecTBeH nokasaten. Cuctemata e npefHas3HayeHa, KaKToO 33 MOM3yBaTeNUTE i B MUHHUTE MPEanpusTMs, Taka W 3a
cTynentute B MY, AaBaitku UM Bb3MOXHOCT 3a on-line peluasaHe Ha TO3u TN 3adaun. Pasuckea ce M Bb3MOXHOCTTA 3@ NOBULLIABAHE HA “MHTENUIeHTHOCTTa” Ha
onucaHara paspaboTka.

COMPUTING SYSTEM FOR COMPLEX EVALUATION OF A TECHNICAL DECISION
Nikolay Janev, Kancho Ivanov
"University of Mining and Geology “St. Ivan Rilski”, Sofia 1700

ABSTRACT: The article deals with implementation of an information system with a web interface for a multi-criteria evaluation and choosing of a variant for a
technical decision, based on an integral qualitative indicator. The system is aimed at usage both in the mining enterprises and by the students at the MGU in Sofia,
providing them with the opportunity for on-line solving of such kind of problems. The possibility for increasing “the intelligence” of the described development is also
being discussed..

TeopeTuyHa 6asa BapuaHta (j=21,N) N0 M KOMMYECTBEHM MoKasaTenu
/\3MEHEHMETO Ha MMHHO-TEONOXKUTE, MWHHOTEXHOMOMNY- Ki :(' :Lm)-

HATE U COLMANHO-MKOHOMWYECKUTE YCOBWMS Hanara ga ce VKonl ce onpegens no chopmynara,

YCHBBPLUEHCTBAT 1 1a CE ThPCAT TEXHUYECKN PELLEHIS, KOUTO

OCUrypsIBaT KOHKYPEHTHa NPOAyKUys. B HacToswara cratus ce K K01 _
npeacTaBs paboTella cucTema 3a noaroMaraHe Ha excrepTi .
npY hOPMUPAHE Ha TEXHOMOTMYHA KOHLIENLMA B NEPCMEKTUBHO
peweHue. PaspaboTkata e B npouec Ha w3npobsaHe npu
MOA3EMHOTO pa3paboTBaHe Ha Haxowlyata Ha TBbpau napameTbp 3a j™* BapuaHT,

KbAeTo Sij e 0espasmepHa CTOMHOCT Ha ™ yacTeH

Mnone3Hu M3Kkonaemm. K. —k.
- 1] e (2)
ij— K max kmin

AHanu3 1 oLeHKa Ha W3BECTHUTe 0OCTOSTENCTBA B MUHHMA i tK

00eKT ce Hanara KakTo npu HOBO CTPOWMTENCTBO, Taka U Mpu max |, min ” :

) - ki, ki ki - CbOTBETHO CTOMHOCTTA Ha ™

Mno-HaTaTbWHOTO My pa3BMTME MMM 3@ CbMNOCTaBKA Ha .

pasnnyHN NPOEKTY (BapuaHTL) Ha pasrnexaaqns 0bekT. nokasaten 3.8 J™* BapuaHT, MakcumanHata U MUHMManHata

CTOWHOCT Ha i™* nokasaTern;
Kato TeopeTMyHa OCHOBa 3a W3rpaxpaHe Ha WMHgopma- — (p; - eKCTIepTHO 3afjafieHa OTHOCMTENHa TeXecT Ha i™

LvoHHaTa cucTema nocryky onucakara ot npod. Muno YaCTeH KOMMYeCTBEH nokasaten, B % WNu APy YNCIOB M3pas,

Benes metoponorus (1997). ABTOpbT M3BbpLWBA OLEHKA U MPONOPLYIOHANEH Ha TEXECTTA;

1360p Ha TEXHWMKO-TEXHOMOTMYHM peLleHns Ha 6as3a Habop oT ~ ke - HaW-BnaronpusTHata CTOMHOCT ~ (MaMexay

MHOXECTBO ~ KONMWUYECTBEHM W KAYECTBEHM MOKa3aTenu. CpaBHSIBAHWTE) Ha ™ MokasaTen. EXcriepTwTe nocousar

PelueHneTo Ha Tasu 3afjavya BKIKOYBa M300p Ha NMOAXOAALLM
nokasaTenu, MeTo 3a OLeHKa, OnpedensHe Ha UHTerpanHus
konuyectBeH nokasaten (MKonl) u wmHTerpaneH kayecTBeH

npeagapuTento Aanv ki e min k ; ) wm max (k;; )
i j

nokasaten (MKaull). 3a Bceku OT NpOEKTHWUTE BapwaHTu U M3GOpbT Ha MPOEKTEH BApuaHT, Ce OCbLUECTBSIBA MO
HamupaHe Ha Han-mankus (no croiHoct) WKonll w Hai- MUHUMANHA CTOMHOCT Ha WKon.

BUCOKMA no-ctomHocT WMKaull. 3a uenta ce u3BbpLIBA

WHTErpanHa CpaBHUTENHA OUEHKa Mexay N NPOeKTHU KnacupaHeTo Ha cpaBHsBaHUTe nomexgy uMm obekTun

(npoekTn) no MKauK Hai-4ecTo e cnopeg dhopmynara:
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Ky = ZQij(Pi 3)
i—L

kbaeTo Qij e excreptHa 6anHa oueHka Mo i-TUs KayecTeeH
nokasaten 3a j-T1s 00eKT(MpoexT).

(@; - oTHOCWTENHaTa NponopLuoHanHa TeXeCT Ha i-Tnst
nokasarten, onpeaeneHa ekcnepTHo.

M3bopbT Ha nNpOEKTeH BapWaHT, Ce OCbLEeCTBABA MO
MaKkcuMManHa cToHocT Ha Kaurl.

KomnnekcHa KONM4eCTBEHO-KavyeCTBeHa CpaBHUTENHA
OLigHKa & Bb3MOXHa cropen (hopmynara
KOJI
. py _
Ky = — min (4)
k.l KKa"l
uj
nnmn
Ka4d
. "
Ky = ! 5 max (5)
KOJI
uj
OTHocUTeNHaTa  pasnvka Mexmy —WHTerpanHute  Uiu

KOMMNEKCHUTE KpUTEpUM Ha onTuManHocT A j Moxe fa ce

onpegenv no gopmynara:
K=Kl

b= K.

10
kbaeTo K|, Kjo e uHTerpanHarta (komnnekcHa) oLeHka 3a j-Tus

00exT (npoexT).

A (6)

Tekyuio nonoxexue

Mpn MHOXECTBO BapuaHTW, NOArOTBMTENHATA M U3UYMCIK-
TenHata pabota, NO npunaraHe Ha npoueaypuTte 3a
uaumcnenme Ha WMKonl ca pyTWHHM, NPOOBIKMTENHNA K
obemHu. 3a HamansBaHe Ha pyTWHHaTa paboTa M Cb3gaBaHe
Ha Bb3MOXHOCT 3@ MHOTOKpPATHO NpuraraHe Ha npoueaypata
[0 HacTosLMS MOMEHT € M3Nofi3BaHa eNekTpoHHa Tabnuua
"OCENKAIP", peanuaupaHa ¢ Microsoft Excel. Paspabortkara,
onucaHa ot gou. Oepmenmkues (1996), pelwasa 3agayarta 3a
1300p Ha NPeAnoYNTaH BapWaHT, HO MpUTEXaBa U CreaHUTe
OrpaH14eHms:;

— paboti camo ¢ eanH Habop 3a @; ;

u3nonsea gukcupan 6poi nokasatenn-10 n BapuaHT—6;
He Ce M3BBPLLBA HUTO OL|EHKA MO Ka4eCTBEHM NokasaTeny,
HWTO KOMMIEKCHa OLEHKa.

MMopagu ecTecTBOTO Ha M3NON3BaHNsa UHCTPYMEHT (Microsoft
Excel) cuctemara nma HAKOMKO OCHOBHW HEJOCTaTbKa:
Microsoft [Excel He npuTexaBa Bb3MOXHOCTM [a
3anameTsiBa M B MOCMEACTBME [a W3MonaBa NpeaxomHu
U34YMCTIEHNS;

— BHaCAHETO Ha MpOMeHM B cuctemarta (6poii BapuaHTw,
HanpyuMep) € 3HAYMTENHO 3aTPyAHEHO;

cucTemata € 3a NOKanHO MOM3BaHe - HE € Bb3MOXHO
WM3MOMN3BaAHETO HA eNeKTpOHHATa Tabnuua B MpexoBa cpega
(Microsoft Excel He npuTexaBa MPEX0BM Bb3MOXHOCTH, KaTo
ynpaBrneHne Ha MHOronoTpebuTeNckn 4OCTbN);
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nopagy NoKanHus XxapakTep Ha cucTeMata € 3aTpyaHEeHo 1
pasnpoCTpaHEHWETO Ha HOBM Bepcuu (nogobpeHns) Ha
cucTemara;

— 33 uM3rpaxgaHe Ha enexkTpoHHaTa Tabnuua e M3nonseaH
cohTYEpP W3WCKBALL, NULEH3 — TOBA OCKbMsABA peannsauusta
Ha cucTemara;

NPOAYKTLT € NnaTchopMEHO 3aBUCUM — W3MON3BAHETO Ha
OS WINDOWS e abcontoTHO HanoXuTEHo.

Mopagu ropenocoyeHnTe HegocTaTbLy, be NoTbpCeHa HOBa,
Mo-MOLHa TEXHONOorUs 3a peanusvpaHe Ha anroputbMa 3a
HamupaHe Ha Hai-go6bp UI.

C ormeg cneuudukata Ha MUHHUTE  NpeanpUATUS
nanonasaHeto Ha Internet e Hail-gobpoTo pelueHne 3a
ocuUrypsiBaHe JOCTbN Ha NPOM3BOMHM KNWeHTU [0 6asa gaHHM
(BO) ¢ wHdopmauus 3a npeanpusTueto. B cratuaTta ce
TPETUpaT  XapakTepuctTukute Ha web uHTepdeiica w
peanusauusita My B MWHHOTO [eNo 3a MHOrokputepuanHa
OLeHKa M M30op Ha BapWaHT Ha TEXHUYECKO peLleHMe Ha
Gasara Ha WM.

Bb3moxHocTh Ha UC

C passutneTo Ha TexHonoruute, HasupaHu Ha Intemet

[OCTbIN, 13MON3BaHETO Ha MHopmaunoHHa cuctema (MC) ¢
web uHTepdenc B MWHHOTO Aeno Ou [JOoBeno [0 BakHW
npeauMcTBa, KaTo:
pocten go MC 6es ornen Ha reorpadiCKOTO MOMOXEHMe
Ha NOTPedUTENS - MUHHWTE NPELNPUATUS Ca Pa3MoNOKEHN Ha
ronemu nroLUu, nopaam KoeTo 3a NPeanoUuMTaHe € U3nonasaHe
Ha ueHTpanuaupaHa b[l, kosaTo aa 6bae AoCTbhHa OT BCsKa
TOYKa Ha NPEANPUSTMETO M OT CMELMan1cTi No Lienus CeAT ¢
“3nonssaHe Ha u#mparHem wnu Internet;
Bb3MONM3BaHE OT Bb3MOXHOCTUTE HA apXxuTeKkTypata
KIWEHT-CbPBbP; HaManeHW pasxoam 3a NoAaPbXKa; Hamansaea
Ce MpPEeXOBOTO HaTOBapBaHe; nofobpeHa WHTErpauws Ha
JaHHuTe, OnarogapeHne Ha  LEHTPanuaMpaHoto UM
CbXpaHeHwe; nnatopMeHa He3aBHUCUMOCT;

Llenta Ha aBTOpUTe 6e pga ce pearmsmpa WC 3a
MHOTOKpUTEpWanHa OueHka ¥ u360p Ha BapuWaHT Ha
TEXHMYECKO pelleHne Ha 6Gasata Ha WM, B web cpega.
Pa3spaboTBaHeTO Ha TakaBa cuctema OM YNeCHWNo, KakTo
nonseaTenuTe Ha cucTemata B MUHHM MPEANpUSTIS, Taka U
ctygenTMte B MIY, paBaku MM BBL3MOXHOCT 3a on-line
peLlaBaHe Ha MUHHY 3aauu.

CrepBaly eTan B pa3BUTUETO Ha cucTemaTa e HaTpynaHuTe
JaHHW Ja ObAaT u3nonsBaHu 3a uarpaxgaHe/obyyeHue Ha
WHTENWIEHTEH MPOAYKT (exkcnepTHa cuctema) 3a w3bop Ha
BapUaHT Ha TEXHUYECKO PELLEHME.

OnucaHue Ha peanusupaHarta UC

CTpyKTypa Ha cuctemara

Bxopa B cuctemara craBa cnep ycneluHara aeHTUdmkaLums
Ha 00EKT (MWHHO MpeanpusTUe, oTaen, y4ebeH Kypc, rpyna u
T.H.). OBekTUTE Ca NpeaBapUTENHO 3aAaJEHM, KaTo 3a BCEKU
OT TAX € AeduHupaH Habop OT M3MON3BaHW, B OLEHbYHATa



JlefHocCT, nokasatens (KONMMYECTBEHM U KAYECTBEHM).
EovHCTBEHO agmuHMCTpaTopa Ha cucTemMata Moxe Aa
NpOMeHs To3n Habop.

THpEHE

i 4 MHHHICTPATOP|—»- Ha
Ha obexT 5

Hsbopua
< & MBTIONZEAHN
TIOK &6 STeqm
Hzfopra
CLEHAE SHe

EKCIIEPT TIOTPEEUTEII

up eHTHMIHpaHe
Ha norpe T e

upeHTHdIIMpaHe

Ha eKCTIepT

BBEEX[AHE Ha
nafiop or excrepTHO
CIIpeen eHu
OTHOCHTEITHH TEXeCTH

w3bop maHabop fu or
EKCITEPTHO
CrIpezien ey

OTHOCHTEJIHE TeXeCTH
rop o [ ——] PR e
BanuMaHT

M3UMCILIE aHe Ha
MHTerpaieH
KPHTePHH 33 BCEKH
BaNMEHT

!

wmzbop Ha
Hait-gobep
MHTETpares

KpHTepHit

ofiofwaeaHe Ha
AaHHUTE

®ur. 1. Cxema Ha web 6a3npaHaTa MHpOpMaLMOHHA cucTemMa

NC paBa BB3MOXHOCT 3a TpM Tuna OLEHsBaHe -—
KONMYECTBEHO, KA4ECTBEHO W KOMMIEKCHO.

T Ha oLleHAR AHE:
[ xauectBEHO

[ xonuyectEEHO

dur. 2. Us6opHa TMN oueHsIBaHe

OueHkaTa Ce W3BbpWBA OT TPWU MOACUCTEMM — 3a
KOMMYECTBEHO, KAYECTBEHO W KOMMIIEKCHO OLeHsBaHe. Beska
enHa oT Tsx paboTv ¢ ABa Tuna noTpebuTenu: ekcrnepT M
pa3paboTuuK.

Hud opmarpioHHa cHcTeMa 3a MHOT OKPHTepPHAJHA OLIeHK A H 36 0p Ha BapHaHT Ha
TeXHITYeCKo pellieHHe Ha fazaTa Ha HHTerpajieH KoJur4ecTeeH MMoKa3aTeJl

[ EKCTIEPT | [ PasPABOTWIK

®ur. 3. Bxoa B nogcucremute Ha UC

Moacuctema 3a KONMMYECTBEHO OLIEHSIBaHe
Mpw ycrielleH BXoA B nogcucTemMara 3a KOMMYECTBEHO
OLieHsiBaHe, BbBEXAHETO Ha AaHHW CTaBa Ha fBa ertana. Ha

MbpBUA €Tan eKcnepTbT BbBeXda (P; 3a BCEKW MNokasatern.

Cuctemata Hama fa npueme Terna, YmuTo cOop e pasnuyeH
oT 1. 3a ynecHeHue Ha ekcnepta e [06aBeHO KOHTPOIHO
nore, B KOETO, B NPOLIEca MO BbBEXAAHE, Ce NOKa3Ba TeKyLMS
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cbop. Cren ycmewHo BbBexdaHe Ha Terna 3a ¢ ce
BM3yanuaupaT HanuyHUTe B MOMEHTA [aHHM M [aTuTe Ha
KOUTO Ca BbBEXAaHW.

B cuctemara, kosTO npeanarame B Hactoswarta ny6-
NUKaLWs, ekcnepTbT MoXe Aa [00aBM HOBM MoKasaTenu,
3apaBaiikn (b W HauMHa 3a onpesensHe Ha K.

Ha cnepBaly etan paspaboTumkbT uM3bupa 1 unn HAKOMKO
Habopa OT Terna 3a (p (BbBEAEHU B CUCTEMATA OT eKcrepTy)

¢ KouTo aa 6bae usyucneH MKonM.

TETJIA HA TOKA3ATEIOT
Crncsx ¢ wamrasTe A
Cpoxsa

Ouaxaua

Cpoxsa | Tamen |,
cefecrotmoct, -
¢

AOCTITANE HY | orkymypane, | mpoment,
nougtoc, . M
ron B ¢
ron
04
001
o015
015
015
0.05
002

e ecrinpm,

Cpemnn Pagoram
m 2 Tipoeomiremioc
it .

e, newanta,
A TpyaR, ti. e
.t roa

@ oot
Op2
@01
009
Ojo1
Ojo.01
0o

(0POAbAXM

0.01
015
0.08
.08
0.08
01

001

001
015
007
007
007
004
02

0.01
001
o011
o011
o1

06

0.0z

01
001
005
005
005
004
001

01
002
01
01
01
002
o1

025
002
012

01
03

012
012
015
0.06
031

®ur. 4. Us6op 1 nnu Hsakonko Habopa oT Terna 3a (D npu KonuyecTBeHa

oLeHKa

B cneggawara cronka ce npaeu u3bop Ha 1 unu noseye
BapuaHTa OT CTOMHOCTM 3a nokasaTenute. MpeaBuaeHa e u
Bb3MOXHOCT 3a BbBeX[daHe Ha HOB BapWaHT, SGJJ,EIBGVIKVI
cTonHocT kij 3a Bceku OT nokasaTtenute.
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DI0BABM BAPVIAHT

®ur. 5. U36op Ha 1 unu noBeye BapuaHTa Unn BbBEXAAHe Ha HOB
BapUaHT 3a KONUYECTBEHA OLieHKa

WKonl ce m3uncnsBa 3a BCeku OT U3bpaHUTe BapuaHTh. B
pesynTaT OT Te3U U34NUCTIEHNS Ce NPEAOCTaBAT JaHHM 3a:
13bpaHuTe BapHUaHTK;
min W max CTOHOCTY 32 BCEKW eaMH OT NoKasaTenuTe;
cTonHocTn Ha VKonl 3a Bceku OT n3bpaHnUTe BapUaHTK -
M34YMCnIsBAT Ce 3a BCEKu OT W3bpaHuTe Habopw oT Terna 3a
(O

rpadmMyHM [aHHM C MapkMpaHe Ha MWHUManHug Mo
cTonHocT 3a MKonl BapuaHT;

BCWYKMTE TOPEMOCOYEHMN OMepaumn CU M3BBLPLUBAT U C
HOpPMUPaHu AaHHK, KaTo pesynTaTuTe Ce CbNoCTaBsT;
06061LeHn (LndpoBu M rpachnyHmN) LaHHK 3a MOMyYeHnTe
WKonf npu HaBopuTe oT Terna 3a @ .

VHTEFP AN KOPMYECTREMN NOMATATE I

THIL CTOMMOCTI A marvery vosmts tacnszem e 5 1 33S00A5T0UHY) womes acpazpons dsmes 132 ETMIN
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®ur. 6. Mpadpmunm n undposu aaHHK 3a nzuncnenute UKonl



MKonl ce usuncnsiBa 3a BCeku OT m3bpaHuTe Habopu OT
Terna 3a (p, kaTo NomyyYeHuTe AaHHM Ce BU3yanuampar, KakTo

€ NnokasaHo Ha cur.6.

Moacuctema 3a Ka4eCTBEHO OLiEHABaHe

Mpu u3bOp Ha KAYECTBEHO OLEHsBaHe Ce aKTMBMpa
noacucTeMa 3a W3YMCNABAHE HA MHTErpaneH KauvecTBeH
nokasaten (MKaum).

M TyK, KaKTO B NMOACUCTEMATA 3a KONMYECTBEHO OLEHSIBAHE,
BbBEX/JaHETO Ha [JaHHW cTaBa Ha Apa eTana. VgeHTuyHa e un
npouegypata no BbBeXaaHe Ha [faHHM. Ha mbpeus eTan
eKCrepTbT BbBEXAa Terno 3a Bceks nokasaten. Cuctemata
HAMa fa npueme Terna, Yunto cbop e pasnuyeH ot 1. Cneg
YCMELHO BbBeXaHe Ha Ternata ce Bu3yanuaupar HanuiHute
B MOMEHTa JaHHW W [1aTUTE Ha KOUTO Ca BbBEXAaHMW.

B cuctemata, KkoATO npeanaraMe B HacTtoswata
nybnukaums, ekcnepTbT MOXe Aa AoDaBuM HOBW MOKasaTenu,
3aaBanku My Terno.

Ha cnepgaly etan paspaboTumkbT M3bupa 1 unm HSKOMKO
Habopa OT Terna (BbBedeHM B cucTemara OT eKcnepTh)
kouTo aa 6bae ndncneH MKaull.

I[’xﬁop; i(‘reneﬂ Ha " Cremen Ha xirHeHA Crerex Ha
| GeszomacTHOCT Ha TpyAa ©KOJIOTHYHOCT
o0 | 0,5 02 03
O | 05 03 0.2
O | 045 0,25 03
=3 0,43 0,3 0,27
O | 04 03 03

our. 7. Usbop 1 unu Hsakonko Habopa ot Terna sa (D npu kayecTBeHa
oLieHka

B cnegpawarta crbnka ce npasu 13bop Ha 1 unu noseye
BapuaHTa OT CTOMHOCTW 3a nokasatenute. [peasuoeHa e u
Bb3MOXHOCT 33 BbBEXaHe Ha HOB BapyaHT.

I['n')op?(‘]'er(eu Ha (ezomacTHOCT Cremet e XHrHeHg (C'TerreH HAa eKOJIOTHYHOCT.
[ TpYAA
O | 45 \ 5.1 4
O 5 | 5 [ 4
o 45 i 5 41
=] 43 \ 53 42
(O] 5 \ 439 39
WaGop
Kavecteenu s
ToKAa3aTe I Crommouy
Crenex Ha
6esomacTHOCT ‘
Crenen Ha XHTHEHa Ha
[TPYAa [
Crenen Ha
EKONIOTHYHOCT

®ur. 8. U36op Ha 1 unM noBeye BapuaHTa MNKU BbBEXAAHE Ha HOB
BapMaHT 3a Ka4yeCTBEHa OLieHKa

3ajaBaiiku CTOMHOCT 3a BCeku oT nokasatenute. MKaull ce
M34MCIIABA 3a BCEKM OT U3BpaHMTEe BapnaHTu.

Mopcuctema 3a KOMNNEKCHO OLEHABaHE
Mpu 13bOp Ha KOMMYECTBEHO-KAYECTBEHO OLEHsIBaHE Ce
uauucnssat MKonl n UKaull, cneg koeTo no doopmynu (4) unm
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(5) Ce u34yucnaBa M KOMMJeKkCHa Konn4ecTBeHO-Ka4eCTBEHa
CpaBHUTENHA OLEeHKa.

M3nonseaHute, Ha ropenocoyeHuTe d’.)l/ll'ypl/l, JaHHM Ca
EKCnepuMeHTarnHu.

Mpeaumctea Ha UC npea "OCENKAIP"

TpeTupaHata peanu3auus e ocbllecTBeHa Ha 6asata Ha
cBoboaHO pasnpocTpaHsiBaH cotyep: MySQL kaTo CbpBbP
3a 6asa gaHHM 1 PHP kato e3uk 3a Bpb3ka ¢ Dasata gaHHu
(v3nonssaHeto Ha Microsoft Excel uaucksa nnateH nuuens).
Opyrv  HeliHn  npeguMcTBa  ca: MaLLabupyemocr,
MPEHOCMMOCT, W3MOMn3BaHe Ha NOTPEDUTENCKN 3asIBKW U T.H.,
npucbwy Ha web-SQL 6GasupaHus wHTEpderc. Ypes
cbBMecTHaTa pabota Ha PHP n MySQL ce ocblyecTesiBa u
KnMeHT/CbpBbp 0BpaboTkaTta Ha UHopMaLKs.

Cuctemata e JoCTbMHa on-line — Taka oTnaga W3nCKBaHETO
3a pabora B TOYHO oOnpedenieHa onepauuoHHa cuUcTema
(paspaboTkata Ha Microsoft Excel pabotu camo nog OS
WINDOWS).

C n3non3saHeTo Ha B/] ce naBa Bb3MOXHOCT 3a 3ana3BaHe
Ha pe3yntatute OT NPeaxOAHM U3YMUCNEHMA U M3NON3BAHETO
“M B 6beLLm n3cneaBaHus.

Manonseanusa cbpebp 3a B — MySQL, e SQL 6a3upaH,
KOETO AaBa Bb3MOXHOCT 3a 6e3npobnemMHOTO MpexBbprsHe
Ha JaHHW KbM Jpyru cucTemn paboTelum ¢ penaunoHHn Bl
unu ganHm B XML dhopmar.

[lobaBeHn ca 1 NOACUCTEMM 33 KAYECTBEHO W KOMMIEKCHO
OLieHsIBaHe.

Bb3MoxHOCTUTE Ha cucTemara ca pasliMpeHm 1 B YacTTa 3a
n3bop Ha BapuaHTW — Han-Manko 1, Hal-MHOrO — BCUYKM
HannyHm B B[l (B cuctemara peanusupaHa upes Microsoft
Excel BposT BapuaHTh e duKcupaH Ha 6).

M3uncneHusTa ce OCbLECTBABAT MO E€4WMH WM HSIKOMKO
Habopa oT Terna 3a (p (B cucTemara peanuaupaHa c

Microsoft Excel 6posiT Habopw e dukeupaH Ha 1).

B cnyyas Ha 3bop Ha HAKONKO BapuaHTa 3a Terna Ha (p ce
[faBaT 1 0606LLEeHM AaHHM.

BbamoxHO e gobaBsiHe Ha HOBM M W3KMKOYBaHE Ha BeYe
CbLLECTBYBALL KONMMYECTBEH NOKa3aTen. Taka CTaBa Bb3MOXKHO
nsumcnseaHeto Ha WM ¢ pasnuyeH Gpoit  KONMYECTBEHU
nokasarten;

CbxpaHsiBaT ce NepcoHanHW [JaHHW 3a Mons3BaTennTe Ha
cuctemata. M3rpageHu ca v mMogynu 3a uaeHTudukaums Ha
aOMUHIUCTPATOp, EKCNepT 1 NoTpebuTen;

MopobpeHo
WH(hopmaLmsTa.

e (opmaTMpaHeTo Ha  MpeacTaBsHaTa

V13BbpLIBAT CE M3YNCTIEHUS], KAKTO C HEHOPMMPaHM, Taka 1 ¢
NIMHENHO HOPMUMpaHU CTOMHOCTW 3a MoKasaTemTe — ¢
NpuBEXAaHeTO Ha AaHHWTe B eduH mawab [0-1] ce noctura
"paBHONOCTABEHOCT" MEXY TAX.



MepcnekTueu

B obnactta Ha I/IHCbOpMaLI,I/IOHHVITe TexHonormm npes
nocnegHuTe roguHn ce 3abenssBa TeHOeHUMAa 3a n3mecTBaHe
Ha WHTEpeca OT YyBenuM4aBaHe Ha  MOLLHOCTTa Ha
U34nCnnTeNHUTE CpeactBa KbM MOBULLIABAHE Ha TAXHATa
WHTENTIMFeHTHOCT, T.e. KbM Cb3daBaHe Ha HOBM MOAX04KU
OCHOBaHW BbpXy 3HaHWA — CUCTEMU C M3NONI3BaHE Ha 3HaHWUA
(CH3).

MuHHaTa nHgycTpus B Bbnrapns usoctaBa OT CBETOBHUTE
TeHOeHUMn 3a npunoxeHne Ha CU3 3a pellaBaHe Ha CROXKHM
3afjayn, W3MCKBALM EKCnepTHO MHeHue. AmbuumuTe Ha
aBTOpUTE Ha paspaboTkaTa ca CBbp3aHu C paslupsiBaHe Ha
Bb3MOXHocTUTe 1, upes npexog ot VC kem CU3. Taka wwe ce
OCUrypW MO-LUMPOKA  (PYHKLMOHAMHOCT HA  MpunaraHuTe
MHOPMALMOHHN TEXHOMOMMW WU KOMMIOTBPHATE CUCTEMM LLe
WUrpasiT Nno-kaTeropuyHoO ponsTa Ha edheKTUBHW MOMOLLHULM Ha
€KCrIepTMTE B MUHHOTO Zeno.

AsTopuTe npegnarat cBo6OAEH JOCTLN Aa cuctemarta OT
URL: http://inf.mgu.bg/users/niki/system. LLle cme GnarogapHw
Ha BCMYKM, KOMTO HW WHOPMMpAT 3a HeAocTaTbuM Ha
paspaboTkata W/mnu OTNPaBAT MPENOPbKM 33  HENHOTO
passutue.

[NpenopwyaHa 3a nybnukysaHe om
Kamedpa “Unpopmamuka”, MEM®
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BINUAHUE HA POTOPHOTO CBMNPOTUBNEHMUE NMPU NMYCKAHE HA ACUHXPOHEH
OBUIATEJ1 3AXPAHBAH OT UHBEPTOP HA HAIMPEXEHUE

Pomeo AnekcaHdpos, Teodopa Xpucmosa

MurHo-Teonoxku YHueepcumem “Ce. MeaH Puncku” — Cogpus 1700 bbreapusi

PE3IOME. TouHocTTa Ha OLeHKa Ha NnyCcKoBMA MOMEHT NpW aCUHXPOHHWTE OBUratenu 3aBUCK OT TOYHOCTTa Ha W3MNON3BaHWTE napameTpu B anroputMmuTe.
M3cnenBaHo e BNUSHUETO Ha CbNPOTUBNEHNETO HA POTOPA KaTo NapamMeTbp NpK OLeHKa Ha NyCKOBMA MOMEHT B YCTAHOBEH PeXWUM Ype3 aHanu TM4HU 3aBUCUMOCTH.

INFLUENCE OF ROTOR RESISTANCE IN INDUCTION MOTOR STARTING POWERED BY VOLTAGE SOURCE INVERTER
Romeo Alexandrov, Teodora Hristova
University of Mining and Geology “st. Ivan Rilski” — Sofia 1700 Bulgaria

ABSTRACT. The accuracy of starting torque estimation algorithms for induction machine depends on the accuracy of the machine parameters used in the algorithm.
This paper explores the influence of rotor resistance parameter on estimated starting torque analytically of the algorithm at steady state.

BbBeneHue L
Kbeto. @, =———, bIfoBa 4YecToTa Ha BbpTeHe Ha
LlenTa Ha u3cnefBaHeTo e [a ce Nokaxe BMMAHMETO Ha
POTOPHOTO CBMPOTUBMEHUE BbPXy NYCKOBMS MOMEHT Ha MarHuTHOTO Mone (CKOpOCT Ha BbPTALIOTO MarHUTHO none).
aCMHXPOHHWA ABUraTen, 3axpaHBaH OT 4ecToTeH npeobpa- f, - yecTora Ha 3axpaHBALLOTO HaMpexeHve,
3ysaten. Ha Gasara Ha ‘T"-0Bpa3sHara 3amecTBalla cxema Ha P - unchrose nomkocH.

acuHXpoHeH gsuraten (AHrenos, dumutpos, 1976) n (Knoyes
1989) moxe ga ce Aape 3aBMUCMMOCTTA Ha npefaBaHaTa
aKTUBHA eNeKTPOMarHMTHa MOLLHOCT Npe3 Bb3ayllHaTa Mex- Kato 3amectum (1) B (2) ce nomyyaBa u3pasa Ha
AVHa KbM poTopa Ha fasuratens. lMapameTpute B 3amecTsa-

€NEKTPOMArHUTHUAT MOMEHT KaTo (hyHKUMS OT nmapameTpuTe
LyaTa Cxema ca C BbBeieH KOPEKLIMOHEH KOBULIMEHT.

Ha gBuratens (Kntoues 1989).

2 ' '
Eariry U2,

P, = S (1) ®,5
(n +I’2/S) + Xy = (r +r'/s)2 Y
1 th K

(3)

KbeTo: X, = X; + X, - MHOYKTMBHO (hasHO CbNpoTUBNEHIe
He gBuraTens,

U1 —3axpaHBaLLo HanpexeHue,

I, - CTAaTOPHO CbLNPOTUBNEHNE,

I, - Np1BEAEHO POTOPHO CBNPOTHUBIEHE, Mpu ynpaBneHue C LWMPOKO Pas3npoCTPaHeHs MeTos
S xrTbaraHe U/f=const, moxe pa ce BbBeAe KOeUUMEHT K, paBeH Ha

oTHowenueTo U+/Usw=k u f1/f14=k. TpsibBa oa ce uma npeasua,
EnekTpoMarHUTHUST MOMEHT Ha [aBuraTens 3aBucM OT

MOLIHOCTa 1 OT CKODOCTTA Ha B OTALLOTO MarHMTHO none ye MpM MyckaHe CTOMHOCTUTE Ha Xk Ce pasniyaBaT oT Teau npu
m 5 P prsity ' HOMMHanNEH PeXuUM Ha paBoTa Ha aCMHXPOHHISA ABMUraTer.
12

M :a’_o @ U, =ku,,, f,=kf, nx =x.k. 4)

MyckoB MOMEHT Ha acMHXPOHeH ABWUraTen npu
ynpaBneHne C KOHCTaHTHO OTHOLWIEHWe Mmexay
HanpeXeHWeTo 1 YecToTaTta.

Kato ce 3amectu (4) B (3) npu s=1 ce nonyyasa m3pasa 3a
MYCKOBWSI MOMEHT BbB (PYHKLIUS OT K.
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3pULL, |
24,

M =—"1
TRk <5>

Mpn n3meHeHne Ha k oT 0+1 PyHKUMATE UMa MaKCUMyM,
KOMUTO Ce Hamupa npu audepeHumpaHe Ha Mn cnpsmo K,
npupasHeHo Ha 0.

e h+r,
r>—k’x;, =0uwmk=—- =212

NMH

®ur.-1.

Ha dwurypa 1 e nokasaH npumep 3a WM3MEHEHMETO Ha
KpaTHOCTTA Ha MyCKOBMS MOMEHT B 3aBucumocT oT K, 3a
JBuUraTen ¢ Kbco CbeanHeH potop Tvn A2-81-8.

Ot 3aBucumocT (6) cneasa, Ye POTOPHOTO CbMPOTUBIEHNE
BNMsie BbPXY 13bopa Ha CTonHOCTTa Ha oTHowweHusTa U1/U1y n
filf, KoraTo UenTa e nocTuraHe Ha MakcuManeH MycKoB
MOMEHT.

XHm i r2fran

®wr.-2.

Ha curypa 2 e nokasaHa rpadmka 3a K npu usmeHeHme Ha
napametpute X, 1 I, B OTHOCUTENHW €ANHULIN.

Ot 3aBucumoct (5) m (6) ce nomyyaBa w3pa3 3a
MaKCUMarHWsi NYCKOB MOMEHT NPy OnpeaeneHo CbOTHOLLEHWe
Ha HanpPeXeHUeTo W YecToTaTa CrpsMO TEXHUTE HOMMUHANHM
CTOMHOCTU.

3pU;
M. = ; )
Arf, X, | ++1
r2

KPATHOCT Ha NMYCKOBKWA MOMEHT NPK 3MEHEHWE Ha POTOPHOTO CENPOTUENEHKE
T T T T

24

22

hn/hiH

®dur.-3.

Ha durypa 3 e nokasaHO M3MEHEHWETO Ha KpaTHOCTTa Ha
MaKCUMarHusi MyCKOB MOMEHT Mpy U3MEHEHMEe Ha POTOPHOTO
CbMPOTMBNEHNE  CMIPMO  CTATOPHOTO  CBMPOTUBMEHNE.
lpachukata e HayepTaHa cnopeq 3aBucumocT (7). [laHHuTe 3a
CTOMHOCTUTE Ha napameTpuTe Cca B3eTM OT (BeleHeBCkui,
1977).

Mpu 3amecTBaHe B (7), nNapameTpuTe Ha ABUraTenu c

M
TBbPAM  XapaKTepucTukX  3a n N C& rnonyuasar
H

cTonHocTn okono 1,3. Yecto TakaBa KpaTHOCT Ha MyCKOBWS
MOMEHT He € J0CTaTbyHa.

MyckoB MOMEHT Ha aCMHXPOHEeH ABWUraTen npu
HenponopLUoHanHo OTHOLLEHME Mexay
HanpeXeHWeTo 1 YecToTaTa.

3a pa ce mocTurHe no-ronsiM MyckoB MOMEHT TpsibBa Aa ce

NpemMUHe  KbM  HEMpOMOpLMOHANHO  HaMmarnsBaHe  Ha

HanpeXxeHWeTo cnpsiMo Yectortata. Heka [a BbBeaem eauH

JOMbMHUTENEH  KOe(UUMEHT @ Ha UM3MEHeHWe Ha
U f

Hanpexenueto. Taka ue: lU =ak , L f =k ,

H

H
X, =X,k

8aM_ u M, cenomnyyasa:
max

3puU;r,a’

27f K
M, = r2_|_)1(H2 K2 (8)
k KH




_3 pulerz'az

M 478, X, ©)

B To3u cnyyait TpsibBa Aa ce AbpkW CMeTKa W 3a MyckoBUS
TOK Ha aBuratens. Ot “["-00pasHaTa 3amecTBalla cxema Ha
acuHXpoHeH auraten (AHrenos,Jumutpos, 1976) moxe fa ce
3anuwe:

1 1

I, =l,+1, =aU, | —+——1,
XMH \/EXkH

(10)

kepeto: |, - nyckos Tok

u,,ak
Iy =—"—— - TOK B HaMarHUTBAaLYWs KOHTYp,
Mu
U, ak

l,, - TOK B [MaBHaTa Bepura.

2 21,2
VIe + X K
OcBeH Ype3 MyCcKoBWS! TOK AOMbIHUTENHUAT KOeULMEHT a
MOXe f[a Ce Hamepy Npu NpeaBapuTenHO 3afjafeH MycKoB
M
MOMEHT MNK 4pe3 OTHoweHnneto M, = " M 01 3)m
H

(9) ce nseexpa:

(rl + rZ')XkH

“ s, [(r1 + rz'/sH)2 + xEHJ

a=

lMpenopbyaHa 3a nybnukysaHe om
Kamedpa “Asmomamusayusi Ha MuHHomo npousgodcmeo”, MEM®
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3a noBuwaBaHe Ha MYCKOBUS MOMEHT MpU YECTOTHO
perynupyemmute 3aaBuxBaHus BeweHesckuit (1977) pasa
3aBUCUMOCTU MPU U3KYCTBEHO MOAAbPXKAHE Ha HOMWHamNHa
CTOMHOCT Ha HamarHuTBaLLWsa TOK (OTrOBapsLL Ha HOMMHaMHa
4eCcTOoTa) 3@ BCUYKM 4EeCTOTU HE3aBWCUMO OT HaTOBapBaHETO
Ha asuratens. [lafeHa e kpuea Ha NoAaBaHOTO HanpexeHue
KbM CTatopa Ha acuHXPOHHWA [BUratenl npu pasnuyHu
4eCToTH.

Mpn u3non3saHe Ha KoeduUMeHTa a Npu onpefensHe Ha
HanpexeHWeTo Ce nomyyaBaT, nogobHW Ha JageHuTe OT
Bewenesckuit  (1977) cToiHocTW. [peguMmcTBOTO €, Ye
koeuLMeHTa a ce Hamupa CpaBHUTENHO NECHO.

BbB Bpb3ka C oONTUMM3MpaHe Ha napameTpuTe Ha
TpUas3HUTE YECTOTHO PEryrMpyemMu acHXpOHHW ABUratenu
Monos (2000) AaBa 3aBMCMMOCTW 3a MYCKOBUS MOMEHT U3Be-
AEHM OT 3amecTBalLuuTe cxemu Ha Copokep, HO NoCTaHoBKaTa

npu kosito ce Hammupat M n M e pasnnyHa.

nmax
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EAHO NPUNOXEHUE HA UHOOPMALMOHHUTE TEXHONOI M B YNIPABNEHMUETO HA

OTKPUTU PYOHULIU

Uckpa WbpbaHoea’, MapuaHa TpughoHosa?, Onuli Todopoe?

T MunHo-2eonoxku yHusepcumem “Ce. MeaH Puncku’, 1700 Cogpus, iskra.shturbanova@gmail.com
2 MuHHo-2eonoxku yHueepcumem “Ce. Mear Puncku’, 1700 Cogpus, trifonova_m@mail.bg

3 “TEOTEXMMH” 00/, Copus, yu.todorov@geotechmin.com

PE3IOME: Cratusita pasrnexga MH(hOpPMaLMOHHUTE TEXHOMOIMKM, Nexalyy B OCHOBaTa Ha WHAopMaLmoHHaTa cucteMa GTMData 3a nnaHupaHe, ynpaBneHue u
OT4MTaHe Ha JobuBa Mo KOMMYECTBO M Ka4ecTBO Ha pyaaTa B OTKpUTU pyaHuuM. MpoekTpaHeTo 1 pa3paboTBaHeTo Ha cucTemMaTa Ce M3BbLLBA OT ‘TeoTexMuH”
OOf B cbTpyAHNYecTBO C Kategpa “MHdopmatuka" Ha MY “Cs. Wean Puncku". MpoayktsbT pabotn nog ynpasnenne Ha Windows XP u e 6asupaH Ha
cucTemarta 3a ynpaenenue Ha 6asu gaHHn MS Visual FoxPro u rpadmyHata cuctema AutoCAD Ha cmpmata Autodesk.

AN APPLICATION OF INFORMATION TECHNOLOGIES TO THE MANAGEMENT OF OPEN CAST MINES
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ABSTRACT: This article treats of the information technologies, which are basic for the information system called GTMdata. This system is aimed at the planning,
management and reporting of the extraction according to the quantity and quality of the open cast ore. GEOTEHMIN OOD carries out the system design and
development in collaboration with the Department of Informatics at the Mining and Geology University St. Ivan Rilsky. Aforesaid product works under Windows XP
and it is based on the Data Base Management System MS Visual FoxPro and AutoCAD.

Mporpamumat npogykt GTMdata e cb3mapeH, 3a fa
nognomara nrnaHupaHeTo, YNpaBneHWeTo U OTYUTAHETO Ha
AobuBa Ha pyaa 1 MWHHa maca B OTKpuTK pyaHuumn. Ot 1992r.
NPOEKTUpaHeTo 1 pa3paboTBaHETO Ha MOCMEAOBaTENHUTE
BEPCUM Ha MH(GOpPMaLMOHHATa CuUCTeMa Ce M3BbpLuBa OT
‘TEOTEXMWH" OO[l B cCbTpyoHMYecTBO C kaTegpa
“UHdpopmaTtnka” Ha MY “Ce. WBaH Puncku". porpamHust
npoaykt GTMdata e BHegpeH B “ENNALUMTE — MEL" Al n B
“Acapen-Meget” A[l. MbpBute Bepcum pabotexa nog
ynpaBerneHne Ha onepauyuonHata cuctema MS DOS, a
nocrnegHuTe [OBe BepcuM — nog ynpaenedne Ha MS
Windows XP. Bcuuku Bepeun Ha GTMdata ce 6asupat Ha
nocnegoBaTenHM BEPCUM Ha CUCTEMATa 3a ynpaBrieHne Ha
6asn ganHn MS FoxPro u rpadmyHata cuctema AutoCAD
Ha dupmata AutoDesk. Hai-HoBaTa Bepcus Ha
MHopmMaumoHHaTa cuctema — GTMdata 2006 ce paspabotea
Ha ocHoBaTta Ha MS Visual FoxPro 9.0 n AutoCAD 2006.

MS Visual FoxPro e cuctema 3a ynpaBneHue Ha
penauuoHHu 0asn JaHHW, KOATO npuTexaBa OOEKTHO-
OpUeHTMpaHa cpefa 3a pas3paboTka Ha MPUNOXEHUs W e
Hai-Obp3aTta mamexgy CYB[ oT uHTepnpeTupaly Tun. Boa
BCAKA HOBa BEpCHMs Ha cucTemata Ce peanusaupar Hail-
HOBWTE KOHLIENLWW N MHCTPYMEHTH, Nnogobpsiea ce cpegata
Ha paspaboTka M 3HA4MTENHO Ce paslmpsiBa cdepata Ha
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npunoxeHusta. 3a Cb3gaBaHe W MOOAPbXKa  Ha
penauuoHHute 6asm ganHu, Visual FoxPro nputexara
KOHCTPYKTOpW Ha 6a3n AaHHM, Tabnuuw, 3asBkW, m3rneau,
knacose u T.H. (Database Designer, Table Designer, Data
Environment Designer, Query Designer, View Designer,
Class Designer). Tabnuuute ce cb3gaeat B dbf dopmar.
YnoBHUTE UHCTPYMEHTM 3a CTPYKTYpUpaHe 1 akTyanuaauus
Ha 0a3uTe [gdaHHW, Tpurepute W NOAAPbXKaTa Ha
usnoctHoct BbB Visual FoxPro, nossonsiea aa ce cb3aasat
n noaabpxat 0bemHu 6a3u gaHHM CbC CTOTULUM Tabnuum un
MUNMapaM 3anucy, KakBuTO Ca reonoxkute 6asu AaHHu.
GTMdata nogabpxa nMbiHa reonoxka 6as3a AaHHW, KOSITO
CbabpKa Tonorpadms B pailoHa Ha HaXOAMLLETO; reONOXKM
Pa3HOBWAHOCTY, FPaHNLM 1 pasnomu; nogpobHW gaHHW OT
[eTaliHOTO NpOyYBaHe Ha HaxOAMLLETO; reoNloXKN 3anacw
W pecypcw, BKn. ONOKMpoBKa — MO reonoxku 6rokose,
MHOTOBIBMHALM WM MOMUTOHYM; MPOEKTEH KOHTYp 3a
oTpaboTBaHe Ha pygHWKA; [LaHHM OT eKCnroaTauuOHHO
npoy4BaHe W rpynoBu npobu; B3puBHW norneta u 3abomnHu
NIMHWW; PA3AENUTENHN IMHAW MEXTY COPTOBE W TUMOBE pyau,
MBEP, ctepun u otkpueka Crneg nbpBata Bepcust Ha
MHOPMaLMOHHATa CUCTEMA, OCHOBHUTE AaHHN 33 COHAAXNTE
OT EKCNMoaTaLMOHHOTO MPOyYBaHe Ce CbObpkaT B OTAENHM
Tabnuuy No Xopu3oHTU. bposT Ha Tean Tabnuum u 3anucuTe B
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FeomeTpusTa Ha OBEKTUTE, KOUTO MOAMExXaT Ha npoMmsiHa
BbB BPEMETO, CE CbXpaHsiBa NOKOOPAMHATHO B Da3aTa AaHHU.
KoHcTaHTHWUTE 06€EKTM, KOWMTO He Ca CBbp3aHu C aTpubyTHa
WHOPMALWS - TEONOKKA rpaHULM 1 PasnoMK, NPOEKTHM
KOHTYpU Ha pyOHWKa W Ap. - C& CbXpaHsaBaT B 4epToxHM (dwg)
arinose.

MS Visual FoxPro nputexaBa BCUYKM Bb3MOXHOCTM 3a
0bMsiHa Ha faHHm ¢ gpyruTe obekTu, pabotewm B Windows
cpepa. HenpekbcHaTUAT aBTOMaTUyeH O0OMeH Ha AaHHU
mexay npunoxenusita (DDE — Dynamic Data Exchange)
no3BonsBa CbBMECTHO [a Ce M3Mon3BaT efHu W Cbliu
NPUNOXEHNs, a Taka CblWO W AUCTAHUMOHHO Ja ce
ynpaensBa pabotata Ha efHO MPWOKEHWE OT Apyro.
OYHKUMOHANHUTE  Bb3MOXHOCTM  Ha  MPUIMOXEHUATA,
cb3nageHn BbB Visual FoxPro morat 3HauutenHo pa
Obaat paswmpeHn bnaropapeHue Ha noadpbxkata Ha
COM cbpebp (Component Object Model). Tasu
KOHL|eNLua No3eornsBa fa ce opraHuaupa HenocpeacTBeHo
B3aMMOgeNcTBIe Mexay 0bekTuTe, He3aBMCMMO OT TOBa B
koe Windows npunoxeHue cbliectByBat. B ponsTa Ha
COM - knuent, GTMData moxe Hanpumep Aa ce obpblua
KbM KoMMoHeHTH Ha Microsoft Office unum kbem gpyru
nporpamMHu NpoaykTu, kouto nogabpxat COM — mogen.
Beuuku pesyntatu OT 3asBKUTE, CTaTUCTUKUTE, LHEBHUTE
OTYETW OT onepaTuBHUS AOOMB, MECEYHOTO W TOAMLLHOTO
NPUKIOYBaHe MMaT Bb3MOXHOCT a ObaaT oTneyaTaHn Ha
NPUHTEP W/MNWN CbXPaHSBAHW B TEKCTOBU JOKYMEHTU WMK
€NeKTPOHHU Tabnuum.

] GTMData 2006

Dadn  Msrnes Bask AaHHM  CNpaEkM  [eonoweM KOHTPON  OYHKUMOHANHM 33434 M3uepTagade  MomMow

LS] Bne waaHe Ha JaHHHMTE 3a onepaTtHEHMA gobue - KET *

fen- 1* Meceun -

| | Mt farep | Mrme va Barep Hopuwzsont . Cu B &

Otiem

OferHo Terno' Konweecteo puna Komvsecteo Cu |

Visual FoxPro nogabpxa no4YTn BCUYKNA Bb3MOXHOCTN Ha
e3uka 3a CTpyKTypupaHe Ha 3aseku SQL (Structured Query
Language). SQL w3nbnHABa, KakTo  (PyHKUMM 3a
Cb3faBaHe, CTpYKTypupaHe 1 obpaboTka Ha faHHUTE, Taka
W GYHKUMM 3a agMuHUCTpUpaHe Ha 6asata paHHu. B

GTMData npegumcrsata Ha SQL ce M3non3saT MHOrOKpaTHO
— 3a W3BEXKOAHE HA CMPABKW M CTATUCTUKM, B pPeann3npaHnTe
reHepaTopu 3a Ch3aaBaHe Ha U3BafkW oT Hasara AaHHm, npu
n3yeptaBaHe Ha obektute B AutoCAD, B pasnuuHute
(OYHKLMOHAHN 3agaun.

i©] GTMData 2006

darin  WMsrnea Bask AaHHKM  CNpaBkM  [eonoskH KOHTpon  OYHKUMOHaNHH 334344 M3depTaBaHe  Momowy

(E)(B]

% Cnpasky W cTatHcTHiH oT feTaiiHo npoyusaHe

XOpH3OHT
HomMep Ha rpynoea npoGa

CrhabpxaHve Ha Au B rfT
ChabpxaHve Ha Se B rf1
CrabpxaHue Ha Mo e %
CrntpxaHe HaS e %

Z =1315 and VAL[Cu] > D.05

Benukn rpacmyHm Mo yacT OT  aTpubyTHWUTE [JaHHKM ce
BbBEXAAT B cpefaTta Ha rpaduyHata cuctema AutoCAD - 6es

HomMep Ha coHnax oT neTalinHoTo NpoyyeaHe

|| Crawnpxanue naCue %

CravpxaHue Ha CuQ B OTHOCHTENHH %

Crofnoct sa cpasnetue _
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CbMHEHWE €OUH OT Haﬂ-nonynﬂpHMTe CO(bTyepHVI NpoAayKTh 3a
NPOEKTUpaHe n YyeptaHe He Camo B Bbl'll'aplllﬂ, HO 1 NO CBETa.



Toit npuTexaBa rbBKAB W WHTYUTMBEH MOTPEGUTENCKN
WHTEpEiiC, CTPYKTypaTa My € OTBOPEHa 3a [LOMbiHUTENHM
HaICTPOMBALLM MPUMOXEHNs, KOETO [0 MpaBM FECHO
npmcnocobum kbm cneuudmnyiHnTe ocobeHocT Ha obrnacTTa, B
kosTo ce u3nonsea.. B AutoCAD ce paboTu ¢ npeaBapuTENHO

[2] GTMData 2006

HanpaBeHa M3Badka Ha rpaduyHu 0BekTu oT GasaTa faHHM,
HeobxoouMa 3a peluaBaHaTa Tekylla 3agada. Teau 0GexTn
CTyXaT 33 OpUeHTaLWs, 3a NPUBLP3BaHE Ha HOBYTE JaHHW WV 3a
yTeCHEHVe.

@afin  Msrneas Ba3W A3HHM  CNpaBkM  [EONOMKHM KOHTPOR  ©YHKUMOHANHM 33484K  MzuspTasaHe  Momowy,

Buaesaane Ha HoBa HHthopmaUMe B Gazata gaHHH 3a xopHaoHT 1315

e,

[o]=]=]

WMaGop Ha 06eKTH 3a M3YepTaBaHe

Congaxu oT neTaliHOTO NpoyyYsaHe
CoHgaxu 0T eKCNA0ATAUMOHHOTO NPOYYEaHE
3atoAHH AMHHK

[] Pasaenurentu aunmu

Bspuend nonera

Meonoxku GNOKoEE

Tepen

[ recnoxku rpaHumn W pasaomu

TexHWueckH KoHTYp
@ Nonam
O Cpeaen
) Mamk

B cpenata Ha yepToxHus pepaktop Ha AutoCAD moxe ga ce
BbBEXAAT WK pefakTpat Hou 0bekTw B Basata AaHHw, da ce
W3BbpPLUBAT MPEeaBapUTENHA  W3YACTIEHWUS, OTHacsLM ce A0
peluaBaHuTe (DyHKLUMOHaNHM 3adauu, Aa Ce W3MbMHABAT MpoLie-
JYPU 33 YNECHEHWE 1 YaCTUYHA aBTOMATU3aLMS Ha PyTUHHMW, TPY-
[0EMKM onepaLmu, fa ce 0dhopMsT YepTexu. Ha pasnonoxeHue Ha
noTpebuTens ca KakTo BCWYKW BrpageHn komanou Ha AutoCAD,
Taka W [OMbIHATENHO pa3palboTeHu CreuuanHu  KOMaHau,
OpraHuaupaHi B nexTa ¢ uHeTpymeHT GTMData v napaLo MeHto
GTMData. Beuyki komaHau OT TOBa MEHIO, KOUTO M3WUCKBAT
BXOZ OT NoTpeduTens, ce CTapTupat B 41arnorosy npo3opuy, ¢
HeobxogumMuUTe E€TWKeTM W acoumvpaH Help, ykassalm
npegHasHa4yeHNeTo Ha CboTBETHUTE noneTa [lo u3dop obekTuTe
Ce BbBEXAT 1 M3MON3BaT C Peartti U OTHOCUTENTHW KOOPLAVHATM.

TPYMOBA MPOE& X
MAcTo Ha Hagnuca
M= npoGa: Naf. N= | | [ Fick poirt: ]
M BI: 34
28 o ] EEN.
() BeTpeiHa Touka: () Bewyko or BIN: (&) NocosM rpaHkuE;
[ Jotiaem/M sk moun COHLAHM KM FPYNoESTa Npoda; ]
l:l B pof cornasm: I:l Cp. cbabpiaiye Ha Cu:

MpepaBaHeTo Ha HGopmauws mexay CYB[ u rpadmyHaTa
cuctema ce peanusmpa ¢ Tekctoeu chaiinose. B AutoCAD,
JaHHWTE Ce OpraHuaupaTt W CbxpaHsBaT nog opmara Ha
BbTPELLHM CIUCbLM B OnepaTuBHaTa mamer. Taka AOCTbMbT
[0 TX e No-0bp3 B CPABHEHWE C U3MON3BAHETO HA BHHLUHN
Gasn gaHHW. [JoCTbMbT 4O €NeMEHTUTE OT Te3n CUCHLM €

Homep na e3pueHoTo none
Jlata Ha B3pHBABaHE
CNUCHLE 0T BSPHBHH NOJETA C HOMEpa :

aVzrpole in (1.2.3)
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aupekteH ypes dyHkumata ASSOC Ha Visual Lisp. 3a krioy
MOXe Aa Ce M3M0N3Ba KakTO YHUKAHOTO UMe Ha CbOTBETHUS
rpadpmyeH npumutue (Entity Name), Taka 1 TekcToB Ko,
aHanornyeH Ha uHaekca Ha cboTBeTHaTa Tabnuua Bba Visual
FoxPro.

B pamkute Ha eauH ceaHc B AutoCAD notpebutenst mMoxe
[a ce Bpblya W ga npaeu HOB u3bop Ha obektu oT Hasata
JaHHn.  HosowsbpanuTte rpacmyHm 0bekTn ce BuU3yanuampat
BbpXy EKpaHa Camo C BbBEXAaHe Ha JOMbIIHUTENHA KOMaHaa
3a onpecHsiBaHe Ha u3obpaxeHneto B AutoCAD, kaTo
atpubytHata wHopmaums 3a Tax ce gobaes KbM CbOT-
BETHWTE BbTPEWHN cnucbuun. B cryvan, ye gageH obekT e
MOBTOPHO 13bpaH, a MexayspemeHHo B AutoCAD e akTyanu-
3vpaHa uHdopmaumsiTa 3a Hero, GTMData aaBa Bb3MOXHOCT
3a MpUMOKpMBaHe Ha  M300paxeHueTo U aTpubyTHute My
JaHHW  OT BbTPEHWTe Chucbuu. 3a BbBeXAaHe Ha
rpadMyHMTE JaHHW MoraT Ja Ce W3Mnonaear CbLUECTBYBALLM
rpacpuyHn  hainioBe Ha ENneKkTPOHEH HOCWUTEN, KakKTo U
Cb3[ajeHu Beye YepTexn Ha xapTueH Hocuten. OcurypeHo e
OVPEKTHO BbBEXZaHe Ha rpaduyHa MH(opmaums (3aboitHn
FIMHWW, B3PWBHW COHO@XW, B3PWBHW MOMETa M Ap.), NOMyYeHa



KaTo pesynTar OT U3MbIHEHUETO Ha MapKLLaiaepcky Nporpamu.
BbBegeHata B fafeH nposopel, MHGOpMaLMs BpeMEHHO ce
CbXpaHsiBa BbB BbTpewHn cnmcbun B AutoCAD. Taka T4 e
JOCTbMHA 3a pefaKTMpaHe B paMKWUTEe Ha CblUMsS CeaHc.
CbxpaHsiBaHeTo Ha BbBegeHaTa UHpopmaums B 6asata gaHHu
Ce OCbLLeCTBABa CbC crelnanta komaHaa Ha GTMData.

=)

MocodeTe MMETO Ha KOMMNMTERE M AHMPEETORMATS,
EBAETO C2 HAMHPa bazaTta A3HHHA

+ ) Documents and Settings
= |2y GTMDataz006
=
I3 FORMS
) GRAPHICS
# [5) HELP
I INCLUDE
) LIBS
15 MENUS
) PROGS
I2) REFORTS
< >

J [

W

[ Make Mew Folder ] [ Ok Cancel ]

Mog ynpaBneHne Ha Visual FoxPro, MmHoronoTpe-
futenckata pabota C pasnMYHM KOMMOHEHTM Ha €AHO
npunoxeHne unu c UANOTO NPUNoXeHuWe € Bb3MOXHO B
nokanHa unu rnobanHa mpexa, 63 Hanuume Ha KnueHT-
cbpBbp ynpasneHne. B GTMData 2006 e peanuaupaHa
Bb3MOXHOCT 3a paboTa B fokanHa Mpexa kato WHgopma-

lMpenopbyara 3a nybnukysaHe om
Kamedpa “Ungpopmamuka”, MEM®
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LmSITa € CTPYKTYpUpaHa He B efHa, a B HAKONKO Gasu AaHHM,
KOWTO Ca WHCTanMpaHu Ha CbpBbp. M0 TO3W HauuH oOT
KOMMIOTPUTE B JIOKanHaTa Mpexa, pasnuyHu notpebuTenu
MOraT eQHOBPEMEHHO [a W3BbpLUBAT Pa3nuuHu (YHKLMW U
[a peluaBat 3afiauu, Criopes NpesBapuTenHo 3a4afeHuTe UM
npaBa Ha AOCTbN A0 OTAENHUTe Gasu AaHHM. Mpu peluaBaHe
Ha 3afauuTe 33 ONTUMM3ALMS HA CbBMECTHaTa pabota Ha
notpeGuTenUTe B NOKanHaTa Mpexa ce  W3nonaear
Bb3MOXHOCTUTE 3a GrokvpoBka, GycthepusaLms U TpaHaaKLus
Ha flaHHWTE.
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Mopayn “KOHCTPYKTOP” 3A ABTOMATU3UPAHE U3YEPTABAHETO HA
KOHCTPYKTUBHA JOKYMEHTALIUA B AUTOCAD

MapuaHa TpughoHosa

MurHo-eeonoxku yHugepcumem “Cs. MeaH Puncku®, 1700 Cocpus, trifonova_m@mail.bg

PE3IOME: B HacTosiaTa paboTta e npeAcTaBeHO eAHO paslimpeHue Ha (yHKLWUOHanHUTe BbaMOXHOCTU Ha AutoCAD 3a aBTOMaTM3MpaHe M3YepTaBaHETO Ha
CTaHAapTU3MPaHN CBLP3BALLM AETAN U TEXHUTE ChEAMHEHNS], KAKTO W 38 aBTOMATM3NPaHOTO U3roTBsIHe Ha crieLudukaLmns 3a YepTex cBopeH Ha AafieHo u3nenue,
OCHOBaHa Ha Mb/iHaTa acoLMaTUBHOCT MEXIY cneuudmkaumsaTa u YepTexa. Beuuku dyHkLMM Ha Mogyna ca Ha Bbnrapcku e3uk, umat BrpageHa on-line nomoly v ca
peanuavpaHi B CbOTBETCTBUE C BbNrapckuTe CTaHaapTy.

CONSTRUCTOR MODULE - AUTOMATED DRAWING PROCESS FOR CONSTRUCTIVE DOCUMENTATION IN AUTOCAD
MARIANA TRIFONOVA
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, trifonova_m@mail.bg

ABSTRACT: The present work introduces an extension of the functional means of AutoCAD allowing automated drawing process over standard joining details and
their joints as well as automated composition of a specification related to an assembly drawing of an item based on full associability between the specification and the

drawing. All functions names of the module are in Bulgarian, have all of them incorporated online help and comply with Bulgarian Standards.

Cb3gaBaHeTO Ha  KOHCTPYKTMBHaTa  [OKYMEHTauus e
ABYCTpPaHHa [LEeWHOCT: MALUMHHO NPOEKTMPaHE W UHXEHEpEeH
OM3alH OT efHa CTpaHa W OT gpyra — npeobpasyBaHETO Ha
NPOEKTUTE B YEPTOXHM [OOKyMeHTU. lW3dyepTaBaHeto e
BpeMeoTHeMaLla onepauus, KOATO ako Cce aBToMaTusvpa, B
3HauuTeNnHa CTeneH CbKpallaBa BPEMETO 3a W3rOTBAHE Ha
npoekTa. C Len npemnHaBaHe 0T PbYHO KbM KOMMOTPU3UPaHO
W3rOTBAHE Ha KOHCTPYKTMBHA [OKYMEHTaUMs 3a u3genus,
pa3paboTBaHW 3a HyxauTe MpW CTPOUTENCTBO M NOLOPBLKKA
Ha kabenHu mpexu B BTK, e cb3naneH mogyn “KoHeTtpykrtop”,
pabotewy B cpega Ha AutoCAD Bepcus 2000 1 no-BUCOKM.
Toea npunoxeHue e paspaboTeHo no 3asBka Ha Jlabopatopus
“KoHcTpykTMBHO-TexHonornyHa” Ha HUWC kem BTK
BKIIOYBA:

1. wabnoHeH hann

2. 6ubnuoTeka OT roToBM rpacpuyIHN CUMBOMN

3. Habop oT noTpeduTenckM TUNOBE NMHUN W LABNOHK
3a LLpuUXoBaHe
Habop OT 24 OOMbMHMTENHO pa3paboTeHun Ha esnka
Visual Lisp komaHgu 3a peguua crneyudunyHm
(YHKUMW, KaTO wW3YepTaBaHe Ha  CTaHAAPTHU
MaLLMHHW €NeMeHTU 1 JeTannu, crnobku (MpoxoaHa
W HEMpoXOAHa), MOCTaBsHE  Ha  MO3nLWW,
aBTOMATWYHO Cb3gaBaHe Ha creuudukauus Ha
yepTexuTe 1 ap.
BbHWwHKM Tabnuum, B KOUTO Ce CbxpaHsiBa MHAOP-
mauusita ot B[lC-ctaHmaptute 3a pasmepute Ha
134epTaBaHMTE MaLIMHHL enemeHTu. Tean Tabnmup
aBTOMATWUYHO Ce 3apexaar B

Baza

EonT

BHHT WHAHHAPKHHA MNaEa
BHHT nonykpbrna rnaga
BHHT CKpWMTa rnaga
[afka

panasocT

Jaonyeen

Crnofika Henpoxo4Ha
Crnofika npoxoaHa
LWakba

BTvnea

HectanaapTHa Wanba
Mnanka

Tana (HecTaHAapTEH BHHT)
Tptha

Tptba c aTeap

fnaHew

LWnunka

MozkUKA

K.OpEeELMA Ha NozHLMA
MPEHOMEPHPEHE HA MOSHLMH
CneuMrkana

BETYaNM3MpaHe Ha CreuHMKaLmra

®ur. 1. Motpebutencko mexio “KoHctpykrop”
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onepaTuMBHaTa nNameT Ccrned CTapTUpPaHeTO Ha
AutoCAD » ce wu3non3BaT OT KOMaHauTe Ha
MPUINOXeHNeTO. 3a KoY B NOBEYETO TabmmLm Criyxm
Jgvametbpa Ha pesbara. B MomeHTa, B KOWTO
noTpebuTensT BbBede CTOMHOCT 3a KIMOYOBOTO
none, cuctemara aBTOMaTM4HO MNPOBEPsBa Aanu
TasW CTOMHOCT € KOpekTHa (BanmugHa cnopeq

®ur. 2. lleHta ¢ uHcTpymenTy (Toolbar) “KoHcTpykTop”

7.

Cnainp-6ubnuoteka, KoATO ce  M3Mon3sa

3a
n3bupaHe Ha bGrokoeeTe OT rpacUyHO MeHIo, a He
MOMMEHHO B NPOLiECa Ha TSIXHOTO BMbKBAHE.

Cneumanex Shortcut 3a craptupaHe Ha AutoCAD,
Npu KOETO Cnep 3apexaaHe Ha YePTOXHUS PeaakTop

aBTOMATUYHO  C€  M3MbIHABA  [LOMbIHUTENHO
pa3spaboTeHata BbTpelwHa yHkuns SETUP, upes
KoSTO:

e ce cbagaeat 7 cnos (LAYER), B kouto no
(DYHKUMOHANEeH npu3Hak ce rpynupat
pasnuyHuTE  rpaduyHM  enemMeHTu ot
JepTexa;

e 337aBa Ce MHdopMmauus, durypupalia B
€TWKETa Ha YepTexa, KoeTo JaBa
Bb3MOXHOCT aBTOMaTUYHO Aa Ce U34yepTae
pamkaTa u eTuketa My. Tasu uHgopmaLus
BKNK4Ba.

v’ mawab (13non3ea ce 3a onpeaensiHe
Ha pas3MepuTe B eKpaHHW eauHULM
Ha MaLabHo He3aBMCUMUTE
€NIEMEHTM OT YepTexa, KaTo: pamky,
OrokoBe W HaanucK, JOKATO BCUYKM
NVHEHN pa3Mepy Ha ocTaHanuTe
€NTeMEHTMN Ce BbBEXAAT C peanHute
UM CTOWHOCTM B MUATIUMETPU);
v (bopmat (13bMpa ce OT CMMCHYHO
MEHI0, KOETO BKIOYBA OCHOBHUTE
thopmatn ot A4 1o A0, KaKTo U HsIKOM
yObIKeHn opmati);
v/ Opoil nucta (ako YepTeXbLT ce
CbCTOM OT AiBa W NOBEYe JINCTA, Te Ce
noMecTBaT B eOuH (hailn  KaTo
aBTOMAaTM4HO  Ce  M3yepTasat
PaMKUTE U ETUKETUTE HA BCEKWN eauH
OT NMCTOBETE);
v’ martepuar, HaMMeHoBaHWe "
O3Ha4yeHue  (Tean  JaHHM  ce
“3non3eaT M OT KOMaHgata 3a
nocTaBsHe Ha MO3MUMM B YepTexa.
O3HaYeHWETO  BKMKOYBA  YHUKamNEH
HOMEP, KOHCTPYMpaH MO BbTPELUHH
npaeuna 3a HWWUC, nocneagaH ot
yeTMpu [OBYUMPPEHM uucna, upes
KOUTO B KpaiHa cMeTKa Ce onpeaens
MSICTOTO Ha CbOTBETHUSI YepTex B
Habopa OT u4epTexu 3a [JafeH
npoekT. Tosn Habop OT uepTexm
MOXe fda Ce MpeacTaBM ¢
AbpBOBMAHA CTPYKTYpa C  KOpEH
“YepTex cbopeH’. CTpykTypata uma
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cTaHgapTa) M Onpegens ocTaHanuTe pasMepu Ha
eNleMeHTa, €BEHTyarHo [OMyCTUM WHTEpBan, B
KOWTO MOraT Aa Ce W3MEeHsIT, 3a Aa Ce rapaHTupa
TOYHO cnasBaHe uauckeaHusTa Ha ECKLL.

6. JleHTa C WHCTPYMEHTM W nNajallo MeHI Ha

ObnrapckM €3k 33 NecHO BbBeXdaHe Ha
notpebuTenck1te yHKLMM.
=z~ [ i

[0 YETUPU HUMBA, a LMpWHaTa | ce
onpefens eOUHCTBEHO OT OrpaHuye-
HAETO BCekM Bb3en fJa Wma
Makcumym 99  HacnegHuumM. Tasw
CTPYKTYpa B paMKiTe Ha ceaHca ce
peanusupa B onepaTWBHaTa namert
KaTo CMUCBK, a Mexay [Ba ceaHca ce
CbXpaHsiBa BbB BbHLIEH (hann.
VIMeHHO TO3M (baitn crnyxu Kato
OCHOBA 3a reHepupaHe W NocTaBsHe
Ha nosuuunTe, a B NOCNEACTBIE U Ha
Cb3[aBaHeTO Ha cneuudmkaluute
Ha YepTexure.)

e  3apexnar Ce NpeaBapuTENHO Cb3faje-
HUTE BrioKoBe W TUMOBE NMUHUK, KOWTO Ce
n3nonasar OT KOMaHauTe Ha npuno-
KEHMWETO.

e 3apexaa Ce MEHIOTO M feHTaTta C WHC-
TpymeHm “KoHcTpykTop”

Bcuuku koMaHam Ha NPUNOXEHNETO, KOUTO U3UCKBAT BXOJ OT
noTpebutens, ce ctapTupar B [1arnoroBu Npo3opLy, B KOUTO
“Ma HeobXxoauMUTe ETUKETU, YKasBalLy NpeLHa3HaueHNeTo Ha
cboTBeTHUTE noneta. Ha dmr. 3 n 4 ca gageHn NpuMepHM
[AManoroBv Npo3opLy 3a BbBEXAaHEe Ha BXO4HA MH(opMaLys
CbOTBETHO 3a M3YepTaBaHE Ha ramka W 3a u3yepTaBaHe Ha
npoxogHa crnobka. HaBcskbae, KbAeTO € Bb3MOXHO ca
npeaBuoeHN CTOMHOCTM NO noppasbupaHe ¥ NpoBepka 3a
KOPEKTHOCT Ha BXoaHaTa MHchopMaLums.

MPOEKLMA ® @I o | o | @&
CTAHOAPT (9 BAC 74483 (O BAC1262-63 IWAMETEP [M): |~
[ Touka Ha BrekEaHe: [Pick point:) ]
[ brbn Ha saEbprade [Hucno & rpagycid wiu Fick point:) ]

®ur. 3. MpumepeH guanoroB npo3opel 3a BbBeXAaHe Ha MHopmauus
3a U34YepTaBaHe Ha raika

Ha d¢wr. 5 e npeacraBeH pesyntarsT OT paboTtata Ha
KOMaHoaTa 3a M3yepTaBaHe Ha crmobku. [Tbpeata
NpeacTaBnsBa paspe3 Ha mpoxofgHa crnobka ¢ 6onT npu
n3bpaHu raiika M OBe lWaibu W CTOMHOCTM 3a [MaMeTbp,
nebennHa Ha matepuana, gebenuHa Ha MbpBMS MniacT U
[ObMKKHa Ha BonTta cboTBETHO: 5, 12, 9, 20. [1o Hes BASICHO e



1300paseH paspes Ha MnpoxodHa Crrobka C BMHT C
UMNUHAPWUYHA rMaBa, TPU LWaibu 1 CTOMHOCTU 3a AuaMeTbp,

nebennHa Ha matepuana, gebenuHa Ha MbpBMS MnacT U
[bIDKMHA Ha BUHTA cboTBeTHO: 10, 14, 8 1 30.

Buin; (3) Pazpes () Marnen

() Bonr
() BUHT & UMNWHADWYHA FaBa
() BWHT C KpBria rasa

) BUHT Cbe ckpuTa Fnasa

Jetien1Ha Ha mMaTepuana:

NetienyHa Ha MepEW NNacT:

OuataeTep (M)

] w

2

25

3
adika 4

f—
W akita npyskuHHa g
Waiita nognosHa }g
[] Bropa nognostHa waiitia 123

24

30

E Trensuna; M0

Touka Ha erekBade: [Pick point:)

Lok J

[ Cancel ]

®ur. 4. NpumepeH Ananoros npo3sopel 3a BbBekAaHe Ha MH(OPMaLUA 3a u3yepTaBaHe Ha MPOXOAHU Crnabku

B mopyn “KoHcTpykTop” ca paspaboTeHn Habop OT QyHKLuK,
peanuaupally acouuaTtMBHaTa Bpb3ka Mexgy COOpHUTE
YepTexu U cneuudmukaLmnTe 3a Tax.
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dur. 5. Pesyn‘ra'm oT pa60TaTa Ha KOMaHAaTa 3a u3vyepTaBaHe Ha
npoxXoaHu crnobku

MosnumsaTa ce NocTaBs CbC cneynanHa gyHkums (dur. 6), B
KosITO Mo noapasbupaHe ce faBaT nocrnefoBaTeNHu HoMepa.

[loamHumMa

Mpu HeobxoaMMoCT noTpedbuTenaT ru kopurmpa M ubupa
BMAA Ha enemeHTa (aeTain, crnobeHa eguHuya 1 T.H.). He e
HeoOXo@MMO OLle MpW MOCTaBsHe Ha no3uuusiTa ga ce ce
BH/MaBa B NPaBMIHOTO W3bMpaHe Ha HOMepa, Tbil KaTo Ha
pasnonioxeHne Ha noTpedbutens e yHKUMS 3a KOpeKkuus Ha
nosuumMsTa M (yHKUMS 38 MpeHoMepupaHe, C  KOSITO
HOMepaumsaTa ce MPOMEHs KaTo Hal--Hanped ce Homepupar
nosuumute o1 Buaa “‘CrnobeHa egwHuua’, cnegpaHn OT
“‘Netann’, “CtaHgapTHo usgenue” v “Opyru”. ECTecTBeHO Tasm
onepauns ce cTapTMpa HEeMmoCpeLCTBEHO Mpeaun reHepupaHe
Ha cneuudvkaumsaTa. B cnyvan, ye e u3bpad sug “fetainn’
uim  “CrnoebHa eguHMu@’ KOMaHgaTa npegnara  no
nogpasbupaHe CTOMHOCTM 3a noneTara, YyyacTauy B
O3HAYEHMETO Ha nosuumsTa. Yact oT TaAX ce u3Bnmyat oT
03HAUMETO Ha TEKYLMSA YepTex. Tean CTOMHOCTU Ce 3anOMHAT
B CMMUCbK B OmepaTvBHaTa mameT, a B MOCAEACTBUE 4 BbB
BbHWEH (hain, 3a Ja € Bb3MOXKHO BbpXy uYepTexa U
cneumndmkaumsTa ga ce paboTtu B HAKOMKO ceaHca. B pamkute
Ha MpOEeKTa TOBa O3HaYeHWe Ce M3Non3ea Kato MAEHTUdM-
kaTop Ha 0beKTa OT mosuuMsTa 1 MOXe fa Ce W3ronasa npy
reHepupaHe Ha cneuudukaumata, KOATO Ce Cb3gasBa B
AutoCAD, 3a pa ce rapaHTMpa TOYHO Cnas3BaHe Ha BCHYKM
pasmepu 3a Hes, 3agageHn B BAC ISO 7573. B
cneyndukaunsTa noTpeduTensT NombyiBa e4NHCTBEHO KOMOHA
“Gopmat” 1 eBeHTyasHo KoroHa “3abenexka”.

Horep: Haur1eHoBaHMe; |

| B

OzHaueHWe: H

L1 1~

[ e e T e

Mectononomenue: [Pick 2 points:) l

ok |

[ Cancel ]

®ur. 6. [inanoros npo3opeL 3a NOCTaBAHe Ha NO3ULIUK B YepTeXuUTe



Cneumdukaumsata ce 0opMs MO HaYWH, NO3BOMABALL NECHO
[Ja ce oTneyara BbB hopmat A4 Ha npuHTep. Bpbakata mexay
Hes W YepTexa e eAHONOCOYHa, T.€. MPU NPOMSIHA Ha NO3ULNS
B YepTexa cneuudukaumata ce akTyanuaupa. 3a fa He ce
3abaBs paboTaTa, Tasn akTyanusauus He Ce W3BbpLUBA
€[HOBPEMEHHO C KOPUIMPAHETO Ha OnpedeneHa noswuus.
Taka noTpebuUTenaT WMa Bb3MOXHOCT Aa HanpaBu BCUMKM
Bb3MOXHWM KOPEKLUMM B NO3WLMMTE W Yak ToraBa PbyHO Aa
cTapTMpa aKTyanusauus M Ha camarta cneuudukaums upes
BbBEXJaHETO Ha CrieLuarnHo CbagafeHa 3a Lienta koMaHaa.

C nomowra Ha Mogyn “Koctpyktop” ce nosuwasa
npogykTuBHocTTa npn pabota ¢ AutoCAD 3a npoekTupaHe Ha
kabenHu Mpexu 1 ce Cb3faBa KOHCTPYKTMBHA AOKYyMEHTaLMs
CcbrnacHo Obnrapckute CTaHLapTH.

lMpenopbyaxa 3a nybnukysaHe om
Kamedpa “Unpopmamuka”, MEM®
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NPUNOXEHWE HA Bb3MOXHOCTTA 3A Bb3CTAHOBABAHE HA HEMPEKBbCHATO
TPA®UYHO U3OBPAXEHUE OT AUCKPETHO NMPEACTABAHE NMPU YACNEHOTO
MOAOENWUPAHE HA MUHHUTE PABOTU

tOnusiH Jumumpoe

MurHo-eeonoxku yHugepcumem “Cs. MeaH Puncku”, 1700 Cogpus, brneapus, juldim@abv.bg

PE3IOME: MMpunaraHeto Ha KOMMIOTbPHATA TEXHONMOMMS MPU MOAEMMPaHeTO U MPOEKTUPAHETO Ha MUHHU OBEKTW OTKPUBA HOBM BB3MOXHOCTM 33 GbP30 U
eeKTUBHO peannaupaHe Ha HoBM TEXHOMOTM.

B HacToswms MaTepuan ce 060CHOBaBa Te3aTa, Ye Mpu ChBPEMEHHUTE KOMMIOTbPHU CPeCcTBa Ce 3annyaBa pasnukata Mexay rpadudHuTe U aHanuTUYHUTe
METOAN MO OTHOLLEHWE Ha TOYHOCT, JOCTBIHOCT U NECHa MPUMOKMMOCT. Upes MeTouTe 3a pasnosHaBaHe Ha YepTexu v rpacdukv Ha 3aBUCUMOCTU € Bb3MOXHO
Cb3[jaBaHeTo Ha yHMUBEPCasHa eNnekTPOHHa (hopMa Ha NPeACTaBsHe Ha reoMexaHnYHUTE MOAEmM.

OBebXKaa ce NpuraraHeTo Mpy YMCTIEHOTO MOAENMPaHe Ha MUHHUTE PaBoTi Ha Bb3MOXHOCTTA 3a Bb3CTAHOBSABAHE HA HEMPEKBLCHATO rpaduyHo U3oBpaxKeHne OT
[QMCKPETHO NPEACTaBsAHe.

APPLYING OF THE POSSIBILITY FOR RESTORING OF CONTINUOUS GRAPHICAL IMAGE FROM DISCRETE
PRESENTATION AT NUMERICAL MODELLING OF MINING

Julian Dimitrov

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

ABSTRACT: The applying of the computational technology in the modeling and the designing of mining objects opens new possibilities for quick and effective
realization of new technologies.

The paper based on the thesis, that with contemporary computer means is obliterating the distinction between graphical and analytical methods in respect of
accuracy, accessibility and easy applicability. By the methods for recognition of drawings and graphics of dependencies is possible the making of universal
electronic form of the presentation of the geomechanical models.

There is discussed the applying of the possibility for restoring of continuous graphical image from discrete presentation in numerical mining modeling.

YBoa Uen

CbBpPEMEHHUAT crieumanuanpaH codTyep 3a NpoeKTMpaHe u [la ce obocHOBE €KBMBANEHTHOCTTA MeXay HenpekbcHaTa
yrpaBneHne Ha MuHHWTE pabotu um3nonssa rpaduyHu aHanuT4YHa 3aBMCMMOCT Ha NapameTpuTe Ha reomexaHnyeH
“300paxeHUs MPeaMMHO 3a WIICTpauMs Ha M3xogHata yncneH Moaen M rpauuHOTO (OMCKPETHO) MpeacTaBsHE Ha
uHopmaums. N3obpaxeHnsTa ce nonyyasat B pesynTar Ha TO31 MOZen Npu ONpeAerNeHm yCroBus.
npuraraHeTo Ha CbOTBETHM aHaNUTUYHN METOAM Ha MeXaHuKa
Ha HenmpekbCHaTUTE cpean. MHOro MHGopmauus 3a Takuea [la ce 06CbaAT OCHOBHMTE CBOWCTBA Ha rpacuyHOTO
MporpaMHM MPOAYKTM Ce Cbabpxa B cauta Ha GGSD n3obpaxeHne, OpMynupaHM OT TeopUs Ha MalluHHaTa
(Geotechnical and Geoenvironmental Software Directory) rpadvka, TeopUst Ha MaLIMHHOTO pasno3HaBaHe Ha rpady-
cb3paneH npes 1996 rog. ot Tim Spink. OT mHoroto Tema- HOTO M300paxeHue U rpaduyHNTe METOOM MPUICKUMU MpU
TUYHU HanpaBfieHust MPeACTaBeHW B caiiTa MpencraBnsiBat paboTa C YMCNEHN MOAENN HAa MUHHUTE TEXHOMOTUM.
untepec Rock Mechanics, Mapping w Numerical analysis.
lMoHexe MHOMO OT 3ajauure B obractTa Ha MMHHOTO Aeno [a ce npeacraBu eanHHa Cxema Ha OMTUMAHOTO MpeacTa-
MMaT KaKTO aHanUTUYHM Taka W rpaduuHu  peLueHns BSHE Ha ENEKTPOHHOTO rpacuyHO M30bpaxeHne Ha YnCreH
(Qumutpo u Oumutposa, 1989), To bm TpsAbBano Tesm reoMexaHu4eH Mogern.

TEMaTW4HW HanpaBsneHus fa ce obeanHsT. ChLLeBPEMEHHO C
BCe MO-paLMOHAnHOTO npunaraHe Ha HOBM KOMMIOTLPHU I'Ipunaral-m rpadWNHVI MeToAu 3a pellaBaHe Ha

TEXHONOTUN Ce BUAOM3MEHST M rpaduyHUTE METOAN, KaTo 3aAauv npum YucneHo moaenupaHe Ha MUHHUTe
rEOMETPUYHMTE MOCTPOEHUS Ce M3BbPLUBAT B NameTTa Ha pa6oTy

avcnnes. FTeoMeTpuyH1Te 0BEKTH Ce ONMCBAT KaTo CTPYKTYpU

TeopeTnyHa 0CHOBA Ha rpachyHUTE METOAM NpU pPeLlaBaHe
Ha MWHHO-TEOMETPUYHM 3afauu € TeopusiTa, Cb3gafeHa ot
npod. MM.K.Cobonesckuit 3a “reoxummnyHoTo none”. OcobeH

OT fgaHHW. Jlorvkata Ha pellaBaHETO Ha 3afadaTta ce
OCblLECTBABA Ha 6asata Ha Fpa(bVNHVI MeToaun.
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MHTEpPEC npencTaBnABaT METOAUTE 3a CbCTaBsAHE U pa60Ta C
reOMexaHu4Hu Kaptuh Kato CpedcTtBO 3a OniucBaHe Ha
CBOWCTBATAa Ha MacuBa, M3pas3eHW CbC CTOWHOCTUTE Ha
reoOMexaHU4HUTE nokasarernu.

MalumHHO peanuavpaHuTe rpaduyHn  U30bpaxeHus ca
AVUCKPETU3MpaHU B paBHOMepHa Mpexa oT Touku. OT apyra
CTpaHa, reoMexaHW4yHUTE NapaMmeTpu ca C ronemu oTHocuTen-
HW rpeLuky, gocturawy go 50%. Tean akTi 1 CbLUecTByBa-
Wara Teopus W npaktuka 3a obpaboTka Ha M3obpaxeHus
[aBaT Bb3MOXHOCT T[EOMeXaHWdHUTE napameTpu jJa ce
NpeACTaBAT rpatyHO C HeronaMa rbCcToTa Ha Mpexarta.

Bt [AumutpoB u [umutposa (1989), e BbBEAEHO
NoHATMETO rpaduyeH Mopen, C koeTo ce o6obwasar
reoMexaHuyHa kapTa, NnaH Ha MMHHUTe paboTw, guarpama Ha
HanykaHocT Ha LUmuT u BCuukw gpyr rpadmuHu m3obpa-
XEHMS, M3MOM3BaHN 3a [BYMEPHO MK 0BemMHO npeacTaBsiHe.
PassuBa ce umpesta 3a u3obpassiBaHe Ha CTaTUCTUYECKM
He3aBUCUMMTE MapaMmeTpu, kato BasucHu 1 3a npunaraHe Ha
anrebpuyHn onepaumn ¢ Te3n u3obpaxeHus. Mpegnarat ce
OCHOBHM KOMMIOTbPHW MHCTPYMEHTArHN CpPeacTBa 3a Cb3fa-
BaHe Ha cuctema 3a paborta ¢ 6asa 3aHaHWs OT rpaduyHm
mogenv u pabota ¢ Tax. M3non3saHeTo Ha TakuBa GUHApHM
onepauum ¢ usobpaxeHns ca gageHu B Poixos (1952), kbaeTo
peanusauusra ce npasy C NPUMUTUBHU YEPTOXHU UHCTPYMEH-
™.

lMocTposiBaHETO Ha rpadmyHus mMopgen ce OCblecTBsBa
ypes MpOrHo3upaHe Ha reoMexaHuyHUTe NapameTpu B ycno-
BUSATA Ha OrpaHnyeHa nHdpopmaums. B Qumutpos u Jumutpo-
Ba (1989), ca npeasnioxeHn akCMOMM Ha MPOrHO3HUSE MOAEN W
OT TSX € u3BedeHa popmyna 3a NOCTPOsiBaHE Ha rpadhnyHOTO
n3obpaxeHue:;

.

KbeTo Z; ca CTOMHOCTW Ha u3obpassBaHus napameTbp B
KpUTUYHaTa TOYKA (Xi ' Yi ) N e 6poat Ha Hal-6rmskuTe [0
(X, y) TOKA OT MHOXECTBOTO Ha KPUTUYHUTE TOYKM

T:{(Xi’yi)} Di:\/(x_xi)z+(y_yi)2'

BwnpocokT 3a usbopa Ha N npw npunarade Ha dopmynara (1)
ce obcwxaa B bykpuHckuin (1985). Gopmyna (1) npeacrasnsea
u3rnaxgaly punTbp UK oLLE e CTaTUCTMYECKa MOAA.

[

M30bpa3sBaT Ce OCHOBHM FeOMEXaHW4HW BENMYMHW, KaTo

TEH30pa Ha HanpexeHuaTa, Ha Aedopmauuute, mMogyna Ha
Cpes U MaKCUManHuTe TaHreHUManHu HanpexeHus npu
aHU30TponeH MacuB, KoeMUMEHTA Ha YCTOMYMBOCT Ha
CKanuTe W Jpyru, Kowto hopmupat none noresu
napamempu Ha MUHHUMe mexHomoauu.
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OCHOBHM €nemMeHTU Ha Teopus Ha MallMHHaTa
rpacgmka U MalWKUHHOTO pa3no3HaBaHe

MpeamMeT Ha W3CnedBaHWsTa W MPUNOXEHUsTa ca
obpaboTkaTa 1 aHanu3a Ha WHopMaLusTa NpeacTaBeHa BbB
cdopmata Ha u3obpaxeHue. M3obpaxeHneTo npeacTaBnsisa
WHCOpPMALMs  opraHusMpaHa BbB BUL Ha NPaBObbIHA,
yucrnoBa MaTpuUa (paBHOMEPEH MacuB OT [aHHM), 3anucaHa
Ha MallMHeH HocMTEn UM C OMpedeneHn CBOICTBA Ha
n306passaBaH1Te 0BEKTH, KaKTo U LedUHUPaHU reOMETPUYHN
TpaHcopmaLum Ha Tean obekTW. AHamoryHo MoxXe fa ce
W3non3ea M MHOTOMEPEH MacuB OT AaHHM. [pu onpepeneHu
YCNOBUs N306pakeHNeTo e paLMoHarnHo CPeaCTBO 3a OpraHu-
3MpaHe W npeacTaBsiHe Ha MHopMaLUusTa.

B TeopusTa ca OCHOBHW Tpu HanpaBneHWs: MawuHHa
epathuka — Cb3gaBaHe Ha W300paxeHne Mo UM3xoaHa
WHchopmaLms NpeacTaBeHa, Kato MOCMeNoBaTeNeH  3anuc;
pa3nosHagaHe Ha usobpaxeHue — nory4yaBaHe Ha opManHo
OnMCaHWe Ha cBoWcTBaTa Ha 0DekTM OT W306paxeHneTo
(Pavlidis, 1982); obpabomka Ha usobpaxeHuemo — TpaHcgop-
MWpaHe Ha M3XOLHOTO M30OpaxeHWe B HOBO M30BpaxeHue C
Lien npeacTaBsHe Ha MHQopmaumsTa B onpegeneH sug (Pratt,
1978).

Mpw npeacrassHe Ha rpadnyHaTa MHPOPMAaLMS B ENEKTPOH-
Ha opma cbrnacHo Pavlidis (1982) usobpaxerusTa ce gensrt
Ha YeTupy Kknaca: krac 1 — LBETHU CkaHMpaHu n3obpaxeHns B
BuToB chopmar; kr1ac 2 — vepHobenu ckaHupaHm 1300pakeHns,
M3YUCTEHU OT LLYM U NONyYeHU eBeHTyanHo oT I/I306pa)KeHI/IF|-
Ta OT Knac 1 NOCpeAcTBOM CermeHTauus:; kiac 3 — rpadnyHm
n306paxeHns, KOUTO Ca OMUCaHW Ype3 KPUBW NUHUW, CbXpa-
HEHM B HAKaKBa (hOpMa Ha BEPUXEH KOA; K/ac 4 ca BEKTOPHU
n3obpaxeHnst U ca MONyYeHW NPy OMUCBAHETO Ha KpuBWTE
NMHUK OT Knac 3 upe3 0cobeHNTe UM (KPUTUYHM) TOYKM, OTCEY-
KM 1 NPaBOBbIbHMLM M NpaBura 3a Bb3Npon3BEXAAHETO WM.
lMpemuHaBaHeTo OT edwH Knac KbM CbCefeH CTaBa u4pes
onpegeneHa TpaHcgopmauus Ha u3obpaxeHueTo (tab.1).

Tabnuua 1.
Budose cmaHOapmHuU mpaHcghopMayuu Ha  eneKmpOHHO
npedcmageHu u3obpaxeHus

Bwg TpaHchopmaums 0T Knac B Knac
CermeHTaums Knac1 Knac 2
[MonyyaBaHe Ha KOHTYp U Knac2 Knac 3
rpbOHaK
CermeHTaums Ha KpuBMTE 3a Knac3 Knac 4
nomny4aBaHe Ha KpUTUYHM TOYKM
Anpokcumaums 1 nonyyasaHe Ha Knac4 Knac 3
KOHTYPHW Kp1BH
3ambnBaHe Ha KoHTypa Knac3 Knac 2
(TpnxoBKa)
W3rnaxaane (puntpauus) Knac2 Knac 1

YcnoBus 3a eKBMBaNEeHTHOCT MeXAay HenpeKbe-
HaTa 3aBUCUMOCT U HEWHOTO AUCKPETHO npes-
cTaBsiHe

Kassame, ye HenpexbcHatara 3asucumoct F e npepcra-
BEHa [MCKPETHO, Korato e uabpaHa Tabnuua F ot kpaeH




Bpoit CTOMHOCTM Ha aprymeHTa (Bbanu Ha ) 1 cboTBeTHUTE
UM (PYHKLMOHAIHU CTOMHOCTU. Hait-4ecTo Bb3nuTe ca paBHO-
MEPHO Pa3noNoXeH B AeUHULIMOHHOTO MHOMXeCTBO. Tabn-

nyata F e Hapuyame auckpeTHa 3aBUCMMOCT (AMCKPETHO
n3obpaxeHue). ToBa NpeacTaBaHe Ha 3aBUCMMOCTATE CbOT-
BETCTBA Ha CTOXAaCTUYHOTO MNOBEAEHMEe Ha NapameTpute Ha
reomMexaHuyHUs Mofien W Ha M3NOM3BaHeToO Ha CTaHaapTHU
pa3Mepy B NpOV3BOACTBEHATa NpakTuka. TyK Lie pasrnename
BbNPOCa 32 BbL3CTAHOBUMOCT HA [OWCKPETHO MPeACTaBeHU
3aBUCMMOCTM B MEXaHUKa Ha HeNpeKbCcHaTUTE Cpeau.

o LLle xassame, ye F e enacmanosumo, korato uHdopma-
uusTa 3a MpoLeca, OnMcaH C HeMpeKbCHATOTO M30GpaxeHie

F ce combpxa msuano 8 F n F moxe ga ce BbacTaHosu.
Ako F e npeactaBumo ¢ Bb3aMOXHO Hail-Marmbk 6poit enemeH-
™, T0 Kassame ye F e onmumanHo ewacmarosumo.

HocratbyHo obLyaTa nocTaHoBka BOAW 40 NPUMEPH C MHOTO
HauMHW Ha Bb3CTAHOBSBaHe Ha W3obpaxeHue. Onpesensiio
MOHATME € TOYHOCTTa Ha [MCKPETHOTO NpeAcTaBsHe. MMopaau
Xapaktepa Ha CKanHWs MacuB, KaTto OCHOBEH 0bexT,
napameTpure ca ¢ onpegeneHa donycmuma moyHocm. Tosa e
rPaHNYHa TOYHOCT, KOATO He MOXe Aa ce nogobpu. KoHkpet-
HaTa MUHHA TEXHOMOrS, CbLUO Onpesens rpaHuyHa TOYHOCT
Ha MapameTpu KaTo NMHEMHW pasMepu, CKOpPOCT Ha M3Mbil-
HeHve Ha MuHHUTE paboTun 1 ap. ToBa CBOWCTBO Ha reomexa-
HWUYHUTE MapaMeTpy e NPUYMHA ANCKPETHOTO UM NpeacTaBsiHe
C onpegeneHa CTbrka Ha OWUCKPeTWU3aLMs, a € OnTUMarnHo,
KaKTO OTHOCHO Ha4MHa Ha CbXpaHeHue U MH(OPMAaTUBHOCT,
Taka M OTHOCHO Bb3MOXHOCTTA 3a MPUIOXKEHWE — HanpuMep
npunoxeHne Ha metoga MVD (Oumutpos 2003). Moxem ga
OTLENNM HSKOIKO BUOOBE Bb3CTAHOBABAHE.

A. Bb3cTraHoBsiBaHe npu gonbiBaHe Ha MHopmMauuaTa
3a BOCTUraHe Ha onpepeneHa JOCTOBEPHOCT

lMocTposiBaHETO Ha rpadMyHOTO M30bpaxeHne 0BKKHOBEHO
CE W3MbMHABA NO KPUTMYHWM TOYKM W C popMyna 3a nomnyya-
BaHE Ha CTOWHOCTW B TOYKUTE OT AMCKpeTHaTa mpexa. OueH-
kaTa 3a JOCTOBEPHOCT CE ONpeaerns KaTo MITbTHOCT Ha KpUTKY-
HWTE TOYKM OTYETEHa MO rpadkata Ha W3006paxeHWeTo B
OKOJTHOCT Ha oueHsiBaHaTa Touka (Qumutpos, 1988). 3apasa
ce ¢ dhopmynara

1
anCpS ZE

g(xy)=——=, (2)
\/ch +Sz, +3z,
1
kboeto P, = - 5
: 2v -2
2215,
m=1\ v=2 2v-1
Z,, - cpepHata CTOMHOCT Ha M300passiBaHNs napamMeTbp B

paBHOMepHaTa Mpexa;
S - nuue Ha n3oBpaxeHeTo;

Z:Z(Xay)” D, =\/(X_Xi)2+(y_yi)2 :
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Cren kaTo ce onpegenu egHa [OMyCTUMa CTOWHOCT Ha
OLleHKaTa 3a JOCTOBEPHOCT MOXE Aa Ce NMPUNOXU anropuTbM
copmynupaH B Oumutpos (1988) 3a nony4yaBaHe Ha obnacty
OT KapTUpaHOTO Mosie, B KOWTO TpsibBa fa Ce pasnonoxar
HOBW KPUTUYHM TOYKM 3a nopoOpsiBaHe Ha TowHocTTa. Korato
ce MOoCTWrHe [OMycTMMarta CTOMHOCT Ha OleHkaTa 3a
[OCTOBEPHOCT, Ce NonyyaBa u3obpaxeHue, KOeTo C A0CTaTby-
Ha TOYHOCT NPeACTaBs CTONHOCTUTE Ha NapaMeTbpa B 3aBUCK-
MOCT OT KOOPAMHATUTE U B TO3M CMWUCHI MMaMme ONTMMarBo
Bb3CTAHOBMMO AWCKPETHO M30BpaKeHue.

B. BL3CTaHOBUMOCT NPy ONTUMarneH n3bop Ha AUCKPeTHa-
Ta Mpexa 4pe3 UHTerpanHo npeobpasysaHe (Teopemara
Ha KotenHukoB — LLIeHOH B TeH30pHa chopma)

HanpexeHuata u fedopMaLuute ca OCHOBHU TEH30PHM
BEMMYMHA B MUHHATA MexaHuka. Mma u apyru napameTpu
MpefcTaBnABALLY HENPEKbCHATI TEH3OPHI BEMUUMHIA.

3
Hek :()3 " :() TPUMEPHI MaT-
eka X Xij i U U [ .y 0@ TPUMEDHY Ma

puan. Heka cme osHauwrm XU =Sp[(XiJ-Xuk, )J=

= z Z X;;U;; - Heka F(X)e (YHKLIMOHAMNHO CbOTBETCT-
i
Bie Ha TeHaopa X , NPEeACTaBUMO C MHOTOKPATEH MHTerpan

Ha Oypue F(X)z J IG(U)eZ”iX'“dU "

G(U) = .[ .. J‘F(X)e_z’ri UXAX e cnekrsp Ha

F(X). CroiHoctute Ha F n G wmorar ga 6baar uncna,

BEKTOPM WNW  Hai-0bWO0 TEH30pM W TOPHUTE paBEHCTBA
pasrnexgame B CbOTBETHMSI  CMMCbA.  3aBMCMMOCTTA

Y = F(X) MpefcTaBs reoMexaHiieH MpoLec C BXOMHU

napametpu X v uaxoaHu napametpu Y 1 e n3obpaxenme,
KOETO 4pe3 AWCKPeTM3MpaHe MOXe Aa Ce NpeacTaBu, Kato
rpacuyeH Mogen onucaH ¢ 6-mepeH MacuB OT JaHHW. [MoHexe

F n G npenacrasar peaneH npouec, Te ca AemHUpaH B
OrpaHi4eHI MHOXECTBA U3BbH KOUTO MOXEM [a Npuemem, ye

Te UNU KOMTIOHEHTATE WM umaT cToiHocT Hyna. Heka G(X)
e Hyna ussbH Q= [—Qll,Qll]x[—le,le]x---><
x[-Q4,Q4]

B [Oumutpos (2003) e wm3BedeH cnepHws kpumepul 3a

onmumarnHa eb3cmarogumocm: Visobpaxerneto F ce onpe-
aens n3usno (6e3 3aryba Ha nHopmauusTa) OT guUCKpeTHaTa

— 1
sasucumoct F=F ET ¢ Toukm o1 {Q, KoraTo CToHOC-

TUTe Ha BCAKa OT MNPOMEHNMBUTE € B3eTa CbC CTblKa

h. =
1T /20, 20,
Ha paBHOMEpHAaTa MpeXa € YCINoBMEeTO 3a eKBMBaNEHTHOCT

MEX[y aHanuTU4HaTa 3aBUCMMOCT F 1 HeilHoTO auckpeTHo
npeacrassHe F .

. TonemuHaTa Ha cTbnkata hij <



B. B3CTaHOBMMOCT Npy onTUManeH n3bop Ha GUCKpPeTHa-
Ta Mpexa Ype3 OLeHKa Ha rpagueHTa

e Heka B wntepeana U — R e pedwunupana eawHa
thuanuHa BenuumHa V. Lle kassame, ye Tasn BenuuMHa € C
pgonyctuma abComnioTHA rpelwka ¢, ako 3a BCeKU [Be

CTOWHOCTM Vl’VO c U Ha BenuuuHata e W3MbIHEHO

|Vl_ V0| < & TOYHO KoraTo ca npegMeTHo Hepasnuiymmn —

T.6. OT TEXHONMOTMYHM UMM [PYrA MPUNOKHM CbOBPaXeHus
[ABETE CTOMHOCTY CE Bb3NpPUEMAT KaTo HEPA3MU4NMA.

e Heka U He CbbpXa YMCNOTO Hyna. Ll.le kasBawme, ye V
€ C AgonyctumMa OTHOCUTesIHa rpellka €, ako 3a BCEKU [Be

CTOMHOCTU Vl,V0 c U Ha BenuuuHata € W3MbAHEHO

Vi—V,

1 0l< ¢, TOYHO KOrato V1 n Vo Ca npeamMeTHO Hepas-
Vo

TIMYUMN.

e Hexa A=(X1,X2,...,Xn)eX. Ao &, e

]

—Tara

aonyctuma abconioTHa rpewka Ha | KOMMOHEHTa Ha

A, 10 £=|(g,&....5,) keaero ¢ | | e osHavena

eBknuagosata HOpMma, Hapuyame AaonycTtuma abcontoTHa

rpewka Ha fiaHHuTe ot X . AHanorudHo ce fedmHupa gonyc-
TMa OTHOCMTENHA rpeLuKa.

Heka Yy = f(X) € (OYHKUMS Ha eauH apryMeHT, aeduHu-
para B uutepsana X u Y = f(X)=[c,d]. B cnyvas,
korato Y e C no-ronsiMa pa3MepHOCT, HanpaBeHuTe Tyk
Pa3CLXOEHNA Morat necHo ga ce obobuwar. Heka O e
fonyctuma  abconotHa rpewka 3a Y €Y. Torasa
WHTEPBAMbLT [C, d] MOXe Aa Ce pa3fienu Ha NOAMHTEPBANK C

Bb3MOXHO Hail-Manbk 6poi LensLum TOUKKM, Taka Ye BbB BCEKM
NOAMHTEPBAN uucnata fAa Ca  HepasnuuMMM OT  edHa
(MKCMpaHa, BbTPellHa 3a WHTEpBana TOYKa, HapeveHa

MopenHa Touka. Heka uucnata X, X,,...X, € X ca
n3bpanm Taka ye Y i= f(X j) ca moaenHu yucna. Torasa

3a BCAKO X € X cblliecTsyBa Takoa X | € X, 3a koeto
‘ f(x)- f(XjX < 5. Osvavasame f,(X)= f(xj):

= Y/; ¥ Hapuyame ANCKPETHO NpeACTaBsiHe Ha f.

e Heka €20 u 0 >0 ca cvotBetHo Aonyctumute
oTHOCUTenHa rpewka 3a X u abconTHa rpeluka 3a

Y =|[c,d]. Ll kassave, ue muckpetHoTo npencrassive f
Ha f moxe aa ce Bb3cTaHoBM, Npu fafeHaTa oTHOCHTENHA
fpewka &, ako 3a BCEKA [BE NPEAMETHO PasnMuMMM
y,y"e [C,d], 3a KOUTO |y’—y" >0, cblecTsysar

CbOTBETHU AA,eX

npeaMeTHO  pasnuunMu (Te.

196

colyecteyBa U S € AA, ), TakuBa ye |

AA0||S >gne
warbinero T(A)=y' u f(A,)=Yy".

Kpumepuli  3a  eb3cmaHogumocm: Heka  03Ha4MM
|BB,||=|f(A)— f(A,), wAeTO A=(X,,X,,....X,),

0 0 n
A, =(x,",x,°,...x,") . Hexa otceukata AA, He npecy-

Ya koopauHatHuTe paBHUHM U Se AA,, S=(5,,S,,...

0N 2
Xi—Xi | . Heka
- s

I
>0 1 0 >0 ca cboTBeTHO AONYCTUMUTE OTHOCUTENHA
rpewka 3a X v abconiotHa rpeluka 3a Y . AKO e U3MbIHEHO

BB &

[AAf &
MOXe Aa ce BbacTaHosy (Qumutpos 2003).

..,S,). OsHayasame IAA,| . =
S

, TO avckpetHoto npeactassaHe f Ha f

BB
AR

Zaf(E)z

7\ 0lIn x;

Moxe pa ce nokaxe, e Ce oLeHsaBa C Henopgo-

. M3obpaxe-

Gpsema ouenka grad In(f ) =

HWETO e onTUMarnHo BbactaHosumo, ako 8 X u Y wmogen-
HUTE eNeMEHTV Ca PaBHOMEPHO Pa3nonioXeHUe ChOTBETHO

CbC CTBMKM 2& 1 20 . 10 T031 HA4MH, Ype3 CTOMHOCTUTE Ha
grad () v rpewkuTe & 1 & ce onpepens Bb3MOXHOCTTa 3a

Bb3CTaHOBMMOCT Ha ANCKPETHOTO NpeacTtaBaHe f -BTOBa CE

nspassea metoga MVD - Method for Valuation of Dependence
(OumutpoB 2003). # e Bb3MOXEH ONTUManeH u3bop Ha

n3MepBaHuTe AaHHm ot X .

I. Bb3CTaHOBMMOCT NpW NJIOIWHK KapTu (M306paxeHus ot

Knac 2)
M3obpaxeHus OT TO3M BUE Ca MIOWHUTE  KapTu
NpeacTaBnsiBaly  reoMeTpUYHW  MOAENM Ha  MUHHWUTE

napameTtpu. CbrnacHo Pavlidis, (1982) ycrosuemo 3a 6b3-
CMaHo8UMOCM Ha AWNCKPETHO M3obpaxeHue oT knac 2 e: Heka
h e cTbnkata Ha NpaBObIbIHA MPEXa, B KOSTO € 3a4afeHo

AMCKpeTHo usobpaxenne F cvoteetHo Ha F .

1. Cwlyectsysa uicro d > V2h,, Takosa e 3a
BCAKa rpaHuyHa Todka M Ha obnact R ot eguH
W Cblyn UBAT cbluecTByBa kpbr C ¢ paguyc d,
ponupaly, ce ao rpaHuuata Ha R B M mausno
nexau, B R;

2. CBoiicTBO 1. € M3MbAHUMO W 3@ JOMbIHEHUETO
Ha MHOXecTBOTO R.
M3ambnHEHMETO Ha  YCMOBMETO 3@  Bb3CTAHOBMMOCT,

03Ha4aBa, Ye “Ma JOMHa rpaHnua 3a WupnHaTa Ha obnacTTa
R v kpuBuHaTa Ha KoHTypa Ha R. B T03u cnyyail Teopemara Ha
KoTenHukos — LUeHoH rnacu: AKO e U3MbMHEHO YCroBMETO 3a

Bb3CTAHOBMMOCT, TO AUCKPETHOTO u3obpaxeHne F 3anassa

TononoruaTa Ha rpadmkara Ha F (3anassa dopmara Ha oGex-
TUTE Ha U300OpaXeHNeTo).



Z[. Bw3cTtanoBuMmocT 110 JaJCHU KPUTUYHHU TOYKH H
(opmy-n1a 3a n300pazsaBaHe

TakvBa ca YMCreHUTe MOZEnW, noryyaBaHu No METoAa Ha
rPaHUYHUTE €NEMEHTN. B OCHOBHWS BapuaHT KPUTMYHUTE
TOYKM Ca PaBHOMEPHO pa3snpederneHn no rpaHuuata Ha
u3obpassiBaHata obnact. M3obpassiBaT ce nonesu napamet-
pu. dopmynata 3a u3obpassiBaHe € aHanUTUYHO OnKcaHue Ha
MnoneTo Cb3aafeHo OT TOYKOB U3TOUHMK. KpuTepusi 3a BbacTa-
HOBUMOCT € OLEHKa Ha CTOMHOCTM Ha NapameTbpa BbB
BbTPELUHM 33 06NacTTa TOUKM.

B uncneHo oTHOLEHMe MEeTOAbLT € No-6bp3 OT METOALT Ha
KpaiHUTE €enemMeHTW, HO TPYAHO Ce MNpaBu NMPeaBapUTENTHO
OUeHKa Ha rpewwkara. bCToTaTa Ha KPUTMYHMTE TOYKM Ce
onpefens exkcrnepyMeHTanHo. Bb3MOXHO € npunaraHeTo My
Mpu U3NON3BaHe 1 Ha BLTPELLHM KPUTUYHM TOYKM M CbLLO TaKa,
Korato BCMMKM KPUTWYHW TOYKW Ca BbTpelwHu. B nocnepHus
Cnyyait ONTUMAnHO e PasnonoXEHNETO Ha KPUTUYHUTE TOYKM,
KoraTo ca C efHakBa NIbTHOCT MO rpadmkata Ha usobpaxe-
Hueto (Oumutpos, 1988).

KoHuenuus 3a onTuManHo npeacTaBsiHe Ha
eNeKTPOHHO rpacdhMyHO n3obpaxeHne Ha
reomMexaHu4eH mogen

B MWHHUTE Hayku ce M3NON3BaT aHanmWUTUYHW W rpatuyHu
cpeacTea 3a MocTposiBaHe Ha MogenuTe. BbacTaHoBMMOCTTa
Ha eneKTPOHHUS rpacduyeH Mogen npu ONTUMArHOTO My
npeacTaBsiHe OCUrypsiBa Bb3MOXHOCTTA 3a NecHo 0bpabot-
BaHe, CbXpaHeHne B Masrbk 0beM nameT u npu HeobxoanmocT
nomny4aBaHe Ha aHanuTYHO onucanue. OcurypsiBa 1 exBuBa-
NEHTHOCTTa MeXZy aHanMUTUYHUTE U rpachniHn CpeacTBa.

Mpu onTUManHuTE rpacvyHN MOAENN € Bb3MOXHO peLLeHue
Ha BbNpOCa 3a MoYHOCMmMa Ha Modenia Mo HauWH CbOTBETCT-
Ball, Ha peanHute 0bekTW Ha MogenupaHeto ([umutpoB
2003). M'pacpmyHnTe MeTOaM AaBaT Bb3MOXHOCT 3a 00CMbNHa
W JlecHa 3a NpunoxeHusma cpefa 3a pabota ¢ YnUCneHus
mogern. Ha npaktuka ce cbyeTaBaT no-pauMoHanHu aHanuTuy-
HW W rpacyHM METOAM HA MUHHUTE TEXHONOMM.

pachnyHMTE M300paXeHUs Ha NoneBM NapameTpu moraT Aa
Obgar obpaborBaHu cbrnacHo Tab.1. Ha dur.1 ca gagenm
TPUTE OCHOBHW Ha4WHM 3a rpacdhyHO NpeacTaBsiHe Ha 3obpa-
XEHUSITA NPeACTaBNABaLLM rpackv Ha NOMEBN NPOMEHMNBY U
YepTEeXM HA MUHHU CbOPAXEHWs, KaKTO U TpaHcgopmauumTe
3a npeobpa3ysaHe.

B npakTuueckaTta peanusauusi Ha TakuBa WU300BpaxeHus He
Ce NpaBu CbLLECTBEHA pa3nuka Mexay knac 1 v knac 2. CoLo
Taka To3n TUM M3obpaxeHus ce 3aMeHsT YecTo ¢ u3obpaxe-
HWS OT KNac 3 unn NpocTo ¢ u3obpaxeHus oT Knac 1, npeasa-
PUTENHO MOLIOKEHM HA CETMeHTaLus 3a Aa CbabpXaT camo
HSIKONKO OCHOBHM obracTu. Mopazau ToBa MOXe Aa ce npueme,
ye Hai-vecTo ce paboTu ¢ m3obpaxeHus OT knac 3, KOUTO
MoraT fa ObgaT CbxpaHsiBaHW B CrbCTeHa opma Kato
n3obpaxeHust oT knac 4
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[IpencraBsHe ¢ KPUTUIHA TOY-
KU ¥ QYHKITHS 32 Bh3CTaHOBS-
BaHe — knac 4

TOYKH

dunrnarus

HonyanaHe Ha KPUTUYHU

TOYKH

Ddunrnarus
N
.

k\

HonyanaHe Ha KPUTUYHU

CerMeHTHpaHO H300paXKCHUE
— Kjac 3

Ddunrnarus
Cermenranus

n300pakeHme-
kiac | wm kac 2

Henpexbschnaro

®ur. 1: Cxema Ha ONTMMarHO NpeAcTaBsiHe U CTaHAAPTHU 06paboTKM Ha
eNeKTPOHHO rpacdhnyHO N306pakeHNe Ha YNCTIeH reoMexaHuyeH Mogen

MpunoxeHue B Hay4yHO-U3cnepoBaTenckara
ob6nact

B [Oumutpoe (2003) e 06CbaeHO €OHO MPUNOXEHWE Ha
Bb3MOXHOCTTA 3a Bb3CTaHOBMMOCT Ha AMCKPETHU W30bpare-
HUs 3a MonyyaBaHe Ha chopmyna no [ajeHa auarpama W Ha
eneKkTpoHHa bopma Ha Tabnmuun u ckamu oT u3obpaxeHue
BbPXY XapTWeH HocuTeN. Bb3cTaHOBABAHETO CE OCHLLECTBSBA
C anropuTMUTE 3@ Pasno3HaBaHE: OKOHTYPBAHE; OMMCBAHE Ha
KOHTYpa C OCHOBHM BEKTOpY; pa3no3HaBaHE Ha Ckanu U
pefyBally Ce YCMOPEAHM OTCEeYKW; OTAENSHE Ha CUMBOMMK;
WHTEpNonauus 3a noryyaBaHe Ha PopMyni Ha 3aBMCUMOCTH,
CbOTBETCTBALUM Ha AafeHa rpaduka M pasnosHaBaHe Ha
CMMBONUTE

KaTto wntocTpaums Ha cur. 2 € NpeacTaBeHO CKaHWpaHo
konue Ha Tabnuua c pasaenurenHa cnocobHocT 300dpi.



;E y 5 L a';’ni i B%ul. ﬂ'}r:‘
1,75 1 —1,51 | —I .S\I\' 2,2801 —3,4450 5,2020
2,25 2 —1,01 | —2,02 2,0402 —2,0606 2,0812
2,75 9 0,51 | —4,59 2,3409 —1,1939 0,6089
3,25 14 —(,01 —0,14 0,0014 0 0
3,75 8 0,49 3,92 1,9208 0,9412 0,4612
4,25 3 0,99 2,97 2,9403 2,9109 2,8818
4,75 1 1,29 1,29 1,6641 2,1467 2,7692

—0,08 13,1878 —0,7007 14,0043

®ur. 2: CkaHnpaHo Konue Ha Tabnuua

Ha cwur.3 e n3obpaseH pesynTaTbT OT BEKTOpWU3WpaHe Ha
Tabnuuara, KOATO Ce U3passiBa B MONy4aBaHe Ha eneKkTPOHHA
konve Ha Tabnuuata ot dur.2

- 2 ) 4
5 n Y by Giny by by

\

]
173 1 -1,51 -1,51 2,2801 -3,4430 2,2020
2,29 2 -1,01 -2,02 2,0402 -2,0606 2,08l
2,73 9 -0.21 -4,99 2,3409 -1,1939 0,6089
3,29 14 -0,01 -0,14 0,0014 0 0
3,73 8 0,49 3,22 1,9208 01,9412 04612
4,25 3 0.33 297 2,9403 2,9103 2,8918
4,75 1 1,29 129 16641 2,1467 2,7692

-0,08 13.1878 -0,7007 14,0043

®ur. 3: BekTopnanpaHo konuve Ha Tabnuua

ObcbaeHata Bb3MOXHOCT 3a MOMyyaBaHe B €NEKTPOHEH W
aHarnuTUYeH BUA HA ENEMEHTU Ha reOMETPUYHUS MOLEN MOXE
[Aa NOCNyXM 3a Cb3[jaBaHe Ha NporpamMHa cucTema 3a YMCreHm
€KCMIEPUMEHTM 1 B3EMaHE Ha TEXHONMOTMYHI PELLEHMS.

MpunoxeHue Npu NpoeKkTMpaHe Ha 0beKTUTe Ha
MUHHUTE TEXHONOrUM

MpunaraHuTe MOMENW Ha reoMexaHukaTa CbOTBETCTBAT
CaMO Ha KOHKPETHW reOMeXaHW4YHW YCFIOBUS W Bb3NpUeTa
TexHomnoruss Ha AobwB. Hanara ce [a ce M3BbPLIAT HOBY
u3crnegBaHns,

MpenopbyaHa 3a nybrukysaHe om
Kamedpa “Mamemamuka”, MEM®

KaKTO MpW MpOYy4BaHETO W MPOEKTUPAHETO, Taka M NO BPEME Ha
pa3paboTBaHeTO Ha MWHHUTE 00ekTW. CblieBpPeMEHHO B
HayyHaTa nuTepaTypa Ce NOsIBABAT M HOBW paspaboTky,
KOpUrMpaT ce M3Mon3BaHUTE A0 Cera MeTOAM W ce Hamarar
HOBW 13BOAMN.

MpakTka € M3MON3BaHETO Ha KOMMIOTbPHATA TEXHWKa B
reoMexaHukaTa 3a M34MUCIEHWUs, peanuaupaHe Ha uYMcreHu
METO/M, YNCTIEHN EKCTIEPUMEHTY 1 CUMYTIALMW Ha NpoLiecuTe.
CbBPEMEHHIUTE NMEepCoHaHIN KOMMIOTPY MMAT MOLLHI U34NCTN-
TENHM W rpadMyHn Bb3MOXHOCTW. ToBa NO3BONSBA BCEKM
rpacdpmyHo npepcTasum Moden aa Gbge peanusupaH B enek-
TPOHHA (hopMa, 3a[BUKEH U NO BCAKAKbB HAuYMH W TpaHcdop-
MMPaH B CbOTBETCTBME C NPeACTaBuTe Ha uacnegosatens. Ho
peanuaupaxuTe 4o cera no To3W HauMH MOZENK ca Cb3aaaeHu
KOHKDPETHO 33 WMIOCTPUPaHE Ha pellaBaHaTa 3agada W Hamar
yHMBepcanHa hopma nopxopsiua 3a LENUTe Ha NpoekTvpa-
HeTo.

C HacTosimMs MmaTepuan ce npeanara fja ce W3nonaear
MOCTUXEHUSITA Ha rpadimuHna codhTyep 3a afanTupaHe Ha
METOAMTE Ha MUHHWTE TEXHONOTUW C LieN aBToMaTuanpaHe Ha
MOZENMpaHeTo 1 NPOEKTUPAHETO Ha MUHHUTE PaBoTH.
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