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THERMAL STREAMS AT USE OF A CUTTING TOOL WITH WEAR-PROOF COATING

Rustam Akhmetshin, Mars Migranov

Ufa State Aviation Technical University, “St. K.Marks”,12 Ufa, Russian Federation, e-mail: ahmetshin@bk.ru

ABSTRACT. Productivity of metal cutting operations can be increased by means of processing speed increase. At that, a limiting factor is the decrease in wear
resistance of the cutting tool. Software «<DeForm3D» has been used for simulation of the cutting, which makes possible to vary in heat-physical parameters and
tribological properties of a contact zone, simulating characteristics of wear-proof coatings on border "tool-detail". Such a parameter can be not only heat conductivity
of the coating, but also entry conditions of a pre-contact zone (for example, friction factor) which in turn influences formation of sources of heat and their intensity. In
order the influence degree of the specified factors on efficiency of process of cutting to be assessed, the following experimental researches have been carried on:
Analysis of tribo-technical characteristics at various temperatures which is made on an adhesion measuring instrument at use spherical indenters from High-Speed
Steel without a covering and with coverings (TiCr)N and (TiCr)N, and also indenters from High-Alloy Steel with coverings TiN, (TiCr)N, (TIAIN, (AITi)N, (TIAICr)N,
(AITIC)N. In quality of pair a friction special samples from a Constructional Steel with hardness 20 HRC are used. As a result of researches, the role of the
arrangement of the various coating layers of the multilayered architecture, synthesized at use of thermochemical processes CVD is defined. It is revealed, that the
greatest temperature of cutting corresponds to processing by the tool without a coating. The maximum decrease in intensity of thermal streams in system "tool-
preparation" is provided with the coatings having multilayered architecture, and intensity of a thermal stream considerably depends on sequence of making layers of a
multilayered coating.

TEMMNEPATYPHM MOTOLM NPY U3MON3BAHE HA PEXELL UHCTPYMEHT C U3HOCOYCTONYUBO NOKPUTUE
Pycmam Akmemuiud, Mapc Muzparos

Yepumeku ObpxageH asuayloHeH mexHudecku yHusepcumem, yn. K. Mapkce” 12, Yepa, Pycka cpedepayus,

e-mail: ahmetshin@bk.ru

PE3IOME. [Mpou3BoauTenHocTTa Ha MeTanopexeLLunTe onepaLum Moxe fja ce yBenuyaea ypes yBenuyaBaHe Ha ckopocTTa npu obpaboTka. Mpyu ToBa orpaHuyaBaLy
hakTop e HamansiBaHeTo Ha W3HOCOYCTOMYMBOCTTA Ha pexelnst MHCTpyMeHT. CodtyepbT «DeForm3D» e u3nonssaH 3a cUMynaums Ha psisaHe, KOeTo Mo3BoMsBa
TOMNWHHO-PU3NYHNTE NapameTpu 1 TpUOOMOTMYHWTE CBOWCTBA Ha KOHTaKTHaTa 30Ha fAa 6GbaaT M3MEHsHM NMpu CUMynauusTa Ha XapakTepucTukuTe Ha
M3HOCOYCTOYMBOTO NOKPUTWE Ha rpaHuLaTa MHCTPYMeHT-aeTain. Takbe napameTbp Moxe Aa 6bae He camo TOMMonpoBOAMMOCTTA Ha MOKPUTMETO, HO ChLLO W
HayanHuTe yCroBUS Ha [OKOHTAKTHaTa 30Ha (Hanpumep KOeWLMEHTBLT Ha TPUEHE), KOUTO OT CBOSI CTPaHa ONpeAensT W3TOYHULMTE Ha TOMMWHA W TAXHaTa
WHTEH3MBHOCT. AHaNM3bT Ha TPUBO-TEXHNIECKUTE XapaKTEPUCTUKM € HanpaBeH 3a PasnuyHK TeMNepaTypy, kato ca W3non3BaHu aaXxe3voHeH 1amepBaTeneH ypes 1
cchepuyHu MHAEHTOPM OT Gbp3opexelya ctomaHa 6e3 nokputue u ¢ nokputus ot (TiCr)N u (TiCr)N, a cbllo 1 OT BuUCOKOMerMpaHa cTomaHa ¢ nokputus ot TiN,
(TIiCr)N, (TIADN, (AIT)N, (TIAICK)N, (AITICr)N. KaTo gBoitka ca n3nonasaHu cnewuaniy prKLUOHHA MOCTPU OT KOHCTPYKLMOHHA cTomaHa ¢ TBbpaocT 20 HRC. Kato
pe3ynTaT OT U3cnefBaHusiTa € OnpefeneHa ponsita Ha NoLpeXAaHeTo Ha pasnuyHUTE CMOeBe Ha MOKPUTMETO B MHOTOCHOMHATA CTPYKTYpa, CUHTE3upaHa ype3
Tepmoxummunus CVD npouec. YcTaHoBeHO e, Ye Hail-BicokaTa TemnepaTtypa npu psidaHe CbOTBETCTBA Ha obpaboTka ¢ MHCTpymeHT Be3 nokputue. MakcumanHo
HamarsiBaHe Ha MHTEH3WBHOCTTA Ha TeMNepaTypHWUTe NOTOUW B cCUCTEMATa ,MHCTPYMEHT-NOArOTOBKA” Ce OCUrypsiBa OT MOKPUTME C MHOTrOCHONHA CTPYKTypa W
WHTEH3MBHOCTTa Ha TeMMnepaTypHUs MOTOK 3aBUCK 3HAYUTENHO OT NOCNENOBATENHOCTTA HA CMOEBETE B MHOTOCMONHOTO NOKPUTHE.

1. Introduction

Productivity of metal cutting operations can be increased by
means of processing speed increase. Limiting factor thus is
decrease in wear resistance of the cutting tool. Therefore it is
important to understand the factors influencing destruction of a
tool material to create such conditions at which the given
factors influenced in the least image wear of the cutting tool
[1, 2]. Most important of such factors are thermal influence on
cutting tool and a thermal condition in the course of cutting
[2,3,4]

Simulation of cutting process can essentially reduce terms of
working out of technology in connection with manufacture
preparation, especially at use of innovative tool materials [5].
There is a requirement for the mathematical models
authentically describing the thermomechanical phenomena,
accompanying cutting process, and allowing to predict

properties of materials cutting, and also wear resistance of the
tool already at the stage of technological preparation of
manufacture.

In the course of cutting practically all mechanical energy
turns to thermal energy. Thus resistibility of the tool to wear
process is in many respects defined by temperature conditions
of cutting system. For pair the tool-detail irrespective of cutting
modes exists optimum temperature of cutting, which
corresponds to the minimum wear of the tool. It means, that if
in the course of processing cutting temperature less optimum it
is necessary to increase it. If temperature of cutting more
optimum, it is necessary to create conditions of its decrease.
Management in temperature of cutting and maintenance at the
set level excludes the factor of negative influence of
temperature on wear of the tool. Such management can be
reached at the expense of regulation by thermal streams in
system «the tool - preparation - a shaving - environment».



Coverings of the cutting tool, possess dual functions as can
strongly enough change superficial characteristics of a tool
material (frictional properties, heat conductivity, propensity of a
tool material to physical and chemical interaction with a
processed material etc.), and simultaneously influence contact
processes. Thus, multifunctionality of the intermediate
technological environment what the covering is, allows to
predict possibility of the directed management in temperature
of cutting [1, 6].

On the one hand the covering is capable to lower essentially
friction factor in system "tool-preparation" and to reduce
capacity of frictional sources of heat. On the other hand, the
covering possesses shielding function and is capable to reduce
essentially intensity of thermal streams in cutting wedge of the
tool and to increase, thus, a temperature threshold of the
beginning of adhesive interaction in system "preparation-tool"
and to lower intensity of diffusion between them [6].

In the course of cutting under the influence of temperature
there are structurally-phase transformations into blankets of
the tool materials and preparation that means change of
physicomechanical properties of boundary layers of contacting
surfaces. As a result conditions of formation of contact
temperatures and maintenance of optimum temperature of
cutting change. Therefore the important problem at designing
of functional coverings for the cutting tool is forecasting of
changing contact conditions.

Decision of the coverings creation problem taking into
account the specified factor is application of multilayered
architecture of a covering in which each layer will carry out
strictly certain functions answering to certain conditions of tool
functioning.

2. Technique of researches

Software «DeForm3D» were used for cutting simulation.
Thus movements it is informed the rigid body simulating cutting
tool, and to preparation it is put only forces, therefore the tool
moves concerning preparation. Using reference processing it
was set the basic conditions of cutting: processing modes, tool
and preparation geometry, parametres of tool coverings etc.
Preparation geometry set in the form of the cylinder with a
diameter 120 mm. Cutting modes corresponded to following
parameters: spindle rotation speed 1600 rpm, feed rate 0.11
mm/rev, cutting depth 0.7 mm. A material of tool substratum is
High-Alloy Steel.

Applying computer simulation it is possible to vary in heat-
physical parametres and tribological properties of a contact
zone, simulating characteristics of wearproof coverings on
border "tool-detail". As such parametre can be not only heat
conductivity of the covering, but also entry conditions of a pre-
contact zone (for example, friction factor) which in tumn
influence formation of sources of warmth and their intensity.
On fig. 1 results of calculations in a software «DeForm 3D» are
shown at use various wearproof coverings both on a chemical
compound, and on a thickness of a layer.

For an estimation of influence degree specified above factors
on efficiency of process of cutting following experimental
researches are executed. The analysis of tribo-technical
characteristics at various temperatures which made on an
adhesion measuring instrument at use spherical indenters from

High-Speed Steel without a covering and with coverings
(TiCr)N and (TiCr)N, and also indenters from High-Alloy Steel
with coverings TiN, (TiCr)N, (TiAIN, (AITi)N, (TIAICK)N,
(AITiCr)N. In quality of pair a friction special samples from a
Constructional Steel with hardness 20 HRC used.

(@) (b)

Fig. 1 Calculation of temperature fields at the cutting in the software
«DeForm 3D»

(a) - without a covering;

(b) - TiN in the thickness 5 um;

(c) - TiCN in the thickness 5 um;

(d) - TiN in the thickness 5 um and Al,0; in the thickness 5 um;

(e) - Al203 in the thickness 5 um and TiCN in the thickness 5 um and TiN
in the thickness 5 um;

(f) - A0 in the thickness 5 um and TiN in the thickness 5 pm.

3. RESULTS AND DISCUSSION

In experiments at milling and turning investigated wear of the
tool on a back surface, temperature and force of cutting, a
roughness of the processed surface. On fig.2 results both
settlement, and experimental values of temperature of cutting
for various conditions of processing by the tool with a covering
at the turning are resulted. Cutting modes corresponded to
following parameters: cutting speed 450 m/min, feed rate 0.11
mm/rev, cutting depth 0.5 mm.

Tests were conducted at milling on vertically-milling machine
tool HECKERT of Constructional Steel and Stainless Steel by
end mills (d=12 mm, z=4) and face mills (d=90 mm, z=1) with
replaceable tetrahedral plates from High-Alloy Steel without
coverings and High-Alloy Steel with covering TiN, (TiCr)N,
(TIADN,  (AITIN, (TIAICrN, (AITiICr)N, having various
percentage of each of elements with the general thickness to
15 um. Milling modes: spindle rotation speed 500-900 rpm;
feed 60-100 mm/min; cutting depth of 1-3 mm;



Coverings on tools have been received on the process
equipment of the basic manufacturers of the tool with a
covering («Balcers», «Sandvik Caromant», «Carbide»,
«Rimet») on factory technologies about use of processes CVD
and PVD, and also with use of filtered.

The fig. 2 shows good enough coincidence of experimental
and settlement data, and also the most effective role of
coverings on the basis of system Ti-Al-N, received at use of
filtering processes.

—— Experimental line

= = = Settlement line

°C

900

-

860 1

Temperature
without a covenng

TiIN
(TiCr)N
(TIADN |1
(AITi)N

(TiAICT)N
(AITICr)N

820 ¢+

Coverings
Fig. 2 Influence of a covering on cutting temperature at the turning

4. CONCLUSION

As a result of researches the role of an arrangement of
various layers of coverings of the multilayered architecture
synthesised at use of thermochemical processes CVD is
defined. It has been revealed, that the greatest temperature of
cutting corresponds to processing by the tool without a
covering. The maximum decrease in intensity of thermal
streams in system "tool-preparation” is provided with the
coverings having multilayered architecture, and intensity of a
thermal stream considerably depends on sequence of making
layers of a multilayered covering. In particular more favorable
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thermal condition of a cutting wedge of the tool the two-layer
system of a covering provides a «substratum of alloy -
Al203 (5 um) - TIN (5 um)» in comparison with two-layer
system «an alloy-TiN substratum (5 pum) - Al203 (5 um)».

The maximum improvement of a thermal condition of a
cutting wedge of the High-Alloy tool three-layer system
provides an «alloy substratum - Al203 (5 um) - TiCN (5um) -
TiN (5 pum)», that the combination of layers of a multilayered
covering is caused favorable. In particular, at such covering the
top layer TiN provides the maximum decrease in adhesive
activity of a substrate in relation to a processed material.
Transitive layer TiCN carries out strong adhesion between top
TiN and bottom Al20s layers, and bottom layer Al.Os3 effectively
shields action of a thermal stream from a frictional source of
heat on forward and back contacting surfaces of the tool.
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WEAR RESISTANCE OF THE MODIFIED SURFACE OF THE CUTTING TOOL

Mars Migranov, Leva Shuster

Ufa State Aviation Technical University, “St. K.Marks”, 12 Ufa, migmars@mail.ru

ABSTRACT. A way to improve cutting tools is a new kind of multilayered coatings that combine wear resistance and antifriction properties to be developed. The
objective of the present work is to study effects of antifrictional sublayer composition on the life of cutters with these engineered coatings and to finding scientific basis
for developing multilayered coatings with programmable change of properties, providing each layer of the coating to fulfill a given function at a certain stage of wear.
The 'triplex' multilayered coatings are studied. The coating was deposited using three units. Used as the base, the high-speed steel (HSS) was previously nitrided in
the glow discharge. Then the tool surface was modified by ion doping prior to applying the hard coating. Finally, the modified layer was deposited with the (Ti, Cr)N O
coating by the PVD method. Researches show that the mixing of antifrictional alloys, that is widely used to improve conditions of sliding friction, allows to increase the
tool life not more than two times. This way of the tool life increase, reduces the shear strength of adhesion bonds developed between the tool and the workpiece does
not seem to be the most efficient one for the multilayered coating under analysis. For almost all studied antifrictional materials, the adhesion of the coating to the
modified surface was rather low. This precludes their practical application due to technological reasons. Implanting the chemical elements makes possible better
results to be obtained. Such elements as indium, silver and nitrogen enhance the tool life by 2 — 3 times under different cutting conditions (with and without cooling).
The obtained results can be regarded as regular. Indium and silver are the least interactive ones with ferrum, and they can be used as metal lubricants. They promote
a crushed chip forming at cutting using coating under the study. lon modification of the tool surface with other studied elements exhibits unstable or negative effects,
i.e. reduction of tool life and failure to provide high adhesion between the hard coating and the substrate.

M3HOCOYCTOWYMBOCT HA MOOUOULIMPAHATA NMOBBLPXHOCT HA PEXELLUMA MUHCTPYMEHT
Mapc Muepanose, Jlboea LLlycmep

Yepumeku ObpxageH asuayoHeH mexHudecku yHusepcumem, yn. K. Mapkce” 12, Yepa, Pycka cpedepayus,
e-mail: migmars@mail.ru

PE3IOME. HaunH 3a nopobpsiBaHe Ha pexeluTe WHCTPYMEHTM e pa3paboTBaHETO Ha MHOTOCMOWHM MOKPUTMS, KOUTO KOMOGMHMPAT WM3HOCOYCTOWMYMBOCT U
aHTUPUKLMOHHK cBoiicTBa. Llen Ha HacToswata paboTa e u3cneABaHeTo Ha BMMSHWETO HA AHTUPUKLMOHHWS MOACNON BbPXY EKCMNoaTaLMOHHMS CPOK Ha
WHCTPYMEHTUTE C TakuBa MOKPUTUS M fia Cb3Aajle HayyHa OCHOBA 3a pa3paboTBaHe Ha MHOFOCMOMHM MOKPUTMS C MporpamMupaHa CMsiHa Ha CBOWCTBaTa Taka, Ye
BCEKM CrOW OT MOKPUTMETO [a M3MbiHABa OnpedeneHa (byHKUMS Ha AafeH etan Ha u3HocBaHeTo. MacnedBaHW ca ,TPUNEKCOBUTE” MHOMOCTOMHW MOKPUTUS.
[MonaraHeTo Ha MOKPUTUETO Ce M3BBLPLLBA Ha TpW eTana. Manon3saHaTa 3a ocHoBa Gbp3opexelya ctomaHa (HSS) npenBapuTenHo ce asoTupa C TneeLy paspsg.
Criepn ToBa, NpeSy HaHACSHETO Ha TBbPAOTO MOKPUTME, NOBBbPXHOCTTA Ha MHCTPYMeHTa ce MoanduLmpa Ype3 AobassiHe Ha MoHM. Hakpas, BbpXy MoguduLmpaHaTa
nosbpxHocT no PVD meTog ce otnara (Ti, Cr)N nokputueto. MacnenBaHusita nokaseat, Ye KOMOMHMPAHETO Ha aHTU(PUKLMOHHY CMNaBM, LIMPOKO W3MON3BaHo 3a
nogobpsiBaHe Ha ycnoBusTa Ha TpueHe, MO3BONSIBAT YAbIkKaBaHe Ha EKCMNoaTaLMOHHMSI CPOK Ha WHCTPYMEHTa C He MoBeYe OT [Ba MbTW. TO3W HaYMH Ha
yAbKaBaHe Ha eKkcrnoaTaLyMoHHUs CPOK HaMansiBa sKOCTTa Ha CPsi3BaHE Ha afIXe3MOHHUTE BPb3KY MEXIY MHCTPYMEHTA M 3aroToBKaTa W He e Hal-eeKTUBHUS npu
aHanuaupaHoTe MHOTOCMONHO MokpuTue. [pu MOuTW BCWYKM M3CTedBaHM aHTU(PUKLMOHHM MaTepuany, agxesusita Ha MOKPUTUETO KbM MoauduuMpaHaTa
MOBBPXHOCT € [0CTa Marka, KOeTO MpaKTUYecKu MpaBW MPUIOXEHUETO UM HEBB3MOXHO MO TEXHOMOMMYHU MPUYMHW. BHEApSIBAHETO HAa XMMWYECKM EnemMeHTH
no3BonsiBa NocTUraHeTo Ha no-gobpu pesyntatu. EnemeHTi kato MHANIA, cpebpo 1 a30T yobmKaBaT ekCnnoaTaLUMOHHUAT CPOK 2-3 MbTK, NPU Pa3nu4HM YCNOBMS Ha
psizaHe (c v 6e3 oxnaxpaaHe). MonyyeHuTe peayntatv MoraT Aa ce pasrnexaat kato cTabunhu. MHanst n cpebpoTo B3anmoaeincTeat Hai-cnabo ¢ xens3oTo 1 morat
pa 6baT u3nonasaHu kato MeTanHu nybpukaHTK. Ype3 3non3saHeTo UM B U3CNEABAHUTE NOKPUTUS, Te cioMaraT 3a 0bpa3yBaHeTo Ha eneMeHToobpasHa CTpykka
B Npolieca HapsizaHe. VIoHHOTO MoautuLMpaHe Ha NMOBBPXHOCTTA Ha MHCTPYMEHTA C ApYrA enemMeHT Noka3sa HecTabWMHM MW OTpULATENHN pesynTaTi, T. e.
HamarisiBaHe Ha eKCrnoaTaLUMoHHNs CPOK U HEBB3MOXHOCT [1a Ce OCUrypi aixe3aunst Mexay TBbpLOTO NOKPUTUE U OCHOBHUS MaTepuan.

1. Introduction stage of normal friction, however, is quite feasible. This is
achieved by applying an additional sublayer in the multilayered
One way to improve cutting tools is it to develop a new coatings onto the surface of tool base. The layer can combine
kind of multilayered coatings that combine wear resistance and antifrictional properties and abilty to generate the protective
antifriction properties (Such coatings appeared quite recently. secondary structures at the coating substrate interface.
The reason of keen interest in such coatings is well grounded. The objective of the present work is to study effects of
It is known that high wear resistance of hard coating tools is  antifrictional sublayer composition on the tool life of cutters with
determined by their acting as a shield to contact surfaces of a  these engineered coatings and to finding scientific basis for
tool, thus, protecting them from external effects at cutting. developing multilayered coatings with programmable change of
Mostly this happens during the stationary stage of wear (phase properties, providing to each layer of the coating fulfiling a
of normal wear). Yet the inevitable wear of a coating leads to given function at a certain stage of wear.

the exposure of a base material whose frictional properties are
considerably worse than those of a coating. Consequently, tool
wear quickly enters its catastrophic stage. Prolongation the
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2. Experimental materials and techniques

In this work, we have studied 'triplex' multilayered coatings.
The coating was deposited using three units. Used as the
base, the high-speed steel (HSS) was previously nitrided in the
glow discharge [1]. Then the tool surface was modified by ion
doping prior to applying the hard coating. Finally, the modified
layer was deposited with the (Ti, Cr)N O coating by the PVD
method.

lon nitriding of the HSS substrate was produced in a special
ion nitriding unit with combined heating. The technological
parameters were as follows: glow discharge current density, 3
A/m2; time of nitriding, 0.5 h; gas pressure 266 Pa; gas
composition, 25% N2 + 75% H2 (dissociated ammonia);
temperature, 500°C.

Hard coating was deposited by the cathode arc plasma
deposition process (CAPDP). Parameters of deposition were
as follows: gas-reagent (nitrogen) pressure, 3:10-1 Pa; arc
current, 100 A; bias voltage, 200 V; focusing coil current, 0.2 A;
deposition temperature, 500°C.

Before applying the PVD coating, the common set of the
samples was implanted with ions of 16 various elements by
using a high-energy ion implanter with energy of approximately
60 keV at the room temperature. Typical doses to be used
were 4:-1017 ions per cm2. Prior to ion implantation of the
studied elements surface etching by argon ions was
performed. To minimize surface contamination, a cold trap was
used during implantation to maintain a low background
pressure of about 2:106 Torr. The base HSS was of M2 type
(AISI) and it contained 0.8-0.88% C; 5.0-5.5% W; 5.0-5.5%
Mo; 3.8-4.2% Cr; 1.7-2.1 % V; Fe-balance, wt.%.

The atomic concentration of the implanted elements was
analyzed by the X-ray microanalysis using the scanning
electron microscope JSM-U3 equipped with a double crystal
wave dispersive spectrometer. These concentrations were
about 1.0-1.5 at.%.

Chemical composition of secondary phases emerging on the
tool surface at cutting was studied by means of secondary ion
mass spectroscopy (SIMS). This was carried out with the aid of
an ESCALAB MK2 (VG) electron spectrometer equipped with
an SQ300 ion analyzer of quadrupole type and AG-61
scanning ion gun, which allows the flow of argon primary ions
with energy up to 5 keV to be focused on a spot up to 0.5 Im in
diameter on the surface of a sample. lon etching speed was in
the order of 0.2 monolayer per min; the analysis was carried
out in the static mode. We studied the average chemical
composition of the wear zone of the coating out of the build-up.

The 16 chemical elements preselected for this work were
applied for ion modification of the surface. The elements can
be grouped as follows:

1. high oxidizing capacity elements creating dynamic stable
protective surface films at friction, e.g. O, N, J and Cl;

2. nonmetals able to create compounds of high tribotechnical
properties (B, C, Si) when interacting with base materials and
environment elements;

3. metals including:

3.1 low-melting ones (in particular In, Mg, Sn, Ga) used as
lubricants or antifriction materials;
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3.2 Co-type metals with a hexagonal lattice and antifrictional
properties [3, 4];

3.3 metals (Al, Cr) able to form oxide-like films, stable at
cutting, with good antifrictional properties, and a low coefficient
of thermal conductivity;

3.4 metals with a low coefficient of friction when in contact
with principle machined materials (steel, nickel and titanium
alloys), those are Ag and Cu.

Selecting metal materials, we took into account the well-
known research on tribological compatibility of contacting
elements. The chosen for analysis were elements least
compatible in tribocouples with ferrum, nickel, and titanium, i.e.
with metals found in the composition of low alloyed, heat-
resistant and non-corrosive steels as well as titanium alloys
widely used in machining. Moreover, the surface was
subjected to mixing with four types of antifriction alloys often
used to improve conditions of sliding friction, in particular the
zinc-based alloy Zn + Al (9%) + Cu (2%); the copper-based
alloy Cu + Pb (12%) + Sn (8%); the lead-based alloy Pb + Sn
(1%) + Cu (3%); and the aluminum-based alloy Al + Sn (20%)
+ Cu (1%) + Si (0.5%).

Wear of coatings was studied while tuming carbon steels
containing 0.45% of carbon. The cutting speed being 270
m/min, cutting depth 0.5 mm, feed 0.28 mm/rev. Cutting was
made both with and without a coolant. Impact of ion
modification of the surface on tool durability was determined by
comparing the cutting time for tools with proposed multilayered
coatings (surface engineered coatings + ion modification) and
for that with surface engineered coatings without additional ion
modification. The durability coefficient of a tool was determined
from the ratio of the time necessary for cutting to a specified
wear value in a multilayered coating tool (surface engineered
coatings ion modification) and that in a surface engineered
coating tool ((Ti, Cr)N+ ion nitriding) whose durability
coefficient was adopted as a unit. Not less than eight cutting
tests were performed for each kind of surface modification (two
tetragonal inserts were studied). The scatter the of tool life
measurements was near 10%.

Friction coefficients were determined with the aid of a special
design adhesiometer [2]. Inside the above-mentioned
adhesiometer, a rotating sample with coatings under
investigation was placed between two polished specimens
made of low-alloyed steel containing 0.45% of carbon. To
simulate tool friction conditions, the specimens were heated by
the electrocontact method in the temperature range from 150
to 550°C. The standard force comprised 2400 N, this providing
for plastic strain in the contact zone. To evaluate antifrictional
properties of a layer, we used the adhesion component of the
friction coefficient. This component is mainly responsible for
HSS-tool catastrophic wear stage intensity (when the seizing
phenomenon occurs). It was determined as the ratio of the
shear strength induced by adhesion bonds between the tool
and the work-piece to the normal contact stress developing on
the contact surface at the test temperatures (Tnn/Pm).

As it can be seen, ion modification of the cutting tool surface
significantly affects the tool life. In our opinion, the increase in
tool life is caused by a complex combination of numerous
interacting factors. Here, belong the factors, which make it
possible:



to form liquid and gaseous phases or low-melting eutectics
which act as lubricants;

to develop amorphous oxygen-containing films with low
coefficients of friction and thermal conductivity;

to reduce sticking of the tool surface to the processed
material and, at the same time, to increase adhesion of the
hard PVD-coating to the modified base.

3. Results and discussion

Data from Table 1 show that the mixing of antifrictional
alloys, that is widely used to improve conditions of sliding
friction [3], allows to increase the tool life not more than by two
times. This way of the tool life increasing, reduce the shear
strength of adhesion bonds developed between a tool and a
workpiece does not seem to be the most efficient one for the
multilayered coating under analysis. For the almost all studied
antifrictional materials, the adhesion of the coating to the
modified surface was rather low. This precludes their practical
application due to technological reasons (possibility of coating
peeling).

Implanting the chemical elements makes it possible to gain
better results. Such elements as indium, silver and nitrogen
enhance the tool life by 2 — 3 times (see Table 1) under
different cutting conditions (with and without cooling). The
obtained results can be regarded as regular. Indium and silver
are the least interactive ones with ferrum, and they can be
used as metal lubricants. They promote a crushed chip forming
at cutting using coating under the study. lon modification of the
tool surface with other studied elements exhibits unstable or
negative effects, i.e. reduction of tool life and failure to provide
high adhesion between the hard coating and the substrate.

Table 1
Number tables in a consecutive order (10-p., italic)
Coefficient of |~ Durability
Materia | Element | PVD-coating coefficient
No (subgroups) | PO adhesion to | at cutting
sition modified |Without| With
surface base | coolant | coolant
Surface modified by ion implantation
Elements 0 0.25 0.9 1.25
1 with high N 041 2.0 1.83
"| oxidation I 0.7-0.8 3.2 0.7
power Cl 1.8
B 0.6 1.2 | 065
2.| Nonmetals C 0.6 1.7 0.83
Si 0.7 0.6
3.| Metals
In 0.6 2.4 2.1
a | Low-melting Mg L] 30 0.08
Sn 0.6 0.8 0.7
Ga 2.0
With
b | hexagonal Co 0.5 1.8 | 013
lattice
c Forming Al 04 0.15 1.3
stable oxides Cr 0.6 0.2 1.2
With low Cu 0.55 1.0 2.5
d| coefficient
of friction Ag 0.4 3.1 27
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Surface modified by antifriction materials (mixing)

BT
' (9%) + 0.4 198 | -
21437-75 +Cu (2%)
(Russia) °
Cu+Pb
Bronze 8-12 | (11%) + 04 0.95 -
+Sn (9%)
4 | Babbitt BK2
GOST 1320- F(’1b ;,2;‘ 035 | 06 | -
74 (Russia) '
Al-Sn-Cu Al + Sn
AO20-1 | (20%) +
GOST +Cu (1%) 0.3 0.4 -
14113-69 + Si
(Russia) (0.5%)

From our point of view, the most preferable, with regard to
the complex of properties, is coating with an implanted layer of
In that does allow to increase the tool life up to the maximal
one, independently being it with or without a coolant (Table 1).
At the same time, adhesion between the coating and the base
surface modified with indium is also sufficiently high, this
attesting the reliability of the coating as a whole.

Examination of the temperature dependence of the friction
coefficient for specimens with the modified surface
demonstrated that In improves the frictional properties of HSS
(Fig. 1). Acting as a lubricant, In mainly reduces the shear
strength (Inn) of adhesion bonds developed in tribocouples.
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Fig. 1 Impact of test temperature on the frictional properties of the
surface modified HSS

This, however, is insufficient to account for more than two-
fold growth of tool life in cutters with the In-modified surface.
As is shown by the mass-spectrometric analysis of the wear
zone, the impact of In is more complicated. Apart from a metal



indium, the wear zone reveals the presence of the indium
oxide, resulting from both In and In-N dissociated upon heating
at friction.

Optimizing the technology of implantation and mixing, we
possibly can augment the positive impact of ion modification on
tool wear. We also can predict the advisability of combining the
ion implantation and the PVD-processing within a unified
technological cycle and single multipurpose equipment for
application of coatings.

4. Conclusion

This work considered some ways improving the surface
engineered coatings developed through double step hardening
of the tool surface layer: by diffusion saturation with nitrogen
(ion nitriding of HSS) and by applying a wear-resistant coating
with complexly alloyed nitrides (Ti, Cr)N using the cathode arc
plasma deposition process (CAPDP). The coating includes an
additional modified sublayer applied while ion doping the
surface of the high-speed steel previously nitrided in the
glowing discharge. Such multilayered coating allows to
significantly increase the tool life due to the increased stage of
normal wear.

Investigated were effects on the HSS tool life of 16 chemical
elements implanted into the base surface and those of four
antifrictional materials. The optimal combination of high
durability and reliability (characterized by a high adhesion of
the coating to the base) is exhibited by the multilayered coating
with an In-enriched sublayer. This element is present in the
sublayer both in metal and bound (In-N) states.

Recommended for publication
of Editorial board
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Positive effects of In implantation on tool life was explained
by complex processes. Acting as a liquid metal lubricant at
cutting temperatures, indium encourages reduction of the
friction coefficient. Besides, when a cutting tool is heated under
friction, the oxygen-containing phases are developed on wear
surface, that protects the tool, delaying the transition from
normal to avalanche-like wear. This allows to increase the
stage of normal wear and considerably increases the toal life.
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PHYSICAL AND TECHNOLOGICAL PRINCIPLES FOR OBTAINING A NANOMETRIC
RELIEF OF THE SURFACE AT THE PROCESSING OF HARD BRITTLE MATERIALS
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ABSTRACT. Hard brittle materials, including the minerals diamond and leikosapphire are used in microelectronics for printed microcircuit substrates. The quasi-
plastic grinding allows a surface of high quality with roughness 1 - 10 nm to be modeled without polishing. The acoustics oscillations generated of the blank at the
processing could be used to control of the processing process and quality of the processed surface of the materials used in electronics.

®OU3NYECKUA N TEXHOJIOTMYHKU NMPUHLIMIMA 3A NONYYABAHE HA HAHOMETPUYEH PENE® HA MOBBPXHOCTTA MNMPU

OBPABOTKATA HA TBbPOW KPEXKU MATEPUATA
Uzop Mukoe?, TamsaHa Tennoea’, Henu CmeghaHoesa?
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PE3IOME. TE!'bp,ElI/I KPEexKku Matepuanu, BKIKOYUTENHO AWamMaHTu K J'IeI;IKOCEI'I(*)MpM Ce u3non3esat B MWKPOENeKTpOHMKaTa 3a MNPOM3BOACTBO Ha nnaTku.
KBasunnacTniHoTo LLIJ'II/Id)OBaHe nosgonABa MoAenupaHeTo Ha NOBBPXHOCTU OT BMCOKO Ka4yeCTBO C rpanaBoCT 1-10nm, Ge3 nonupaxe. AKyCTVNHVITe konebaHus,
reHepupaHu OT 3araToBkaTa npu 06pa60TKa, morat fa 6bAaT u3nonasaHu 3a KOHTPON Ha npoueca 1 Ka4eCTBOTO Ha oGpaGOTeHaTa NOBBPXHOCT Ha MatepuanuTe 3a

€NEeKTPOHHAaTa TeXHUKa.

A traditional method for processing of hard brittle materials is
mechanical grinding with free or connected abrasives. The
roughness of the obtained surface after such a processing is
about 200 nm and the subsurface layer is broken. In order
lower roughness to be obtained (0,2 — 10 nm depending of the
area of application of the microcircuit bases), the blank is
usually polished in attacking medium, which is labor-
consuming and unproductive.

An alternative and perspective method of the mechanical
processing of hard crystal materials is the grinding in regime of
quasi-plasticity (Tennosa T. b., 2005). The quasi-plasticity has
to be understood as revealing the plastic properties of the
surface layer of the hard brittle materials at certain conditions
of processing. The technology is based on the mechanical
action on the surface subjected to processing at the tool feed
of a part of the micron. A decrease in the brittle destruction has
been observed at a decrease in the mechanical action
intensity, in the surface layer (SL) of the hard materials.

Processing in a regime of quasi-plasticity can be obtained at
provision of rigidity of the construction of the elastic processing
system (EPS) and a relative isolation against external
disturbances. As a result, the blanks from brittle materials
could be mechanically processed in an adjustable regime to
obtaining of processed surfaces with nanometric relief.

T. G. Bifano and T. A. Dow have made researches in the
processing in the regime of quasi-plasticity on equipment
PEGASUS (Bifano. T.G., Blake. P., Dow, T.A., and
Scattergood, R.O., June.1988).

As a result of the researches carried on a big quantity of
amorphous glasses, monocrystals and modern ceramic
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materials by the authors has been formulated a hypothesis for
the processing in regime of quasi-plasticity, which main point
consists in the fact that if the feed is enough small, all the
materials, regardless of their hardness and brittleness during
the mechanical surface processing go through a transition of
brittle to quasi-plastic destruction regime.

In order the task to be solved, the CNC machine module
AH12f4  (KoHbwun A.C., CunbueHko O0.b., Choy bB.0.,
27.04.2001 r) has been developed. It is with a sufficient rigidity
at the cutting-in feeds providing grinding of the hard brittle
materials in a regime of quasi-plasticity. The main
technological parameters of the machine module are
presented in Table 1. The machine module realizes a dynamic
pulse action of the grains of the rotating tool on the surface of
the crystal, subjected to processing, which is a result of the
composition of two vectors: the vector of the compressive
stress, determined by the potential compression energy and
the vector of the tangential stress, determined by the kinetic
energy.

The main point in the process of quasi-plastic destruction of
the processing material surface layer could be explained by the
physical mesomechanis developed by the academician V. E.
Panin (Manu+ B.E., 1998) of Russian Academy of Sciences. It
relates the dislocations on a micro-scale level to the integral
mechanical characteristics of the processes occurring on
macro-scale level, taking into consideration the composition of
the material, its texture and loading conditions. In the papers in
mesomechanics it has been grounded that during the process
of quasi-plastic destruction, on mesolevel the loaded material



forms structures able to realize quasi-plastic deformation “slip-
tuming”. A model of dimensions-adjustable and non-defect
processing of hard texture materials by cutting is suggested on
the basis of the theories of academician V. E. Panin and the
papers by O. B. Silchenko (Konbwun A.C., Cunbyerko O.B.,
CHoy B.0., 27.04.2001 r). The main point in the model is as
follows. The deformed rigid body is a multilevel, self organizing
system, in which the micro-, meso- and macro- levels are
mutually related. At external action of a rhythmic field in the
elastic processing system on micro-level occurs action of the
cutting tool grain on a point of the processed surface. On
mesolevel occurs swinging of the mesovolume steadily
disturbing it slipping stability. The out-breaking of the surface
section occurs on macro-level.

Table 1.
No PARAMETER QUANTITY
1 | Number of the controllable axes 6
2 | Number of the positions for 3
mounting of the cutting tool and
control and measuring means
(revolving head)
3 | Number of spindles 3
4 | Digital set and realization of 0.05
movement
o Axes X,Y, um; 0.05
o Axis Z, um; 0.0001
o Axes A, B, grad
5 | Maximal value of movement
e Linear axis X, mm; 1000
e Linearaxis Y, mm; 300
e Linear axis Z, mm; 10
o Circular axis A, grad; ,90,
e Circular axis B, grad; unlimited
6 | Range of working feed, mm/min 0.06 +4500
7 | Range of the spindle rotating 3000 + 6000
frequency, rpm
8 | Number of the places in the 15
changeable cassete
9 | Number of the simultaneously 5
processed products
10 | Roughness of the processed 0.032 +0.05
surface Rz, ym
11 | Diameter of the diamond tool, mm 250
12 | Total power, kW 7

A regime of quasi-plastic surface processing of brittle
materials could be provided by a special choice of such
parameters as pressure force and speed of the tool movement
in parallel to the surface of the crystal, subjected to mechanical
action. At certain values of the contact stresses, in the surface
layer appears a state of strain different of the energy needed
for a brittle destruction. The regime of quasi-plastic destruction
has to be in the range of energies exceeding the elastic energy
corresponding to the limit of Payerls and to be less than the
energy value corresponding to the stresses of brittle
destruction. At the surface processing prevailing becomes not
the brittle, but the quasi-plastic flow.

During the process of the surface grinding, the processing
material heats and the thermal expansion value could become
commensurable to the value of the tool feed, which can cause
brittle destruction of the processing blank. Apart from that,
thermal-elastic stresses appear in the material, which are
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conducive to the defects distribution and to the possible
material destruction. If the temperature distribution into the
sample and dependence of the thermal expansion of the
material of the processing blank on the temperature alteration
are known, the integral thermal expansion of the sample could
be determined, compared with the deformation of the elastic
processing system and the pressing force could be adjusted so
that the out-break with two free surfaces of the sample surface
subjected to processing to be averted. This way, at
consideration of the heat processes accompanying the
processing in regime of quasi-plasticity is possible to be
formulated thermal criteria dependencies determining the
conditions under which the processing process will not turn
from quasi-plastic cutting into a brittle destruction. In particular,
the criterion of brittle thermal destruction characterizes the
material resistance to brittle thermal failure. The stresses
emerging during the material processing under the action of
the normal component of the cutting force should not exceed
the limit of the slip strength of the material, which
mathematically could be expressed as follows:

2
O process — i : |:AT + k-AT :| <7
2-(1-p) 2

(1)

where Gprocess — Stresses appearing during the process of the
material processing as a result of the action of the normal and
tangential component of the cutting force of the processing

tool; 1s - limit of the slip strength; £ - Poisson’s ratio; E -
Yung's modulus, Pa; AT =T —T,; T - temperature of the
sample, K ; T, - medium temperature, °K; 3, -

coefficient of linear thermal expansion at 20° C . Here the
dependence of the coefficient of linear thermal expansion on
the temperature is taken into consideration. On first

approximation 8 = /3, (1+ KAT ), where k is the factor of

proportionality, reflecting the alteration of the thermal-
expansion coefficient of the material caused by the
temperature.

At the surface processing of a material is necessary the
operational regime to be chosen in such a way as the
temperature in the processing area not to exceed the
calculated value of the limit temperature. There are
dependencies determining the allowable ranges of temperature
alterations at processing in quasi-plasticity regime of different
materials. It is possible processed surfaces with nano-metric
roughness without macroscopic defects to be obtained if
rational regimes of surface processing at quasi-plasticity
regime are chosen.

Photos of processed surfaces of diamond and leikosapphire
are presented in fig. 1. There could be seen the quality of the
processed surface of a diamond sample (fig. 1a, Rz = 8nm)
and leikosapphire (fig. 1b, Rz = 2nm on separate surface
areas) and R; = 20nm (fig. 1c). Fig. 1d and fig.1e show a
grinded surface of a natural diamond with diamond inclusions
in counter.

In order the processing in regime of quasi-plasticity to be
realized, after obtaining a full contact of the blank and the
grinding tool, the contact stresses have to be kept constant in
the limits (0.1+10)105, Pa depending on the properties of
material (elasticity coefficient, Poisson’s ratio, coefficient of



thermal conductivity), conditions of heat abstraction, type of the
machine and rigidity of the system “tool-blank”.

Unprocessed surface

Processed surface

Fig. 1a

Fig. 1b
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Fig. 1c

Fig. 1d

Fig. 1e
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PROCESSING OF SUPERHARD AND BRITTLE MATERIALS AND MONOCRYSTALS IN
REGIME OF QUASI-PLASTIC DEFORMATION OF THE MATERIAL BY THE METHOD OF
DIMENSIONAL MICROGRINDING ON CNC MACHINE
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ABSTRACT. By theoretical and experimental researches, it has been found out that in certain conditions at mechanical action the brittle hard materials show plastic
properties. It become possible the brittle materials to be processed in a way, at which the prevalent mechanism is not the destruction, but the plastic flow. The
theoretical model of dimension-adjustable and non-defect processing of minerals with hard structure by cutting has been developed on the basis of the physical
mesomechanics.

The physical mesomechanics of the materials is based on a new paradigm - the conception of the structural levels of the hard bodies’ deformation. The regime of
plastic surface processing of brittle minerals and materials could be provided at a special choice of processing parameters.

OBPABOTKA HA CBPBXTBBPU N KPEXKU MATEPUAIU B PEXXUM HA NNACTUYHO JE®OPMUPAHE HA MATEPUATA
Mo METOOA HA PASMEPHOTO MUKPOLLTA®OBAHE HA MALLVHU C LU®POBO-NPOrPAMHO YNPABJEHUE
MNaop Mukoe?, Onee pudun?, Onea CunyeHko!, Henu CmeghaHoea?, UpuHa KpueyeHkosa’

T Mockoscku ObpxageH MUHeH yHusepcumem, Pycus, igmikov@yandex.ru
2 MurHo-eeonoxku yHusepcumem ,Ca. MeaH Puncku” — Copusi, bvreapus, nistefanova@gmail.com

PE3IOME. Ypes TEOPETUYHN M EKCMEPUMEHTANHN M3CMEeABaHNs € YCTAHOBEHO, Ye B OMPEAENEHU YCMOBMS, NP MEXaHUYHO Bb3LeiCTBUE, Kpexkute TBbpaM
matepuani nposiBsiBaT NNacTUYHN CBOWCTBA. Bb3MOXHO e Kpexkute MaTepuanu Aa 6baat o6paboTBaHyu Taka, Ye npeobnagaBaluuaT MexaHusbM Aa Gbae He
pa3pyLUeHue a NnacTUyHoO NpoTuyaHe. TeOpeTUYHUAT MOAEN Ha pasMepHo-perynupyemata u 6eanedekTHa o6paboTka Ha MUHepanuTe ¢ TBbpAa CTPYKTYpa ype3
psidaHe, € ChafafeH Ha 6asata Ha (huandyeckaTa ME3oMexaHuKa, B YUSITO OCHOBA NEXW HOBA NapajmurMa — KOHLEnUusiTa 3a CTPYKTYpHUTE HUBa Ha fedopmaLus Ha
TBbPAUTE Tena. PexuM Ha nnacTyHa NoBbPXHOCTHa 06paboTka Ha MUHEpPanuTe U MaTepuanuTe, Moxe Aa Gbae ocUrypeH npu cneymaniH nogbop Ha napameTpuTe
Ha obpaboTkaTa.

Currently, attention is paid to the establishment and The theory of dislocations, developed on this basis allows a
development in Russia to the diamond complex, based on the physical interpretation of many regularities of the hard body’s
use of Russian diamond resources for production of new behavior in different load conditions to be given.

articles for microelectronics, aircraft technologies, medicine
and jewelries. Attempts have been made for solution of the
problems of non-defect diamond processing, including in *hard”
direction with regard to abrasion in crystal lattice. At that, the
quality of the processed diamond surface is of great

A stage of the nature of plasticity and strength of the hard
bodies of principle importance is related to the development of
physical mesomechanics of the materials. Its main task is the
quantitative relation of the dislocations movement on
microscale level to the integral mechanical characteristics on

importance. . . e
macroscale level depending on the material composition, it

Due to the achievements in mesomechanics, it has become internal  structure and load conditions. The physical
possible the brittle materials to be processed in a way, at which mesomechanics of the materials is based on a new paradigm -
the prevalent mechanism is not the destruction, but the plastic the conception of the structural levels of the hard bodies’

flow. At such a grinding of the brittle materials in regime of deformation. It has been theoretically grounded and
plasticity, the properties of surface obtained are as after experimentally confirmed that the slip researched in microlevel
polishing or lapping. as an elementary act of plastic flow is accompanied by
rotational oscillations with natural frequency of the deformation
on a higher mesoscopic scale level. The rotational oscillations
with natural frequency involve in a self-harmonized
deformation the whole hierarchy of structural levels of the
loaded medium. During the plastic flow, the loaded material
forms dissipative structures on mesolevel, able to realize

The plasticity of brittle materials appears at small loads and
movements of the processing tool. The success in electronic
microscopy of deformed materials and alloys allows the
fundamental regularities of the appearance of the movement
and self organization of the basic type of the deformational
defects — the dislocation to be researched on microscale level.
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plastic deformation in the scheme “slip +rotation”. This way, the
hard body subjected to deformation is a multilevel hierarchic
self-organizing system, in which the micro-, meso- and macro-
levels are interconnected.

So, the achievements in the field of physical
mesomechanics have revealed new possibilities for processing
of brittle materials in regime of quasi-plasticity. Apart from that,
it has been found out that the appearance of the area of plastic
deformations is not only related to the material nature (brittle or
plastic, solid or soft, amorphous or crystal), but to the cutting
depth as well. At that condition, formation of similar plastically
deformed areas is observed at processing of various ceramic
materials and also glasses and crystals (KoHbwuH A.C.,
Cunbuenko O.B., Tennosa T.b., 2002.).

At external action of a rhythmic field in elastic processing
system (EPS) on microlevel there is an action of a grain of the
cutting tool on a point of the processed surface. Oscillations of
the mesovolume appear on mesolevel gradually disturbing its

P
A
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!
|

—QE

——

slide resistance. Break of the surface section happens on
macrolevel (fig. 1).

On the basis of the data of hard materials grinding in plastic
regime it has been find out that in order a visible brittle break to
be avoided at glass grinding, the gradation of accuracy
adjustment of the cutting-in feed per a rotation of the abrasive
disk should not be less than 5 nm. Such a level of accuracy
could has been rarely found in grinding practice because of the
extremely rigid constructional connections needed in order a
considerable mutual movements of the processed detail and
the abrasive disk under the influence of disturbances of
different types not to be allowed. The equipment PEGASUS,
developed by T. G. Bifano and T. A. Dow (Bifano. T.G., Blake.
P., Dow, T.A,, and Scattergood, R.O. June.1988.) has been
used in the task solution. The equipment design is based on
the fact that grinding in regime of plasticity needs combination
of high rigidity (in order precision to be provided) and small
speeds of cross feed (providing the material separation in
accordance with the plastic flow model (fig. 2)).

breakout with two
TR T ITTIN AT 1f:1 - free
1“ 'H‘ M ‘,‘ {\3 | surfaces
stal | ‘ I' ’\ H

e —

[

Fig. 1. Experimental oscillogram of alteration of the cutting force normal component. 1 - section of the stressing (tightening) accumulation ; 2 - section of
the transient process ; 3 — section of stationary regime; P, — normal component of the cutting force; i - number of the working paths.

Fig. 2. Diagram of PEGASUS. 1 —-work fixture; 2 - abrasive disk; 3 — spindle; 4 - dovetail slide.

This way, all the materials regardless of their hardness and
brittleness during the mechanical processing, if the feed is
small enough, undergo transition from brittle regime of material
separation to plastic. The existence of such a transitional feed
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speed has been demonstrated by the abovementioned
equipment in a series of experiments.

The task set has been solved and realized by special
equipment.



The suggested method for dimensional plastic microgrinding
of superhard and brittle materials and monocrystals is realized
on a CNC machine (fig. 3) and allows products of high optical
classes of cleanness at surfaces with complex profiles to be
obtained.

The suggested method (KoHbwwuH A.C., CunbueHko O.B.,
BpaitH xoH CHoy. MateHT RU 2165837 C1. - Mocksa, 2001r)

of dimensional microgrinding of articles mainly from superhard
and brittle materials becomes realizable by application of
elastic processing system with certain amplitude-phase
frequency characteristics of the grinding CNC machine with a
tool consisting of connected cutting grains.

Fig. 3 Machine for dimensional microgrinding with three cutting tools.

1 - motor; 2 - cutting tool fixture; 3 - stop; 4 - frame; 5 - slide; 6- cutting tool; 7 - cutting tool fixture; 8 - drive of rotation.

The mathematical package for determination of the
technological parameters includes the introduction of elasticity
limit under compression, set dimensions of the finished article,
set height of the microroughnesses of the processed surface of
the finished article, calculation parameters of the taking down
intensity. At each crossing of every indicated contact point of
the processed surface and the specified point of the cutting
grain the static and dynamic component of the cutting force are
continuously measured and the results are used for continuous
determination of the static and dynamic component of the
elastic deformation of the processing system for each indicated
point. During the process of the specified measurements is
determined the moment of appearance of the periodically
steady dynamic component of the cutting force, corresponding
to the moment of the machine control system outcome to a
controllable grinding regime, at which a correction is made on
the smaller value of one of the parameters of the intensity of
the allowance taking down, in such a way that in every
indicated contact point the dynamic component of the elastic
deformation of the processing system not to exceed the preset
height of microroughnesses on the processed surface of the
finished article and the sum of the static and dynamic
components of the elastic deformations of the machine
processing system not to exceed the preset limit of
compression elasticity of this system.

Before grinding the machine has to be dimensionally
adjusted. In order this to be done all its basing members such
as processing tools and the processed articles, and the
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mechanisms for the executive displacements of these
members toward each other are adjusted in a way allowing
theoretically an article with the preset dimensions to be
obtained.

The drives of coordinate movements along the axes x, y and
Z allow the longitudinal and cross feeds to be adjusted by the
CNC system in a wide speed range on a various laws. These
constructional special features allow articles with complex
profile to be made such as ingenious types of facets with
protruding elliptic walls.
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ABSTRACT. In the paper has been given theoretical layout of the device for induction heating of the metals. Practical results on realized device show that the device
can be used for regenerate of used metals, and for melting the copper concentrate with quality bigger than 60%. The results are procured on copper concentrate

procured with extraction in the mine Bucim in Macedonia and Asarel in Bulgaria.
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PE3IOME. B cratusta ce npeanara TEOPETMYHO pa3paboTeH MpOEKT Ha MpubOp 3a MHAYKLUMOHHO HarpsiBaHe Ha MeTanu. [pakTudyeckute pesynTati oT
eKcnepuMeHTanHHus obpasel; Ha npubopa, Noka3saT Ye TOI MOXeE Aa Ce U3NOM3yBa 3a ToneHe Ha MefieH KOHLEHTPAT C KauecTBO (ChAbpkaHMe Ha Mef) Haf 60%.
EkcnepumeHTMTe ca NpoBefieHn ¢ MeAeH KOHLEHTPAT JOCTaBeH OT pyaHuuuTe bauum, Makegorus 1 Acapen, Bbarapus.

1. INTRODUCTION

All IH (induction heating) applied systems are developed
using electromagnetic induction which was first discovered by
Michael Faraday in 1831. Electromagnetic induction refers to
the phenomenon by which electric current is generated in a
closed circuit by the fluctuation of current in another circuit
placed next to it. The basic principle of induction heating, which
is an applied form of Faraday's discovery, is the fact that AC
current flowing through a circuit affects the magnetic
movement of a secondary circuit located near it. The
fluctuation of current inside the primary circuit provided the
answer as to how the mysterious current is generated in the
neighboring secondary circuit. Faraday’s discovery led to the
development of electric motors, generators, transformers, and
wireless communications devices. Its application, however, has
not been flawless. Heat loss, which occurs during the induction
heating process, was a major headache undermining the
overall functionality of a system. Researchers sought to
minimize heat loss by laminating the magnetic frames placed
inside the motor or transformer. Faraday's Law was followed
by a series of more advanced discoveries such as Lentz's Law.
This law explains the fact that inductive current flows inverse to
the direction of changes in induction magnetic movement. Heat
loss, occurring in the process of electromagnetic induction,
could be turned into productive heat energy in an electric
heating system by applying this law. Many industries have
benefited from this new breakthrough by implementing
induction heating for furnacing, quenching, and welding.

In these applications, induction heating has made it easier to
set the heating parameters without the need of an additional
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external power source. This substantially reduces heat loss
while maintaining a more convenient working environment.
Absence of any physical contact to heating devices precludes
unpleasant electrical accidents. High energy density is
achieved by generating sufficient heat energy within a
relatively short period of time.

The demand for better quality, safe and less energy
consuming products is rising. Products using IH include
electronic rice cookers and pans. Safe, efficient and quick
heating appliances attract more customers. This document
describes induction heating, power systems, and IH
applications.

2. BASICS OF INDUCTION HEATING

Induction heating is comprised of three basic factors:
electromagnetic induction, the skin effect, and heat transfer.
The fundamental theory of IH, however, is similar to that of a
transformer. Electromagnetic induction and the skin effect are
described in this section. Figure 2-1 illustrates a very basic
system, consisting of inductive heating coils and current, to
explain electromagnetic induction and the skin effect. Figure 2-
1-a shows the simplest form of a transformer, where the
secondary current is in direct proportion to the primary current
according to the turn ratio. The primary and secondary losses
are caused by the resistance of windings and the link
coefficient between the two circuits is 1. Magnetic current
leakage is ignored here. When the coil of the secondary is
turned only once and short-circuited, there is a substantial heat
loss due to the increased load current (secondary current).
This is demonstrated in Figure 2-1-b.



Figure 2-1-c shows a system where the energy supplied
from the source is of the same amount as the combined loss of
the primary and secondary. In these figures, the inductive coil
of the primary has many turns while the secondary is turned
only once and short-circuited. The inductive heating coil and
the load are insulated from each other by a small aperture. The
next phase of the skin effect occurring under high frequency is
presented in Section 2-2. As the primary purpose of induction
heating is to maximize the heat energy generated in the
secondary, the aperture of the inductive heating coil is
designed to be as small as possible and the secondary is
made with a substance featuring low resistance and high
permeability. Nonferrous metals undermine energy efficiency
because of their properties of high resistance and low
permeability.

2-1. Electromagnetic Induction

As shown in Figure 2-1, when the AC current enters a coil, a
magnetic field is formed around the coil according to Ampere’s
Law.

[HdI = Ni (2-1)

An object put into the magnetic field causes a change in the
velocity of the magnetic movement. The density of the
magnetic field wanes as the object gets closer to the center
from the surface. According to Faraday’'s Law, the current
generated on the surface of a conductive object has an inverse
relationship with the current on the inducting circuit as
described in Formula 2-2. The current

on the surface of the object generates an eddy current.
E= _de (2-2)
dt

As a result, the electric energy caused by the induced
current and eddy current is converted to heat energy as shown
in Formula 2-3.

_E2_12
R R

P (2-3)
Here, resistance is determined by the resistivity (p) and
permeability (u) of the conductive object.

Current is determined by the intensity of the magnetic field.
Heat energy is in an inverse relationship with skin depth which
is described in Section 2-2.If an object has conductive
properties like iron, additional heat energy is generated due to
magnetic hysteresis. The amount of heat energy created by
hysteresis is in proportion to the size of the hysteresis. In this
document, this additional energy is ignored because it is far
smaller (less than 10%) than the energy generated by
induction current.

2-2. Skin Effect

The higher the frequency of the current administered to the
coil, the more intensive is the induced current flowing around
the surface of the load. The density of the induced current
diminishes when flowing closer to the center as shown in
Formula 2-4 and 2-5 below. This is called the skin effect or
kelvin effect. From this effect, one can easily infer that the heat
energy converted from electric energy is concentrated on the
skin depth (surface of the object).
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_x
Ix=ig do (2-4)
where,

ix: distance from the skin (surface) of the object, current
density at x.

lo: current density on skin depth (x=0)

do: a constant determined by the frequency (current
penetration depth or skin depth)

w: Frequency of the current flowing through the object

Formula 2-5 states that the skin thickness is determined by
the resistivity, permeability, and frequency of the object.

1 12=11(N1N2) )| 12=HN1
QM 1ggNz ;RL N éﬁ s
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Fig. 2-1: Basics of Induction Heating

do=2 2_p
\I o)

where,

(2-5)

p: resistivity
u: permeability of the object
w; Frequency of the current flowing through the object

Formula 2-5 states that the skin thickness is determined by
the resistivity, permeability, and frequency of the object.

3. TOPOLOGY OF POWER SYSTEM

Generally, semiconductor switching devices operate in Hard
Switch Mode in various types of PWM DC/DC converters and
DC/AC inverter topology employed in a power system. This
process results in switching loss. The higher the frequency the
more the switching loss, which obstructs efforts to raise the
frequency. Switching loss can be calculated in a simple way as
shown in Formula 3-1 below. Switching also causes an EMI
problem, because a large amount of di/dt and dv/dt is
generated in the process.

PSW=%VSWISWfS (ton+tof)  (3-1)

where,

Psw : switching loss [W]



Vsw : switching voltage [V]
Isw : switching current [A]

fs : switching frequency [kHz]
ton : switch turn-on time [s]
toff : switch turn-off time [s]

By raising the switching frequency, you can reduce the size
of a transformer and filter, which helps build a smaller and
lighter converter with high power density. But as presented
earlier, switching loss undermines the efficiency of the entire
power system in converting energy, as more losses are
generated at a higher frequency. Switching loss can be partly
avoided by connecting a simple snubber circuit parallel to the
switching circuit. However, the total amount of switching loss
generated in the system remains the same. The loss avoided,
has in fact, just moved to the snubber circuit. Higher energy
conversion efficiency at high frequency switching can be
obtained by manipulating the voltage or current at the moment
of switching to become zero. This is called “Soft Switching”,
which can be subcategorized into two methods: Zero-voltage
switching and Zero-current switching. Zero-voltage switching
refers to eliminating the turn-on switching loss by having the
voltage of the switching circuit set to zero right before the
circuit is turned on. Zero-current switching is to avoid the tum-
off switching loss by allowing no current to flow through the
circuit right before turning it off. The voltage or current
administered to the switching circuit can be made zero by
using the resonance created by an L-C resonant circuit. This
topology is named a “resonant converter.” In Zero-current
switching, the existing inductance is absorbed into the
resonant circuit, eliminatin the surge in voltage in a turn-off
situation. A voltage surge resulting from an electric discharge
of junction capacitance, which occurs upon turning on the
switching circuit, cannot be avoided. This method has a defect
of causing switching loss (0.5CV2f). Zero-voltage switching,
however, is free from such a defect by making both the existing
inductance and capacitance to be absorbed by the resonant
circuit. This eliminates any chance of causing a surge in
current both at turn-off (caused by inductance) or turn-on (by
capacitance) conditions. Zero-voltage switching enables
switching with less loss while substantially reducing the
problem of EMI at high frequency. This difference in features
make Zero-voltage switching more desirable than Zero-current
switching.

3.1 Resonant Converter

The resonant circuit of a resonant converter consists of a
capacitor, an inductor, and resistance. Two types of resonant
converters are generally used: a series resonant circuit and a
parallel resonant circuit. For resonant frequency of the amount
of energy stored in the capacitor to be sent to the inductor.
Resonance occurs while the inductor and the capacitor
exchange the energy. The total amount of energy stored in the
circuit during resonance remains unchanged. This total amount
is the same as the amount of energy stored at peak in the
conductor or capacitor. Fig. 3-1 is full bridge converter for
induction heating.

Fundamental principle that in the de sign of a small - sized
electrical equipment, the voltage and current in the circuit must
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be operated with a high frequency. This can be achieved by
operating the switching device of the circuit with a switching
frequency of the level of tens or hundreds of kilohertz. By this
method, there will be some power loss in the circuit in terms of
switching loss that tends to increase with the switching
frequency. To eliminate the switching loss with high switching
frequency, the conventional circuit with hard switching
operation will be replaced by a resonant circuit with soft
switching or zero voltage switching operation (ZVS). In some
applications, the output power control can be achieved by
controlling the pulse width of the square wave output voltage,
using the phase-shift control between the gate signal of each
branch of a single-phase full-bridge inverter. In case of an ideal
MOSFET switching device without stray capacitance (Coss ),
during increase of phase shift for reducing output power, the
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Fig 3-1. Full-bridge inverter-fed induction heating.

switching frequency must always be slightly increased in order
that the phase angle of output current never leads both the
positive and negative front edges of the output voltage
waveform], but the phase angle must always lag the front
edges so as to allow the regenerative mode to occur or the
body diode of the next-coming turn-ON ideal MOSFET switch
to conduct before the powering mode of circuit operation;
otherwise, the inverter circuit will be driven away from the
condition of ZVS (NON-ZVS). For the practical switching
device with Coss, the switching frequency must be increased
slightly further when compared with the case of the
aforementioned ideal switching device in order to still maintain
the operating condition of ZVS by making a complete
discharge from Coss before the next-coming turn-ON time of
the same switching device. The detailed analysis to explain the
internal operating mechanism of the circuit during the charge—
discharge process of the four switch capacitors (Coss ) of the
full-bridge inverter, both by mathematical calculation and
experimental verification, has not been presented. So, how to
analyze the circuit operation during the charge—discharge
process by calculation with experimental verification is the aim
of this research. In order to solve this problem, the single-
phase full-bridge series resonant inverter with a load of
induction heating has been developed in our laboratory, as
shown in Fig.3-1, to verify the principle proposed in this paper
by experimental results.

In case of an ideal switching device without Coss , there will
be only one region of phase-shift control angle (0 < &), while
reducing the output power from its maximum value; but in the
practical case with a certain value of Coss , the phase-shift
control angle (0 < ¢) will be divided into two different operating
regions. In the first region, where the phase shift @ lies over the



range of gm in < @ (hereinafter referred to as the conventional
phase shift), the charge-discharge will occur in each of the two
branches between the upper and lower capacitors, as

indicated by and [3]' [5] in the upper waveform of

Fig. 3-2(a) and (b). For the second region, with the control
range of phase shift 0 < ¢ < dm in, the charge—discharge
process becomes quite different from that of the first region.
The circuit operation over this region is under a changing
condition of mode of circuit operation from the conventional
phase shift to zero phase shift (hereinafter referred to as the
transition phase shift). For the phase shift with control angle
over the range of 0 < ¢ < ¢dm in , the charge—discharge
process will be mixed with both the case of one-branch
charge—discharge process for two short time durations, as

indicated by and [3]'[5] in the lower waveform of

Fig. 3-2(c) and also with only the case of the two-branch
charge—discharge process for one short time duration, as

indicated by and " nd in the lower waveform of the

same figure. At the end point of phase-shift control angle,
which is the position of zero phase shift ( ¢ = 0), there will be
the case of only the two-branch charge—discharge process, as
shown in Fig.3- 2(d). The minimum phase shift (¢min) in Fig.
3-2(a)—(d) is the boundary position between the conventional
phase-shift and the transition phase-shift control regions. The
output voltage waveform at this position of minimum phase-
shift control ( ¢min ) can be shown in Fig.3- 2(b).  The
principle proposed can be applied to the series resonant
inverter using the principle of phase shift for output power
control. In this application, the circuit designer must consider
correctly the relationship between the phase-shift angle ( ¢)
and the operating frequency (fs ); especially in case of higher
rating of MOSFET power switching device that has a higher
value of Coss , the switching frequency must be designed to
be higher than for the case of lower rating of power switching
device, when considering at the same phase-shift angle or
same output power level, in order to maintain the circuit to
operate under the same operating condition of ZVS and to
protect all the switching devices from not being damaged.
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Fig. 3-2. Analyze the charge transfer process of the inverter switches
under two different operating regions of phase shift ¢ : (a) and (b) for the
first region of phase shift ¢min < ¢, and (b)-(d) for the second region
of phase shift 0 < ¢ < dmin .

4.CONCLUSION

The inverter circuit operation with two regions of
conventional phase shift and transition phase shift under ZVS
and NON-ZVS conditions for induction heating can be
concluded as follows.

1) In case of an ideal MOSFET switching device without
stray capacitance (Coss ), during phase-shift control, the
switching frequency must always be slightly increased in order
that the phase angle of output current never leads both the
positive and negative front edges of the output voltage
waveform; otherwise, the inverter circuit will be driven away
from the condition of ZVS (NON-ZVS). For the practical
switching device with Coss , the switching frequency must be
increased slightly further when compared with the case of the
aforementioned ideal switching device in order to still maintain
the operating conditon of ZVS by making a complete
discharge from Coss before the next-coming turn-ON time of
the same switching device.

2) In the control range of the transition phase shift with ¢ <
¢min, the charge transfer occurs in both one-branch and two-
branch switch capacitors, while in the control range of
conventional phase shift with gmin < ¢ , the charge transfer of
two-switch capacitors occurs only in one branch of the switch
capacitor. Although, the charge transfer process in these two
regions of phase shift ¢ is quite different, the continuous



characteristic curves of the four critical parameters between
these two cases can still be obtained, as shown in the graphs.

3) In the control range of conventional phase shift domin < d,
where charge transfer occurs only in one branch, each
capacitor voltage changes between 0 and+Vd , and the output
voltage changes between 0 and +Vd and also between 0 and
-Vd , which results in the same rate of change of output
voltage as that of the capacitor voltage. On the other side of
the phase-shift control range, ¢ < ¢ min, which is the region
of transition phase shift, where the two branch charge transfer
occurs and the rate of change of the output voltage becomes
twice that of the capacitor voltage.

4) For the variable region of phase shift 0 < ¢, the beginning
and ending points of the charge transfer for each pair of switch
capacitors in the same branch will not be at the same time, but
will depend on the time instant the turn-OFF signal is initiated.
In this case, the turn-OFF signal of the second branch is
initiated before the first branch; therefore, the charge transfer
in the second branch will terminate before the first branch.
Consequently, the switches in the first branch will be damaged
in case the NON-ZVS operating condition occurs in the circuit
[see Fig. 2(a)~(d)]. Without phase-shift control (¢ = 0) or in
case of a conventional square wave, the turn-ON and turn-OFF
signals will be initiated at the same time instant; therefore, the
beginning and ending points of charge transfer will be at the
same time, and consequently, all the switches in both
branches will be damaged due to NON-ZVS operation in the
circuit.

5) In the paper has been given theoretical layout of the
device for induction heating of the metals. Practical results on
realized device is in power of 60kW and melting 100kg copper.
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Also the device can be used for regenerate of used metals,
and for melting the copper concentrate with quality bigger than
60%. The results are procured on copper concentrate procured
with extraction in the mine Bucim in Macedonia and Asarel in
Bulgaria. With this metod we obtain copper with 99.9% Cu
quality. 6) The results from this paper can be used for
constraction on devices for induction heating with power from
500kW.
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ABSTRACT. The mining equipment of type 4K4016 at OKD, a.s., Ostrava is delivered by CKD Praha. In the region of cyclic stressing 5.107 cycles it is necessary to

repair the welding parts. The article brings the solution of design.

ABNrOTPAMHOCT HA 3ABAPEHU TPUELLW CE QUCKOBE TWM 4K4016 NPOM3BEREHN B PENYBINUKA YEXUA
XatiHek lpeyex, 3deHek ®onma, 3deHek MoHcma, Mupocnae Tebpdu
TexHuvecku yHugepcumem, Ocmpasa, 708 33 Ocmpaga-llopyba, Penybnuka Yexus

PE3IOME. MunHoTo obopyasaHe Tun 4K4016 pabotelo B MunHo-o6oratuteneH komnnekc rp. OcTpaBa ce AOCTaBs OT MALUMHOCTPOUTENHO NPeAnpUsiTue B rp.
MMpara ¢ gbaroTpaitHocT 5.107 paboTHU LuKbNa, Ceq KOeTo e HeoBXoaUMO Aa Ce Bb3CTaHOBAT 3aBapkuTe B AeTaina. B ctatusaTa ce npeanara HOBO KOHCTPYKTUBHO

peLleHne, npu KOeTo e NoBuLLeHa JJ,'bJ'IFOTpaVIHOCTTa Ha AeTanna.

1. Introduction

For the coal mining in OKD, a.s., Ostrava we use the haisting
machines (HM) of the type 4K5016 and 4K4016. We are
always speaking about the main skip HM. With regards to the
mining intensification it is necessary to innovate the friction
discs after the distinct time.

2. Parameters of the 4K4016

The friction disc @4m
The width of disc 1,6 m
Number of

lifting ropes 4

Ropes . @40 mm
Lifting capacity 1185 kN
Depth of mining 900 m
Movement rate 16 m.s-
Loading 210 kN

3. The friction discs

Delivery and assembly is secured by CKD PRAHA. The
delivered discs were always divided on two parts and on the
site, after placing them on the shaft, they have been welded
together. The drawing of the assembly of disc is designated 0
HOR 512 61, the static calculation is designated 4HOR 2312
P. The base of the disc is the steel mantle from the plate of
thickness t = 28 mm (the material CSN 11425.1) of outer
diameter 3740 mm. The side walls are doubled, t1 = 12 mm,
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t2 = 6 mm (internal). On both sides of discs are situated twice
the brake coils of 280 mm width for the shoe swinging brakes.

4. Operation details

Since the year 1970 are working in OKD, a.s., the following
HM:

Mine CSM

Mine CSA

Mine Stafi¢

Mine ZbySov u Brna
Mine Mosténica (Poland)

NAA'\)N

By these machines, after 5 x 107 loading cycles, microcracks
and then macrocracks were observed in weldments of either
mantle or the side walls of discs.

There have been elaborated the matemathical computed
methods by using the method of finite elements (FEM). Al
these calculations were confoming the mining rule 12/82,
including the public notice CBU ¢&. 415/2003 Sb. But even after
such repaires the micro and macrocracks reappeared. The
most extensive calculations and structure design changes
have been carried out by the INCO engineering, s. r. o. It
concerns the strength and fatigue life calculations of the friction
disc and the main shaft, both for the original state and the state
after the modification, i. e. for HM 3/1 and HM 3/2, air shaft No.
3, OKD, a.s., Mine CSA and Mine CSM. For those HM also
exist the professional evaluation of friction disc after the
designed modification from the point of view of fatigue life at
the dynamic loading (2/2001). Also in the document about the
evaluation of the driving barrel of HM 4K4016 and the results



of tensometric measurements from the VITKOVICE, Institute of
Applied Mechanics Bmo, s.r.0., 6/2001.

The modified discs (the welded parts) displayed again the
micro and macro-cracks after some 5 x 106 cycles. The new
structure using the FEM method of calculation and the newest
knowledge from the design of large shell units has limited the
solution to the elimination of weldments in the divided plane,
but the holding is done by matching screws including the
mock-up HYDROCAM SKF.

At the same time the shoe brake is replaced by disc brake
with the hydraulic regulation of the individual brake aggregates
including the reconstruction of the engineer desk. The hoisting
machines are working at the coal mining completely
automatically.

5. Conclusion

The sequential innovation of friction discs and the
replacement of shoe brakes by the disc brakes brings the
possibility of further mining form the depth 1000 m and more at
the time of existence of underground reserve of coal for further
20 - 25 years.
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ABSTRACT. Paper deals with life-cycle assessment of steel constructions in Czech Republic. We survey the flow between its particular stages (raw materials mining,
processing, production of raw iron, production of raw steel, production of semi-finished products, production of steel constructions, consumption and disposal) and
environment. Very detailed information was obtained about inputs and outputs. Better accuracy of information is gained by presentation methodology. Conversion and
recalculation of data from production of raw steel and production of semi-finished products according specific standards are mentioned. Specific standards are
deriving from structure prefabricated elements, which are used for production of steel constructions in monitored company.

OLIEHKA HA XXW3HEHWA LUMKBbJ1 HA CTOMAHEHW KOHCTPYKLIUW B YELLIKATA PENYBITUKA
AHa Kodumoea
TexHuyecku yHusepcumem, Ocmpaea, 17. Cenmemspu 15, 70800 Ocmpasa-llopy6a, jana.kodymova@vsb.cz

PE3IOME. B ctatusita ce nNpaBy OLeHKa Ha XM3HEHMS LWKbIT HA CTOMaHEHM KOHCTPYKLMM B YelukaTta Peny6nuka. Mpu HanpaBeHOTO NpoyyBaHe e NomyyeHa MHOro
JeTaiifHa MH(OpMaLMs Ha BXoAa M M3Xofa 3a Bpb3kuTe MeXay OTAENHWUTE XM3HEHW eTanu (CypoBMHa, A06WB, mpepaboTka, MPOM3BOACTBO Ha XENs3o,
NpOM3BOACTBO Ha CypoBa CTOMaHa, NPOM3BOACTBO Ha NONYroToBY NPOAYKTW, MPOM3BOACTBO HA MeTasHW KOHCTPYKLMK, NOTpeBeHe U NNAcMEHT) U OKONHaTa cpeaa.
MpefcTaBeHa e METOAONONMATA Ype3 KOSTO Ce MoMyyaBa No-TouHa WHcopMauus. CromeHaTuTe npeobpasyBaHi U NPen34uCenm JaHHM OTHOCHO NpOAYKUMsTa Ha
CypoBa CTOMaHa ¥ NPOM3BOACTBOTO Ha MONMYroTOBK MPOAYKTM Ca CbIMacyBaHW CbC CneuuduuHuTe cTaHaapTu. CneuucuyHnTe CTaHgapTh, npoustyaTt oT
CTpYKTypaTa Ha crnobsiemute enemMeHTH, KOUTO Ce U3Non3BaT 3a NPOWU3BOACTBO Ha CTOMaHEHW KOHCTPYKLMM B HabNoAaBaHUTE [pYXeCTBa.

Introduction life-cycle of steel structures. There was created following
If we want to make the good decisions, we must have simple life-cycles:
good-quality information. For that reason Life-cycle of steel e electric energy and thermal energy producing
structures was created from most detailed information, and is e crude oil mining, transport and processing
also adhered to principle of maximum transparence of used e natural gas mining and transport
information” s correction and calculation. The Life-cycle of e  black and brown coal mining and preparation
steel structures was created in conformity with European e uranium ore mining and preparation
Union legislations (ISO 14 000), and all obligate stages of e coke and coke-oven gas producing
product’s life-cycle assessment were done (definition of the e lime stone mining and lime producing
purpose and the immensit.y, inventory analyses, analyses of e mediums (oxygen, nitrogen, argon, compressed air,
environmental impact and interpretation). producer gas, acetylene and demineralized water)
producing
Creation of life-cycle of steel structures e clay mining and ovenware producing
Life-cycle has the following stages: e aggregates (ferroalloys, calcium carbide) producing
e iron ore mining and preparation, sinter and iron e organic and inorganic materials producing
production,  steel  production, ~ rolled  stock Descriptions of life cycle creating have detailed
production, steel structure production,  steel characterizing in author's thesis. Main attention has been
structure servicing and repairing, steel structure paid to life-cycle of fundamental materials (electric and
disposal. thermal energy, crude oil, natural gas, black and brown coal).
Life cycle was created from primary information, which had From information obtained by inventory analyze 2 inventory
been given to author by main producers of iron and steel in matrixes were created:
Czech Republic, and from secondary information. Secondary e inventory matrix of environmental impacts
information was taken from information databases of Czech participation of particular stages of production

Environmental Department (IRZ and EIA databases),
information databases of Czech Trade and Industry
Department (IPPC database) and information databases of In the first final matrix environmental impacts of particular

European Union (BREFF documents). o stages of production were quantitatively appointed. In the
Due to maintaining detailed information of creating life- second matrix there was made sum total of all impacts in
cycle was created all life-cycles of external products in the particular stages, where impacts from all previous stages are
same way. External products are products, which input to included. Results of the secondary matrix could apply very
good in technical practice, because they give the summary of

e inventory matrix of total environmental impacts of
particular stages of production
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weighted system

structures too.

perunetn teentt 1 oeeet

total impacts linked with producing in particular stages
There was created detailed graphic figure of life-cycle of steel
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Fig. 1: Detailed figure of life-cycle of steel structures

In agreement with European legislative Life-cycle
environmental impact analyses (LCIA) of steel structures
were made. On the basis of the first matrix results have been
assessing the following primary environmental impacts:
mineral raw material and water consumption

e waste production

e contributing to climate changes owing to radiation-
active gases emissions (so-called greenhouse
effect)

e contributing to origin of acid dry and wet
atmospheric depositions (so-called acid rain)
contributing to water eutrophization
contributing to increases in environmental toxicity
(air toxicity, which damage human health, and
toxicity of water environment)

During the 1t steel structural production is used:

e 4,06 t mineral raw materials (black coal, brown
coal, crude oil, matural gas, uranium ore, lime,
clay, iron ore, other ores, other raw materials)
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e 70,790 t water and is produced 20,298 t waste
water
During the 1t steel structural production is produced:
6,935 t wastes (was valued 3 fundamental groups: inert,
dangerous and other wastes)

o 3,806 t greenhouse gases (CO2, methane,
hydrochlorofluorohydrocarbons), ~ which ~ was
aggregated through the CO2- equivalent

o 9,596 kg gases, which are conducive to acid rains
(nitrogen oxides, sulfur oxides and ammonia),
which was aggregated through the SO2- equivalent

e 1,705 kg matter, which are conducive to water
eutrophization (total nitrogen and phosphorus,
nitrogen oxides and nitrogen, which is bound to
ammonia), which was aggregated through the
PO4-3 - equivalent

e 19,296 kg matter, which are conducive to air
toxicity (arsenic, benzene, benzopyrene, ammonia,
chlorine, chrome, cadmium, copper, nickel, lead,
mercury, vanadium, zinc, gauze), which is bound to
ammonia), which was aggregated through the Pb -
equivalent

o 19,296 kg matter, which are conducive to water
toxicity (arsenic, chrome, cadmium, copper, nickel,
lead, mercury, zinc), , which is bound to ammonia),
which was aggregated through the PNEC-
equivalent

During LCIA was detected that most of impact is the cause
of energy production (electric and thermal energy). Those
impacts were the cause of 2 processes:

e outright producing (energy-intensive consumption
through particular stage producing)

e energy-intensive products consumption

Producing pollution was produced by iron and steel

productions (by steel production has been producing the
most of air toxicity, and iron production has been producing
the most of greenhouse gases and acidification).
There was done data verification. The purpose of verification
was done in order to control the information from producers
(information, from which has been formed life-cycle of steel
structures. The second level of verification was controlled by
LCIA (results of LCIA were compared with comparable data
from GEMIS database).

Recommended for publication
of Editorial board

35

Conclusion

There was done life-cycle of steel structures, which was
done in Czech Republic, and its environmental impacts were
considered. Within inventory analyzing from data of Czech
iron and steel producer inventory matrix was formed. From
inventory matrix quantification weighted environmental
impacts were done (mineral raw material and  water
consumption, waste production, contributing to climate
changes owing to radiation-active gases emissions (so-called
greenhouse effect), contributing to origin of acid dry and wet
atmospheric depositions (so-called acid rain), contributing to
water eutrophization, contributing to increases in
environmental toxicity). By obtained and calculated data
verification was created.
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ADAPTATION OF THE ADVANCE SYSTEM FOR KS-3M SHEARER ADAPTED

FOR 295-842 RYBNIK CONVEYER
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ABSTRACT. The paper presents technical solutions to correlate the function of KS-3M shearer with Rybnik 295/842 conveyer in order to observe Occupational

Health and Safety requirements.

These machines, alongside of CMA-5H powered support make up a powered face complex used to extract coal in panel 4/seam 3/block VI in Paroseni Mine.

Key words: shearer, conveyer, correlation

NPUCNOCOBABAHE HA CUCTEMATA 3A HAMPEABAHE HA YHUBEPCAITHA MOAKOMNHA MALLMHA KS-3M, 3A
CbBMECTHA PABOTA C TPAHCMOPTbOP PUBHUK 295-842
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PE3IOME. Cratvsita npefcTaBsi TEXHUYECKO PELUEHWe OTHOCHO CbBMECTSBAHETO Ha (PYHKLMWUTE Ha yHWBepcanHa nogkonHa MawwHa KS-3M u TpaHcnopTsop
PubHuk 295/842, ¢ Len cnassaHe Ha W3uckBaHWs 3a GesonacHocT W 3apase npu pabota. Tean MaLMHW 3aefHO ¢ MexaHuaupaHus kpenex CMA-5H cbctaBnsieaT
3aboiiHaTa TexHuKa, 13non3BaHa 3a U33emMBaHe Ha BbrnuwaTa B naHen 4, nnact 3, 6ok VI B MuHa MapoceHu.

1. INTRODUCTION

KS-3M shearer alongside of Rybnik 295/842 conveyer,
together with CMA-5H powered support make up a powered
face complex used to extract coal in panel 4/seam3/block VI in
Paroseni Mine.

The shearer's and conveyer's technical characteristics, as
designed by the producers were not correlated, considering
that they are of different make and come from different
countries. Nevertheless, the two machines show some
compatibility: the shearer's cutting capacity can be supported
by the scraper conveyer; dimension wise, the shearer can be
mounted on the conveyer, by suitable modifications, with no
essential changes that might lead to diminishing their
resistance characteristics; the conveyer's robust structure
resists to approximately 24 tons weight of the shearer;.

The main lack of correlation between the two lies in the fact
that the conveyer is equipped with a for the guidance part,
requiring a feed mechanism on the shearer with vertical driving
gear (rack feed system), while the shearer is equipped with a
calibrated chain feed mechanism, where the driving gear is
horizontally mounted.

Moreover, at the driving and return ends of the conveyer the
traction chain can not be fixed.

Therefore, the principal technical characteristics of the feed
system had to be modified. The paper presents the technical
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solution of adapting the KS-3M shearer feed system to the
295/842 Rybnik conveyer.

2. ADAPTING SHEARER’S FEED SYSTEM TO SCRAPER
CONVEYER RYBNIK 295/842

Adaptation of the shearer feed system to the scraper
conveyer, according to Fig. 1 lies in:

- design of captive guides, position 7 and 3. Guides are
mounted on the shearer's reduction, that is the feed
mechanism, towards the powered support (mined out space).
This involves substitution of existing sliding captive guides on
the shearer. The recently adopted solution does not require
modification of the rack on the conveyer, therefore the solution
of the producer is not modified, it being the path for the roller of
the guidance;

- replacement of hydraulic cylinders (jacks) of the guidance
skids from the face side with fixed elements, position 2,
mounted on the reducer and position 4, mounted on the feed
mechanism. The use of fixed elements removes the associated
hydraulic circuit, the general hydraulic layout on the shearer is
simplified, and the possibility of defaults is eliminated;

- design of traction chain fastening elements, at the two ends
of the conveyer, position 5 at the end of the return end and
position 6 at the driving end. This is necessary, since the
conveyer, designed for a rack feed system, has no such
elements.



Shearer KS-3M LA

Calibrated chain @26x92-D2

Scraper conveyer Rybnik 295/842

Fig.1. KS-3M feed system for Rybnik 295/842 conveyer

The overall design solution mounted on the shearer reducer the guide, the roller with its associated elements for mounting
towards the mined out space is given in Fig. 2. The main and sealing the rolling bearing.
components of the guide are the roller support, the roller bolt,

14,15
11 9,10 8

Fig.2. Overall solution for roller guide mounted on the reducer

The entire structure of the guide is mounted on the body of principal reducer is concentrated and of the drving reducers of
the principal reducer of the shearer by the roller, position 1, the drums.
and fifteen M24x1000 screws and of Grower disks, positions The guide components are assembled with a @95 bolt,
14 and 15. The roller support is a welded structure allowing its position 2, ensured by the disk, position 71, an M45x3 nut,
fastening to the reducer by one hundred M24 screws vertically position 12, and a blocking wire of the nut, position 13. Due to
mounted from the downside of the shearer and five screws the mounting conditions of the bearing, position 6, and spacer
horizontally mounted from the lateral side of the reducer. The collar, the outside of the bolt is in k7 field of tolerance. The bolt

use of 15 screws for fastening the guide is explained by the rests on a the guide roller by a F8/k7 adjustment, position 3,
fact that it is mounted in the area where the larger weight of the
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providing in the same time a captive guide, guiding the shearer
on the conveyer.

The roller, position 4, representing the essential element in
the structure of the guide, is equipped in the inside, by its
cover, position 5, with a spacer, position 7, M12x30 screws
and associated Grower disks, positions 9 and 10, oscillating

14,15

ball series 22319, position 6, and sleeve B110140, providing
the lubricating room of the ball.

The overall design solution of the roller guide mounted on
the feed mechanism of the shearer, towards the mined out
space is shown in Fig. 3.

Fig.3. Overall solution for the roller guide mounted on the feed mechanism

The construction solution of the guide is identical to that of
the roller guide mounted on the reducer, with two differences.

The first is connected to its fastening to the feed mechanism
which has an other configuration and requires an other support
type for the roller, position 1.

The support is fastened to the feed mechanism with ten M24
x 100 screws.

The second difference relates to the equipping of the guide
with a click, position 16, mounted by a bolt, position 17, to the
body of the guide, with safety role in the movement of the
shearer.

a)

Skid components at the face side, mounted to the shearer
reducer, are presented in Fig. 4.a.

Modification of this movement system lied in replacing the
two hydraulic cylinders (jacks) with two fixed linking plates,
position 1, two types of spacers, positions 2 and 3, to make the
structure rigid.

The other components of the system were kept, that is the
reducer support, position 6, skids, position 7, @50 and @70
diameter bolts, positions 8 and 9, for which blocking wires were
provided, positions 4 and 5.

Fig. 4.b gives the overall solution for the skid mounted to the
feed mechanism.

Fig.4. Modifications in the structure of the skid at the front mounted on the reducer and the feed mechanism

Fig. 5.a shows the overall solution for the modifications
made at the connection between the feed mechanism chain
and the metal structure of the return station of the conveyer.

The connection solution for the connection of the chain to
TR-TA conveyer, position 1, verified in practice, is kept, but the
linking plate was provided, position 2, mounted through two
M36x200 screws, nuts and Grower disks, positions 3, 4 and 5,
on the metal structure of the return station.
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The element supporting the chain and ensuring change of
direction is coupled with the linking plate through @74 bolt,
position 6, provided by a blocking wire, position 7.

The overall solution of modifications made at the connection
between the feed mechanism chain and the metal structure of
the conveyer driving station is given in Fig. 5.b.



Fig.5. Design solution to link feed mechanism chain to conveyer driving station and conveyer return station

3. VERIFICATION OF THE SLIDE SUPPORT, ROLLER
SLIDE AND BOLT ASSEMBLY

Feeding system elements were geometrically modeled by
Solid Edge soft and analyzed by numerical method of finite
element with COSMOS Design STAR soft, as it follows.
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Fig.6. Verification of the slide support, roller slide and ®95 bolt

Detaliu B

Fig.6 shows discretization, fixing and loading the assembly
made up of slide support, which is fixed on the body of the
shearer's reducer, roller slide and @ 95 bolt, making the roller
support and the positioning of the latter and of the slide to

the support.
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The analysis was made for emergency, when the slide is
blocked on the rack.

In this modelling, the bolt is tightened, therefore it takes over
the transmission forces from the slide to the support, having in
the bearing area a maximum pressure of 572,1 MPa (Detail A),
and in the area of bearing - support a maximum pressure of
303,77 MPa (Detail B). These pressure values are not higher
than resistances to tear.

4. CONCLUSIONS

The following conclusions resulted from the solutions
developed to modify KS-3M shearer feed mechanism adapted
to Rybnik 295/842 conveyer, used in Paroseni Mine face,
panel 4, seam 3, block VI, slice 1, meeting occupational health
and safety requirements:

- the feed system applied did not modify the technological
operating and deployment parameters of K$-3M shearer and
Rybnik 295/842 conveyer;

- the technical solutions meet
requirements;

- replacement of sliding captive guides at the mined out
space, applied for TR-7A conveyer with roller captive guides
reduced friction in the guides and improved the power
coefficient of the shearer used to cut coal;

- replacement of skid hydraulic jacks at the face side with
fixed elements resulted in lower adjustment possibilities of the
shearer position as to the conveyer, but it increased in the
same time the reliability of the sliding skid movement system;

- the use of three sliding skids instead of two, as in the
former feed system, contact pressure value between the skid
and the , and the wear and shearer traction force, respectively,
reduced;

health and safety

Recommended for publication
of Editorial board
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- tension value in the component elements of the roller guide
assembly of the KS-3M shearer feed system adapted to
Rybnik 295/842 conveyer are no higher than tear resistance
values.

The following design improvements are suggested,
analyzing the technical solution found:

- roller without guide bed to remove double guidance on the
rack (both by rollers and by captive guide);

- to improve mounting conditions for the roller in guidance
and support, instead of the two spacer collars, a roller wide
sleeve should be used where a radial-axial ball should be
mounted, with 23222 barrel rollers, of higher dynamic capacity
than the present ones;

- a centering bed should be implemented on the guide
sleeve and a seating on the vertical plate to improve the
positioning of the two elements and the way of force
transmission from the roller guide to the support fixed to the
shearer;

- welding some teeth to the periphery of the feed guide roller
to clean the rack
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OTHOCHO XMAPOABPA3MBHOTO U3HOCBAHE HA EJIEMEHTU OT MEXAHU3ALIUATA
3A XUOPOTPAHCIOPT HA OTNAOBYEH Nynn OT O6OrATUTENTHUTE ®ABPUKA

Unus Uoyee

“Pydmeman” ALl , 4960 ep. Pydosem

PE3IOME. B pfoknaga e u3cneaBaH MexaHuama Ha XVIJJ,pOGGpaSVIBHOTO u3HocBaHe. Ha 6a3a Ha M3BECTHW aHaMUTUYHK U €KCNepuMeHTanHn 3aBnUCUMOCTK Ca
onpegenexHun (*)aKTOpVITe BNuAeLL BbpXY TO3M BUA U3HOCBAHE. |/|3B'prUeHI/I Ca eKCnepuMeHTH B peanHu NPOMULLINEHN YCNOBUA Ha cUCTeMaTa 3a XMapOTPaHCNOPT Ha
XBOCTOXpaHunuiie ,,Pyp,oseM -2 Paspa60TeH W BHE[PEH € BapuaHT 3a yBenuyaBaHe Ha TEXHUYECKUA pecypcC Ha 4YacTu OT MexaHu3auuaTa.

ABOUT HYDROABRASIVE DETERIORATION OF ELEMENTS OF MECHANISATION OF SYSTEMS FOR HYDROTRANSPORT

OF A WASTE OF CONCENTRATING FACTORIES
llia lochev
‘Rudmetal” AD, 4960 Rudozem, Bulgaria

ABSTRACT. In the report the mechanism of hydroabrasive deterioration is surveyed. On base known analytical and experimental dependences, are defined factors
which influence on hydroabrasive deterioration. Experiments and supervision in real industrial conditions on system for hydrotransport finding on storehouse for a
waste of enrichment of minerals ,Rudozem 2" are made. The variant for increase to a technical resource of the cores has been developed and introduced are

frequent mechanisation.

YBoa

X1OpOTPaHCNOPTLT € NPOLec, NpW KOMTO BOAEH MOTOK MM
MOTOK Ha CMEC Hocu cbe cebe cu B TpbOONPOBOS NPOAYKTH C
mManka eapvHa. B noeevyeTo cryyait TpaHCMOPTMpaHETo ce
W3BbPLIBA YPE3 HAarHETsIBAHE Ha XOMOreHHaTa cMec. Toau
BML TPAHCMOPT HamMMpa LUMPOKO MPUNOXKEHWE NMPU TpaHCNOpT
Ha NoNesHW uakonaemu (BbriuLa, HedT, NSCbK, pa3TROpM Ha
COMM U MHOTO ApYru) OT MACTOTO Ha JobuBaHe KbM TOBA Ha
npepaboTBaHe MK CKNagupaHe Ha OTNagbuHK CYCMEH3UN OT
oboraturenHute habpukw, cryponenenHu oTnagbLm oT Tonmo-
enekTpuYeck1Te LieHTpanu u ap. Cpeaarta, KosTo ce npeHacs
npeacTaBnsiBa CMec OT Boga (UMM ApyrM TEYHW cpeau) M
JUCTeprUpaHi  YacTuUM Ha  MUHepanHu MpoaykTM  Wiu
HaCUTHEHW TBBbPAM WNM BNaKHECTU MaTepuany C opraHuyeH
WUNW HeOpraHU4eH NPOU3Xoa.

PeanuaupaHeTo Ha XuapoTpaHCNopTHa CXeMa € Bb3MOXHO W
npu ronemu pascrosHus — go Hag 400 km (Camapko
Bpasunus) n macosa npoussogutentoct 12 000 000 t/roga.

B MWHHO—OGOraTUTEnHUTE NpeanpusaTUs  TpaHcropTHaTa
AbITKNHA OBMKHOBEHO € HSIKOMKO AECETKM MEeTpa.

Tosu BWA TPaHCMOPT MpuUTEXaBa CheaHUTe  OCHOBHU
npeaumcTea npef OCTaHanuTe BULOBE:
e  CPaBHUTENHO HUCKA CeGECTOMHOCT Ha TpaHcnop-
TUpaHe;
e MO-Markv KanutanHu pasxoau 3a NocTposiBaHe Ha
cucTemara;
e  BbL3MOXHOCT 3a MNOCTUraHe Ha MbfHa aBTOMATH-
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3auust 1 HeNpPeKbLCBAEMOCT Ha NPOLIECa;
MaJTbk OpOM Ha exkcnnoaTaLWoHHUS NepCoHart;
fMnca  Ha  OTpULATENHO  Bb3AEWCTBME  BbPXY
OKOMHaTa cpefa Mopagy HEBL3MOXHOCT 3a pas-
CUMBaHE UNK pasnpallaBaHe Ha TPaHCMopTUpaHuTe
NpoayKTH;
e  De3LWyMHOCT v BUCOKA €(PEKTUBHOCT;
e  MWHMMAmHa 3aeMaHa TepUTOpHs 3a U3rpaxaaHe.
EanH OT OCHOBHWTE HeJoCTaTbLUM Ha XMApOTPaHchopTa e
CbLLECTBEHOTO M3HOCBAHE Ha OTAEMHWUTE ENEMEHTU — MOMMK,
TpbbonpoBogn, TpbbHa apmatrypa u gp. OcBeH TOBa
CbLLECTBYBA OMACHOCT OT yTasBaHe Ha NPEHACAHUTE YacTULM,
KOETO BOAW [0 3aTNiayBaHe Ha TpLOONPOBOAA.

lMpoLechT Ha U3HOCBAHE Ha XWAPOTPAHCMOpPTHAaTa CUCTEMa €
MHOTO WHTEH3WBEH Korato Ce TPaHCMopTWpaT OTNagbyHu
nynnose oT oboratutenHuTe abpukin nopagu HanMuMeTo Ha
KBApLIOBM 4aCTULW, KOUTO NpuTEXaBaT BMCOKa abpasvBHOCT.
B nogobHu crnyyam ce Hanara ynotpebarta Ha 06mmuoBkn OT
ryma, MOMWypeTaH Wnu Opyru enactomepu unv GpoHn ot
TBbPAM Cnnasu unu 6a3anToBu NpogykTu. Tesn matepuanu
npenoTBPaTABAT B 3HAYUMTENHA CTENeH U3HOCBAHETO.

MogobHu npobnemu CbluecTByBaT B MpoLeca Ha drotaums
Ha nomnesHu u3konaemu. BbnpocbT 3a HamansBaHe Ha
pasxoauTe 3a pabOTHM OpraHM Ha oDOoraTUTENHUTE MaLLUHY,
KakTo M 3a NogMsHa Ha EenemMeHTM Ha cucTemara 3a
XMOPOTPAHCNOPT Ha OTMafbYHMTE MyNNoOBE € NOCTOSHHA
3afjaya npef; MUHHO-0BoraTUTENHUTE ApyxecTea. Pasxogute
3a NoAMSHA Ha M3HOCEeHUTE YacTy gocTurat o 50% ot Beuykn



eKcnoaTaumoHHn pasxogu. MogobHu gaHHM ca nybnukysaHm
B pasnuyHm n3touHuum (Cmongabipes 1 CadpoHos 1989) v ap.

CbLLHOCT Ha npoueca Ha xw.qpoa6pa3v|BHo
M3HOCBaHe

Moa n3HocBaHe B TeXHWKaTa ce pasbupa NOCTENEHHOTO
W3MEHEHWe Ha TeOMEeTPUYHUTE pasMepu Ha [deTannure B
pesynTaT Ha [OeiCTBMETO Ha CUNUTE Ha TPUEHe, KOeTo ce
CbMbTCTBA C OTAENSHE Ha Matepuan OT Tpuelwara ce
MOBbpXHUHA U (Mnu) € octaTbyHa Aedopmaums (Mbpxos,
1991).

3a petaitnu paboTelum B cpefa Ha abpasuBHa XWAPOCMEC,
OCHOBHaTa MpU4YMHa 3a JOCTUraHe Ha rpaHUYHO CbCTOSIHUE €
MEXaHWYHOTO M MO-TOYHO abpasuBHOTO W3HOCBAHe 6Oes
3abenexmmo Bn1siHUe Ha [pYriTe BUAOBE M3HOCBAHE.

ABpasMBHOTO M3HOCBAHE € TakbB MPOLEC, KOWTO Cce
Npeau3BMKBa NpK B3aUMOAENCTBME Ha OMpedeneH AeTann u
TBbpAM abpasvBHM YacTuuM, B pesynTaT Ha KOeTo Mo
MOBBPXHOCTTA Ha AeTaina ce obpasyBaT [packOTUHM, PE3KM
u ap. OBUKHOBEHO YacTULMTE UMaT MUHeparneH npousxog —
CKarHM KbcYeTa NoNe3Ho 13konaemo u ap. BramoxHo e obaue
TBbpAUTE abpasvBHM YacTMUM Ja ce mnonyyaT U Ypes
OTAeNsiHe Ha MMKPOOBEMM OT TBLPAM HaKMenHu YacTuum ot
TpvelmMTe ce [AEeTalnm WNW Aa ca NpOAyKTU OT PasnuyHu
okcuayn, obpasyBaHu npu u3HocBaHeto. OT MuMHepanHuTe
abpasnBHM YacTULW Hal-ronsma TBbPLOCT MMAT KBapLOBUTE 1
nopagyu Tasv MpuYMHA Te MNpPeansBuUKBaT Hal-MHTEH3WBHO
M3HOCBaHe.

Pasrnexgaikm  npoueca Ha  B3auMMOAENCTBME  Ha
M3HOCBALLATa Ce MOBBLPXHOCT W TBbpAMUTE yactuuyw, M. M.
TeHeHOaym npuema, 4Ye 3a ENEMEHTUTE Ha  Xuapo-
TpaHCnopTHaTa CUCTEMAa € XapaKTepeH MexaHu3bM Ha
KOHTaKT, BCTIEACTBUE HA KOETO CE NOsBSiIBA XvapoabpasnBHO
n3HocBaHe. [py TOBA MHTEH3MBHOCTTA Ha MPOLECA CUITHO Ce
BNMSie OT XUAPaBMUYHUTE XapaKTEPUCTUKM Ha  TEYEHMETO,
(PM3nKO-MeXaHNYHUTE CBOMCTBA Ha abpasvBHUTE YacTMLM W
W3HOCBaHaTa NOBbPXHOCT, KAaKTO 1 OT AMHaMMUKaTa Ha TSXHOTO
B3aumopenctaue (TeHeHbaym, 1976).

XnopoabpasvBHOTO M3HOCBAHE CMOPEL MHTEH3WBHOCTTA Ha
npoTu4aHeTo Guea 00Lwo 1 MecTHO. OBLLOTO XuapoabpasneHO
W3HOCBaHe Ce XapaKTepuaupa C OTHOCUTENHA [MafKocT Ha
W3HOCBaHaTa MOBLPXHOCT, JOKATO MECTHOTO Ce pa3sBiBa KaTo
MWUKPOHEPABHOCTM C MOCMEBalOTO UM NpeobpasyBaHe B
OTBOPM C Hemanku pasmepy — 1 - 5 cm. O6woTo
XMOp0abpas3nBHO W3HOCBAHE, CMOPes  MHTEH3MBHOCTTA, €
HSIKOMKO MbTYW NO-cabo OT MeCTHOTO.

Pasrnexgaikn  MexaHMsMa  Ha  XuapoabpasvBHOTO
M3HOCBaHe Ha AeTannu pabotewy B MOTOK C  abpasuBHM
yactium, B Hail-o0wms cnyyair  TpabBa ga ce oryeTar
nposiBaTa Ha CnegHuTe BUAOBE ,4UCTO” U3HOCBAHE:

e pas3pyLLaBaHETO Ha MeTarna Ype3 Cpsi3BaHe;

e  pas3pyLLaBaHeTo B pe3ynTaT Ha MOBTOpHA MiacTyHa
aecopmanms;

e  pa3pyLlaBaHeTo
MaTtepuana;

BCneaocTesnMe Ha ymopa Ha
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e paspyllaBaHeTO B Pe3ynTaT Ha KPEXKOCT Ha
matepuara.

Pa3BATMETO Ha paspyluaBaHe B pe3ynTaT Ha KpexkocT Ha
maTepuana ce Cpella MHOro psiko Mpu XuapoabpasvBHOTO
W3HOCBaHe, MOHEXe HopManHaTa cuna Ha B3auMOAENCTBHE Ha
TBBPANUTE YacTULM CbC CTEHUTE Ha [eTaiina € HeaocTaTbyHa
3a nosiBa Ha paspylaBalja fAedopMalns NpeBuLIaBaLLa
rpaHuLaTa Ha npoBnaysaHe Ha Matepuana ( a He Ha oTAeNHu
MUKPOCTPYKTOPH).

O6uKHOBEHO He Ce pa3BiMBa M pa3pyLLaBaHETO B pesynTaT Ha
yMOpa Ha MaTtepuana nopagu BWUCOKATA WHTEH3WUBHOCT Ha
npoTUyaHe Ha Apyrute BuOoBe M3HOCBaHe. 10 TO3N HauwH
crefsa Aa Ce OTYMTaT OCHOBHO [Ba BAAA paspyluaBaHe —
4pe3 MUKPOCTPYXKM W Ype3 OTdensiHe Ha  OTAENHM
MWUKPOCTPYKTOPU B PesynTaT Ha MbpBMYHA MMM MOBTOPHA
nnactuyHa pecdopmaumus. B Ham-obwmst cnyyan pgarta
OCHOBHW BWZA M3HOCBaHe NPOTUYaT €OHOBPEMEHHO.

WHTEH3MBHOCTTAa Ha pas3BMTMETO Ha Mpoueca Ha
X1apoabpasvBHO WM3HOCBaHe Cce ompedenst OT Macata U
CKOpOCTTa Ha abpasvBHUTE YacTMLM, @ CbLUO W OT brbna Nog
KOWTO Te aTaKyBaT U3HOCBaHATa MOBbPXHOCT.

BbpXy WHTEH3WMBHOCTTA Ha Mpoueca BRMSAT CbLIO Taka
W3HOCOYCTOMYMBOCTTA Ha MaTepuana Ha M3HOCBaHaTa
MOBbPXHOCT W abpasvBHOCTTa Ha TBbLPAMTE  YaCTUMLW.
AHanUTUYHOTO ONpedensHe Ha CTOMHOCTUTE Ha Te3n ARa
cdaktopa  noHacTosieM e  TpygHo.  CwbluecTByBart
3aBMCUMOCTH, KOWTO [aBaT CaMO KayeCTBEHU PesynTat, HO
He 1 konnyecTeeHn. ETo 3allo onpenensHeTo Ha CTOAHOCTUTE
Ha Tesn napameTpu Ce W3BbpLUBA NO eKCrEePUMEHTANEH MbT.
MopoGHu paHHM ca nybnukyBaHm B FounTawwsmnm u gp. (1984).
CblUo B TO3M M3TOYHUK € U3MoXeHa dhopmyna, Ypes KosTo ce
ONpeaens UHTEH3WBHOCTTA HA U3HOCBAHETO Ha MOBbPXHOCTTA,
T.6. 3arybata Ha Maca Ha MeTan OT eguHMLa M3HOCBaHa
MOBBbPXHOCT 3a eauHuLa BpeMe, NpeansBukBaHa OT N-6pon
yactuum:

A=pviS(1-S)d.

.[fl(sin 20 — 2 usin za)+ f,sin’ “]a kg/m?.s (1)

KbOETO L7 € MNbTHOCTTA Ha TBbpaaTa hasa, kg/ims,

V-|— - CKOpOCTTa Ha TBbpauTe YacTtuuy B MOMEHTa Ha

yAapa UM ¢ U3HoCBaHaTa NoBbPXHOCT, M/s;
S - obemHaTa KOHLEHTpauWs Ha nynna;
d- AnamMeTbpbT Ha TBbPAUTE YacTuLmTe,m;
f1 n f2— KOEULMEHTUTE OTUMTALLM SKOCTHUTE
kayecTBa Ha M3HOCBAHMS MaTepuan u
abpa3nBHUTE CBOICTBA Ha YacTuumTe,s?m3 ;
Q - BIbITbT MEXaY BEKTOpa Ha CKopocTTa Ha
TBbpAAaTa YacTuLa 1 U3HOCBaHaTa NOBLPXHOCT, 9
ML - KOEULMEHTBT Ha TPUEHE NP Mbp3ansHe

Mexay abpasuBa u M3HOCBaHaTa NOBLPXHOCT.

BbBe chopmyna (1) cToitHocTuTE Ha koedmumeHTuTe f1 = foi/4
n f2 = fgos/2 ce ONPemensaT ONUTHO Ha CTPYWHO-yAapHa
ycTaHoBKa. Teau KoedULMEHTH Ca MOCTOSHHK 3a onpefeneHa
B3aMMOAENCTBalla [ABoiika (abpasuB M MOBbPXHUHA) CbC



CbOTBETHN (bI/I3I/IKOMeX3HI/ILIHI/I CBOMCTBA.

HoctoBepHocTTa Ha 3aBucumocT (1) e npoBepeHa
eKCMepUMEHTarnHo Kato pasnukata B eKcrnepUMEHTanHuTe u
aHanNUTUYHUTE pPesynTaTh € B rpaHuuuTe mexay 2 u 14%. Ha
¢ur. 1 n 2 ca n3obpaseHn ekcnepuMeHTanH1Te 3aBUCUMOCTH
ny6nukysanu B MounTtawsmny v gp. (1984).

XuapoabpasvBHaTa M3HOCBALLA CMIOCOBHOCT Ha TBbPAUTE
YacTMUM € Bb3NpUeTo fa Ce MNpeAcTaBs 4pe3 T.Hap.
KOE(MUMEHT Ha OTHOCUTENHA XWApPOabpasuBHOCT. To3W
MoKa3aTen 3HAYUTESTHO Ce MPOMEHS B 3aBUCMMOCT OT brba,
noa KOWTO ce aTakyBa fafieHa MOBbLPXHOCT. 3aToBa Mpu
onpeaensHe Ha CTOMHOCTUTE HA OTHOCUTENHaTa xuapoabpa-
3MBHOCT 3a pasNUyHM MaTtepuanu e Heobxoaumo da ce
cbbniogaBa paBeHCTBO Ha  brmuTe  oBpasyBaHn  OT
HanpaBMEHNETO Ha [BUXEHME Ha MOTOKA OT XMOPOCMEC U
MOBBLPXHOCTTA, KOSTO Ce M3HOCBA.

fo1. 10'10,
s?/m3 fg01.10°%0,

s?/m3

50 e

40 10

0 ) 75

20 5

10 5

0
o 7 7 3 dmm

®ur. 1. 3aBUCUMOCTH Ha aBpa3uBHUTE CMOCOOHOCTM Ha YacTLUTe OT
TAXHaTa egpuHa. Kpuea 1- usHocsaH matepuan Ct3, abpasus kBapLoB
nacbK, Vt=6.5m/s, $=0.06, a=12°.KpmBa 2 - usHocBaH matepuan 40X,
abpasuB KBapuoB nAckK, Vt=6.5m/s, $=0.06, a=90°
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®ur. 2. 3aBMCUMOCTN Ha UHTEH3UBHOCTTA HA XWAPO0abpasUBHOTO
M3HOCBaHe OT ckopocTTa (KpuBa 1), brbna Ha aTaka Ha YyacTuuuTe (KpuBa
2), egpuHaTa Ha yacTuuuTe (KpuUBa 3) M KOHLEHT-paLusTa Ha cMecTa
(kpuBa 4)

B Tabn. 1 ca papeHu CTOMHOCTMTE Ha KoedmuMeHTa Ha
OTHOCUTENHA XMapoabpasnBHOCT (NybnukyBaHu B [oumMTaLLBY-
nm 1980) 3a pasnuyHN CTPOUTENHW W OTMAABYHN MaTepuani,
TpaHcnopTupaHu no  Tpbbonposogu.  CToiHOCTUTE  Cca
ycpeaHeHu 3a gecetkm oborotutentn chabpuku, TELL-oBe,
MWHHO-0BOraTUTENHN  KOMOMHATK, Kapuepu 3a MHEPTHM
Matepuani v ap.

Tabnuua 1.KoepuyueHmu Ha omHocumenHa
xudpoabpasusHocm Ha pasnu4Hu abpasusHu mamepuanu K

Ne koeu-
no | BugHa abpasvBHus matepuan €HT.
pea K
1 | T9CbK 3a M3NUTBaHE Ha LMMEHTU - ETasOH 1.00
2 | PeyeH nscek 0-5mm 2.05
3 | Yakbn 5-20mm 3,90
4 | CureH nscbk 0.8mm 2,50
5 | HatpoleHa wnaka TevHa 1.20
6 | HatpoweHa wnaka TBbpaa 0.50
7 | MNenen 0.40
8 | LWnakonenen 20% TeyHa wnaka + 80% 0.80
nenen
9 | Wnakonenen 20% Tebpaa wnaka + 80% 0.50
nenen
10 | OTtnagbk oT oboratutenHa dhabpuka 3a 0.40-0.90
BbIMLLA
11 | Otnagbk ot oboratutenHa dhabpuka 3a 0.15-1.40
pyna




KoeuumeHTbT Ha  M3HOCOYCTOMYMBOCT € NapameTsp,
XapaKTepuanpaly cnocobHOCTTa Ha MaTtepuana, OT KOWTO e
n3paboTeHa U3HOCBALLATa NOBLPXHOCT fa Ce NPOTMBOMNOCTaBS
Ha Bb3eNCTBNETO Ha abpasvBHUTE YacTWLM, OBWXKELMN Ce B
TeyHa cpega. KomkoTo e no-BuCOKa CTOMHOCTTa Ha TO3W
KOeULMEHT, TOMNKOBA € MO - YCTOWYMB ONPeAerneH maTepuar.
[aHHK 3a koedUUMEHTa Ha M3HOCOYCTONYMBOCT Ha PasnnyHU
KOHCTPYKLIMOHHW MaTepuanu ca nybnukysaHu B MounTawwsmunm
(1980) v npencrasenu B Tabn. 2. Mpu n3bop Ha maTepuan 3a
JEeTalinM MOANOXEHW Ha XuapoabpasvBHO W3HOCBaHE €
Heobxogumo fa Gbaar nopbpaHu Takuea C Bb3MOXHO Hal-
BMCOK KOEHULIMEHT.

Bbpxy xvopoabpas3vBHOTO M3HOCBaHE OKasBa BMMSIHWE W
ObIKUHATA, Ha KOATO Ce TpaHcriopTupa Matepuana. B
npoueca Ha ABWKEHMETO Ha Mynna (nmb3raHe W TbpKansHe)
Ce W3MeHAT ¢opmatra 1M efpuHata Ha vacTuuute. Tosa
onpegens 3HaJMTENHOTO HamansBaHe Ha abpasuBHaTa
CnocobHOCT C yBenn4yaBaHe Ha TPAHCMOPTHOTO Pa3CTOsHUE.
Taka Hanpumep, npu yBenWuyaBaHe Ha TpPaHCMOpTHaTa
avmkuHa ot 0 go 20 km oTHocuTenHata xwapoabpasueHoCT
Ha vacTuuuTe (3a KBapLOB NSCbK, KaKbBTO € OCHOBHMS
oTnagbk oT oboratutenHure abpuku) Hamansiea C OKOMO
40%. lMpn oTnagbk OT KaMEHHM BBbIMMLIA TO3M MOKasaTen
Hamansea ¢ okono 80%, a Npu HATPOLLEH BapOBMK — C OKOMO
60%. MogoBHu gaHHu ca nybnukysaHu B MounTawwsunm (1980),
KaTo W3CneABaHWsTa Ca W3BBLPLUEHN B cpeaa OT XMMUYECKM
HeyTpanHa Boga.

BaxeH chaktop, onpepensi, oTHocuTenHaTa abpasvBHOCT
Ha JyacTuuuTe e TsAXHaTa NbTHOCT. To3n hakTop Ce yBenuya-
Ba C yBENM4YaBaHe Ha NITbTHOCTTa UM.

Tabnuua 2. KoegpuuyueHmu Ha U3HOCOyCcmOU4UBOCM Ha
pasuUYHU KOHCMPYKYUOHHU Mamepuanu Ku

Ne koeduyn-
no Bug Ha maTepuana EHT.

peq Kun

1 Ct 3 eTanoH 1
2 Cr5 1.10-1.15
3 CromaHa 20 1.00-1.10
4 CtomaHa 40 1.30
5 CromaHa 40X 1.35
6 CtomaHa 25?2 1.35
7 CromaHa 3X13 1,13
8 Ctomana 30XI'CA 1.50
9 CtomaHa 551 1.08
10 | Cms yyryH Cy 28-48 0.50
11 XpommonubaeHos YyryH MYX16MT 3.30
12 | TexHuyecku nopuenaH 6.50
13 | basant 6.50
14 MepeH wnak 10.00
15 | Wnepnnat 1.00
16 | TepmoycTOMYMBO CTHKMO 10.00
17 | lNonuypeTaH 3.00-8.00
18 | l'yma 3.00-6.00
19 | CTbKknoBnakHo 2.90
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HamansiBaHe Ha cTeneHTa Ha XuapPoabpa3uBHO
M3HOCBaHe 3a KOHKPEeTeH 06eKT

O6wio onncaHue Ha obekTa

KakTo Gelle cnomeHaTo, Ha MexaHu3Ma Ha XuapoabpasvBHO
W3HOCBAHE OKa3BaT KOMMNEKCHO BNWSHUE  MHOXeECTBO
(hakTOpK, OnpefeneHn oT KOHKPETHUTe YcroBust Ha pabota.
/acnenBaHeTo Ha TO3M MexaHu3bM B NabopaTopHM yCroBust
BOAW A0 NpUONM3MTENHO BEPHM PesynTath U e TpyaHo
npunoxmmn 3a pgageH obekt. ETo 3awo e nogxogsiio
npobremute CBbP3aHM C XWapoabpasvBHO W3HOCBaHE Ha
enemMeHTH 3a XMIPOTPAHCMOPT Aa Ce peLlaBaT B NPOMULLIIEHN
YCNOBUSI 33 BCEKM KOHKPETEH Cryyail.

Ha cur. 3 e n3obpaseHa cuctemata 3a XugpoTPaHCMopT Ha
OTNafbyeH Mnynn Ha XBOCTOXpaHunuwe ,Pydosem - 2°.
OtnagbkbT OT oboraTUTENHUS MPOAYKT AOCTUAra rpaBUTavyHO
no GeTOHOB KkaHan ga aBaHkamepata 1 c¢ obem 2500m3.
MocpencTBoM [Ba NMoMneHu arperata (paboTeH M pe3epBeH)
BCEKW eAVH BKIIoYBaLY ABa 6pos eAHOCTbMANHW LEHTPOBEXHM
OpoHupanu nomnu paboTely B nocrnegoBaTenHa Cxema.
Momnute ca ¢ npousogutenHoct 1250m3/h. lomnexnTe
arperatu OCbLLECTBABAT CyMapeH Hanop (reodesnyeH nikc
CbMPOTUBINEHNETO Ha Tpbbonposoga) 92m. Yectotata Ha
BbpTEHE Ha MOMNUTE OT BTOpa CTEMEH Ce perynupar
nocpeacTsom TypbocheauHuten. BpoHupaHuTe  WKMOBPHK
KpaHoBe 3 chnyxaT 3a MNpeBknuYBaHe Ha paboTHWUA K
pe3epBHUS arperar, KakTo 1 3a CeKLWoHUpaHe Ha paboTHus 4
(basanTupaH) ¥ pesepBHM 5  (CTOMaHEH) HamopeH
TpbbonpoBod. [Mo-HaTaTbk NyNMbT NOCTLNBA B M3MNMBHATA
LaxTa 6, OTKbAETO NOCPEACTBOM DETOHOB KaHan ce OTBeXAa
[0 CTEHaTa Ha XBOCTOXPaHUMNLLETO.

OcHoBeH npobriem mpu ekcnnoatauusTa Ha nomnure e
BMCOKAaTa CTeneH Ha XuapoabpasvBHO WM3HOCBAHE Ha
cnegHuTe enemeHTu (cur. 4):

e MNiova npegHa;
e MNova 3afHa;
e KOMMNEHCATOP BXOZEH U U3XOAEH.

Ha cunHO u3HOCBaHe Ca noAnoXeHn M OpOHWpaHuTe
WKOBbPHK KpaHoBe — ¢omr. 5 .

BpoHMTE Ha MOMNMTE MbpBOHAYanHO ca NMpoW3BedeHN OT
nonuypetaH, a LWnbbpute ca W3paboTeHW OT CTOMaHa C
TBbPAOCMIIABHO NOKPUTHE.

BucokaTa cTeneH Ha U3HOCBAHE Ha COMEHATUTE ENIEMEHTH
BOoAM OO 4ecTata MM NOAMAHA, KOATO € CBbp3aHa CbC
3Ha4YUTENHU pasxodun.



72 2 3

®ur. 3. Cxema 3a XWAPOTPAHCNOPT Ha OTNAagbyeH Mynn Ha
XBOCTOXpaHunuiie ,Pynosem-2”: 1- aBaHkamepa, 2- GpoHMpaHKU nomnu,
3- GpoHUpaHH WKBBPK, 4 — paboTeH 6asanTMpaH HanopeH TpLGoNPoBoA,
5- pesepBeH CTOMaHeH HanopeH Tpb6onpoBog, 6 — 3NKUBHA LWaxTa.

PSRN APEa—

®ur. 4. BpoHupaHa LeHTpoGexHa egHoCTbManHa nomna: 1- nnova
npepHa, 2- nnoya 3agHa, 3 — KOMNEHcaTop BXoAeH (u3xoneH), 4 — koneno
pa6oTHo.
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®ur. 5. lobpe M3paseHO XMAPoabpa3MBHO M3HOCBAHE Ha GPOHMpaHM
TANO (rope) M nnoya npeaHa (mony) Ha LeHTpobexHa eAHOCTbNANHa
nomna.

W3cnenBaHe Ha Bb3MOXHOCTUTE 3a HaMarnsBaHe Ha
MHTEH3MBHOCTTA Ha XMAPOoabpPasMBHOTO U3HOCBaHE Ha
OCHOBHUWTE efleMEeHTW Ha MoMNuMTe OT cUcTemMara 3a
XMOPOTPaAHCNOPT Ha XBOCTOXpaHunuLe ,,Pyaosem 2”

BbB BPpb3Ka C W3NOXeHUTe no-rope aHanUTU4HNn 1n
Fpa(*)l/l‘-IHI/I 3aBUCUMOCTU 3a WHTEH3MBHOCTTA Ha
XnApoabpa3nBHOTO W3HOCBAHE € WM3BbPLUEH aHanu3 U ca
HanpaBeHW CregHUTE M3BOOM 3@ Bb3MOXHOCTUTE 3a BINSHME
BbPXY OCHOBHMTE (hakTopu onpedenswym npoueca (1):

e MAbTHOCTTAa Ha TBbpgata ¢pasa — ocTasa
OTHOCWTENHO  MOCTOSHHA  3a  OMpeaerneH
TEXHOMOMNYEH PEXUM;

e  CKOpOCTTA Ha TBBPAWTE YacTUUM — BbPXYy TO3M
(hakTop He MOXe Aa Ce Oka3Ba BMWSHWE B MOMEHT
Ha ekcnnoatauMsi Ha CbOPBXEHWETO U npu
onpegeneH 4ebuT Ha OTNagbYHNs mynm;

e ofemHara KOHUEHTpauus Ha nynna — BbpxXy TO3u
(aKTop CblIO He CblUecTByBa Bb3MOXHOCT 34
Bb3eicTBME;

e  [vaMeTbpbT Ha TBbpOWTE YacTULM — Onpedens ce ot
TEXHOMOMATa Ha 0BOraTUTENHNS NPOLIEC;

e  bIbLTbT HAa BEKTOPa Ha CKOPOCTTa Ha Yactiuute M
aTakyBaHaTa NoBbPXHOCT — Ofpedens ce OT TeyeHusTa
W BUXPUTE B CbOPbXEHMSTA. HsMa Bb3MOXHOCT 3a
Bb3[ENCTBUE,;

e  KOeMLMEHTBT HA TPWEHE MPU MITb3raHe — He MOXe da
CE V3MeHs;

e SKOCTHUTE Ka4yecTBa Ha MaTepuarna Ha U3HOCBaLLuTe ce
MOBBPXHOCTM — BbPXY TO3W MapameTbp MOXe fa ce
BrMsie, KaTo Ce MPOMEHs BWda Ha marepuana wmm
kayecTBara my.

3a HamansiBaHe Ha M3HOCBAHETO € pelleHne 3a u3paboTeaHe
Ha OpOHV 33 NOMMUTE, KaKTO 1 pa3paboTBaHe Ha HOB LWINOBLP C
OpoHn oT ryma. 3a B3eMaHeTO Ha TOBa pELeHVe criomara
o0cToATeNCTBOTO, Y& B  HerocpedctBeHa  GrmsocT [0
XBOCTOXpaHWnMLLe ,Pyaosem 2° ce Hamupa 3aBOf 3a KayuyKoBw
cmecn v usgenust — Xesest KUM” rp. MagaH. Taka ¢ nomoLyta Ha
creuuanmcTy OT TO3W 3aBOf ca paspalboTeHn ABa Bua kayuyk
(ycnoHo HapeueHu K1 u K2) ¢ pasnmyeH XumudeH CbCTas.



W3paboteHn ca mMaTpuum 3a Hail — W3HOCBALLMTE Ce YacTW Ha
MOMMNMTE, KakTo 1 € 13paboTeH LWMBbLP ¢ OPOHMpPaHK M3HOCBALLM
ce yacTu. Bendku 6poHn ca uapaboTeHn oT ABaTa Baa KayyykoBw
cmecy. B npoabrkeHne Ha TPW roaMHW Tesu OPOHMW, KakTo W
OpUrMHaNHUTE TakvMBa Ca MOANIOKEHM Ha M3NUTaHWs B
MpOM3BOACTBEHM YCroBus. BpoHUTe OT OajeH Bug Kayuyk ce
3anaraT Ha €OvH MOMMEH arperar, Kato 3a enuMMUHMPaHe Ha
KaKBWTO U [a@ e pasnuyus B YCMOBMSITA HA  eKkcnroatauys, npes
LeCT Mecewia BpoHNUTE OT JafieH BIL KaydyK CMEHSIT MSCTOTO CH
Ha MOHTaX BbpXy CbOTBETHUS MOMMeEH arperat. PaboTHute
YacoBe CTPUKTHO Ce OTYWTaT OT anaparyparta 3a yrpasrneHue Ha
nomneHaTa CTaHLus.

Peaynratu ot ekcnepumeHTUTE

B 1abn. 3 ca 0bobLeHn pesyntatute OT U3CeABaHUATa KaTo
Ca NoCoYEHI M OTPABOTEHUTE YACoBE 3a OCHOBHUTE eNeMEHTU Ha
noMnuTe Npeay BHeAPSBaHe Ha ryMeHuTe GPOHM.

Tabnmua 3. Peaynmmamu om ekcnepumeHmume npu eHedpsieare
Ha 2yMmupaHu pabomHU opaaHu Ha noMnume

OtpaboteHn vacose Ao

Ne nogmsiHa,h

no HaumeHoBaH1e ©

per Ha peTaitna E 8 < 8o
S = Z x Z x
22| 53 | 53
O © 2 O ¥ ©

1 lnova npegHa 1005 1000 1800

2 Mnoya 3agHa 1835 1900 2100

3 KomneHcatop 1920 | 2000 2520

OT HanpaBeHuTe eKCNepPUMEHTM CrieaBaT U3BOAUTE:

®  EKCTOoaTaLUMOHHUAT CPOK Ha OpuruHanHute 6poHu
u3paboTeHn OT MOMMypeTaH € He3adoBONUTENHO
KpaTbK, MMaiiki NpesBia TAXHaTa LigHa;

o  OpoHuTe M3pabOTEHN OT eKCriepUMEHTarHa Kayyykosa
cmec K1 wumar  cxopeH C  OpurvHanHuTe
€KCNoaTaLmMoHeH CpOK, HO LieHaTa UM € OKOro neT
MbTY MO - HUCKS;

e  OpoHuTe M3pabOTEHN OT eKCriepUMEHTarHa Kaydykosa
cmec K2 umat 3HaYMTenHo No-ObIThr EKCNoaTaLmMoHeH
CPOK OT OPUrMHAITHITE MPU LieHa OKOIO YETUPW MbTH Mo
— HICKa;

®  pauMOHarHO €  peLLEHMETO 33 OKOHYaTemnHo
npemMuWHaBaHe KbM  M3paboTBaHe Ha OpoHn ot
kay4ykoBa cMeC K2, WniATo XMmn4eH CbCTaB e NokasaH B
T1abn. 4. /apaboTBaHeTo Ha OpoHuTe 1 Heobxogumara
3a TOBa MHCTPYMEHTarHa EKMNMPOBKa CTaBa U3LAMO B

®  DEMOHTHO-MEXaHW4HMs  LEeX Ha  [PYXecTBOTO
COBCTBEHMK Ha XBOCTOXpaHUnmLLE ,Pyao3em 2"

Heobxogumo € Ja ce nogyeptae, Ye C BHEOPSBAHETO Ha
kayyykoBuTe OpOHM € MOCTWUTHAT 3HAYMTENEH WKOHOMUHECKM
echexT.

OcHoBHaTa pasnka MeXIy XMMUYHWS ChCTaB Ha BbanpueTara
KayJykoBa CMEC CTpsiMO APYTY TakvBa € BUCOKOTO ChAbpaHie Ha
€CTECTBEH KayuyyK, KOTO MpuaaBa 3HauuTenHa enacTU4HOCT U
abpa3vBoyCTONUMBOCT Ha U3aenusTA.

[penopwbyana 3a nybnukysaHe
om kamedpa ,Mexarusauus Ha MmuHume”, MEM®
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Tabnuua 4. XumudeH cbcmas Ha Kay4yykosa cmec K2

Ne Bup Ha cbeTaBkuTe TernosHa

EZA yacr, kg
1 |EcTectBeH Kayyyk 105.000
2 |Caxam noncku akTUBHU 47.000
3 |Uunksaic 5.200
4  |CreapuH 1.570
5  |MuporeH 3.200
6 |Acdant 1.500
7 |Masyt 4.000
8 [HeosoH [’ 1.260
9  |Byrkaumr "L" 0.840
10 | OudbeqnnryanmumH Jor" 0.210
11 |Csapa 2.300
12 |MBU 0.430
13 | Tebpgoct no LLop 65-70

N3soau

Bceku eavH KOHKpETEH Cryyaii Ha XuapoabpasuBHO U3HOCBaHE
CE XapaKTepuaupa C KOMMIEKCHO BNMSIHME HA MHOXECTBO
chakTopM 1 € HeobXoAMMO fa Ce M3CneaBa OTAENHO.

3a [1aneHo MSCTO, Bb3MOXHOCTUTE 3a Bb3OENCTBME BbpXy
MexaHuamMa 1 CTereHTa Ha XuopoaBpasvBHOTO W3HOCBaHE Ca
MUHVAMATHW. EQVH OT Bb3MOXHUTE BapuaHTVl e 13on3BaHeTo Ha
MaTepuank ¢ BUCOKA YCTOMYMBOCT Ha M3HOCBaHE.

13non3BaHEeTo Ha rymmpaHu paboTHW OpraHi Ha enemMeHTUTe ot
XUOPOTPAHCMOPTHATE CACTEMM € MPUNOKMO B PEMOHTHUTE
LiexoBe Ha oboraTUTENHUTe APYKECTBA, KaTo MO TO3N HauMH €
Bb3MOXHO MOCTUraHe Ha BICOK MKOHOMIYECKM ediekT onpeaeneH
OT HMCKAaTAa LieHa Ha pesepBHATE YacT, MO Abnrute
EKCTINoaTaLMOHEH M MEXYPEMOHTEH CPOK.
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neHTaTa. PaboTata Ha nporpamata e WiCTpUpaHa C YMCrEeH NpUMep 3a peareH TPaHCMOPTLOP, ekcnnoaTupaH B ycnosusTta Ha Munu Mapuua natok” EAL]

COMPUTER PROGRAM FOR CALCULATING THE DRIVING FORCE OF MULTI-DRUM BELT CONVEYERS WITH FINAL AND

INTERIM POINTS OF LOADING
Tsvetan Damyanov

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

ABSTRACT. A program system for calculating belt conveyers with final and interim distribution of the points of loading has been designed based on the theory for
forming and distribution of the driving force of two- and three-drum systems for driving belt conveyers. The algorithm of the program considers the distribution of the
driving force as well as the boundaries of adhesion with the belt. The work of the program has been shown by a numerical example of a real belt conveyer, operated

at the “Maritsa East” Mines EAD.

1.YBopa

B pabotata we 6bae npegcTaBeHa  KOMMKOTbpHATA
nporpama TSLD-2008, kosto e paspaboTeHa Ha 6asata Ha
nporpameH anropuTbM, NPUAOKHO OPUEHTUPAH KbM MOLLHUTE
MHOTOLBUraTENHM, BMCOKOMPOU3BOAUTENHM NEHTOBM
TpaHCnopTLopu. B Hero ce otuMtat HsKOM cneuudunyHmn
0COGEHOCTM Ha TO3M TUM MEXaHW4HU CUCTEMM, KaTo
pasnpefeneHneTo Ha HaTOBapBAHETO MEXAy 3afBUKBALLMTE
Gapabann [n.3, [lamsHOB], KuMHEMaTM4HaTa cCxemata Ha
3a[BWKBaLLaTa CTaHUMs, Bb3MOXHOCTUTE 3a pabota C
pasnUYHN CUIM Ha NPeBapUTENHO OMbBaHe Ha NeHTaTa U Ha
Bpost 1 pasnonoXeHNETO Ha TOUKUTE 3a HAaTOBapBaHe.

MporpamHaTa cucTema ro3soNsBa fa Ce aBTOMaTM3Mpa u

YBENNYY MHOrOKpaTHO MPOV3BOANTENHOCTTA Ha
M34YMCIIUTENHUTE MPOLLECH, KOMTO MOraT [a Ce W3BbPLUBAT Npu
KOHTPOMHU 1 MpeusuucnuTenHn npouegypu Ha [T

CUCTEMUTE, KOraTo Ce OCbLUECTBABA PEKOHCTPYKUMS Win
LSINIOCTHa pexabunuraums.

M3nonseaHaTa KoMMiOTbpHaTa Mporpama € Cb3gafeHa 3a
MpoBeXaaHe Ha KOHTPOSHW WU3UYMCTIEHNS! HA TPaHCMOPTLOPH C
AByOBUraTesiHa 3aABWXBaLLA CUCTEMA C LN MofyyaBaHe Ha
TEXHATE OCHOBHM TEXHWKO-EKCMNOATaLMOHHY, CUNIOBU U
KMHeMaTU4YHW napameTpu. [NporpamaTa AaBa Bb3MOXHOCT Aa
Ce OmpepensT CUNOBUTE MapaMeTpu (CUn Ha OMbBaHe) BbB
BCUYKY TOYKM OT KOHTYpa Ha palBOTHUAT OpraH, KOHCyMUpaHuTe
MOLHOCTM OT 3adBwkBalmTe 6GapabaHy, cneundUIHUAT
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eHepropasxod Ha TPaHCMopTLOpa, KaTo e Bb3MOXHO TOBa Aa
Ce CTaBa 3a pasnyHK XapaKTepHW yyacTbLy OT TpaceTo 6e3
Ja OTyMTa BNUSHMETO HA enacTU4HO AemndepupalymTe
CBOWCTBA Ha ENIEMEHTUTE B cUCTEMaTa.

B KOHKpeTHWs cnyyan nporpamata Lie ce M3nonsea 3a
MPECMATAHETO Ha HAKOW OT OCHOBHUTE NapameTpy Ha
npumepeH 1 TpaHcnopTbop, HeobxoauMK 3a NapameTpupaHe
Ha MexaHOo-MaTemMaTM4HWs MOAEN UM 33 NOKa3BaHe Ha
Bb3MOXHOCTUTE 3@ CPaBHUTENHA OLEHKA Ha MoMyveHuTe
pesynTaTv 1 Tean OT CUMYNaLMOHHOTO MOLENHO KOMMIOTHPHO
n3cnenBaHe NpM  pasnMuYHM  pexumu  Ha pabota U
HaTOBapBaHe.

2. CTPYKTYPHM 1 (DYHKLIMOHANHU 0COBEHOCTM Ha
NPOrpamMHUs anropuTbM

OOLmAT BKA Ha TPAHCMOPTLOP OT OMUCAHMS TUM € NOoKa3aH
Ha curypa 1. CbrmacHo MpuHUMNHAaTa Cxema morar fa ce
napameTpupar oT eay [0 TPY pasfnyHK1 TOBApONoTOoKa B eaHa
KpaHa M [BE MEXOMHHM TOYKM Ha TOBApeHe W YeTupu
XapaKTepHW y4acTbka Ha TPaceTO C PasfMYHU LbIKMHA W
HaknoHu. ObLaTa TernuTeNHa cuna 3a ABWKEHWE Ha NeHTaTa
ce chopmupa OT [Ba 3aaBWkBaLLM bapabaHa Ha ABMraTenHo-
ombBaTenHaTa CTaHUMsS M eOuH 3aaBukBaly obpbluaTeneH
GapabaH.
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MEXL.TOB. MYHKT- 1 KPAEH TOB.MYHKT
[TYHKT-2 = _
Vn (m/c) =
T.4 (Lq) <€ | (Lz) l (L3) (Lg)

EEAE;- :l (S40) DennBenauma T = < v -
ap- | — - (A4) i (42) (43) (A4) e
(F1) /o SR Sy erariro— i . p.

K< - R e i (530) Bap.3
i = TT. & IT. T.3 2
)N S T1.12 ,
u3ni) (ST 4 P .1 ! 13 ..__._T_?_)"(Wos)
iy samm, | A (20 Fom)
Bap.2 [Sen2 (F2)

®ur. 1 an/IHuVII'IHa CXeMa Ha JileHTOB TPaHCNOpPTLOpP C Tpu6apa6aHHo 3aABMXBaHe U ABa MeXAWHHU NYHKTa 3a HaTOBapBaHe.

Ha curypa 2 e nokasaHa 6nokoBata cxema, KOiTo NosicHsiBa
CTPYKTYpaTa Ha nporpaMHus anropuTbM, (YHKUMMTE Ha
oTAenHuTe Mogynu 1 GrokoBe Ha nporpamarta W kaHanuTte 3a
Bpb3Ka.

€ 3A04HUE ,[, BX0A

CeofiodHo npomensus
1 | V. Gok, Qor, Qoz, G'p,G'p, Lp, ', 9,0, 610X 2% 3
L1l2i3 L4, A1, A2 A3 A4, 1, P1 P2 P3.KTK)

ﬁ

min
] S10

2 Sasucumu npoMeHausy
L, A, Qo, Krs, Kea, Kes, S 1omun

]
@ PeayiTaTH

3 TexHUKO-MexXHOM02 UYHY IapaMempu
Qo,9p,Qni, Imi, 5,

v

CuI0s0-eHep2emuYHY napamempu
4 WT:i, WiTi, F; ,s™ 5™ gimn /M

€ CPABHUTENEH |
TexXHUKO-IeXHOM0Z YR NnapaMempu l'-p aﬁ?gze’.’
9 Op,9mi. B;,Qni=var, Qo=var, Son =var "EHepeo
pazxod”
v £0(Qo)
Cunoeo-eﬂepzemu'-mu napavempu
6 WT: Wili Fi, F™ Eo

®ur. 2 BnokoBa cxema Ha NpoOrpamHUs anropuTbLM

OnmcaHneTo W N3ACHABAHETO Ha (PYHKLMUTE HA OTAENHUTE
CTPYKTYPHO-PYHKLMOHAMNHN eneMeHTH e Obae HanpaBeHo Ha
Gasata Ha anmroputbma OT dMrypa 2 W Ha NpoOrpamHuTeE
MpO30pLM Ha OTAENHUTE Mogynm OT curypa 3 u durypa 4.
lpadueru modynu:

lNporpamata € passuWTa BbB (hannoB opmaTt Ha
Microsoft Excel upes cnegHuTe YeTupy mogyna :
o Bxopgsaw mopyn ,3agaHuwe’™ peq 1 — 36, dwr.3;
e Mopyn ,Pesynrtatn’” peg 1 — 92, dur.4;
e Mogyn ,CpaBHuteneH’;
e [padmynn 6nokose ,Juarpamn” — OmbBaLy CUnK -
ur.5 n CneupndomyeH eHepropasxog - ¢ur.6;

ApummemuyHo-s102u4ecKU 0cobeHocmuU Ha npozpamHust
anzopumsbm

1. PaBoTHOTO pasnpedeneHe Ha [BUraTerHuTe
MOLLHOCTI Mexay 3aaBukBalLuTe 6apabaHi cTaBa cbobpasHo
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hakTopa Ha pasnpefeneHne Ha WHCTanMpaHWUTE MOLLHOCTH.
OtumTa Ce YCrnoBMeTo, Ye TO3W MallMHEH arperat paboTu kaTo
MHOrOABUraTenHa cucTema, npy KOSTO BCUYKM [BUraTen ca
kynnupaHu koM o061 Ban [1], [2];

2. [lenmBenaupsTa ce onpeaens kato pasnuka B KOTUTE
Ha KpalWHaTa Toyka 4 W HavyarHaTta Todyka 3 Mo nocoka Ha
OBWKEHMETO HA NeHTaTa croped npodwna Ha TpaceTo Ha
TpaHCnopTbOpa OT CXemara;

3. PasnpeneneHneTo Ha TaHreHUuManHute TernuTenHu
cunu, Cb3aaBaHn OT 3aaBuxBaLMTe GapabaHu € pasnuyHo K
anropuTeMbT Ha nporpamara OT4yuTa, KakTo BIUAHWMETO Ha
WHCTanupaHaTa [BuraTeNlHa MOWHOCT Ha  OTAenHuTe
GapabaHu, Taka W 3arybute OT TpMEHe W OrbBaHe Npu
NPEMWHABAHETO Ha NeEHTaTa OKOMO CbOTBETHWS 3aABWKBALL
unu ombBaTeneH 6apabaH [3];

4. TloBMLWIEHOTO HATOBAapBaHE OT AEUCTBME HA WHEp-
LMOHHATE CUIIM M MOMEHTW MPW MYCKOBUS PEXWM CMPSIMO
CTaLMOHapHMS Ca OTYETEHW B CLOTBETCTBUE C HOpPMUTE Ha
DIN 22101 [4];

5. OueHkata Ha  cneuuuuHna  pasxog  Ha
€NEKTPOEHEPr1s e U3BbpLUEH cnoped HopmuTe Ha DIN 22101
B abcontoTHN eanHnum — Eo =f (Qo) , [ KWh /t km ]

6. C uen rapaHTMpaHeTO Ha [OCTaTbyeH 3amac oT
TErMWTeNHa cuna Ha 3agBukBalmte OapabaHu, KakTo B
CTauMoHapeH Taka W B MNYCKOB PEXWM  MPOrpamHusT
anropuTbM W MeToaMKaTa 3a us4mcrneHue ca 6aupaHu Bbpxy
3aBWLLEHN CTOMHOCTM (TOPHMTE rPaHUYHI) Ha KoeduLMEHTa Ha
CbNPOTUBAEHNE NPU ABUKEHUE;

®yHKYUOHaNHU ocobeHocmu:

e Mogyn ,3adaHue” paBa Bb3MOXHOCT 3a
napameTpupaHe Ha BCUYKM HEOBXOaUMU M3XOOHN NMPOMEHNMBN
CBbP3aHW C XapaKTEPWUCTWKUTE Ha TpaceTo, ABWraTeNHWTE
MOLLHOCTU Ha oTaenHuTe GapabaHu, reoMeTpUYHM napameTpu
Ha cbluuTe BapabaHu, (u3NKOMEXaHNYHN XapaKTEPUCTUKMA Ha
MaTepuana, cunar Ha OmbBaHe OT OmbBaTeNnHusa GapabaH u
Op. XapakTepHa 0coBeHOCT Ha TO3W Mogyn €, Ye Mo3BonsBa
OudepeHLmMpaHo 3agaBaHe Ha NapameTpuTe (ObIDKMHA W
HaKIOH) Ha PasnMYHUTE XapaKTEPHU y4acTbLUy OT TPaceto,
KouTO 3a mporpamata ca Tpu. [lpedBugeHM ca 3aluTHW
BriokvpaLyy yHKLMM CPELLY TPELLHO BbBEAEHU CTOMHOCTM.

e Mogyn ,,Pesynmamu” npegctaBa  TabnnyHo
MOMYyYEHUTE KpamHW pe3yntatk 3a Tpu paboTHM pexuma —
CTaLMOHapeH, MycKOB NP €4Ha U CbLa CTOMHOCT Ha cunata
Ha onbBaTenHus 6GapabaH u nyckoB ¢ 30% nosuLeHa



CTOMHOCT Ha cunata Ha ombBaHe. [lpy HapylliaBaHe Ha
OrpaHWYEHNETO MO CLENMEHNe MeXOy NeHTaTa M HsKoi OT
3agBuxBalmMTe GapabaHu, KoeTo e MpeanocTaBka 3a
npunb3BaHe 1 aBapueH pexuMm, Mporpamata U3Bexaa
cboOlUeHNe B KneTka Ha aKTUBHMS (OPUKLIMOHEH BbrbNl Ha
CboTBETHUA GapabaH. TakoBa napanenHo npefcTaBsHe Ha
pesynTaTuTe no3BONsiBa MHOrO 6bp30 fa Cce Hampasu
CpaBHUTENHA OL|eHKa Ha CTaLUOHapHNS 1

MYCKOB PEXUM NpY Aaf€HUTE BXOASLLM NapameTpy.

eUYpes mogyna “fuaepamu-EHepeopazxod” ce
BM3yanuaupa rpagmyHo (OYHKUMSTA OTHOCUTENEH eHepro-
pasxop oT obemHa npouseoguTenHocT Eo = f (Qo), kosTo
no3BonsiBa f[a Ce M3BbpLBAT aHanuau W HanpaesiT MHOTO
BaXHM M3BOAN OTHOCHO BNWSIHWETO Ha Pa3fn4HW (hakTopy
BbpXy eHepruiiHaTa edeKkTMBHOCT Ha PasNUYHUTE TeXHWUKO-

Ne L
1 i 0bWwR ALNXHHA M
2 A JeHnBenayua My KpanHHTE TOHKH M
3 ¥ CKOpOCT HA ABHKEHHE Mic
4 Qox  |0BemMHA NPOMIBOAHTENHOCT Ha KpaeH TN M Ay
5 Qo! |Q6eMHa NPoOMSBOAMTENHOCT HA MexAa. TN Msfq
5 Qo? |QbeMHA NPoOMSBOAMTENHOST HA Mexa. TN2 Msfq
T Qo |06wp obemHa npouseoaMTenHocT Ha TN Msfq
8 p MNLTHOCT HA MaTepHana i
] G'p  |Terno Ha BLPT. HACT OT GPHA PONKA H
10 i'p _ |[opHO MeXAYpONKoBO PascTOAHHE M
11 G"p  [Terno Ha BLpPT. 4ACT OT ACNHA PONKa H
12 i"p  |JonHo mexgyponkoBo pascToAHHE M
13 ¢: [JIHHeHHO Terno Ha neHTaTa Him
14 w'o |Koedh. cunp. npH ABHX. rop.KNOH =
15 w"o |Koeih. cunp. npH ABHX. A0N.KNOH =
16 (¥ ; |bren Ha obxBaT Ha | 3. Bap. zpadyc
17 {¥ 2 |bren Ha obxeaT Ha |l 3. Bap. 2padyc
18 | gr s [bren va obxeat Ha lll 5. Bap. 2padye
19 H Koedh. TpHeHe - (3anB.bap.-neHTa) -
20 FP1  |Muctanupana mowHoeT Ha | 3. Gap. Kem
21 P2  |Wueranupana mowHoet Ha |l 3. Gap. Kem
22 F3 |Wucranupana mowHoeT Ha 1l o6p.3. Bap. Kem
23 A1 |denusenauun Ha | xapakTepeH y-kiL1) M
24 Az |Jdenusenauun Ha |l xapakTepeH y-kiL2) M
25 A3 |[Aennsenayun Ha lll xapakTepeH y-k(L3) M
26 A4 |[feHusenauma Ha | xapakTepeH y-k(Li) M
27 L1 |MenwuHa Ha | xapakTepeH y-K {L1) M
28 L2 |MenwuHa va |l xapakTeped y-k (L2) M
29 L3 |MenwuHa va lll xapakTeped y-k (L3) M
30 L4 |Menwuda Ha IV xapaxkTeped y-k (L4) M
31 | S 1oy |MHHHMANHA ONBEAL CHAA HA NEHTATA H
32 K+ |KoedmuweHT Ha peseps oT Tern cvna
33 Ki |QuHamu4eH thakTop NPH NOTEMNAHE
34 K |DanTop Ha paznpefene Hie K MOWHOCTTA KA | 2 Dap -
35 Kpx  [DaKTop Ha paznpepenc B4e Ha MOIHOCTTA Ka |l 3 Dap
36 Krz  [DarTop na paznpepene e Ha mowpocTra Ka lll 3. Dap -

®ur. 3 TekcToB Npo3opeLl Ha Bxoaaw, Moayn ,,3aaaHue”

eKCrioaTaLyoHHN BapyaHTK KaTo:
—CxemMa Ha pasnpefeneHsne Ha WHCTanupaHata
MOLLHOCT KbM 3aaBWKBaLLMTE OapabaHu;
—Bpoit Ha 3agBukBaLLmMTE GapabaHy;
—Cwna Ha ombBaHe Ha NneHTara;
o Mogyn ,,CpaBHuTeneH” cuctematvavpa KpamHute

pen 4 B nporpamHust kog. C coyHKUMMTE Ha TO3M MOAYN ca
paslMpeHNn B MHOTO rofisiMa CTEMeH Bb3MOXHOCTWTE Ha
nporpamata 3a  MpoBeXdaHe Ha  u3cregsaHns ¢
MHOrO(aKTOpHN aHanu3n W Nofly4aBaHe Ha OMTUMM3ALMOHHN
PELLEHNS KaKTO MO OTHOLLEHWE Ha MHCTaNMPaHUTE ABUraTENHN
MOLLHOCTU, curnata Cb3aaBaHa OT ombBaTenHus GapabaH, a

M34YMCIIUTENTHN PE3yNTaTu Ha nporpamarta, KouTo ce nonyyasar
npu BapupaHe Ha npomeHnmBata Qo - obemHa
NPOU3BOANUTESTHOCT C Pa3fIMYHK CTOMHOCTU. TOBa € Bb3MOXKHO,
Tbi KaTo B MOZyna uma CcBODBOAHW KNETKM ((pyHKLMOHANHO
HeCBbp3aHu ¢ Moayn 3adaHue) T.e. OTKIHOYEHN KNeTKuTe OT
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Taka CbLLO W Ha Bb3MOXHATa Hail-ronsMa npou3BOAUTENHOCT.
Ha durypa 2 e nokasaH BXoAALMAT MOZYN Ha nporpamara, ot
KOWTO Ce mapameTpupaT BCWYKA MPOMEHNIMBA  BXOOHM
BENNYMHN, KaKTO ENEeKTPO-MEXaHWYHW MapameTpu Taka U
napameTpu Ha TpaceTo B NiaH 1 npocun.



Ha cnefpallata d)mrypa 3 ca nokasaHu B TabnuuyeH BuO XapakTepHNU TOYKM Ha TpaHCnopTbopa. Tean cToMHOCTM ca

pesyntatute ot pa60TaTa Ha W3YUCIUTENHNA MOOYN Ha nonyyeHu 3a peanH BXOAHW BENMYMHU Ha TPaHCNopTbop C
nporpamaTa, KOWTO CbObpXaT BCWMYKA OCHOBHWM CWIOBMW, abnxkmHa 1470 M,  npoussogutenHoct  4000m3u  wu
KUHEMATUYHU N eNneKTPo-MeXaHU4YHU napaMeTpn B pasnnyHu JeHusenauusa - 3B5mu e 6'b,£|,aT M3non3BaHN NO-HATATHK .
Eau YeTaHo- MyckoB ¢
WMl MapameTpn Msapka 130%
1 : 1470
2 |1 CHopoeT Ba ARUMEHHE, A IGHTATA . 5,74
3| Qox |OBemHa MOWIBORUTENHOCT Ha HpaeH TN min 4 000
4 Qo! |OBemHa nponzEopMTENHOCT Ha Mexa T mih 0
5 | Qo? |OBemua mOMIECMTENHOCT Ha Mexp T2 mih 0
B E 4 000
7| 128
g 136
g 1020
: 1,20
850
820
] 6,00
136,67 13667
1
5043
i 0
0
: 5043
Mm 2394
himt 2394
Sl - 2394
23| ¢i |Muueiino Terno wa newTaTa Mim 1070
24| wi? |Koedh cbmp. mpM gEMX. MOp.KNOH - 0,030
25| &4 |Bbron na Hawnod Ha | xapakT. yu.(L1) qrad 9,431
26| &2 |Bbron wHa dawnod Hall xapawT. yu.(L2) qrad 1,790
27| &3 |bron va sawnod Halll xapakT. yu.(L3) grad 1,790
28| &4 |Bbronna Hawnod Ha IV xapaT. yu.(Ld) qrad 0,000
28| L ¢ |Bwnxmua nal xapantepen y+(L1) m 30
30| L2 |Aonsamua nall xapartepen y+ (L1) n 480
3| L3 |Aonxmua walll xaparrepen y+ (L1) n 480
32| L4 |Aonxmua na IV xapanrepen y+iL4) n 480
33| W1 |Comp. a rop. wn. ot | xapya.(L1) N 20 921 27 198
34| W12 |Cump.Ha rop. wn. ot |l xap.yw.iL2) N 114019 148 224
35| W73 |Comp.va rop. kn. ot lll xap.y4.L3) N 114 019 148 224
36| W4 |Comp.Ha rop. wn. otV xapyy.Ld) M 62 137 80779
37 LW Cupp.npy deta 2opxnon- ofwe i 311 096 404 425
39| wiil |Koedh cxmp. mpu gEMX. Ha goNKN. - 0,030 0,030
40| W |Cwmp.mpu ge.Ha gon.xn.l xap.yy.(L1) N 4 200 -2 840
41| Wi |Comp.mpu ge.wa gonkndl zap.y4.(L2) N 1337 1738
42| W3 |Com.mpu ge.na gonxndll xap.yy.L3) M 1337 1738
43 W4 |Comp.mpu ge.Ha gon.kndV xap.y 4L N 17 380 22 594
ST 15 854 23130
46| K1 |Koedhna comp. Ha oBp.u onBap. - 0,040 0,040
47| @ s |bren naoBxeat na obp. Gap. (Il 2.5.) qrad 180 180
43| Won |Cbmp. va ombeatenen Gapaban N 9148 11 786
50| gy |brenwsaoBxsarwalz Gap. qred 167 167
51| g2 |brennaoBxearwallz. Bap. qred 185 185
52| e |brensaoBxear Halll 3. Gap. qred 180 180
53| g |Koeds Ha Tpuene - (zape.Gap.-nedTa) 033 033
&4 |1 KFE: | Maneumane n Taroe chaxrop a | . Gap. i 262 262
55 [ KFE | Mancumanen Taroe charrop na Il 5. Gap. 280 280
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“:|MarcHmaneH Taros thnu'rup Ha Il z. Eap 282 282
‘cHhia; : ; 114 362 147 319
47 302 61857
38 378 60 188
1,00 1,00
114 352 147 318
139 354 182 234
32 100 32 100
63 215 69 595
20785 20785
115 356 150 373
229 375 288 557
343 383 446 822
364 3156 474 019
21855 28 441
12745 16 489
8 361 10 934
359 645 470 310
89 911 117 578
217 359 280022
101 102
204 263 264 896
179 822 235 155
329 938 427 876
100 101
204 263 264 896
88 911 117 578
96 778 126 557
167 13 167 13
2501 3 267
1250 1634
1880 1880
625 817
940 840
625 817
940 940
CIOTHOCATENEN: EREprOp RN 0,337 0,441

®ur. 4 TekcToB Npo3opel Ha moayn ,Pesyntatu”

XapaKTepHO 3a BXOZALWMA MOZYN € HanuyneTo Ha rpyna
knetkn (3-6, 8-30 n 32-33 — ur. 3), B KOUTO mMoraT ga ce
AeduHNpaT reoMeTPUYHM, (PU3MKO-MEXAHUYHM, TEXHUYECKM
TEXHOMOMNYHWN napameTpn. KOHTpOmbT 3a AOCTOBEPHOCT Ha
CTOMHOCTUTE Ce OCbLUECTBABA C IOTUYECKM (DYHKLMW, KOUTO
u3BeXaaT B KONOHaTa ,KOHTPON” CboOLLeHMe 3a rpeluka npu
HeBanugHa CTOMHOCT. B cbuwys mogyn Ha peg 31 ce Bpbla
u3JucreHaTa CTOMHOCT Ha MMHMManHaTa rpaHuyHa ombBalla
cuna B NeHTaTa cropeg YCMOBMETO 3a CLEMNEHME CbC
3apBikBaLLuTe 6apabaHm.

B TabnuueH Bup Ha curypa 4 ca npeacTtaBeHU BCUYKM
M34MCIIEHN CTOMHOCTM Ha CEAHUTE BENUYMHN:

® MWHUManHM  rpaHNyHM  CTOWHOCTM Ha  HavamHo
OMbBaHE Ha JleHTaTa Mo OrpaHMYeHMEeTO 3a CLenneHue Ha
TpuTe 3aaBikBaLLyM 6apabaHa — pen 58-60 cur. 4 ;

o Cunute Ha OMbBaHe 3a XapaKTepHUTE TOYKW OT
KOHTypa Ha neHTata — peg 58-60 cour. 4 ;

® MWHUManHM TpaHNYHWM CTOMHOCTM 3a [ONYyCTUMO
MPOBWCBAHe Ha NeHTaTa OT TOBAPHWSA U Npa3seH KIoH — pef 64
166, ur. 4 ;

o TaHreHUManHuTe TEMUTENHU CUAM 1 TEXHWUTE
MakCUMariH1 TpaHW4HW CTOMHOCTWM Ha TpWUTe 3afBWKBaLLM
BapabaHa no orpaHNYEHNETO 3a CLEMMEHME C NEHTaTa — peq
75,76, 79, 80, 83 1 84, our. 4 ;
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e ObLjata 1 Ha OTOENHWUTEe ABUraTenM KOHCyMupaHa
MexaHu4Ha 3afBWKBalla MOLLHOCT, KaKTO M OrpaHUYeHUeTOo
Mo MHCTanmpaHa MowHocT — pef 86 - 92, dur. 4 ;

o OTHOCMTENEH eHepropasxod — pea 93, dur. 4 ;
XapakTepHO 3a TO3M MOZyn €, Ye TOA W3BbPLIBA BCUYKM
W3YMCIIEHNS 32 CTaLMOHApPEH PEXWUM W MYCKOB C HEM3MEHHA
cuna Ha onbBaHe 1 nyckos ¢ 30% yBenuyeHa onmbBalla cuna.

3. Pesyntatu OT nNpUIoOXeHWETO Ha nporpamara 3a
npecMATaHe Ha YWUCNeH NpuUMep C NapamMeTpu Ha
TpaHcnoptbop I'TI 1301 — Munu ,Mapuua nstok” EAJ .

B uncneHus npumep ca BbBEEHM TEXHUYECKATE MapamMeTpu
Ha eduH OT Han-MowHWTe TpubapabaHHu TPaHMOPTLOPK NpK
peareH YacoB TOBapoMOTOK B KpaWHata Toyka Ha
HaToBapBaHe Qo = 4000 m¥h u cxema Ha WHCTanupaHara
MowHocT (2 Met/1 Mst/ 1 Mgr). 3a Te3u napametpu e
nomny4YeHa MUHUMarHa curna Ha ombBaHe Ha neHtata B T.10
(dur.1) S1o = 114 kN, 3a kosTO mporpamata € uauucnuna
CUIUTE Ha OMbBaHE 32 XapPaKTEpPHWUTE TOYKW OT KOHTYpa Ha
feHTaTa v npeAcTasuna rpacnyHo amarpamara 3a yCTaHOBEH
1 MYCKOB pexumM Ha dourypa 5.
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®ur. 6 luarpama Ha cneumcyHUA eHepropasxoa BbB hyHKUMA OT
TOBapONoToKa

Mo nogobeH HaumMH e nocTpoeHa upe3 rpadmynns Gnok
,LEHepropasxoq” W [guarpamMata Ha  WM3MEHEHMe  Ha
cneumduyHNs eHepropasxor oT ToeaponoToka — Eo= f (Qo),
nokasaHa Ha ¢urypa 6. Mpu HamansBaHe Ha TOBApOMOTOKa
nog 2000 m3/y ce HabnMogaBa MHOrO CTPBMHO HapacTBaHe Ha
cneumduYHNS eHepropasxog 3a yCrnoeusTa, Npu KouTo pabotu
TpaHcnoptsop [T/ 1301,

[Mpenopwyana 3a nybnukysaHe om kam. ,MexaHu3ayus Ha
muHume”, MEM®
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4. 3aKknoueHue

Cb3napeHaTa nporpamMa  3a  TSArOBM  WM3YMCNEHMS]  Ha
MHorobapabaHHM NEHTOBM TPaHCTOPTLOPM C  KpalHW W
MEXOWHHM TOYKM Ha TOBapeHe MpuTexaBa  MHOrO-
(OYHKLMOHANMHN  Bb3MOXHOCTM, KOWTO MO3BOMsBAaT fAa ce
W3BbPLIBAT ABTOMATM3MPAHM  U3YUCTIEHUS HA  TEXHMKO-
eKCrnoaTaLuMoHHUTE M CWMOBM  NapaMeTpu  KakTo  npu
NPOeKTMpaHe Ha HOBW, Taka M MPU PEKOHCTpPyMpaHe Ha
CbLLEeCTBYBALLY CUCTEMM.

MoraT fa 6baaT HanpaBeH CEAHUTE N3BOAN:

— [MporpamHusT anropuTbM NO3BOMSBa 4a Ce Bapupat
OCHOBHWTE NMapaMeTpu U [a Ce pellaBaT aHanuUTUYHO 3adayn
332 MUHUMU3MPaHE Ha CneLnduYHUS eHepropasxog M cunata
Ha OMbBaHe B NEHTOBMS paboTeH opraH;

— Ha 6asata Ha peaynTtaTtute Nony4yeHu Ype3 MogynuTe
»,Pesynmamu” v ,CpaBHUTENEeH” € BBL3MOXHO rpadmyHo
NpeacTaBsiHe W Ha OPYrU (DyHKUMM, Pa3nMYHM OT MoKal3aHWTe
Ha ¢ur.5 u dur.6.

lNutepatypa

1.0amsHos,LB.J1. n Ap. EkcnepumeHTanHo wu3cneaBaHe W
aHanM3 Ha TEXHWKO — eKCMoaTaLMOHHOTO CbCTOSHUE Ha
MNT 2250 Ne2 Ha pygHuk ,TposiHoBO -1” 3a ycnoBusiTa Ha
,MuHu Mapuua Watok” EALl, Otyet no gor. 1905 Ha HAC -
MY n Munu "Mapuua Wstok’EAL, 2008 .

2.[lamsHoB LiB., OTHOCHO pa3npefeneHneTo Ha MOLLHOCTUTE
Mexay 3agswkxsalmTe 6apabaHu npu asybapabaHHuTe
neHToBK TpaHcnopTeopu, MY "Cs. MBaH Puncku", Moguiw-
HuK, ToM 49, ceuTbk |Il, Mexanusaums, enektpudmkaums n
aBTOMaTm3auus Ha muHute, Codoms 2006, ctp. 38-42

3.0bsikoB B.A., Waxwmeiictep J1.1.. Amutpues B.T., JleHTouHne
KOHBEWPbU B rOpHOI npomuwuneHocTy, M. Hegpa, 1982

4.DIN 22101 Entwurf, Gurtfoerderer fur Schuttgut Grundlagen
fuer die Berechnung und Auslegung, August 20C
Weissdrueck, August 2002.
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CPABHUTENEH AHANIU3 HA AHANTUTUYHWUTE U CAD-CAE METOAW 3A
ONPEOENAHE HA KOHTAKTHUTE HANPEXEHUA B CAYMEHUTE TbPKANALLU
NATEPW, U3NON3BAHU NPU MUHHUTE POTOPHU BATEPU

Ljeeman fJamsiHoe!, Hukonaii [Juyee?

"MuHHo-2eonoxku yHugepcumem ,Ca. UeaH Puncku’, 1700 Cogus, e-mail: zId47@mgu.bg;

2FAM-Bvrieapus, Cogpus, e-mail: nddichev@yahoo.com

PE3IOME. W3cneaBann ca aHanuTU4YHO KOHTAKTHUTE HampeXeHUs MeXay caumMuTe U narepHUTe rpUBHM OT OMOpHWUS Kpbr Ha Harep SRs 2000 ekcnnoatpaH B
ycrnosusaTa Ha Munu Mapuua natok” EAL . MonyyeHnTe pesyntati ca cpaBHeHu ¢ Tean oT u3sbpluieHus CAD-CAE aHann3 Ha cbLums o6ekT. HanpaBenu ca u3sogu
OTHOCHO Bb3MOXHOCTWTE 33 M3M0N3BaHe Ha ABaTa MeTofa 3a U34UCNEHUS MPU PEMOHT U PEKOHCTPYKLIMA Ha U3CneABaHaTa narepHa onopa.

COMPARATIVE ANALYSIS OF THE ANALYTICAL AND CAD-CAE METHODS FOR DETERMINATION OF CONTACT STRESS
IN THE ROLLING BEARING USED FOR ROTOR MINING EXCAVATORS

Tsvetan Damyanov’, Nikolay Dichev?

"University of Mining and Geology “St. Ivan Rilski’, 1700 Sofia, e-mail: zld47@mgu.bg

2FAM-Bulgaria, Sofia, e-mail: nddichev@yahoo.com

ABSTRACT. This article deals with analytal way of analysis of contact stresses between the balls and bearing rings for supporting base of excavator SRs 2000
operated under the conditions of Mini Maritsa Iztok EAD. The results were compared with those from the CAD-CAE analysis on the same problem. The results are
compared and there are conclusions about the possibilities of using both methods of calculation in the repair and reconstruction of the excavator support.

YBoa

B oTkputus pobuB Ha MOMe3HM M3KOMaeMM MHOTO YecTo ce
n3nonaeat JOOMBHO TPaHCMOPTHM CUCTEMM C HEMPEKbCHATO
pencteme. B Hali-ronsMOTO MWHHO NpeanpusThe 3a OTKPUT
BbIMegobuB y Hac Te3n CUCTeMW ca pasBuTM Ha Oasara Ha
MOLLHM  BUCOKOMPOM3BOAMUTENHN POTOpHM Garepu OT cepusita
SRs 2000. B koHcTpykumsaTa Ha Barepute OT TO3M BUL MEXIY
MeXaHW4YHUTE YacTh OT rOpHUS W JoneH barepeH CTpoex uma
€[MH eneMeHT, KOUTO NPeLCTaBNsiBa NarepHa onopa, u3rpafeHa
KaTo akcuarneH ThpKansily ce CauMeH narep. Tasu flarepHa onopa
(onopeH Kpbr) NO3BONSBA POTALMOHHO ABWXKEHME MEXOy ABETE
yacTu Ha barepa, kaTo NoHacs ronsMo CTAaTUMHOTO W AMHAMUYHO
HaToBapBaHe npu paboTa Ha MawwuHata. EkcnnoatayuoHHaTa
CUTYPHOCT Ha Lsnata MalluHa 3aBuCM B ronsimMa CTeneH OT
NPaBUIHOTO Opa3MepsiBaHe Ha ENEMEHTUTE Ha OMOPHUS KPbr,
KOETO MOXEe Aa CTaHe ako ce nosHaBa Aobpe ronemuHata
pasnpefeneHneTo Ha HanpexeHusTa B 06macTuTe Ha KOHTaKT
Npu TbpKansHe Ha CAYMUTE B KaHANUTE Ha NarepHUTE rPUBHMU.

MpeanocTaBku

B TeopusiTa M npakTMKkaTa Opa3MepPsBAHETO Ha TO3W TWM
narepu cTaBa No METOAMKM, OCHOBaBalUM Ce Ha TeopusTa Ha
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Xepu-bensiees. 3a ga ce onpegenaT aHaNUTUYHO KOHTAKTHUTE
HanpexeHus Lwe 6baat HanpaBeHn CreaHUTE NPEANONOKEHNS:

— HatoBpaBHeTO BbpXY BCUYKM NarepHu Tena e paBHOMEPHO
pa3npenenexo;

— OO0ekT Ha w3crnegBaHe € OMOPeH aKCWaneH enHopenoB
narep ¢ auameTbp Ha kpbra Ha TbpkansHe 10 m n 192 Bpos
caumMu ¢ aMameTbp Ha cdepaTta Ha TbpkansHe 150 mm;

— Ham-rongmata CTOWHOCT Ha pasnpedeneHata cunma Fe
BbpXY €AHa cauma e onpeaeneHa npu 6asa Ha Terno Ha ropHus
BarepeH ctpoex 10 400 kN;

— Mpn  u3MecTEH LEHTbP Ha TeXecTTa
HaToBapBaHe npu konaeHe - Fc= 115 kN.

n paboTtHo

3. AHanuTMYHO onpeaensaHe Ha KOHTaKTHUTE
HanpexeHus

Ha curypa 1 e nokasaH HanpeyeH pa3pe3 Ha KOHTaKTHaTa
[IBOMKa.

XapakTepHO 3a YCroBUsATa Ha TbpKansHe B TO3K Cnydan e, Ye
PaguyCbT Ha KPLIOBMS KaHas e Mo-ronsiv OT TO3M Ha caumara u
€ HopMupaH kakTo cnefga [2, INAJ:


mailto:zld47@mgu.bg
mailto:zld47@mgu.bg

Y\ ///A

®ur. 1 FeoMeTPUYHM NapaMeTpu Ha NarepHa rpuBHa U cauma

h1=0,2D (mm) - BuCouMHa Ha pebopaa Ha narepa, 13bupa ce
MO KOHCTPYKTUBHM CbOOpaXeHus: ;
= 0,525D. — pagnyc Ha kaHarna 3a TbpkafsiHe Ha Cbymarta.

BucounHata h: e BMCOYMHA Ha HaNPEYHOTO CeveHwe nop
caymaTa [0 OCHOBaTa Ha narepHust npbCTeH. Tsi ce u3bupa cneg
npecMsiTaHe Ha KOHTaKTHaTa AKOCT no copmynute Ha Herz -
Benses, nonssaHu ot upma "INA", npousBoguTen Ha narepu
.MakcuManHo KOHTaKTHO HanpexeHue Prmax Ce ONpeaens ot

3FE* (LK)

22

N/ mm?
1

3F(1—v2)
EYK

, mm

(2)

b e BTOpaTa NOMNYOC HA ENUNCOBKAHATA KOHTAKTHA
nnowaaka,

3F(1-v?)
>

2K € KoetULMEHT, YNSITO CTOMHOCT 3aBUCH OT
KPUBMHUTE Ha KOHTaKTyBaLLMTE Tena,

,
TK=={(2-5)
d, 4)
g 4 (5)
2r

Benuunnute £ ,; ce onpeaenar oT cnpaBoyHi Tabnuuy [2,

INA ], a KOHCTaHTMTE E M v Ca U3BECTHU —
E =2,1.105, N/mm2 — mogyn Ha enacTu4HOCT;
v=0,3 - koecuumneHT Ha MoacoH

3a uncneHus npuMep, KOMTO Ce pasrnpxaa

20 =Fc=115kN;
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KbOeTo:

a=15,324 mm -
b=2,135mm
1534 15.115000 N
mx  gzab  3,14.15,324.2,135 'mm?®
P =1679 N .
mm

Ha curypa 2 e nokasaH obwumsT Bug Ha uscnegsaHus CAD-

CAE Mogen, 3a KOUTO € XxapakTepHO CreaHoTO:

— HavanoTo Ha koopauHaTHaTa cucTeMa € Pa3nofioXeHOo
BbpXY [OMHaTa CTeHa Ha narepHara rpuBHa;

— [lbnHO OrpaHWyeHWe Ha CTeneHuTe Ha MNOABWXHOCT e
3a/1aeHo Ha AornHaTa rpuBHa;

— HatoBapBaHeTo F:, KOETO Ce MOHacs OT efHa cayMa e
NPUIOXeEHO CnpsaMo ropHata rpusHa( dur. 3,4)

—  KoHTakTHOTO neTHO Mexay rpWBHWTE UM caumata ce
MOAENnMpa C TEOMETPUYHM NapameTpu (pa3Mepu Ha
nomnyocuTe a u b), KOWTO ca NPeABapUTENHO U3YMCIIEHM NO
G-m2un3

®ur. 2 06w BMA Ha KOHTaKTHUTe enemeHTn oT CAD-mogena..

PesynTati n ussoau

KOoMNIOTbPHOTO  MPWNOXEHWe Ha MeToda Ha  KpalHute
€NleMEHTI, C KOETO e peanuavpaH MpeacTaBeHust No-HaTaTbk
CTPYKTYpeH  AedopmaumoHHo-HanpexeHoB  FE-aHanus e
nporpamata COSMOS Works, a 3D-CAD-mopensT e cb3gageH
cbe SoldWorks 2008.

Ha dwurypa 3 e nokasaHo pa3npedeneHueTo Ha
€KBMBAIEHTHUTE HanpexeHus B AedMHMPaHOTO ceyeHue. Morat
[a ce nokanusupar obnactute, B KOUTO Te Ca MaKCAMAmHW —
TOBa Ca rpaHULMUTE Ha KOHTAKTHATa MoLW Mo rofsmara oc Ha
enuncaTta. Bbanute u MakcumanHUTe CTOMHOCTM Ha Teau
HaNpEXeHNs ce reHepupaT aBTOMaTU4HO.
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®ur. 3 CAE-mogen ¢ pe3ynTatv 3a eKBUBaNEHTHUTE HaNpeXeHus B
ceyeHue npes LieHTbpa Ha caymata no von Miises.

Ha curypa 4 e nokasaHo pasnpefeneHneTo Ha HopMmarHuTe
HanpexeHns B CbLIOTO CeyeHue. Tyk, kakto M Ha ¢ur.3 ca
M3MepeHn NpOorpaMmHO OCBEH MaKCUMAmnHUTE, JOMbAHUTENHO C
nHcTpymenTa ,PROBE® 1 CTOMHOCTUTE Ha HanpexeHusTa B nNeT
JOMbMHUTENHM TOYKW B u3bpaHuTe Bb3NM, KOUTO ca
pasnonoxeHun no Mocta Y Ha KopauHaTHaTa cuctema.
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®ur. 4 CAE- mogen ¢ pe3ynTaTu 3a HOpManHuTe HanpexeHus B CEYEHVe
npes LeHTbpa Ha caumatanooc Y - Gy.

Te3u CTOMHOCTY Ca CUTEMATM3NPaHW 1 rpynpaHm B Tabmmum 1 v
2 OT[EITHO 32 eKBUBANEHTHUTE W 3@ HOPMAITHUTE HaNpEeXeHus.
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Tabnuya 1

Tabnuua 2
N | 12| 3|45 6

(koHTaKT)
Y.mm | 00 | 15 | 292|438 |605| 76
oy MPa | 13 | 17 | 256483 153 | 1701
OylPmax | 000710.010/0.015(0.0260.091|  1.01
(6e3paszm)
Pox | - | - | - | - | - | 1619

B nBete Tabmmuu ca usumcneHu u 6eapasmepHuTe CTOMHOCTM
Ha Ha W3MepeHuTE HanpexeHus.llonyyeHuTe pesyntatm 3a
N3MEHEHWETO Ha HanpexeHusTa no octa Y Ha KC B HanpeyHoTo
CEYeHWe No3BONSBAT fa Ce NPeLcTaBu rpachMyHoO rpagmneHTa Ha
cnajaHe KakTO Ha EKKMBAEHTHOTO HampexeHue, Taka W Ha
KOMMOHEHTUTE (HOPMamNHU 1 TaHTEHLMaHN HanpexXeHus)
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our. 5 q)yHKLI,VIﬁ Ha U3MeHeHWe Ha eKBMBarNeHTHOTO HanpexeHue lvon OT
pa3CToOAHMETO A0 KOHTaKTHaTa NOBbPXHOCT.
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®ur. 6 OyHKUMA Ha U3MEHEHNE HAa eKBUBANEHTHOTO HaNpeXeHWe Gvon OT
Pa3CTOSAHMETO A0 KOHTAKTHAaTa NOBbLPXHOCT.




3aknioyeHune

MonyyeHuTe pesynTaT 3a HanpexeHusTa B obnactta Ha
KOHTaKT MeXzy chepuyeH Thpkansiy ce eneMeHT 1 TopougarneH
kaHan Ha narepHata rpuBHa ca OIM3kM [0 aHanUTUYHO
nomnyyeHUTe N0 MeTOAWKA 3@ NpecMsiTaHe, kosATo ce Hasupa Ha
Teopusata Ha Xepu-benseB v ce u3non3ea OT BCUYKM
npOW3BOAUTENN Ha TakuBa narepu. ToBa JaBa OCHOBaHMWeE [a ce
3agbnboyar macneaBaHusTa 3a onpegensHe pasnpepeneHneTo
Ha HanpexeHusTa U B OpYru XapakTepHU CEYEeHUs B paHuHaTa
XY Ha koopauHaTHaTa cucTeMa. Taka MOXe Aa ce npeyusupa
rpaHMuata 3a [ONyCTMMO HamansBaHe Ha pAebenuHarta
narepHute rpuBHW. TpsibBa fa ce otbenexu Cbwo, Ye
NPeasioKEeHUAT METOZ, 3a MOAENHO M3cneaBaHe Ha aedopmaLum

[MpenopwyaHa 3a nybnukysaHe om kam. ,MexaHu3sayus Ha
muHume”, MEM®
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N HanpexeHusi, 6asMpaHo Ha MeTofa Ha KpailHWUTe enemeHTy
MOXe fa Ce pasnpocTpaHn M KbM APYrM KOHCTPYKUMM Ha
rarepHi Onopw, kato TakMBa C [BYPEOOBM CaUMEHM WM
PONKOBY Narepu.

Nutepatypa

Eschmann, Hasbargen, Weigang,
Theory, Design, and Application.,
R.Oldenburg Verlag, 1985

INA, Technisches Taschenbuch INA Walzlager Schaefler, KG,
1992

Kurth Friedrich. Stahlbau. and 1. Berlin VEB VERLAG-TECHNIK,
1972.

Ball and Roller Bearings.
Muenchen, Wien,
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W3CNELBAHE HA BITUAHWUETO HA PA3NIUYHN ®AKTOPU BLPXY YCTONYMBOCTTA

HA KYNA KPAH

Xpucmo Leiipemos

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cogpus, sheiretov@abv.bg

PE3IOME. OnpepneneH ca koeduLMeHTUTe Ha YCTOAYMBOCT Ha Pa3nuyHN kpaHoBe C ToBaponoaemHocT 2,5, 5, 8 n 10t. MscneBaHo e BNMSHWETO Ha HaknoHa Ha

TepeHa, Ab/MKMHaTa Ha cTpenaTa W BUCOYMHATa Ha KynaTa.

STUDY OF THE INFLUENCE OF SEVERAL FACTORS ON THE STABILITY OF A TOWER CRANE

Hristo Sheiretov

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

ABSTRACT. The coefficients of stability of diferent cranes with capacities of 2,5, 5, 8 and 10t are determined. The influence of the slope, the length of the boom and

the height of the tower is studied.

OnpepensiHe Ha KoedMLUMEHTUTE HA TOBapHa U
cobCcTBEHa yCTONYMBOCT

KoeduumeHTbT Ha TOBapHa YCTOMMMBOCT Kmy CE onpeaens
Npu OKayeH TOBap, PaBeH Ha MakcuMarHaTta TOBaponoaeM-
HOCT Ha KpaHa W NPy HaKIMOH Ha TepeHa paBeH Ha Makcuman-
HWS1 JOMYCTAM HaKMOH 3a KpaHa ([uem3es, 1986; 3eneHckuir,
1958; LLenpetos 2008) (cpur.1). Onpegens ce no copmynata
(3eneHckuit, 1958):

M

06p

k = , KbeTo:

my
moe

Mys — yobpxally, MOMEHT MpuW OnpegensHe Ha ToBapHara yc-
TOW4MBOCT;

Mogp — 0bpbLUaTENEH MOMEHT MpUM OMPEeAeNsiHe Ha ToBapHaTa
YCTONYMBOCT;

Mmoe — TOBApPEH MOMEHT.

My =Gyl +G5ls +G L + Gyl +
+G, 1, +G,,l,,
[KN.m]

M()ﬁp = GIG +GO'IK0,“1
+G. I, + (Pgm + Fu)hQ +P,..h,
[KN.m]

+ FuH.IQ +

M os = Qllg , KN.M
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Gy ,Gé ) G, ch, Gxo, Gn, Gen , Go, G [KN]- CUINN Ha TexXecTTa
Ha xopoBaTa yacT, banacta, kynaTta, CTpenara, KOH3onara,
MPOTUBO-TEXECTTa, BbPTALWATa Ce nnargopma, PONKOBUA
Onok M KpaHoBaTa KOMMYKa;

Q [KN] — MmakcumarnHa ToBaponoAeMHOCT Ha KpaHa;

Pem 1 Pex [KN] — cunu oT BATbpa BbpXy TOBapa W Kynata;

Fu n Fy [KN] — vHepunoHHa n LeHTpobexHa cuna Bbpxy
TOBapa;

les, I6, b, lkowy In, len, 16, lkon, la, le, ho, h,, W lo — pameHa Ha
CbOTBETHUTE CUMK cripsimo Touka O.

2
_ Q.n.L KN
! 900—n.ih'—hQi
F.. :Q+G.l , KN, kbpeto:
9 L

fc = 1's — Bpeme 3a crvpaHe Ha NOAEMHUSA MEXaHW3bM;
v [m/S] — CKOpPOCT Ha NOAEMHUSI MEXAHU3BM;
n [min-'] — yecToTa Ha BbPTEHE Ha KpaHa.

P =S,k.k,.p KN
=12 k=1)

P, =S, kik,.p KN
(ka = 1,4 ks = 0,4)

S,=hb ,m
p = 0,25 KN/m2 — HansraHe Ha BATbpa;

ka — KoE(OULMEHT Ha aepoaNHAMUYHOCT;
ks — koepULMEHT Ha 3aMbnBaHe Ha CEYEHUETO;
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Sk — 0bBeTpeHa nnoLy, Ha Kynara;
Sm — 0bBETpEHa nnoLy, Ha ToBapa [m?).

L. = L+0,3 - AbmkuHa Ha cTpenara

h'=H +0,6
ey =h'+ 2
2
h, =h'
1
2
I, = _B .cosa —h,,.sina
2
I, = B.cosa —h;.sina
c
h, =h+=
‘ 2

I, = %cosw—hk.sina

(L b
= +—+
2

KOH

Bj ,
—|.cosa—h,,,.sina
2

:(Ll——j cosa +hg.sina
[ jCOSOH—H sina

j005a+h sina

L. B .
I, = —+——— .cosa +h..sina

2 2 2
Ign:%.cosa—h'.sina

I, = (L'+§}cow—hn.sina

L — makcumaneH obcer Ha KpaHa;
H - BuCOYnHa Ha BOuraHe Ha T0Bapa;
C — BUCOYMHA Ha CTpenaTa;
b - WwupoymnHa Ha kynara;
B — 6a3a Ha kpaHa (pa3CTosHWe MeXay pencute no KouTo ce
OBVXM KpaHa);
C3 — BUCOYMHA Ha KOH30MaTa;
— obcer Ha kpaHa Npu Makc1MarnHa TOBapOnoAEMHOCT;
L’ - obcer Ha NPOTUBOTEXECTTA;
Ly - ObITKMHA Ha KOH3onaTa;
@ — HAKITOH Ha TepeHa
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KoeuumeHTLT Ha coBCTBEHA YCTOMYMBOCT Koy Ce OMpeaens
npu Iunca Ha TOBap W MakCMMarHo fonyctum obpareH
HaKrnoH (cpur.2).

M,

(-
M 06p

, KbETO:

M’ yo — yobpall, MOMEHT Npu onpegensiHe Ha cobcTBeHaTa
YCTOMYMBOCT;

M’ogp — 0BpbLLATENEH MOMEHT NPY ONpeaensHe Ha
cobcTBeHaTa YCTOMYMBOCT Ha KpaHa;

My =Gyl +G5 15 +G, 1 +
+G,, ., +Glg +G,.l, +G..l.
[KN.m]
Moy = Gron-lion + Gy L, + Pychy
[KN.m]

oty In, Pxsy U, I, Uen, 1'G, l'kon, M ' — pameHa Ha cunute npu
onpegensHe Ha coﬁcTBeHaTa YCTOMYMBOCT Ha kpaHa.

X4 X4

|, = B.cosa —hy.sina

I :%cow—hk.sina

L, b
= —4+——
5

= (L'——) cosa +h,.sina

( )COSO{ h'.sina

L, + E).cow —h'sina

KOH

B .
> .cosa +h,,,.sina

. B Vs
[ =E.005a—h.sma

I, = [B+%).cosa—hc.sina

'« — CUMa OT BATbPa BbpXy Kynata npu onpegensHe Ha
cobcTBEHaTa yCTonumMBOCT

P =S,k k,.p' KN

p'=0,7+ (hK - 20).0,01 - Handrade OT BATbpa BbPXY
KynaTta npv onpegernsiHe Ha cobcTBeHaTa yCTOMYMBOCT.

3a [ja ce 3anmasu YCTOMYMBOCTTA Ha kpaHa ce MpenopbyBa
(Ovsw3es, 1986; 3eneHckui, 1958; LLlenpetos 2008) :

k,, =115

my —

ke, 2115

Cy —

Axo kmy<1,15 ce yBenuyaBa macata Ha NpOTUBOTEXECTTA
Gn. Ao key<1,15 ce yBenuyasa macarta Ha 6anacta Gé.



BnusHue Ha HaknoHa Ha TepeHa a

N34ncnenvsTa ca HanpaBeHu 3a CbluecTBYBaLL kpaH (SAEZ)
C TOBaponoAeMHoCT Q = 5t npu cnegHuUTe faHHW: L=55m,

H=30m, G=13750kg, L1=15,8m, B=3,8m, Gs=60,8t,

Gc=5880kg, G=9487kg. PesynTatute OT u34ncneHnsTa ca

JafeHun B Tabn.1.

Tabnuua 1.
al] 2 3 4 5
Kmy 1,84 1,54 1,27 0,99
Key 1,42 1,31 1,23 1,14

BnusHve Ha AgbnxuHaTa Ha cTpenarta (MaKCM-

manHus obcer L)

Tabnuua 2.
Lm |55 50 45 40 35
Kmy 1,8 202 231 |258 |287
Key 186 [ 1,73 | 162 |15 1,36

Gn=13750kg, L1=15,8m, B=3,8m, Gs=60,8t, G:=5880kg,
G=9487kg, a=2°

BnusaHue Ha BUCOYMHATa Ha Kynata
(MachmanHaTa BMCOYMHA Ha BAUraHe Ha

Tabnuuya.4

Him] | Lm] |55 50 45
24 | Gs[] |456 |456 | 456
Gn [kg] | 13750 | 13200 | 12350
B [m |38 38 38
L m] |158 |18 21
K 156 | 1,5 1,35
ke 1,75 1,08 | 165
30 | Gs[] |608 |608 |608
Gn [kg) | 13750 | 13200 | 12350
B [m |38 38 38
L m] |158 |18 21
K 1,8 1,711 | 1,53
ke 186 |18 1,77
358 | Gs[] |608 |608 |608
Gn [kg] | 13750 | 13200 | 12350
B [m |45 45 38
L m] |158 |18 21
Kn 218 | 204 |13
ke 178 [1,72 | 1,77
M8 |Gl |76 76 76
Gn [kg) | 13750 | 13200 | 12350
B [m |45 45 45
L m] |158 |18 21
Kn 248 | 2,04 | 2,04
ke 185 | 1,72 | 1,78
476 | Gs [l | 1216 | 1216 | 1216
Gn [kg] | 13750 | 13200 | 12350
B [m |45 45 45
L m | 158 |18 21
kn 365 |334 |292
ke 221|217 | 218

ToBapa H)

Tabnuua 3.
Him |24 30 35,8 418
Gdkg] | 7564 9487 | 11346 | 13269
Kmy 1,61 1,46 1,32 1,18
Key 1,37 1,29 1,20 1,12
Him [478
Gdkg] | 15128
Kmy 1,02
Key 1,03

KoedmumeHTM Ha ycTOMYMBOCT 3a KpaHOBe C
pasnuyHa ToBaponoAeMHOCT

HanpaBeHn ca u3uMCrieHMs Ha  KoepuUMEHTUTE Ha
yCTOMUMBOCT 32  TpukpaHa C  obxeat L=35m u
ToBaponoaemHoct Q=2,5, 5 u 8t (FM Gru; Potain; SAEZ).
BucounHute Ha BouraHe ca ¢ Gnmsku CTOMHOCTM, COTBETHO:
42, 40,8 n 50,6 m. Pesyntatute ca aaneHu B 1abn.5.

PeanHu koeuLMEHTN Ha YCTONYMBOCT

B [eicTBUTENHOCT MpW YBENM4YaBaHe Ha ObKMHATA Ha
cTpernata (yBennyaBaHe Ha Makcumankus obcer L) ce
yBenu4aBa W MacaTta Ha NpoTMBOTEXECTTa Gp, @ Ce HaMansea
obcera L+. lpu yBenuyaBaHe Ha BMCOMMHATa Ha kyrnaTta
(yBenuyaBaHe Ha BMCOYMHATA Ha BauraHe H) ce yeenuyaea
macata Ha fGanmacta Gs u basata Ha kpaHa B. 3atoBa ca
HanpaBeHW M34nCrieHUst 3a cblnsa kpaH (SAEZ), kato ce
B3eMaT B NPeABWA ropHuUTE ycnosus. PesyntaTtute ca JaaeHu
B Tabn.4.

Tabnuua 5.

Q[ 25 5 8

L [m] 35 35 35
H [m] 42 40,8 50,6
Kmy 2,03 2,24 1,44
key 1,45 1,94 1,15

B Tabn. 6 ca fageHu pesyntatute OT U3YUCTIEHUSTA Ha Tpu
kpaHa ¢ ToBapanogemHoct Q=58 u 10 t u obxsat L=55m
(Liebherr; Potain; SAEZ).

Tabnuua 6.

Q[ 5 8 10
L [m] 55 55 55
H [m] 50,6 55,8 54,2
Kmy 3,62 3,26 1,77
key 2,04 1,86 1,49




M3Bogm

1. Tpu yBenuyaBaHe Ha AbMXMHaTa Ha cTpenara (obxsara
Ha KpaHa L) 1 HeuM3MeHsILLM Ce Maca Ha NPOTUBOTEXECTTa
Gn wu ofbcer ¢ MakcumanHa ToBaponogemHocT Ly,
Koe(ULIMEHTUTE HA YCTOAYMBOCT Kmy M Ky Hamanssar
(tabn.1). Mpu L=40,45 n 50m kny>key, @ npu L=55m,
kmy<kcy.

2. Tlpu yBenuyaBaHe Ha BMCOYMHATA Ha  KynaTa
(BMCOuMHaTa Ha BOMraHe Ha ToBapa H) W HeM3MeHSLLM ce
Maca Ha 6Ganacta Gs u 6asa B, koeduuueHTUTe Ha
YCTOMUMBOCT Kmy W key Hamanseat (tabn.2). [pm
H=24,30,35,8 1 41,8m kmy>key, @ npu H=47,6m Kmy<Key.

3. TMlpu yBenuyaBaHe Ha HaknoHa Ha TepeHa «
KoehULIMEHTUTE Ha YCTOAYMBOCT HamarsieaT, Kato npw
a=5° Te CTaBaT No-Manku ot fonycTumuTe (Tabn.d).

4. Tpu yenuyaBaHe Ha AbMKMHATa Ha cTpenara (obxsara
L), Ho CbOTBETHO YBENnuU4aBaHe Ha MacaTta Ha
npoTuBoTEXecTta Gn W HamansBaHe Ha obcera Li,
Koe(hULIMEHTUTE Ha YCTONYMBOCT Kmy U Key Ce yBeNM4aBat
(tabn.4). ToBa Moxe fga ce 00sCHM C NO-ronemus
KOE(ULIMEHT Ha CUrypHOCT MpU KpaHOBE C MO-TONSM
obxsar.

[penopbyana 3a nybrukysaHe om kam. ,MexaHu3sayus Ha
muHume”, MEM®
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5. Tpu yBenuuyaBaHe Ha BUCOYMHATA Ha KyrnaTa U CbOTBETHO
yBenuyaBaHe Ha macata Ha 6anacta Gs u 6asata Ha
kpaHa B, koeduUMEeHTUTE Ha YCTOMYMUBOCT Kmy U Koy CE
yBenuyasat (Tabn.4). Toea cbllo ce obscHsaBa C Mo-
ronemust KoedULIMEHT Ha CUrypHOCT MpW KpaHoBe C Mo-
ronama BucounHa. Mpu H=24 un 30m Kkmy>key, @ npu
H=35,8, 41,8 n 47,6m — Kmy<ky.

6. [pu kpaHOBe C pasnuyHa TOBApOMOAEMHOCT Q, HO C
efHakbB 00xBaT L 1 efHakBa BMCOYMHA Ha BauraHe H
HAMa onpedeneHa 3aBUCUMOCT 3a KoedWLMEHTUTE Ha
ycTonumeocT (1abn.5 u 1abn.6).
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W3CNEOBAHE HA BIIMAHUETO HA YECTOTATA HA BbPTEHE U ABINKUHATA HA
CTPENATA BbPXY BPEMETO 3A MYCKAHE HA MEXAHMU3MA 3A BLPTEHE HA KYJA
KPAH

Xpucmo Leiipemos

MurHo-eeonoxku yHugepcumem “Ce. MeaH Puncku”, 1700 Cogpus, sheiretov@abv.bg

PE3IOME. OnpeperneHo e BpeMeTo 3a MyckaHe Ha MexaHu3Ma 3a BbPTEHE Ha Kymna KpaH ¢ ToBaponogeMHocT 5t. HanpaBeHu ca M3YMCNEHMs Mpu TpU YECTOTH Ha
BbpTeHe, NeT 06Ccera Ha kpaHa 3a TpY pasfuyHN ABUraTenu.

INFLUENCE OF THE ROTATION SPEED AND THE BOOM LENGTH ON THE START TIME OF THE ROTATION MECHANISM
OF A TOWER CRANE

Hristo Sheiretov

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

ABSTRACT. The acceleration time of the rotation mechanism of a tower crane with capacity 5t is determined. Calculations at three rotation speeds and five boom
lengths are made. Three different motors are used for the calculations.

OnpepensiHe Ha BpeMeToO 3a NyCKaHe Jrow — MIHEPLIMOHEH MOMEHT Ha KOH3onarta, kg.m?
Jn — IHEPLMOHEH MOMEHT Ha NPOTUBOTEXECTTa, Kg.m2
BpemeTo 3a nyckaHe ce onpeaens no gopmynata (Konapos Jon — MIHEPLMOHEH MOMEHT Ha BbpTSLLiaTa Ce nnaTopma,
1986, LWeitpeTos 2009): kg.m?
Jem — NHEPLIMOHEH MOMEHT Ha cTpenara, kg.m?
. ] X — Bpon Ha gpuratenure
_ aevr .
n = W » S , KbA€TO! | — npepaBaTenHo OTHOLLEHWE Ha MeXaHu3Ma
M," =M, 1] — Kng Ha MexaHu3ma
Mpmin — MMHUManEH NyckoB MOMEHT Ha auratens, N.m
Woe — BrNIOBA CKOPOCT Ha gsuratens, rad/s Mpmax — makcumaneH myckoB MOMEHT Ha gsuratens, N.m
Jr - MacoB WHEPLMOHEH MOMEHT pedyLipaH KbM Bana Ha M — cpegeH CbnpoTUBMTENEH MOMEHT NpU BbPTEHETO, N.m
ABuraTens npu BbPTeHeTo, kg.m?2
Mxc — cpepeH nyckoB MOMEHT Ha gpurarenst, N.m J=mlL? , kgm?
Mcm — cTaTyeH CbnpoTUBUTENEH MOMEHT Ha Bana Ha ) )
psuratens, N.m J :l_m | b +E_ E+|_ + 9+|_
KOH 3 KOH 2 2 2 K 2 K
ﬂ'.n) 12
@ g =W‘“ , 51 J,=m,.L?% , kg.zm2
J+3,,,+d,+3,,+7, b
J = 1,2. e + KOH -n2 en cm [kgm2] J on = O'S'm(‘"'(aj , kg.mZ
xi°m
. 2 2
M TN L\ Tex 1 b b(b b ’
M§P=%  N.m Jcm_g.mc. ) +§'E+L° + §+L° [ kg.mq
1000.M
Mcm = - y N.m i= nﬂ
X..n T
n="pMNsn

Noe — YECTOTA Ha BbPTEHE Ha ABuratens, min- )
Joe — MIHEPLMOHEH MOMEHT Ha AiBuratens, kg.m? MM =11M, ,Nm
J = MHEPLIMOHEH MOMEHT Ha Konu4kaTa ¢ porkois Br1ok u

TOBapa, kg.m2
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m — Maca Ha Konuykara c ponkosus 6ok u ToBapa, kg
(Macata Ha ToBapa € paBHa Ha TOBapOno4EMHOCTTa Ha kpaHa
npu makcumaneH obeer Q1)

L — makcumaneH obcer Ha kpaHa, m (cur.1)

Miow — Maca Ha KoHsonara, kg

b - WMpoymrHa Ha kynata, m

Lk — obmxuHa Ha KoH3onaTa, m

My —Maca Ha NpoTUBOTEXECTTa, Kg

L’ — 0bxBat Ha NPOTUBOTEXECTTA, M

Men — Maca Ha BbpTALLaTa ce nnatdopma, kg

mc — maca Ha cTpenara, kg

Lc — gbrmkuHa Ha cTpenara

N - YecToTa Ha BbpTEHe Ha kpaHa, min-!

1, =0,88 - kN Ha TpUCTBNANEH MNaHeTapeH peaykTop

e, = 0,93 - KNA Ha BbHLUIHATA NpeaaBKka

M, — HOMUHaneH BbPTALY MOMEHT Ha fAsuratens, N.m

M+ — cbnpoTuBUTENEH MOMEHT NPE3 MbpBMS NONynepuos Ha
BbpTEHE, N.m

M: — cbnpoTuBUTENEH MOMEHT NPE3 BTOPUS NOYNepuoa Ha
BbpTEHE, N.m

P
M, =—%.1000 Nm
W ye
M,,+M, —M
M]_ — Mmp + em + ;L B8KOH , KNm
M, on—M,.
M, =M, + 2 5 KN.m

Pss — MoLHOCT Ha apuratens, KW

Mpmp — CbNpOTUBMTENEH MOMEHT OT CUMUTE Ha TPUEHE NpU
BbPTEHETO Ha OMOPHO-BBLPTALLOTO Ce YCTPoiicTBO, N.m

Mem - CbnpoTMBMTENEH MOMEHT OT BETPOBOTO HaTOBapBaHe Ha
ToBapa, N.m

Mec - CbnpoTUBMTENEH MOMEHT OT BETPOBOTO HAaTOBapBaHe Ha
ctpenara, N.m

Mexon — CbNPOTUBMTENEH MOMEHT OT BETPOBOTO HATOBapBaHe
Ha koH3onata, N.m

M,,, =05.(45M, +V.D+25RD) [KN.m]
M,,=P,.L ,KNm

M, = P;’C.(%Jrgj , KN.m

=P on i+E , KN.m
2 2

U - KOBMLMEHT Ha TPUEHE BbB BbPTALLOTO CE ONOPHO
ycTpoicTso 1 = 0,005

M

B8KOH
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M. - HeypaBHOBECEH MOMEHT Ha CUNUTE CMPSAMO OCTa Ha
BbpTeHe, KN.m

V - BepTUKarnHo HaToBapBaHe Ha OMOPHO-BLPTALLOTO Ce
ycTpoiicTso, KN

D - nnameTbp Ha ONOpHO-BLPTALLOTO Ce YCTPOUCTBO, M

R - paguarnHa cuna Bbpxy ONOPHO-BBbPTALLOTO Ce YCTPOMCTBO,
KN

Pem — cuna ot BATbpa Bbpxy ToBapa, KN

Pec® — cuna ot BaTbpa BbpXy cTpenara, KN

Pexow — cuna 0T BSATbPa BbpXY koH3onata, KN

M, =(Q+G+G, + FMH).L1+GC.(%+2)—

. L, b .
~(P,,, +F, }(-hg )—Gm.(7+—] -G, .L

2
[KN.m]

V=G,+G,,, +G,,+G, +G+G, +Q,KN
P..=S,Kik,.p KN (k=14 k=04)
PS =Sc.pkyk, KN (ka=12 ki=1)
Povon = Sion-PKak, KN (k=14 k=0,3)

Q - TOBapONOAEMHOCT Ha KpaHa, t

G - cvna Ha TexecTTa Ha ponkosus 610k, KN

Go — cuna Ha TexecTa Ha konudkara, KN

Fus — vHepuuoHHa cuna npu sauraHe Ha Tosapa, KN
Gc - cuna Ha TexecTTa Ha cTpenara, KN

Fy — ueHTpobexHa cuna npu BbpTeHeTo, KN

h’" - BUCOYMHa Ha CTpenaTa Ha kpaHa, m

hq - BucoumHa Ha ToBapa, m

Gyon — CWNA Ha TEXeCTTa Ha koH3onarta, KN

Gn — cuna Ha TexecTTa Ha npoTusoTexectTa, KN

Gen — CUIa Ha TEXECTTa Ha BbpTALaTa ce nnargopma, KN
Sm —06BETPEHa NNoLLY, Ha ToBapa, m?

Sc¢ — cTpaHuyHa 0bBeTpeHa nroLy Ha cTpenara, m?
p=0,25 KN/m2 - HansiraHe Ha BATbpa

ka — koeuLUMEHT Ha aepogMHaMUYHOCT

ks — KoehMLMEHT Ha 3ambnBaHe

Skon — 0OBETPEHA MO Ha KOH30MaTa, m?

S¢=clL, ,m
Seon =LcC3 ,m?

Bpewmeto 3a nyckaHe Tpsibsa aa e no-manko ot 10s (Toxbept
1988 )
t, <10s

n —
Ako He e 13MbSIHEHO YCnoBKeTo Tpsibea Aa ce n3bepe
ABUraTen ¢ no-rofsiMa MOLHOCT.



Lc
I,
Ixon Ic
L, L
L lo
Ien
Ly
—N // c 3 —
/
Cs3 ] L--o
. v ¥ Gan Go N ¥ Ge
Gn GKOH (] A !\
G —)>-
—— Fu+Pem
b
P A 4
Q+FuH
hKOH P,
h, SNE
Gy he H
ho
h E
hy
hs
\l e, vG,
@ (
"qu 1.0
s
Ixu

®ur.1 Cunu v OCHOBHM pa3mMepu Ha Kyna KpaH

67



BnusHue Ha yecToTaTa Ha BbpPTEeHe BbPXY
BpeMeTO 3a NyCKaHe

M3umcneHusita ca HanmpaBeHM 3a CblUeCTBYBaLl KpaH
(SAEZ) c ToeaponogemHocT Q = 5t npu cnegHUTe AaHHu:
L=55m, L1=15,8m , v=16m/min, m,=13750kg, Q:1=1050kg,
m=1390kg, x=2, mww=3240kg, me=3200kg, mc=5870kg,
c=1,8m, ¢=1,2m, b=12m, L&=12m, L=11m, ¢1=3m,
Sm=7,1m2, OnpefeneHo e BpeMeTo 3a MyckaHe Npu Tpu
4ecToTu Ha BbpTeHe n=0,3, n=0,6 n n=0,8min-! 3a ABuratenu
C MowHocT Pe=4, 2,8 n 1,7KW. [uratetenute umat
cnegHute daHHW: Pee=4KW (nee=950min-1, Mymax=140N.m,
J0s=0,07kg.m2)  Pge=2,8KW  (nee=920min-!, Mymax=87N.m,
J0s=0,049kg.m2) Pge=1,7KW (n3=920min-1, Mymax=57N.m,
Joe=0,029kg.m2). Pesyntatute OT W3UMCNEHMATa ca JafeHN
B Tabn.1.

Tabnuua 1. tn [S]
nmin'] | Pe=4 KW | Pas=2,8 KW | Pse=1,7 KW
0,3 0,9 1,63 3,2
0,6 4,43 9,9 37,2
0,8 9,2 26,8 -170

C ynebeneH wpudT e oTOENsA3aHO BPEMETO 3a NyCKaHe Ha
Juratens, kouto Tpsibea aa 6bae n3bpat.

BrnmsHue Ha AbmkMHaTa Ha cTpenarta
(makcumanHus obcer L) BbpXy BpeMeTo 3a
nyckaHe

M3uncnennsta ca HanpaeeHu 3a cblwus kpaH (SAEZ) c
ToBaponogemHoct Q = 5t npu cneghute aaHHu: n=0,8min-,
v=16m/min,  x=2, mw=3240kg, me=3200kg, c=1,8m,
cs=1,2m, b=1,2m, L=12m, L=11m, c¢1=3m, Sp=7,1m2
OnpegeneHo € BPeMeTo 3a MyckaHe MpW NET CTaHAAPTHM
ObIDKUHK Ha cTpenata (obxsat L) 3a cblyTe aBuratenu ¢
MoLHoCT Poe=4, 2,8 n 1,7KW. Tpsibsa ga ce otbenexw, ye
napametpute L1, ma, Qi, M W mMc CbLO Ce W3MEHST.
PesynTatute OT u3uncneHnsTa ca aagequ B Tabn.2.

[penopwbyana 3a nybnukysaHe om kam. ,MexaHu3sayus Ha
muHume”, MEM®
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Tabnuua 2. ta [S]

L [m] Pas=4 KW Pag=2,8 KW | Poe=1,7 KW
55 9,2 26,8 -179

50 8,2 21,3 -106

45 7,3 18,8 451

40 5,5 12,9 62,4

35 4,2 8,8 24,8

Li[m] mn [kg] Q1 [kg] m [kg] me [kg]
15,8 13750 1050 1390 4602
18 13200 1450 1790 5104
21 12350 1950 2290 5416
20,2 10900 2250 2590 5678
20,2 10900 2650 2990 5884

C ynebeneH wpndT e otbenssaHo BpeMETo 3a nyckaHe Ha
[JBuraTens, konto Tpsbea aa 6bae nsbdpaH.

N3Boau

[Mpu yBeNMYaBaHe Ha YecToTaTa Ha BbPTEHE Ha KpaHa n un
NOCTOsiHHA MOLLHOCT Ha asuratens (Pee=const) BpemeTo 3a
nyckaHe t, ce ysenuyaea (tabn.1). Mpu no-ronsma yecrora
Ha BbpTeHe crefga fga ce u3bupa asuraten ¢ no-ronsma
MOLLHOCT.

Mpn yBenuyasaHe Ha ObMxuHaTa Ha cTpenata (obxsata
Ha KkpaHa L) u nOCTOsHHA MOLWHOCT Ha apuratens P,
BpeMeTo 3a nyckaHe f, ce yBenudasa (Tabn.2). Mpn no-
ronsMa [Ob/KMHA Ha CTpenara cregsa ga ce wsbupa
JBuraten ¢ no-rofiiMa MOLLHOCT.
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AWHAMWUYHO HATOBAPBAHE HA TPAHCMUCUATA HA ABTOMOBUNA MNPU
NPOMEHNNBU BI'NX HA YYNEHE B KAPOAHHUA CEOUHUTEN

CmedpaH lynee

MurHo-eeonoxku yHugepcumem “Ce. UeaH Puncku’, 1700 Cogpus

PE3IOME. I'Ipe,qnara ce AuHamuyeH mogen Ha abTomobuna, BKIMHOYBaLl €NeMeHTH KakTO Ha OKa4yBaHeTO, Taka U Ha TpaHCMUCKATa. brnute Mexay BanoseTe Ha
[DBOMHUS KapAaHeH CbeanHUTEN Ce pasrnexaaT kato NPOMEHSALLM Ce B npoueca Ha ABMXKeHKe. AHanuT4Ho ca onpeneneHn KNHeMaTUu4HOTO CMY LLieHKe U yCyKBallua
MOMEHT, HaToBapBaLl efleMEHTUTE Ha TpaHCMUCUATa. C NOMOLLTa Ha YMCNEH eKCNepuMEHT Ce 13cneaBa BNMAHMETO Ha NPOMEHALLUTE Ce bINK Ha YyneHe B [BOWHUS

KapAaHeH CbenHUTen BbpXy ANHaMUKaTa Ha TpaHCMUCKUATa.

DYNAMIC LOADING OF THE VEHICLE'S TRANSMISSION UNDER THE CARDAN SHAFT’'S ANGLE VARIATION

Stefan Pulev
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT. A dynamic model of a vehicle which includes elements of the suspension and the transmission is presented. The angles between the shafts of the
double cardan clutch are changing in the process of motion. The kinematic distortion and the moment of torsion in the transmission are analytically defined. A
numerical experiment is conducted to research the influence of the varying angles on the dynamics of the transmission.

BbBepeHue

CoblyecTByBaT peauua nybnukaLmm, cBbp3aHu ¢ AMHaMUKaTa
Ha MalWWHW C KapAaHeH CbeawHuTEn, Han-06CToMHaTa oT
kouto e [1]. brnute Mexay kapAaHHWTE Banoee ce
pasrnexaat kaTo NOCTOsIHHM MO roneMuHa. B gsukelms ce
aBTOMOOWN CMOMEHaTUTe BN Ca NPOMEHMNMBA W € BaXHO

Dur. 1.

C2,b2

KapgaHHWs  CbeduHMTen Ja  Ce  pasmexga  kato
HecTauuoHapeH. ToBa pgobnwxaBa B MO-rofsiMa  CTeneH
OVMHaMUYHMS  Mofen  Ha  aBTomobuna [0 pearnHus.
HacToswoTo u3cneasaHe [opa3suBa pe3yntatute, NonyyYeHu
B [1] 1 [2], kaTo OTYMNTa M3MEHEHNETO Ha BIMIUTE MEXIY OCUTE
Ha kaphaHHWTE BaroBe. [JUHaMMYHWUST MOAEN, KOWTO CTOM B
OCHOBaTa Ha MpecMsTaHusTa € nokasaH Ha durypa 1.

Jsa,msa

7

A
Y

I5 R

Cpr j bpr

A
—

ﬂ/? n

A 4
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Toit oTpa3siBa CbBMECTHWUTE TPENTEHUS! Ha TpaHCMUCUsATa U
OKayBaHeTo Ha aBToMoOMna. 3a 0000LleHN koopauHaTH ca
BbBEJEHM :

—  Q1,G2,3- BEPTUKANHW NPEMECTBaHUS CbOTBETHO Ha

nogpecopHute,  HadpeCcopHuTe Macu W Ha
aBuraTens,

—  Q405Qs- BIMW Ha 3aBbpTaHe CbOTBETHO Ha
nogpecopHute,  HaapecopHute Macu W Ha
aBuratens,

47,98,Go, Q10- BINOBM MPEMECTBAHUA CbOTBETHO Ha
KONSIHOBWS Baf, MbpBUYHUS Ban Ha NpefaBaTenHaTa
KyTusi, BOZELLMTE Konena u asTomobuna.

[TbNHOTO onMcaHWe Ha TO3M MOAEN, KaKkTo M 3akoHa Ha
JBWKEHWETO My Ca npeacTaseHu B [3]. Tyk We ce cnpem Ha
KMHEMATW4YHOTO CMyLLEHWe & , BHACSHO OT [BOVHS KapfiaHeH

cbeauHuTen

£=(19° 2 -1y’

a, ) .
—= |sin 24,
> 5 Os

KbAETO Oy M O, Ca BITINTE Ha YyneHe.

FeoMeTpuyHa cTpaHa Ha npo6nema

Q
(041
Q4
AQ
o2
P ~_

Dur. 2.

C otceukata PQ Ha dmrypa 2 e 03Ha4eHO NOMOXEHNETO Ha
KapaaHHUS Bas, korato aBTOMOGUITLT € HEMOLBIKEH W bIINTE

Ha YyreHe ca @, , 1 o, o . C oTceukata PQ1 e npeactaseHo
MONOXEHNETO Ha CbLMA Ban B MPOU3BONEH MOMEHT OT
fBwkeHneTo. brumbT A e Mambk 1 ¢ JOCTaTbyHa TOYHOCT

Moxe da ce npueme, ye PQ = PQi=l u sinAa=Aa.
Otceykata QQi e paBHa Ha pasnukata OT BepTUKaNHWUTE
MpeMecTBaH1s Ha MOApecopHaTa Maca W Ha [Buratens, T.e.
QQ1 = ¢s - q1. Cnep npunaraHe Ha CuHycoBa Teopema 3a
TowbrbHMK  PQQ:r v npeobpasysaHe ce nonydasa

COosS
Ao = (g, - ) — 2

yyneHe morat Aa ce NPeAcTaBAT No CNeaHNa HaunH:

CnepoBatenHo bruTe Ha

cosa,
—

COS,
| 10 | s

o =0+ (Q3 - ql)

Ay =Qypt+ (Q?, - ql)
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lMbpBKTE CHOMPaemMu B AECHUTE YacTL ca NOCTOsHHKU. BTopuTe
W TpeTUTe CbbrpaeMn ca NPOMEHNMBY (BMOPALMOHHM), Marku
no roniemuHa 1 yHKUMS Ha 00obLyeHuTe koopauHaTu. Te ce
NosIBSIBAT CaMO, KOraTo [BOVHWAT KapAaHeH CbeauHUTEN ce
pasrnexpa kato HecTaLoHapeH.

MexaHu4Ha cTpaHa Ha npobnema

Cnepn 3amecteaHe Ha (2) B (1) ¥ pasnaraHe B pep Ha
Teiinop, 3a KMHEMATUYHOTO CMYLLEHWE NPW MPOMEHMMBM NO
BPEMe Ha [IBIKEHWE BN Ha YyneHe ce nony4yasa u3pasbT:

Q. o .
£= tgz%‘) —t92$ +0,0, +dyq; +d,0, + g0 [sin 20
(3)

KoedmumeHTUTE Ce npecMsTaT no criefHuTe opMynu;

. U
d, =sin —=2cos® 22,
2 2
. A a
d, = —sin —2%cos® 22,
2 2
d,+d a
d, =-d, =—+—2cos—2.

EfHO OT npunoxeHusiTa Ha 3aBUCUMOCT (3) € Bb3MOXHOCTTA
3a MO-MPEUN3HO OMnpedensHe Ha AWHAMUYHUS  MOMEHT,
HaTOBapBalLL} TPaHCMMCUSITa Ha aBToMOBUNa:

M :Cz(qs_qg_i1i2q4_§)+bz qB_qg_i1i2q4_§ (4)

Tyk I, n 1, ca npepasarenHuTe OTHOLIEHUS CbOTBETHO Ha
npenasatenHata KyTus v Ha raBHOTO MpeaBaHe.

YucneH ekcnepumMeHT

3a pa ce wnocTpupa NPUNOKEHMETO Ha W3BedeHaTa
3aBucumocT  (3) 3a NpemaBaTeNHOTO  OTHOLIEHWE  Ha
HeCTaLMOHapeH KapaaHeH cbeauHuTen 6e npoBedeH YncreH
EKCTIEPUMEHT 33 MEXaHW4HWa mogen oT durypa 1 npw
JapeHnTe B [3] CTOMHOCTM Ha napameTpuTe. PesynTatute ca
npeacTasequ rpacuyHo Ha curypa 3. JluHma 1 npencrass
M3MEHEHWETO Ha AMHAMUYHWUS MOMeHT (4), korato & e BbB
Buga (1). JiuHna 2 nokassa M3MEHEHWETO Ha CbLUMS MOMEHT,
korato £ e BbB Buga (3). HabniopasaHata pasnuka B

amnnuTygute e npubnuautenHo 20%.

OTunTaHeTOo Ha NpOMSsIHaTa Ha BbIMUTE Ha YyneHe B ABOHMS
KapOaHeH CbeauHUTEen CbOTBETCTBA B MO-TofsiMa CTENeH Ha
pearHuTe NpoLecu B TpaHCMUCKSITA U JaBa Bb3MOXHOCT Aa
Ce onpeaenu No-TOYHO 3akOHa Ha ABVXEHWe Ha aBToMobuna.



M[Nm]

230
200
165
0 1,65
Dur. 3.
NuTeparypa Mynes Ct.H., bvusapos Ct.H., Kynues JLM. [uHamuueH

Mucapes A.M. [InHamuka Ha MalMHK C KaphaHHa npesaBka.
C., TexHuka, 1974.

Bvusapos C.H., Mucapes A.M., Yewanrkos b./. MexaHuka Ha
KapAaHHOTO [ABWXKEHME Ha TBbpao Tano. Foa. Ha BTY3 no
npunoxHa mexanuka, T.lll, k1.2, 1967.

[MpenopwyaHa 3a nybnukysaHe om
kamedpa , TexHuyecka mexaHuka’, MT®
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MOZen 3a W3cneaBaHe Ha CbBMECTHWTE TPENTEeHUs Ha
TpaHCMMCHsTa U okauBaHeTo. MexaHuka Ha MallmHuTe, B.,
1993, kH.1.
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KOMMNEKCEH MATEMATUYEH MOJEN HA PYOAHWYHA NOAEMHA YPEQBA

Eemum KvpuyenuH

MurHo-eeonoxku yHugepcumem "Ce. Mean Puncku", 1700 Cogpus, E-mail: el_emp @mgu.bg

PE3IOME. B pamkuTe Ha CUCTEMHUA NOAXOA € NOny4YeH KOMMMEeKCeH MateMaThyeH mMoaen 3a pyaHuYHa nofemHa ype,qﬁa KaTo CnoXHa enekTpomexaHudHa
cuctema. MatemaTnyeckuaT Mogen ocurypsaea Bb3MOXHOCT 3a u3cneasaHe AUHaMUYHOTO B3auMmogencTame MeXay OCHOBHUTE eleMeHTU Ha NOAeMHUA KOMMNEeKC:
ynpasndaemMo enekTpo3agsuxeaHe, nogeMHa MallHa, NoAEeMHU BbXeTa (Fl'IaBHI/I " ypaBHOEECﬂBaLL[I/I) W apMUpPOBKa Ha LWaxTarTa.

KniouoBu AYMU: KOMNNEKCeH matematuyeH Mmoaen, pyaAHn4Ha nogemHa ypenﬁa, [OMHaMWUYeCKo B3auMopeNcTBue.

COMPREHENSIVE MATHEMATICAL MODEL OF THE MINE SHEAR SYSTEM

Evtim Kurtzelin

University of Mining and Geology “St. Ivan Rilski®, Sofia, Republic of Bulgaria

ABSTRACT: Withit the systematic approach have been developed comprehensive mathematical model of the mine shear system as a complex elektromechanical
model provides opportunity for research of the dynamic iteraction. Between the essential elements of the shear system: manageable electric drive, shear machine,

shear ropes (main and counterweigh) and reinforcement of the shaft.

BbBepeHue

3a u3cneaBaHe AMHAMUYECKUTE MPOLECH B ENEMEHTUTE HA
PyOHWYHMTE MofeMHW ypeabw ca pabotunu ronsm Gpoi
Hay4YHW KOMEKTUBW W U3CNedoBaTeny, Kato MonyyeHuTe
pesynTaTh ca M3NOXEHW B ronam Gpoit HayuHu nybnmkauum.
ChlLECTBEHOTO B TE3W Hay4HW W3CnepdBaHus €, 4Ye Te ca
CBbP3aHU CbC CEnapaTHOTO W3y4YaBaHe CaMO Ha crewuanHu
BbNPOCK 3a AWHamukaTta Ha obekra (Hampumep, camO Ha
MeXaH14HaTa 4yacT Ha nogemHaTa mawwuHa [7, 17, 20], camo 3a
nogemHute BbxeTa [3, 7] unm nogemHute cbpose [18],
cucTeMaTa 3a enekTpo3agBuKBaHe, ypaBneHne 1 3awuTa [4,
10, 11, 13, 16], cnupauHa cuctema [19], apmmpoBka Ha
waxtata [1, 7, 9], napawyTHA YCTpOACTBa 3a NOLEMHUTE
cbaoBe [2], Bbnpock oT TeopusaTa Ha PITY [7, 10, 15, 20, 21],
BesonacHoct Ha PIY [3, 5, 12, 14, 16, 17, 19]).

Mpu TO3W NOAXOA Ha CenapaTHOTO W3CnedBaHe, B3anUMO-
JECTBMETO Ha enemeHTa OT Yypeabata, ce cmsTa 3a
BTOpPOCTENEHHO. puemaT ce peanua AOMYCKAHUS U HeHa-
MbIHO 0BOCHOBaHM paboTHM XunoTesn. Taka Hampumep, npu
“3cneaBaHe Ha BbNPOCK 3@ aBTOMATU3MPAHOTO 3aABWKBaHe
Ha MaluMHaTa OCHOBHO BHMMaHMWe MO MpaBWmo Ce OTAENs Ha
€NEKTPOAMHAMUYECKUTE YPaBHEHUS W B CbLUOTO BpeMe
NOAEMHUTE BbXeTa B Hait-aobpusi cnyyail ce pasrnexaat BbB
BUL Ha €OHa WM HSKOMKO CbCPenoTodeHu Macu. EpHa
pyOHUYHA nofemHa ypegnba npefcTaBnsiBa CbBKYMHOCT OT
B3aIMHOCBbP3aHM enemMeHT M e Heobxogumo pa ce
pasriexaa oT No3uLMmUTe Ha cUCTeMHMs noaxod. Camo B TO3u
Cryyd  pesynTatMTe  OT  W3CMedBaHWsTa  We  umat
HeobxoammaTa MbHOTa U JOCTOBEPHOCT.

CbeemeHHaTa Teopua 3a uscneaBaHe [OUHAMUYECKOTO
CbCTOSAHME Ha PYOHWYHUTE NOAEMHN ype,q6l/| “Ma A0CTaTb4HO
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connpgHa ocHoa. [lonyyeHu ca peaguua MHTEpPECHW W
CbLUECTBEHN pe3ynTaTh B TEOPETUYEH NNaH M € [JajeHa
KONMYECTBEHA OLEHKA Ha OCHOBHMTE CUMOBK  (haKTOpWU.
He3aBucuMO OT TE3M CONMAHM PE3YNTaTh M YCNEXW, MHOMO OT
MOMyYeHUTe PE3yNnTaTM U peLieHns He ca [oBedeHn [0
WHXXEHEPHO npunoxeHue. Tasn oueHka obaye He 03Ha4vaBa, ve
BCWUKM  M3unciuTenHn  c¢oopmynu  TpsibBa  ga  Obpar
NPeAcTaBeHn CbC 3aBMCUMOCTM OT anrebpuuyeH Ttvn. [lpu
CbBPEMEHHATA M3YMCIIUTENHA TEXHUKA € Bb3MOXHO Aa Ce
W3MBIHA  W3YMACTISIBAHETO HA  Pa3fMYHM MO CIOXHOCT
(YHKLIMOHAMHM 3aBUCUMOCTH, BKMIOYUTENHO W PELIaBaHETO Ha
AndbepeHumanHn ypaBHeHus. Beuuko ToBa obaye Tpsibea ga
npeacTaensBsa eauH oLy MaTepuan, M3NoN3BaHETO Ha KOMTO
MpU U34NUCTISIBAHETO Ce CBEXAA A0 3a4aBaHETO Ha U3XOAHUTe
JaHHM 33 cuUCTeMaTa W OueHka Ha  MonyyeHute  OT
W34nCnIMTENHATA MaLWHA pesymnTaTy.

B poknapa e paspaboTeH MHOrodhaktopeH MmaremaTuyeH
MoZen, KOWUTO OTYMTa BCUYKM OCODEHOCTW Ha pasrnexpaHus
0BeKT ¢ OTYMTaHe B3aMMOZENCTBMETO U B3aWMHOTO BIMSHWE
Ha HEroBUTE OCHOBHM E€MEMEHTU.

KomnnekceH matemaTMyeH mogen Ha pyAHUYHa
noaemMHa ypeaoa.

YpaBHeHusITa 3a ABWKEHME Ha PyAHWYHATa nogeMHa ypenbda
KaTo CMOXHa enekTPOMEXaHWYHa CUCTEMA € Bb3MOXHO Aa ce
Pa3AEnsT Ha NET rpynu ypaBHEHMS], KOUTO OMKUCBAT NpoLecuTe
B OCHOBHWTE ENTEMEHTW Ha ypeabata: enekTpuyecka YacT Ha
MallMHaTa (cucTeMa 3a enekTpPO3adBWKBaHE), MeXaHn4Ha
4acT, NOAEMHM CbAOBE, BOAAYM, OT apMMpOBKaTa, MOAEMHM
ypaBHoBecsBalWy BbxeTa. Ha dwmr. 1 ca npencraBequ
OCHOBHWTE MPUHLMMHN CXEMU Ha NOAEMHN ypeaom.



Py,CI,HVNHI/IS'-IT noaemMeH KOMnJieke ce npeacraBa Kato eanHHa
OWHaMn4yecka cucTtemMa, MbJIIHOTO W3CnedBaHe Ha KOATO €
Bb3MOXHO CamMO MpU OTYUTAHETO Ha BCUYKN CbLLECTBEHU
(baKTOpI/I, KOWTO y4yacteat W1 onpenenar B3aWMOLENCTBMETO
MeXay HErosntTe OCHOBHU ENTIEMEHTN.

AunHamuka Ha eJIeKTpo3aaABUXBAHETO

OGwuTe ypaBHEHWS, KOWTO OMKCBAT ENEKTPOMEXaHU4YHUTE
MpoLecH B PerynmpyemMo TUPUCTOPHO eNeKTPO3aABUKBaHe Ha
MOCTOsIHEH TOK Ce MpUeMar B criefHaTta (hopma:

S

du
ar ™ 194 (F-F),
dt dt .
dF d
aﬁbTT:th” = [cTaTTn dt + 1) (vp - v)’

J

Kb[ETO Ca NpueTn CneagHuTe 03HavyeHua:

R k@R
0 0
F.=M,—, F,=U_ ——+
e e L L
PP agk,
k@R kok,R
Un = Ep 6’uy=uy -
JoR,, JoR,
M, - enekTpoguHamuyeH MOMEHT Ha 3aaBWXBaHeTo, R, —

paguyc Ha bapabaHa Ha nogemHaTa mMawmHa, J — npuBedeH
KbM ocTa Ha 6apabaHa MHEPLMOHEH MOMEHT Ha BbPTALLM Ce
1 NOCTBNATENHO JBWKELLM Ce ENTEMEHTU HAa cucTemaTta, g —
3eMHO yckopeHue, @ ~— MarHWTeH MOTOK Ha CcTaTopHaTa
HaMOTKa Ha MOAEMHWs enekTpoaBuraten, R, — aKTUBHO

COMPOTMBIIEHME Ha KOTBEHAaTa cTaTtopHata HamoTka, k u ki,
— 0e3pasmepHu koHcTaHTM, T, M T, — COOTBETHO

a n
BPEMEKOHCTAHTW Ha KOTBEHaTa Bepura W TUPUCTOPHWS
npeobpasosaten, T,, — eNekTPOMEXaHUYHa BPEMEKOHCTaHTA,
U,; n U, - cboTBeTHO ynpaBnsBaLyo HanpexeHue Ha Bxoda
Ha perynartop 3a Tok u ckopoct, E, — E.[1.C. Ha TupnCTOpHUs
npeobpasosaten, a,, b,, ¢, — 6e3paamepHM KOHCTaHTK 3a
HacTpoilka Ha perynaropure.

B TakbB BuA ypaBHeHUs (1) 3a MbpBM MbT Ca NPEaNOXKEHM OT
npodh. B.N.[JBopHuKOB.

O6LwuTe ypaBHEHWS Ha 3aABVKBAHE Ha MOAEMHM MaLLWHM C
ACUHXPOHEH ABWraTen C ¢aseH poTop Ce pasrnexpar kato
cucTeMa ypaBHeHWs 3a aktueHa (¥,,) v peaktusHa (¥,)
CbCTaBsALLA Ha MOTOKOCLENINEHNETO Ha CTaTOpHaTa HaMoTKa B
cnegHata gopma:

d?F, d¥. d¥,

dtzﬁ +b1 dt" _bz dtﬂ +c,¥,-c¥,= DH
d¥, d¥,

d;‘::” +b, dt” +b, dtﬂ +c¢,%,+¢,¥,=D,.
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Mpn ToBa W3pasbT 3a ENeKTPOAMHaMUYHUA MOMeHT Me ce
npeacTass B cneaHara dopma:

w d¥?, w d¥,
P [T dt12 1 dt”
"+ (Tz +y’2)+UT
o \T 11 12 ot 12

e

BwB chopmyna (3) ca npueTu cnegHUTe 03HaYeHus:

&, b, =w,(1+S),

C1=R1Rz ',1, _% _Sw:;
L11L22 L

12

R R
c,= a)o(%+s%],

L22 L11
p =Y R

1 dt L_;ZZUO ’ Dz = swouo ’

P — Bpoit nontock Ha  acuHXpoHHaTa MawwHa, R, n R, -
CbOTBETHO aKTMBHW CbMNPOTUBIIEHMA Ha CTatopa W poTopa,

@, —4eCcTOTa Ha HaNpeXeHMETOo Ha 3axpaHBalaTa mpexa U, .
MapameTpute L, ca cBbp3aHM cbC cobcTeeHata (L;) w

B3aumHaTa (L,,) WHAYKTMBHOCT Ha poTOpHaTa W cTatopHaTta
BEpUra CbC 3aBUCUMOCTUTE:;

2 2
C_LL-L, o _LL-L
1 = ’ 12 = = T ’
L L
2 12

2

L = L1Lz - sz
22 L,
Xnb3raHeTo  Ha auratensa S ce onpegena o1

(hakTMdyeckata YecToTa Ha BbpTeHe HAa poTopa @ W
yecToTaTa Ha MPOMEHNMBMA TOK @, MO criefHaTa dopmyna:

S=(w,-w)/w,.

®ur. 1. OCHOBHM NPUHLIUMHKA CXEMMW HA NOAEMHU MaLIMHN

1 - 6apabaH (unu Tpuewa waiiba 3a LUT n MK), 2 — HanpaBnaBawm (nu
oTknoHsBawy 3a MK) waitdbn, 3 - rmaBHM nogemMHNM BbxeTa, 4 -
ypaBHOBecsiBalWM BbXeTa, 5 — pegyktop, 6 — 3aABMXBal, nogemeH
eneKkTpogBuraten



[uHamuka Ha nogeMHaTa MalmnHa

YpaBHeHMATa 3a M3cnefBaHe Ha AMHaMWKaTa  Ha
eneMeHTUTE Ha NoJeMHaTa MallvHa, BKMIYBaiki poTopa Ha
ABATaTeNns W peayKTOpHUTE [OBOVKM 3bOHM  Komena,
NPUHUMMHUTE CXEMM Ha KOITO ca NpeficTaBeHun Ha dur. 2, ca
npueTu B creagHaTa dopma:

dt(Jk ] Edﬂkz,,: 6.~
B)=m,

+Eﬁz qq+1(ﬂq+,

n, npu koeto n - obw 6poi Ha
BbPTAWMTE CE YacTW Ha  [JBWraTens, pemyktopa M Ha
nogemHata MatmHa, J, — KMHETUYECKM WMHEPLIMOHHM
MOMEHTM Ha [ABWraTensi, peaykTopa U Ha nofeMHaTa MallHa,
B, — BIMU Ha 3aBbPTAHe Ha BbpaTALLUTE Ce eneMeHTH,
C KopaBMHa Ha enacTUYHUTE BPbL3KM  Mexay

q,q+1

eneMeHTMTE C Homepa q u q+1, M
BBHLUHUTE CUMW, KOUTO Bb3AECTBAT HA SNEMEHT C Homep K ,
¥, — KoeluUMEHT Ha pascenBaHe Ha eHeprusTa npw
BbPTENMBOTO [ABWXEHWE NPU JMHENHO npubnmkeHue B
paMKuTe Ha XMnoTesaTa 3a BbHLUHO TPUEHE.

Mpu  KOMNMEKTOBaHe Ha  NOAEMHaTa

dg,
dt

B)+

kboeto k=1,2,..,

. — MOMEHTW Ha

MallMHa C

MHOTOCTENEHHU PELyKTOpK C ABa BX0OAa UM CbOTBETHO C [Ba
NOAEMHM aCWUHXPOHHW ABUraTens e Bb3MOXHO MpUBEXaaHe
mMacata Ha peaykTopa KbM HSKaKbB
KakTo TOBA

YCMOBHO MpueT
€0HOCTENEHEH  peaykTop, CXEMaTU4HO €

npeacTaBeHo Ha qur. 3.

®ur. 2. MpuHuMNHa cxema Ha B3aMMOAENCTBME HA eNeMEHTUTe Ha
eKBMBaneHTeH ejHOCTeNeHeH peAyKTop ¢ ABa BXoAa

Tyk ce npegnonara, Ye J,
BapabaHa, a J; 1 J, — MHEPLIMOHHM MOMEHTM Ha POTOpUTE Ha

[Bata fpuratens. B To3u cnyyai npu OTCLCTCTBUE Ha NydT
Mexgy 3bbuTe npu 3auenBaHETO WM, YpaBHEHMATa 3a
JBWKEHNe Ha GaBHOXOQHOTO KOMENo C MHEPLMOHEH MOMEHT
J, ce 3anucBa B cregHata opma:

— VHEpUMOHEH MOMEHT Ha
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R: R,
J3 +J4F+J5F ﬂa +C23(ﬂ3 _ﬂz)"'
4 5

R R
+C46[ﬂ3 R_J_ﬂeJR_3+
] ]

+ Cs,[ﬂa %—ﬂ,jg—: =0
Mpn TOBa cunuTe Ha B3aUMOZENCTBME Mexay 3bbute Ha
ObpsoxogHata npegaska P, w P, (ewx. ur. 2) ce
ONpeQeNsT OT creaHaTa cucTemMa anredpuyHN ypaBHEHUS:;
P.(J,R:+J,R:)+P,(J,R:)=
= CzaJ4R3 (ﬂa _ﬂz ) - C4GJ3 (ﬂaRa - ﬂsR4 )l
Pi(JR:)+Py(J,R;) =
= C23J5R3 (ﬂa - ﬂz ) - C57J3 (ﬂsRs - ﬂ7Rs) ;
a bInuTe Ha 3aBbpTaHe S, U B, Ce onpedensr ¢ yecrorara

Ha BbpTEHe Ha pOTOpWUTE ABaTa He3aBMCUMU [ABWraterns,
eNneKTpoaNHaMUYHUTE MOMEHTM Ha  KOWToce onuceaT ¢
He3aBUCUMUTE CUCTEMM OT Tuna (2) n (3).

[vHamuka Ha NoAeMHUTE BbXeTa

[MHamMUYECKOTO CBbCTOSIHWE TMABHUTE MOLEMHN BBXETa,
onpenensio B MHTErpaneH CMMCbN AMHAMUYECKUTE MOMEHTM
M, v M,, Bnusawm B YypaBHeHWsTa 3a [BWKEHME Ha
MawwHata (4), ce onucea OT cucTemMa AudepeHLmanHun
ypaBHEHMS (3a BCSKO €HO BbXE NO OTAEMHO), KOMTO 3a MbPBY
MbT ca npeafioxenn o1 M.®.InyLwko:

2
- i+ A6W+Ca—v +p6vz/=ig,
os 6t os os ot 5)
0 6 ow av _ 0o
- —+ C_ ~ + —01
as  °ot os 6s 6t’

KbOETO ¥, — QOWCWUNATUBEH KOE(WLWEHT B paMKuTe Ha
xunoTe3aTa Ha QONXT 3a BbTPELLHO TpUeHe; S — koopauHaTa
Ha TOYKa Ha BLXETO, KOATO Ce OT4YMTa B TOUKaTa Ha M3nu3aHe
Ha BbkeTo oT OapabaHa 3a nogemeH Cbg C NOCOKa 3a
OBWKEHWe “Hagony’ M OT MPULENHOTO YCTPOMCTBO 3a
NOJEMHMS CbAd, KOWUTO Ce [OBWXM “Harope”; w(s,t) -
NPEMECTBaHE Ha TOYKa OT BBLXETO, Mmalla koopauHata S;
v(s,t)=d 0, kbgeto d, — OUaMeTbp Ha BHXETO, 0 -vron
Ha 3aBbpTaHe CEYEHNETO Ha BLXKETO; o — NIMHENHO TUITOo Ha
Bbketo. Koedmumentn A, B,C - arperaTHa KopaBuHa Ha
BbXeTo, kvaeto B=B,/d?, €=C,/d,, B, n C, -
CbOTBETHO KOpaBMHA Ha BBLXETO MNpU YCyKBaHE W Mpu
HagnbxHa ycykeawa pfedopmauus. [MapameTspbT p ce
ONPEegens OT KUHETUYHUS! MHEPLIMOHEH MOMEHT | Ha BBbXeETOo
C eIMHNYHA ObIMKVHA Mo hopmynaTa p=1/d? .

Wapasute 3a momeHtute M, u M, cboTBETHO 34
N3aMralmst ce 1 CycKaluws Ce KMOH UMaT CrefHus BUL;:



m=R|A2Y ¢V |
os 0s it

m,=—R| A" c|
0s 0s|

YpaBHeHWeTo 3a korebaHue Ha ypaBHOBECSBALLMUTE BbXETa
UMaT Mo-CroXHa CTPYKTypa B CpaBHEHWe ¢ ypaBHeHuaTa(s) u
3a TAX LWe Ce MpeacTaBsT caMO YpaBHEHWsTa 3a Taka
HapeyeHaTa kBasuauHaMi4Ha (opma Ha paBHoBecue. B Toau
Cnydyail ce W3NOM3BaT CredHUTe TPU TPYNU  YpaBHEHMS.
MbpBaTa rpyna onpefens CbOTBETCTBUETO Ha HaITHXKHOTO

ycunue BbB BBbXETO IE3 1 yCykBalna MOMEHT A_ﬂj C brnute

ang:

F,=D,sinp —

— [, sin@ — (D, - pgs)cos@]cos B, (6)
M, = const.

Bropata rpyna npeacTasnsea  Mo-CbLIECTBO  [ABe

B3aUMOCBbP3aHN MO-MEXY Cv YDABHEHUS CIpAMO & U B

N

_d'a ,0adf . -\ - OB
EJ == -m, ==
(cosﬂ 0s’ 0s ds smﬂ} 'os

=D,cosa +(D,—pgs)sina ,

J 6ﬂ_[6_a] cosfBsinf |+
os

os’
— da — _
+M36—scosﬂ =-D,cosf —

—[D, sina — (D, —pgs)cos&]sinﬁ

J

Hakpas, TpeTata rpyna npefcTaBnsBa MO-CbLIECTBO
ypaBHeHUS 3a AudepeHLmanta B3auMoBpb3ka MEXY brinTe

Q, ,7 W HagmbxHata fedopMaLms BbB BbXETO W C
oceso ycune F, u ycykBaly MOMEHT M, B BbXeTo:

F =AW +C[6—7—6—asinﬁ] ,

3

E os 0s )
M, =B 6—7—a—asinﬁ o
0s 0Os os

B ypaBHeHusTa ca npuetu cnegHuTe o3HadeHns (6-8):
- @, ,7 —bmuTe Ha OTKNOHEHWE Ha HAATLXHATA OC Ha

BBXETO OT BepTukanarta, brbi Ha AennaHTauus Ha [OMHMS
Kpail Ha ypaBHOBECHBALLOTO BbXE W bIbJl HA 3aBbpTaHe Ha
CEYEHNETO Ha BBXKETO OKOMO HaAMbXHaTa oc;

- EJ - xopaBuHa Ha OrbBaHe Ha BbXETO.
Wuterpanutute  koHcTawtw D, D,, D,

NnomMoLLTa Ha crnefHaTa 3aBUCUMOCT:

ce onpegenar ¢
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L
sina cos B ds=a, Icos& cosfds=h,
0

sinBds=0,

oty © Sy

Mo k0eTo a M h — ca CbOTBETHO XOPW3OHTAMHW U
BEPTUKANHU Pa3CTOSHUA Mexay Kpaillata Ha Bbxeto , L —
MbMHA AbMKUHA HA HeAeOPMUPAHO BbXE.

MpuBeoeHUTe  ypaBHEHWS  3a  KBA3WOUHAMMUYECKOTO
CbCTOSIHME Ha  YpaBHOBECABALIOTO BbXe B  MbPBO
NpubnKeHe ca HamblIHO AOCTATLYHW 3a WHTErpupaHe Ha
oblaTa cucTema ypaBHEHUS 3a AUHaMUKaTa.

IuHamuka Ha noaeMHUTe CbaoBe

MogemHuTe CbOBE B MO-ronsMara 4acT OT CnyyauTe ce
ABWXaT no AbnbouymHaTa Ha WwaxTara no cneumanHu SbpeeHu
WnM MeTanH1 BoAaum (C pencos munu koputoobpaseH npodun),
3aKpEneHN Ha XOPWU3OHTaNHW Pa3CTPENHM rpeau (pascTpenn),
KOETO B CbBKYMHOCT Ce Hapuya apMupoBKa Ha Lwaxtara (dur.

no A-A

A R
2 2
A o A
I
h
1 ¥
{1 h
I
aM Ma.
3
& &
I iy

=3

®ur. 3. MpuHUMNHA cxeMa 3a apMUPOBKa Ha LiaxTa
1 - GeTOHEH Kpenex Ha wWwaxTa, 2 — pascTpenu, 3 — ckun, 4 — knetka, 5 -
npoTuBOTEXECT, 6 — Bogaum

[ncepeHunanHoTo ypaBHeHWe 3a ABWKEHME Ha MOAEMHUS
Cbf, KOWTO CM B3auMogeicTBa B Han-o0Wms cnyyain c
AecopmMmupaHnTe BOfauM OT MeTanHata apMupoBka, ca
npeacTaBeHy BbB hopmaTa Ha rpyna ypaBHEHUS 33 MbiHNS
UMNYNC Ha NOAEMHUSIA Cbf BbB BUAA:

2y(1)
"’%ﬁt"’ (i=1,2,3),

©)
KbETO m — Maca Ha nopemHus cba, P — koopauHaTi Ha
BEKTOpa Ha [MaBHUTE CWMW, [eiCTBaly Ha Cbaa, B 6asuc
e, X" - koopouHaT VHEPLMMOHHWSI LEHTBP MOLEMHMS

(1
cba B 6asuc €.
BTopara rpyna ypaBHeHHs 3a MbIIHUsS MOMEHT Ha UMMyMICa,
CUNUTE Ca 3an1CaHy B MPOBKLMUTE HA OCUTE HA MOSBIKHUS

penep € (3) grg chopmara ypaBHeHusiTa Ha Onnep, KomTo ce
NPEeaCTaBsT No CreAHUS HAUMH:

do,

.y 710
li—+ 0,0, =M



KbaeTo I, — TeH30p Ha MHEpLMATA Ha NOAEMHUS CbA, @, M
@, — TEH30p W BEKTOP Ha bITIOBBATA CKOPOCT Ha MOAEMHMS
cba, M — kooppmHaTV Ha rnaBHUS MOMEHT cunute B 6asunc

e'® (Tyk 1 mo-HaTaTbK No [BaTa NOBTapsLLM Ce WHOEKca ce
n3BbpLLBa CymupaHe ot 1 o 3). KoopanHatHatuTe Ha 6asuca
ca npeacTaBeHu Ha dur. 4.

Qur. 4. KOOpAVIHaTHa cuctema npu u3BexaaHe Ha ypaBHeHuATa 3a
AWHaMKKaTa Ha NOAEMHUA CbA

BogaybT oT apmupoBkata BD B Han-00wms cnyyan ce
npuema OedopMuUpaH W KOHTakTyBa C MOAEMHMS Cbh B
HKakBa Touka A, KOATO B penepa € (3) uma HambHo
KOHKPETHU KoopAauHaTti, HensmeHgaemun npu BCAKO
npemecTBaHe Ha NoAeMHUsA CbA.

TeHsop @, ce onpedens Mo CreaHoTo  MpaBumo:

dA, —~(1)=
o, =A—2, wpero A, =e/"e[” Matpuua Ha

HanpaBnsBalLMTE KOCMHYCM HA HaBWraLMOHHUTE BIMM Ha
Kpunos ¢, ¢, 6 .

Curata P, kosiTo ce siBsiBa peakuusi OT B3aMMOLENCTBIETO
Ha nogemHus cb B Touka A ¢ Bogaya BD (¢wr.4) v umawa
B HenoaBWKeH  KoopauHaTeH  GasuC  KOMMOHEHTUTe
P (k=1,2,3), ce pa3rnexga Cbllo Taka B OnpeneneH
KoopauHateH 6Gasuc €, cBbp3aH C MOBbLPXHOCT, B
CbMPUKOCHOBEHME C KOATO BCbMBA B KOHTAKT C Todka A Ha
MOAEMHUS CbA, Npu koeTo opTata €.’ ce siBsiBa HOpMarnHa
KbM Ta3u MOBbPXHOCT, @ opTata e!” e HacoyeHa no nocokata
KbM [JonupatenHata Ha gedopmupaHus Bogay. o TakbB
HauvH, P npepctaBnsBa Mo CbLECTBO PasNOXeHUe Ha

cunata P Ha HopmarHa (k=1), TaHreHumanHa (k=2) n
HagmbxHa (k=3) cberaBswa
NOBbPXHOCTTA Ha KoHTakTa. IMpu ToBa

Nno OTHOLUeHWe Ha

(1) _ (2) (2) _ (1)
F" =B/~ K" =B,F",

kepeto B, =e"e!” MaTpuia Ha HampaBnsBalLuTe
KOCUHYCU Ha BIMUTE MexAy CbOTBETHUTE OCK Ha pernepute
6(1) " 6(2)_

MoMeHTbT Ha cunmata P cnpsMo ocuTe Ha MOABMXHMS
penep ce onpedensT BbB (JopmMa Ha BEKTOPHO Npou3BeaeHne
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M=[axP]= (a,.P.”’e. )ék“’ , KOETO B TEH30pHa dhopMa uma

i ijk

cnepHoTo npeactassike - MY =a A B,P"e, , kbaeto €y
— cumBON Ha Jlesu-Yusuta.

KomnoHerTuTe Ha P® B Hait-06Lmst cnyyali e BbaMOXHO Aa
ce BABaT (DyHKUMM Ha MpPemMecBaHeTo X,E’) BTodka A B
koopamHaTteH 6asuc e? | eTo 3allo

x? =B, (X" +aA).

Taka Hanpumep, ako cunata P sesiga kato pesynrat ot
pedopMaumaTa  (CBUBGHETO) HA  enacTUYHUS  eNeMEHT
(HanpaensiBawmTe ponku), 6e3 npekbcBaHe Ha KOHTaKTa,
MeXdy NOAeMHMS CbA W BOfayuTe OT apMupoBkata, TO
HOpMarHata cuna B CnydYas Ha JWHeliHa KopaBuHa ce
W34MCnsiBa No criefHaTa oopmyna:

P =—Cx¥ =—CB, (X" +aA),

a TaHreHunanHata W HagnbXHata cuna we ce onpenenar
CbOTBETHO:

P =t sgnlx(”),
P =~ sgnlx(”),

kboeto f, u f, — KoeULUNEHTH Ha TPUEHE NPU TaHreHLMarHo

Nib3raHe Ha HanpaensBaluMTe PofkM MO BOJAYUTE U
koeduLMeHT Ha TpueHe npu nioneeHe, C, — ekBMBamneHTHa

KOpaBMHa Ha CuCTEMaTa «HanpaBrsiBalla ponka - Bodady,
X o x? CbOTBETHO TaHreHUManHa M HaambXHa

CbCTaBsILLA Ha CKOPOCTTa Ha [BWKEHWE Ha HanpaBnsiBaLLuTe
porkn cnpsiMo Bogaumte. CbBKYMHOCTTA OT  MpUBEAEHUTE
YPaBHEHWS OCUTypsiBaT EAMHCTBO Ha CUCTEMATa ypaBHEHMS 33
AnHamukaTa Ha nogemHns cbg (9) u (10).

YpaBHeHUs 3a AMHAMUKATa HAa BoJauuTe oT
apMMpoBKaTa Ha luaxTa

3a ocurypsiBaHe Ha HopmarHo u 6e30MmacHoO [OBWXEHWE Ha
NOAEMHNS CbA MO BEPTUKANHA LaxTa 1 NOLEMHMS KOMMIEKC
[a W3MbIHABa CBOUTE TEXHOMOMMYHM (DYHKLMM, Han-4ecTo ce
MpueMa pelleHWe 3a [BWKEHWE Ha NOLEMHMSt Cbd MO
HanpaBnsBaly BoAaun. TOBa pELIEHWEe Ce peanuavpa 4pes
W3MON3BaHETO Ha BOZAYM, MOHTUPaHU MO UsnaTa AbnbounHa
Ha WaxTaTa W HampaBsBallM YCTPOWCTBA, MOHTUPaHU KbM
NOAEMHNSA Cb. XOPM3OHTArHOTO MONOXEHWE Ha MOAEMHMS
Cbf Ce onpegens (orpaHuyasa) oT nydita Mexay BogauuTe n
HanpaBnsBalLMTe YCTPOACTBA Ha NOAEMHUS Cbf. Hai-yecto
Ce npyema peLUeHne 3a ABWKEHWE Ha MOAEMHMS Cbj MO Ba
BOJaya, KaTo HanpaBnsABallM YCTPOWCTBA Ca MOHTMPaHW B
4ETUPY TOYKM Ha MOAEMHMS Cbf.

Ha ¢our. 3 e nokazaHa cxema 3a apMMpOBKa Ha BepTUKanHa
LiaxTa M pasrorioXEeHNETO Ha BOAAYMTE CPAMO MOAEMHMS
Cba.



ﬂl/l(bepeHLll/laﬂHOTO ypaBHEHWE, ONUCBaLLO AWHaMuKata Ha
TBbPAW BOAAYN OT apMUPOBKaTa Ha BEPTUKanHarta waxra nva
CnegHoTo npeacraesaHe

d'u dwU
EJ L4+
st TP ar

— 2
+ NZ:[mp ddtl’Ii +C, .U,)&.(s —n.h)+
+> PP.8(s-2)=0

(11)

kbaeTo Uifs,t) — dyHKUMS 3a HanpeyHOTO NpeMecTBaHe Ha
TOYKM OT BOAAYATE B XOPU3OHTaNHa paBHUHA, EJe , Pe-
KopaBWHa Ha OrbBaHe M NuHelHa Maca Ha Bogauute; mp u Cp
— NpUCbeaMHeHa Maca W KopaBiHA Ha pasCTpennTe B TouKaTa
Ha NpuUCbeauHsiBaHe Ha Bofaya; h - CTbrka Ha apMUpOBKaTa;
N - 6poii Ha pascTpenHuTe rpea B WwaxTata; P - BbHWHa
cuna KosiTo [leicTBa Ha Bojada B Toukata s=z. O4YeBMaHO € ,
P®, sueenera Tyk n P?, BbBeneHa npu pasmexpaHe
OBWXEHMeTO Ha noaemMHuA Cb[, Ca TbXAECTBEHO pPaBHWM NO
moayn. ,U,eVICTBI/IeTO Ha BBbHLUHUTE CUNK BbPXYy BOOAYUTE €
NpeACTaBeHo C NoMoLUTa Ha (hyHKUmMATa Ha [upak 6.

Penyuupal-le Ha ypaBHeHUATa 3a
B3alMoJencTBme Mexay enemMeHTuTe Ha
nogeMeH Komniekc

WHTerpupaHeTto Ha obwata cuctema [audepeHumanim
YpaBHeHWs 3a AMHamuKaTa Ha nogemHata ypenba B TakbB
BMI, B KaKbBTO Ca NMPEACTABEHM B TO3M AOKNa, € CBbp3aHo
CbC 3HAYUTENHN TPYAHOCTM OT MaTEMATUYEH W U34NCTIMTENEH
Xapaktep EcTecTBeHMs nopxon 3a NonyyYaBaHe peLLeHNeTo
Ha nopobHa cucTeMa e CBbP3aH C ONpoCTSIBaHE Ha cucTemara
andepeHunantn  ypaBHeHus. 3a ga MOXe MONyyeHuTe
pelerns aa GbaaT NpUNoXUMM 3a LienuTe Ha WHXeHepHaTa
npakTuka, M KoeTo € 0COBEHO BaXHO, MpW OMpPOCTsBaHe
ypaBHeHMATa fga He 6baaT NMWeHM OT ToBa (PM3MYECKo
CbbpXaHWe, KOETO € 3anoXeHo B M3xofHaTa CMCTEMa,
OCHOBHaTa 3ajaya Ce CbCTOM MNpean  BCUYKO B
paspaboTBaHeTO Ha LienecbobpaseH METOA 3a peluaBaHe Ha
MoslyyeHaTa cucTeMa ypaBHEHUS 33 B3aMMOLENCTBUS MexXay
€NTeMEHTUTE Ha NoAeMeH komnnekc. MeTogbT OT efHa cTpaHa
TpsibBa fa fjaBa AOCTATbYHO TOYHM PELLEHs, a OT apyra — Aa
He Obfe TBbpAe CMOXeH, TbA KaTo nopagu ronsmara
CMOXHOCT Ha cUCTEMATA B LiSNIO M NPEKOMEPHO ThHKUS NOAXOS,
KbM pellaBaHe Ha 3ajayaTa e Bb3MOXHO [a He Aafe
HeobxoammaTa TOUHOCT Ha pesynTaTuTe.

Han-o6wus meTog 3a pelaBaHe Ha YpaBHEHMS B YacTHW
MPOU3BOAHM Ce CLCTOW MO MPaBwIo, B HamansBaHe bpos Ha
cTeneHuTe Ha cBoboga Ha MexaHWyHata cuctema C
pasnpegeneHn Macw. [1OCTPOSIBAHETO Ha peLieHNEe BbB
copmMa Ha pasnaraHe no COOCTBEHM, KOOPAMHATHM WIK
BasncHM YHKLUMM, HE € HULLO APYro, OCBEH KaTo METoA, Npy
KOWTO BMECTO cucTema ¢ 6e3kpaeH 6poii cTeneHmn Ha ceoboaa
Ce pasrnexga kato cucTeMa ¢ orpaHuyeHms. B ToBa ce cbeTom
1 Han-0BLwMs NOAXOR 3a pedyKuMst Ha CUCTeMa ypaBHEHUS B
4acTHM MPoM3BOAHU. B peaunua cnyyait pegykumsTa KbM €4HO
YpaBHEHWe (ypaBHeHWe C MbpeO NpubnMKeHWe) [Aasa
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HeobxoaMMaTa TOYHOCT B PELLEHUETO, KOETO 3aBMCH CaMo OT
yAayHo noaGpaHaTa koopauHaTHa doyHKUWs. CriefosaTenHo,
pedyKUMsITa Ha YpaBHEHWATA B YaCTHW MNPOM3BOAHW Ce
CBBLP3Ba C U300p 1 ONpeaensHe cTeneHuTe Ha cBoboaa, KOeTo
B 06LLMA eHeprieH 6anaHc Ha cucTemaTa ce ABABAT OCHOBHU
HOCUTENM Ha eHepruitHaTa UHdopMaLns.

ColyHocTTa Ha pasapaboTeHuTe METoaM 3a peaykuus Ha
nonyyYeHuTe  OUdpepeHUManHn  ypaBHEHWS B YacCTHU
NpON3BOAHH, € NOAPOBHO U3NOXEHO B [7].

anHIJMﬂVI 3a NoCTpoABaHe Ha NporpamMHun
MoAaynu Ha maTeMaTU4eCKuTe Mmogenn Ha
pyAHU4eH nogemMeH KoMnJiekc

UucneHata peanusauns Ha paspaboTeHuTe MeTogu 3a
pellaBaHe Ha [JudepeHUManHu YpaBHEHUS B YaCTHM
MPOU3BOAHM, OCHOBAH Ha NPUBEXAAHETO UM KbM peayLmpaHm
ypaBHEHWs, B CbBKyMHOCT obpasysaluu obLy MaTemaTiyeH
MOZEN 3@ AMHaMUYECKOTO CbCTOSHUE HA PYAHUYEH NOAEMEH
KOMMIIEKC, Ce OCBLUECTBSBA C M3NOMN3BaHUTO Ha ChBPEMEHHM
©MEKTPOHHO-M3YNCTIUTENHN  Malmku.  [pn  ToBa  KbM
MPOrPaMHOTO OCUTypsiBaHE Ha CUMYMALMOHHOTO MOLENMpaHe
ce NpeasBABaT CNeAHNUTE OCHOBHW U3NCKBAHNS:

1. Bb3MOXHOCT 3a MOAEnMpaHe Ha OCHOBHWTE TWMOBE

NoJeMHU KOMMIieKkcH, ob3aBefieH C MOAEMHM  MalUWHM
GapabaHeH TWN 1M MHOrOBBXEHW,  3aOBWXKBaHW C
eNeKTpofBuraTeNt  Ha MPOMEHNMB U MOCTOSHEH  TOK,

perynupanm Ypes 3agasaHe Ha CKopoCTTa.

2. Bb3MOXHOCT 3a MOfEenMpaHe Ha OCHOBHUTE AMHAMMUYECKN
CbCTOSIHMSI U PEXMMU HA [BMKEHWE. TOBApO-Pa3TOBApHUTE
onepauMM Ha NOJEMHUTe Cb[OBE, pa3CcTonopsiBaHe Ha
noAemMHaTa MaluiHa (CMpayHoTO ycurMe cTaBa paBHO Ha
Hyna),  MporpamupyeMo  [BWXEeHWe,  3acTonopsiBaHe,
npeanasHo crnupaHe.

3. Bb3amOXHOCT 3a MopenupaHe OBMKEHWETO Ha MOJEMHUTE
CbfOBE MO 3afafeHWN UMK TEeHepupaHu MO CryyYaeH 3aKoH
pedopMaumu  Ha  BoAauuTe, NpWU  330aAEHN  SIKOCTHM
XapakTepucTUKW Ha HanpaBnsBawuTe YCTpoACTBa npw
Pa3nMYHN NPaKTUYECKU peannaupyeMm CXeMM 3a apMUpOBKA
Ha Waxtata W NpW  pasfMyHM  Pa3NONOXEHUs  Ha
HanpaBnsBaLLMTe POMKA Ha NOAEMHUS CbA.

4, Bb3MOXHOCT 32 MOZENMpaHe Ha EKCTPEMHU CUTyauuu:
NPUNITb3BaHe Ha MOAEMHUTE BbXETa CrpsAMO 3aABUKBALLMS
GapabaH; HaBnu3aHe Ha MOAEMHMS Cbd C YAAp BBPXY
NpensTcTBus (amMopTU3aTOpM), YAapu Ha HanpaBnsiBaluTe
YCTPOACTBA Ha MOLEMHUS CbJ B MSCTOTO Ha CTWKOBAHE Ha
BOAauuTe.

5. Bb3MOXHOCT 3a MOZENMpaHe Ha pasnpeserneHne Ha cunute
MeXOy MOAEMHUTE BbXeTa MPW MHOTOBBXEHUTE NOLEMHU
MaLLMHW.

Peanusaumsita Ha TakMBa W3UCKBAHUS B  KOHKPETHM
MporpamMHM  MOZYNN MPeasBsABaT CTPOM M3WUCKBAHUS KbM
3aeMaHaTa  onepaTMBHA  NaMeT  Ha  M3non3BaHaTa
M34YUCNUTENHa MalLnHa, Heobxoguma 3a 3anucBaHe Ha 6asata
OaHHM WM cxofHa WHopMauus W 3a peanuanpaHe Ha
onpeneneHa ckopocT Ha U3uucnuTenHus npolec. MocneaHoTo
W3MCKBaHe B MpearHWs Cryyal ce cBexaa A0 ToBa, ue



MallNHHOTO MpPEME 3a U34ucnaBaHe He TpﬂGBa pa bvge no-
Malnko OT BPEMETO 3a MNpPOoTU4aHe Ha pearnHua npouec KOMTO
Ce nscnenea, 1.e. 40 U3NMblTHEHNE Ha YCINOBUETO:

,MaLL1HHO Bpeme” < ,pearHo Bpeme”

YOOoBNeTBOpsABAaHETO Ha TOBAa CTPOTO M3W3KBaHe CTaBa
Bb3MOXHO (3@ €NEKTPOHHO-M3YMCTIUTENHM MaLLMHK, UMaLLM
CKOPOCT Ha M3dMCcnIsiBaHe OT mopsigbka Ha 108 onepauuy 3a
CeKyHOa) camo B pesynTarT Ha paspaboTeHaTa creupanHa
anropuTMM3aLMs 3a YMCTIEHO WHTErpuUpaHe Ha cucTema
ANcEPEHLMANHN YpaBHEHUS!.

B [7] ca nomyyeHn uTEpaLMOHHM HOPMYNKM, KOWUTO
CbLUECTBEHO Ce OTIMYaBaT OT M3BECTHUTE WTepaLOHHN
opmyrm  Ha Omnep, PyHre-Kyta u pgp. OcHoBHOTO
NPeAUMCTBO Ha Te3n 3aBMCMMOCTU Ce CbCTOM B TOBA, Ye Te
Mo3BONSBAT Aa C& W3MbIHU UHTErPUPaHe Ha YpaBHEHWUS CbC
3HaYMTENHO NO-roNsiMa CTbIKa, KOESATO CE U3NCKBA, HanpuMep
npu uTepaumoHHuTe hopmynn no Metogda Ha Onnep [21].

EavH HOB pe3ynTat npu nscnepnBaHe
AWHAaMUKaTa Ha PyAHU4YHUTE NOAEeMHM ypep,6u

Ha dwur.5, cxemaTWyHO € NpeacTaBeH eauH OT BOAAuMTe Ha
NOAEMHUS Cbfl, KOWTO M3BbPLUBA HaNpUMEP, XOPWU3OHTaNHM
konebaHus.
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®ur. 5. U3uncnutenHa cxema Ha BoAaya OT apMMpoOBKaTa Ha BepTUKanHa
wiaxTta , npeacTaBeH KaTo rpeda Ha enacTM4HU MacMBHM onopu

Mpvema ce, 4e BOOAYbT WMMa MOCTOSIHHA KOpaBMHA Ha
orbBaHe EJ no usnara cv gbmkuHa L 1 nnuHeiHa nimbTHOCT

p . B paBHOOTCTOSIUYM efHa OT fpyra TOYKM CbC CTBIKA h

BOZAYbT Ce Onupa Ha enacTuyHu Onopw, KOWTO UMaT NIUHeHa
kopasuHa C,. B cbwute Tesu TodukM ce pasnonara

CcbCpedoTodeHata Maca M KONTO MO  CbLLECTBO

p)
npeacTaBnsBaT npuBedeHUTE (MPUCHEAMHEHM) Macu Ha
pascTpenHute rpegu. bposT Ha emactudyHuTe omopu ce
npuema N—1, npu koeto N e Bb3MOXHO da Obge
JOCTaTbYyHO ronsmo, koeto uWwe Oboe Ommsko [0
cbliecTByBawumTe cuctemu. B kpanwara cn (B Toukm O w
N ) ce npuema, Ye Bofaya € 3aKpeneH LIAPHUPHO. Beuuku
onopu ca Homepupau ¢ Homepa ot 0 o N.

3a TakaBa M3UYMCTIUTENHA CXeMaTu3auus Ha CrnyvaiiTe,
KoraTo NofiemMHNs Cbfl Ce NpeacTaBs kaTo MaTepuanHa Touka,
B HyNneBo NpuONuKeHWe YpaBHEHWETO 3a [BVKEHME Ha
NOAEMHUS b/l MMa CIIeHOTO NPECTaBAHE:

X+ f(7)x=0, (12)
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B nbpBo NpubnukeHne, OTYNTANKN MacaTa Ha BofauuTe, 3a
MbPBM MbT € MONYYeHo ypaBHEHUETO B BUAA:

d’x
dz?
exfpit(r)+ et (z)]=0

dx
[1+ef(c)]+2¢ AL | )

B (13) ca npuetn criegHuTe 03HaYEHUS:
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KbAETO M — Maca Ha OBuXellnsa ce nogemMeH Cb[, v

n
MakCManHa CKOPOCT Ha [ABWKEHME Ha MOJEMHU Cb.
dynkumaTa f(r) e cebpsaHa ¢ MoaudmUMpaHaTa GyHKUMS Ha
BNMSHUE OT HyneB ped W NPeACcTaBnsBa Mo ChlECTBO
W3BeCTHaTa (hyHKLMS 33 KOpaBUHa, NMoapoBHO M3cnensaHa B
paboTute Ha H.I". Fapkywm, A.IN. Betposa 1 B. M. [1BopHuMKOB.

YpasHeHusta (12) u (13) npuHagnexat KbM  krnaca
ypaBHEHWS Ha XWn W 3a MbpBM MbT MO TaX B paboTtute Ha H.I'.
lapkyww, A.MN. Betpoea u B. W. [IBopHukoB e noctpoeHa
Avarpama 3a obnactta Ha AEeMYNTUNIMKALMOHEHO PE30HaHC,
npeactaBeHa Ha ur. 6a. WsknioumtenHo BaxHO e ga ce
otbenexw, Ye noseve ot 50 roauHM guarpamara, nokasaHa Ha
cur.6a.ce wu3non3Ba 3a onpedensHe Ha YcroBusTa 3a
Bb3HWUKBAHE Ha Pe30OHaHC B cucTemata ,MOLEeMEH Cbh —
apMMpoBKa” MpU NPOEKTUPaHEe Ha HOBW W PEKOHCTPYKLMS Ha
crapu PIY. lNopgobHa auarpama nocTpoeHa Bb3OCHOBA Ha
ypaBHeHneTo (13) e nokasaHa Ha ¢ur. 66 3a ¢=10,01,

MonyyeHa 3a MbPBM MbT OT aBTOpa.
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®ur. 6. ObnacTM Ha [AeMyNTUNNUKALMOHEH pe3oHaHC 6e3 oTyuTaHe
Macata Ha BopjauuTe (OTNSIBO) M C OTYMTaHe MacaTa Ha Bojauute
(oTAsACHO)

Kakto ce Bwkga ot dwr. 66, pgsacHata rpaHuua Ha
OEMYNTUMIVKAUMOHHUS pe3oHaHe (kpwBa 3) npu Ino< 8
NpaKTU4eckn He ce oTnnyaea ot kpusa AC 3acnyyasd £=0,
KaTo MpuW TonemMu CTOWHOCTTM Ha o — PsA3KO Ce MpemecTea
HafsCHO, KOETO BOAM [0 €CTECTBEHHOTO CBMBaHE Ha
paboTHaTa JOpe3oHaHCHa 30Ha. Ho Hail-BaXKHOTO KAaueCTBEHO
OTNIMYMe B MOMy4YeHaTa HOBa [uarpama B CPaBHEHWE CbC
cnyyas npu £ =0 ce CbCTON B NOSIBATA Ha Taka HapeYeHUaT
OT aBTopa «CybpemynTunnvKaLMoHHay obnacT Ha Pe3oHaHc,
OrpaHMyeHa OTASICHO C kpuBata 1 M ce mpocTupa o
M, >0 (V. —>o0). Tpun TOBa nsABaTa rpaHMua Ha



AEMYNTUNNMKALMOHHNSA PEe30HaHC (kpuBa 2) 3HAUMTENHO ce
OTNMYaBa OT CLOTBETCTBYBALlATa U KpuBa AB.

M3noxeHaTa Teopust MOXe [a Ce M3ron3ea ChLUo Taka U B
3afjaynte 3a [OBMXEHWEe Ha Maca C NOCTOAHHa CKOPOCT no

rpefa, KoATO Ce Hamupa Ha enacThudHa BWHKNEPOBCKa
OCHOBa.

N3Boau:

Hesasucumo oT rongamoTo MHOF006pa3VIe Ha

CbluecTByBalnuTe NOAEMHM KOMMMEKCH, KOUTO Ce pasnnyasat
no-mexnay CuU Kakto no npuHUUNa Ha [eicTBME, Taka M no
CbCTaB Ha €eNneMeHTuUTe, € NoKa3aHa Bb3MOXHOCTTa Oa Ce
nane KOMMNJIEKCHO MaremaTu4ecko onuncaHue 3a
OWHaMN4eCKOTO CbCTOAHME Ha BCUYKM OCHOBHW €neMeHTU Ha
pasrnexnaHara cucrtema.

B pesynTar Ha U3BbLPLLEHOTO M3CNeBaHe e YCTAHOBEHO:

1. [OnHamukaTa Ha €enekTpO3afBWKBAHETO Ha MOAEMHMS
KOMMMEKC Ce OMMCBa C KOMNaKTHa cucTeMa audepeHunantu
YpaBHEHUs1 OT TEH30PEH TWM. 3@ PErynupyemo 3aaBuKBaHe
MnonyyeHUTe ypaBHEHWs AABAT BLXKMOXHOCT Aa Ce u3yyat
AMHAMUYECKUTE MPOLIECH B CIIOXKHW MPEXOAHU PexuMM Ha
nyckaHe, NMpU U3KIKOYBaHE Ha CMIMPAYHUTE YCWUAUS BbPXY

MalnMHaTa, [BWKEHME C MPOMEHNNBA  CKOpOCT npu
NPOW3BOMHO 33AaMEH 3aKOH 338 HEMHOTO 3MEHEHNE.
2. [ndepeHumanHnte ypaBHEHWSt 3a [BMKEHME Ha

OUCKPETHM MacK Ha noAeMHaTa MalllHa, CBbP3aHu Nno Mexay
Cl C enacTh4HN BPb3KK, CTaBaT CbLLECTBEHO HGHVIHGI?IHI/I, ako
ce oTuuTa Nypta B KMHEMATMYHUTE OBOMKM 3bOHM enemeHTy
Ha pegyktopa. llonyyeHnTe ypaBHEHUS C HEMMHEMHOCTM e
HeobX0oaMMO [ja Ce pasrnexaar npu U3yvaBaHeTo pexuma Ha
Ha4anHo nyckaHe M 0ocobeHO Mpu CnMpaHe Ha nogemHaTta
MallmHa.

3. [uHamMM4yeckoTO CbCTOSIHME HA  NOAEMHUTE W
YPaBHOBECSBALLM BbXETA Ce ON1CBaT C KOMMaKTHA cucTeMa
HEeNUHEeNHN YpaBHEHUS OT TEH30peH Tun. Te3n ypaBHEeHUs ca
NPUMOXUMM 32 OMUCBAHE [ABWKEHMETO KaKTO Ha eduH
NpaBONMHEEH OTBEC Ha BbXe, Taka U Ha HAKMOHEHO BUCALLO
0coBeHO Ha ypaBHOBeCsBaWlM BbXeTa, OTYMTaHe Ha
reoMeTpuyHaTa HenuHEeMHOCT, KOTO Mpu Apyru noaxoaum 3a
MaTeMaTWYecko  ONMWUCaHWe  NpeAcTaBnsiBa  Hal-ronsMa
TPYAHOCT.

4. [1BMKXEHMETO Ha MOAEMHMS CbA KaTO TBbPAO TAMNO Ce
OMKUCBa CbC CUCTEMA AUMEPEHLNanHN YpaBHUHWS, KONTO 3a
pasnuka OT CbLUeCTBYBaLNTE MOAENM OTYMTAT CbLUECTBEHa
Bpb3ka Ha NMOAEMHUTE CbJOBE C MABHUTE W YPaBHOBECABALLM
BbXeTa, KoWTO obycnsBaT He camo cTabunnaupallo
Bb3OENCTBME Ha NMOLEMHUS CbA B HAZJTbXHa NOCOKa, HO M Ce
ABABAT M3TOYHWLM 3@ HAMPEYHU CUMW 1 YCYKBALLM MOMEHTU.
3annceaHeTo Ha ypaBHeHUsITa 3a [BIMkeHMe BbB (popmata Ha
CUNM MO3BOMNSABa € Ce OTYMTaT VHEpUWMOHHWTE CUNMU Ha
BO@uMTE OT apMupOBKaTa.

5. WacnegeaHeto Ha KonebaHuATa Ha BoAauuTe Ha
MOAEMHUS KOMMNeKC (kopaBW METanHW pencu 1 CrewuanHm
npocuny, TbBKaBM BLXEHW), KOWTO CE ONMCBAT CbC
CbLUECTBEHO PAa3NMYHM YPaBHEHWS € Bb3MOXHO Aa Obae
OCbLIECTBEHO Ha OCHOBAaTa Ha WAEHTUYHWS  MOAXOA,
BrarogapeHne Ha OOLIHOCTTA Ha M3pasuTe 3a ycunusTa Ha
B3aMMOZENCTBME C  HampaBnsiBaluTe  YCTPOWCTBA Ha
MOAEMHUS CbA.
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6. [lonyyeHute  OudbepeHUManHU  ypaBHeHWs  3a
OMHAMUYECKOTO CbCTOSHME Ha OCHOBHUTE ENleMEeHTU Ha
NOJEMHUS KOMMIIEKC UMAT SIpKO 13pa3eHa B3aMmMo3aBUCUMOCT,
KOETO Ce OCbLUECTBABA C BbBEXOAHETO Ha YCroBusTa 3a
KMHEMATWMYHW M cunoBu Bpb3kn. C ToBa ce ocurypsisa B
paMKUTE Ha CUCTEMHUS MOAXOL LANOCT WM efWHCTBO Ha
KOMMMEKCHUS MaTemaTuyeH MOAENn Ha pasrnexgaHata
enekTpoMexaHuyHa cuctema.

7. PagpaboTeHuTe MOAENW ca peanuaupaHit 1 aganTtipaHm
3a MepcoHanHM KOMMITPU UM CblTe TpAbBa fOa ce
pasrnexgar oT obLuaTa cucTeMa 3a TEXHUYECKo 0BCryBaHe 1
PEMOHT MO TEXHWYECKOTO CbCTOSHWE Ha obekta W Ha
CpefcTBaTa 3a TeXHUYecKaTa AMarHocTuka.

8. MpegnaraHuTe Mogenu ce npenopbyBa 4a ce M3nonasat
npe3 BCUYKUTE eTanu Ha npoekTupaHeTo Ha PIIK, kbM kouTo
Ce BKMIOYBAT W NPOEKTHOTO 3agaHue, Tbi kaTo NO3BOMABA OLUE
Ha paHeH CTaauu Ha NPOEKTHO-KOHCTPYKTOPCKM peLLeHus aa
ce OTKpusT “cnabute” cTpaHu Ha Obgellara cuctema u
CBOEBPEMEHHO [ja Ce M3BerHar KOHMKTHI cuTyaLmm.
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WU3CNEOBAHE ®AKTOPUTE, BINUAELLWN BPXY ENIEKTPO3AXPAHBAHETO HA
OCHOBHUWUTE TOBAPAYHU MALLUHKX B PYOHUK ,,ACAPEJ”

Eemum Kbpuyenux!, Hukonat MuHekog?

MIY ,Cs. Wean Puncku”, 1700, Cogpus
2Acapen - Medem” AL], 2p. MaHaeopulie

PE3IOME. B foknaga e HanpaseH aHanu3 Ha (hakTopuTe, BAWSIELLM BbPXY €NeKTpo3axpaHBaHETO Ha OCHOBHUTE TOBapauyHM MaluuHW, paboTellu B pyAHWK
,Acapen”. UssbplueHa e obpaboTka 1 aHanu3 Ha AaHHWTe 3a npecTouTe Ha GarepuTe, Nopaay NPekbCBaHe Ha enekTpo3axpaHBaHeTo 3a nepuop oT 24 Mecelia.

STUDY THE FACTORS AFFECTING ON POWER SUPPLY OF THE MAIN LOADERS MACHINES IN “ASSAREL” MINE
Evtim Kurtzelin', Nikolai Minekov?

"University of Mining and Geology “St. Ivan Rilski’, Sofia, Republic of Bulgaria

2‘Asarel-Medet” Ltd, Panagiyriste, Republic of Bulgaria

ABSTRACT. An analysis of the factors having impact on the electric supply of basic loading machines operating in the Assarel Mine is made in the report. Processing
and analysis of data is made for shovel downtimes due to interruption of electric supply for a period of 24 months.

YBoa 1. [lpecmou 3a nnaHo8 U agapueH peMoHm;
1.1. NNP;

JAcapen-Menet” All ce Hamupa B CbLLyHCKa CpefHa ropa - 1.2. MpecTou 3a oTCTpaHsBaHe Ha MexaHu4Hu asapun /MA/;
Ha 11 kM ceBeposanagHo oT rp. Mawariopuie 1 Ha 90 km 1.3. MpecTov 3a oTCTPaHsiBaHe Ha aBapuM B NIEKTPOCLOPBKE-
M3TOYHO OT cTonnuaTta Codhusi, KaTo 3aema noLL oT okoso 20 HusTa /En. AV.

000 AKa CbC cpedHa Haamopcka BicourHa ot 1000 M. Gup- 2. OpraHu3aLMOHHO—TEXHOMOT4HI MPecTom:
MaTa bpBa B CBETA OpraHM3npa ecekTueH [o6uB 1 obora- 2.1. Mpecrou Ha Garepu, nopazv npobremy ¢ npuemaHeTo Ha
TABaHe Ha MedHN PyaM CbC ChabpkaHue Ha Med nop 0,5 %. PyAa B oboratuTenHara habpuka;

OCHOBHUTE TMPOU3BOACTBEHM 3BeHa Ha ApykectBoto ca  2.2. [1pecton Ha Garepu, nopaan npobremi ¢ npuemaHeTo Ha
OTKPUT PYAHMK M 0BOraTUTENEH KOMMMEKC. OTKPMBKA B LIMKNNYHO — noToyHaTa TexHonorus /LIT/;

B OTKPUTMS PYAHWMK 33 M3KOMaBaHe W HaToBapBaHe Ha 2.3. Mpecron Ha Garepw, Nopajy NMNca Ha MallvH 3a TpaHc-
oTOWTaTa ckanHa Maca Bbpxy TPaHCMOpTHUTEe CPeAcTBa ce nopTvpaHe Ha MUHHA Maca /nunca Ha PyAHNYHI TEXHOMOT4HN
u3nonaeat xuapasnuyHn Garepn RH 120, LIEBHERR R 994 asTocamocsanu/;
3a[BWKBaHN OT ABUraTENM C BbTPELLHO FOPEHe; XMOPaBINYHM 24. Tlpecton Ha barepu, nopaain U3BbPLIBaHE HA B3PUBHM
Garepu LIEBHERR ER 994 3apBiuxBaHW OT  €NEKTPUYECKM paboty;

Aguratent v yenHu tosapaun CATERPILLAR. 2.5. Mpectowu, nopazy 3apexpade ¢ FCM;

YcroBusiTa 3a eKcrnoaTalyst Ha M3KOMHO — TOBapauHuTe 2.6. MpecTon, nopagy npemecTsaHe Ha Garepute Ha HOBO
MaLLMHW B OTKPUTUS pyaHUK ,Acapen” ca MHOMO pasHoobpasHu paboTHo msicTo.

11 HEMOCTOSIHHW B PE3YNTaT, Ha koeTo paboTaTa UM € CBbp3aHa 3a oT4MTaHe Ha npecTouTe Ha 0bopyABaHETO 3a U3BbPLLBAHE
C YECTN NPEKbCBaHMS C pasnyHa NPOAbIKUTENHOCT. Mopaau Ha NNaHoBM W aBapUWHN PEMOHTH, EXE[HEBHO Ce OT4MTa
TOBA aHaNMM3bT Ha CTPyKTypata Ha paboTHOTO BpeMe, KOB(ULIMEHT Ha TeXHUYecka roToBHOCT KTr:

BWIOBETE MPECTOM W TAXHOTO BWSHUE BbPXY MPOU3BOAY-

TENHOCTTA Ha MEXaHM3aLWMsITa € UBKIKYUTENHO BaeH [5]. Kme = (te + tmn) / T, %, (1)

KbleTo te — Bpeme B eKcnroatalus,

dakTopK, Bnusewwm BbpXy NPOM3BOANTENHOCTTA ;’""p;:(ﬁ&"gi gp;i’;”ggggﬁ:i”eg‘;;‘go”?
Ha Garepute B '

3a oTuaraHe  nmpectoute Ha o6oOpydBaHETo, nopaau
OpraHM3aLMoOHHO TEXHOMOTUYHW MPUYMHU  EXEOHEBHO Ce
OTYMTa KOedULMEHT Ha uanonssaHe Ku:

OCHOBHM MpWUYMHM 3a CMMpaHe Ha NPOU3BOACTBEHMUS NPOLIEC
B PyOHMKa ca MNaHOBO — MPEeynpemuTeEnHUTE PEMOHTU Ha
mexanusauusaTa /MMP/. Oceen MNP ca xapakTepHu u apyru
NPUYMHWM 3a NpeKbCBaHe Ha MPOW3BOACTBEHWS MPOLEC, Ku=te/(T-tp), % @)
AehVHIPaHN KaKTo crieasa:
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KbeTo te — BpEMe B eKcnnoaTauus;
T - pexwumeH oHg paboTHO Bpeme.
tp — Bpeme 3a NnaHoB 1 aBapUEH PEMOHT.

Koeduumentute Ku n Kme okassaT npsko BAMsHUE BbPXY
eXefHeBHaTa, MECEYHa W roguwHaTa NpoM3BOAMTENHOCT Ha
MUHHUTE MaLLUUHW 1 U3MbITHEHME Ha NNnaHa 3a J00MB Ha MUHHA
maca [2, 3].

B HacTosWwms [oknaz e M3BbPLLUEH aHanu3 Ha dhakTopuTe,
npeau3BUKBaLLM MPeKbCBAHE Ha enekTpo3axpaHBaHETO Ha
OCHOBHUTE TOBapaYHW MaLLUHK C eNeKTPUYECKo 3aaBIXBaHE,
paboTewy B pyaHuK ,Acapen’.

q)aKTOpM, BoAewu Ao npeKkbcBaHe
eJIeKTpo3axpaHBaHeToO Ha 6arepm'e

BbTpewHoTo enektpocHabaseaHe Ha pyaHuk ,Acapen’ e
peanuaupaHo ¢ Bb3gyLHU uHuM /BI1/ v kabenHu nuHum /KI/.
3axpaHBaHeTO MM Ce OCbLUECTBABA OT MOCTPOEHA Ha
TEPUTOPUSITA Ha PYAHMKA NOHWKABALLA NOACTaHLMS.

Bb3gylWHUTe NUHWM Ce OEensT Ha NOCTOSHHU U BPEMEHHM.
MocTosHHMTE ca u3rpageHn no Gopha Ha pyaHuka wim no
HepaboTHUTE XOPW3OHTW, a BPEMEHHUTE — no paboTHWUTE
XOPW30HTH.

3axpaHBaHETO Ha MOABWKHUTE KOHCYMATOpW B PYAHWKA
[Barepu/ € OCbBLIECTBEHO uYpe3 NOLBWKHW  PYAHUYHU
NPEeBKMIOYBATENHN  MyHKTOBE UM IbBKaBM  kabenu  3a
HanpexeHue 6 kV. KoHcymaTopute 3a HWCKO HampexeHue
[coHam, nomnexn ypenbu v agp./ ce 3axpaHeaTr NoOCpeacTBOM
TPaHCHOPMATOPHI NOCTOBE, NPUCHEANHEHN KbM Bb3AYLIHUTE
€IEKTPONPOBOAM.

AHanu3bT Ha npectoute Ha Garepute, nopagun NpeKbCBaHe
Ha eneKkTpo3axpaHBaHETO € W3BbpLLeH Ha Ha3a HabnogeHNs
3a nepuop ot 24 meceya. Ot 01.12.2006 r. go 01.12.2008 r. ca
peanuaupaHu NpecTown, B CNEACTBIE NPEKbCBAHE Ha eNekTpo-
3axpaHBaHeTo, KOWTO MoraT ga Gbgat knacuduumpaHn no
CNEAHUS HaYWH:

1. OpeaHu3ayUOHHO — MEXHOJI02UYHU hpecmou:
1.1. YobmxasaHe, kopekuns Ha BJT;

1.2. lpemectBaHe Ha BJl, nopagu TexHomornyHa
HeobxogumocT, 6e3 npomsHa Ha paboOTHOTO MSACTO Ha
Garepute;

1.3. YabnmxaBaHe Ha KIT;

1.4. MNpesaxpaHBaHe;

1.5. MNpemectBaHe Ha BJ1, KI1 1 npeBknouBaTenHun nyHKToBe,
npw npemecTBaHe Ha barepute Ha HOBO PabOTHO MSCTO.

2. OpeaHusauuoHHo - npednasHu npecmou -
npeesaHMUuUBHO NpeKbC8aHe Ha e/lekmpo3axpaHeaHemo, ¢
yen npedomepamsieaHe 8 b3HUK8aHe Ha asapuu:

2.1. V3kntouBaHe Ha U3Bog, nopaau rpbMoTeBuyHa Oyps;

2.2. W3knouBaHe Ha M3Bof, Nopaau CUNEH BATH;

3. Mpecmou, nopadu eb3HUK8aHe Ha asapuu no
e/IeKmpoNPEeHOCHama Mpexa:

3.1. MagaHe Ha cTbrbose ot BI;

3.2. Mospeaw B n3onatopute Ha BT,

3.3. BbactaHoBsiBaHe Ha  MNpekbcHaTK
BCMEACTBUE Ha CUIEH BATHP;

MpOBOAHULM,
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3.4. BwbscraHoBsBaHe Ha  NpeKbCHATW  NPOBOAHMLM,
BCMEACTBME HATpynaH cHAr 1 0bneasiBaHe;
3.5. BwbacraHoBsiBaHe Ha  NPOBOAHWLM,  NpeKbCHATM

BCNEACTBME Ha B3pUBHM paboTy;

3.6. Kbco cbeauHeHe mexzay hasoBu NPOBOAHULY;

3.7. KbCO cbeauHeHne Mexay hasoB NPOBOAHMK U 3ems

lepHoha3Ho 3eMHO ChbefMHEHNE - €. 3. C./;

3.8. Kbco cbeauHeHne mexay hasosy

BCNEACTBMe Ha [onMpaHe 0T aBTOCamMoCBal;

3.9. Jlunca Ha 3axpaHBaHe, BCrefcTBME WM3BbPLUBAHE Ha

JmarHocTika Ha BJlT upes obxoxgaHe Ha TpaceTo;

3.10. BwbacraHoBsiBaHe Ha  aBapuM B

NPEBKIOYBATENHW MYHKTOBE;

3.11. Bb3cTaHoBsIBaHe Ha HayanmHu W KpailHu kabemnHw

HaKpanHuLy;

3.12. BbacTaHoBsiBaHe Ha MpeKkbCHaTU kabenw, BCReAcTBUe

NafaHe Ha Kambk;

3.13. Bb3cTaHoBsIBaHe Ha npekbcHaT kaben, BcreacTeue Ha

HeAOoMyCTMMO OfbBaHe oT barepa;

3.14. NMoamsiHa Ha kaben, BCeACTBME NOHWXKEHa U3onauus;
CraTucTUyecku [aHHM 3a NPOABLITKUTENHOCTTA W YecToTaTa

Ha npecTouTe e nokasaHa B Tabmmua Ne 1. OT paHHuTE ce

BUX/A CNEAHOTO:

1. Obwarta NpOgbIXMTENHOCT Ha npecToute Ha barepute,

nopaau NpexkbCcBaHe Ha enekTposaxpaHsaHeTo e 912 vaca 3a

nepuog ot 24 meceua u Bnuse 3a HamanseaHe Ha Kr ¢ 2,61

% Ha BCeku barep.

2. Hait — ronsm npoueHT oT obLiaTta NpogbIPKUTENHOCT Ha

npectoute /39,69 %/ umat npectoute 3a npemectaaHe Ha BJl,

KN » nogBwxHUTE NPEBKMOYBATENHM MYHKTOBE, C Len

npemectBaHe Ha Oarepute Ha HOBO paboTHO MscTO. Kir

Hamansiea ¢ 1,033 %;

2. 17 % ot obwarta npoAbLIIKMTENHOCT Ha MpecTouTe € 3a

W3BbPLIBAHE Ha yObMKaBaHe, kopuripaHe Ha Bl Kir

Hamansisa ¢ 0,44 %;

3. 8,99 % - opraHM3aumMOHHO — NpegnasHu MPeKbCBaHMS Ha

€NeKTpo3axpaHBaHeTo, BCNEACTBUE Ha rPBMOTEBUYHK Bypu 1

cuneH BaTbp. KTr Hamanssa ¢ 0,24 %;

4. 74 % - 3a npemectaHe Ha BJl, nopagn TexHomnornyHa

HeobxogumocT, 6e3 npomsHa Ha pabOTHOTO MSCTO Ha

Barepurte. Ktr Hamanssa ¢ 0,193 %;

5. 7,4 % - 3a npesaxpaHBaHe. K1r Hamansiea ¢ 0,193 %;

6. 19,52 % o1 obwarta NPOgBLITKATENHOCT Ha NpecTouTe € 3a

OTCTPaHsIBaHe Ha CnyyaitHO Bb3HWUKHANW aBapum Ha eNeMeHTM

OT pyZHWYHaTa enekTpocHabauTenHa cuctema. Kir Hamanssa

c 0,51 %.

Ha dwrypa Ne 1 e nokasaHa kpbroBa Auarpama Ha

MPOLEHTHOTO pasnpedenieHne Ha BPeMeTo 3a MnpecToi 3a

BCEKW OTAeNeH dhakTop.

MPOBOAHNLIN,

NoABWXHN

CbkpalleHms:;

LUC - wwHHa cuctema;

KPY - komnnekcHo pasnpefenuTenHo YCTPOUCTBO;
KC - kbco cbeanHeHue;

€.3.C. - eHOHa3HO 3EMHO CbEAVHEHVE;

BJ1 - Bb3ayLWIHA enekTponpeHoCHa NUHKS;

KI1 - kabenHa enexkTponpeHocHa NHS.
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Cmuabose LIC 6 kB

BJT- yovioe

[posodnuyu npexvenami om

[posodnuyu npexvenami om

eamvp cusie

Mecmene na noso patomno

mscmo /MHPM/ — /u/

Tpesaxpansaie
Vovpocasane na xkaden
Kpaen kabenen naxpaiinux
THonudicena usonayus na

Kabena

TTposoduuyu npexvenamu

c1ed espusssane

K.C. meancoy pasu

K.C. meaucdy pasa u sema

le.s.c./

Hsicaioven u3600, nopaou

2pvomomesuyna oyps

Hsxnouen use00, nopaou

cunen 6smup

K.C. 6credcmeue na donup

nopaou ouaznocmuxa BJI

om asmocamocean
Jlunca na saxpaneane,
Mecmene na BJT

\ KT - yowacasane/ xoperus ‘

Tlynxm ¢ pazedunumen u
npexvceay medxcoy BJI u KT

®ur. Ne 1
MU3Bogu

1. OT HanpaBeHus aHanu3 crefea, Ye peguua cactopu ¢
pasnuyHa TEXeCT Okas3eaT BMWSHWE BbPXY Kme, PECMEKTUBHO
NpOV3BOAUTENHOCTTA Ha BarepuTe

2. 3a HamansiBaHe MpecToMTe MO MPUYMHA Ha CRyyanHo
Bb3HWKHANW aBapum B €NeMeHTM OT  pyOHW4HaTa
€eneKkTpocHabauTenHa cuctema e Heobxoammo:

- YCbBbpLUEHCTBAHE HA CUCTEMUTE 3a TEXHUYECKO 0BCyx-
BaHe;

- YCbBbpLUEHCTBaHE TEXHOMOTUUTE 3@ PEMOHT;

- i3anon3BaHe Ha CbBpeEMeHHM MeToam 3a 6bp30 OTKpUBaHe Ha
npobnemure;

- YCbBbPLUEHCTBAHE CxemaTa Ha enekTpocHabasBaHe Ha
OTKPUTUS| PYOHMK C 13MON3BaHe Ha CbBPEMEHHW amapatu 3a
perneiHa sawuTa;

- HenpekbcHaTto noBuwasaHe Ha KBanudukauusTa Ha one-
patopute Ha Oarepute M Ha OBCMyXKBalMS PEMOHTEH
nepcoHar;

- YCbBbpLIEHCTBAHE Ha NPOBEXAAHWUTE MEPONPUSTIS 3a NO4-
AbpXaHe B M3NPaBHO CbCTOSHUE Ha EnekTpuYeckuTe ypenomu
M0 BPEME Ha CbXpaHEHMETO UM [4].

3. ABapuuTe B eNeMEHTUTE Ha ENEKTPONPEHOCHaTa PyAHUYHA
Mpexa, OCBEH HeODOCHOBaHM MPECTON Ha BMCOKOMPOM3BO-
OUTENHO MUHHO 000pyABaHe, OKa3BaT HEraTuBHO BIUSIHWE
BbpXYy pPexuma Ha paboTa Ha eneKTpUYECKATE KOHCyMaTopw,
Tbi KaTO Ca CbMPOBOLEHM C Bb3HWKBAHE HA KOMYTALOHHM

INpenopwbyana 3a nybnukysaHe om kamedpa ,Enekmpugbukayus
Ha MUHHOmMo npoussodcmeo’, MEM®
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Tpexvcnam kaben
6cnedcmeue na onveane Tlpexvcnam xaGen om Kamvk

Hauanen kabenen naxpaiinux
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CbeauHeHms!/.
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ONPEOENAHE EHEPTMAHATA EGEKTUBHOCT HA U3MON3BAHM METOIM 3A
PErYNUPAHE NPOU3BOAUTENHOCTTA HA LLEHTPOBEXHW NOMIMA
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PE3IOME. V/anoxeHa e MeToauKka 3a CpaBHUTENHA OLieHKa Ha pasxofia Ha enekTpOeHeprus Mpu U3MEHEHUe NPOU3BOAMTENHOCTTA Ha LiEHTPOGEXHUTE NOMNU Npy
APOCENHO PerynmpaHe 1 YeCTOTHO perynupaHe 0GopoTUTE HA aCUHXPOHHUS ABUraTeN, 3aABIKBALL NoMnaTa.
KniouoBu gymu. LieHTpoGeXHM NOMNM, peryniupaHe Ha NpOU3BOAMTENHOCT, eHepruHa eeKTUBHOCT.

DETERMINATION OF THE POWER EFFICIENCY OF METHODS USED FOR ADJUSTMENT THE EFFICIENCY
OF ROTARY PUMPS

Evtim Kurtzelin, Roumen Istalianov’, Nikolai Minekov?, loana Mladenova’

"University of Mining and Geology “St. Ivan Rilski”, Sofia, Republic of Bulgaria

2‘Asarel-Medet” Ltd, Panagiyriste, Republic of Bulgaria

ABSTRACT. The article introduces a methodology for comparative evaluation of the electric power consumption at changing the centrifugal-type pump capacity
through throttle control and frequency control of the induction motor speed, driving the pump.

Key words. Rotary pumps, adjustment of the efficiency, power efficiency

BbBepeHue LieHTPOBEXHN MOMNW NPU APOCENHO PErynmpaHe 1 ¢ YeCTOTHO

perynupaHe  ob6OpOTUTE  HA  aCMHXPOHHMS  [BMraTen,
EHepreTukata Ha XX Bek Wie ce pa3BiBa B [BE OCHOBHM 3afB/xBaLl nomna.

HanpaBneHusl, a UMEHHO:

- pasBMTME Ha eHepreTMkaTa Ha OcHoBaTa  Ha Mpn noctosHHM 0BOpPOTM Ha 3adBwXBaWWa ABWraTen,

Bb300OHOBAEMUTE U3TOUYHWLM Ha EHEPriisl MHOBW TEXHOMOMM B paboTHara Touka Ha nomneHata ypesba B yCTAHOBEH PExXuM

obnacTra Ha siopeHaTa eHepreTuka; Ce onpegena OT npece4yHaTa XapakTepuctuka Ha nomnara,

- pa3BUTHE W YCbBLPLUEHCTBAHE HA TEXHOMOTMYHUTE MpOLECH CbOTBETCTBALLA Ha Tesu 060P9TV| W XapakTepuctukata Ha

W TEXHUYECKUTE CUCTEMM C LeN HamansiBaHe Ha TsXHaTa HanopHusi TobGONPOBOA, KbM KOATO € BKIo4eHa nomnara.

EHEproeMKoCT. XapakTepucTukata Ha efHa LieHTpobexHa nomna u3passisa

3aBMCMMOCTTA Ha Harnopa H or npounsBoanTenHoCTTa

EAMH OT OCHOBHUTE KPUTEPWM 33 KAYECTBOTO W HMBOTO Ha
(pasxoga) Q, kosiTO ¢ AoOCTaTbYHA CTEMeH Ha TOYHOCT ce

TEXHONMOrMyHuTe  npouecn U TEXHUYeCKuTe  CUCTEMM,

13MOn3BaHN BbB BCUYKM CPepu Ha YoBeluKkaTa AeMHOCT npes npeacTass B cnefHus ug [3):
XXI Bek e 6bae CBbp3aH C TIXHATa EHEProeMKocT. 3a no- @
H=H ,|—|CQ’ (1
CbBBPLUEHHN UM Ha MO-BUCOKO HWMBO LUE Ce Mpuemat Tesu, om '
HOM

KOWTO Ca C MO-HMCKa EeHepProeMKoCT.
kbgeto H,, - Hanop Hanomnatanpn Q=0 ¥ @ =@, ;

ETo 3aW0 edHa M3KMIOUMTENHO aKkTyariHa 3ajava npep

CbBpeMeHHaTa Hayka € CBbp3aHa C pa3paboTBaHeTo Ha @, - HOMAHANHM 000OTM Ha  eneKTpoaBMraTens,
MeToaM 3a W3CNedBaHe W eHeprueH aHamua B pesynTaTt Ha 3afiBuXBalll noMnara;
KOWTO fla Ce HampaBi OLEHKa [0 KOMko eeKTMBHO e Q,., H,, - CbOTBETHO HOMMHaNHa MPOU3BOAUTENHOCT
W3MOMN3BaHETO Ha EHEPIUATa, 3a [a U3MbITHU CBOWTE MOME3HU Hanop Ha nomnara;
(byHKLMM — NPOU3BOACTBO Ha MPOAyKUKA, NpeobpasysaHe Ha C - KOHCTPYKUMOHHA KOHCTAHTa Ha nomnara, KosTo ce
€Heprus OT e[VH BUA B APYT, 33 OCUTypsiBaHe Ha koMd)opT Ui onpeaens oT uapasa:
NpeaocTaBsAHETO Ha NOME3HN YCITyri 3a YoBeKa. H —H
c= oM HOM B
B poknaga e uanoxeHa MeToaMKa 3a OLeHka pasxofa Ha Q:,

ENEeKTpoeHeprna npu WU3MEHEeHWe npou3BOAUTENHOCTTA Ha
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Xapaktepuctukata Ha HanopHus Tpbbonposoa [3] uma
CNeaHOTO aHaANWUTUYHO NPeacTaBsHe:

H=H, +RQ?, 2)
kbgeto  H_- craTuyeH  Hanop  (NpOTWBOHansraHe),

CbOTBETCTBALO HA Q = 0 ( 3aTBOpEHa 3aABWXKa);
R - Koe(uUMEHT, xapaKkTepuaupall CbMpOTUBMEHWETO Ha
HanopHus TpPbOONPOBOA W Ce onpefens ¢ 13pasa:
R = HDM - HHOM
2
QHDM

XapaKTepuCTUKUTE Ha U3MON3BaH1Te METOAM 3a perynvpaHqe
Ha NPOW3BOOMTENHOCTTA Ha MOMMEH arperaT M HanopeH
TpbOONPOBOA Ca npeacTaBeHn Ha ur.1.

MOLLI|HOCTTa, KOATO KOHCymMuMpa OBUraTenAaTt Ha nomnata ce
onpenena ¢ u3pasa:

kboeto P

wex

nomnara;

n - KNQ Ha gsuratens.
MexaHuyHaTa MoLyHocT P,

wex
P.=M.o,

Kboeto M, - cTaTuyeH CbnpOTUBUTENEH MOMEHT Ha Bana Ha
ABuratens.

- MOLLHOCTTa Ha Bana Ha ABuratend, 3aaBuKBall

ce onpegens no copmynara :

Q

®ur.1. XapakTepucTMka Ha MeTOAM 3a perynupaHe Ha LEHTPODEeXHU
nomnu: 1, 2, 3 - paboTHM TOYKM NpU [APOCENHO perynupaHe Ha
npoussoautenHoct; 4, 5 6, 7 - pabOTHM TOUKM NpU APOCENTHO
perynupaHe Ha npoW3BOAUTENHOCTTa 3a CMeTKAa W3MeHeHue Ha
obopoTuTe Ha ABMraTena, 3agBUXBaLY nomnara.

[pocenHoTo  perynuMpaHe  MPOW3BOAMTENHOCTTA  Ha
LeHTpoBEeXHM MOMNM €  OCHOBaHO Ha  M3MEHEHWe
CbMPOTUBNEHNETO Ha HanopHWsa Tpbbonposod. B To3u cnyuyait
npM ® = @,,, =const 1 Npu N3MEHEHNE CbNPOTUBNEHNETO

Ha HamopHusl TpbbonpoBod, paboTHaTa Touka Ha MexaHu3Ma
ce npemecTBa no Q-H-xapaktepucTukata CbOTBETCTBALLA Ha
HOMMHanHuTe 00OpOTM Ha [JBuraTens, B MOCOKa Ha
HamansiBaHe Ha NPOW3BOAMTENHOCTTA O NpeceyHaTa Touka ¢
HOBaTa XapaKTepucTMka Ha HamopHWsl TpbOONPOBOA (Touka 1,

2, 3Ha dowr. 1).

Mpu eneKTpUYEcK MeToq 3a perynupaxe
MPOV3BOAMTENHOCTTA HA MOMMEHWUs arperat ( YecTOTHO
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perynupaHe obopoTuTe Ha ABuratens)) paboTHaTa Touka ce
nMpeMecTBa N0 HeM3MeHHaTa XapakTEepUCTMKA Ha HamopHWs
Tpbbonposog (Toukyn 4, 5, 6, 7 Ha cur. 1). B To3n cnyvaii, ¢
HamansBaHe Ha MPOW3BOAUTENHOCTTa Ce Hamanssa U
HeobXoaMMMA Hamop, KOeTo BOAM [0 HamansiBaHe Ha
cTaTMyHaTa MOLYHOCT, Heobxoguma 3a paborta Ha nmomnarta
CbC 3afafieHa NPOM3BOANUTENHOCT, B CPABHEHME C JPOCENHOTO
perynupate.

e ce aHanuaupa KIMQ wa gsuratens npu pasnuyHu

METOAN 3a peryrvpaHe Ha NpoW3BOAUTENHOCTTa, 6e3 aa ce
oTYuTaT 3arybute B cTOMaHaTta 1 3arybute OT TOKa Ha npaseH
X[l B ABUraTens.

Mpy 4eCTOTHO ynpaBneHWe Ha acUHXPOHeH [aurates,
OCBLLECTBEHO NPU NOCTOSHCTBO Ha abCOMOTHOTO NiTb3raHe ce
3anucBa crnegHusaT uspas [4]:

1
14 @ S (4 0)
w S

1_ HOM

n=

KbaeTo S, , - HOMUHANHO XITb3raHe Ha BuraTens;

@ - KOE(ULIMEHT, KOMTO Ce ONpeaens ¢ OTHOLIEHWETO Ha
aKTUBHUTE CbNPOTUBNEHNS Ha (pa3uTe Ha cTaTopa R, 1
potopa R,,T.e. =R, /R;.

Mpu [pocenHo perynupaHe NpOM3BOAMTENHOCTTA  Ha
nOMnNeHus arperat, korato o =@, =const, KM Ha
[Buratens e nocTosHEH 1 Ce U3UMcnsaBa no opmynara:
gy 1S

asS,,, +1
3a pga ce nonyyat W3YMCAMTENHM M3pa3n BbB (PYHKUMS OT

pa3xofa, XITb3raHeTo Ha [BUraTens e Bb3MOXHO Aa Ce 13pasu
ypes npoussoauTenHoctTa. 3a Tasu uen BbB opmyna (1)

wspasa (@/m,,, ) ce savens ¢ nspasa [(1-S)/(1-S,, )F'v
peLLaBaiiky NonyveHns u3pas CbBMECTHO C M3pa3 (2) cnpsimo
S ce nonyyasa cnegHata copmyna:

§=1-(1-s,,)/h.+Q'(1-h )=1-(1-S,,)A (3)

H
kboeto h = —=;
'q ) HOH

Q =q,,;

A=Jh +Q*(1-h, ).

3aBMCMMOCTTa Ha W3pa3eHUs B OTHOCUTENHU EAMHWLM

MOMEHT Ha TypbomexaHWHu3Ma npu Heroeata pabota Ha
HanopeH TpbBONPOBOA C MOCTOSIHHM NapaMETPU UMA CIEAHNS!
B,

w2 o) 2[R0
a (2]

how 1-h,
KbOETO g - OTHOCUTENIEH MOMEHT Ha Bana Ha
TypGoMexaH13Ma, ONpefierneH ¢ OTHOLLEHNETO
— M .
M Mcmax’
M. - wmaKkcumaneH CTaTM4eH MOMEHT Ha Bana Ha

cmax

MeXaHW3Ma, KOWTO ce npeogonsasanpm @ = a,,, ,



M, -CTatuyeH MomeHT Ha Bana (M, ) npn Q, =0

(3aTBOpEHa 3a4BWKKA), U3Pa3eH B OTHOCUTENHU €OUHULIN,
”oc = Moc /Mcmax b

Wapasute (3) u (4) no3BonsBaT ga ce ONpedensT MOMEHTa,
KIIJ], cropocTTa 1 MOLLHOCTTa, KOHCyMMpaHa OT Mpexara
BbB (DYHKUMS OT NPOM3BOAMTENHOCTTA HA nomnara mnpu
3afafeH  CTaTyeH  Hanop  (MpOTMBOHansraHe).  3a
YHUBEPCArHO W3NON3BaHE Ha W3YNUCTIUTENHUTE hOpMynK e
LienecbobpasHo fja ce Onpeseny MOLHOCTTA B OTHOCUTEMHH
eauHuun: P, =P,/ P,, xato 3a 6aancHa mouHoct P, ce
npueme MakcuManHaTa CTaTWyHa MOLUHOCT Ha Barna Ha
puratena P, now o =w,,, ,1.6. P, =P, =M, @,

cmax ¢ max

Hom 7 oM

Axo ce npueme, e M. =M, (M., - HOMUHANEH MOMEHT
Ha pguratens, M, =P, /®,, ), T0 3a 6azoBata MOLLHOCT
cenonyyasa P, =P, .

N3pasuTe, 3a N34MCnsiBaHE Ha KOHCyMMUpaHaTa MowHocT P,

npun pasnnu4yHuTe MeToan 3a perynupaHe npousBoanTenHocTTa
Ha LleHTp06e)KHI/1 nomnu npuemar cnegHua sua:

® Mpy APOCENHO perynupaHe

P — [;loc + (1 - ﬂucpt K1 + asnoM)
1«
1 - SHOM
® [P YECTOTHO perynupaHe

P, =[u.A+ (1 —uoc)Afo,,]-[1 +f£”f)} )

(%)

1-S,..)A

W3pasute (5) u  (6) nos3sonsBaT ga ce u3vmcnsear
KOHCyMMpaHaTa OT noMnaTa MOLLHOCT Mpu APOCENHO U
YECTOTHO perynvpaHe B 3aBUCMMOCT OT NPOM3BOAMTENHOCTTA
Q. ¥ ja ce HanpaBu CpaBHWTENHA OUEHKa Mexay
pasrnexnaHuTe MeToam Ha perynupare. Kakto cnegga ot (5)
u (6), npn OpoCenHo perynupaHe ¥ 3apafeHa CTOMHOCT Ha
npousBoguTenHoctta Q,  KOHCymupaHata MowWHoCT P,

3aBucu OT 4, , a, S, , @ Npu YeCTOTHO perynupaHe
KOHCymMUpaHaTa MowHoct P, 3asucu ot h,, 4., a, S,, .

3agaBailkn Te3n nmapameTpu 3a KOHKPETHWUTE YCMOBUS Ha
paboTa Ha NoMneHus arperat W u3bpaHus Tun ABuraten uim
3a Cepus [OBWrateny, € Bb3MOXHO [a Ce Hanpasu
WM34NCNISIBAHETO HA CTONHOCTUTE:;

Hom )

P.=1(Q.).

B Tabrnmua 1. ca npuBeaeHM OTHOCUTENHM CTOMHOCTM 3a
KOHCYMMpaTaHa MOLLHOCT P, BbB (PYHKLWS OT OTHOCUTENHUS

pasxog Q, ( MPOM3BOAMTENHOCT) 3@ APOCENHO M YECTOTHO
peryrvpare npn u, =04 ; =1, S,, =0,06 .

Wanonseaiku dopmynu (5) u (6) € BB3MOXHO Aa ce nonyyat
OMpeLeneHm rpaduyeckn 3aBUCHMOCTH, KOUTO [a UMCTpupaTt
WKOHOMWSTA Ha enekTpudecka eHeprust npy M3nonsBaHe Ha
4eCTOTHO perynupaHe obopOTUTE Ha aCMHXPOHHMS ABWraTen,
3aBMKBaLl, LEeHTpoDexHaTa mnoMna, B CpaBHEHME C
OpOCenHoTo perynupaHe. Ha ¢wur.2 ca npeacraseHu
rpacpuyeckute 3asucumoctu P, =f(Q‘) npu JpocenHo u

4eCTOTHO perynupaHe NPoW3BOAMTENHOCTTA Ha LieHTpobexHa
rnomna, nocTpoeHu ot Tabnuua 2.
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Tabnuua 1.

KoHcymupaHama mowHocm om enekmpo3adsixgaHemo Ha
ueHmpobexHa nomna npu OPOCETHO U YECMOMHO
peaynupaHe 6 3agUCUMOCM om npou3godumenHocmma u
cmamuyHus Hanop.

Pasxon P,
Q. [pocenHo YecToTHO perynupaHe h, =
perynipare 1o T02 T04 [06 [06
0 0,43 0 0,04 | 011 | 0,2 | 0,31
0,2 0,56 0,01 | 0,08 | 0,18 | 0,3 | 0,42
0,4 0,69 0,08 | 0,16 | 0,28 | 0,41 | 0,55
0,6 0,82 0,24 | 0,35 | 0,45 | 0,58 | 0,7
0,8 0,95 0,5 | 0,64 | 0,71 | 0,8 | 0,87
1 1,08 1,08 | 1,08 | 1,08 | 1,08 | 1,08
Pl‘=P1/PH0M
1,08 ===-p===-p-=-- T
1 7 //
0,75
ST I Ve /2
e
P //
0,25 7
I
. " o
BHS_:___/;/
0,25 Qf' 0,5 0,75 Qt‘=Q‘/QHOM
¢ur. 2. pachmyecko npeacTaBsHe Ha 3aBUCUMOCTTa P,* = f(Q.) npu

ApocenHo ( kpuBa 1) 1 YecTOTHO ( KpUBa 2) perynupaqe

3apaBaiikm npousBoguTenHocT (Q,) e Bb3MOXHO da ce
M34YMCIIM KOHCYMMpaHaTa MOLLHOCT mpu gpocenHo (P,
4ecToTHO perynupaHe (P,,,) 1 ga ce onpeaen UKoHoMUsTa
Ha KOHCyMWpaHa MOLLHOCT:

AP, =P, —P

1ei tis1 U is2 s

) n

KOBTO MO3BONABA Aa Ce M3YMCNIABA HamarsiBaHeTo Ha
FOAWLLHITE Pa3X0aM MO CTOMHOCTTA Ha ENeKTPOEHeprisiTa npu
YECTOTHO  perynupaHe Ha  aCMHXPOHHWTE  ABWraTerny,
3a[BWKBALM  LIEHTPODEXHUTE TMOMMM B CpaBHEHWE C
APOCENHOTO perynnpaHe.

Kakto cnemBa OT gaHHUTE npeacTaBeHu B Tabrnuua 1, ¢
yBENuYaBaHe Ha CTaTM4HMS Hamop h, ce Hamansea

WKOHOMMWSTA Ha EHEprist Mpu W3MOM3BaHE Ha YECTOTHOTO
perynupaHe. Bce nak, mpu nNpou3BOMHM CTOWHOCTM Ha h,

cucTemaTta 3a TEXHOMOMMYHA aBTOMATM3aUMs OcUrypsiea
NoAdbpXaHeTO Ha NOCTOsiHEH Hamop H B cuctemara,
HE3aBMCUMO OT MPOW3BOAMTENHOCTTA (pasxoga), KoeTo
no3Borsiea aa ce u3berHe HEHY)XXHOTO HamsraHe, MPUCHLLO Ha
APOCENHOTO perynupaHe. To3W mokasaTen € W3KIoUMTENHO
CbLUECTBEH, Thil KAaTO B peamLa TEXHONOrUYHN CUCTEMU, KOUTO
B NMPOMWLUNIEHOCTTA W KOMyHanHata cdepa, KOUTO HOpMarHo
He Ce HamupaT B aBapuiiHO CbCTOsHWE, BCSKA M3MULLIHA
aTMoccbepa HansraHe ( paBHsiBaLLo ce Ha 10 m BogeH CTbrb)



npeau3BukBa JOMbiHUTENHo 2 =7 % 3aryba Ha Boga 3a
CMeTKa Ha yTeukuTe [4].
3a OLieHKa BNUSHWETO Ha HavarHWs CTaTYeH MOMEHT ( g, )

BbPXY KOHCyMUpaHaTa MOLHOCT B Tabnuua 2. e npefcraseHa
sasucumoctta P, = f(Q‘) 3a [poCerHo U YecToTHO

perynupaHe npu g, =0u h, =0.

Tabnuya 2.

Korcymupana mowHocm om enekmpo3adeLbkeaHemo Ha
ueHmpobexHa noMna npu pasudHu Memodu 3a peeyrnupaHe
npoussodumenHocmma Ha noMnama u npu Hayarnex
cmamudeH MoMeHm u,, = 0 u cmamuyeH Hanop Ha éo0ama

h,=0.

Metop Ha Q,

perynupare [

02 | 04 | 06 | 08 1

P. npu
[IpOCenHo 0
perynupate

022 | 044 | 066 | 0,88 | 1,08

P, npu
YECTOTHO 0

perynupaxe

001 | 008 | 0,24 | 0,56 | 1,08

Mpn cpaBHeHWETO Ha AaHHuTe B Tabnuua 1. u Tabnuua 2.
cnedBa W3BOda, Ye MpW HamansBaHe Ha 4, , UKOHOMUATA Ha

[Mpenopwyana 3a nybnukysaHe om kam. ,Enekmpucbukayus
Ha MuHHOmMOo npousgodcmeo’, MEM®
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KOHCyMMpaHaTa MOLLHOCT NMpW W3NON3BaHe Ha YeCTOTHO —

PErynupyemo enekTpo3agBiKBaHe ce Hamanssa.
MpuBenexuTe u3pasu (5) 1 (6) ca nonyyeHu Npu yCroBmeTo,

ye KO Ha ueHTpobexHaTa nomna e paBeH Ha edauHULa M

OCTaBa MOCTOAHEH TMpU BCUYKN pPEXUMU Ha pa60Ta. Ha
NpakThKa obave KI'I,[{ Ha nomMnuTe e no-manbK OT eAnHuLa 1

Cé Hamanaea nNPaKTU4ECKN TnNpu BCAKO OTKIOHEHWE OT
HOMUHANHNA PeXnm Ha pa60Ta.
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PE3KOME. V3cnengaHo € BNUSIHWETO Ha 3axpaHBalloTO HapexXeHne BbpXy OTAENHUTEe BUOOBE SGFyGVI U BbpXYy 06LIJ1I/1Te 3ary6v| Ha enekTpuyecka eHeprusa B CUHX-

POHHW eneKTpoaBuraTeniu.

STUDY THE INFLUENCE OF THE VOLTAGE AT LOSS OF ELECTRICITY IN SYNCHRONOUS ELECTRIC MOTORS
Evtim Kurtzelin?, Nikolai Minekov?, Rumen Istalianov’, loana Mladenova’
" University of Mining and Geology “St. Ivan Rilski”, Sofia, Republic of Bulgaria

ZAssarel-Medet” Ltd, Panagyurishte, Republic of Bulgaria

ABSTRACT. Examination the influence of supplying voltage on the separate kinds of losses and on the total losses of electric power in the synchronus electric

motors.

BbBepeHue

EAWH OT OCHOBHWUTE (haKTOpW, KOWTO OMPESEnsT KOHKYPeHT-
HOCNOCOBHOCTTa Ha €HO CbBPEMEHHO NPOMULLIIEHO NPeanpus-
TMe e CBbp3aH C W3MOM3BAHETO HA TEXHOMOTUYHW MpOLEcH C
HWUCKa eHeproeMKocT. Mo To3u KpuTepuin obade NOYTM BCUYKM
TEXHOMOMYHW NpoLieck B 06nacTTa Ha MMHHATa NPOMULLIIEHOCT
C€ OL|eHsIBaT KaTo NPOLIECH C M3KIMKOUMTENHO BICOKA EHEPrOEM-
KOCT.

Tasn obekTMBHA [afEHOCT AHEC NpaBW W3KMIOYUTENHO aKTy-
arHa 3ajavata 3a NpoBEXOaHe Ha HayyHW W3CneaBaHust 3a
€HEeproeMKoCTTa BbB BCUYKM 3BEHA U €NEMEHTM Ha TEXHOMOrNY-
HWUTE NpoLecH B MUHHATA NPOMULLIIEHOCT.

3a paspaboTBaHETO Ha KOHKPETHW PELIEHWS 3a HamansBaHe
pasxofa Ha enekTpuyecka eHepriisi B eaHO NMPOMULLIEHO Npean-
pusTe e HeobxoaMMOo Npeam BCMUKO Aa ce pa3paboTu konudec-
TBeH BanaHc Ha 3arybuTte Ha enekTpoeHeprus B eNeKTpopasn-
pefenuTenHaTa Mpexa v B eNekTponoTpebuTenuTe B rpaHnLmuTe
Ha NpeanpusTMETO. AHaNM3bLT HA CHLLECTBYBALLOTO NONOXKEHMUe
no NpeanpusTUs NOKa3ea, Ye OTAENNTE B NPeANpUSTUSTA, KOUTO
OTroBapsIT 3@ EKCMNoaTauMsITa Ha LANOTO eNeKTPOCTONAHCTBO M
yyacTeaT B MnaHMpaHe AOCTaBKaTa Ha eneKTPOeHeprusi, He
pasnonarat ¢ MHGopMaLMs 3a Aena Ha 3arybute Ha enekTpu-
Jecka eHepriisi (M0 eneMEHTW Ha eneKTpopasnpeaenuTenHara
Mpexa W Mo eneKkTPOKoHCymaTopy) B 00wms eHeprueH GanaHc
Ha NpeanpusTUETO.

OcHoBHaTa npuyrHa 3a TOBa CbCTOSIHIE € NUNCaTa Ha LIMPOKO
[OCTbMEH METOA 3a W3JMCTIsiBaHe 3arybuTe Ha ernekTpudecka
€HEeprus B eNeMEHTUTE Ha eneKTpopasnpedenuTenHara Mpexa
1 B eNnekTponoTpebuTenuTe.
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Tosn npobnem He ce pewasa v B npoueca Ha obcrneasaHe
eHepriHata edeKTUBHOCT Ha TEXHOMOTMYHWUTE MnpoLecu B
MPOMMLLIIEHOTO NPEeANPUATUE, KOETO AHEC € MO cnaTa Ha 3akoH
W cneynanHa Hapeaba ce 13BbPLUBA 3a BCEKM MOLLEH ENEKTPO-
notpeburen.

BnarogapeHve Ha peguua NOMOXWTENHU KayecTBa B CpaBHe-
HWe C OpyrM BWOOBE ENeKTPO4BUraTent, CUHXPOHHUTE EenekT-
pOABUraTenu ca Monyyunu LWNPOKO NPUMOKEHWE B PasinyHM
OTpacnu Ha NPOMMLLNIEHOTO NPOWU3BOACTBO. 3a MaLLMHU U MeXa-
HW3MK, KOWTO He M3WNCKBAT PErynupyemo enekTpo3afBikaaHe
npu MmoLuHocT Hag 500 kW ce uanonseat npean BCUYKO CUHX-
POHHW ABuratenu. Pa3BuTMETO M MPOM3BOACTBOTO Ha CbBpe-
MeHHU npeobpasyBaTenu Ha YecToTa C pasnuyHa MOLLHOCT W
HUCKa Ma3apHa LeHa paswwupuxa owe noseye obrmactta Ha
W3M0N3BaHe Ha CUHXPOHHUTE eNEKTPOABUraTEeNM.

3a peanuanpaHe Npou3BoACTBeHaTa OeiHOCT Ha ,Acapen —
Meenr” AL, 60% OT uHCTanMpaHaTa ABuraTenHa MOLWHOCT ce
nafa Ha CUHXpOoHHUTE enekTpoasuratenn u 40% Ha acuHXpoH-
HuTe. Tasn 0beKTUBHA AafeHOCT NOCTaBs 3ajavaTa 3a uscned-
BaHe pexuma Ha paboTa Ha CUHXPOHHWUTE [BUraTenu 1 OueHka
Ha Bb3MOXHUTE PELIEHUS 3@ HaMasnsiBaHe PasxoauTe Ha enekT-
POEHEprus.

WU3cnepBaHe BNUAHMETO Ha HaNPeXEeHUETO BbPXY
3ary6aTa Ha enekTpu4ecka eHeprusi B CUHXpPOHHM-
Te ABUraTenu

EouH oT hakTopuTe, KOUTO OKO3BAT HaN-CHLLECTBEHO BRMUSHME
BbpXy 3arybuTe Ha eNeKTpoeHepris B NpOMMLLIIEHNTE ypeadu
Ce SIBSIBA HNBOTO Ha HaNMPEXEHWETO B 3axpaHBalliaTa Mpexa.



B 1031 goknag e ce pasrneaa BAMSHUETO Ha HaNPEeXeHNeTo
Ha 3axpaHBalliaTa Mpexa Bbpxy 3arybute Ha enekTpoeHeprus B
CUHXpOHeH enekTpogguraten (Ch ).

3a HarneagHoCT Ha MonyyYeHUTe PesynTaTy Le ce NpoaHanmau-
pa BMMAHMETO HA HAMPEXEHWeTO Ha eneKkTpuyeckata Mpexa
BbpXy OTAenHuTe BuaoBe 3arybu B CL, a cred ToBa U BbpXy
06LLKTe 3arydu B CUHXPOHHMS JBUraTen.

B cwotBetcTBue ¢ [ 7 ] BUpoBeTe enektpudecku 3arybm B C[]
3aBMCAT OT PEXMMHUTE NapameTpu Ha pabota Ha C[l v ce onpe-

[enar no cnegHua HauynH:

PCH,S = aztgzgouo,w + IfJ_M D3S . (1)
PFe,S = (aXO' Sln ¢HOM + U )2 D4S : (2)

P, =aU.D,, +a°D,, +

2

+ ’i—“" D,; +U’D,;.

KbAEeTO:
PCH S

HaTa Ha CcTtatopa 1 BbB B'b36yﬂI/ITeJ'IHaTa HaMOTKa,

Pe.s, P; -3arybun s cTatopHata HamoTka, cToma-

- KoedhMuMeHT Ha HaToBapBaHe Ha C[l

N0 PeakTUBEH TOK;

B, = Uglg cose
=
SII();\/I SIIOM COSgDHDM

BaHe Ha C[1 N0 aKTMBHA MOLLHOCT;

- KOoehMUMEHT Ha HaToBap-

ls, ISHW - MbrieH a3eH TOK B CTATOpHATa HAMOTKA W HEro-

BaTa HOMWHarHa CTOMHOCT;
Us, USHW’ U - HanpexeHWe Ha CTaTopHaTa HaMOTKa,

HeroeaTa HOMWHamMHa 1 OTHOCWUTENTHA CTOMHOCT;
X_ - UHBYKTUBHOCT Ha pasceiiBaHe B CTaTopHaTta HamoTka OT

CL;
Dyr =Dy, Dis

ypes napameTpute Ha C[.
AHanusbT Ha u3pas (1) nokasea, Ye Npu 3agageHyn CTONHOCTU

Ha koeduumenTa [3), W @ yBEnu4YaBaHETO Ha HaMpexXeHUeTo

Ha KIemMuTe Ha cTaTopHaTa HamoTka Ha C[l Bogu Jo Hamansisa-
He Ha 3arybuTe B cTaTOpHaTa HamMOTKa, KOETO CE WMoCTpupa C
kpusa 1 Ha cur.1.

OT aHanm3a Ha u3pas (2) 1 oT kpuBa (2) Ha cur.1 cneaBga, ye ¢
HapacTBaHe HaMPEXEHWETO Ha 3axpaHBallaTa Mpexa BoAM 1 o
HapacTBaHe Ha 3arybute B CTOMaHara Ha cratopa. [TbnHuTe
3arybm B ctatopa Ha C[] ce onpeaensT ¢ upasa:

+ D, - koecmumeHTn, onpenenenn

Ps = PCHS + PFeS

()

92

R — -
s e
FEUSHI)H jUF&SHDM

J —

Z |

/;fo;o‘cﬂ
rj -
0 U

®ur.1. 3aBucMMoCT Ha 3arybute B HamoTkaTa ( KpuBM 1) U B CTOMaHaTta Ha
cTaTopa ( KpMBM 2 ) OT CTOWHOCTTa Ha HaNPEXeHNETO Ha KNeMuTe Ha CUHX-
poHeH gsuraten Tun AC3 2116-16

Ha ¢wur.2 ca npeacraeeHu rpadmyecks 3aBUCUMOCTTa Ha
nbnHute 3arydu B C[ OT HanpexeHWeTo Ha 3axpaHBaliaTta
Mpexa.
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®ur.2. 3aBUCMMOCT Ha MbNIHUTE 3aryby Ha MOWHOCT B cTaTopa OT CTOM-
HOCTTa Ha HaNpeXeHWeTo Ha KnemuTe Ha CMHXpPoHeH asuraten [1C3 2116-16

AHanu3bT Ha u3pas (4) nokasea, Ye MUHUMAanNHaTa CTOAHOCT

Ha mbrHuTE 3arybm B cTatopa Ha C[] ce nomnyyasa npu CTOMHOCT
Ha HanpexXeHue B 3axpaHBalLaTa Mpexa, onpeaerneH ¢ upasa:

Upran ~ 05/ +4/Fs ).

KbaeTo:
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OT n3pas (3) cneaea, Ye Npu 3a4afeHN CTONHOCTU Ha ,BM 7
Q' MUHWMANHUTe CTOAHOCTY Ha 3arybuTte BbB Bb3OyAUTENHaTa



HaMOTKa Ce nosny4vasa npu cnegHara CTOMHOCT Ha HanpexeHne-
TO Ha 3axpaHBalllata Mpexa:

Ut in 0’5(?{/st + ‘{/F‘f)

KbeTo:

(6)
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Ha ¢ur.3 e npeacraBeHa rpadmyeckata 3aBUCMMOCT MeEXay

3ary6|/|Te BbB B'b36y/:l,eTeJ'IHaTa Hamotka Ha C[ # HMBOTO Ha
HanpexXeHWeTo Ha 3axpaHBalllata enekTpu4ecka mpexa.
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®ur.3. 3aBUCMMOCT Ha 3arybuTe Ha MOLHOCT BbLB Bb30yauTeNHaTa HamoT-
Ka OT CTOMHOCTTa Ha HaNpeXeHUeTo Ha KNemMuTe Ha CTaTOpHaTa HaMOTKa Ha
cuHXpoHeH asuraten Tun AC3 2116-16

CpaBHeHueTo Ha uapasuTe (5) n (6) nokassa, Ye HanpexeHue-
TO Ha 3axpaHBaliaTa, Mpu KOETO Ce AOCTUraT MakCUMamnH
CTOMHOCTW Ha 3arybute B cTaTopa 4 BbB Bb3byauTenHara Ha-
MOTKa Ha CUHXPOHHMS ABUraTes, B Hal-obums criyyail He Cbe-
napar.

Obwwte enektpomarHuTHM 3arybu B C[l ce nomyyasat ypes
cbbupaHe Ha 3arybute B HamoTkaTa 1 CTOMaHaTa Ha cratopa
Ha 3arybute BbB Bb30yauTENHATA HAMOTKa:

Pz = PCuS + PFeS + Pf =

=alU (Dls + le )+ az(Dzs + D2f )+

2

" I‘iJ_M (D35+D3f)+U2(D4S+D4f)' Y

MuHUManHaTa CTOMHOCT Ha oOLMTE enekTpOMarHuTHN 3aryou
B C[l ce momnyyaBart npu criefHaTa CTOMHOCT Ha 3aXpaHBaLLoTO
HanpexeH1e Ha enekTpuyeckaTa Mpexa:
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U ~05Q/F, +4/F; ).

KbOeTo:

25Dy +Dy)
a(DlS + le )+ 2(D4S + D4f )

FZ

Mpn o = 0, koeTo ce ABsIBa €aMH YacTeH cryyail, popmyna
(8) npuema cregHus Bug;

R

Ha cur.d ca npeacraBeHu rpaduyeckm 3aBUCMMOCTTA Ha
obwyuTe enekTPOMarHUTHU 3arybu B CUHXPOHEH ABuraTen ot
HanpeXeHWeTo Ha 3axpaHBallata Mpexa npu pasnuyHu cTom-

HOCTI Ha koeduLmeHTUTe & 1 f3), .
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®ur.4. 3aBucuMocT Ha obwmTe 3ary6u Ha MoLWHOCT ( B cTaTopa M BbB
Bb30yAUTENHaTa HaMOTKa ) OT HaNpeXeHUeTo Ha KNemuTe Ha cTaTopHaTta
HaMOTKa Ha cuHXpoHeH auraten Tun AC3 2116-16

N3Boau

1. Tlpn 3afapfeHn CTOMHOCTU Ha koeduumeHTUTe & n [,

CTOHOCTUTE Ha HaMpeXeHUeTo Ha 3axpaHBallaTa enexkTpudec-
ka Mpexa, Mpu KOWTO Ce moryvaBa MWUHUMAnHa CTOMHOCT Ha
3arybute B cTaTOpHaTa HaMOTKa, B CTOMaHarTa Ha cTaTopa U BbB
Bb3byauTenHaTa HamMoTka Ha eaMH CMHXPOHEH [BuraTen ca
pasnuyHn. MuHUMU3MpaHe Ha 3arybute BbB Bb3byauTenHaTa
HaMOTKa e Bb3MOXHO [a Ce peanuaupa Hanpumep npu BbBEX-
AaHeTo Ha JOMbIIHUTENHOTO YCOBME — MUHUMANHO HarpsiBaHe
Ha Bb30yauTenHara HamoTka. M3nbriHeHWeTo Ha ToBa yCrioBue
OT CBOS CTpaHa Le foBeae obaye 4o yBenuyaBaHe Ha 3arybute
B cTaTopa u obwwuTe 3arybute B C[l.

CbOTBETHOTO MUHUMM3MPAHE Ha 3arybuTe B CTaTopa BOAM [0
yBenuyaBaHe Ha 3arybute BbB Bb3byauTenHarta HamoTka W Ha
obwwre 3ary6um B C[l,



2. Obwwre 3arydu B C[l MMaT MMHAManHa CTOMHOCT Npu Han-
pexeHWe Ha 3axpaHBallaTa Mpexa, onpeaeneHo no dopmyna
(8). Mpw Ta3n CTOHOCT Ha HanpexeHueTo obade 3arybute BbLB
Bb3byauTENHaTa HaMoTKa W CTaTopa, a CNeaoBaTenHo M TAXHO-
TO HarpsiBaHe LUe NpeBWlIaBaT MUHAMANHO Bb3MOXHUTE CTOM-
HOCTM.

3. HarpﬂBaHeTo Hag gonyctumu CTOMHOCTH, onpegeneHn ot
Knaca Ha msnonssaHata u3onauua Boau A0 3Ha4YMTENHO CbKpa-
LiaBaHe Ha ekcnnoatauua Ha peCcypC Ha CUHXPOHHWA ABUraTen.

4. BnusiHMETO Ha aKTMBHMSI TOBap BbPXY HaMpeXeHUeTo, npu
KOMTO Ce MocTuraT MHUManHW obLm 3arybu B C[l, e cbluecTBe-
HO MO—CMITHO B CPABHEHMWE C PeaKTUBHWS TOBap.

[Mpenopbyana 3a nybrukysaqe om kam. ,Enekmpucpukayus
Ha MuHHomo npousgodcmeo”, MEM®
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OTKA3W B ENNIEKTPOCHABAUTENIHUTE CUCTEMU HA PYOHUK “TPAAHOBO -CEBEP”

Todop Bbpbes?, LjaHko Neopaues?, UeaH Komoe?

" MuHHo-2eonoxku yHusepcumem “Ce.Mean Puncku”, Cogpus, 1700

2 TexHudecku YHusepcumem — Cogpusi, @akynmem Aemomamuka

3 Yenoney MaiHure” EAL, c. Yenoney, bbreapus

PE3IOME. PabotaTa e nocBeTeHa Ha W3cnefBaHe Ha OTKAa3WTe B eNeKTPOCHAbAMTENHUTE CUCTEMM HA OTKPUTUS PYAHUK “TposHOBO-CeBep“ kbM MuHW “Mapuua
nstok" — EA[l. CvbpaHu ca n ca 0bpaboTeHn faHHM 3a OTKasuTe 3a NepuoA OT NeT roguHu. KnacuuumpaHu ca npuyuHWTE NpeausBuKani OTkasuTe B
enektpocHabanTenHarta cuctema. Ctatuctuyeckara obpabotka Ha jaHHUTe e HanpaBeHa B nporpamHuTe cpean MATLAB n STATGRAPHICS.

FAILURE ANALYSIS OF THE POWER SUPPLY SYSTEMS IN OPEN-AIR MINE “TROJANOVO-NORTH”

Todor Varbev!, Tsanko Georgiev? Ivan Kotov3

T University of Mining and Geology “St. Ivan Rilski”, Sofia, 1700
2Technical University — Sofia, Faculty of Automation
3"Chelopech Mining” Ltd, village Chelopech, Bulgaria

ABSTRACT. This article deals with safety analysis of the electrical power supply systems in open - air mine “Trojanovo-north” of the mines “Maritza-east” - Ltd.. The
data of failures are collected and investigated for five years time period. Classification of failures by reason of events is presented. All statistical researches are carried

out using MATLAB and STATGRAPHICS packages.

BbBeaeHue

Muhn  Mapuua um3tox” EALL e Hal — ronsmoto
BbreaobuBHO NpeanpusTie 3a JOOMB Ha BbIMLLA MO OTKPUT
HaumH B Penybrvka bwbnrapus. [lobusa u TpaHcnopta Ha
MOMNe3HOTO W3KOMAEMO Ce OCbLUECTBSIBA C TEXKO MUHHO
obopyaBaHe BKIKOYBALLO: BEpWXHI Barepu, poTopHu barepw,
PENCOB TPaHCMOPT U TYMEHO-NIEHTOBM  TPAHCMOPTLOPM.
M3bpoeHoTo  MMHHO  obopyaBaHe ce 3axpaHBa C
eNeKTpUYecka eHeprus OT M3rpafeHaTa Ha TepuTopusiTa Ha
npeanpuaTUeTo enexkTpocHabantenHa cuctema. B Hes ca
BKIIOYEHM  [eCeTkM  MOHWXKaBaly  TpaHC(OpMaTopHH
nogctaHumn. OcHOBHaTa 4acT OT Tax npeobpasysar
HanpexeHneto ot 110 kV / 6 kV, a wma u TakuBa C
TPUHAMOTbYHM TpaHcdopmaTopu 3a Hanpexenue 110 kV / 20
kV /6 kV.

EnexTpocHabasBaHETO Ha eNeKTPUYECKUTE KOHCYMaTOpK Ce
OCbLUIECTBABA OT W3rpafeHaTa eneKkTpuyecka Mpexa 3a
CPE[HO HanpeXeHWe BKIOYBALLA: BbHLUHM NIMHAM U3MbIHEHN
¢ nposoghuum  tan AC/ACO/  MOHTMpaHu  Ha
XEne3opeLeTbYHN CTb/ID0BE W KabemnHM NHUK.

EnekTpocHabauTenHata cuctemMa BKIIOYBALLA NOACTaHLMS
W u3rpafeHaTa KbM Hes Mpexa € BaXHO 3BEHO OT
TEXHONOTMYECKUST TMpoLec npu  AobuBa Ha  BbIMLA.
HapexHocTTa Ha TOBa 3BEHO € OT 0CODEHO 3HayeHue 3a
HENPEeKbCHATOCTTa Ha TEXHONOMYHIS MPOLIEC.
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MpoBeaeH e aHanM3 Ha OTKa3UTE Ha enekTpocHabauTenHara
cucTeMa  Ha  mogcTaHums 3™  mapT’  3axpaHBalia
€NEKTPUYECKATE KOHCYMaTopu B pyaHuuuTe ,TposiHoBO — 1" 1
» 1 POSIHOBO — ceBep”. lNoacTaHumsTa e TpaHcopmaTopHa u ce
3axpaHBa ¢ Hanpexenue 110 kV upes Bxog ,Crtapoceneun’ u
Bxog ,3Be3ga’. ObopygBaHa e € 4YeTMpu  CUIOBM
TpaHcdopmaTopu ¢ HOMWHaMHa MoLHocT Sy = 25 MVA. [lga ot
TAX ca [ABYHaMOTbuYHW 3a HanpexeHue 110 kV / 6.3 kV, a
OpyruTe ca TpUHamMoTbYHK 3a HanpexeHue 110 kV / 20 kV / 6
kV. C HanpexeHue 6 kV, upes apapeceT 1 YeTupu nseoga (24)
CE 3axpaHBaT eneKkTPUYECKUTE KOHCYMATOpU B MOCOYEHUTE MO
rope pyaHuuu. OT 4eTupu mu3Boga Ce 3axpaHear
ENEeKTPUYECKMTE KOHCYMaTopK ¢ HanpexeHne 20 kV.

OTkasute B enekTpocHabauTenHata  cucTemMa  Ha
noacTaHuuaTa ,3-™ MapT” ca HabnoaaBaHy B NPOObIKEHNE Ha
wecrgecet (60) meceua B nepuoga ot 02.03.2003 r. go
12.04.2009 r., ¢ m3knoveHne Ha 2004 r. O6wwsT Bpont Ha
perucTpupaHute otkasm e 227. [aHHute ca cbbpaHu oT
onepaTWBHWTE [OHEBHWLUW B MOACTaHUMATA M OT Te3n Ha
LeXYpHUTE eHepruiHu aucnedepu [laHHuWTe 3a oTkasuTe ca
0bpaboTeHM MO Meceuy W ca YCTaHOBEHU MeCeuuTe C Hal —
ronsim 6poit oTkasu 00LLo 3a noacTaHumsTa. Toea ca: 3a 2003r-
centemBpu - 6 0TKa3a, AekemBpu — 12 oTkasa; 3a 2005 r. — mait
— 3 oTKasa, lonm — 4 oTkasa, OKTOMBpU — 6 oTkasa; 3a 2006r.-
mMapT — 9 0TKa3a, toHU — 8 oTka3a; 3a 2007 r. — oHM — 4 0TKa3a;
3a 2008 r. — toHM — 6 oTka3a; 3a 2009 r. — aHyapu u despyapu
no 7 oTkasa, MapT — 21 oTkasa 1 anpun — 8 oTkasa. 3a To3u
nepuog Hail — MHOrO OTKa3u B M3BOAMTE 3a HanpexeHne 6 kV
ca peructpupaHnm B cegem (7) nssoga: Ctpaxun — 11, Aitoc -



17, Bopuey — 31, Oanuena — 18, Tepsen — 31, M'ypko — 10 n
BeHkoBcku — 15. B Tpu oT yeTupuTe M3BOLA 3@ HaNpexeHue
20 kV cbluo ca peructpupanm ronsm 6poii otkasu: Jennua —
20 otkasa, Mas — 13 otkasa v Yasgap — 13 oTkasa.

AHaJ'WI3I/IpaHI/I ca U NpU4nHUTE, KOUTO Ca npeansBuKanu
OTKasuTe 3a HabntogaBaHus nepuoa B pyaHUKa.

Hain — 4eCTo W3KMoYBaHMS Ca HacTbNBanu cnes noBpeam B
kabenHute nuHum 3a 6 1 20 kV. OBwo 107 noBpeau, koeTo e
471 % or obwumsa Opon. OT 3eMHM CbeauHeHus
usknouBanmaTa ca 20 unm 8.8 %. lonsm e 6poat Ha
,#HEYCTaHOBEHU NPUYMHU" NPELN3BUAKANW W3KMIOYBAHUS B
enekTpocHabauTenHata cuctema, 57 unu 25% ot obwwms
Opoit n3kmioYBaHuA.

OcHOBHM pe3ynTaTy

3a fga ce monyum no-ronsiMa npeacTaBa 3a OTKasuTe KaTo
cuOuTMe B enekTpocHabauTenHata cuctema AaHHWTE ca
00paboTeHn cTaTucTM4YeCK B nporpamHaTa cpeda Ha
npogykta STATGRAPHICS (1996). MonyyeHnte OCHOBHM
napamMeTpu Ha CTaTUCTUYecKaTa CbBKYMHOCT Ca NoKasaHu B
JonHata Tabnuua, Tabnuua 1.

Tabnuua 1.0606LLeHW CTATUCTUYECKM pesynTaTy

Bpoit (obemHa n3Bagka) 59
CpepgHa cTonHoCT 3.66932
MeaunaHa 3.0
['€OMETP. CPEHO OTKIIOHEHME 2.7094
Jucnepcus 7.28521
CpenHokBaapaTUiHO OTKIOHEHWE 2.69911
CraHpapTHa rpeLuka 0.351395
MuHUMym 1.0
Makcumym 12.0
Pa3max 11.0
KoednumeHT Ha BapuaLys 75.8322%
Cyma 227
3a onpegensHe Ha 3akoHa Ha pasnpegeneHve Ha
CnyyamHata BeMMYMHA € nocTpoeHa Tabnuuata Ha
pasnpeaeneHueto, Tabnuua 2.
Tabnuua 2. Tabnuua Ha YeCTOTUTE Ha OTKa3uTe.
NO [ HonHa lopHa CpenHa YecToTa
rpaHuua | rpaHuua | Touka
-oc 0 0
1 0.0 2.14286 | 1.07143 26
2 2.14286 | 4.28571 | 3.21429 19
3 4.28571 | 6.42857 | 5.35714 5
4 6.42857 | 8.57143 | 7.5 6
5 8.57143 | 10.7143 | 9.64286 1
6 10.7143 | 12.8571 | 11.7857 2
7 12.8571 | 15.0 13.9286 0
15.0 o 0 0
NO | OtHocutenHa | KymynatusHa OTHocuTenHa
yectoTa yecToTa yecToTa
oc 0,000 0 0,000
1 0.4407 26 0.4407
2 0.3220 45 0.7627
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3 0.0847 50 0.8475
4 0.1017 56 0.9492
5 0.0169 57 0.9661
6 0.0339 59 1,0000
7 0.0000 59 1,0000
oc 0,0000 59 1,0000

Mo faHHMTE OT cTaTMCTM4eckata Tabnuua e MocTpoeHa
XUCTOTpaMa Ha pasnpefeneH1eTo Ha cryvyaiiHaTta BenuynHa,

cur. 1.

Histogram

®ur.1.Xucrorpama Ha oTkasuTe.

Ha curypata ca 13nonayBaHu 03HaveHusTa: X - 6pon oTkasm
3a mecel, f -4ecToTta Ha oTkasuTe.

OT ¢hopmata Ha NOCTpOeHaTa X1CTorpama 1 no NOCOYEHUTE B
BekepoH M.I. (1975) nokasatenu cme NpPeasonoXunu, Ye
pa3npefeneHneTo Ha CnydyailHata BENMWYMHA MOXe Aa Cce
onuwe c NnorapuTMMUYHOHOPMaIHNA 3aKOH, [ama-
pasnpedeneHneTo umM € pasnpegeneHueTo Ha Benbyn.
HanpaseHa e npoBepka Ha XUnoTe3uTe 3a CbOTBETCTBMETO UM
C eMMMPUYHOTO pa3npefeneHne no  KpuTepuute Ha
KonmoropoB #  [upcbH. OTyeTeHuTe BEPOATHOCTM Ha
CbOTBETCTBME Ca:

- [o 3akoHa 3a norapUTMMYHOHOPMAITHO Pa3npeaeneHue,

no Konmoropos P[]=0.19337,

o MMpCBbH P|_x2J=O.312692;

- [o 3akoHa 3a ama pa3npegeneHue,
o Konmoropos P[] =0.335086,

no MupcbH PI_)(2 J= 0802781,

- o 3akoHa 3a pasnpegenenue Ha Beibyn,

no Konmoropos  P[A.]=0.255027,

nofwpcss P2 |=0.680349.

MbTHOCTTA Ha BEPOSTHOCTHATA (YHKUWA 3a TpUTE 3aKkoHa
Ha pasnpefenexmne ce aBa C U3pasuTe:
- 3a IorapuTMUYHOHOPMArHO pasnpegeneHue,

1

A e 2612
6qV2x

1

~(In(x)-0)?
f(x)=



KbAETO MapameTpuTe Ha pasnpemeneHneTo o1 U O ce

onpemensT OT u3pasute 012 = In(l+ v2 )

0=Inx—-056%;
- npu [ama pasnpegenexne

ke
'k

e—kx

f(x)

kbaeTo A e mawabeH koeduumeHT, a k e koeduumeHT Ha
thopmarta Ha pasnpeseneHueTo ;
- npv pasnpegenexue no Benbyn

X

b
f(x)= a.b_axb_l.e_(a] X>0,

kbaeto d e maiabeH koeduumeHt , a b e koeduumeHt
(hopmaTa Ha pasnpeseneHue.

C nomyyeHuTe CTOMHOCTM Ha  napameTpute Ha
pasnpefeneHne 3a TpUTE  3aKoHa €A  MOCTPOEHM
TEOPETUYHUTE (DYHKLUWMM Ha NIbTHOCTTA Ha pasnpepeneHve
Ha cryyanHaTta BennynHa. Te ca nokasaHu Ha crefpaluute
¢ur. 2, 3mn4.

Histogram for otkasi

30 Distribution
—— Lognormal

-

®ur.2. Anpokcumauus Ha 0TKasuTe ¢ IorapuTMMYeH HopMarneH 3aKoH.
Koedmuuentute Ha pasnpepenenuero ca: 0=1.06922 ,
G1=0.733382.

Histogram for otkasi

24 Distri bution

— Gamma

®ur.3. Anpokcumauus Ha oTkasuTte ¢ Fama pasnpegenetue.
Koedmuuentute Ha pasnpegenenuero ca: A=0.56998,
k =2.1349

lMpenopbyaHa 3a nybnukysaHe om kamedpa ,Enekmpucbuxkayus
Ha MuHHomo npoussodcmeo”, MEM®
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Histogram for otkasi

20 T

/P

0 3 6 9 12 15

Distribution
— Weibull

®ur.4. AnpokcMmaums Ha oTKasuTe ¢ pasnpefeneHue no Benbyn.
KoedmumenTute Ha pasnpeaenenmeto ca: (1 =4.17497,

b =1.49516

Ha dourypute ca 13nonaysaHu osHauyeHuaTa: X - Gpoit oTkasm
3a mecel, f -yectoTa Ha oTkasuTe.

N3Bogu

OT nonyyeHuTe pesynTaTi MOraT fa Ce HanpaesT CreaHuTe
13BOaM:

1. Hait — ronsm e BposT Ha oTkasuTe B kabenHute NuHUK
3a 6 n 20 kV, 47% ot obwmsa 6poin. ToBa 03HayaBa, ue
npobnema e B kabenute u otgenHute enemeHTu ( kabenHm
MyU, PasKMOHUTENHW KyTuW, KabenHW rnaBu, MOABWXHM
NPEBKMIOYBATENHM, MYHKTOBE W Ap.), KOWTO M3rpaxaar
kabenHaTa Mpexa Ha pyaHuka.

2. lonsm e BpodT Ha OTKasuTe C HEW3BECTHW MPUYMHN
(epHa 4eTBBPT), KOETO 3aTpyOHABA MPELM3HMAT aHanu3 Ha
OTKasuTe B enekTpocHabauTenHata cuctemMa Ha MOACTaHUWs
,3™ MapT” .

3. OnpepeneHn ca OCHOBHWUTE TOYKOBM OLIEHKM Ha
cTaTucTnyeckaTa useagka Ha otkasute (Tabnuuya 1 v Tabnuua
2).

5. HuTo edHa OT NpoBEpeHUTE XWMOTE3n 3a TEOpeTUYeH
3aKOH Ha pa3npefeneHure Ha CcryJyanHaTa BenuynHa (0Tkasu Ha
mMecel) He Moxe pga Obge oTxBbprneHa. [ama
pasnpedeneHneTo e ¢ Haih — gobpa oueHka 3a TeopeTuueH
3aKoH 3a pasnpegenexue. MonyyeHuTe OLEeHKM MO KpUTEepUs Ha
MupcbH 1 Konmoropos ca HanpaBeHu Npu ontumaneH 6pon
KracoBe B XucTorpamuTe ocem (8).

6. Heobxoammo e aa ce 06bpHE BHUMAHE Ha KOHCTPYKUMSTA
Ha pasKMoOHUTENHUTE KyTuW, kabenHuTe Mydu 1 rnasu, KakTo 1
Ha CbCTOSHWNETO Ha MOABIKHUTE MPEBKIIOYBATENHM MYHKTOBE.

INutepatypa

Magnugistics Inc., Statgraphics, User Guide,1996.

BbekepoH M1.I. Metoguka cbopa 06paboTku CTaTUCTUYECKOM
WHCOPMALMM O HAZEXHOCTM  LIAXTHOrO  9MEeKTpo-
obapygosanus, W.I.1.,1975.
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CNEKTPANEH AHANKU3 HA ENNEKTPOMAIHUTHO U3NTbYBAHE OT PA3PANOM,
NOPOAEHU OT PA3PAON OT HAENEKTPU3UPHU ONENEKTPULIA

tOnuanx 3aumos
MurHo-eeonoxku yHugepcumem "Ce. Mean Puncku", 1700 Cogpus, julianus@mail.bg

PE3IOME. HanpaseH e npernes Ha ChlUEeCTBYBaLUMTE HAYMHY 3a ONPEENSHE HA CTATUYHA ENIEKTPU3ALIASA MPU Pa3NUYHIN TEXHOMOTMYHY MPOLIECH BbB B3PUBOONACHM
MPOM3BOACTBA. 3a LiefiTa Ce W3Non3gaT CTaTMMETPW, KOWUTO W3MEPBAT eNneKTPUYECKN WHTEH3UTET U Ha Tasu 6asa ce MpaBsT 3aKIYEHNA 33 eNeKTPUYEcKUTe
paspsam.

B cratusaTa ce npeqiara HauuH 3a MHAMKALWA Ha eNIEKTPOCTATUYHI PA3PSAM B NOTEHLMATHO eKCMIIO3MBHA aTMOCKepa, Ypes aHanms Ha efieKTpOMarHuTHOTO nore,
KOETO MoXe fia Gbie Bb3NPUETO KaTo CUTHAN 3a ChLLUECTBYBAHETO UM.

SPECTRAL ANALYSIS OF ELECTROMAGNETIC RADIATION FROM ELECTRICAL DISCHARGES, POSED FROM
ELECTRICAL DISCHARGES OF ELECTRIFIED DIELECTRICS

Youlian Zaimov

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

ABSTRACT. Was made a review of existing methods of determining the static electricity in various technological processes in explosives production. For this purpose
apparatuses are used to measure electrical intensity and on that basis draw conclusions about the electrical discharges. The article provides a way to indicate
electrostatic discharges in a potentially explosive atmosphere by analyzing the electromagnetic field that can be perceived as a signal of their existence.

N3BecTHO €, Ye BCEKM EnekTpuyecku paspsg npes HanpexeHneTo Mexay enekTpogure ce cCb3gasa OT
AVENEKTPUK Nopaxaa M3TbYBaHE Ha eEKTPOMArHUTHW BbIHM. BBHLUEH U3TOYHWK BH, cbrnacHo cxemata, nokasaHa Ha ¢wr.2.
B [1] e npeanoxeHo ToBa 0O6CTOATENCTBO Aa Ce M3Non3ga 3a PeanctopbT R ma cbnpoTuBneHne 0T Nopsigbka Ha Meraomu,
OTKpMBAHE Ha ENEKTPUYECKU Pa3psigy, Bb3HWKHAMM nopaam KoeTo Moxe Aa ce perynupa. KongeHsatopst C npeacrasnsisa
HaTpynBaHe Ha CTaTUYHW 3apsigu  BbpXy [OMENEKTPUYHM OaTepnst OT BMCOKOBONTOBM KOHZEH3ATOPW, C KOUTO u4pes
NOBBLPXHOCTU. TOBa MOXe Aa Ce MOCTUrHE Ypes Cb3[aBaHEeTo MOAXOASLLO CBbP3BaHE MOXe fa Ce MPOMeHs CTOAHOCTTa Ha
Ha WMHOMKATOP, KOWTO Aa OTKPMBA M CUTHaNM3upa 3a Hamuuue kanauuTeTa. EkcnepuMeHTUTE ca NPOBEAEHM C KOMOMHaLMS
Ha pa3psiay B NOTEHLMANHO onacHa exkcnioauBHa atmocdepa. OT pa3nnyHM HOpMU Ha enexkTpoauTe — cdepu, OCTpueTa,

3a curypHaTta pabota Ha TakbB MHAMKATOP € Heobxoammo OCTpME - MNOCKOCT /auck/ 1 ap.

Aa ce HamepsT:
1. Kputepun, ¢ Heobxogumarta [OCTOBEPHOCT, KOMTO
no3BONIsBaT Aa Ce pasrpaHnyaT enekTpoOMarHUTHUTE CUrHanm
OT paspsguTe U OT Heu30eXHUTE BBLHIWHM CMyLieHus. EgHa
Bb3MOXHOCT B TOBAa OTHOLWEHWE € M3CNEABAHETO Ha
YEeCTOTHUSI CMEKTbp Ha  eNEeKTPOMarHWTHOTO  W3MbYBaHe,
Cb3gageHo MNpU HanuuMe Ha OMacHW  eneKkTPOCTaTUYHM
paspsgu, KOUTO MoraT Aa Bb3nnameHsiBaT B3pWUBOONACHWTE
cMmecu.
2. EBeHTyanHu 3aBucumoctn Mexay eHeprvsta W Ha
paspsaanTe W HAKOS XapaKTEPUCTMKA Ha YECTOTHUS CMEKTHP.
OT HsKOMKO rofguHM Hacam B nabopatopusi ,EKCTEXHMKA”
npn MIY-HUC, akpeguTupaHa 3a M3NWTBaHe Ha CTaTudHa
enekTpusaumMs B YCNoBMSITA HA MOTEHUMarHo onacHa
€KCTIIo3MBHa aTMocdepa, Ce MpOBEXOAT EKCepPUMEHTaHN
W3credBaHWs  4Ype3  3anuCBaHe Ha  EneKTPOMarHuTHWUTE
CWrHamM, M3ITbYBaHW OT W3KYCTBEHO Cb3gafeHu paspsign
MeXay MpOBOAMMM ENEKTPOAN C Mankn pasmepu. 3a LenTta e our. 1
KOHCTPyMpaH U3nuTBaTeNeH CTeH, NoKasaH Ha cur.1.
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BH ' L

our. 2

Cxemata paboTi Mo CreHUs HaumH:;

KoHpeHsaTopbT C ce 3apexaa OT u3TouHuka Ha BH npes
pesncTopa R ¢ Tok is. Korato HanpexeHUeTo Ha KoHAeH3aTopa
Ue BoCTurHe onpeaeneHa CTOMHOCT 3anoyBa Aa npoTiya ToK
Ha yTeuKa iyr MexXay enexkTpoamnTe. AKO TOKLT Ha 3apexzaaHe

is = Y iyr , HanpexeHueto Ue npodbmxasa Aa HapacTsa
R

[0 [OCTUraHe Ha CTOHOCTTa Ha NPoBuBHOTO HanpexeHue Unp
B MCKpULETO ce ocbluecTBiBa paspsg. Cnen paspsza
KOHAEH3aTOpPbT OCTaBa 3apedeH C HsKAKBO OCTaTb4HO
HanpexeHue, KoeTo Moxe [fa Obae MOnOXWUTENHO WK
OTpULaTENHO, HO MO abCOMKTHA CTONHOCT € MHOMO MO-Marko
OT NPoBMBHOTO M MOXe Aa ce npeHebperHe. VHTepBambT oT
Bpeme AT mexgy paspsgute MOXe Aa Ce perynupa upes
u3MeHeHme Ha R cbrnacHo chopmynara:

Un7
AT = -RC In|1-—2
U(:

EHeprusaTa Ha paspsga ce onpegens ot opmynara
w=05CU,

N3mmbyeHnTe enexTpOMarHUTHI BbiHN NpY BCekM Npobus ce
perucTpupar Ypes cucTemata, nokasaHa Ha ur.3. Tyk A1 n Az
Ca AiBe eiHaKBM PAMKOBY aHTEHW, CBbP3aHM AUdepeHLManHo,
TaKa Ye Korato W3TOYHMKLT e MexXay TsX CurHanute fa ce
CYMMpaT, a Korato e B OKOMHOTO MPOCTPaHCTBO — Aa Ce
n3saxaar. [lonmyyeHussT OT TaX CWrHan ce 3anucBa Ha
KOMMIOTBPEH OCLMIOCKO.

owur. 3

WacnegBaHu ca MHOXECTBO paspsigu C M3MOM3BaHE Ha
PasnMYHM  BWOOBE EMEKTPOOM, KaTo  CTOMHOCTUTE  Ha
napametpute R, C, Uc n Unp MMaT pasnmyHM CTOWHOCTU.
loremmHata Ha  Unp CE M3MEHS NpU M3MEHEHWE Ha
Pa3CTOSHUETO MEXOY eneKkTpoauTe. TWmWYHM 3anucu Ha
paspsiauTe ca nokasaHu Ha cur.4, 5,6 1 7.

Mawab — 1 aenenue e 10us

®ur. 5

Mawwab - egHo genexve e 10 s

®ur. 6

Mawwab — egHo genexve e 10 s
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our. 7
Mawwab — egHo aenexve e 0,1 s

3a na ce Jgafie ThIKyBaHWE Ha MOMydYeHUTe pesynTath e
HeoOXOAMMO Ja Ce HanpaBu W TEOpeTUdYeH aHanu3 Ha
naeanuavpaH paspsg npu onucaHaTa nocTaHoBKa

3a uenTa e npunoxeHa obwarta Teopus [2] u [3], kosTo ce
OTHacs [0 M3MbyBaHe, NOPOAEHO OT CUHyCOMZaneH TOK KbM
KOHKPETHUS CMyyali, Npu KOWTO TOKbT Ha pa3psga ce U3MeHst
Mo NCeBAONEPUOANYEH 3aKOH:

. R _a .
i=i_ e sin ot
R
TyKa)Zil; 5:7/), i”:U" £
LLC L ’ "\ L

KbaeTo L e MHAYKTUBHOCT Ha paspsigHus KOHTYP
Rp — aKTBHO CHMPOTUBIEHME HA Pa3psiaHIS KOHTYP

Toit KaTo €N1EKTPOMarHUTHOTO U3mbyBaHe e
NPONOPLIMOHAINHO Ha YCKOPEHWETO Ha 3apsaa, T.e. Ha MbpBaTa
NPOM3BOAHA Ha TOKA BbB BPEMETO NMpU & << » MOXe Aa ce

Hanuwe
H, = Al e sin ¢ [ﬂ cos[wt - zﬂjj + sin [wt 72ﬂ’j:|
AP 2 A 2
Al xi
,=————e%Z, cosg Zsm[wt—zﬂj_icos[wt_zﬂj
47p? A 27p A
Al xi
Egozizme‘“zbsincp[zﬂcos(wt—zﬂ},sin( t—zﬂj
4rp A 2 2
*LCOS Wt,ZLp ]
27p A
L
&9 W,/ o€

CMUCBITBT Ha rEOMETPUYHITE NapameTpn BbB OpPMynuTe
€ nokasaH Ha ¢ur.8, Ha KosTO e M300pa3eHo VCKPULLETO BbB
MPOCTPaHCTBEHa KOOpAUHATHA cUcTEMa.
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=y

®wur. 8

CurHanmbr, WHOYKTUPAH B PaMKOBUTE aHTEHU
onpegena ot upasa:

U =-2wy, %D‘J. Hl (;S:i

ce

KbeTow e 6p0$|T Ha HaBMBKNTE Ha BCAKA OT ABETE PaMKu
S - MOBBbPXHOCTTA, OrpafdeHa OT BCAKa pamMka.

AHanu3bT Ha HanucaHWTe M3pasw NoKassa, Ye MONesHUsT
CurHan 3aBucu No ABa PasnnyHKU Ha4dnHa OT Pas3CTOAHMETO
Mexay paspsga U aHTeHuTe — TOW Hamansea C mbpsaTa u
BTOpaTa CTENeH Ha TOBa pa3CTosiHWe. Tbil KaTo aHTEHWTE ca B
HenocpeacTBeHa OnM30CT [0 W3TOMHWUMTE Ha  paspsau
/CpaBHEHO C ObITKUHUTE Ha U3MbYBAHUTE BbITHW/ OT 3HaYEHWe
ca 1 BeTe CbCTaBKu.

HanpaBeHuTe ekcnepuMeHTanHu 3anucu nokassaT edHa
XapaKkTepHa 0cobeHocT:

B Havarmoto Ha  BCcekM  paspsp  CbluecTByBa
€NEeKTPOMarHUTHO  M3byBaHe C  BUCOKA 4YecToTa ot
nopsigbka Ha meraxepuu /npumepHo ot 1 oo 30 MHZ/. Tosu
curHan 6bp30 3aTuxBa W e NocneaBaH ot Apyr — 0BMKHOBEHO C
no-gobpe u3paseHa nceegonepuognyHa  hopma,  KOMTO
OYEBMOHO € MOPOdEH OT MCEBLOMEPUOAMYHMS paspsg Ha
NCKPULLETO. YecToTaTa Ha TO3W CUTHaM e 3Ha4WUTerHo no-
HMCcka — OT nopsigbka Ha 100 kH:, u e onpepeneHa ot
napameTpute WHOYKTMBHOCT W KanauwTeT Ha paspsgHata
Bepura. TbA KkaTo npW  paspsgu, Cb3dageHu  oT
HaEenekTpU3npaH1 AMENEKTPUYHU NOBBPXHOCTU € NOMMYHO Aa
CE OyYaKBaT CUTHamW C MO-BUCOKM YeCTOTU, HO MpU Masku
amMNAuTyau, HOMKaTOpbT TpsbBa Aa pearvpa M Ha CUrHanm C
BMCOKM YECTOTW, KOWTO Bb3HMKBAT B HaA4anoTo Ha BCEKM
paspsd.

Haii-BeposiTHOTO  00sicCHEHMe 3@ HanWMuMeTO  Ha
BMCOKOYECTOTEH CUTHanm ca mpouecute Ha npobuB Ha
OVENeKTpuka B NpeanpobuBHUS nepuog. Tbil kaTo curHanm ¢
4ecToTM OT nopsabka Ha Meraxepuu ce Habniogasat mpw
HamuuMe Ha aTMOCepHO €enekTPUYeCTBO M Npu edekTa
KopoHa [4], MOXe [a ce CMATa, Ye Tasn YecToTa e Hal-cUrypeH
nokasaTen 3a CbLLECTBYBaHETO Ha Pa3psiay BbB Bb3ayxa.



M3Bogm

MpegnaraHuaT MHOWKaTop TpsibBa fJa  pearvpa  Ha
€NEKTPOMArHuTHI CuUrHanu B 4ectoTeH obxeaT noHe go 20
MH.. Toi TpsibBa fja MMa YyBCTBUTENHOCT U NO OTHOLLEHWE Ha
HWUCKKM YecToTn OT nopsigbka Ha 100 kHz kouTO Bb3HMKBAT
VMEHHO NpW Hal-MOLLHUTE Pa3psau, a Te ca U Han-onacHM no
OTHOLUEHWE Ha  Bb3NnaMeHsBaHe Ha  NOTEHUMANHO
eKcnro3ueHaTa atMocgepa.

[Mpenopbyana 3a nybrukysaHe om kam. ,Enekmpucpukayus
Ha MuHHomo npousgodcmeo”, MEM®
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AHTUCTATUYHU U UICKPOHEOBPA3YBALLX NOAOBU HACTUIIKU 3A NMPOU3BOA-
CTBEHM NMPOLIECU B NOTEHUWAINHO EKCMNO3UBHA ATMOC®EPA
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PE3IOME. B HacTosiLs Aoknaj € HanpaBeHa knacucukaums Ha CbBPEMEHHUTE aHTUCTATUYHU 1 UCKPOHEOBpa3yBaLLiy NO[OBM HACTUIKM.

CuCTEMaTU3MPaHN Ca OCHOBHWTE W3WCKBAHWS MPOM3TUYALLM OT AENCTBALLMTE HOPMATUBHW AOKYMEHTM M CbBPEMEHHUTE CBETOBHW TeHpeHUuu. OBbpHaTo €
BHMMaHWe KaKTo Ha W3NUTBaHWSITA CBbP3aHU C eNEKTPONPOBOAMMOCT M UCKPOHeoBpasyBaHe, Taka 1 Ha U3NUTBaHUATA MO OTHOLLEHWE Ha SKOCTHUTE W fedopmaLy-
OHHUTE XapaKkTepucTukv . OnpefeneHn ca NpenopbYNUTENHM 06NacTy Ha NPUNOXEHME.

ANTISTATIC AND SPARK RESISTANT FLOORINGS FOR A PRODUCTION PROCESSES WITH POTENTIAL EXPLOSION
ATMOSPHERE
Lachezar Hrischev', Julian Zaimov?, Kostadin Zaimov?

T Higher School of Civil Engineering “Lyuben Karavelov’, Sofia, Bulgaria
2 University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, Bulgaria

ABSTRACT. In the present report was made a classification of modern and antistatic flooring without occurrence of sparks. Systematics was made of the basic re-
quirements under existing regulations and current world trends. Attention is paid to both the tests related to conductivity and not form sparks and the tests in terms of
strength and deformation characteristics. Application areas are determined.

BbBeaeHue 1.Knacucukaums Ha CbBpeMeHUTE NOLOBK HACTUIKN 1 NOKPK-
M.
BbannameHsBalyaTa CnocoBHOCT Ha  enekTpocTaTiHuTe 2.CuctemaTnampaHe Ha OCHOBHUTE XapaKTepUCTUKW U WU3UCK-
pa3psian, a CbLLO U PPUKLMOHHNUTE UCKpK, 0BpasyBalLy ce npu BaHWS, Ha KOUTO CbLUMTE crieaBa [a OTroBapsT.
U3MbITHEHWE Ha TEXHONOMYHIA 11 PEMOHTHI onepauum ca Ham- 3.0npefensHe Ha npenopbYUTENnHU 0BMacTi Ha NpUNoXeHe
ronAmara onacHoCT 3a B3pUBOBE W NOXapn B NPON3BOACTBA C Ha CbBPEMEHHWUTE AHTUCTATUYHKU U MCKPOHeobpasyBalum no-
NOTEHUWanHo ekcnnosmMBHa aTMOCCpepa. JIOBW HACTUIKW.

EnekTpocTaTMYHIUTE VCKPOBM paspsidi NpeausBuKBaT Bb3r-
flaMeHsiBaHe Ha TOPUMWTE MapO-Bb3AYWHM WM  Mpaxo-

Bb3AYLUHN CMECH NOCPEACTBOM pa3cesiHaTa eHeprus Ha pas- 1. Knacudpukaums Ha cbBpemeHHUTe aHTUCTa-

psa. TUMHU N MCKp0H906p83yBaI.I.WI noaoBu HACTUNKKU
OpUKUMOHHUTE WCKPY, NPEeaCTaBnsBaLY YacTLM OT fadeH
MaTepuan OTAerieHN Mpu ONpEeneHo yaapHo BbafelicTBie 1.1. Cnopen BMAa Ha MaTepuanuTe 3a W3MbIHEHWE Ha
UMW TPUEHe, 3a KpaTKo BpeMe OTAENAT ronsmMo KONMYEecTBO HacTunkara:
TOMNWHA, JOCTaTbYHO 3a [OBEXAHE HA MOTEHLMANHATa eKc- - HACTUIKM Ha 6a3a LMEHTOBY CMecH;
nnosueHa atMocdepa 40 TemnepaTypata Ha BbaniaMeHsBa- - Ha Ha 6a3a LIMeHT-NoNMMEpHU cMeck;
He. - HaCTUINKK Ha Ga3a TepMopeaKTMBHY NONMMEpH;
EAWH OT OCHOBHMTE MPWHLMMKM 3a NPEBEHLMS 3@ Heaomyc- - HaCTUNKI Ha 6a3a TepMOnNacTU4HI Monumepy;
kaHe Bb3NNaMeHABaHETO Ha B3pMBOOMACHUTE eKcrnoataliy- - HaCTUNKV Ha 6a3a CUHTETUYEH KayuyK.
OHHY CPEeay € M3MON3BAHETO Ha aHTUCTATUYHU U UCKPOHEOoB-
pasyBaLLV NOJ0BM HACTUMKA. 1.2. Cnopen KOHCTPYKTMBHUS UM BUA:
HannuneTo Ha MHOTO CbBpeMeHHW MpoaykTW Ha Bbnrapc- - MOHOMUTHYA;
KW Masap U XapMOHW3MPaHeTO Ha peauLa eBpomneiickn CTaH- - HaCTWIK OT OTAENHN eneMeHTU (BbB BIAA Ha MIOYW W
JapTu B obnactta Ha aHTUCTaTMYHWTE HaCTUMKM OT edHa pynay;
CTpaHa, W NUNcaTa Ha KOHKPETHU MpaBura U MHCTPYKUMK 33
TAXHaTa ynotpeba v npunoxeHue faBa OCHOBaHWE Aa Ce u3- 1.3. Cnopen BuAa Ha UCKpUTE M NpEBEHLUATA OT TAX:
BbpLUM; - @HTUCTATU4YHM HACTUIKW — HacCTUIKK, KOUTO He MO3BONsiBaT

noaBata Ha eNeKTpocTaTU4HU NCKPOBU pa3pAan;
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- MCKpOH606p63YBaLLI,I/I — HaCTUJTIKK, KOUTO HE NO3BONABAT NoA-
BaTa Ha d)pI/IKLlI/IOHHI/I MCKpK BCNneacTene Ha TpueHe unn yaap-
HU Bb3OENCTBMS BbpXy noaa.

1.4. B 3aBMCUMOCT OT eNneKTPU4YECKOTO UM CbNpo-
TUBNEHME:

- NPOBOANUMW — HACTUMKW C €NEKTPUYECKO CBLMPOTUBNEHWE OT
104Q po 108Q;

- @HTUCTaTUYHU — HACTUMKW C ENEKTPUYECKO CLMNPOTUBIEHUE
ot 106Q o 108Q;

- HENpOBOAMMM — HACTUMKW C eNEeKTPUYECKO CbNpOoTUBMEHUE
Hag 108Q.

2.0CHOBHM XapaKTepucTtmkn U M3NCKBaHUA KbM
AHTUCTATUYHUTE U MCKp0H906p33YBaI.I.IVI nogosu
HAaCTUNKW.

3a [a ce U3ACHST eKCrioaTaLMoHHUTE YCIoBMS B NPOU3-
BOACTBEHUTE MOMELLEHMS C MOTEHLMANHO EKCMNo3uBHa aT-
Mocchepa ca HeoOX0AMMM CIIEHUTE U3XOHU JaHHN:
- BWO Ha TEXHOMOMMYHMTE MPOLIECU W Bb3MOXHOCTUTE 33
U3MeHeHWe Ha TexHomorusTa;
- TOYHO OMpefensHe Ha CbCTaBa Ha NOTEeHUManHWTe napo-
Bb3AYLLIHM UMW NPaX0-Bb3AYLLIHN EKCMNO3NBHN CMECH;
- MeXaHW4HW Bb3elCTBUS BbpXy NoAa OT Xopa, Ge3perncosu
TPaHCMOPTHY CPEACPBa U YaapH Bb3AeNCTBIS,
- pa3nonoXeHne 1 pa3Mepu Ha NPOXOANTE B NMOMELLEHUETO, U
MecTaTa 3a CKMagupaHe C yKasaHus 3a  MONE3HOTO
HaToBapBaHe;
- XMMWYEH CbCTaB, KOHLEHTpauuWs M TemnepaTtypa Ha
TEXHOMOTUYHUTE PA3TBOPH, a CbLLO N CbCTaB HA PasTBOPUTE
W3MOM3BaHN MpY MOYNUCTBAHETO Ha MOAa, W TemnepaTypa Ha
MOYMCTBAHE;
- KONMYECTBO Ha PasTBOPUTE, KOUTO CE pasnuBaT BbpXy nofa.

Bsemaitku ce npegsua M3XoagHUTE OaHHW, cnedsa ga 6baart
KOHKPETM3MPaAHN OCHOBHWUTE XapaKTEpPUCTUKM M M3UCKBAHMSATA,
Ha KOWUTO HacTUNkuTe TpsibBa 4a OTroBapsT M NPUTEXaBAT;

- CTEeneH Ha eneKkTPUYeCcKo CbNPOTUBIEHNE;

- UCKpOHeobpas3yBaHe;

- AKOCT Ha HaTuCK;

- SIKOCT Ha OITbH NPM OrbBaHe;

- 13TpUBaeMOocCT 1 abpasnBHa M3HOCOYCTOMYNBOCT;
- YCTOWYMBOCT Ha yapHW Bb3OEeNCTBuS;

- YCTOW4MBOCT Ha TEMMepaTypHN Bb3AENCTBIS, B T.4. 1 ps3ka
NpoMsiHa Ha TemMnepaTtypara;

- XMMWYECKa YCTOMYMBOCT;

HENPOHULLAEMOCT 3@ TEYHOCTH;
MPOTUBOXITb3raBoCT;

ropUMOCT;

- BpeMe 3a BbBeXzJaHe Ha nofa B ekcnnoarauus;

- Bb3MOXHOCT 3a [IECHO MOYNCTBaHe U 0BCIyKBaHE.
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3. MeToau 3a M3NuUTBaHe Ha aHTUCTaTUYHMUTE M
UCKPOHeobpa3yBaLy1 NOLOBU HACTUNKK

3.1. OnpegensiHe Ha eNeKTPUYECKOTO CLNPOTUBNEHHUE
3.1.1. OnpedensiHe Ha eNleKMPUYECKOMO CbhPOMuUeJIeHue
cbanacHo BJJC EN 1081

OnpepensHeTo Ha enekTPUYECKOTO CLMPOTUBIEHNE Ha
noposeTe cbrnacHo uanckeaHusTa Ha BAC EN 1081 ce us-
BbpLUBA MOCPELCTBOM TPUMOAHU ENEKTPOAMN (due.),(due.2) W
Ypen 3a M3MepBaHe Ha ENeKTPUYECKOTO CbMPOTUBNEHME C
TO4HOCT +- 5% B AuanasoHa ot 10°Q go 10'9Q n ¢ TouHocT
+/-10% B auanasoHa Haa 101%Q. Mpu onpenensHe Ha enekT-
pUYECKo CbNPOTUBMEHME Cbe cToiHocTu Ao 108Q cnepsa na

ce u3nonasa Hanpexenne 100V, a 3a cToitHocTn Hag 108Q —
500V. lMpu namepBaHeTO, BbPXY TpMUNOAHUTE 0bpasum ce yn-
paxHsBa HatoBapBaHe OT MuHUMYM 300 N.

Mo To31 MeTOA ce onpesenar:

- BEPTUKANHO enexkTpu4ecko cbnpotuenexue R1;

- CbNPOTUBNEHNE Ha 3a3emsiBaHe R2 — enekTpuyeckoTo Cbi-
POTUBMEHWE U3MEPEHO MEXIY HATOBApPEH TPUNOAEH eNeKTpoa
NOCTaBeH BbPXY MOBLPXHOCTTA HAa HacTUNKaTa W 3asemsBa-
HeTo;

- MOBBLPXHOCTHO CbNpOTUBNEHME R3 — CbNpOTUBREHNETO W3-
MEepeHo Mexay ABa TPUMOAHM enekTpoda M MOCTaBeHW Ha
pasctosHue 100 mm eauH oT apyr.

T A
®ur. 1. TpunogeH enekTpoAa 3a U3MepBaHe Ha eNeKTPUYECKOTO ChNPO-
TMBneHue cbrnacHo BAC EN 1081

®ur. 2. UsmepBaHe Ha eNEKTPUYECKOTO CbNPOTUBNEHUe cbrnacHo BC
EN 1081

3.1.2. OnpedensiHe Ha elekKMPUYECKOMO CbNPoMueseHue
cbanacHo BL]C 6728-82 u (lpasuna 3awums om cmamu-
Yyeckozo entekmpuyecmsa. 1973)

3a onpegensiHe Ha enekTPOCTaTUYHUTE CBOWCTBA Ha Mo-
[0BaTa HacTurka ce M3MepBa enekTPUYECKOTO CbMpOoTUBIE-
HWE MeXy MOBbPXHOCTTA Ha HacTWiKaTa U M3BOAMTE Ha 3a-
3eMsBaHeTo. 3a LenTa ce 13nonasa anymuHueB enexkTpos C
anameTtbp 80mm n gebenuHa 20mm. Mpes Bpeme Ha u3mep-
BaHETO ENeKTPoaAa Ce NpUTUCKa KbM MoJoBaTa HacTurka noc-
peacrtom a0 ¢ maca 100N.



3.1.3. fpysu mMemodu 3a onpedensiHe Ha efeKmpu-
YyecKkomo cbnpomussieHue Ha nodogume HacmunKu

XapMOHW3WpaHeTO Ha peamua eBpOMeiicki HOpMK LoBene
[0 HaBIM3aAHETO U y HAaC Ha BCe MO-HOBM CTaHAapTW B obnacT-
Ta Ha M3MEPBAHETO Ha EneKTPUYECKOTO CLMPOTUBMEHNE HA
nogoBuTe HacTUNKK1. [pyri NogobHM METoaM 3a M3NMUTBaHe ca
perfiaMeHTUpaHm B:

- bAC EN 61340-4-1 ,Enektpoctatuka. Yactr 4-1:
CraHgapTHM MeToaM 3a  W3NUTBAHE Ha  cneuuduyHm
NPUNOXeHUs. ENeKkTpuyecko CbnpoTWUBREHME Ha MOLOBM

HacTUIKu 1 Ha nHcTanupanu nogose (IEC 61340-4-1:2003);

- bAC EN 61340-4-5 ,Enektpoctatuka. Yacr 4-5:
CraHgapTHM MeToaM 3a  M3NUTBaHE Ha  cneuudmyHm
npunoxeHus.  Metogm  3a  xapakTepusupaHe  Ha

eneKTpocTaTyHaTa 3aluuta Ha Yopanm 1 oByBKM 1 HACTUMKK,
B komBuHaums ¢ yoBek (IEC 61340-4-5:2004);

- BAC EN 61340-5-1 ,Enextpocratuka. Yact 5-1: 3awura
Ha  ENEeKTPOHHWM  YCTPOWCTBA  Cpelly  SIBMEHWETO
enektpocratuka. OB nsmncksanms (IEC 61340-5-1:2007).

CrangapTute ot cepusta BAC EN 61340 no cwulecTso
npeacTaenaeat geicTawyara ot 1990r. ,MexayHapoaHa cne-
cudpukaums |EC 61340”, 4nato ocHOBHa Lien e aa pernameH-
TMpa HOPMWTE W OCHOBHWTE MOJIOXEHMSI MO OTHOLIEHWE Ha
CTaTUYHOTO ENEKTPUIECTBO B NPEANPUATUATA HA ENEKTPOHHA-
Ta NPOMWLLIEHOCT M ENEKTPOHHATA UHOYCTPHS.

3.2. MeToau 3a U3nUTBaHe 3a UCKPOHeOOpa3yBaHe Ha no-
AOBUTE HACTUNKHU

XapaKTepHO 3a U3NIUTBaHUSITa 3a UCKPOHeObpasyBaHe, e Ye
KbM MOMEHTa HAMa ,qeﬁcmau.m 6bnrap(:|<m Mnn XapMOHU3K-
paHW €BPOMENCKA CTaHOapTV 3a TakbB TUM M3nuTBaHWs. Me-
TOOWTE 3a U3NUTBAHE, KOWTO CE M3NOM3BaT B npakTukata ce
Basupat Ha ynpaxHsiBaHe Ha MEeXaHWYHO TPUEHEe UMK yaapHO
Bb3OENCTBME BbPXYy W3NUTBaHAaTa HacTWika C Len oTaensHe
Ha YaCTULK OT Hes, KouTo Buxa ce BN PUKLIMOHHM CKPK.

CvrnacHo ykasanusTa Ha UFGS-099723 (UNIFIED FACILITIES
GUIDE SPECIFICATIONS, 2008), @ CbLO W Cropeq ,Yka3aHus 3a
W3NUTBaAHE Ha WCKpeHe Ha AobaBbuyHW MaTepuanu u cTpou-
TemnHU pas3TBopn”’ — 3maTtencTBo Ha KOMMTETA MO XUMUS —
1968r., MEXaHNYHOTO Bb3LeNCTBME BbPXY NOAOBATA HACTUIKa
Ce M3BBLPLUBA B TbMHO NMOMELLEHWE, KaTo Ce Creaum BuU3yanHo
3a nosieata Ha (PUKLIMOHHN UCKPU.

Mo-peannucTnyHo 1 6NIM3KO [0 EKCMNoaTaLMOHHUTE YCHOBMS
€ W3NUTBAHETO, KOETO CE M3BbpLUBA B 3aTBOPEHa kamepa,
MbIHa C NOTEHLMArHO Bb3NNaMEHWUM ras, kato BbpXy WU3nuT-
BaHWS €NIEMEHT Ce YMpaXHsiBa MHOrOKpaTHO YAApHO Bb3genc-
TBWE C OMPEAEneHa eHeprus Ha ygapa unu TpUeHe OT cToMa-
HeH BbpTAL ce auck (Kpasyerko, 1976). Hactunkata ce cuuta
3a uckpoHeobpasyBalLa, ako BCreacTBre Ha onpeaeneH 6poi
yAapu CbC CbOTBETHATA EHEPIUS HE CE MOMyYM Bb3MIaMeHs-
BaHe Ha HammpallaTa ce B kamepaTa B3puBoonacHa CMec.

3.3. MeToam 3a m3anuTBaHe Ha IKOCTHUTE U MEXaHUYHU
XapaKTep1CTUKN U XMMUYeCKa PE3UHTEHTHOCT Ha aHTUCTa-
TUYHMTE U UCKPOHeOoOpa3yBalLuTe NOJOBN HaCTUNKK
OcBeH  enekTpocTaTWyHWTE W MCKpOHeoDpasyBaLy
CBOMCTBA Ha MOAOBMTE HACTWMKW, 3a ObMroTpaiHoCcTTa W
eKCrioaTaLyoHHaTa roaHOCT CbLUECTBEHO 3HAYEeHWE UMar W
OPYr XapaKTepUCTUKM — SIKOCTHU U MEXaHWYHW XapakTe-
PUCTUKW, XWMWYECKA YCTOWYMBOCT, TemnepaTypHa YCTOW-
YMBOCT M Ap. XapMOHW3MPaHETO Ha peauvua eBPONencKu
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HOPMU JOBeAe [0 HAaBNWU3aHETO Ha CbBPEMEHHW CTaH4apTy 3a
U3NMTBaHe Ha NOJOBW HACTUMKMA.

OCHOBHMTE  XapaKTEPUCTUKA WMaLLW  OTHOLUEHWE KbM
[ObNroTpatHoCTTa Ha NOAOBUTE HACTUNKK Ca CNeaHuUTe:
- IKOCT Ha HATUCK — U3NUTBAHETO Ce U3BbPLLUBA cbrnacHo bBIC
EN 13892-2:2003 — ,MeToau 3a u3nuTBaHe Ha NOAOBM 3amas-
kn. Yact 2: OnpenensiHe Ha IKOCT Ha OMbBaHe U Ha HAaTUCK,
- SIKOCT Ha OrbBaHe - M3NUTBAHETO CE€ M3BbLPLUBA CbIMACHO
BAC EN 13892-2:2003 — ,Metoau 3a u3nuTBaHe Ha NOAOBM
3amasku. Yact 2: OnpefensHe Ha SIKOCT Ha OrbBaHe U Ha Ha-
TUCKY;
- abpasuBHa M3HOCOYCTOMYMBOCT - N3NUTBAHETO CE M3BbPLUBA
cbrnacHo BC EN 13892-3:2003 — MeTtoau 3a n3nuteaHe Ha
nogoeu 3amasku. Yact 3: OnpefensHe Ha YCTOMYMBOCT Ha
n3HoceaHe — Bohme;
- MNOBBbPXHOCTHA TBbPAOCT - W3MUTBAHETO Ce W3BbPLUBA
cbrnacHo BC EN 13892-6:2003 — MeToau 3a u3nutBaHe Ha
noaoBM 3amasku. Metoom 3a M3nuTBaHe Ha NOAOBK 3aMa3ky.
YacT 6: OnpegensiHe Ha NOBbPXHOCTHA TBPAOCT;
- aAxesns Ha HacTurnkata KbM [onynexaiiara OCHoOBa -
“3nuUTBaHeTo ce u3BbpLLBa cbrnacHo BC EN 13892-6:2003 -
Metogn 3a u3nuTBaHe Ha nogoBu 3amaskn. Metogm 3a
n3nuTBaHe Ha nogosu 3amasku. Yact 8: Yact 8; OnpenensiHe
Ha SIKOCT Ha CLenmneHue;
- NPOTMBOX/TH3raBOCT Ha HacTUrKaTa — Ma 3HayeHue 3a no-
MELLEHNS C MOKPW MPOM3BOLCTBEHM MPOLECH - W3MUTBAHETO
ce ussbpBa cbrinacHo bAC EN 13036- Metog 3a usnuteaHe
C Maxano;
- XMMUYecka YCTOMYMBOCT — W3NUTBAHMATA CE M3BbPLUBAT
cbrnacHo BJ1C EN 13529 n ISO 2812-1.

4. NpenopbynTenHU 06NacTM Ha NPUNOXEHWe Ha
aHTUCTaTUYHMTE N UCKPOHeOoOpa3yBaLu NOAOBK

HACTUITIKKN

Cnep kato ca ONMpeAeneHn OCHOBHWUTE W3WCKBAHUS KbM
nogoBUTE HacTUMKM (Cbrn.T.1) MOXe Aa ce NpUCTBbMM KbM
n360p Ha JageH TN UM TUMOBE HACTWKM OTTOBapALWMW Ha
nocraeeHuTe ycnosus. Mpu n3bopa Ha TMna HacTUKa crnegga
JeTaliHo fa ce npoyyaT KakTo eKCroaTaLyoHHNTE YCroBuS
Ha paboTHaTa cpeda, Taka W €MeKTPOCTATUYHUTE U
UckpoHeoOpasyBaly CBOMCTBA, SIKOCTHUTE, MEXaHWYHU U
AedopMaLMOHHN XapaKTEPUCTUKM Ha Bb3MOXHUTE 3a BraraHe
MOKPUTMS.

B T1abn.1 ca nocoyeHn Hakom npenopbuMTenHu obnactu Ha
MNPUNOXeHe Ha Hal-4ecTo W3NON3BaHWTE B NpakTUkaTta
AHTUCTaTUYHU U MCKPOHEODpa3yBaLLy NOJOBM HACTUITKN.

Nabopatopust “ EKCTEXHMKA “ MMa ObIrOroAMWEH ONUT B
W3NUTBaHWSITA WM W3CMEedBaHMATa Ha pPasfMyHW  BUOOBE
MOKPUTMS 3a paboTHM MeCTa 1 MOJOBM HACTWIKM, KbAETO €
Bb3MOXHO HaTpynBaHETO Ha ENeKTPOCTaTUyHU 3apsgn Cbe
CpaBHWUTENHO BUCOKM eHepruu. iMa onuT v npu pascrnegsaHe
Ha CTaHanu ekcnnoaun npu HeobuyarHn cnyyan. Mpumep 3a
TOBa € EKCNNo3usiTa Npu CMUTaHE Ha MYeneH BOCHK, KbAEeTo
3aruHaxa 6 gywm. 3a nony4YaBaHeTO Ha npax OT MYeneH BOCbK
€ U3MOM3BaHa TEXHOMOTUS, KOATO M3nWcka  Obnboko
3ampassBaHe Ha BOCbka 1 CMunaHe. B cmec ¢ Bb3ayxa npaxa
obpasysa B3pMBOOMAacHa CMEC C HUCKA EHeprus Ha
Bb3nrameHsBaHe. Tyk ca [JeuctBanu fJsa aktopa 3a
Bb3MNMameHsBaHE Ha CMECTa — ENEeKTPOCTATUYHW Paspsaun U
€MHUYHM yOapm .
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W3cneaBaHu ca pasnuyHn BUGOBE €OHOCTOMHN MOKPUTMS Y
NOJOBM HAacTMMKW npou3segdeHn B [epmanus, Yexus n ap.
ctpaHu. OcBeH enekTpuyeckata NPOBOAMMOCT, BaXEH KpUTe-
puii € BpEMETO Ha panakcauus 7 , KOeTo 3aBUCK OT MOABMXK-
HWTE W HEMOABWKHU MALLMHU U CbOPBXEHUS, ABUKEHMETO Ha
xopa v ap. Hai-061L0 ce npuema, Ye cTaTiHaTta enekTpuyec-
TBO HE Cb3[aBa ONACHOCT OT NOXapu W eKCno3uu, ako Bpe-
METO Ha penakcaums e no-manko ot 103 s.

Ha 6a3ara Ha cbBMecTHaTa paboTa Ha naboparopus “Ekc-
TexHuka“ 1 upmata ET “EBreHuit Pyces” ca paspaboteHu
[ABa Tuna nogosu Hactunkn — HAM-EK -1 HIA - 1. B npo-
ObIKEHWE HA HSKOMKO rOfWHM Te Ce mpunaraTr yCnewHo B
NPeLNpUsTAS Ha XUMUYeckaTa 1 papmaLleBTUYHa NpOMMULLITE-
HOCT, ra3oCTaHLMu 1 Ha Apyrv MecTa.

HesaBucumo OT npunaraHuTe AeicTeus 3a 6e3onacHocT ot
CTaTU4HO ENEKTPUYECTBO, OCHOBEH KPUTEPUIA 32 BPEAHOTO UM
JeliCTBME € Bb3nnameHsBallara UM cnocobHOCT, KOSTO 3aBu-
CV 0T pascesiHaTa eHeprus B paspsaa.

M3Bogm

1.l103HaBaHETO HA OCHOBHUTE XapaKTEPUCTUKM HA CbBpe-
MEHHWUTE aHTUCTaTUYHW M WUCKPOHeobpasyBalLM NOAOBM Hac-
TUIKW 1 NOKPUTUS € 3a0bIDKUTENHO YCNOBME 3a CBEXOaHe A0
MUHUMYM Ha NPOW3BOACTBEHWUTE aBapun BCNEACTBUE Bb3nna-
MEHsIBaHE Ha MOTEHLMAnHO EeKCMMo3uBHA eKCnnoaTaluoHHa
cpega.

2. Hannumeto Ha HAKOMKO eJHOBPEMEHHO AECTBALLM CTaH-
AapTa 3a M3NUTBaHE Ha eneKTPUYECKOTO CbNPOTUBIEHUE JaBa

[Mpenopwyana 3a nybnukysaHe om kam. ,Enekmpucpukayus
Ha MuHHomo npousgodcmeo”’, MEM®
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OCHOBaHMe CblLmTe fa ObaT AeTalnHO pasrnesaHn U passc-
HEH.

3. OnpepeneHute  npenopbuuTenHM  obract  Ha
MPUNOXEHUe Ha PasNNYHUTE TUMOBE aHTUCTATUYHU W UCKPO-
HeobpasyBaluyM MOAOBM HACTUNKM [ABAT Bb3MOXHOCT 3a Mo-
[06po opueHTUpaHe npyu u3bopa Ha NOLOBA HACTUMKA W MoraT
Ja Ce W3NOon3BaT KaKTo OT W3MbSIHWTENM, Taka CbLUO W OT
WHBECTUTOPU W NPOEKTAHTU MNpu pas3paboTBaHETO Ha
WHBECTULMOHHMTE MPOEKTW, B YacTTa MM Kacaella nopgoBuTe
HaCTUMKM W NOKPUTMS.
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NMAPAMETPU HA 3A3EMUTEITHUA KOHTYP 3A NOABWXHU MUHHW MALUUHW B IT
CUCTEMWU CbABPXALLW BUCLLU XAPMOHWLW B HAMPEXEHWUETO

MuneH [ipeHkoe

CMC-C EOOL, 2070 lNupdon; e-mail: cmcc.office@gmail.com

PE3IOME. [loknafbT NpeAcTaBnsiBa passuTie Ha M3CNeABaHUs 3a ONTUMU3MPAHE Ha CLMPOTUBIEHNETO Ha 3a3eMsiBaHE HA MOABWXHU MUHHU MaLLUHK, KOUTO Ce
3axpaHBar OT CUCTEMM C u3onupaHa HeyTpana (IT) 1 KoUTO ChbPXKaT BUCLUM XapMOHHUL B HaNpPeXeHNeTo.

Toaun npobriem NpuaoByu akTyanHoCT MU HapacTBALLOTO NMPUMOXEHWE U B MUHUTE HA MOLUHM U3NpaBUTENN 3a MOCTOSIHHOTOKOBYW 3afiBWKBAHWS, HA YECTOTHOTO
YNpaBnexIe Ha aCUHXPOHHUTE [BUraTENM U Ha HEMUHEIHW TOBApH, KOWTO Ca U3TOYHWULIM HA BUCLLM XapPMOHULIA B TOKa U HanpeXeHNeTo.

MoryyeHn ca napameTpy Ha 3a3eMUTENHUSI KOHTYP MO OrpaHUYMTENHUTE KpUTEpUM B EBpONeickuTe HOPMI 3a KOeULMEHTATE HA HECUHYCOMAANMHOCT B MpexuTe
HH. PaarnenaH e npumep 6€3 UCKpUMUHMPAHE Ha BUCLLMTE XapMOHULM ¢ UnTpy.

PARAMETERS OF GROUNDING CIRCUIT OF MOBILE MINING MACHINES IN IT SYSTEMS CONTAINING HIGHER
HARMONICS IN VOLTAGE

Milen Drenkov

CMC-C Ltd., 2070 Pirdop, e-mail: cmcc.office@gmail.com

ABSTRACT. Paper presents development of studies for optimizing the grounding resistance of mobile mining machines, supplied by systems with insulated neutral
(IT) and containing higher harmonics in voltage.

This problem became topical with the increasing application in mines of powerful rectifiers for direct current drives, of frequency control of asynchronous motors and
of non-linear loads, which are sources of higher harmonics in current and voltage.

Parameters of grounding circuit obtained related to limitation criteria from European norms for coefficients on non-sine in LV networks. An example without
discrimination of higher harmonics by filters is examined.

MpeanoctaBku 3a U3cneaBaHeTo e AKTMBHAaTa  MpOBOAMMOCT  Ha  usonmauusTa €
CbCPEeoTOYEHa

W3cnepgsaHusiTa (MeHTewwes,1986) Jokaseat no e KanauutvBHa  MpPOBOAMMOCT — Ha  usonauusTa e
KaTeropuyeH HauuH, 4e B IT cucTemmu npum Hanmume Ha BUCLLK CbCpefioToyeHa W CUMETpUdHa 3a OTAenHuTe hasu
XapMOHMLM B  HAnpexeHWeTo, HEe3aBUCUMO OT  TEXHUS CNpsIMO 3ems;
NPOM3XO4 W MOCOKa Ha MPOHWKBaHe, TOKbT Ha YTeuyka ce e BnuaHMeTO Ha CbMPOTMBMEHMETO HA ECTECTBEHOTO
yBenuyaBa. ToBa Lie pedrekTipa BbpXy HapacTBaHETO Ha 3a3emsBaHe Ha MallVHWTE Ce OTYMTa B aHamnmauTe, HO ce
HanpexeHneTo kopnyc-3ems”. 3a  orpaHMyaBaHe Ha ENMMUHMPA NPU ONpefensHe Ha rpaHudHUTE (KPUTUYHM)
JONUPHOTO HaNpeXeHWe Ce Hamnara U CbOTBETHA KOPEKUMs B CTOWHOCTM Ha 3a3eMeTENHNS KOHTYP;
CTOMHOCTTa Ha [OMYCTUMOTO MaKCUMarHO CbMpOTUBIEHWE Ha e [paHuyHaTa 6GesonacHa NPOALIKUTENHA CTOAHOCT Ha
3esemutentns koHTyp (PE), koeto Tpsiba ga rapaHTupa ToKa npe3 YyoBeka € 25mA AC.

HeobxoaumaTta 6e30nacHOCT NpW MHAMPEKTEH AONMP.
TokoBe Ha yTeuka npu BUCLLK XapMOHULIU B

AHanmsute 3a  onpefensHe Ha  napameTpute  Ha HanpexXeHMeTo

333eMUTENHIS KOHTYP 32 MOMBIKHUTE MUHHI MaLwnkm ¢ HH, ¢
ChAbPKALL BACLIM XapMOHULY Ca M3BBPLLIEHM MPU ChLUUTE .
MPeANoCTaBKY Bb3NPUETY MPU M3UUCTIEHUSTTA 33 MPEXM CbC 3a KpuTepwii Mpu OLeHkaTa 3a HapacTBaHETO Ha Toka Ha
CHHYCOWIATTHO HanpexeHve (MetTeLues ., yTedKa Ce MpueMar OrpaHMdMTENHATE napameTpu  3a
1p.2007 [lperKos, 2007) aMNIMTYOHO-YECTOTHMS  CMIEKTBP  Ha  XapMOHMLWTE,

pernameHTMpaHn B ampekTuea Ha IEC n eBponeiickute HopMu
EN 50160.H94 (Tabrmua 1).

HanpaBeHn ca u3uuCreHWst NpU Hal-TEXKUS Cnyvyam —
HaNMYHOCT Ha BCUYKM  XapMOHWLM, KOWTO reHepupar

o Cucremarta e ¢ usonupana Heytpana (IT) ¢ Hanpexexue
g0 1200 V AC;

e AHanuaupar ce 6esonacHu OONMpHM HanpexeHus: 50V
(IEC 60364) ; 42V (MpasunHuum 3a Tb B MuHuTe,1981);

CYMETPUYHM CbCTaBKM C Npasa ¥ obpaTHa nocnesoBaTenHocCT.

25V 1 12V (HYEYEN,2004): pt P P A
e CHNpOTMBNEHNETO HA YOBELLKOTO TANO € BBL3NPUETO: Esporieiickite - Hopwwt, nocoeru 8 Tabnmya 1., ca
P P ’ CPaBHUTENHO HaVI-J'IVIGepaJ'IHVI, KaKTO cnpsmo

Rn=6000Q;
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pernameHTUpaHuTe B CTpaHu kato Pycus, ABcTpanus u Kutait,
Taka W CNPsSIMO HaLMOHAMHUTE HOPMW B OTAENHWU CTPaHW Ha
EC, kato ®uHnangus, BenukobputaHus v ap., KouTo ca no-
pecTpukTUBHU.  KoeduUMEHTbT Ha HecUHycouparHocT e
M34MCNEH CaMO 3a XapMOHULUTE C KPaTHOCTM Ha YecToTaTta 2,
4,5, 7,11, no gaHHu B Tabnuua 1. XapMoHMLWTE , KpaTHU Ha
Tpu oBpasyBaT cucTeMa C HyneBa nocregoBaTtenHoct. Te ca
U3KIIOYEHW, TbIl KaTo B MUHWUTE Ce M3MOoMn3BaT 3a4biKUTENHO
camo cucTeMm ¢ usonupaHa Heytpana (IT) u Teau TokoBe He
npoTnyar.

11 (1)
Koo = | Kl =27 +1% + 67 + 52 +3.52 =8.86%
2

lpaHMYHMS  KOEUUMEHT Ha  HECHMHYCOMAAmnHocT  npu
YeCTOTHO YrpaBrfeHWe Ha acCMHXPOHHWTe [fBuraTenn e
M34MCIEH NPK OTCLCTBUE HA XapMOHULMTE, KpaTHU Ha 2 N 4
Toit e 8,57%.

Tabnuya 1
Bucwmu
XapMOHMLK, 0
KPATHOCT Ha OrpaHquHMI-?HHZ;(;J;iIA 3a Mpexu
f=50Hz 1 yecTorTa,
Hz
Kpat- H no EN Py- | Asctpa | Ku-
, Hz

HocT 5160. H94 | cus nus Tan
2 100 2 6 4 4
3 150 5 3 2 2
4 200 1,0 6 4 4
5 250 6,0 3 2 2
7 350 50 3 2 2
9 450 1,5 3 2 2
1 550 3,5 3 2 2

Pesyntatute oT u3uMcneHusaTa ca gageHu B Tabnuua 2, B
KOSITO Ca MOCOYEHM KPATHOCTUTE Ha MbIHWS TOK HA yTeuKa, C
XapMOHWYHM CbCTaBKM, CMPSIMO TOKA Ha yTeuKa U34NUCIEH Npu
CUHYCOWAANHO HanpexeHue. MsumcnennsTa ca HanpaBeHm 3a
orpaHnyeHute no EN  5160.H94  koedpmumeHT Ha
HecuHycompanHocT 8,57% 1 8,86%. MpumepHo u3uncneHve e
HanpaBeHo 3a koeduUMeHT Ha HecuHycoupanHocT Kw=20.5%
onpeaeneH Npu ekcnepuMEeHTanHN U3cneaBaHus 3a CnekTbpa
Ha XapMOHMUM 3@ NOCTOSHHOTOKOBO 33JBWKBAHE  Ha
pyoHnyHa nogemHa ypenba 315kW, ¢ HuCKO HanpexeHue, ¢
TUPUCTOPEH W3npaBsuTen, 0e3 orpaHuyaBawy untpu 3a
AVCKPMMWHMPaHE Ha xapMoHuuuTe (MeHTewes, 1986,1996).

Mo JaHHM OT MHOrOrOAWLIHM M3CrefBaHns 3a pyaHUYHUTE
mpexu go 1000V B bunrapus (daHkos,1991) Hait-BeposTHUTE
CTOMHOCTW 3a akTueHaTa nposogumoct g=104s (=104 Q ) n
Ha kanauyuteT 1.106 /1F | dhasa. lpu orpaHnyaBaHe Ha

XapMOHULNUTE 0 HOPMUPAHUTE CTOMHOCTM, TOKBT Ha yTeuka ly
e Hapactea 40 1,34 mbTW, @ NpU OTCHCTBME Ha PUATPM
MOXe [a JOCTWrHe 0 2,6 MbTW MO-TONAM ChpsMO ToKa Ha
yTeuka |1 IMMUTUPaH OT CUHYCOMAAMHO HanpeXeHue.
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Tabnuya 2

G,s
K 103 104 105 104
C,uF
106 1,11 1,34 1,36 1,37
8,57 107 1,06 | 1,15 1,25 1,36
108 1,05 | 1,14 1,16 1,30
106 1,18 | 1,40 1,48 1,51
8,86 107 1,21 1,25 1,36 1,48
108 1,21 1,20 1,21 1,35
104 1,30 | 260 | 2,83 | 290
20,5 107 1,08 | 140 | 2,75 | 2,85
108 1,07 | 1,12 143 | 2,86

[laHHMTE OT M3umMcneHusTa ca 0TpaseHu 4YaCTU4HO B Ta6nv|qa
21 ca nony4yeHu rpa(bvquMTe 3aBMCUMOCTM MOKa3aHW Ha

cwur.1.

Ako ce [omycHe, Ye BCUYKM CbBPEMEHHW M3NpaBUTENN U
WHBEpPTOpWU nNpuTexasaT GuNTpU M LWe ObaaT cnasexu
Hopmute Ha IEC, TO B TaKbB Crnyyail TOKbT Ha YTeuka,
PECMEKTMBHO JONMPHOTO HanpexeHue, e HapacHat ot 10 go
40%. C npubnuantenHo Tonkosa Lie TpsbBa Aa ce Hamanm
JOMyCTUMOTO  CbMPOTUBMEHWE HA 3alWTHUS 3a3eMUTENeH
KOHTYP.

~ 0o
T

107
107

dur.1

3 A

Ha 0asata Ha usumcnenusTa, 3a IT Mpexu C HanpexeHue
380V ca nocTpoeHM KpuBK NMUMUTMPALLM CbNPOTUBIIEHUETO Ha
333EMUTENHNA  KOHTYP MpU  CUHYCOMAArHO  HampexeHue
(Kw=0) n npu HanpexeHue, CbObPXALIO0 XapMOHULW,
MaKCUMarHo orpaHuyern 4o Kw=8,57% u 6e3 duntpaums ¢
Ki=20,5 (npuMepHO), KaTo (YHKUMS Ha eCTEeCTBEHOTO
CbNPOTUBIIEHNE HA 3a3EMSIBAHE Ha MalLMHaTa.

OFpaHVI‘-IVITEJ'IHVITe KpMB 3@  CbMPOTUBIEHNETO  Ha
3a3EMUTENHNA  KOHTYp Ca NOCTPOEHM 3a Bb3NpUeTute



HanpexeHus Npu UHOMpekTeH gommp: S0V (cwr.2); 42V
(cwr.3); 24V (chur.4) m 12V (cpurr.5). ﬂ

)

] 50V Kn=857%
100 30 WA,
/:V Aa’:.w‘ %
f20 ku=2U5Y
300 500 200 4000 17500 /(i,m £ Q
50 — == dur.5
£ Ha Ttabmuua 3 ca [ageHu W34MCneHuTe MaKcuMariHo
JONYCTUMM  CTOAHOCTM Ha 3a3eMsiBaHe Ha MOABWKHMTE
MalUMHW 3a u3nonasaHuTe B bunrapus HanpexeHus, 6e3 u ¢
0 RS XapPMOHWYHM CbCTaBKM, NPW Bb3NPUETU AONYCTUMM LONUPHM
ur.2 Hanpexerns ; 50V; 42V; 24V un 12V, kaTo e WUrHopmpaHo
€CTECTBEHOTO 3a3eMsBaHe Ha MalluHaTa.
Bury Mpuemaikm anpuopHO, Ye 3a3eMuTenHaTta Mpexa uma
£ CbMPOTUBIEHNE < 2Q), 7.e. 0TroBapsl Ha U3NCKBaHUSTa B
fenctealumTe y Hac MNpaBunHuLmM 3a TexHUYecka besonacHocT,
g MaKCUMarHo [onycTmaTa CTOMHOCT Ha CbMPOTUBMEHUETO
cam0 Ha 3aluTHUS NPOBOOHWK B kabena ce noryyasa kato
yncnata B Tabnuua 3 ce HamansT ¢ YncnoTo 2.
Tabnuya 3
200 Hanpexenne | Bwanpueto 6e3onacHo AONMPHO HaNpeXeHue, npu
Ha Mpexarta koedmumeHT Ha HecuHyconpanHocT K, %
AC,V 50V 42v
0 857 | 205 [ 0 [ 857 [ 205
220 193 | 144 74 | 164 | 122 | 63
380 135 | 101 52 | 115 | 86 44
= 660 675 | 50 26 [ 103 [ 77 40
1000 44 33 17 69 | 51 26
1140 38 28 15 50 | 44 23
42V 1= 0% Hanpexetme BbanpreTo 6e3onacHo LOMMPHO HanpexeHue, npu
Ha Mpexara o
¢ 1 AC, V KoeduumeHT Ha HecuHyconpanHocT K ,%
- t 24V 12V
\ 0 857 | 205 [ 0 [ 857 [ 205
220 78 58 30 [3 [ 27 13,8
. 380 55 4 21 [ 25 [ 19 10
= 660 48 36 18 [ 12 9 5
1000 42 31 16 8 6 3
e : 1140 37 28 14 [68] 5 3

3a Halm- 4YecTo CpelaHoTo Yy Hac HampexeHue Ha
pyoHuaHute T wmpexu 380V, makcumanHo pgonyctumara
CTOWHOCT 32 CbMPOTUBMNEHNETO HA 3a3EMMUTENHMS KOHTYP, Ha

500 800 1000 ) Pacril2 KOATO TpHGBa fa Cce HacTpoAT yCTpOI7ICTBaTa, KOUTO
Pur.3
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3a0bJIKUTENHO TO KOHTPONMpaT B MNOABWXHUTE MaLLWHW,
TpﬂﬁBa [a HaaxBbpna NOCOYEHUTE B T36nv|u,a 4

He

Tabnuya 4
C Mpw Bb3NpreTa besonacHa
TeneH Ha .
MbPCEHOCT Ha CTOMHOCT Ha HanpeXeHWeTo, Npu
% MDexara UHaMpekTeH gonup, V
P 50 2 | 24 [ 12
Bes xapmoHuuy, 135 5 55 o5
C xapMoHULm
OrpaHWyeHu no 101 86 41 19
EN516.H94, Q

WHTepecHo e Tean JaHHM Ja Ce CPaBHSBAT C NMMUTUpaHUTE
B BAC 11623-83 rpaHWM4HM CTOMHOCTU Ha 3a3eMUTEMHUS
KOHTYp Ha nomBWKHWTE MuUHHM MawmHu: 100 Q 3a
HanpexeHus o 1000V n 50 Q 3a HanpexeHus 1000 n 1140V.
Te rapaHTupar Ge3onacHa CTOHOCT Ha HanpeXeHWeTo npu
WHOMpekTeH pommp o 50V , npu Hanuuve Ha BMCLLM
XapMOHMLM.

ToBa HanpexeHue B yCrioBuATa Ha MUHUTE He Bu Tpsibeano

Aa ce cuuTa 3a HesonacHo, Thbil KaTo NpK CbMPOTUBEHME Ha
yoBeka Rh=600 Q, TOKbT, KOMTO BW NMPOTEKBLN Npe3 Hero e
83mA.
B nogkpena Ha ToBa , Ye TOKbT € C PUCKOBA CTOMHOCT U He
rapaHTMpa Heobxogumata CTeneH Ha 6esonacHocT e
npusegem cnegHusT npuvep. B macoBo npunaranute TN
cuctemun (TN-C n TN-S) B npomuwneHocTTa W 6uta,
anapatute 3a 3awWwuta OT YTEYKM, KOUTO rapaHTupar
©e3onacHOCT W Npu  [OMPEKTeH [onup,  Hai-ronemute
JOnyCTMMM CTOWHOCTM Ha TOka Ha 3apjeiicTBaHe ca
Al =25+30mA (HYEYEN, 2004), a wuma 3awutn ¢
uyscTBuTENHOCT Al =5-+15mA, KouTto ca cbobpaseHn Cbe
CbBPEMEHHUTE CXBaljaHus 3a 0esonacHuM CTOMHOCTM Ha
NPOMEHNNBIS TOK, CBbP3aHM C roNieMuHaTa Ha OTmyckaluus
TOK.

B pe3yntatr Ha u3cneaBaHeTo ce Hanarat crnegHuTe
nssogu:

1. TpenopbyBaHuTEe B HOpMUTE MakCMManHu CTOMHOCTM 3a
CbMPOTUBMEHNETO  Ha  3a3eMUTEMNHMSt  KOHTYp  3a
MOABVXXHUTE MUHHM MaLLMHK FrapaHTMpaT HanpexeHue npu
MHAMpeKTeH pomup okono 50V, 3a Mpexu ¢ BuUCLIM

[Mpenopvyara 3a nybnukysaHe om
PedakuyuoHeH cbeem

112

XapMOHWLM, KOETO € CPaBHWUTENMHO BUCOKO M PUCKOBO U
TpsbBa Ja ce orpaHWyM 3a yCroBuUsITa B MUHUTE NPUMEPHO
po 18V.

2. HopmuTe 3a CbNPOTMBMEHWETO HA 3a3EMUTENHUS KOHTYP
Ha MOABWXHMTE MallMHW TpsbBa Oa Ce pernameHTUpar
CENEKTUBHO, B 3aBUCUMOCT OT HanpeXeHUeTo B MpexaTa 1
OT CTEMNEHTa Ha 3aMbPCABAHETO i C BACLLIM XapMOHULIM.

3. YcrpoiicTBaTta, KOMTO Ce M3MOM3BaT 3a KOHTpON Ha
3a3eMUTenHNs  NpoBogHMK B kabena,  3axpaHBaly
NOABWXHUTE MaLlMHK, TpsbBa fa ce yHUuuMpaT Kato ce
KOHCTpYyWpaT C Bb3MOXHOCT 3@ BbBEXJaHe HacTpoiiku B
33BMCMMOCT OT TONEMMHAaTa Ha HanpexeHWetTo Ha
Mpexata M CTeneHTa Ha 3aMbpCEeHOCT C  BUCLUM
XapMOHULM.
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®U3NYECKO MOAENNPAHE U CTATUCTUYECKN AHAITU3 HA
EKCMNOATALUMOHHWUTE NAPAMETPU HA 3A3EMUTEJTIN C NPOBOAUMA
BETOHHA OBMA3KA 3A NPUNOXEHWE B MUHHATA UHOYCTPUA

leopau Benes
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PE3IOME. MMpeactaBeHWsT Aoknaj AaBa SICHOTa OTHOCHO LienecboGpasHOCTTa OT M3MON3BaHeTo Ha MpoBOAMMM GETOHW 3a oOMa3BaHe Ha BepTUKanHuTe U
XOPU3OHTaNHY 3a3eMUTENHI ENTEKTPOAM, Y4acTBaLLM KaTo ChCTABHW B 3a3eMUTENHUTE MHCTaNaLuu 3a NPUIOXEHUE B YCIIOBUSITA Ha OTKPUTUTE PYLHULM B HalaTa
CTpaHa C LN HamansiBaHe CbMPOTUBMEHWETO HA 3a3eMsBaHe U 3aluMTa Ha enekTpod OT koposus. Ha GasaTa Ha (hM3u4yecko MOAENMpaHe Ha 3a3eMUTENM C
npoBoAuMa GeToHHa oBMaska, CTaTUCTUYecka WHAOpMaLWs MoMydYeHa Ype3 NONeBu M3MEpBaHWsS Ha TEXHUTE eKCrroaTalMoOHHM NMapamMeTpu W nocnefgallata
06paboTka Ha pesynTaTuTe ca HanpaBeHW W3BOAM OTHOCHO MPUMOXMUMOCTTA U UKOHOMUYECKUS eKT, KOMTO MpeanaraHnTe 3aseMUTenu Lie uMat npu TAXHOTO
npunaraqe B NpakTuKaTa.

PHYSICAL MODELING AND STATISTIC ANALYSIS REGARDING THE OPERATING PARAMETERS OF CONDUCTIVE
CONCRETE ENCASED GROUNDING ELECTRODES FOR APPLICATION IN MINING INDUSTRY

Georgi Velev

Technical University of Gabrovo, 5300 Gabrovo, e-mail: g_velev@tugab.bg; g.velev@gmail.com

ABSTRACT. The paper presented inhere clarifies the advisability regarding the use of conductive concretes for encasing vertical and horizontal grounding electrodes
as components of grounding installations for application in open air mines’ environment in our country aiming at grounding resistance decrease and increasing
electrodes’ corrosion protection. Relevant conclusions are made on the basis of conductive concrete encased grounding electrodes’ physical modeling in real
conditions; statistic data obtained by operating parameters site measurements and its consecutive post processing regarding the applicability and economic effect that
these proposed grounding electrodes would have if applied in industry.

BwBeaeHue CbMNPOTUBNEHWETO Ha 3a3eMsiBaHe, HEroBOTO [oNsIMO
ﬂpoﬁneM'bT c ereKTVIBHOCTTa W HagexoHocTTa  Ha konebaHue npes roguMHata B cneicrsue M3MeHeHue Ha
3a3EMUTENHUTE MHCTanauMM B YCNOBMATA Ha OTKPUTUTE FOAMLLHNTE CE30HM 1 KOHKDETHO KOHLEHTPALMATA Ha Brara
PYAHWLM € OCHOBHO B [iBE HanpaBneHus: B MNOYBEHWA CIOW, KaKTO W HeonpaBdaHO ronemute
enpu PYOHULU C HUCKO CNeyupuyHo 06eMHO pasxogM B CNEACTBME Mpepasxofa Ha MeTan npu
ChNpoMussIeHUe Ha NoYeama, NosuUUIeHa KOPO3UOHHA W3rpaxaaHeTo U NOAApbKKaTa Ha - 3asemMuTenHuTe
aKmusHOCm U  eNeKmpuchuyupaH  Kene3onbmeH WHCTanauun. MuHHO-o60raTUTENHUAT Komnnekc ,Acapen-
mpaHcnopm 3a3eMUTENHUTE eNeKTPoan M MeTanHara Mezet" All, rp. Maariopuiie e npeacTaBuTen Ha To3u Tvn
noaseMHa UHGPaCTPYKTYpa ca NOANOXEeHN Ha MHTEH3NBHA PyAHULA.
eNekTpOKOpo3Ws B CMEACTBME HA MpoTWYaHe  Ha PaspaboTBaHnTe B nepuog Ha 3 rOAQMHW  3a3eMUTENN C
6ryxaaeLLy TOKOBE C MHOIO roNsiM MHTEH3UTET B NoYBara. nposoAvMa OeToHHa obMaska Obuxa Mormu Aa  pewar
B peaynTat ekcrinoaTaLMoHHIst MEpUOf; Ha 3a3eMUTenNuTe eheKTMBHO ropenocoyeHuTe npobnemn. B mbpeus cryyan ca
PA3KO HamarsiBa U OCBEH TOBA MPW TAXHOTO MOCTEMEHHO W3BbPLIEHN peanLa UCnesaHins 3a KOpo3uoHHa 3allnTa Ha
VHALLOXABaHe CHMPOTMBIIEHMETO Ha  3asemuTenHara ernekTpoaa NoroxeH B €4HOCTONHA M [BYCMOMHA NpoBoAuUMa
WHCTanaums NOCTENeHHO HapacTBa W NPefCTaBnABa pucK GetoHHa obMaska KkaTo pesynTatuTe ca  MybrukyBaHu
OT MOSBA Ha ONACHM AOMMPHM W KPAYHU HAmpeXeHus, cbrnacHo (Metpos u Benes, 2007). KaTto n3Bog e 3akmoyeHo,
KaKTO B HOpMAaneH paBoTeH Taka v pU aBapveH PeXIM. Ye eKCnnoaTalMOHHMS Mepuod  Ha - 3aseMuTenuTe  ce
KomnnekcbT ”MapMU'a N3Tok” W Herosute OTKPUTK yBeﬂMana C noseye OT 3 MbTW ako Te ce oOma3sgar ¢ aBa
PYOHULM 33 BITIENOBUB Ca TUMMYEH MPUMEP CbC CBOUTE cnost npoBoauma 6eToHHa 0BMaska ¢ pasnuyHa nMpoOBOAYMOCT
oKomMo 340 KM. eneKTpUGULIMPaH XenesombTeH TPaHCNopT W CbCTaB. 5
W VM3KMIYUTENHO HUCKM CTOMHOCTW Ha CreundmyHOTO Bbs  BTOpMAT  cnydalh ce  Lenu  HamanssaHe
CHMPOTUBNEHE Ha NOYBATA, B HAKOM 30HM B FPAHULUTE CbNPOTUBNEHNETO HA EAMHUYHUTE 3a3eMMTENU y4acTBallW B
12-20 Q.m ([aes, 1974). 323€MUTENHUTE KOHTYPU C LieN WKOHOMWUA Ha MeTan W

HamanaBaHe Ha KanuTanoBNOXeHUATa 3a U3rpaxaaHe.
MopobHK m3cneapaHus ca npaBeHN N 4pe3 CmecBaHE Ha
UMMEHT, T[paHynMpaHa LWnaka OoT CTOMaHoaobuBHaTa

eNpu OMKpUMu pPyOHUUU C 6UCOKO CNeyuguyHo
obeMHO cbnpomuesieHuUe Ha no4yeama OCHOBEH
npo6riem e TPYAHOTO NoCTUraHe HOPMEHUTE CTOMHOCTY Ha
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npomuwneHoct u con (Chen et al., 2004) wnn uypes
KOMBMHALMA OT LMMEHT W pasnuyHM BWAOBE NPOBOAALLA
npbeT (Sancosha Corporation, 2000; D’Alessandro et al.,
2004).

1. OnucaHve Ha u3MyeckuTe Moaenu Ha
npeanaraHuTe 3a3emMuTenu

3a oleHKa CTeneHTa Ha pefyKuust Ha CbNpOTUBIEHNETO Ha
3a3eMsiBaHE € W3BbPLUEHO IM3MYECKO MOZENUpaHe B peastu
YCIOBMSI M pa3Mepu Ha BepTUKanHM W XOPU3OHTaIHM
CTOMaHeHu 3asemutenu ¢ u 6e3 obmaska B panoHa Ha TY-
abposo.

enekTpon enekTpoa
nousa ] nodsa
Pn :| BBTpeLeH croi
Mposoauma 11| npBoguma
= 6eToHHa 8 :1:| obmaska
o obmaska © S
:1:| BBHWeEH cron
Py =25Qm /| MposoAuma
:1:| obmaska
2 g =132m
= e 827
G
N
~N
I
2
Q
enekTpog
noysa
P
o
o
0
@27
—

®ur. 1.1. CKMLM Ha BepTMKanH1Te eNleKTPOAMN Ha TeputopusaTa Ha TY
[abpoBo; a) BepTMKaneH 3aseMuTen ¢ eAHOCNONHA NPOBOAMMA 06Ma3ka;
6) BepTMKaneH 3azeMuTen ¢ ABYCNoiHa NpoBoAMMa 0OMa3ka;

B) KOHBEHLMOHaNeH BepTUKaneH 3aseMuten Ge3 obmaska.

eneKTpqu\
msonaum< EI
8 Py = 64 Q'mnqua
© !
- <
ﬁ
2000 40
MpoBoguma enekTpos
GeToHHa EI
obmaska\ V“30nauns
glen ~ 64 Q.m\ nousa JLo0r
©
S b
SIS ¥
P =25Qm 70
2000

®ur. 1.2. CKMLM Ha XOPM3OHTaNHN 3a3eMUTENN, MOHTUPAHMN Ha
TepuTopusaTa Ha TY [abpoBo; a) KOHBEHLIMOHANEH XOPU3OHTaKeH NEHTOB
3a3emuTen 6e3 obmaska; 6) xopM3oHTaneH 3a3eMuTen ¢ eAHOCNONHA
obmaska.

FeOMETpUYHUTE  pasMepu Ha  pasnuuyHuTe  oGpasum
BEPTUKANHM W CbOTBETHO XOPU3OHTANHW 3a3eMuTeny ca
nopbpaHy eHaKBM 3a [ja UMa CPaBHUMOCT Ha pesynTaTute ot
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nocnefsaiuute usmepBaHus. Ha cur. 1.1 ca npeacraseHu
CKALM Ha BEPTUKANHUTE 3a3eMUTENN, NONOXKEHN B pailoHa Ha
TY-Tabpoeo, a Ha ur. 1.2 Ha XOPU3OHTANHHUTE.

MpoBogummaT  GETOH  MpW  €OHOCMONHO-00MasaHuTe
3azemuteny ot cur. 1.1a n cur. 1.26 e nsroteeH ¢ 06emMHO
OTHOLUEHMEe Ha CbCTaBKUTe rpacuT, NACHK, LIMMEHT
1/3r+1/2L +1/611 (MeTpos 1 Benes, 2007).

BbTpelHuaT cnoit Ha [BYCNoHO-06Ma3aHus BepTuKaneH
3asemuten ot ¢ur. 1.16 e cbe cberas 1/2MM+1/2L1(6e3 nacek),
a BbHWHMAT cnor 1/2I+1/3L+1/611T (MeTpos u Benes, 2007).

2. Cratuctuyecka MHdopmauus nomnyyeHa ot
eXeMeCeYHU U3MepBaHUA CLNPOTUBNEHUETO Ha
3a3eMneHue 3a pasrnexaaHuTe 3azeMUTenu

3a oueHka ponsTa Ha npoBogumarta ofMaska OTHOCHO
HamarsBaHe CbNPOTUBIIEHUETO Ha 3a3eMITEHVE € HYXHO [a ce
pasnofiara CbC CTaTUCTUYECKa WHOPMAUMs  OTHOCHO
W3MEHEHWETO Ha BbNPOCHUS NapaMeTbp Npes rognHarta, kato
yecToTata Ha W3MepBaHWATa da He e no-ronsama OT eawH
Mecel. 3a pasrnexaaHuTe eKcriepUMeHTanHU enekTpoau ca
W3BbPLUIBAHM MEPUOOMYHO  TakMBa  M3MEpPBaHUS  Kato
pesynTatute OT TAX Ca nNpefcTaBeHM B Tabn. 2.1  3a
BEPTUKaIHWUTE 3a3eMUTENM 1 Tabn. 2.2 3a XOPU3OHTaMHUTE.

lMpoueHTHaTa  pegykuMs Ha  CbMPOTWBIEHMETO  Ha
3a3eMsiBaHe NMpW W3ronseBaHe Ha nposBoguMn obmaskn 3a
pasnuyHuTe 00pasuy 3a3eMuTenn e M34MCrieHa CbrmacHo
cnegHaTa 3aBMCUMMOCT B 06LY BUL;

Rjs = ———>-100, % (1)

Rijos~ PEAYKUMS Ha CbNpOTMBMEHWETO B MPOLEHTU 3a

CbOTBETHMS 3a3emuTen ¢ npoBoguma betoHHa obmaska, %;
Rjj- W3MepeHo CbnpoTMBreHMe Ha  3asemABaHe

CbOTBETHMS 3a3eMUTeN C NpoBoayMa GETOHHa 0bma3ka, Q;
Tabnuua 2.1
R; - M3MepeHo CbNPOTUBIEHWE HA 3a3EMINEHNE 3a 3a3eMUTEN

CbC CblyaTa KoHurypauwms Ho Bes obmaska, Q;

3a

Tabnuua 2.1
Pesynmamu om  u3mepgaHusima
3a3emumernu no damu

3a eepmukanHume

- CbnpotueneHue Ha PeayKuys

flata § RH t 3a3emMneHune
© RB RBl RBZ RBl% RBZ%
% | °C| Q Q Q % %
26.08.08/C| 40,8 | 35| 92 | 58 |50,8 | 37 |448
26.09.08(B|44/4 |22 | 50 | 32 |275| 36 | 45
2310.08(B| 49,7 | 18 | 438 | 30 | 245|314 | 44
20.11.08[B| 425 | 15 | 51 35 | 282|314 | 44,7
19.12.08/B| 43,2 | 10 | 46,5 | 31,5| 25 | 32,3 | 46,2
25.01.09(B| 44,1 | 15 | 55 |34,25| 26,5 | 37,7 | 51,8
27.02.09(B| 338 |4,3|57,5| 353|274 | 38,6 | 52,3
26.03.09/B| 482 |96 | 55 |3575|269 | 35 | 51,1
28.04.09(B| 42 |181| 40 | 29,5 23,5 26,3 | 41,3
29.05.09(C| 54,3 |16,3| 45 | 36 | 29 | 20 | 35,6
17.06.09| C| 42,1 |20,6| 54 | 38,5| 352 | 28,7 | 34,8
cpegHo| 32,2 | 44,7




Tabnuya 2.2
Pesynmamu om usmepsaHusma 3a XOpU3OHMasnHume
3azemumesu no damu

Conpotuenenue | Pegyk
z Ha 3a3emMieHne | LS
[ata 8| RH t R
o RX RX 1 X1%
% °C Q Q %
26.08.08 | C | 408 | 35 26 16,1 38,1
26.09.08 | B | 444 | 22 20,5 | 14,3 | 30,2
231008 | B | 49,7 | 18 20,5 14 31,7
201108 | B | 425 | 15 25 16,5 34
191208 | B | 432 | 10 235 16 31,9
25.01.09 | B | 441 | 15 24 17 29,2
27.0209 | B | 338 | 43 | 243 | 178 | 26,7
26.03.09 | B | 482 | 96 | 245 | 165 | 327
28.0409 | B | 42 | 181 21 148 | 295
29.05.09 | C | 54,3 | 16,3 | 30,5 | 17,5 | 426
17.06.09 | C | 421 | 206 | 37,5 | 205 | 453
cpegHol 33,8

W3non3saHuTe cbkpalleHus B Tabn. 2.1 u Tabn. 2.2 ca kakTo
cnegga: C — cyx ce3oH; B — BnaxeH ce3oH; RH — BNaXHOCT Ha
Bb3ayxa; { — TeMneparypa Ha Bb3gyxa; R, - CbnpoTUBMEHME

Ha  KOHBEHLMOHarmeH  BepTuKaneH  3asemuTen; Ry -

CbMPOTUBNEHNE HA BepTUKarneH 3a3emuTenl C egHOCNONHa
obmaska; Rz, - CbNPOTUBMEHWE Ha BEpTUKaneH 3asemMuTen ¢

ABycnorHa obmaska; Ry - CbNPOTUBIIEHNE HAa XOPU3OHTAMNEH
KOHBEHLMOHANEH NEHTOB 3a3emuTen; Ry, - CbNpoTUBNEHME

Ha XOpW3OHTaneH 3a3emuTeNl C €AHOCMOMHA NpoBOAMMA
obmaska; Rgion, Rpos M Ryqe, - PEOYKLUMS B MPOLEHTM HA
CbOTBETHUS BT 3a3eMUTEN C NpoBoaMMa GeTOHHa obMa3ka;

R,. Q
100
290
z80 ;
&70 {—\-
= H H
560 | a Vi
s
550 |
040
330 |
220 (-
“
01—

—&— KOHBeHUMOHaneH BepTHKaneH enekTpoa
—&— BepTHUKaneH enekTpoa ¢ eAHoCNONHa obma3ka
—&— BepTHKaNeH enekTpojA ¢ ABYCnoiHa obMaska

28.11.08 |-

28.12.08 |-

27.05.09 4

226.06.09 |-

n
=1

31.07.08
29.09.08 |-
29.10.08 |-
27.01.09
26.02.09 |-
28.03.09
27.04.09 4
©26.07.09

®ur. 2.1. U3meHeHMe Ha CbNPOTUBNEHMETO Ha 3a3eMsABaHe 3a
u3cneaBaHUTe BepPTUKaNHN 3a3eMUTENH.

Bb3a oOCHOBa Ha pesynTatute OT MW3MepBaHWsTa ca
MOCTPOEHN rPacINiHUTE 3aBUCUMOCTU OTHOCHO W3MEHEHMETO
Ha CbNPOTMBMEHMETO Ha 3a3eMsiBaHe 3@ pasnuuHUTE
€NeKTpoau BbB BpemeTo (cpur. 2.1 n ur. 2.2).

MpoueHTHaTa  peaykuMs Ha  CbMPOTMBMEHMETO  Ha
3a3emMsiBaHe BbB BPEMETO  CMIPAMO  KOHBEHLMOHAIHM
XOPW3OHTaIHW W BEPTUKAMHW eNeKTPOaAM e NnokasaHa Ha cur.
2.3.
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dur. 2.2. U3meHeHWe Ha CbNPOTMBNEHNETO Ha 3a3eMsBaHe 3a
U3cneaBaHUTe XOPU3OHTAmNHMN 3a3eMUTENU.
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®ur. 2.3. PegyKuma B NpoOLEHTM Ha CbNPOTUBNEHNETO Ha 3a3eMsiBaHe 3a
pasnuMyHMTe BMAOBEe 3a3eMUTENU C NpoBoAMMa GeTOHHa obmaska
CNPAMO KOHBEHLMOHAMHMTE.

3. UHTepnpeTupaHe Ha nony4yeHuTe pesynrtatv u
M3BOAM NO OTHOLLEHME Ha NpaKTUKaTa.

3.1. MNpw BepTUKANHMTE 3a3eMUTENM:

= 3a  egHocnoiHo-o6MasaHu  enexkTpoaM  CpepHata
CTOMHOCT Ha pedykuusTa Ha CbNpOTUBIEHWNETO €
npubrmantento 32.2 %. MuHumanHata peructpupata
ctoiHocT e 20,5 % a makcumanHata 38,6%;

3a [BycnoHo-0bMasaHu enekTpoau cpeaHaTa CTOMHOCT
Ha pepykuusTa Ha cbnpotueneHneTo e 44,7 %.
MuHumanHaTta peructpupaHa crtonHoct e 34,8 %, a
MakcumanHata 52,3 %;

OT dur. 2.1. ce BwxOa, Ye MUHMMANHa pegykuus Ha
CbNPOTUBIEHNE UMA NPE3 CyxuTe NETHW NEPUOAM, KaTo
Mo CWMHO u3paseHa € Mpu €4HOCNOoNHO-0bMasaHuTe
3a3eMuTeny,  Mopagu  MO-BMCOKOTO  CneumndmyHo
CbNPOTMBIEHME Ha M3Non3BaHaTa obmaska.
3aBucumocTute OT ur. 2.1 umaT SACHO PasnMyMUMK
MUHUMYMU U MaKCUMyMMW, KaTto MONIOKUTENHO €, Ye npy
obmasaHuTe enekTpoan Kpweata e JocTa no-nonerara,
OTKOMKOTO Ta3uM Ha KOHBEHLWOHANHUS  ENEeKTPos,
MpnuvHa 3a TOBa € XWUrpoCKOMWYHAaTa npupoga Ha
OeToHa, W 3ambpxaHaTa OT HEro Bnara 3a Mo-AbITbr
nepuog OT BPEME;

M3cbxBaHETO Ha FOPHWS MOYBEH CriOM Ce OTpassiBa
HEraTMBHO He CaMO Ha KOHBEHLMOHAITHWUTE 3a3eMUTENN,
HO M Ha Teau B MpoBoasl, 6eTOH, HO npu TAX



MOBMWLLIABAHETO Ha CLMNPOTUBMEHNETO B ronsiMa CTEMeH
Ce orpaHWyYaBa OT MpOBOAMMOCTTA Ha rpaduTHaTta
obmaska. B ronsama cteneH npobnema moxe ga 6wbae
OBMafsH, ako BEPTUKANIHUTE €eneKkTpogu Ce MoCTaBsAT
Mnog HMBOTO Ha 3eMsiTa Ha AbnbounHa MuHUMYM 50 - 60
cm;

= CpaBHUTENHO HUCKO KornebaHue Ha CbMPOTMBIIEHMETO
Ha 3a3eMsiBaHe Npe3 roguHaTa.

3.2. Mpun XOpn3OHTaNHWUTE 3a3eMUTENN:

= 3a efHOCNoONHO-0OMasaHW  enekTpoauM  CpepHaTta
CTOMHOCT Ha pegyKuusTa Ha CbMNPOTUBMEHUETO €
npubnuautenHo 33.8 %. MwHumanHaTa peructpupaHa
cronHocT e 29,5 %, a makcumanHata 45,3 %;

= OT ur. 2.2 n 2.3 ce BuKAA, Ye NPE3 CyxuTe NeTHU
nepuoan CTeneHTa Ha pedyKuust Ha CbMPOTUBAEHNETO
pgoctura ceos  Makcumym ot 453 %. Toea e
U3KMKYMTENHO BnaronpusTHO OTHOCHO nopobpsBaHe
eKCnnoaTaLyoHHNUTE NapaMeTpyn Ha 3a3eMUTeNs;

= Hucko konebaHue CTOAHOCTTA Ha CbMNPOTUBMEHUETO Ha
3a3emMsiBaHe Mpe3 pasnuyHUTE Ce30HW, B CNEACTBUe
KOHTaKTYBaHETO Ha MpoBOAsLMs OETOH C MO-AONHMTE
Cnoese NoYBa, KbETO BMAXHOCTTa € No-ronama.

X b =
3 3 M M. 1. ETan ot nonaraHeTo Ha XOPU3OHTaNeH NeHTOB 3a3emuTen C
R 3B0AM NO OTHOLIEHMe Ha MpaKTUKata U eAHOCTIO/iHA NPOBOANMA GETOHHa 06

n
npeanucaHusn: VE

= OT NpoBefeHNTE U3CreaBaHUs MOXeE fa Ce 3aKmiouu, Ye
U3MOM3BAHETO Ha MPOBOAMMMU OeToHHW obmasku 3a
HaMmarnsiBaHe CbMPOTUBNIEHMETO Ha 3a3eMuUTenuTe U
3alMTa Ha eneKkTpoauTe OT KOpO3Wsi B YCNOBUSITA Ha
OTKPUTUTE  PyAHMUM W [OpyrM  WHOyCTpuM e
LienecbobpasHo 1 NPenopbYUTENHO;
Pefykuusita B NPOLEHTM Ha CbMNPOTMBNEHMETO Ha
3asemsBaHe Bapupa ot 30 — 52 % B 3aBucumocT oOT
Ce30Ha, MpOBOAMMOCTTA Ha W3non3saHata 06Maska,
BMZA Ha 3a3eMUTENS 11 HAaYMHA MY HA MOHTaX;
Mpu  XOPW3OHTANHWTE  3a3eMUTENM  peaykuusTa
HapacTBa MpW 3acylaBaHe, KOETO BOAM A0 Marka
3aBMCMMOCT Ha CbMPOTUBMEHMETO Ha 3a3eMsiBaHe OT
BNUSIHETO Ha CE30HUTE;
MperopvyBa Ce  BEPTUKANHWUTE  3a3eMUTENM  C
npoeoguma 6GeToHHa obmaska ga 6boat nocTaBsHM % e
MUHUMYM Ha 50 - 60 cm nog HWBOTO Ha noysaTta, KoeTo M. 2. BbHweH BUA H
64 [J0BENO [0 yBenuuaBaHe  pefykuMATa  Ha GeToHHa oGMaska.
CbMPOTMBNEHNETO Ha 3a3eMsiBaHe MpW 3acyllaBaHe W
Marnku konebaHust Ha CbNPOTUBIEHUETO LieNOroauLLIHO;
= AKO CbAbpXaH1e Ha rpacut B NpoBoAUMIUTE 0OMaskm ce
usbepe % or uenus obem, pegykuusTa Ha
CbNPOTHBEHNETO JocTura Ao 50 %;

Mpunoxexus

. 3. Mpu1cnocobrieHns 3a OTNMBaHe Ha MbPBUA CIOW MPOBOANM GETOH
npyv BepTMKaneH 3a3eMuTen ¢ ABYCNoliHa obmaska.
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CTPYKTYPA HA KAYECTBOTO U HAOEXOHOCTTA HA NPOAYKLUATA

CHexaHa CmosiHoea', leopau Tacee?

1 TexHu4ecku konex — YHusepcumem ,[lpogh.0-p Ac.3namapog®, bypeac; E-mail: stoyanova_8000@yahoo.com
2 [lecomexHuyecku yHugepcumem-Cocpus; E-mail: a_tassev@yahoo.com

PE3IOME. C nomoLLTa Ha CUCTEMHMS NOAXOL KAYECTBOTO U HAflEAHOCTTa MoraT fja GbAaT CTPYKTypUpaH Ha Tpu iepapxmyecki paBHULLA: CBOMCTBA, NokasaTenm
1 XapaKTEPUCTUKM, kaTo CBOWCTBATA Ce U3pa3sBaT C NokasaTenu, a nokasaTenute - ¢ XxapakTepuctuku. OBOCHOBaHN Ca OCHOBHUTE ENEMEHTU Ha KOHLenTyanHuTe
onpeaenenns 3a kavyecTo W HAAEXOHOCT Ha MpodykuusiTa. MpeanoxeHa e KBanugukaLms Ha CBOWCTBATa M MokasaTenuTe HA KAYecTBOTO W HAZEXOHOCTTA Ha
npofykuusTa. PaspaboTeHa e knacudukauns Ha YUCIEHUTE U (YHKLIMOHAMHUTE XapaKTEPUCTUKY Ha NoKkasaTenuTe 3a KayecTBOTO M HaAEXAHOCTTa Ha NPOAYKLUNATA.
KnioyoBM pymu: KauyecTBo, HapeXOHOCT, paboTocnoCOBHOCT, TPaiHOCT, PEMOHTOMPUFOAHOCT, CbXpaHeHue, CTABUMHOCT, YWCMeHW W (DYHKLMOHAMHM
XapaKTepUCTUKY.

STRUCTURE OF QUALITY AND DEPENDABILITY OF PRODUCTION

Snejana Stoyanova’, Georgi Tasev?

1Technical college — Bourgas Prof. Assen Zlatarov University; E-mail: stoyanova_8000@yahoo.com
2University of Forestry — Sofia; E-mail: a_tassev@yahoo.com

ABSTRACT. With the help of the systemic approach the quality and dependability could be structured in three hierarchical levels: attributes, indicators and
characteristics, whereas the attributes are expressed by indicators and the indicators — by characteristics. The basic elements of the conceptual definitions for quality
and dependability of the production are found out. A qualification of the attributes and indicators of quality and dependability of the production is suggested. A
classification of the numeral and functional characteristics of the indicators for quality and dependability of the production is worked out.

Key words: quality, dependability, flawlessness, durability, repair suitability, storage, stability, numeral and functional characteristics.

KauectBOTO M HagexaHOCTTa Ha NpoaykuusiTa ce u3passsat Hyxgute Ha notpebutenute ca MHOroobpasHu 1 Cnoxxu. B
c ronsm ©Opol CBOICTBA, NOKA3aTENN UM XapaKTEPUCTMKN 3aBMCUMOCT OT KYNTYPHOTO PaBHULIE Te CE M3passBaT C
[11I2][3][4]. TsaxHoTo w3non3eaHe 6e3 cMCTEMATM3MPAHO pasnnyHu NOTPeBHOCTW, KOUTO MoraT Aa GbaaT ycTaHOBEHU
rpynupaHe W KnacuuumMpaHe € CBbp3aHO C OMpeneneHu WM npegnonaraeMu.  YCTaHoBeHM ca  moTpebHocTuTe,
TPyOHOCTM. B nuTepaTypata M HOpMaTMBHO-TEXHMYECKATA 3anMcaHM B [OrOBOpPM WIM  HOPMATWBHW  [LOKYMEHTH,
AOKyMeHTaLus CBOWCTBATA, nokasatenure n npegnonaraemu noTpebHOCTM Ha nasapa W /Mnu pasBUTMETO
XapaKTEPUCTUKUTE Ha KAYecTBOTO M HafeXOHOCTTa He ca Ha noTpeBbHOCTUTE Ha XopaTa W 0bLLECTBOTO.

CUCTEMATM3NPaHM M He Ca CBbP3aHW €gHu C Apyrd, a
nokasaTenute UM XapakTEpUCTMKWTE Ca CMECEHM W ce
“3passeaT caMo kaTto nokasatenu [5][6].

M3uckBaHusATa Ha notpebutenute ce OTIMYaBaT C rofisiMo
pasHoobpasne 1 MoraT Aa ce M3passT Mo pasnnyeH HaumH (B
[0rOBOPY 32 NMOPBLYKK W JOCTABKM, C HOPMATUBHI LLOKYMEHTY 1

C nomowTa Ha CHACTEMHWS TNOAXOA4 Ka4yeCTBOTO W T.H.), UN Ja OCTaHaT NaTeHTHW. B 06Ly B1A Te3n N3MCKBaHMS
HajexgHocTTa MoraT fa 6ObaaT CTpyKTypupaHu Ha Tpu ca (hOpMynMpaH1 B CbBPEMEHHWUTE CUCTEMI 33 MEHWIKMBHT
flepapxuyecky  paBHMWA:  CBOWCTBA,  MoOKasaTenn W Ha Ka4yecTBOTO: cuCTemaTa OT cepusita cTaHgaptn 1SO-
XapaKTepuUCTWKW, KaTo CBOWCTBATAa Ce M3passBaT C 9000:2000 u cuctemata 3a ToTanHo kavectso (TQM).

rnokasaTenu, a nokasaTenuTe - ¢ XxapakTepucTuk [4][6].

Ka4ecTBOTO € CbBKYMHOCT OT CBOWCTBA, KOUTO 3a40BONABAT FEOMERTIT Ha OTIPEETEHIETO 32 KAHECTRO
HykOuTe u/unu  W3MCKBaHMSTA Ha  noTpebutenvte, a ‘
HafeXAHOCTTa-KOMMMEKCHO CBOWCTBO 3a 3anasBaHe Ha i
PaBHWLLETO Ha Ka4yecTBOTO B YCTaHOBEHW rpaHWLyW, Bpeme, CRofieTs | | Hyxau | [sntckpann
pexum 1 ycrnosusi. OCHOBHUTE eNeMeHTU Ha KOHLLeNTyanHOTo — |
OnpefeneHne 3a KayecTBO Ca CBOWCTBATa, HyXauTe U - - — -
uanckaHusTa. CBoICTBATa Ha KaYecTBOTO CE M3Pa3sBaT ChC HokazaTeim Y CTAHOBEHII
CeLmndmMYHN 1 KOMMIEKCHU NOKa3aTenu, a nokasatenuTe - ¢
uMcneHu U (pyHKUMOHaMHW  xapaktepucTuki. OCHOBHUTE
€NeMEHTW Ha KOHLIeNTYarHoTO OnpefeneHue 3a KayecTso ca
CBOWCTBA, HYXaW W n3nckeaHms(cur. 1)

npeamomaraenm;

®ur.1. EnemeHTH Ha onpefeneHneTo 3a Ka4ecTBO
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M3uckBaHusTa Ha cuctemata OT cepusta craHgaptu 1SO
9000:2000 BkmtouyBaT rapaHuMM OT dmpmaTta 3a TOYHO
UoeHTUMLUMPaHE  M3MCKBAHWMATA  Ha  MoOTpebuTenuTe,
npeanaraHe Ha MNpogyKuWsl, CbOTBETCTBAWl@ Ha Teau
M3NCKBaAHMS, Cb3[aBaHe Ha YCNOBMS 3a MPOM3BOACTBO Ha
npeanaraHata npogykuus, CTabunHO  nopabpkaHe U
CepTUtMKaLMa Ha Te3m YCroBuSI.

CucTemaTa 33 MEHWIKMBHT Ha TOTANHOTO KA4YecTBO
MocTaBs M3NCKBAHWS 3a TOYHO pasbupaHe u 6bp30 pearvpare,
33 MbiHO, HEMPEeKbCHAaTO W U3NpeBapBallo 3a[0BONsIBaHE
HyXauTe Ha noTpebuTenure.

OCHOBHWTE €nemMeHTU Ha KOHLIeNTyanHoToO onpefeneHue 3a
Ha[leXOHOCT Ca PaBHULIETO Ha Ka4yecTBOTO, YCTaHOBEHWUTE
rpaHuLK, BpeEMe, PeXMMI 1 yCnoBus (dur.2).

EjleMeHTH Ha onpeJe/IeHHeTo 3a
HA/IeK/IHOCT

PaBuumie Ha | | YcranoBeHu Bpeme PexxuMm Ha VYcnosus Ha
Ka4ecTBOTO rpaHunn pabora pabora

TexXHUUECKO 00CITy)KBaHE &

——e l3non3Bane

Tpancopr e——

—e CpbxpaHeHHE

Pemont *——

®ur. 2. EneMeHTH Ha onpeaeneHUeTo 3a HaJeXAHOCT Ha NpoayKumaTa

YCTaHOBEHUTE  rpaHMUM  0OXBallaT W3MEHEHMETO Ha
PaBHWLLETO HA KA4YecTBOTO OT HayanHWTe [0 rpaHuyHWUTe
CTOMHOCTM Ha OCHOBHWTE napameTpn Ha obektute (cpur.3).
Pexumute 1 ycnoBusTa ca YCTaHOBEHW 3a W3NOM3BaHe,
CbXpaHsiBaHe, TPaHCMOPTMPaHE, TEXHUYEeCKo obCnyxBaHe W
PEMOHT Ha 0beKTUTEe Mo NpeaHasHa4veHve.

T'paHHIA Ha
H3MeHeHHe

®ur.3. AuHamuka Ha u3MeHeHue Ha kayecTBoT:K-kauecTBo;PK-paBHuwWwe
Ha KayecTBoTO; UPK-u3mMeHeHMe Ha paBHULIETO Ha kayecTBOTO; Ug-
rpaHn4HoO cbeTosHMe; Un-HavyanHo (HOMUHaNHO) cbeTosiHue ; Bp-Bpeme

CeoictBaTa Ha KayecTBOTO Ca Te3n CBOWUCTBA Ha
NpoOAyKUMsTa,  KOWTO  3ag0oBONSBaT  Hyxaute  wwmn
W3nCKBaHMATa Ha notpebutenute. B Hai-06w, cnyyai
KayecTBOTO WMa YeTMpWU TPynM  CBOWCTBA:  TEXHWKO-
MKOHOMMWYECKH, coumarnHm, B1o-ekonornyecku "
HaEXOHOCTHW  (ur.4). [TbpeuTe Tpu rpynu  CBOWCTBA
OMPEENsT PaBHULIETO HA KA4YeCTBOTO, @ HAAEXOHOCTHUTE -
M3MEHEHNETO (3ana3BaHeTo) Ha TOBA paBHMULLE BbB BPEMETO.
TexHUKO-MKOHOMWYECKUTE  CBOMCTBA  MPSAKO  M3passBaTt
PaBHWLLETO Ha Ka4yecTBOTO M Ce AEnAT Ha Tpu TIpymu:
TEXHUYECKU, TEXHOMOTUYECKM N UKOHOMIUYECKN. Besika egHa oT
rpynuTe Ccbabpka B cebe Cu  CregHuTe CBOWCTBA W
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roKasaTeNnu: TeXHUYECKU:  (DYHKUMOHAmNHM,  CTPYKTYpHM,
reOMeTPUYHM, KOHCTPYKTUBHU, 38 TEXHUYECKO ChBBLPLLEHCTBO;
TEXHOMOrMYECKN.  TEXHOMOTMYHOCT Ha  MPOEKTUPAHETO,
n3paboTBaHeTo, excnnoaraluaTa, PeMoHTa U NoAAbpXaHeTo,
TPAHCNOPTUPAHETO;  MKOHOMMYECKM:  UKOHOMMYHOCT — Ha
NpoeKTUpaHeTo, U3paboTBaHeTo, exkcnnoaTaluaTa, peMoHTa 1
NoAmbPXaHeTo, TPaHCNOPTUPaHETO.

N ako BCWYKM [ApyrM nokasaTenu Ce u3passBar  oT
HalMMEHOBaHWETO, TO  MoKasaTenuTe  3a  TEXHUYECKO
CbBbpLUEHCTBO BKIHOYBAT MATEHTHO-NPaBHUTE MoKasaTen,
KOWTO M3pa3siBaT MaTeHTHaTa 3aluTa W naTeHTHaTa YecToTa
Ha npopykuusTa. [lokasatensT 3a naTeHTHa 3awuTa
XapaKkTepuaupa W3KIKUYMTENHOTO MpaBo 3a NPOWU3BOACTBO Ha
JafeHa npogyKkuusi, a mokasaTensT 3a naTeHTHa uucToTa -
Bb3MOXHOCTTA 3a HeiHaTa 6e3npensaTcTBeHa peanusauus B
cTpaHaTa u YyxbuHa.

CBoiicTBa Ha KAYeCTBOTO Ha

TNPOIYKTHTE
l l HapesxHoct
TeXHHKOUKOHO- Coumansn Bro-exonornyeckn
MHYECKH

i v
‘Textmgeck ¢ iEpronomudecki | bro-Texmudeck ! 1ChxpansemocT |

‘ '
iTeXHonorW{ecm {Ecreiyeckn ; 'BH0-TeXHOOTHYECKTT w iCrabumrocr
i o o [ :
Mkonommdeckn | iBesomacocr | Exomormuecki + ' TpaiiHoct !

— e [

®ur. 4. CTpyKTypa ¥ B3aUMOBPB3Ka Ha CBOWCTBATA Ha Ka4eCcTBOTO

Bb3aencTameTo Ha NpoayKumMsTa BbpXy XxopaTa ce onpegens
OT COLManHuTE CBOWCTBA HA KAayeCTBOTO, KOWTO obXBaLiaT
4eTnpm noarpynu: €ProHOMUYECKH, €CTETUYECKN,
opraHonenTuyeckn 1 BesonacHoct. Bcsako egHO OT Tesu
CBOWCTBA Ce M3passBa CbC CregHUTe  nokasaTenu:
€ProHOMMYECKH - XUTUEHHN, aHTPONOMETPUYHMU,
(U3MONOrMYHM, MCUXONOrUYHM, NCUXOU3NONOTMYHM;
eCTeTUYECKN - MHOPMALNOHHA WN3pasuTENHOCT,
pauuMoHanHocT Ha opmata, KOMMOSWLMOHHO EAMHCTBO,
LiBETOBO  PELUEHME, CbBbPLUEHCTBO HA  W3MbIHEHUETO;
OpraHoONENTUYECKN - MOKA3aTeNM Bb3NPUETU YPEs: 3pEHMETO,
cnyxa, OOOHSIHMETO, OCE3aHWeTo W Bkyca; OesomacHoCT -
MexaHWJecka, TEXHUYECKa, ENeKTPUYecka, XuUMuyecka K
duamnyecka.

BbapeiicTBueTo Ha obekTa Bbpxy Buonornyeckute BUOOBE U
OKONHaTa cpefja ce onpepenss OT  OMo-eKkonorndeckuTe
CBOWCTBA Ha ka4yeCTBOTO, KOMTO BKITKOYBAT TP NOArpynu: bro-
TEXHUYECKn, OWO-TEXHONMOTMYECKM W EKOMornyecku, a
nokasaTenure Ha CBOMCTBaTa Ha BCSKka OT MOArpynuTe ca:
BMO-TEXHNYECKM - BNO-TEXHUYHOCT 3a PACTEHWS U 32 KUBOTHMU;
OMO-TEXHOMOrNYECKM - OMO-TEXHONOTMYHOCT 33 PaCTeHMs,
XMBOTHM 1 MUKPOOPraHN3MW; eKOSTOrMYeCKM - EKONMOMMYHOCT 3a
Bb3ayxa, BogaTta, nousara, driopata u dayHara.

HagexpgHocTTa (dur.5) € KOMNIEKCHO CBOWCTBO, KOETO MOXe
na BKkMoyBa GE30TKA3HOCT, TPaHOCT, PEMOHTOMPUIOAHOCT,
CbXPaHSIEMOCT ¥ CTABUMHOCT MO OTAENHO UMM B CbYETAHME B
3aBMCMMOCT OT BuAa Ha npogykuusita. [Mpogykuusta 3a
€[JHOKPATHO M3MON3BaHe MMa CamoO eAHO OT CBOWCTBATa Ha
HaleXAHOCTTa - CbXPaHSAEMOCT, @ HEPEMOHTUPYEMUTE 0OEKTM
- [Be CBO/CcTBa: 0E€30TKA3HOCT UM  CbXpaHSAEMOCT.
PemoHTMpyemMuUTe 00EKTM MOXe Aa MMaT YeTupu CBOWCTBA:



0e30TKasHOCT, TpanHoCT, PEMOHTONPUrOAHOCT "
CbXPaHAEMOCT, a NpoLEecUTe M CUCTEMUTE - BCUYKUTE MET
CBOWCTBA.

CsoiicTBaTa Ha HagexgHocTTa Cce  W3passBaT  CbC
CNeLMMUYHI 1 KOMNNEKCHW NokasaTenu, kato cneuuduyHuTe
nokasaTenu uspasseat camo efjHO CBOMCTBO, a KOMMEKCHUTE
- NOBeYe OT efjHO CBOWCTBA (chur.5 1 6).

CrabunHocTTa e CBOWCTBO Ha Mpouecute uunu cuctemmute
Ja 3anacBaT CbCTOSHUETO CU BbB Bpemerto. CBOWCTBOTO
CTabUNHOCT ce xapakTepusupa C Tpu Buaa NokasaTenu:
crabunHoct Ha Ka4ecTBOTO; crabunHocTt Ha
NMPOU3BOAMTENHOCTTA; CTAOMIHOCT Ha pa3xofa Ha pecypcu.

CrabunHocTTa e CBOWCTBO Ha Mpouecute uunu cuctemmute
Ja 3anacBaT CbCTOSHWMETO CU BbB Bpemerto. CBOWCTBOTO
CTabUNHOCT ce xapakTepusupa C Tpu BuAa NokasaTenu:
crabunHoct Ha Ka4ecTBoTO; crabunHoct Ha
NPOU3BOAMTENHOCTTA; CTAOMIMHOCT Ha pa3xofa Ha pecypeu.

’ CBoiicTBa 1 MOKA3ATE/IH HA HAIEATHOCT ’

| | | | |

CBoiicTBa Besomactwocr | | Tpaifroct Pevorto- || Coxpansiemocr | | CrabimHoct
TIPHTOJHOCT
l ¢ OtpaGorsake | ! i Bpevesn 1 ¢ Tlokasarei 32}
| ooomas i Pecypo | iBMCTAOBBAC)  Cpokma ! KadeoTROTO |
; b i BP;Me SUTEXH 3 ropwocr i Iokasarenn Ha'
Tokasaren » bBpoima i Excinoaramno ; O0CTVKBAEC 3 ¢ npomsBoTenH;
: i 11 Pasxomrsa i . [ i
| oTKmETe ii HCHCPOK I i1 Cpoxna | i[lokasarennsa’
' "y . BB}CTHHOB”BHHC: ! ! i :
; b D e | Cexpamemie [ pasone |
! n ' oberykeare | v peeype
L 1 I

®ur. 5.CBoicTBa U NoKa3aTenu Ha HaAEXAHOCTTA Ha npoaykuuaTta

lNokasaTenute Ha Ka4yecTBOTO W HaAexXAHOCTTa MoraT ja
Obaar MOCTOSAHHM W CRyvalHU BENWYMHM. Kato nOCTOSHHM
BENMYMHM NOKa3aTennTe Ha Ka4ecTBOTO M HAAEeXOHOCTTa UMaT
CaMO €e[Ha XapaKTEepWUCTUKA - TAXHaTa CTOMHOCT, a KaTo
CNyyaiiHn BENUYMHW - XapaKTepUCTUKW, KOWTO ce AEensT Ha:
XapaKTePUCTUKM  Ha  TPyNMpaHe,  XapaKkTepucTukW  Ha
pascefBaHe, KBaHTWMHM  XapaKTEpWUCTWKM,  CreLmarnHi
XapaKTEPUCTUKN M MbIHKU XapakTepucTuki (cpur. 7). Mbpeute
ABE TPYNM Ca YNUCIEHW XapaKTepPUCTUKW, a MOCNedHUTE TpU
rpynu - PYHKLMOHAITHN XapaKTEPUCTMKIA.

Croiicrea Ha Koedpuunenr Ha
. HAAEKTHOCTTA

PEMOHT H
RTTTTTTT e N NOUIPBKKA

BesoTkaszHoct

Koeduuuent na
3anasBaHe Ha
edexTHBHOCTTA

Lk

Tpatinoct

PemonTtonpuroanoct
Koedpunuenrt na

TOAHOCT

e es -
TEXHHYECKO N
M3NoJI3BaHe A

®ur. 6. CbHOCT U CbAbPXAHWE Ha KOMNNIEKCHUTE NoKasaTenu Ha
HapeXAHOCTTa Ha NpoAyKUMATa
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‘ XapakTepHCTHKHTE HA MOKA3aTeJUTE 32 KA4eCTBO M

HAIeKTHOCT

acTHUIH XaPAKTCPHCTHH
TI5]HU XapaKTEPHCTHKH
Pex Ha pasnipeaeneine Xapakrepucriian | [ Xapaxrepucrii Crieunannn
DyHKu HA pasnpeeieHie ! ’ . :
na rpynupanie | |u ma pasceiipane | | xapaxtepuetiki
TLrbTHoCT Ha pa !
777777777777777777777777777777777 Cpeana crofinoct] | ucniepcia
| Moza ! iCpemnoxsazpar. |
i Meawana ! lorcronenne
v | iKoeduument na |
77777777777777 Bapuauus
Kauecrso Pamiax
o Koeduuuenr na gedexroct
® Bpoii gedexThi euHuIIL OT Hanexanoct

npozykumsTa
Bpoii teexri

Cpezten Gpoii aeextn Ha eaumma
npoaykust

® MHTeH3MBHOCT Ha OTKa3HTE

¢ Tapamerpu a noToKa Ha OTKasHTE

¢ XapaxTepucTiki Ha notoka Ha
otkasiTe

® VIHTCH3MBHOCT Ha BH3CTaHOBABAHE

®ur. 7. XapakTepuCTMKK Ha NOKa3aTenuTe 3a Ka4eCTBO M HAAEXAHOCT Ha
npoaykuusTa

3aBMCKUMOCT OT BMAA Ha npogykuusTa (obekTa) 1 xapakTepa

Ha 3ajaunTe ce u3bupaT emoHM WnM  OpyrM  CBOWCTBA,
nokasatenu W  XapaKkTepucTUKW.  XapakTepucTukute Ha
nokasatenure Ha  HaQeXAHOCT Cce  onpegdenar  no
napameTpuyeH HauuH Unu HenapameTpuyeH (dur.8).

{hleTORERR 30 DT e TEE: B
P MADAFTSDHCTHMMTE B :
TR,

ST e TURED: 00 TR AMATIET B
ZAMOERL R AT Mo TEEED
¥
i e TORED: B HECTELEATEETS OLISHIH |
HAMADAFTEDECTHEITE FA ITOKASATRNETE
D ERTEHTHNT, ;
] ;

I TMIDe e O i B JRPATTEDEICTELET S 0TI BAIYTE TR F ERE HOTEOCT | I

®ur.8.CTpykTypa M B3aMMOBPB3Ka Ha eNEMEHTUTE Ha MeToAMKaTa 3a
onpegensiHe Ha YACTNEHNUTe XapaKTePUCTUKM Ha NoKasaTenuTe Ha

HaaeXaHocCT.

N3Boan
1. ObocHOBaHM Ca  OCHOBHUTE  E€MNEeMEeHTUTe Ha
KOHLIENTyanHuTe ONpeAeneHns 3a Ka4ecTBO W HagEeXaHOCT Ha

npogykuusTa.
2. [pepnoxeHa e Keanuukauus Ha CBOWCTBaTa W
nokasaTenure Ha KayeCTBOTO W  HaAEXOHOCTTa  Ha
npogykuusTa.

3. PaspaboteHa e knacudukaumMs Ha  YMCTIEHUTE W
(OYHKUMOHANHUTE  XapaKTepuCTUKW Ha nokasatenute 3a
Ka4yeCTBOTO M HAaZEeXAHOCTTa Ha NpoayKuMsTa.
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PE3IOME. B cTatusTa e pasrnefaH CryyasT, KoraTo fiBa pasHOMONSAPHW TOYKOBUAHW M3TOYHMLM Ha TOK Ca MOCTABEHW B TPUMEPHO NPOBOASALLO NPOCTPAHCTBO —
,3eMS”, OrpaHnyeHo 0T BeskpaiiHa paBHUHA Ha [JpYro NPOCTPAHCTBO — ,Bb3AyX’, ¢ 6e3kpaitHo ronsMo CbNpOTUBNEHNE.

OnpefieneH e UHTEH3UTETBLT Ha CTaLMOHAPHOTO eNEeKTPUYECKO Mone W MOTEeHUManbT B MPOK3BONHA TOYKa, Hamupalla ce B MPOBOASLOTO MOMYNpOCTPaHCTBO U
obLuaTa NIbTHOCT Ha ToKa B CbLLOTO TOBA NONYNPOCTPAHCTBO, KaTo (hyHKLMS OT [bNOOYMHATA Ha Pa3NONOKEHNETO Ha pa3rnexaaHaTa Touka.

RELATIVE DENSITY OF ELECTRICAL CURRENTQ GENERATED BY TWO HETERO-POLAR ELECRTICAL SOURCES
(GROUNDED) AS A FUNCTION OF THE DISTANCE BETWEEN THEM AND OF THE DEPTH OF THE SPREEADING OF THE
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ABSTRACT. In this paper is presented a case when two hetero-polar point-formed electrical sources are situated in three dimensional conductive areas —“earth”
(restricted by indefinite surface of other area) - “air” (with indefinite great resistance).The aim is to be determined the intension of stationary electrical field and the
potential in odd point, located in the conductive semi area and total density of electric current in the same semi area, as a function of the depth of the location of odd

point.
YBoa

Mpn KOPO3MOHHWUTE W3CMEABaHNS Ce pa3rnexaar 3akoHuTe
3a pasnpefeneHne Ha TOKOBETE B TPUMEPHO MPOBOASILLO
MPOCTPaHCTBO ,3eMs”, OrpaHuyeHa oT GeskpanHa paBHWHA Ha
JPYro  MpOCTPaHCTBO  ,Bb3AyX', C OeskpanHo  ronsmo
CbMpoTMBNEHWe.  Bb3ayxbT B CpaBHEHME CbC 3eMsTa
NPaKTUYECKU HE e MPOBOAHMK, 3aTOBA Ha rpaHuLaTa, KosTo 1
pasfensi, HopmarHaTa CbCTaBsla Ha NITbTHOCTTA Ha Toka ce
uapassea ¢ hopmynata (Kosapos 1991, Byprcaopd 1987r):

S 1 ouU )

p on’
KbAeTO O e CreundUyHOTO ENeKTPUYECKo CbNPOTUBIEHNE
Ha cpeparta, Qm;
N - nocokaTta Ha HopmarnaTta KbM MOBbPXHOCTTa pasgensiia
cpeouTe, MOKA3Balla HerpeKbCHATOCTTAa Ha HOpMarHaTta
CbCTaBsILLA Ha BEKTOPA Ha NITbTHOCTTA Ha TOKA;
U - noTeHynambT Ha enexkpuyeckoTo nore.

n

3a ocblUecTBABaHE Ha KOHTaKTa Mexay 3emsTa u ypeabara,
C MoMOLLA Ha KOSITO Ce BbBEXaa TOKbT WNW Ce U3BbpLUBAT
M3MepBaHUs Ha napaMeTpuTe Ha EneKkTPUYecKkoTo norne B
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3emMdaTa, Ce WU3Non3BaTt enekTpoamn-3asemMuTenn, Kouto B

npakTkata Ha  reoM3MYHOTO  EneKTponpoyyBaHe U
eneKkTpo3almTHNTE  paboT  Ha  MOL3EMHUTE  METarHu
CbOPbXEHWs, MMaT  pasfndHa  opma:  cdhepuyHa,

LUMIMHPULHA, AMCKOBA M Hakpasl, CUCTEMU OT 3a3eMieHMs C
pasnuyHa KOHMrypaLys B nriaH 1 paspes.

EgnHniHOTO 3a3emneHne wnm cuctema OT 3a3eMIIeHUs Ha

ropsIMO pa3CToOsHME (MO-TONAMO OT AECETOKPATHUS Paguyc Ha
enektpoga (Koctyba, 1993) cbagaBat TOKOBE U €NEKTPUYECKD
nomne, Kakto W CgepuyeH enekTpog C MambK paguyc,
HanogobsBaly TOYKOBMAEH enekTpod. [loTeHuwanmbT BbB
BCAKAa TOYKA Ha TakoBa pPa3CTOSHME OT ENeKTpog ¢
npou3BoNHa popma MOXe Aa ce u3dnucnv no opmynara 3a
MoTEHUMana Ha TOYKOBMOEH enekTpod. 3atoBa npu
pasrnexgaHe Ha W3YMCNEHWATAa Ha nNapameTpute Ha
ENEKTPUYECKOTO MOMe 3a Cryvas B MpOBOAsAWaA cpeda ce
n3xoxpa OT npeAcTaBata 3a MNPOTWYAHETO HAa TOK OT
TOYKOBMAHW ENEKTPOAMN.

TeopeTnyHa 060CHOBKA

Pasrnexna ce TOYKOBUAEH €NeKTpo, 3axpaHBaH C TOK CbC
cuna |, noctaseH B €0HOpOoaHa, M30TpOonHa W 6e3rpan+Ha
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cpefa. 3a onpaensiHe pasnpeaeneHneTo Ha noteHumana U B
pasrnexgaHata cpeja Ce 3non3sa  AudepeHunanHoTo
ypaBHeHuWe Ha Jlannac. PelueHneTo ce u3BbpLLBa B ChepnyHa
KOOpAMHATHa CUCTEMA, LEHTbPbT Ha KOSTO CbBnaga c
LIeHTbPa HO TOYKOBMOHUS U3TOUHUK Ha TOK:

1 o( ,0U 1 of( . ~oU
r- or or resing oeé 06 2
1 o ’

= =
r’sin?é6 oa?

Bcreacteue edgHOPOAHOCTTa Ha cpefaTa  MOTeHUMambT
U BbB Beska Touka OT Hest M Ha pascTosHue I OT Hadyanoto
Ha KOOpAMHATHATa CUCTEMA He 3aBUCM OT MONAPHUA o U

asumyTanHua € brau. PelueHneto Ha AndepeHumantoto
ypaBHeHWe Ha Jlannac 3aBucy camo oT koopauHaTtata I, T.e

U :U(r). B TO31 cryyail Npou3BOAHWTE HA OCTaHanuTe
NMPOMEHNWBM Ca PaBHU Ha Hyna 1 ypaBHeHue (2) aobuea BuAa:

iz.i(rzd—u}o 3)
re dr dr
d ( ) duj
Or  vypasHenve  (3)  cnemea:—| r*— |=0;
dr dr
rzd_U:A;d_U:A’ 4)
dr dr r?

OTKbJETO 3a NOoTEeHLKana ce nonyvyasa

A

-—+B (5)

KoHcTaHTTe A 1 B ce onpegenst no cnegHust HaumH. B
BeskpaiiHO oThaneyeHuTe TOUKM Npu I =00, noTeHumarnsT

Ha enextpuyeckoto nore U = 0. Torasa ot ypasHeHue (5)
cnepga, 4e B =0.

TokbT npoTuyaly npe3 npou3BONHO u3bpaHa cdepuyHa
NOBBPXHUHA C paguyc I e paBeH:

I, = 5.d§:£f|§.d‘:£jE.ds:—l L
: P P p dr
1 Azds=—i2.[ds=—i2.4ﬂr2=—@
psr pr S pr p

Pl
oTkbgeto A= ——
4

Cnep 3amecTBaHe Ha koHcTaHTuTe A 1 B B ypaBHeHue (5) ce
nony4yasa 13pasa 3a MoTeHUMana Ha enekTPUYECKoTo none B
SIBEH BUA
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U=U(r)=-21B=]-L|i0=2L (7)
r dnr Anr
EKBMHOTGHLWIaJ'IHVITe NOBBbPXHUHU yooBneTesopssat
YCrIOBUETO

Pl

=const;

a WHTEH3UTETLT Ha ENEKTPUYECKOTO NOMie Ce onpegens no
copmynata

_du _ o

=—— 8
dr A4nar )

2

lonemuHaTa Ha BEKTOpa Ha N/TbTHOCTTA Ha TOKa Ce
onpegenda nocpeacTsoM nspasa

E |

e ©

o

Pasrnexga ce cnyyasT, KoraTo W3TOMHUKLT Ha TOK €
pa3noNoXeH Ha MOBbPXHOCTTA Ha 3eMATa, KOATO B Cnyyas €
NPOBOASILLO MONYNPOCTPaHCTBO, rPaHUYello CbC Ccpeda ¢
GeskpanHo ronsMo CbnpoTUBNEHWE — Bb3OYXbT. Ha 3emHaTa
NOBBLPXHOCT TpsibBa Aa Ce cnassa YCroBMETO 3@ PABEHCTBO Ha
Hyna Ha HopmanHaTa CbCTaBka Ha NMiTbTHOCTTA Ha Toka [1,2],
T.e. ypaBHeHwe (1) ce 3anucea Taka:

(10)

3a onpemensHe Ha 3akOHA Ha  pasnpedenieHve Ha

noTeHUMana Ha eneKkTpUYecKkoTo none B MPOBOAALLO
NONynpOCTPaHCTBO Ce Mpeanonara, Ye U3TOYHUKBLT Ha TOK A
ce Hamupa B MpoBoAfllaTa cpeda Ha pasctosHue h ot
rpaHvuata Ha pasgensHe (cur. 1.)

®ur. 1. JInHMK Ha ToKa B GNU30CT [0 3eMHaTa NOBBPXHOCT

lpanmyHoto ycrosue (10) we Obae cnaseHo ako ce
NpeanonoXu,.ye NPoOCTPaHCTBOTO ,Bb3AyX € 3aMbIHEHO C
eHOpPOOHA  MNpoBOfAWlA  Cpeda  CbC  CneunduyHo
eneKTPUYEeCko CbNPOTUBNEHME O U B Touka A’ (ormepane



00pa3 Ha TOYKOBMAHMS M3TOYHWK B paBHMHaTa Q) ce Hamupa
BTOPU TOYKOBMOEH M3TOUHMK Ha Tok |'=1 .

B Touka M noTeHuMansT Ha enekTpUYEecKoTo nomne € paseH
Ha anrebpuyHata cyma OT MOTEHUMAnWTe Ha nonetara,
Cb3AafeHN OT U3TOYHMLMTE HAa TOK A M A’:

11
rr

B npaBobIb/iHA KOOpAMHATHa cCuctemMa C LUEHTbp B
M3TOYHMKA Ha TOK A

p_pl

_p pl
A Amr' Arx

UM :UAM +UA'M =

1

:pl —+ 2
I +y2+(2h-2)

Pl 1

Ar| Ix? +y? +7°

AKO M3TOYHUKBT Ha TOK A € pa3nonoxeH Ha NOBbPXHOCTTa
Ha 3emsTa, T.e. h =0, ypasHeHue (11) nobuea Buaa

(11)

Uy

_P

= (12)
27

| 1
U = s
2 x*+y®+1

WHTEH3MTETLT Ha E€NeKTPN4eCcKoTo none N NNbTHOCTTA Ha
TOKa CbOTBETHO Ca PaBHU Ha:

Pl
E= 13
o2 (13)

|
0= 14
o (14)

Ot dopmymu (12), (13) u (14) cnegsa,ye npu pasnonaraHe
Ha 3axpaHBals EeneKkTpod Ha rpaHuuaTa ,3ems-Bb3ayx’,
€KBUMOTEHLMANHUTE MOBBbPXHUHW Ca nonycdepu C LEeHTLP B
W3TOYHWKA Ha TOK UM  yOOBMETBOPSBAT  PaBEHCTBOTO
r =const.

[TMHMUTE Ha WHTEH3WTETa Ha MONETO 1 Ha TOKa Ca paguanHu
npaBy, M3nu3aly OT M3TOYHWKA HA TOK, a MOTEHUWarbT Ha
€IIeKTPUYECKOTO MOMe W MAbTHOCTTA Ha TOKAa Hamansisat
oBpaTHO NponopLMOHanHO Ha KBagpaTta Ha pa3CTOSHWETO OT
uaToyHmka Ha Tok. OT npakTuyecka rnegHa Touka ca
Bb3MOXHM CIyyauTe, KOrato eneKkTpU4eckoTo rnorne e
Cb3[ageHo OT ABa PasHOMONAPHU:

1. TOYKOBMOHW M3TOYHMKA Ha TOK;
2. IMHENHW U3TOYHMKA Ha TOK;
3. IIMHEEH ¥ TOYKOBMIEH U3TOYHMKA Ha TOK.
B cratusta no-HataTbk Ce parnexga camo

MbPBUAT Crly4all, Korato ABa PasHOMOMNSPHM TOYKOBMOHM

3asemutenu A v B, ca noctaBeHn B €4HOPOAHO M M3OTPOMHO

NPOCTPaHCTBO Ha pascTosHne Iy, eauH ot apyr (cur.2).

Dur. 2.
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B NPOK3BOJIHA TOYKa M Ha NPOBOAALLOTO NONynpoCTpaHCTBO

_1] (15)

I"ESM

ol ol o1
UM :UAM +UBM:7 _[

270, 27y, 37\ Tay
KbaETO Fyy M gy CA PasCcTOsHUSTA Mexay Touka M u

3a3emutenute Au B.

OT dopmyna (15) cnegBa, Ye eKBUMOTEHLMamNHUTE
MOBLPXHUHW HA ENEKTPUYECKOTO MOME Ha ABE 3a3eMIIEHUs He
ca KOHLeTPUYHI Chepu 1 YA0BNETBOPSBAT YCIOBMETO.

Lo const

I‘AM rBM

Ako Touka M e pasnonoxeHa Ha MOBLPXHOCTTA Ha
NoMynpocTPaHCTBOTO (ur.3), 10 Iy, =1 = \/X2 + y2

" rBM:rzz\/(ro_X)z"‘yz-

M

/1

o

®ur. 3. U3uncnsBaHe Ha eNneKTPMYECKOTO Nose Ha ABa TOYKOBUAHU
3asemutens

ToraBa noTeHUMambT B MPOM3BOSHA TOYKA OT 3eMHaTa
noebpxHocT M ot enektpoauTte A v B e paBeH:

u, A1 1
2\,

Ot dopmyna (16) creaga, ye noterumamst U, , koraTo

S
2|+ y? %2+ y?

(16)

y =0 (toukata M e pasnornoxeHa Ha nuHusiTa AB) B TouKa
A e paeeH Ha OeskpaiHocT. C yBenuuaBaHe Ha X, TOW

r
HamarsiBa. B Touka X = EO , notexumansT U, e paBeH Ha

Hyna, cref ToBa ce yBenuyaBa no abcomnioTHa CTOAHOCT, HO C
obpateH 3HaK 1 B Touka B e paBeH Ha 6e3kpaiiHocT (dpur.4)

‘ lo

dur. 4



lMoTeHunanHata pasnuka Mexay Toukute M u N Ha
NOBbPXHOCTTA Ha 3eMaTa OT U3TOYHMLMTE Ha ToK A n B e
paBHa:

AU, =U, —U _p_'[i_i_Li] . (17)

N =
2z\r, r, I, 1,

Kbaeto Iy =, 1 I, = gy CapascTosHuaTa ot Todka M
[0 Todkm A 1 B.

U
Toit kato E = —d—, TO 3a npousBornHa Touyka M Ha
r

3EMHaTa NOBbPXHOCT CTOMHOCTUTE Ha NPoeKUnnTe BbPXY
KOOANHATHUTE OCK ca:

c_ U_p| o 1 1

Lo 2w Xy -xf v )| g

ol X

A L Toox
2 (e +yf [i-yfy]?

E ol y _ y L. (19)

B (R R

W3pasbT 3a WHTEH3UTETAa Ha EreKTPUYECKOTO Mone B
TOYKMTE OT NpaBaTa, CbeANHABALLA U3TOYHMLMTE Ha TOK A n B

(npu Y = 0), uma Buga

E—’DI{1+ 1 } (20)

“2r| (o x

B Toukute A n B (cbopmyna 20), MHTEH3NUTETHLT Ha NONETO €
BeskpanHocT (cour. 5)

®ur. 5.

B npoussonHa Touka M oT paBHMHaTa Q-Q (cur. 6),
npeMuHaBalla npe3 cpegata Ha ortcedykata A-B, Ha

pbnboumda  h, ofwata nmbTHOCT Ha Toka O ,g
npeau3BMKaHa B 3eMATa OT PA3NONOXEHUTE B Hest TOUKOBUIHN

naTouHMuM A 1 B, e paBHa Ha reomeTpudHaTa cyma OT
NMbTHOCTTa Ha TokoeeTe + | v — 1 .

MnbTHOCTTA Ha  ToKa Oy =—, a
27f

O0p =— 5~ (cbur. 6), cnenosatento

2nf,
I
Opg =0p +05 =—5CO0S@ ———COS 3=
27, 2
_ 1 |cosa cos(180-a)
27| 1} re

Ho cos(180 — &) = —Ccos . Torasa

| (cosa cosa {1 1
Opg = — —t——|=7—| 5t |cosx
2\ 1, I 2w\ ry Iy

o

Iy

®ur. 6. U3meHeHMe Ha NTLTHOCTTA Ha TOKa B 3aBUCUMOCT OT
AbnboynHata h

Toiikato I, =F; =1 ,T0
I

Opg = 7—-—5COSax =—COSx (21)
ar

Ha 3emHata nosbpxHoct B Touka O, kbaeto h =0,

I

COSa=1,r=E°, a NmbTHOCTTA Ha Toka e

4]
0y = —2(22)

7Z'r0

Ho I = — , a popmyna (21) gobusa Buaa
Sin o
5AB —?COSQ—T—
T 2
sSin“ o

sin aSin ¢ cosa =

.
:Fsm 2acosa=—;
| cosa |
sin =

>sina
7 2 27h

5 sin 2a:sin



Korato h =0, brmt o = 0, arpanuuata

o sin2asina .| sin? ¢ cosa
lim — —_—= lim — —_—
27T h0 h o h
) h
Ho SIN ¢ = —. Torasa
r
2
—CoSx
I i r2 | | cosa
—im,_,, 2 ; m,_, rz )
Tbi kaTo

cosa =+/1-sin’a =

C yeennyaBaHe Ha [gbnGounHata h (popmyna 23)

NIBLTHOCTTA Ha TOKa Hamansea OT CTOWHOCTa 4_|2 [0 Hyna
0

(np h — o0), npn KOeTO B HAYanoTo MITLTHOCTTA Ha TOKA

HamansBa  MO-Mank0  WHTEH3WBHO,  OTKOMKOTO MO

obpaTHoKBagpaTyHa 3aBWUCKMMOCT, Tbi KaToO HapacTBa He

Camo0 3HameHaTensaT, HO W uucnutenat. [lpu bBEA O,

npesuwasaly 459, SN o Hamansea.  Criegosatento
3anoyBaiikin OT HAKaKkBa CTOMHOCT & = ¢f;, HaManaBaHeTo

Ha NNBbTHOCTTA Ha TOKa C YyBenun4aBaHe Ha h e no-
WHTEH3MBHO, OTKOMKOTO NO 06paTHOKBaﬂpaTVI'~IHa 3aBNCUMOCT.
KpVIBaTa Ha U3MEHEeHWe Ha NNbTHOCTTA Ha TOKa B 3aBUCUMOCT

ot Abn6ounHata h e nokasaxa Ha cur.7.
5

8y

10

0,8 1

06 A

04 1

02 1

®ur. 7. 'padmka Ha N3MEHEHUETO Ha NTLTHOCTTA Ha TOKA C U3MEHeHue
Ha AbnboyYmHaTa h

[penopwbyaHa 3a nybnukysaHe om
Kamedpa «EnekmpomexHukay, MEM®

OTHOLLIEHWETO Ha NITLTHOCTTa Ha Toka O B AbNBOYMHA, KbM
MITBTHOCTTA Ha TOka O Ha 3eMHaTa NoBbPXHOCT B Touka O e
PaBHO

6 _lcosa 4l

- 2 2
0, ar at,

r-0
Ho r= , TOraea
2c0sa
3
%
o _\2) _ 1 , (24)
0, r oh )2 %
1+ —
rO
r 2
Tolikato I = EO +h? .

OT wuspasa (24) u «kpwata (dwur. 7) crnegsa, ue
pasnpefeneHneTo Ha MITbTHOCTTA Ha TOKa C M3MEHeHWe Ha
AbnboynHaTa 3aBuCH OT Pa3CTOSHUETO MEXIy 3axpaHBalluTe
enektpoan A u B. Konkoto € no-ronsiMo pasctosHUeTo Mexay

enekTpoanTe, TONkoBa € Mo ronama AbnboynHata h, Ha

KOSITO MOXe Ja ce Habnioaasa CTOMHOCTTa % .
0

3aknioyeHue

/3BegeHa e opmyna 3a OnpeaensHe Ha OTHOCWTEnHaTa
MITbTHOCT Ha TOKa B 3aBUCUMOCT OT Pa3CTOSIHUETO Mexay
Pa3HONONSIPHM TOUKOBMAHW UTOMHULM Ha TOK U AbnbounHaTta
Ha NPOHWKBAHETO MY B 3eMsITa.
3abenexka. ®opmyna (24) e ToyHa B Cnyyas, Korato
pasrnexpaHata  MpoW3BOfHA  Touka Ce  Hamupa B
e[HONNacToBa NPOBOASALLA, eAHOPOAHA U U30TPOMHa cpeaa.
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MOTEHLUWAN HA ENEKTPUHECKOTO NOJIE B MPOU3BOIHA TOYKA B 3EMATA,
Cb3OALEH OT PA3HOMONAPHU NUHEUHU U NUHEEH U TOYKOBUAEH

U3TOYHULIU HA TOK

CmecghaH CmecpaHos’, Teodopa Xpucmosa?, Jln6omup AmaHacoe?

"MuHHo-2eonoxku yHugepcumem “Ca. MeaH Puncku’, 1700 Copus, e-mail teodora@mgu.bg
2MurHo-2eonoxku yHugepcumem “Cs. MeaH Puncku”, 1700 Cogpus

3TexHuqecku yHusepcumem 1700 Cogpus,

PE3IOME. PasrnesaHu ca cryyanTe, korato Ba pasHononspHU NIMHENHU U3TOYHULM U PasHOMONSPEH NIMHEEH W TOYKOBWMAEH W3TOYHMLM Ha TOK Ca MOCTaBEHN B
TPUMEPHO NPOBOASALLO MPOCTPAHCTBO — ,3eMs”, OrpaHNYeHo OT GeskpaliHa paBHWHA Ha Apyro MpOCTPaHCTBO — ,Bb3fyX’, ¢ Ge3kpaliHo ronsmMo CbNPOTUBNEHME.
/A3BeaeHu ca M3pasn, NOCPESCTBOM KOMTO CE ONpeaens NoTeHLManbT Ha MPOM3BOMHA TOUKa, PasMoNOXeHa B NpoBOAsLLaTa Cpeda (3eMsiTa) 3a pasrnexaaHuTe ABa

cnyyas.

POTENCIAL OF ELECTRICAL FIELD IN ODD POINT IN EARTHQ CREATED BY HETERO-POLER LINEAR SOURCES AND
HETERO-POLED LINEAR POINT-FORM ELECTRICAL SOURCES

Stefan Stefanov?, Teodora Hristova?, Lubomir Atanasov3

"University of Mining and Geolgy” St. Ivan Rilski”, 1700 Sofia, e-mail teodora@mgu.bg

2University of Mining and Geolgy” St. Ivan Rilski”, 1700 Sofia
3Technical UniversityQ1700 Sofia,

ABSTRACT. The paper discuses the situations when two hetero-polar linear sources and hetero-polar linear point-form electrical sources are found in three
dimensional conductive areas —“earth” (restricted by indefinite surface of other area) - “air” (with indefinite great resistance).
We deduct expressions through that the potential of odd point from the conductive area (earth) for two cases examined.

YBoa

CblUecTBEH €NEMEHT Ha ypeabuTe, C MoMoLLa Ha KOWUTO ce
OCBLLECTBSABA KOHTAKT MEXLY 3eMsTa W 3axpaHBalyata (npu
KaTogHa 3aluTa Ha MOL3EMHUTE MeTanHU ChbOPbXEHWs OT
KOpo3us) WnM  u3MepBaTenHata (Mpu  onpegensHe Ha
CNeuMMUYHOTO CbMPOTWBMEHME HA MOYBaTa) Bepuru e
enekTpogbT-3asemuten. Toil MOXe Aa e ¢ pasnuyHa dopma:
chepuyHa, UMNMHAPHUYHE, ANCKOBA U T.H.

B [1] e pasrnegaH cry4asT, korato TOYKOBWAHM (CChepnIHM)
€NeKTPOAA, 3aXpaHBaHW OT U3TOUYHWLM HA TOK C MOMSIPHOCT +
n - | ca noctaBeHu B eHOPOAHA, M30TPONHA 1 BesrpaHnyHa
cpega. OnpedeneHn ca WMHTEH3UTETLT Ha CTALMOHAPHOTO
€NeKTPUYECKO Nofle W MOTEHUMAMbT B MPOM3BONHA TOYKa,
Hammpalwa Cce B MpoBoAswara cpepga (3emsra), u
pasnpefeneHneTo Ha NITbTHOCTTA Ha TOKa, KaTo (OyHKLMS OT
AbnboumHaTa, Ha KoSiTO Ce Hamupa pasrnexpaHata Touka B
npoBogALLaTa cpeaa.

B cTatuaTa ce pasrnexaart ABa cnyyasi U ca peLleHm YacT oT
npobnemuTe Npu Apyr ycnosus, aecrHupanm B [1].

MbpBu cnyvan

CTaLlI/IOHapHOTO E€neKkTpnyecko none € Cb3aadeHo OT ABa
pasHononAapHu NNHENHN M3TOYHULUW Ha TOK. Onpe,qenﬂ ce
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pa3npesfeneHneTo Ha MoTeHUMana Ha TOYKM OT niowa Ha
NpaBObIbHWK, OT BETE ABETE NPOTMBOMONOXHN CTpaHM Ha
KOWTO Ce HamupaT ABaTa JIMHENHU enekTpofa, Ypes KoWUTo B
3emsiTa nocTbnBa Tok cbe cuna +lm—1 (ur.1) .

J

dur.1

Hayaroto Ha npaBObrbfHaTa KOOpPAMHATHA cucTeMa e
MOMECTEHO B cpeaaTa Ha eauH OT eNeKTpoauTe, OcTa y € C
MoCOKa, KOSTO CbBMafga C MocokaTa onpefeneHa OT
AbIDKMHATA Ha enekTpofa, a ocTa X € MepreHauKkynsapHaHa
Hes. Mpednonara ce, Ye CbNPOTUBIEHMETO Ha Pa3TyaHe Ha
TOKa 3@ BCEKW OT ENEKTPOAMTE MO LiAnata UM IbIKUHA € eOHO
n cbilo. Mpuema ce, ye enemedt ¢ abmkmHa dL ot
eneKkTpoda € eKBMBarneHTeH Ha TOYKOBWMAEH eneKTPof,

|
3axpaHBaH C TOK CbC cuhna Edl_ |-|0TeHLI|VIaJTbT Cb3daneH


mailto:kantcho.ivanov@gmail.com
mailto:kantcho.ivanov@gmail.com
mailto:kantcho.ivanov@gmail.com
mailto:kantcho.ivanov@gmail.com

OT TO3M TOYKOBMAEH €NEeKTpod, B KOATO U [a € To4ka M ot +£
NpaBObIbJIHMKA C KOOPAMHATU X 1Y € PaBEH Ha: U pl d 77
I +
pdL 273 X2 +(y—ny

du =

[1.2.3] (1),

27x% +(y—n)

KbETO 77 € KoopAMHaTaTa Ha TOYKOBUOHNA eNeKTPo/.
Cnep wHTerpupaHe Ha ypasHeHWe (1) no OTHOWeHWe Ha

3BeCTHO €, ye I

dx
Vx? +a?

Monara ce: 77 — Y = 7, OTKbAETO

dp=dz.Mpu

:In(x+\/x2 +a2).

nNpoMeHnueata 7) NoO UAnata AbJIKWMHA Ha €nekTpoja OoT L
n=--.

T——L—y anpu —+L
5 ,anpnn 5

2

—— fo + E, Ce nonyyasa CTOMHOCTTa Ha norteHymana Ha

L

5 L
uenus enextpog. Tvit kato dL = d 77, 10 T= 5 y . Torasa:

L
y=

dn dr

_J;;/XZ +(y—77)2 {ng NT? +X?

y—L]+ (y—L)2+x2—ln —[y+Lj+ (y+
2 2 2

=In|lc ++x%+72

04
2
0 x? +(y— L

2
) +x2 |=In
2
o

T
o[y L) [yt o N G RG
M = A

o) )

Cnep 3samaHaHa +l c—1 nHaxc (ro - X) ce nony4asa

MoTeHunansT B Touka M e paBeH Ha cymata oT
noteHumanure U n U, v ce onpeaens no dopmynara:

cToitHocTTa Ha noteHumana U _ Ha uenus BTopy enekTpog,
3axpaHBaH CbC cuna Ha Toka —| ;

UM:é; 2 ]
, L L
Hly+—| -|y+=
(y 2) (y 2j

Mpvemaitku B mspasa (4) U,, =const, ce Hamupa

y
ypaBHeHVIETO Ha eKBUNoTeHUnanHuTe nuvHMKU Ha noneTo,
Cb34adeHo oT TIMHENHU pasHoONONAPHM U3TOYHULIM Ha TOK. M(X)/)
o fo—X
BTopu cnyuyai. X :
pu cny A | 15«
r |

JINHENMHMAT U3TOYHMK Ha TOK € eneKTPoabT A C AbfKuHa L
3axpaHBaH CbC Cuna Ha Toka +l. TOUKOBMAHMSAT M3TOUHWK Ha
TOK € enKkeTpoabT B, 3axpaHBaH CbC Cuna Ha Toka — |
pas3noNoXeH Ha NepreHaMKynsapa oT cpeaata Ha enektpoga A,

Ha pascTosHue Iy (cur.2).

dur.2
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lMoTeHUManbT B Touka M ¢ KoOpaAMHATU X, Y € paBeH:
- OT NINHenHus enektpod A

- OT TOYKOBNOHMA eNneKkTpoa B

27/ (ry = x)* +y

. .

U7 _
u, = , Pe3ynTaTHUST MOTEHLManN & PaBeH:
U, =U,
3aknioyeHue. lNutepatypa

W3BeneHn ca dopmynu 3a onpedensHe Ha noTeHuuana Ha
NpOU3BOIIHa TOYKa pas3nonoxeHa B 3emMATa, Cb3fadeH OT JBa
Pa3HOMONSAPHN NUHENHN W3TOYHWLM Ha TOK (chopmyna 4) u
PasHOMOMSAPHM JIMHEEH W TOYKOBWAEH M3TOYHMLUM HA TOK

(chopmyna 5).

[MpenopwyaHa 3a nybnukysaHe om
Kamedpa «EnekmpomexHukay, MEM®
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ENEMEHTW HA ENEKTPOMAIHUTHOTO U3YUCNEHUE HA BUXPOB
NPEOBPA3YBATES C BbTPELUEH MArHUTOMNPOBO[

Konecmanmun Tpuykos
MurHo-eeonoxku yHugepcumem “Ce.Wear Puncku”, 1700-Cogpus

PE3IOME. YcTaHOBEHM Ca HAKOM 3aBUCUMOCTM MeXZy pa3mMepuTe U eNneKkTpOMarHUTHWUTE NapameTpu Ha BUXpOB npeobpa3syBaTen ¢ BbTPELLEH MArHWUTONPOBOLA.
MocreaHnTe MMaT BaXHO 3HauYeHWe 3a 13Bopa Ha ONTUMarneH BapuaHT 3a NPOEKTUPAHETO, Npu 3ajafieH akTUBeH 0beM Ha paboTHaTa kamepa U MarHuTHaTa UHayK-
ums.

ELEMENTS OF THE ELECTROMAGNETIC CALCULATION OF A VORTEX CONVERTER WITH AN INNER MAGNETIC CORE
Konstantin Trichkov
University of Mining and Geology “St. Ivan Rilski”, 1700-Sofia

ABSTRACT. Some relationships between the dimensions and the electromagnetic parameters of a vortex converter with an inner magnetic core is established. They
are very important to pick out an optimal variant in the design under desired magnetic induction and active volume of the working chamber.

1. BbBeaeHue ok A RY (R Y
B, =L 1+(_’j _2(—’j cos2a | (1)
Mpeov Aa ce MpUCTBNM KbM NPOEKTMPaHE Ha BUXPOBUTE 1 R, r r
npeobpasyeatenu e HeobxogMmo Aa Ce YCTAHOBAT HSKOM R,

3aBMCUMOCTM MEXOy PasMepuTe W eneKTpOMarHuTHuTE i
napameTpu. B npolieca Ha npoekTUpaHeTo YecTo ce Hanara aa
Cce N3MeH HAKOS! BenudmMHa v TpsibBa [a ce 3Hae Kak ToBa ce
OTpassiBa Ha ocTaHanuTte. Ha ¢ur.1 e nokasaH cxemaTuyHO
BUXPOB NPpeobpasyBaten ¢ BbTPelLeH MarH1Tonposoy [1]. Hue

2. EneMeHTM Ha eNeKTPOMarHWUTHOTO M34ucChe-

I, [Mpu NpoekTMpaHe Ha HESIBHOMOMOCHW BUXPOBM Npeobpasy-

Y BaTENM C BbTPELeH MarHuMTonpoBoA [2] (Mpy eamH M Cbly
Opoit kaHanW, BMA Ha HamMoTKaTa W €4HAKBO JIMHENHO TOKOBO
HaTOBapBaHe), 3a Aa Ce 3anasn CTOMHOCTTA Ha MoneTo B
Iy TOUKUTE C eAHAKBW OTHOCUTENHWU paguycu 17R1 1 C efHaKBM
BITIOBX KOOPAMHATM « € Heobxogumo aa 6bae cnaseHo ycno-

X BMETO &zconst . Mpuemame, 4e NUHeNHUTE pasmepu ce
X R,

R2 N3MEHST Taka, Ye UHAYKUMATa 4a OCTaBa MoCTosHHA B CTOMa-

HaTa Ha uHgykTopa. OCHOBHO BHUMaHWe Tpsibea Aa ce 0bbpHe

Ha 3arybute B HamoTKaTa, 3ali0TO MpW BMXpOBaTa MalluHa,

B nopagn HeobxoguMoCTTa OT ronaM HamarHuTBaLl, TOK Te ca

3HAYMTENHO No-fonemu OT 3arybute B cTOMaHata. Enektpu-
yeckuTe 3arybu B kaHamnHaTta YacT Ha HamoTkaTa ca

Cp

¢ur.1

I )
CTOIfHOCTTa Ha MarHWTHaTa MHOYKUMS B aKTMBHOTO MPOCT- R, =2mwr’® = mepglz =2mwipl]
PaHCTBO Ha paboTHaTa kamepa Ce OMpeens Camo OT M3UCK- n
BAHUSITA Ha TEXHOMOTMYHIS MIPOLIEC, 33 KOWTO € MpeHasHave-
Ha MaLLuHaTa. MopyITbT Ha OCHOBHUSI XapMOHMK Ha MarHUTHa-

Ha HaMOTKaTa,

|"— [ObIKWHA Ha KaHanHaTa 4yacT Ha HamoTKarTa,

KbIeTo W — ©Opoil HaBMBKM 32 eauH NapanerneH KIoH;
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£ —  cneumgnyHo CbNpoTMBIIEHME HA MaTepuana
Ha NPOBOAHMKA;
j — TITBTHOCT Ha TOKA B MPOBOAHMKA;
S/ =n,S,a— €KBUBANEHTHO CEYeHWe Ha MPOBOMHMKA, 3a
MbIHUS TOK | ;
n,,s,— Opoi n ceyeHne Ha enemeHTapHuTe mMpo-

BOOHMLIN.

CneundmrYHOTO TOMMMHHO HAaTOBapBaHe Ha LMNMHApUYHaTa
MOBbPXHOCT Ha WMHAYKTOpa, 0DYCMOBEHO OT eneKTpuyeckuTe
3arybum B HamoTKaTa e

_ P 2mwipl}

= = JA

(2)

B nocneaHara hopMyna cMe B3enu nog BHUMaHue, ye

II

A= 2mwi ] 7 ~ const.

7D

2

Tbi kaTo A =const., p, € NPONOPLMOHANHO Ha NITLTHOCT-
Ta Ha Toka. OT p, 3aBMCUM MPErPsBAHETO Ha MPOBOAHMLMTE.

ET0 3aLL0, Npu eaHaKBM M30MALMOHHW MaTepuanu ce npuema,
ye j=const. 3a AafeHn JonNyCTUMM TONNUHHI HAaTOBapBaHUS

MarHuTHaTa uHoykums onpegens A u j. Camo npu MHOro

ObNMN MallHK U CbLLUMA HaYMH Ha OXnaXaaHe e H606XO,ELI/IMO
NeKo Aa ce Hamamu J .

BbB Buxposata mawmHa 2mwl = D, . CblueBpemeHHO

2mwl = 2mwi,s; =2mws’ =S, ,
S

n

KbgeTo S, e obLoTo ceyeHre Ha MeaTa Ha HamoTkaTa. Cne-
posatenHo S, =D,, 3awoto j=const. Mpn egHakem gebe-

TIMHW Ha M30NauMsTa Ha NPOBOAHMKA 1 Ha KaHana W npu egHa-
KbB KOE(ULMEHT Ha 3ambriBaHe MOXe Aa Ce Mpueme, ye u
06woTo ceveHue Ha kaHanute S, =D, . Mpu yBenuyasaHe Ha

AnameTbpa k mbTu, 3ae4HO CbC 3bOHOTO AeneHue, nopagu
M3MCKBAHETO 3a MOCTOSIHCTBO Ha WHAYKLMSTA, ce yBenuyasa k
MbTU W LWMPOYMHATA Ha 3bba. Ako 3b0BT € ¢ eaHakBa LUMpo-
YMHa MO BMCOYMHATA C, @ KaHAITLT € TpaneLoBuaeH, k nbTy
Ce yBenuyaBa WM Markata My OcHoea. Twi kato S, =D,,

BMCOUMHATA Ha KaHana ce yBenu4yaBa no-manko ot k mbTu,
Taka 4Ye npu Mo-ronsM AMaMeTbp TOW € OTHOCUTENHO Mo-
nnuTBK. B pesynTat Ha ToBa, M3pabOTBAHETO HA Masku BUX-
POBW MaLLMHK € 3aTPyAHEHO, MOHeXe kaHanuTe Tpsibea fa ca
npekaneHo Jbnooku. Ako ce B3eme Npeasua, Ye npu roremu-
T€ MallWHW LieHTpanHaTa 30Ha Ha KaHana ce oTAarevasa oT
oXnaxpgallata NOBbPXHOCT, NOpagu KOEeTO MaKCUMarHOTO
nperpsiBaHe Ha HaMoTKaTa Ce yBeNnJaBa, CTaBa siCHO, Ye Npu
TAX BCe Nak TpsibBa Manko Ja ce Hamanu | , olle NoBeve, Ye

Ma Bb3MOXHOCT [a C& YBENNYM AbhGoYMHaTa Ha KaHanure.
N3BoabT e, Ye Npy yBennyaBaHe Ha AMameTbpa k MbTu (Mpu

1

3ana3BaHe Ha CbOTHOLLUEHMETO ), NMNbTHOCTTA Ha TOKa

2
Tpﬂ6Ba Aa Cé HaMmandaBa He3Ha4MTeNHo, a yBennm4aBaHETO Ha
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BUCOYMHATA My Aa € Manko Nnog NpOropLMOHANHOTO —
(0,8+0,9)k mbTW. TMo-ronemu OTKNOHEHUS OT MOCOYEHMTE,

nopaau pasnuknte B CﬂeLlI/Id)I/I‘-IHOTO TONNMNHHO HaToBapBaHe
Ha UWNUHOPUMYHATa MOBBbPXHOCT Ha WHAOYKTOpa, BOAAT [0
pa3nuku B CPEAHOTO NnperpaBaHe Ha MallnHaTta.

anI yBenu4yaBaHe Ha AnaMeTbpa k MbTW, NOTOKLT B aKTUB-
HWS 0bem ce yBennyaea CbLlo k nbTn 3a eauHULa ObIKMHA
Ha MHAOYKTOpa. 3aroBa ce yBenuyaea K mbTU 1 BUCOYMHATA Ha
apemMa. BbHWHMAT anameTbp Ce yBenuvasa No-manko ot k
NbTH, 3apagu no-cnaboto yBenuyeHne Ha BUCOYMHATa Ha
KaHana.

3a fja ce 3anaau CTOMHOCTTa Ha A, Npu yBENUYeHne Ha an-
ameTbpa k mbTu TpsbBa 1 NpousBedeHneTo Wl Aa ce yBenu-
un k mbTu. Tpu Apyru paBHU YCroBUSl, PEaKTMBHUTE CbMpO-
TUBINEHMS Ca NponopumMoHaniu Ha w? . CbLoTo ce oTHacs W
33 aKTMBHOTO CbNPOTUBIEHME, 3aLLOTO ako 0OEMBT Ha MeaTa
€ MOCTOSHEH, 3a Aa CE YBENUYM W Hanpumep n MbTW, CE
HamansiBa Ce4yeHWeTo Ha NpoBogHWMka N NbTW. Tbil Kato u
AbIIKMHATA Ha NPOBOLHMWKA CE YBENMYaBa N MbTH, aKTUBHOTO
CbNpoTUBNEHWe ce YyBenuyaBa n’ mbTu. CnegoBaTtenHo

u
| =—, xbpeTo U e 3axpaHBaLyoTo HanpexeHue. Toraea
w

w =

u u
w—=—,
w'ow
T.e. HAMareHeTo Ha W He camo yBenu4yaBa Toka, HO W Npo-
nssegeHneto wi. lNpu noctosHHo U, nmpu HapacTBaHe Ha

U
AnameTbpa k mbTy, 3a Aa ce yBenniM — Cbllo k mbTu, Tpsid-
w

Ba Aa ce Hamanm 6posT Ha HaBuBkuTe k mbTU. BCbLyHOCT xena-
HOTO YBENWYEeHMe Ha Wl ce mocTura ¢ Manko no-cnabo Hamare-
HMe Ha W, 3apagu MOHWKABAHETO Ha KaHANHOTO pasceiiBaHe
(koeTo CbLLO NOBWLLABA TOKA), AbMKALLO0 CE& Ha HamaneHarta
OTHOCUTENHA AbnbounHa Ha kaHanute. Moxe ga ce Hanpasu
W3BOABT, Ye MpU HapacTBaHe Ha OvaMmeTbpa NPOW3BEAEHNETO
wD, nexo ce yBennyasa. HamansiBaHeTo Ha W npu HapacTaaHe

Ha AMameTbpa BOAM 4O HamansiBaHe Ha aKTUBHOTO W HA BCUYKM
PEaKTUBHI CbMPOTUBNEHMS, BKIIOYMTENHO W raBHOTO. Kakto
Buasixme obaye, kaHanHOTO pasceliBaHe ce Hamarnsiea B Masko
no-ronsiva CTeneH, nopaay KoeTo ce yBennyaea criabo oTHoLLe-
HMETO Ha e.A.H. KbM HanpexeHueTo K, . ToBa 03Ha4aBa, Ye npu

HEW3MEHHO HamMpeXeHe OCHOBHUST XapMOHWK Ha €.4.H. Marnko
HapacTea. OueBugHO, k. HapacTBa M Mpu yBenW4aBaHe Ha

ObpkKMHATa Ha MallkHata, 3alloTo [delmbT Ha MHAYKTUBHOTO
CbNPOTUBIIEHME B YENHOTO pascerBaHe HaMmanssa.

[la pasrnegame reoMeTpu4HO NOLOOHN BUXPOBM MaLLMHM
(nopobueTo € HapyleHo camo 3a BMCOYMHATa Ha 3bbute U
kaHanuTe, KOSTO HapacTea no-6aBHo). M3uncnutenHata mMoLw-
HOCT, KaKTO MpW enekTpudeckute mMalmHn, e P'=mE,l, 3a-
LOTO W TYK CbLLECTBYBA €MNEKTPOMArHUTHa UHAYKLMS, @ CTOM-
HOCTUTE Ha OCHOBHWSI XapMOHWK Ha €.4.H. (2 He Ha MPEXOBOTO
HanpeXeHune) 1 Ha Toka ca CBbP3aHM C BCUYKM [MaBHU pasme-
PU U C TONEMMHATA HA MarHUTHaTa MHOYKUMSI B aKTMBHUA
obem. ColueBpemeHHo E, =wB_ S, js., a I=js,, kbaeto B,
€ VHAYKUMSITA B €4HO CeYeHne S, Ha CTOMaHaTa Ha WHAyK-
Topa. CrnegoBaTenHo



P'=uB,S, js .

Toi kato S, =ws! e 0BL0TO CeyeHe Ha MeaTa Ha HamoT-
Kara, ce nory4asa:

P'=B_,jS,S, .
Kakro ycTaHosixme no-rope, S, =D, , 3a pasnuka ot 0bukHOBE-
HUTE MPOMEHNMBOTOKOBW MALLMHW, KbETO € NPONOpLMOHANHO Ha

KBaJpaTa Ha pasMepuUTe Ha eOHO HaMPEYHO CeYeHue, a 3HauM Ha
D? . 3aroBanpu j=const., B, =const. cenorny4asaye

P'=S,S,=D,D,=D,

KbEeTO: | € AbMmkuHaTa Ha MHAOYKTOPA.

OGembT Ha BUXpOB npeobpasyBaTen C BbTPELLEH MarHu-
TONpoBOZ €
D 2
1—(D—1] =k D?,
2
D

—L | |=const, npu &zconst .
D D

v=2(p:-D?) :%Dj/

y (3)

KbeTo: K, :% 1—(

2 2

CriefioBaTeNHO M3YMCIIUTENHATA MOLLHOCT Ha BMXpOBaTa
MalUVHa e NpomnopLyOHarHa Ha akTYBHUS 00eM Ha MHAYKTOPa,
T.€.

P’ =D’

2

V.

()

AKo Ce B3eMme MpedBuf HaMansiBaHETO Ha OTHOCKTENHaTa
AbNnboYMHa Ha KaHanuTe, MOWHOCTTA CE YBENM4aBa Masko
no-6bp3o ot 0bwus obem u ot macata my. lNo cbliata npuin-
Ha 3arybure B CTOMaHaTa, KOMTO Ca MPONOPUMOHANHM Ha
obwmsa obem, HapacTBaT Manko no-6aBHO OT MOLLHOCTTA.
3arybute B MeaTa nNpy NOCTOSIHHA NITLTHOCT Ha TOKa ca Mpo-
nopumoHanHu Ha S,/, T.e. Ha D,/ . CnegoBatenHo Te Hapac-

TBAT 3HAYNTENHO No-6aBHO C YBENMUYEHMETO Ha AMameTbpa.

WU3cnepBaHe Ha M3MeHeHWe Ha MarHuTHaTa eHeprua W, B
aKTUBHMA 06eM, Npu U3MEHEeHWe Ha CbOTHOLIEHWETO Ha
papuycute Ri/R..

MarHuTHaTa eHeprusi B obem V e

w =1 [BHav
2 v
3a M30TponHa  xoMoreHHa cpeaa (Bb3ayx)

_1 2
Wﬂ_EM)JH dv .
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Cnep 3amecTBaHe W VHTErpupaHe no r u « B nNondpHa Koop-
[OWHaTHa cucTeMa nonyvyasame:

1 2k2 Az R, 27 R4 R2
=—yu ———||rdr|| 1+ —L——-2—cos2 7
U 2 IuO 1 ) &f 2 ! v‘!. r4 rz o o ( )
R;
OkoHyatenHo 3a W, nonyyasame;

2
1+ R—;

W, = ik AR, — )
R

KakTo TpsibBalLe aa ce ouakea 3a R#/Rz2= const u nuHeiAHo
TOKOBO HaToBapBaHe A = const, MarHUTHaTa eHeprusi € npo-

nopuMoHanHa Ha BbTpelwHns obem Ha wHayktopa 7Dl .

YyacTBawmsT BbB doopmynarta 3a W, MarHuTeH UHTEH3UTET e
onpegeneH npu npeHebpersaHe Ha MarHUTHOTO CbMPOTUBIIE-
HWEe Ha MarHuTonpoeoda Ha uHaykTopa. Mpu ToBa JonyckaHe
MarHuTHaTa €Heprus € MOHOTOHHO pacTslla (yHKUMs Ha
R1#/Rz, 1.6. Ha Ry < R2. /3BbpLLEHOTO M3cneaBaHe no MeToaa
Ha KpalHWTe enemeHTH C nomowTa Ha nporpama FEMM,
OoTyMTawa HENIMHENHOTO MarHUTHO CbNpoTUBNEHNE Ha UHAOYK-
TOpa nokasea, Ye B gencteutenHoct W, uma makcumym npu
ronemu CTonHocTv Ha R+/R2. B Tabnuua 1 ca nokasaHu pesyn-
TaTUTE OT U3CMEABAHETO Ha MarHWTHa CMCTEMa, ChCTosLA
Ce OT CTaTop Ha acuHXpoHHa MawwuHa AO2 71-2, npu nocra-
BsIHE Ha BbTPELUEH MarHMTONPOBOL € paauyc Ry

Tabnuya.
W, J 9,69 10,10 10,59 11,20 11,94 12,83 13,92
R1 mm 22 26 30 34 38 42 46
Ri/R2 - 0,244 0,289 0,333 0,378 0,422 0,467 0,511
W, J 41,45 58,75 62,53 62,82 62,59 58,85 27,81
R1 mm 75 80 81,5 82 82,5 84 88
Ri/R2 - 0,833 0,889 0,906 0,911 0,917 0,933 0,978

PesyntaTtute nokasgart, 4e npu R#/R2~0,911, 3a gageHoTo
NIMHENHO TOKOBO HaToBapeaHe A = 54113 A/m, marHuTHaTa
EHEprisl € MakcUMasHa U TEXHOMOMMYHMAT npoLec 6u npoTu-
yar Han-MHTEH3WBHO, ako MHAYKTOPBLT € A0CTATbYHO ronsM, 3a
Ja MoXe [Ja ce obesneun goctatbyHa JedenuHa Ri-R2 Ha
paboTHMs obem, ocurypsealla HopmanHa pabota Ha ¢hepo-
MarHuTHUTe paboTHM YacTuum. Bbnpeku ToBa, npu Takasa
CTOWHOCT Ha R#/R2 npousBoguTenHocTTa bu cnagHana 4yBscT-
BMTEIHO, NOPaau TBbpae Mankus paboteH obem. ETo 3awo He
ce focTura makcumymsT Ha W, , a ce usnonsea obnactra, B
KOSTO NMpu HapacTBaHe Ha R#/R2 ce cbcpegotoyasa Bce Mo-
ronsiMa eHeprisi BbB BCe Mo-Mambk obem. Moxe fa ce uac-
nesBa eKkcriepuMEHTaNHO NPOM3BOAMUTENHOCTTA Ha KOHKPETEH
TEXHOMOMMYEH NPOLIEC, U3BbPLUBAH BbPXY KOHKPETEH MaTepu-
an npu A=const, kwr=const, I=const, Rz=const u R#/Rz = var.

OT nonyyeHuTe JaHHW Ce YCTaHOBsBa ONMTMManHata CTOW-
HOCT Ha CbOTHOWEHMETO R1/R2= (R#/R2)opt,, NPY KOETO NpON3-
BOAMTENHOCTTA 3a JafeH TeXHOMornyeH npouec u obpabor-
BaeM matepuan € MakciMarHa.



3. U3Boau

© YCTAHOBEHM Ca HSIKOW 3aBMCUMOCTU MEXOY pasmepuTe
€NEKTPOMArHTHUTE NapameTpu Ha HESIBHOMOMIOCEH BUX-
poB npeobpasyBaTen C BLPTALLO CE MarHUTHO none. M3-
BbPLUEHO € MUHUMU3MPaHe Ha 3arybute v e gedmHupaH
ONTUManHUAT A1anas3oH Ha OTHOLIEHWETO HA U3YMCAMTEN-
HaTa Ob/KMHA KbM [OMaMeTbpa Ha enekTpoMarHuTHata
cuctema.

o C nomoLira Ha nporpamara FEMM, no meTofa Ha kpanHu-
T€ ENEMEHTU € U3CresBaHO U3MEHEHMETO Ha MarHUTHaTa
eHeprusi B akTUBHWUS 00EM Ha enekTpoMarHuTHaTa cucTe-
Ma Mpy M3MEHEHWe Ha CbLOTHOLIEHMETO Ha pagnycute
R1#/R.. Pesyntatute nokassart, 4e npu A=const, npu Ha-
pacTBaHe Ha R+/R2 ce cbcpefoToyaBa no-ronsiMa MarHuT-
Ha eHeprus B No-Manbk obem. Mopagm Tasu npuymHa on-
TUMasHaTa CTOHOCT Ha OTHoLeHneTo Ry/R2 Tpsibea aa ce

[NpenopbyaHa 3a nybrukysaHe om
PedakuuoHeH ceeem
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onpegena B 3aBUCUMOCT OT M3UCKBaHUATA, NpeaAaBaBaHU
OT KOHKpPETEeH TEXHONOrn4eH npowec.

Nutepatypa

Tpuukos, K. 5. MarHuTHO none Ha BMXpoBa MallMHa C BbTPE-
WweH marHutonposoa. Cn.”EnekmpomexHuka u enexmpo-
Huka”, kH.3-4, C., 2009.

Tpuukos, K.B., K.H.KoctoB. MarHuTHO nomne Ha HesiBHOMOMIO-
CEH eneKkTpoMexaHu4eH npeobpasyBaten C BbpTAWO Ce
MarHuMTHO none. Hau.koHd. ¢ mexa.yqactve “ABTomaty-
3aUus B MUHHaTa MHOycTpus u metanyprusTa” “BYNIKAMK
‘08", C., 2008.
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W3CNELBAHE HA CXEMA C MOBWULLEHO BbP30JEACTBUE 3A ENEKTPOMAIHUTHA
CENMAPALNA C UMMYNICHO MATHUTHO MOJE

Pomeo AnekcaHdpoe, KoncmanmuH Tpuykoe

MurHo-Teonoxku YHueepcumem “Ca. MeaH Puncku” — Cogpus 1700, bvreapus

PE3IOME. B HacTosijaTa cTaTiisl ce pasrnexzia Cxema 3a nosuilaBaHe Gbp3oaeiicTBUETO Ha MPOLIECUTE B eNEKTPOMarHuTHaTa cucTeMa Ha cenapaTtop, ynpaenssaH
OT TWpUCTOpeH nanpasuten. Cb3faaeHn ca CUMyNaLMOHHM MOAENM Ha ChLUECTBYBallaTa W NpeanoxeHata cxema. [JafeHn ca cpaBHUTENHU XapaKTepucTUkM Ha
13cneaBaHnuTe CXemm.

EXPERIMENTAL INVESTIGATIONS ON THE MOVEMENT OF MAGNETIC MATERIAL IN TRAVELLING MAGNETIC FIELD
Romeo Alexandrov, Konstantin Trichkov
University of Mining and Geology “St. Ivan Rilski” - Sofia 1700, Bulgaria

ABSTRACT. A circuit for increasing the processes speed in an electromagnetic system of a separator, controlled by a thyristor rectifier is considered. Simulative
models of the exiting and the proposed circuits are created. Comparative characteristics of the circuits investigated are given.

BbBepeHue

EnekTpomarHutHusT cenapatop nokasaH Ha ¢ur. 1 Hamupa
MpUIoXeHne 3a MOKPO oboraTsiBaHe Ha CUMHO MarHUTHW pyau,
3a pereHepauus Ha (pepomarHUTHW cycneHsun u ap. Toi
NpeAcTaBnsiBa KOMMNaKTHO CbOPHKEHME B KOETO HAMA aKTWUBHM
JBUKeWwm ce yactu npu obpaboTkata Ha marepuana. Cbctom
ce OT BaHa u3paboTeHa OT HemarHuTeH Matepuan (1) u
€reKTpOMarHuTHa CUCTeMa - KOMMIEKT OT OTHAENHW enekTpo-
MarHut1 (2), CBbp3aHW B Tpynu U NPUCHEAMHEHU KbM
enekTpuyeckata cxema (3), 3axpaHBaw, OTBOp 3a
obpabortBaHara cycneHsus (4), kyTusi ¢ perynmpyem OTBOp 3a
pasToBapBaHe Ha MarHutHata dpakums (5), kyms ¢
peryrvpyem OTBOP 3a pasToBapBaHe Ha HemarHuTHaTa
tbpakums (6), nogsikeH oTcekaten (7) v Wwylep 3a nogasaHe
Ha NPOMMBHA M OTMMBHA BoAa (8). [1]

Mpn  eKcnepuMeHTanHWUTE W3CMEABaHUS C  enekTpomar-
HWTHUS CEnapaTop Ce BKITOYBA ENEKTPUYECKOTO 3aXpaHBaHe
B Habopa OT enekTpOMarHWTM Ce Cb3gaBa MMMYNCHO —
Bsralo MarHuTHO norne, KOETO OTKMOHSIBA CUIHO MarHUTHWUTE
YacTWLM KbM CTEHaTa Ha BaHara, KOSiTO € OTKbM CTpaHaTa Ha
€IIeKTPOMarHuTHa CUCTEMa W M1 TpaHCMopTMpa Hagony , Kato
MpemMuHaBaT OT ropHaTa CTpaHa Ha MOABWKHMS OTCeKkaTen u
Ce Haco4yeaT KbM OTBOpA 3a pa3ToOBapBaHE Ha MarHMTHaTa
pakums.  HemarHuTHMTE  YacTMUM  NpemuHaBaT  nofg
MOABWXHUS OTCEeKaTen M Ce HacoyeaT KbM OTBOpa 3a
pasToBapBaHE Ha HEMarHUTHaTa paKums.

EnekTpnyeckata cxema € C Bb3MOXHOCT 33 Cb3AaBaHe Ha
UMNYNCHO — Ofrawo MarHUTHO MOfie C MOCTOSIHHOTOKOBM
umnyncy, nyncupawiu ¢ pasniniHa NpoAbIKUTENHOCT U cuna ®ur.1. EnekTpoMarHuTeH cenaparop 3a MOkpo oGoraTsiBaHe
Ha MarHUTHOTO Mofle B  3aBMCUMOCT OT MarHuTHaTa
Bb3MPUEMYMBOCT Ha pygaTa v egpuHaTa Ha CMunakxe.
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CpaBHVITeﬂHVI XapaKTepUCTUKU Ha
n3cnegBaHuTe cxemu

[TbpBOHAYanHO MpW eKCNepUMEHTamNHUTE M3CNeABaHUS B
ereKkTpuyeckaTa Cxema Ce u3nonssa AuofdeH egHodaseH
MOCTOB W3npaBuTen. Toi cCnyxkM 3a cb3fgaBaHe Ha
MOCTOSIHHOTOKOBM MMMYNICK Ype3 BKIKOYBAHE W U3KIKOYBAHE Ha
KOHTaKT B MPOMEHNMBOTOKOBATA My CTpaHa.

3a poctaBsHe Ha HeoOXOOMMOTO — Hampexewune 3a
€rekTpOMarHuTHa CcuUcTemMa CbCTosiLla Ce  OT  OTAESHU
€NeKTPOMarHuT, CBbp3aHW B [PyNu Ce M3NoMn3sa CuroB
Ccbrnacyealy TpaHcgopmaTtop. BTOpYHOTO My HanpexeHue e
70 V, noaxoZsiLo 3a JocTuraHe Ha ycTaHoBeH Tok okono 10 A
NP  [afeHOTO CbMPOTUBIIEHWE HA  ENeKTpOMarHuTuUTe
CBbp3aH B 4uH OT BapuaHTuTE.

IiL1
12.00 ¢

B npoueca Ha paboTa no excrepuMeHTanHuTe ucneaBaHus
Ce YCTaHOBMXa HsKOM HeaocTaTbUM Ha  M3non3BaHaTa
enekTpuyecka cxema. Hanpumep, BegHara ce 3abenssa
CPaBHUTENHO AbLIFO BpeMe Ha 3aabpxaHe Ha MarHuTHWUTE
yactuum ot obpaboTBaHaTa CycneHaus KbM MOMOCUTE Ha
ENEeKTPOMarHuTUTe  Crefl  W3KMIYBaHE Ha  KOHTakTa B
MPOMEHNMBOTOKOBATA CTpaHa Ha u3npaBuTens. 3a ga ce
W3SICHAIT NpoLiecUTe No-HarneaHo cxemata belue Mofenupana,
a paboTata M cuMynMpaHa no nopaxoasiy HauuH. EgHa rpyna
enekTPOMarH1Ti € MofenMpaHa ype3 3amMecTBallia cxema oT
nocnegoBaTeNHo  CBbP3aHW  aKTUBHO — CbMPOTUBREHWE W
WHOYKTUBHOCT, KAaTo CTOMHOCTUTE UM Ca B3€TU Ypes AMPEKTHO
“3MepBaHe OT eKcrepyMeHTanHaTa NocTaHoBka.
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Ha cur. 2 ca nokasaHu ABe B3aWMHO 3aBUCUMU Tpachvku,
pesynTat OT cuMynauusTa. [opHaTa npefcTaBnsiBa Toka B
amnepu npe3 MHOYKTMBHOCTTA Ha EneKkTpoMarHutute, a
JOMNHaTa HampexeHUeTo BbB BOMTOBE B Kpauwara uMm. Ha
curypata ce BKAAT NPOLIECUTE B CXeMaTa npu BKIHOYBAHE B
0,1-ta cexyHga u wusknousaHeto B 0,35-Ta CcekyHaa oT
Ha4anoTo Ha cuMynauusTa. BpemeTo 3a BKIHOYEHO CbCTOSIHNE
e 250 mMunu cekyHawW, KOETO e OT nopsigbka Ha BpemeHaTa
13Non3BaHu Mo  TEXHOMOMMYHM  CbODOpaxeHus B
eKcriepyMeHTanHaTa nocTaHoBka. [lpy cumynauwsita 10 e
13bpaHo C Len Aa ce nokaxe JOCTUraHETO Ha YCTaHOBEHaTa
CTOMHOCT Ha TOKA, @ CblUO Taka MaKkCMMarHo AeTairHo
LEenuaT npoLec.

lMpu BKNOYBaHE TOKbLT HAPACTBa NO EKCIOHEeHLMarneH 3akoH
Ha W3MEHEHWE C HACMOXEHW He3HaunTenHW konebaTenHu
nyncauuW, MOPOAEHN OT XapakTepa Ha M3NpaBEHOTo
HanpexeHne. OTHocuTenHO OaBHOTO HapacTBaHe Ha TOKa,
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CPaBHEHO C HeoDXOQMMUTE TEXHONMOMMYHM BPEMEHa 3a
BKIMIOYBaHE € CbLUECTBEH HeLOCTaTbK Ha Tasn cxema. Toea e
Taka 3alloTO OT BPEMETO 3a BKIIOYEHO CbCTOSHME,
e(PEeKTUBHOTO BpemMe 3a [EeiACTBME Ha MarHuTHaTa cuna
JENCTBaLla BbpXy MarHUTHUTE Yactuum B paboTHns 06em Ha
BaHaTa € 3HauMTenHO Mo-manko. [pyr olwe no-3HauMTeneH
HegocTaTbK Ha CXemara C [OWOAEeH M3MpaBuTEN € CblUo
0aBHOTO HamansiBaHe Ha TOKa MpK M3KIYBaHe, KakTo belue
CMoMeHaTo no-rope. 3a Aa ce TPaHCnopTUpaT YacTULMTE KbM
cnepBalLms enekTpomarHuT Te Tpsbea ga 6bgat otnycHaTt ot
npeaxoaHus. Tbii kaTo Te ce cbOMpaT KbM CTeHaTa Ha BaHaTa
Onu3ka [0 enekTpoMarHWTHaTa CuUCTemMa OTMYCKAHETO WM
CTaBa Npu TOKOBE C MHOTO HWUCKA CTOWMHOCT. B pasrnepaHuat
Crnyyail B 3aBUCUMOCT OT Pa3noNOKEHNETO Ha YacTuLMTE TOBa
craea ot 200 go 300 mMunu cekyHau cref W3KMOYBAHETO Ha
koHTakTa. Ha rpadmkata Ha Toka (cur. 2) ce Bukga, Ye 3a
TOBa Bpeme TOKbT e Hamanan nog 1 A T. e. nog 10% ot



yCTaHoBEHaTa My CTOMHOCT. FBMEHWETO 3a nopfbpkaHe Ha
TOKa Npe3 ToBapa Cnef M3KMIOYBaHe Ha W3NpaBuUTens B
NPOMEHNNBOTOKOBATA CTpaHa Ce Ab/XM Ha 3anaceHata
€Heprus B UMHOYKTMBHOCTTA W HanMYMeTo Ha Bepura
ocurypsisalla npoTudaHeTo My. [luoaute Ha u3npaeuTens ce
SIBABAT CBbP3aH/ B 3aTBOpPEHA Bepura C WHAYKTUBHOCTTA Ha
TOBapa B npaBa nocoka. bbpanHata Ha HamansBaHeTo Ha
TOKa 3aBMCW OT pascedBaHeTO Ha 3anaceHata B
WHOYKTMBHOCTTA €Heprus B aKTWBHUTE CbMPOTUBAEHUS W
MnoynpOBOAHUKOBM €NeMeHTU BbB Bepurata. Konkoto e no-
Manka CTOMHOCTTa Ha O06WOTO BbB Bepurata akTWBHO
CbMNPOTUBNEHNETO, TOMKOBa NO-DaBHO Hamansea Toka.
/3HacsHEeTO Ha KOHTaKTa OT MPOMEHMBOTOKOBATa CTpaHa B
MOCTOSHHOTOKOBATa CTpaHa Ha u3npasuTens, 0cobeHo ako He
€ HanmpaBeHa nogxofflla Bepura racslja eHeprusTa Ha
WHOYKTMBHOCTTAa €  HEMpueMnneo  nopagu  ronemute
npeHanpexeHus, KOUTO LUe Ce NOSIBAT B CXemaTa W BCUYKM
MpoM3TUYaLLM OT TOBA BPEAHM NOCneanum.

OcBeH ToBa, nNpWM [JajeHWTe YCnoBuWs Ha  pabota
M3MOM3BaHETO HA MeXaHWYHa KOHTaKTHa cucTeMa 3a
OCBLUECTBABAHE Ha TOKOBM MMMYMCK C YECTOTA OT NOpsabKa
Ha 1Hz He e nOAXoAAWO 3a NPaKTUYECKM LENW.

IiL1
12.00 )

AnTepHaTiBaTa € BKIIOYBAHE U WU3KITIOYBAHE Ype3 13NonaBaHe
Ha CIMOBM NOJTYNPOBOAHUKOBY ENTEMEHTH.

Cnen HanpaBeHuss npernef Ha HeQoCTaTbyuTe Ha
CbllecTByBallata Cxema e MOCTaBeHa 3ajaya, fa ce
NPEANOXM CXeMa, KOSITO C LieHaTa Ha MpUeMIIMBM KOMMPOMIUCH
3HAYMTENHO fa NoaoOpy napameTpuUTe Ha TOKOBUS UMMYIIC W
KaTo LAMNO [a Ce YCbBbPLEHCTBAT Bb3MOXHOCTUTE Ha
€NTeKTPOMarHUTHWS cenaparop.

MpegnoxeHa e cxema, B KOATO Ha MACTOTO Ha
Heynpaensemuss  (OuogeH) W3nNpaBuTEN Ce  M3MON3Ba
perynupyem egHodazeH MOCTOB M3NpaBUTEN M3MbIHEH C
yeTMpW TupucTopa. YNpaBnsBaWOTO YCTPOWCTBO, KOETO
Onpegens napameTpuTe Ha WMMNyncHaTa nopeguua Tyk urpae
ponsiTa Ha paspeluaBall, curHan 3a nyckaHe 4 CnvpaHe Ha
TUPWUCTOPHUS M3NPaBUTEN Ype3 cucTemata My 3a UMMYINICHO-
a3oBo ynpaeneHue. 3a pasnuka OT MbpBaTta cxema
TUPWUCTOPHUAT ~ WU3NpaBUTENl € 3axpaHeH [AWpEeKTHO OT
MPEXOBOTO HanpexeHue 6e3 u3non3BaHe Ha CUIOB
cbrnacyeaw, TpaHcdopmatop. o TO3M HayWH HEroBoTo
MaKCUMarHo W3NpPaBeHO HanpexeHue € 3HaYUTENHO mno-
ronamo.
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[leicTBMETO Ha cxemaTa Ce W3SICHsIBa C NoMoLLTa Ha cur.3,
KbAeTO Ca MoKasaHW, KaKTO M B MbpBaTa Cxema, rpadvku,
pesynTar oT cumynauusta. CbOTBETHO TOKa B amnepu npes
€MEKTPOMArHUTUTE 1 HanpexXeHUeTo BbB BONTOBE B KpauLiaTa
uMm. OTHOBO CUMynauusiTa e HanpaBeHa Npu ynpaBnsBaLy
CMrHan 3a BKITOYEHO CbCTosiHMe OT 250 munm cekyHpm. Ot 0,1-
Ta 0o 0,35-Ta cekyHaa. B mbpBrs MOMEHT Npu nomnyyasaHe Ha
paspellaBall CurHam u3npaBuTENAT paboTM C bbbl Ha
ynpasnexue o.=0 CbOTBETCTBALL, Ha MAKCUMAITHO HanpexeHue
Ha TUpUCTOpHWS Wu3npaBuTen. ToBa € Heobxogumo 3a
HamarnsBaHe BpPeMETO 3a HapacTBaHe Ha TOKOBWS MMMYMC.

0.30
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Time (5]

Cnen ToBa BIbbT HA YNpaBneHWe o, MOCTENEHHO Ce
yBENMMYaBa [0 onpefeneHa CTOMHOCT, KOETO BOAM [0
HamansBaHe CpegHaTa  CTOMHOCT Ha  M3NpaBEHOTO
HanpeXeHue ¢ Len aocTuraHe Ha yctaHoseH Tok oT 10 A. Ha
rpadmkTe ce BWXAAT XapakTepHute 3a pabotata Ha
TUPWUCTOPEH W3NPaBUTEN C aKTUBHO-VHAYKTMBEH TOBap opmu
Ha TOKa - HEMpEeKbCHAT C NyncaLuu 1 U3NPaBEHO HaNpexeHue
C Hannune Ha oTpuLaTENHK MOMEHTHW cToHocTW. B 0,35-Ta
CekyHa Ce nofaea CurHan 3a CrvpaHe Ha ynpaBnsiBaluTe
MMAYNCK KbM TUPUCTOPUTE Ha manpasuTens. MNocnegnure aga
TMpWCTOpa y4acTBanu B paboTata Ha w3npaBuTens ocTaBaT



OTNYLUEHW, [OKAaTO TOKbT Npe3 TAX He MpeKbCHe. 3a pasnuka
OT OVOLHWS U3NpaBUTEN TYK BbB Bepurata Ha 0CTaTbyHUs TOK
€ BKIHOYEH W U3TOYHMKA HA NPOMEHNMBO HanpexeHue. 3a ToBa
MPEeXoHWAT MPOLEC Ce pasBiBa C [ObNOOKM XapPMOHMYHM
nyrncaLum, KOUTO B KpailHa cMeTka [OBeXAaT 0 MO CKOPOLLHO
JOCTUraHe Ha HyneBa CTOMHOCT Ha Toka. OT rpadwkata
oT4MTaMe, Ye ToBa cTaBa 3a okono 100 Munu cekyHau.

3aknioyeHune

Bb3 ocHoBa Ha pesyntatute OT CMMynauuoHHMA aHanua no
OTHOLIEHME Ha CbLlecTByBallaTa 1 npeanoxeHara cxema, a C
TOBa M MO OTHOWEHMe edeKTUBHOCTTa Ha paboTa Ha
€NIeKTPOMarHUTHA  cenaparop Morat fda Cce HanpaBar
cnegHuTe n3Boau:

MocTurHaTo e ChbkpallaBaHe Ha BPEMETO 3a HapacTBaHe Ha
TOKOBMA MMNYNC C OKONO Net MbTu. B Heperynupyemara
JMofHa cxeMa BpeMeTo e npubnuautenHo 250 Munm cekyHou
CpeLly okorno 50 3a TUPUCTOPHaTa Cxema. ToBa fosexaa ao
No-NbSIHO K3NON3BaHe Ha BPEMETO Ha TOKOBMA MMNync 3a
OBWXEeHWe Ha vactuuute B pabotHus  obem  Ha
eJ'IeKTpOMaFHI/ITHI/IH cenapaTop.

lNpenopbyaHa 3a nybnukysaHe om
PedakuyuoHeH ceeem
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MpubrM3UTENHO TPU MHTU € HaMarnEeHo BPeMETO 3a CriafaHe
Ha TokoBMS MMMync. Koeto Gelue Apyr olle no-3HauuTeneH
HeJocTaTbK Ha cxemara ¢ AuofeH usnpasuten. Toa criomara
3a o Gbp30TO TPaHCNOPTUPaHe Ha MarHUTHUTE YacTULM.

OcBeH ToBa NpeLIoKeHaTa CXeMa UMa OLLEe NPeaUMCTBa:

C MpUNOXEHMETO Ha TUPUCTOPHA CXeMa BKIHOYBAHETO U
W3KMIOYBAHETO CTaBa 4pe3 MW3MOM3BaHe Ha  CUIOBM
MONYNPOBOAHNKOBY ENTEMEHTH.

3a paanuka OT MbpBaTa Cxema, TUPUCTOPHUAT U3NpaBuTen e
3axpaHeH [OMPEKTHO OT MPEXOBOTO HampexeHue 6e3
W3non3BaHe Ha CUOB ChrMacyBaly TpaHChopMaTop.

Moxe pa ce Kaxe, Ye 3HAUMTENHO Ca MOJOOPEHU
rnapameTpute Ha TOKOBWTE MMMYNCM W KaTo LMo ca
YCbBBLPLIEHCTBAHU Bb3MOXHOCTUTE Ha  eneKTPOMarHUTHUS
cenaparop.

lNutepatypa

MateHt BG 64303 B1 2004.
fAnakves, K 1989, Enektpoob3aBexaaHe Ha MUHHUTE
npeanpustus | vact, Codus, 32-33 c.
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WHOOPMALWUOHHO U3MEPBATEJTHA CUCTEMA 3A KOHTPOIT U ONEPATUBHO
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PE3IOME: W3rpagera e MH(hOpMaLMOHHO U3MepBaTenHa CUCTEMa 3a KOHTPON 1 OMepaTvBHO ynpaBneHne Ha enektponoTpebnerneto B MITY. KoHdmrypupaumsTa
11 B MOMEHTA BKMHOYBa 6 M3MepBaTenHu TOUKM, 2 NOKanHu CTaHLum , 2 paboTHM cTaHLun 1 cbpBbp. OcurypeHa e Bb3MOXKHOCT 3@ 0TOPU3MPaH OTAANEYeH J0CTbN A0
AaHHUTE OT MPOW3BONEH KOMMIOTHP, CBbP3aH KbM Internet. BvanpueTute NpuHLMNYM Npu U3rpaxaaHeTo Ha cuctemarta obesneyasaTt 6e3npobnemHoTo M GbaeLyo
pasluvpenme. B pesynTat oT BHeapsiBaHe Ha cucTemaTta ce noaobpn nHdopmamorHata 6asa B 0bnactTa Ha afMUHUCTPaTUBHO-CTONaHCKaTa AeitHocT B MY 1 ce
narpagu cpefa 3a eqeKTUBHO NpaKkTuyecko obydyeHWe Ha CTy[EeHTUTe MO BbMPOCH, CBbP3aHW C ynpaBneHWe Ha enektponoTpebneHneTo, aBTOMAaTU3MPaHOTO
€eneKTPO3aaBIKBaHe 1 cucTeMUTe 3a chOupaHe 1 06paboTka Ha AaHHM.

INFORMATIONAL AND MEASURING SYSTEM FOR MONITORING AND OPERATIVE CONTROL OF THE ELECTRICITY
CONSUMPTION IN UNIVERSITY OF MINING AND GEOLOGY ST. IVAN RILSKI

Ivan Stoilov1, Anton Trapovz, Zdravko IIiev1, Diana Detcheva1, Kiril Dzhustrov1
1 University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, e-mail :ivan_stoilov@abv.bg
2 ComSystems Ltd , 1000 Sofia, e-mail: office@comsystems-bg.com

ABSTRACT Informational and measuring system for monitoring and operative control of the electricity consumption in University of Mining and Geology ST. Ivan
Rilski has been built. At the moment, the configuration includes 6 measurement points, 2 local stations, 2 operational stations and a server. A possibility for authorized
remote access to the data in an arbitrary computer, connected to Internet is provided. The principles adopted, at the construction of the system provide its troublefree
future amplification. As a result of the introduction of the system in practice, the informational base in the area of the administrative and the e conomic activity in UMG
has been improved and an environment has been built for effective practical tuition of the students in problems, related to the control of the electricity consumption,
automated electric drive and the systems for collection and processing of data.

CbcTosiHMe Ha npobnema KOHKPETHO BB3HWKHAMN CUTYaLMM W B3EMaHe Ha CLOTBETHM
YMIPABMEHYECKN PeLIeHms. VI3MbiHeHneTo Ha Tasn 3ajava e
PauuoHanHOTO  W3NON3BaHE Ha  ENEKTPOeHeprusTa e Hemucruma  Ge3  ocurypseaHe  Ha  Heobxopumara
npobnemM C M3KNKYMTENHA BAXHOCT B CBETOBEH Mallab u e MHpacTpyKTypa 3a npoBexzaaHe Ha epeKTBHO NpaKTU4ecko
0CcOBEHO aKTyaneH 3a MPOMMLLTIEHUTE MPOU3BOACTBA C BUCOKA obyuerne. Otuutaiiku TOM pakT, oT doHa “HayuHu
€HEproemKoCT, KakbBTO & MUHHO-[0BMBHUS OTpacki. EauH ot uacreasaHus’  Oe YTBbpAEH MPOEKT 3a  M3rpaxaaHe Ha
nbTULLATA 3a PeLlaBaHeTo My e noaobpsisaHe eekTMBHOCTTA pabotella B peanHo Bpeme pasnpefeneHa cuctema 3a
Ha eNeKTPOEHEPrUtHMA MEHWIKMBHT Ypes ocurypsiBaHe Ha KOHTPON W ynpaBrexne Ha enektponoTpebnenneto Ha MY
KOHTPON W YMpaBlieHue Ha pasxofa Ha emneKTPOeHeprisi B «C. VBaH Punckuy.

peanHo Bpeme (MavamaHos, 2002). 3a uenta ce
pa3paboTBaT, BHeOpsSBaT M BbBEXAAT B eKCTnoaTauus
crnewuanuampaHn  MHGOPMALMOHHO-M3MEPBATENHN  CUCTEMM OOxBaT M CTPYKTYypa Ha cuctemara
(Schneider Electric Industries, 2002, http://www.incotex.bg,

http://www.sigmadev.net, http:/www.mps.bg., Crounos u OcurypeHoTO (huHaHCHpaHe OrpaHuuM o wectT 6pos Ha
konektus, 2003, 2004, 2008 r. n gp.). ToBa nocTas HOBU K n3MepBaTenHUTe TOUMKU. M30OpPBbT Ha KOHKPETHOTO UM
OTTOBOPHW 3ajauv nped Bucwwte y4yebHn 3aBegeHvs. MECTOMONIOXEHNEe Ce OMnpedenn C OTYMTaHe Ha ChegHuTe
Bboewwre eHepretMus, aBTOMaTYMLUM M CMELMannUCT B chakTopu:

obractta Ha KOMMOTbpHUTE TexHomorum TpsibBa da ca - CTPeMeX 3a eqPEKTUBHO M3MON3BaHe Ha cucTemara
MoaroTBeHM [a paspaboteaT 1M edqeKTMBHO Aa M3non3sar kakTo 3a y4ebHM Uuenw, Taka M 3a nogobpsBaHe Ha
nogobHn cuctemn. Te TpsbBa [fga ca 3ano3HaTM  CbC WH(opmaumoHHaTa 0asa Ha MIY, upe3  OMCTaHUMOHEH
CbBPEMEHHUTE TEXHUYECKM W CMeuMannavpaHi NporpamHm KOHTPOM Ha eNEKTPOEHEPTMIAHNTE Pa3Xoay;

cpencrtea. B ycnosua MakCumarHo 6nmskn oo peanHoTo
NMPOU3BOACTBO, Tp‘ilGBa na I'IpI/I,ElO6I/I9|T YMEHNA 3a aHann3 Ha
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- HeoBXoaUMMCT OT NoOOpsiBaHE Ha MaTepuanHara
faza Ha cbliecTByBawM nabopatopum B obrmactta Ha
€NeKTPO03aABIKBAHETO 1 ENEeKTPO0H3aBEXAaHETO;

- OCUrypsiBaHe Ha Bb3MOXHOCT 3a peanusauus Ha
WWPOK KPbF  pa3HoobpasHu nabopaTopHW  ynpaKHEHMs,
BKIIOYEHU B y4eBHUTE Nporpamu no pasnuuHy QUCLMNTNHY;

- NPOCTPaHCTBEHA Pa3CpPedoTOYEHOCT, KOSTO [a
Nno3BOMM M3rpaxnaHe Ha pasnpegeneHa ciucTema, ooxBallalla
pa3rnYHN METOAM 3a NPEHOC Ha AaHHMU.

Ha 6a3a Ha 13BbpLUEHIs aHann3 Oe B3ETO peLleHue YeTupm
OT enekTpomepute fa GbgaT MOHTMpaHu B TpadonocTa,
3axpaHBaLy MY “Ce. WeaH Puncku” u B KPY “labopatopeH
Brok’. Mo TO31 Ha4WH Ce nocTurar ABe Lienu:

- N0 BPEME Ha MpaKTUYeCKUTE 3aHATUS CTyOEeHTUTE
paboTAT C peanHu AaHHu OT LEeNCTBUTENHM NoTpebuTen;

- ocurypsea ce WHdopmaumMoHHatTa 6Gasa  3a
aOMWHUCTPATUBHO-CTONAHCKMS  acnekT Ha W3non3saHe Ha
cuctemara.

OcTtaHanute [Ba €nekTpoMepa ca  pasnoroxeHn B
nabopatopum 508 n 105, HamupaLyy ce CbOTBETHO B CrpaauTe
Ha JlabopatopeH 6nok 1 MuHHO-enekTpoMexaHuyeH akyn-
TeT. OcBeH Yye ce sBaBaT rpaguBHU enemeHT Ha cuctemara, C
TIXHA MOMOLL} C& peanu3npaT U CrieLmanmanpaHin ynpaxHeHus
B obnactta Ha M3non3BaHe Ha LMCPOBM ENEKTPOMEPU W
yrnpaBreHne Ha enekTpO3aaBIKBaHMSTA.

Bcuuku MOHTMpaHW enekTpomepu ca TpudasHu Lndposiu, ¢
knac Ha TouHocT 0.5, mogen EMPS T 412R, npousBogctso
Hachmpma “Myntunpouecophu cuctemn” OO,

JlokanHa
cmaHyus

WHdopmaLusTa OT enekTpoMepuTe ce KOHLEHTpUpa B fBe
NOKANHU CTaHUMW, pasmoroXeHU CbOTBETHO B Crpagute Ha
NaGopatopHus 6r1ok 1 MUHHO-eNEKTPOMEXaHUYHIS (haKynTeT.

lpenaBaHeTo Ha WHAOpPMaLMATa MeXOy enekTpoMepuTe,
pasnonoxeHn B “Tpaconoct Ha MIY” u  MunHo-
eNekTpPOMEXaHUYHNA  (pakynTeT Ce  OCblUecTBABa MO
paguvokaHan C u3nonseaHe Ha paguomogemu. Bpb3kata
MeX[y OCTaHanuTe enekTpoMepy,  PagMonpueMHuka W
NoKarHNTe CTaHUMM e OCbLUECTBEHa Ype3 NPOBOAHA NMHUS —
ycykaHa ABoika. OOMeHBbT Ha [aHHW Ce M3BbpLUBA MO
nHTepdennc RS485. Cbp3BaHETO KbM NOKANMHUTE CTaHLMU €
OCBLLECTBEHO Ype3 uHTepdelicHn npeobpasysatenu (RS485—
USB), npoussogcteo Ha ICP CON, npeacraenssalyy Mogynm
3a TpaHcdhep Ha AaHHu Mexay uHTepdencnte RS485 n USB ¢
aBTOMaT4YHa HaCTPoOMKa Ha CkopocTTa Ha obmeH u dopmata
Ha NpeaaBaHNTe AaHHM.

CTpykTypaTa Ha cuctemarta BKMOYBa OLle CbpBbP W ABE
paboTHM cTaHumn. [lpepaBaHeTo Ha WHdopMauusita ot
fokanHuTe CTaHuWM [0 CbpBbpa Ha cucTemara ce
OCbLLECTBABA Mpe3 CblUeCTByBallaTa BbTPELIHOYHUBEPCH-
TeTcka LAN mpexa.

Ha dwurypa 1 e npefcraBeHa CTpykTypaTta Ha cuctemara u
BPb3KUTE MEXAY OTAENHUTE eneKTPOMepW, W3MepBaTenHu
TOYKW 1 NOKaNHK CTaHUMW. TS CbTBETCTBA Ha TEKYLLMS eTan Ha
uarpaxgaHe Ha cuctemata, Ho Tpsabea fa ce uma npeasug, Ye
T € oT oTBOpeH Tun. B Gbpgewe B Hes moratT ga 6baart
BKIMKOYEHM OLLie M3MePBATESTHW TOUKM W JTOKAMHMU CTaHLWM.
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q)yHKLI'I/IOHaJ'IHI/I Bb3MOXHOCTW Ha CUCTEMATA

3anoXeHu B NOKAHUTE CTaHLMK:

- U3BMMYAHE HA EHeprMTe U MOLLHOCTATE OT
13MepBaTenHUTE YCTPOINCTBa,

- MbPBUYHA 06PaboTka Ha M3MEPBAHUTE BEMUYMHM,
ypes cucTema OT Koe(ULIMEHTM 3a KOPUrMPaHe Ha TOYHOCTTA U
KOPEKTHOCTTA Ha NOMyYeHUTE faHHM,;

- (OUNTPUPaHE Ha HEBANMOHUTE [aHHM,;

- ycpeaHsiBaHe Ha [aHHWTE 33 3adadeH BPeMeBu
UHTepBar;

- NpefiaBaHe Ha fAaHHWTEe KbM GasaTa AaHHM 3a
CbXpaHeHue W mocneggala oGpaboTka, uYpe3 uarpafeHata
KOMYHMKALMOHHA cucTema.

PeanuaupaHu ot cbpBbpa:

- CMHXpOHU3WpaHe paboTaTa Ha nokanHute U
paboTHWUTE CTaHLMNK;

- BTOpU4Ha 00paboTka Ha AaHHWUTE MOMyYeHu OT
NOKaNHUTE KOMMIOTLPHM CTaHLW;

- CbXpaHeHue Ha pesynTatute B 0asa [faHHM B
paMKi1Te Ha efHa kaneHaapHa roamHa;

- obcnyxBaHe Ha NOTPeBUTENCKN 3asBKM 3a CipaBKK
W BU3yanu3aLym oT 0TOPU3UPaHW OT KNneHTa paboTHW MecTa B
nokanHaTta KOMMoTbPHa Mpexa;

- HEnpeKbCHaT pexuM Ha paboTa B peanHo BpeMme;

- 4OCTbMN OO BCWYKM MOZYyNM OT cuctemara npes
VHTEpPHeT Bpb3Ka, MpU YCMOBME, Ye CbpBbpHATa MalluHa
nputexasa peaneH IP agpec.

CBbp3aHu ¢ agMUHUCTPUAHE Ha CUCTEMaTa:

- MPOMSIHA Ha HACTPOMKITE M HAYMHBT Ha paboTa Ha
CbPBBbPHUA coPTyeEp;

- pedvHUpaHe, OTCTpaHsBaHe W pefakTMpaHe Ha
BKITOYEHW B CCTEMATA EMEKTPOMEPH W KOHTPOSTHI TOUKM;

- BbBEX[AHE U KOPEKUMS Ha OCHOBHM NapameTpu,
CBbp3aHM C paboTata Ha cucTemara KaTo TapuHM 30HM,
JaHHUTe 3a pabOTHW M MOYMBHM OHW B PaMKUTe Ha eaHa
kaneHaapHa rogvHa, NnaHupaHoTo  noTpebreHue  Ha
enekTpuYecka eHeprus v ap.

CBbp3aHu ¢ BM3yanu3auuaTa Ha MOMEHTHUTE N3MEpPEeHU
CTOMHOCTH:

- n3BexgaHe B TabnuuyeH BML Ha NOkasaHusTa 3a
OMpeferneH napaMeTbp 3a BCUYMKN eNEKTPOMEPH 1 KOHTPOITHM
TOYKM, BKMKOYEHU B cucTemarta. [apameTspbT ce 3agaBa ypes
1360p OT MeHIoTa W onpesens 4anu Ce U3NCKBa BU3yanu3aLms
Ha EHeprUM WM MOLUHOCTM, TWMA Ha eHeprusta Wnm
MOLLHOCTTa (aKTWBHa, MHOYKTWBHA, KanauuTWBHA, CbOTBETHO
3a BCsAKa OT TAX KOHCyMUpaHa unv BbpHaTa), TapudHaTta 30Ha
(BbpxoBa, OHEBHA WKW HOLLHA);

- N3BEXOAHE HA BCMYKM MOMEHTHW [daHHM 3a
OMpELeNeH enekTpOMep MMM KOHTPONHa TOYka B eKpaHHaTa
thopma, npeacTaBeHa Ha gur. 2;

- Hanuume Ha [uHamMuyeH rpadpuyeH paboTeH nnoT,
KOMTO MOTPeBUTENsT NECHO KOHUrypupa no CBOE XernaHwe
WIW B 3aBMUCMMOCT OT MOCTaBeHaTa 3agava. Ha Hero morat aa
Ce BM3yanuaupar: rpauyHu yCrioBHU 03HAYeHUs Ha 0BekTu;
MOMEHTHa KOHCyMauusi Ha ENeKTPOEHEpPr s, MOLLHOCT W
(hakTop Ha MOLWHOCTTa B KOATO W fa € Bb3en OoT
“3MepBaTenHata cucTema; AOCTUTHATW KPUTUYHK CTOMHOCTMY;
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anapMeHu NpeaynpeauTenHi CUrHanu C HAKOMKO HMBA Ha
cpaboTBaHe u ap.

Enextpomep N5 - Tpancdopmatop Ne3
X Waxon
Enepruu
BbproBa 30Ha JTHeBHa z0Ha HowHa zoHa
A |36891.360 |59454.420 |28170.060
Ri+  [21500.220 |39897.020 [11134.260
Re+  [0.000 [0.000 |0.000
A |0.000 [0.000 |0.000
Ri- |0.000 [0.000 |0.000
Re-  [0.000 [0.000 |0.000
MowHocTu
P+ Qi+ Qe+
|37.300 |25.200 |0.000
P- Qi Qc-
|0.000 [0.000 |0.000

®ur. 2. EkpaHHa chopma 3a U3BexaaHe Ha MOMEHTHU NOKa3aHWA Ha
eneKkTpoMep UM KOHTPONHA TOYKa

OTHacsAWM ce KbM CnpaBoYHaTa cucrtema

KOHerTHI/ITe CnpaBku npeacraBnasat M3BadkM 3a TOYHO
ONpefeneHn enekTpoMepM W KOHTPOMHM TOYKM  npea-
CTaBnsiBalLyM UHTepec 3a notpedbutens. CnpaBoyHaTa cuctema
e OoT Tvn “cBobogHO pepakTupaHe”. Bceku u3nonsealy
cucTemata MOXE Aa Cb3fgaBa CrpaBkM CbC CMELnUUYHO
CbabpxaHue. BeaHbx Cb3gadeHa, cnpaskaTa aBTOMATUMYHO
Ce BKIKYBA B MEHIOTO HA NOAAbPXKAHM CMpaBkW OT cucTemara
1 MOXe Aa Bbe akTMBMpaHa OT TaM, KaTo LAHHUTE BKIHOYEHM
B Hes we Obaar 3a 3agageH oT noTtpebwutens nepuwog OT
BpeMe.

Bcska cnpaBka Moxe pga Obae oTneyataHa  unm
eKCrnopTupaHa BbB (hann CbC CTaHaapTeH dopmart 3a Bpb3ka
¢ apyrv npopyktn (Word, Excel u gp.);

Wema Crpsen dyeew Omooo B

I IE]

Nepua o7 . 71.06.208 Tosguasara: 1406008

MY ce."Mean Puncku™
Flepuaa s 71.05.2008 KO A TS BHIENE N0 304 Teguma: 17164

[

Ko snesTputscen sregne g sorm
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®ur. 3. MpachuyHa MHTepNpeTaLMs Ha cnpaBoYHaTa UHopMauua

MpeaBuaeHa e Bb3MOXHOCT 3a rpaduyHa MHTepnpeTaums
Ha cnpaBoyHaTa nHopmaums (ur.3) u Ha KOHCymauusTa Ha



€NEKTPOEHEPTUS OT JafEeH KOHCYMATOp MMM KOHTPOMHA ToYka
3a ykasaH nepuog ot Bpeme (cur.4).
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¢ur. 4. MpachnyHo NpeacTaBAHe Ha KOHCYMaLUATA HA eNEKTPOeHeprus ot
fAafeH KOHCYMaTop MW KOHTPOJHA ToYKa

U3nonseaHe Ha usepadeHama cucmemMa 3a
oGpasoeamenHu uenu

Pabota ¢ enekTpoHHU enekTpomepu

B nabopatopusita no “EnektpocHabpasBaHe M €nexkTpo-
ob63aBexaaHe” ca w3rpageHu CTeHAoBE, MO3BOMSBALM MpaK-
TYecko 0Oy4eHMe Ha CTYAEHTUTE NO BbMNPOCUTE Kacaelyu
Bb3MOXHUTE HAYMHW 33 CBbp3BaHE Ha ENeKTPOHHWUTE
€NeKTPOMEpPM 1 CIyyauTe B KOUTO Ce 13MOoNaBa BCEKU eanH OT
TsX. Hapeq ¢ ToBa CTyAeHTUTE peanuanpat npaKkTN4YeCKu:

- AUPEKTHO ~ OTYMTaHe Ha  MokasaHusiTa  Ha
€JIEKTPOHHUTE eNeKTPOMEpY;

- U3BbpWBAHE HA  MbflHA WM YacTu4Ha
napameTpu3aLms;

- KOHQUrypupaHe Ha eHepruiHUTE U MOLLHOCTHUTE
perucTpy;

- Qvanor 3a OnpefensHe Ha napameTpute,
BKIIOYEHU B MpoueaypaTa 3a cbOupaHe Ha cTaTUCTM4ecka
WH(opMaLms;

- HacTpoWka Ha TabnuuuTe 3a TapuUthHNS KOHTPOTT;

- 3a/1aBaHe W NPOMSsIHA Ha HYBaTa Ha CUrYPHOCT Npy
paboTa C enekTpoMepa;

- paboTa B MOHUTOPEH PEXM;

- U3MbIHEHWE Ha HOPMATHU KOMaHAM;

- MpoYNTaHe Ha MbyiHaTa MHGOPMaLWs, CbXxpaHeHa
B NamMeTTa Ha enexkTpoMepa;

- OnpefensiHe Ha Bb3HUKHaNUTE CbOUTUS U HamecH
B paboTara Ha enekTpomepuTe.

C uen cb3gaBaHe Ha yCrioBus 3a CamOMOATOTOBKA M MO-
Obp30 HaBnu3aHe Ha CTygeHTuTe B npobrnemartukarta, ca
pa3paboTeHu ABe pPbKOBOACTBA 3a paboTa C EneKTPOHHM
enektpomepm ot Tun VEKTOR.

B nbpeoTO ce cbabpxa Heobxoaumara WHdopmauus 3a
MpskO OTYMTAHE Ha W3BEXOAHUTE Ha Aucnnes Ha
€reKTpoMepa MoKa3aHus M CUCTEMHM AaHHW. Brtopoto ce
fBAIBA OMWCaHWEe Ha OpraHM3auusTa Ha NporpameH MPOAYKT
UMPS, upe3 KOMTO MOXe Aa Ce OCbLIECTBU MbIHO
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ynpaelieHne Ha pexuma Ha pa60Ta Ha eneKkTpoHHUTE
€neKkTpomepun 1 n3BiM4aHe Ha I/IH(bOpMaLlI/IFI OT TAX.

Mpn paspaboteaHe Ha yqe6HV|Te nomarana e usnonspaHa

TeXHMJecka [OKYMeHTauus, npefocTaBeHa oOT  dupma
“MynTunpoLecopHu cuctemn”.
EouH ot creHgoBeTe B nabopatopusta o

“EnekTpocHabpasiBaHe u enekTpoob3aeexaaHe” € npefcTaBeH
Ha curypa 5.

W3cnepBaHe eHepruitHNTe xapakTepUCTMKM Ha 06EKTH

EpHo oT npunoxeHusTa Ha urpageHara cuctema B y4ebHus
npouec e CBbp3aHO C M3MONM3BAHETO Ha Bb3MOXHOCTMUTE,
KOUTO enekTpoHHUTe enekTpomepu OT cepusta VEKTOR
NpesocTaBsT 3a KOHTPON Ha KOHCymMMpaHaTa U BpblyaHaTta B
MpexaTa aKTWBHa M peakTUBHA EHeprusl, U3YMCNSBaHeToO M
BM3yanu3auumsTa Ha haktopa Ha MOLLHOCTTa B peasiHo Bpeme,
CHEMaHeTO Ha ToBapoBu rpacmum w gp. Te3n kayecTBa
no3BonsBaT enekTPOMEPUTE Aa Ce CBbpKaT KbM KOHKPETEH
KOHCyMaTop, XapaKTepUCTMKWTE Ha KOWTO MoraT fa ce
ncnegBaT B peanHo  Bpeme. Taka  Hanpumep B
nabopatopusita no «ABTOMaT13NpaHo ENeKTPO3aaBIKBaHE €
obocobeH CTeHZ 3a uM3cnegBaHe Ha  EHeprumHuTe
XapaKTepUCTUKM B  Pa3NuYHUTE pexumu Ha pabota Ha
acWHXpOHHWTe fBuratenu. 3a OTuMTaHe Ha akTopa Ha
MOLLHOCTTa, KOHCyMMpaHaTa MOLUHOCT, HamnpexeHusta U
TOKOBETE B TpUTe (hasu Ha CTaTopHaTa Bepura OMPEKTHO €
BKMIOYEH  ENEKTPOHEH  enekTpomep. Ype3  mogxogsia
napameTpu3aums Ha ekpaHa Ha gucnnes My ce Bu3yanuaupar
OCHOBHWTE NakasaTenW, KOUTO WMaT OTHOLIEHWE KbM
NPOBEXOAHUTE W3CMEABaHUS — KOHCyMWpaHa wnn oThaBaHa
MOLLHOCT (CTOMHOCT 1 BKA), PhaKTOP HA MOLLHOCTTA (MO dhasu 1
obL), HanpeXeHns 1 TOKOBE BbB BCska (hasa.

C uen noeuwaBaHe Ha eeKTUBHOCTTA MPW OTYUTaHE Ha
JaHHUTE, €eneKTPOMEPbT € BKIKYEH KbM  MEPCOHaneH
KOMMKOTBP C NOMOLLTa Ha ONTWUYHa rMaBa. Mpu npoBexaaHe Ha
YNpaXxHeHWeTO Ce M3non3ea NPOrpamMHUsAT MakeT Ha upma
“MyntunpouecopHu cuctemn” UMPS B pexum “moHuTOp”.
Taka ce cb3gaBa Bb3MOXHOCT CTYAEHTUTE Aa Habntogaeat B
peanHo BpeMe €[HOBPEMEHHO BCWYKM WHTEPeCcyBaly U
napameTpu W [ja aHanuaupaTt HacTbnBaLluTe U3MEHEHUS NpK
paboTa Ha ABuratens B pasiniHu PexmMu.

M3non3BaHe Ha cuctemata B kypca no “KomnioTbpHo
CUMynupaHe U npoekTupaHe”

Cuctemata npepocrtaesi 6oratm Bb3MOXHOCTM 3a paboTa ¢
peanHn AaHHU NpW MPOBEXAAHE Ha MHOXECTBO YNPaXHEHMs,
CBbpP3aHM CbC CTaTUCTUYECKa 00paboTka Ha MHgopMauusTa.

Bceku enektpomep CbxpaHsiBa BbB BbTpeLLHaTa cu nameT
npocmn (HaTpynaHu AaHHM OT M3MepBaHe Npes onpeaeneH
WHTEPBAr), KOUTO MOXe Aa Obae M3TEerneH U CbXpaHeH Ha
BbHLIEH HOCWUTEen C LUen nocnedsawa obpabotka. Takaea
Bb3MOXHOCT NPEfocTaBAT W paboTHUTE CTAHUMM Ype3
WHCTaNMpaHus BbPXy TAX COQTYep, KaTo AOMbAHUTENHO Npu
TAX MOXe Aa Obfe 3agageH ynobeH 3a notpeburens gopmat
Ha 3anuc Ha MHdopMaLusTa.



®ur.5 00w BMA Ha cTeHAa

OucuunnuHata ,KOMMIOTBPHO CUMYNMpaHe U npoekTupaHe”
Ce u3yyaHBa OT CTyaeHTMTE B obpasoBaTenHo-kBanudmka-
LIMOHHA CTEMeH ,MarucTbp” Ha crnewumanHocTTa ,ABTOMATHKA,
MHCGOPMALMOHHO 1 ynpaBnsBalla TexHuka”. BbBexaaHeTo B
ekcnnoaTauus Ha WHOPMAaLMOHHO 13MepBaTenHara cucTema
3a KOHTpon Ha enektponoTpebneHneto B MIY “Cs. WeaH
Puncku”, no3Bomu B kKypca Ha 0Dy4yeHre no Tasw aucLmMnimvHa
pa 6baaT BKIHOYEHM CIEAHUTE TPyNU 3afauu:

- onpegensHe Ha BPEMEBUS MHTepBan, B KOWTO
MOXeE [ja Ce NPOrHo3upa enekTponoTpedneHneTo ¢ rpeLuka He
no-ronsMa ot 3agageHa;

- CTPYKTypeH aHanu3 Ha Mogena Ha 0asa Ha
peanHuTe [OaHHW 3a enekTponoTpebneHueTo 3a 3agageH
nepuog OT BPEME;

- OUeHKa Ha Mogenu OT Tun  aBTOperpecus,
npeaHasHayeHu 3a NporHo3MpaHe Ha OHEBHUTE W MOYacoBuTe
KonuyecTsa notpebeHa enexkTpoeHeprus;

- OLieHKa Ha MOAENM OT T N aBTOPErpecHs C BbHLUEH
BXOAEH CUTHam, Mpu OTYMTaHE Ha [deHs OT cegmuuata u
yacoBaTa 30Ha;

- n3cnedBaHe Ha MNpoOrHosvpalMTe CBOWCTBa Ha
HaMepeHUTE MOMENK, Ype3 CPaBHEHWE C peanHu AaHHw,
“3MepeHu 3a Nepruoaa Ha npegckasaxme.

Pabotata ¢ peanHu OaHW, M3BNEYEHM OT onepaTopckarta
CTaHUMs Ha  cucTemata  nopobpsea  npakTuyeckata
HaCOYEeHOCT Ha nabopaTopHUTe YMpaXHeHUs M Cb3gasa
NPeanoCTaBki CTYAEHTUTE HA MSCTO Aa BMAST M OLEHAT
pesynTata OT U3MbiHEHWe Ha 3agadvata. 1o TO3W HauuH ce
MOBULLM MHTEpeca MM, KOETO € MpeanocTaBka 3a no-fobpo
yCBOSIBaHe Ha y4ebHMs MaTepuan.

3akntoueHune

PaspaGoTkaTa e peanuaupaHa uypes  KOMMMEKCHOTO
u3nonssaHe Ha CbBPEMEHHW MoOXoaM W CpeacTea 3a
AUCTAHUMOHHO  M3MepBaHe Ha  eneKTponoTpeGneHneTo,
Wn3rpaxaaHe Ha KOMMIOTbPHU MPexu, oBMeH Ha MHdhopmaLust
no NpoBodHA INMHWMA M paduMokaHan, 3alWura  Ha

[penopvyana 3a nybnukysaHe om kam. «Asmomamusayusi
Ha MUHHOmMO npoussodcmeoy, MEM®

145

UHhOpMaLMATa OT HeMpaBOMEPEH AOCTLN, paspaboTeaHe Ha
cneLyanuavpaH NpUoXeH codTyep v ap.

WHopMaLmMoHHO M3MepBaTeNHa CUCTEMA 33 KOHTPON W
OnepaTMBHO YNpaBnieHWe Ha enekTponotpebnennero B MY
“Cs. VBaH Punckn” npepoctass cpeacTsa 3a U3BbpLUBaHE Ha
MOHWUTOPUHI Ha enexkTponoTpebrneHneTo B YHMBEpPCUTETA W
ocurypsisa cpefa 3a eqeKTUBHO MpaKTUYecko ODydyeHue Ha
CTYAEHTUTE B HSAKOMKO  PasfMyHX  HanpaBleHus:
napameTpuaupaHe 1 pabota C eneKTPOHHU enexkTpoMepH,
nsrpaxgaHe W ynpasneHne Ha 6asa [aHHW, aHanu3 U
nnaHupaHe Ha enekTponotpebneHneTo, otaaneyeH obMeH Ha
JaHHM 1 ap.
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METO[M 3A NOBULABAHE HA EbP30OEUCTBUETO MPU PEANTM3ALIMA HA
U3YUCTIUTENHWUTE NPOLIEAYPU B CNELIMANN3UPAHUTE YCTPOUCTBA 3A
W3MEPBAHE U KOHTPOI

SceH Budonoe
MurHo-eeonoxku yHugepcumem “Ce. Mgan Puncku”, 1700 Cogpus, e-mail: nre@abv.bg

PE3IOME. PasrneaaHu ca CbBpeMeHHUTe MOAXOAM 3a yBenuyaBaHe Ha Obp30AeiiCTBUETO MpU peann3aLms Ha W34YUCIUTENHUTE MpoLedypyu — W3non3BaHe Ha
cneLyanu3npaHy NpUNoXHU CXEMM, CTPOro CreLmanuavpaHii MUKpOKOHTponepy, KoHBeepHa 1 MHorompoLiecopHa obpaboTka Ha uHdopmaLmsaTa, cuctemm 3a
peanHo Bpeme 0TroBapsLLy Ha cbbuTHA. Ha 6asa Ha M3BbPLUEHNS aHanu3 e NpeanoxeHo pas3paboTBaHe Ha cucTema, DasupaHa Ha CbbuTs, KOSTO Npeanara ronsam
Habop OT NpeKbLCBaHMA U OCUrypsiBa Bb3MOXHOCT 3a NapanenHoTo UM obenyxaaHe.

METHODS FOR INCREASED CALCULATION PERFORMANCE IN SYSTEMS FOR MEASUREMENT AND CONTROL
Jasen Vidolov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, e-mail: nre@abv.bg

ABSTRACT. Modern aproaches are explored for inceasing the speed when implementing mathematical procedures, using specialized integrated circuits, strictly
specialized microcontrollers, pipelines and multithreaded information processing, real-time event response systems. On behalf of the analysis shown, an event driven
system is proposed. It offers a wide range of interrupts and provides capability of their simultaneous service routine execution.

BbuBeneHue BbB B[ Ha CbBKYMHOCT OT (OyHKLMOHANHM MOAYNM, KaKTo W
BPB3KUTE MEXAY TSX.

YBenuyaBalLuTe ce TEMMOBE Ha PasBUTME Ha TEXHOMOTUMTE
W HyXaaTa OT No-TOYHa MHGOpMaLMs NPefocTaBsHa npes no-

MarTbK MHTEpBan Ha AVNCKPETU3aLMs, NOCTABAT BCE MO-ToneMm MeToau 3a yBenuyaBaHe Ha
M3NCKBAHMS 32 KayecTBO W  ObpsogeicTsne  npeg NPOU3BOAUTENHOCTTA Ha U3YUCTTUTESTHUTE
WHTENUrEHTHUTE U3MEPUTENHITE YCTPOCTBA. PeluaBaHeTo Ha yCTPOMCTBA
npobnema ¢ yBenuyaBaHe Ha ObP30AENCTBMETO CE Hanara u
OT (hakTa, Ye Te Ca HEM3MEHEH EeneMeHT, Bnu3al, B W3non3saHe Ha CISC apxutekTypu
CTpyKTypaTa Ha ronemute WHAOPMALMOHHO-N3MEPBATENHM U
yNpaBnisiBally CUCTEMW M B 3HAYMTENHA CTEMEH ONpeaensT FonsiMa  4acT OT  MMKPOMPOLECOPHUTE  apXUTEKTYpU
Ka4eCTBOTO Ha (PYHKLIMOHNPAHETO M. npuTexaeaT cbkpaTeH Habop komaHau (Reduced Instruction
MbTMwaTa 3a noBuMWAaBaHe Ha GbPIOAENCTBMETO ca aga, Set Code - RISC). Te ce nanonasar 3a Marku o CrioXHOCT
KOUTO YCTIOBHO MOXEM Aa OMPeSenvM Kato XapayepeH 1 MaTemaT4eckin ¥ oru4ecki onepauym 6es HeobxogumocT oT
cochTyepe. My codTyepHITE NOAXOAY CE THPCAT METOAM 3a Obp3opeiicTeie. Korato BpeMETO 3a U3MbIIHEHWE Ha CIIOXHM
0bpaboTka Ha WMH(OpMALMSTA, KOUTO ca C NOmoBpeHu KOMaHAM € OT 3HauMTenHa BaXHOCT ce npubsrea [o
XapaKTEPICTIKN MO OTHOLLIEHWE Ha CKOPOCTTa HA peanu3aLms apxMTeKTypu Cbc  CrokeH Habop komanmu  (Complex
Ha 0BpaBoTBaLMTE NPOLEAYPH, KATO HANpUMep U3MoN3aBaHe Instruction Set Code — CISC)[2]. Mpu Tsx YecTo u3non3saHu
Ha TaBynupany (yHKLWM, MATEMATUYHI MOZENH, PEKyPEHTHN MaTemaTuyeckn npeobpasoBaHWs Ca WUMNNEMEHTUPaHW Ha
3aBUCMOCTI 1 fip. XapOyepHO HWBO, KOETO YCKOpsiBa TAXHOTO M3MbIIHEHME
nopagn cneuudmyHata WM peanusauus, cbobpaseHa c
Mpn xapAyepHUsT NoAxod, KOMTO e ODEKT Ha HacTosLws KOHKPETHUTE LieM Ha npuroxeHue. [lpencTaBuTenn Ha
aHanua, BUCOKa CKOPOCT Ha 06p360TKavHa MHbopMaLmsITa npu apXUTEKTYpU CbC CIOXEeH Habop komaHmu ca Liucposute
WHTENUrEHTHUTE M3MEPUTENHM YCTPOICTBA Ce MocTura upes Curvaniu Mpouecop (DSP). ManonseaHeto Ha CISC-
Pasnu4HM  pelleHus, 3aBUCELLM OT  apXuTekTypara Ha apXMTEKTYpU NO3BOMSIBA CHHTE3 Ha XapAYEPHU peLLeHus,
u3nonsgaHata  U3YMCTUTENHa  TexHuka. T onpedens KOMTO OcurypsiBaT HeoOXxoaumarta W34WCTIUTENHA TOYHOCT U
CTPYKTYpHaTa OpraHu3auus Ha M3YMCIUTENHOTO YCTPOICTBO ONpederneHa pasMEpHOCT Ha orepaHauTe, 6e3s ga e
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3a0b/DKUTENHO TR [a OTroBaps Ha pasMepHocTTa Ha
MallHHaTa Ayma Ha npoLiecopa.

Hanpuvep xapgyepHata umnnemeHTtauus Ha CORDIC-
anroputbMa B MUKPOKOHTPOMEp Lie OnpOCTU 3HAYMTENTHO
3ajaya no MofenupaHe Ha NOBELEHMETO Ha BBLPTALO Ce
MarHWTHO Mone, KaTo NpedocTaBs  Bb3MOXHOCT  3a
MocnefoBaTeNHOTO  3aBbpTaHE Ha BEKTOp B MOMsipHa
KoopaMHaTHa cuUcTeMa 4pe3 npefBapuTenHo AeduHUpaHa
CTbnka. be3 1031 anropuTbM, 3a U3MbIIHEHWETO Ha 3afayaTta
we e HeobXomMMO M3NOMN3BaHeTO Ha Habop OT TPUrOHO-
METPUYHM (PYHKLMK, KOETO LLe OTHEMAT OTHOCUTENHO ronsaMo
BpeMe 3a peanuaauus.

OT npumepa cTaBa ACHO, Ye BrpaxaaHeTo Ha
cneyuanmanpani yHKUMM € yaadyHo npu peanuavpaHe Ha
3a[ja4u, KOMTO M3CKBAT YECTOTO UM M3nonseaHe. Cam30B TO3M
CnyYan WKOHOMMYECKW e onpaBaaHo npunaraHeto Ha CISC-
apXUTEKTYPU.

Mpouecopu 3a paboTa B peanHo Bpeme

Korato ce roBopn 3a 6bp3a peakuusi Ha ynpaBnsBaLLlo
YCTPOACTBO CMPSIMO  Bb3HWKHANM CbOMTWS Ce npunarat
npoLecopu W onepauuoHHM cucTemu 3a  obpaboTka Ha
WHdopmauusTa B peanHo Bpeme. [Mpn TaX ce nocTaes
M3MCKBAHETO 3a NONYy4YaBaHETO Ha rapaHTUPaH OTrOBOP, HE Mo-
6aBHO OT onpeneneHo 3afafdeHo BpemesakbCHeHue [2]. 3a
TOBa MNpU aAPXUTEKTypuTte C BWUCOKA U3UCKBAHUA KbM
Obp3ogencTBueTo €  BakHa  AEeTepMUHMpaHOCTTa  Ha
BpeMeHaTa 3a U3MbIHEHWE Ha BCska eHa 3afava.

Korato e Heobxoaumo ocurysapsiBaHe Ha Bbp3a peakums Ha
W34NCTIUTENHOTO YCTPOMCTBO HA Bb3HUKHAMM BbHLUHM CbOUTYS
(HanpuMep W3nM3aHe Ha TEXHOMOrWYeH MapameTbp M3BbH
3aJjafileHn JOMyCTUMM paHWLM), Ce W3NOn3BaT NpPOLEeLypH,
MPUKaYeHN KbM XapayepHU NPeKbeBaHMs. TAXHOTO 6bp3o
W3MbIHEHWE 3aBWCU OCHOBHO OT ABa KpUTepus — Bpeme 3a
cTapTupaHe Ha obpaboTkaTa Ha NMpeKbCBAHETO 1 BpEMETO 3a
HEeNHOTO U3MbIHEHNE.

BpemeTo 3a cTapTupaHe Ha obpaboTkaTa Ha NPeKbCBAHETO
3aBMCM OT MOCMedHaTa 3anoyHata MpoLecopHa MHCTPYKUMS,
KaTo Ce M3Mb/IHABA BeAHara crefd HenHOTO 3aBbpluBaHe [3].
ToBa M34aKBaHe 3a 3aBbpLUBaAHE Ha 3anoyHaTara WHCTPYKLMS
€ HeobxoaMmo nopaay apXMTEKTYPHW OrpaHUYeHus!, KakeuTo
Ca xapgyepHata nunca Ha napanenHu nornyecku 6mokose,
CMHXPOHM3aLMS Ha faHHUTe obycnaBssila ce OT aToMapHoCTTa
Ha WHCTpyKuuuTe, 1 Ap. Mpu BpeMe-KpUTUYHUTE MPOLLECOPHM
apXUTEKTYPU HamaneHO BpEMEe3aKbCHEHWE Ce MocTUra Ypes
pasgensHeTo Ha 0OaBHMTE MNPOLECOPHM WHCTPYKUMM Ha
MOCNeJ0BaTENHOCT OT HAKOMKO NO-Marnku NpUMUTUBKW. TakbB e
npUMepbT C onepauvaTa “OeteHe” Npu CUrHANMHUST MPOLLECop
ADSP2100 Ha Analog Devices, uuto aenuten-onepaqg
npeacrasnsea 6podT u3BukaHu wHCTpykum DEVQ [4]. Mo
TO3W HaA4MH Ce CbkpallaBa MakCMManHOTO BpeMe 3a
W3MbITHEHWE Ha MPOLIECOPHUTE MHCTPYKUMKM, KOETO 3abaBs B
no-manka CTEMeH W3BWKBAHETO Ha npoueaypata 3a
obpaboTkaTa Ha npeKbCBaHusTa.

Mpyn HAKOW apXUTEKTYpW Ce Mpunara MyNTUNNeKkcUpaHe Ha
NpeKbCBaHWsATa, KOraTo pasnonaramMe camo C eAuH BEKTOP 3a
TAxHaTa  obpabotka. ToBa  [gOMbIHWTENHO  3abaBs
W3BWKBAHETO Ha CbOTBETHaTa 06paboTBalla npoleaypa Ypes
YCNOBEH KOA 3a OMpefensiHe Ha KOHKPETHOTO Bb3HMKHANO
npexbcBaHe. ToBa MOXe fa ce u3berHe Upe3 apxMTeKTYpPHOTO
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ocurypsiBaHe Ha OTAEeNneH BEeKTOp 3a BCAKO HanNW4HO
NnpeKbCBaHe.

O6MKHOBEHO €fHM M CblUM MNPOLIECOPHM perucTpu ce
N3NON3BaT KakTo B Mporpamata, Taka u npu obpaboTkata Ha
npekbCcBaHuATa. ToBa Hanara BPEMEHHOTO MpeMecTBaHe Ha
CbbPXaHMETO UM B CTeKa Mpu Bb3HWKBaHE Ha MpEKbCBaHE,
n3nonseaHeTo UM B obpaboTBallata ro npoueaypa, Kakto u
Bb3CTaHOBABAHETO HA CbAbPXKAHMETO Ha PErUCTpuTe Ccreq
3aBbpLUBAHETO W. YecTo 3a yBenuyaBaHe CKOpOCTTa Ha
n3nbfHeHne Ha obpaboTkata Ha MpekbCBaHWATa  Ce
NpefocTaBsAT AYONUKAT PerucTpu, kKato e4HUTE Ce U3NOoN3Bar B
nporpamara, AOKaro Apyrute ce Mon3BaT eauHCTBEHO B
npeKkbcBaHMsTa. ToBa CMeCTsiBa BPpeMe NO MPexBbpisHe Ha
KOHTEKCTa MeXay nporpamarta W Bb3HWKHANOTO NpeKbCBaHe,
KOETO Ce u3pa3sBa B CbXPaHEHME CbObPXAHWETO Ha
MpOLECOPHUTE PErucTpu B CTeka. TakaBa Bb3MOXHOCT
npegocTaes apxutektypata ARM, B kosiTo ca gedmHupanu 5
otpentu cteka (IRQ32, FIQ32, Abort32, Undef32 u SVC32).
HegoctaTbk € HEBb3MOXKHOCTTA 3a  M3MbIIHEHWETO Ha
npekbcBaHe No Bpeme Ha obpaboTtkata Ha gpyro, 6e3
NPexXBbpIsSHE Ha perucTpute npes creka. Ho To3n HegocTaTbk
MOXe fa ce u3berHe 4pe3 ocurypsiBaHeTo Ha oTzeneH Habop
PErnCTpU KbM BCSIKO MPeKbCBaHe.

MeTtoau 3a 6bp3 gocTLN A0 PYHKLMK

V13BMKBaHETO Ha (PYHKLMS YECTO € ChNPOBOAEHO Che 3aryba
Ha Bpeme nopagu HeobXoaMMOCTTa MO MPeXBbprsHe Ha
OaHHM OT W3BMKBAllaTa KbM BuKaHata dyHKUMs. [lBeTe
(OYHKLMKM pa3MeHsT MHGopMaLs MOMEXY C1 C NOMOLLTa Ha
CTeK, KbAeTO Ce 3anucBaT CTOWHOCTUTE Ha aprymMeHTute,
TOYKaTa Ha Bb3BPbLLUAHE HA YNPaBNEHWETO W Pe3ynTaThT Ha
U3MbHeHaTa PyHKLUS.

EpHa OT Bb3MOXHOCTUTE 3a pedyuupaHe Ha ToBa
BpEME3aKbCHEHWE Ce peanu3vpa C npefaBaHe Ha AaHHUTe
nocpeaCcTBOM PErMCTPY, KaTo Ce NpemMaxHe HyxaaTa oT 3anuc
W U3BNNYAHE Ha [JaHHW OT cTeka. OrpaHnyeHne Ha To31 METOA
€ HeBb3MOXHOCTTA Ha ynoTpebata Ha pekypcusi, MOHexe
dyHKUMMTE TpsiBBA Aa KOMYHMKMpAT camo C rnobasHu
CTATU4HM NPOMEHMMBM, T.€. [1a Ca PEEHTPaHTHW.

[pyra Bb3MOXHOCT € CHabgsBaHeTo Ha npouecopa C
JOMBIHUTENHU PEFUCTPH, KOUTO Aa MPUEMAT CTOMHOCTUTE Ha
BbpXa Ha cTeka. Taka ynoTtpebata Ha CTek Ce 3ana3Ba, M
W3BMKBAHETO Ha (DYHKUMS Ce OCbLyecTBsBa 3a €avH
npoLecopeH TakT. To3n NOAX04 € peanuavpaH B npoLecopuTe
SPARC Ha Sun Microsystems [13].

Bcuykm pasrnefaHn MeToau MoraT da ce peanuaupat upes
APXUTEKTYPHI NPOLIECOPHI NOA0BPeHNs, MU KOUTO 3a CMeTka
Ha YBEeNMYEHOTO KOMMYECTBO PErUCTPM Ce NOCTUra Mo-ronamo
Bbp30AeiCTBIE Ha U3MbIIHEHIE Ha Nporpamara.

OnTUmMM3aums Ha BpeMe3aKbCHeHUATa B
cnewuuanusnpaHuTe cxemu

Mo-6bp3 noaxoa 61 MOrbN a € M3MbITHEHWE Ha XapayepHO
peanuaupaHa cneuuanuavpaHa cxema (ASIC). Ts moxe fa
6bae HambIIHO ONTUMU3NPAHA 3a U3MTbITHEHUETO Ha KOHKPETHA
3agava. MporpammpyemuTe Norvki Npeanarar UMeHHO Takaea
XapayepHa nnatgopma, nosBonsBalla MbBkaea paspaboTka
Ha CXemu C pasHooOpa3HO npeaHasHadyeHve. Te No3BOMsBAT



U3rpaxaaHeTo M Ha napanenHu nporpamHu CTpykTypu. MMpu
nogobHa pa3spaboTka ce B3uMar npeasua
BPEME3aKbCHEHWATA Ha BCUYKW y4yacTBalUM B WM3YUCNEHUSTA
TOUrepn U KOMOMHALMOHHW CXEMW, KOUTO MO Bpeme Ha
npoekTUpaHe Guxa MOrnu Aa ce onTUMMU3MPAT JOMbIHUTENHO
ype3 pasnpedensHe W rpynupaHe Ha XapayepHuTe Marpa-
fally OnokoBe Ha (HU3MYECKM MECTOMONOXEHUS BbTpe B
camaTa WHTErpanHa cxema, Taka Ye BpeMe3akbCHEHUsTa Ha
curHanute copmupalum oblM fJaHHM ga ce cBepaT o
MUHUMYM Ypes3 NpOMsiHa Ha AbIKMHaTa Ha MexayOnoKoBuTe
Bpb3kM. Ypes Te3W nogxoau Ce NocTura HamarnsiBaHe Ha
KPUTUYHUST MbT B CUCTEMATA U CBEXAAHETO MY 0 CTOMHOCTM,
33[0BOMNSBALY 33[AHMETO Ha KOHKPETHaTa MoCTaBeHa
3afava.

Mapanenusbm

MocTuraHeTo Ha NapanenHocT € Bb3MOXHO B HSIKONIKO
HanpaBneHnss — KoHeeilepHa o0paboTka Ha KoMmaHguTe,
BEKTOPEH Mapanenusbm 1 MHOrOMpoLecopHa nnatgopma.
N3passiBa ce upes enHoBpemeHHaTa 06paboTka Ha HAKOMKO
4acTu Ha nporpamara.

TpsibBa pa ce otbenexu, 4ve ObP30AENCTBMETO He e
NpaBONPONOPLMOHaNHO Ha OposT M3NOM3BaHW napanerHu
npouecopy nopagu HeobXoAMMOCTTa OT  AOMbIHUTENHA
CMHXPOHM3aLMA MOMEXDY WM MPW U3MON3BAHETO Ha OBy
pecypcu. OBesneyeHnsT Gpoi npouecopn xapaktepusupar
mawabupyemama  napanenHa  CuUCTEMa, NpWU  KOSITO
NPOW3BOAMTENHOCTTA  HapacTBa  MpOMOPLMOHANHO €
yBenu4yaBaHe Ha Gposi NPOLECOPU.

KoHeeliepeH napanenuzbm

KoHBeliepHata 0BpaboTka Ha WHCTPYKUMKUTE NPUHALIEXM
KbM Napanenusbm Ha HUBO WHCTpYKUMM. Ts npeacTaBnsisa
pasfensHe Ha nogfiexallara 3a u3mbiHeHue 6asoBa yHKLMS
Ha NOLCYHKUMW W W3MBIIHEHNETO UM OT OTAEMHM anapaTHu
BriokoBe. 3a BCEKM MOMEHT OT BpeMe BCEKM anapateH Brok e
AHraXupaH C M3MbIIHEHWETO Ha onpepdeneHa NoadyHKUus, B
koeTo ce u3passBa W napanenmsmbT [1]. MakcumanHata
CKOPOCT 3a M3MbIIHEHWE Ha MOAMYHKUMMTE CbOTBETCTBA Ha
CKOpOCTTa 3a W3MbIHEHWEe Ha Han-6aBHaTa OT TAX. 3a
npunaraHe Ha KoHBelepHa obpabotka € Heobxogumo
n3uncrneHneTo Ha H6asoBaTa (PyHKUMS A € eKBMBANEHTHO Ha
nocnefoBaTENHOCTTA OT M3UMCTIEHUsITa Ha MOADYHKUMKTE;
BENNYMHUTE SBSBALLM Ce BXOAHW 3a AafeHa noadyHKums fa
Ce ABABAT U3XOOHM 3a npeaxogHata  nopdyHKUWS;
AeiiCcTBUATa, peanu3upaHi OT Te3W anapaTtHu Onokoee Aa
OTHeMaT NpuUBNM3NTENHO EHO M CbLLO BPEME 3a U3UMCTIEHMe.

KoHneeliepHaTa 0bpaboTka MOXe Aa ce npunara He3aBMCUMO
OT  OCTaHanuTe  METOAM  3a  yBelW4yaBaHe  Ha
NPOW3BOAUTENHOCTTA HA W3YUCAMTENHUTE YCTpOWCTBa. TH e
yoobHa 3a peanusauws, Korato MMame NOBTapsieMocT W
[ETEPMUHMPAHOCT Ha MOCedoBaTENHN  Onepauun, KoWTo
MoraT ia Cce pasgensT Ha nogonepauum ¢ 6rmsku BpeMeHa Ha
u3mbrHeHve. [leTepmuHnpaHocTTa ce obycnaes OT nuncata
Ha YCIOBHM MpEeXoaM, KOWTO 3aTpyOHSBaT Pa3fensiHeTO Ha
MpOrpamHUsIT NOTOK Ha NopLum 3a 0BpaboTka upe3 KoHBeliepa.

Mapanenus®bm Ha docmbna do navemma

OBMKHOBEHO M3MbITHEHWETO Ha efiHa MHCTPYKLMS Ce CBEXAaa
[0 onepaums, NpUnoxeHa BbpXy ABa onepaxga. 3a 6bp3oTo i
U3MbiHEHNe e HeobXOAUMO eAHOBPEMEHHOTO MpoYUTaHe Ha
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WHCTPYKUMATA M oOnepaHguTe OT nameTTa. ToBa Hanara
W3MOn3BaHETo Ha  Xapeapd-apxuTektypa, MNpu  KOATO
nporpamHaTa nameT e HesaBuUCUMa W OTAeNeHa oT nameTTa 3a
JaHHM, KaTo Bcska e cHabaeHa cbC cobcTBeH Habop OT
ajpecHa WWHa W WWHa 3a [JdaHHu [5]). Bb3MOxHO e
peanu3npaHeTo Ha cuctema, cHabaeHa C HAKOMKO nameTn 3a
JaHHu. ToBa e MOBAWM NOTOKA Ha [AaHHU  KbM
n3uncnuTenHus 6MoK 1 e no3eonu peanusauusTta Ha SIMD-
apxutekTypu. Heyno6cTBo npeacrasnsea HeobxoaumoctTa ot
cneyuanHo pasgensHe u dopmatupaHe Ha [aHHUTE BbB
BCEKW eauH Brok namer.

HemocTaThbk Ha TakbB Bif pasgpobsBaHe Ha nameTTa Ha
XapayepHo  HesaBucumu  Grikoe ce  uM3pasdBa B
OrpaHNYeHMeTo Ha [0CTbNa 0O AadeHa nameT B JadeH
MOMEHT OT BpeMe.

XapBapa-apxutektypata e ygoGHa 3a npunaraqe npu
napanenHy He3aBUCUMU MOMEXZY CM W3YMCTIEHMS, Mmopaam
(hM3NYECKN paseneHnaT AoCTbN 4O MOAYNUTE NaMeT.

CynepckanapHa napanesnHocm

Hsikom npowecopu morat Aa U3nb/HABAT N0 ABE UIU NoBeYe
WHCTPYKUMM €OHOBPEMEHHO - TakiBa ca CynepckanapHute
npouecopu. MogobHO M3MbIHEHWE € Bb3MOXHO CaMO ako He
CblleCTByBa Bpb3Ka MeXAy [AaHHUTE C KOUTO onepupat
napanenHuTe UHCTpyKUMU. Te ca yaobHM 3a U3YMCReHus Ha
nporpamMHun LUKnu, pa60Ta C MacuBu 1 MaTpuLn OT AaHHN.
MpeacTaBuTen Ha napanenHo W34NCNEHNe Ha HUBO [aHHW e
BEKTOPHWAT mpouecop. TOM W3MbHABA €f4Ha MHCTPYKLMS
BbPXY MHOXECTBO €4HOTUMHM AAHHM.

TakbB Bup  obpaboTka 4ecTo ce u3mon3ea  Mpw
HeobBX0aMMOCTTa OT MpesynCnsiBaHe Ha KOOpAMHATUTE Ha
MHOXECTBO TOYKM OT €fHa KOOpAMHATHA cucTema B gpyra
(Hanpumep OT MONSIPHM B AEKAPTOBM KOOPAMHATM U 0O6paTHO
unu 6apuLeHTPUYHa«—> AeKapTOBa KOOpAMHATHA CUCTEMA).

MHozonpoyecopHu apxumexkmypu
lonsMa 4acT  OT  CbBPEMEHHWTE  CheuManuanpaqu
NpoLEecopu MpuUTEXaBaT MEXOYNPOLECOpHa KOMYHMKaL s
(Interprocessor communications) 4pe3 BBHWHO W3BEAEHA
WMHA 32 [daHHM W CUHXPOHM3auWs, KOETO MO3BOMsBa
W3rpakdaHeTo Ha  MHOTOMPOLIECOPHW — apXWTeKTypu  OT
€OHOTUMHWM Mogynu. To3M Mogxon 3a YBenWuaBaHe Ha
Obp3opencteneto Ha obpaboTkata Ha WHopmauus ce
npurnara Korato pasnornarame C MOTOK OT AaHHMW, B3aUMHO
CBbp3aHW MOMEXdy Cu. TakMBa Bb3MOXHOCTM  3a
pasiwmpsBaHe nputexasat TMS320C40 Ha Texas Instruments
[7] » ADSP21060 Ha Analog Devices [8]. MHoronpouecopHuTe
W MHOrOSAPEHW KOMMKOTPU C& CbCTOAT OT MHOXECTBO
W3YUCIIUTENHM KNETKM, MOMECTEHW B edHa MawmHa. Korato
npouecopuTe Ca efgHOTUMHM Ce TOBOPM 33 CUMETPUYHM
MHOTOMpOLECOpHM  cucTemu. [locTuraHeto Ha mo-ronsma
NpOM3BOAUTENHOCT B 3aBMCUMOCT OT Opos sgpa  wnu
npoLecopu ce n3passiBa ypes 3akoHa Ha Amgan (Amdahl's
Law)[12]:

so 1

P

@a- P)+W )

kbaeTo ‘P’ e Tasn YacT OT mporpamara, KosaTo Moxe Aa 6bae
noasnoxeHa Ha napanenHa obpaboTka,



‘(1 - P) e vacTTa, Henogexalya Ha pasnaparnesnsaHxe,

N e OposaT npouecopy, KOMTO M3BLPLUBAT MapanenHaTa
paborta,

S — MaKcUMarHo YBeNnM4EHWE Ha CKOPOCTTa, KOETO MOXe Aa
©bae nocturHato ¢ N-npouecopa
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®ur. 1. 3aBUCMMOCT Ha CKOPOCTTa OT 6pOAT NpoLiecopu

TeopeTnuHo npu N —> 00 MaKkcUManHoTo yBeNnu4eH e Ha
ckopocTTa e KoHu kbM 1/(1-p). OTHOweHWeTo yBenuyeHa
NPOW3BOAMTENHOCT CMPAMO LigHaTa Ha MPOLIECOPEH Moayn
Hamansea Crpsamo OpoAT M3NOM3BaHW MPOoLEecopr, KOeTo
O3Ha4yaBa Ye BHEAPSBAHETO WM € W3rogHO camo [0
onpegeneH 6poi (cur. 1).

KnbcTepute u mpexosute (grid) koMMTpW  M3nonaear
HAKOMKO ~ MallWHW, CBbp3aHW B Mpexa. [lpu  TaX
napanefnHoctTTa Ha WHopMauusTa Ce  u3passBa B
pasnpegensHe Ha AaHHUTE MEXOy HAKOMKO W3YUCIMTENHM
eOuHMLK, paboTeLyn eaHOBPEMEHHO.

MHoOrosiapeHuTe,  MHOTOMPOLECOPHUTE,  KITbCTEPHUTE W
MPEXKOBUTE W3YMCIIEHUS MpunaraT napanenHocT Ha HUMBO
3agaun. MapanenusbM Ha HWBO 3afauu ce Onpefens Kato
€[HOBPEMEHHO W3MbIIHEHWE Ha Habop OT  pasnuyHy
u3umcnenns. 3a peanusaumaTa My ce gedvHMpa NOHATUETO
HWwka (thread), koeTo npeacTaepsiBa eguH Habop OT
noCnefoBaTENHOCT OT MHCTPYKUWMM. OTAENHUTE HULLKA MoraT
pa bopaeat ¢ obww (shared) wnu pasnuunm (distributed)
AaHHW. Tpu MbpBUAT BapuaHT € HeobXoauM MEeXaHusbM 3a
CUHXPOHM3aLMs Ha [OCTbMa [0 [aHHWTE, KOETO BHAcCH
JOMbIHUTENHM BPEMEBM 3arybu B NMpOM3BOAMTENHOCTTA Ha
M34NCTIUTENTHOTO YCTPOICTBO.

3a cogpTyepHOTO 06CIYKBaHe Ha NaparnesHo U3MbJIHEHNe Ha
3afaun ce uanonsea npegumHo ctaHaapta POSIX [9]. 3a
MHOrOMPOLIECOPHO ~ MPOrpaMupaHe  Hamupa  LUMPOKO
MpUrNoXeHne KOMyHWKauusTa uype3 cboblieHns (Message
Passing Interface - MPI), kouto paborst upes FIFO ctpykTypa
3a gaHHm [10].

Mpe3 2009 r. 6e cbamameH MbpBUST OTBOPEH CTaHAapT 3a
napaneneH esuk ¢ o6wo negHasHauyeHne - OpenCL.
Paspaboten ot KpoHoc pyna (Khronos Group), cberosiwa ce
OT BOAelWM wuHOycTpuanHu npoussogutenu [11].  Ton

[penopwbyana 3a nybnukysaHe om kam. «Aemomamu3ayust
Ha MUHHOMO npoussodcmeoy, MEM®
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npeaocTaBs  YHUMUMPAH TNoaxod 3a  M3rpaxaaHe Ha
napanenHn nporpaMu  3a  MUKPOKOHTPOMNEPW, HacTOMHM
KOMMIOTPX, KAKTO M MHOTOMPOLIECOPHU W pasnpeaereHn
cucTemMu 1 ap.
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06wjoobpa3oBaTeneH npeaMeT U kato TexHonorusi. MocneaHa TEHAEHLMS € NpenogaBaHeTo fa ce Bnusie 0T pa3paboTku B WwiupokaTa obnact [JusaitH u TexHomorus
Kakto apyru cuanyecku Hayku Taka W enekTpoHWKaTa CTpafa OT HeJOCTUr Ha NpenofaBaTenu U OT CXBalLaHeTo, Ye e TpyaHo. 3aToBa e Heobxoaumo aa ce
paspaboTu cTpaTerysi 3a MpenofaBaHe Ha ENEeKTPOHWKA, YMATO TakTWKa BkniouBa: Cb3naBaHe Ha oblwMpeH yebcallT 3a nmognomaraHe Ha npenopasaTenu U
obyyaBaHu. CailTbT nanocube.org npefocTaBs cChneuvanuavpaHa ycrnyra 3a OHNaiH cumynauwu. MoambpxaHata WHGopMauus e [OoCTbnHa 6e3nnaTHo.
CbabpxaHUeTo Ce JOCTaBs OT OpraHu3aLusTa, KOSTo XOCTBa hanocube.org v oT yBenuyasalms ce 6poit notpedutenu.

NANOCUBE.ORG -WEBSITE FOR NANOTECHNOLOGY AND NANOELECTRONICS
Mila llieva
University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, milailieva@abv.bg

ABSTRACT. Electronics is a part of the technical universities curriculum. It is taught variously under the auspices of Physics, General Science and Technology. Last
tendency is, that the taught is influenced by developments in the bright area Design and Technology. Like other physical sciences so electronics suffers from a lack of
teachers and the perception that it is hard. So it is necessary to be developed a electronics taught strategy. The employed tactics my include: development of an
extensive website of support for both teachers of electronics and their pupils. Nanocube.org provides specialized service for online simulations. The supported
information is available free of charge. The content is provided from the organization, which hosts nanocube.org and from the increasing number of users.

BbuBeaeHue b. Cumynauum;
C.  MUKDOKOHTPONEpU 1 KOMYHMKALMOHHM

EnekTpoHMKaTa € 4YacT OT mporpamata Ha TeXHU4YeckuTe TexHonoruu.

y4ebHu 3aBefenus. [penogasa ce pasnuuyHoO: Kato 4yacT oT
(busmkata, kato obuwloobpasoBaTeneH npeaMer U KaTo
TexHomnorvs. MocneaHa TEHOEHUNs € NMPenofaBaHeTo fa ce
BNMsie OT paspaboTkn B luMpokaTa obnact [usainH u

lMokasaTen 3a w3MepBaHe Ha e(MEKTMBHOCTTA MOXe Aa
Obae: PeanusauusTta Ha enekTpoHuka ¢ 4obpo kauecTso.

EgHa nepcnektvBHa obnact  OT  eneKkTpoHuKaTa ca

TeXHomMorusi.
HaHOTeXHomoruuTe. Te BKIIOYBAT:
Lentae: 1. HaHo- 1 monekynsipHa enekTpoHuKa;
1. [la ce NpoBOKVpa KPEaTUBHOCTTA; g Elep”“" Vi apXUTeKTypy, .
2. [la ce w3non3eaT HecTaHJ@pTHM NOAXoAM 3a - MaHOMArHeTMSLM U CTMH-TPOHMKA,
MOZETMpaHe:; 4. HaHoonTuka, HAHOONTOENEKTPOHMKA,
3. [la ce CTUMynMpaT WHULMaTVBM kaTo Mnap HaHO(OTOHMKA,
nv3aiHep 5. HaHopoboTuka 1 HaHOMOHTaX;
6. HaHoCeH30py, HaHOreHepaTopH, HaHOZBUraTEN!;
Kakto [pyr4 (pu3Mdecku Haykv Taka W erieKTpoHuKkaTa ; :ZHggega:”Kg’ :a"'oe”ae'ggog"eéa””q””a_C”CTeM”’
CTpada OT HeZOCTHI Ha NperiofaBaTenyt 1 OT CXBaLLAHeTo, e o HODMOTEXHONOTIIH, HaHOOMOMEANLIAHA,
e TpyaHo. 3aToBa e HeoBXoaUMo fja ce paapaboTin cTpaTerust " HaH°”p°”3B°”°T?°’ HaronwTorpacous;
3a NPENofaBaHe Ha ENeKTPOHYKA, YNSTO TaKTUKa BKIKOYBA: - MaHOMETpOnoTVis,
11, M34ncnmTenHm HaHOTEXHOMOT UK.

1. PaspaboTBaHe Ha nporpama;

2. Cob3pgaBaHe Ha oblwmpeH yebcanT 3a nognomaraHe
Ha npenogasaTtenu u 0by4aBaHy;

3. WsrpaxgaHe Ha  pervoHanHu  CTpaTerMyecku
LIEHTPOBE 3a MOAAbPKAHE Ha JTOKaNHU MHULMATMBY,
KOMTO [a NOZKPENST NPEnoaBaHETO M U3y4aBaHETO
Ha eNEKTPOHMKa;

3atoBa e Heobxogumo [ga ce 0ObpHe no-cneumanHo
BHUMaHWEe Ha HaHOENEKTPOHWKATa U Cb3faBaHETO Ha yebcaiT
3a noanomaraHe Ha npenogasaTeny u obyyaBaHi.

CantbT nanocube.org NpefocTass cneymanuanpada ycnyra

4. PaspaboTBaHe Ha KOMMIOTbPHO GasupaHu pecypcu 52 OHMan 6cwmynauww. Cl‘lo,q,cu:pmaHaTa WH(popMaLs e
32 06yeHIe, BKTIOYEAL pocTbiHa GeannatHo. ChObpKaHueto ce [0CTaBsi OT

a. CAD u CAM cucremm; opraHu3auuaTa, KOATO  XOCTBa nanocube.org n ot

151


mailto:milailieva@abv.bg
mailto:milailieva@abv.bg

yBennyaBawwms ce Opoit notpebutenn. CalTbT Cbabpxa
CbBpPEMEHHA CUCTEMM 3a YMPaBNiEHME HA CbLbPXaHWUETO,
KOSTO aHraxwpa notpebuTenckara oBLWHOCT Ype3 npoLec Ha
aBTOMATW4YHO  focTaBsiHe.  [loTpebuTenckure  perTUHIM
MoBMMsIBaT MOAPEXOAHETO Ha CbabpkaHueTo. A ToBa
onpegens NoapexnaHeTo B TbpcaykuTe Ha nanocube.org u B
CNUCbUMTE HA  OTAenHuTe  kateropuu. CaiTbT  AaBa
Bb3MOXHOCT M HsIKOM MOTpebuTenu ga neyenat OT «JINYHM
KOMEKUMN» WIM «TEMATUYHW CTPaHULM», KOUTO arperupart
CbbpKaHue 0T nanocube.org 3a cneLmduyH1 ayauTopum.

nprOHaHaJ'IHO CaUTbT MOXe Aa CbAbpXa cnegHute
KaTteropuu:
1. MaTepmanM 3a HaHOENEeKTPOHMKa:

a. [padeH u HeroBuTe cBOWCTBa,(Bataar,
2008)

b. TlonyyaBaHe Ha rpacheH npu oTnaraHe
ypes xumudecko usnapsieaHe (Da Arco et
al.q, 2009)

2. TlpunaraHe Ha  HacTosWM  TeXHOMOrMM B
HaHOENEeKTPOHMKaTa:

a. VHTerpupaHe Ha CUNMLMIA C ENEKTPOHHA U
pynyecra nposoaumocT (Hudiat and Chau,
2008)

b. lMonyyasaHe Ha CURMLNIA 3a
HaHOTEXHONOMMM. TexHonorus 3a
nonyyaBaHe Ha CUNULMIA, eLBaH C nnasma
(Bogomolov, 2008)

3. WMacnensaHus 3a HOBX TEXHOMNOMN:

a. AxtyanHu npobriemi Ha KOHCTPYWpaHeTo
Ha ENEKTPOHHM YCTPOIICTBA
b.  TMpuHumunu 3a mopenupare (Zhanyu Ning;

Hong Guo, 2008)
C. MWscnepsanus 3a cnegpawio MOKOMeHWe
nornyecku cxemu (Sung, 2008)
ABTOMaTM3aLMs B HaHOENEKTPOHWKATa M
HaHodoToHMKaTa (Bimberg, 2008)

€. BeerM 1 cucTtemun

4. HapexgHocT B HaHOEMNeKTpoHMKaTa:
a. YcroumeocT Ha Aedekti, 6asupaHa Ha
HWBO TpaHaucTop (El-Maleh et al., 2008)
b. Ycronums Ha nospeau PPA (Wenjing and
Orailoglu, 2008)
5. HaHoBnakHa
a. 06ww ceepeHus (Ferry, 2008)
b. WspacteaHe Ha HaHoBnakHa (Goel and
Masunov, 2009)
6. Couwonorus u dounocodus
a. OcHoBa Ha  WHGOpMUpAHETO
obwecraoTo (Bogomolov, 2008)
b. Teopus Ha KOHTMHYyMa 3a aMOpHH
BbrnepogHu cTpyktypu (Umantsev and
Akkerman, 2008)
C. HaHoTtexHonorum — cunata Ha MankoTo
(Schwalke, 2008)
7. Dpyrm
a. Uudposu Bepury;
b.  AHanorosu Bepury;
c. CMOS sepwury;
d. WpeHTudmkaums ¢ pagnmodectoTa;
e. TecTBaHe Ha Bepury;
f.  Obpabortka Ha gaHHu;
g. Ob6pabotka Ha curHanu;
h.  [M3aitH Ha HMBO cUCTEMA;
i.  Cumynaums Ha Mpexa BbpXy Yun;
j- Mukpodnyuauka;
k. ®oTOHMKa;
. CeHsopy;
m. MukpoenekTpoMexaHuyHu cucTeMu
(MEMS);

n.  buoMeanUMHCKM YCTPONCTBa;
OnNTUYHN KOMYHUKALMK.

iLIs:e Case diagram_1 )

S

X

MNaoTpebTen

LN

haTepani

HacToauwm TexHONG M

HOBKW TEXHONO M

Hape#gHocT

Couonoma M rocod KA

HaroenakHa

®ur. 1: Yeb cant Nanocube.org
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3aKknyeHue
PaspaboTBaHeTo Ha  cailT 3@  HaHOTEXHomorM  u
HAHOENEKTPOHWKA  Lle  MOANOMOTHe  npenojaBaTenuTe U

oOyyaBaHMTE B YCBOSIBAHETO HAa HOBO CbAbpXaHue, Lue
MPOBOKMPa KPeaTUBHOCTTA, LUe CTUMYNMpa MHULMATUBHOCTTA M
LLle NOCTaBM OCHOBUTE Ha HOB NOAXog, «[u3aiH 1 TEXHONOorm».
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N3XOOHU 3ABUCUMOCTHU 3A ONPEAENAHE HAQEXHOCTTA HA

KOMYHMKALWOHHA CUCTEMA

Job6pux fukos?, Bacun AHzenoe?

"UHecmumym no ombpaxa MO, Cogpus

2 MuHHo-2eonoxku yHusepcumem “Ce. MeaH Pusncku’, 1700 Cogbusi

PE3IOME. B cratusiTa ce npunara MaTtemaT4ecku mofen 3a onucaHne Ha HaaexaHoCTTa Ha KOMYHUKaLMOHHA cucTema.

INITIAL RELATIONS FOR DETERMINATION OF COMMUNICATION SYSTEM RELIABILITY

Dobrin Dikov', Vasil Angelov?
1 Defence Institut, MD, Sofia
2University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia

ABSTRACT: In the paper a mathematical model for description of communication system reliability is presented.

1. BbBEJEHUE

B Hactosiwata pabota Ha Gasata Ha W3BECTHM
matematnyeckn metogn [1] - [5] ce npaBu OueHka Ha
HafleXOHOCTTa Ha KOMYHWKALMOHHA CHUCTEMA CbC CrlyvaeH
nepuog Ha obcnyxeaHe.

2. N3XOOQHU 3ABUCMMOCTU 3A PA3YET
HALQEXOHOCTTA HA CUCTEMA CbC CNYYAEH
NEPMOA HA OBCNTYXBAHE

Heka KOMyHuKauuWoHHaTa cuctema ce cbctom or N
erneMeHTa, o0beauHEHN OT HsKAKBO CTPYKTYPHO MOCTPOEHWE.
LLle npeanonarame, Ye B NpoLeca Ha ekcnnoatauus MoraT aa
Ce KOHTPONMpaT Camo YacT OT ENieMEHTUTE U Y& BPEMETO 3a
Oe3oTkasHa pabotTa Ha BCEKM OT  E€NeMeHTUTe €
€KCMOHEHLMANHO pa3snpeaeneHo ¢ NiTbTHOCT,

f(t)=2e"".

Ha BCAKO Bb3MOXHO CbCTOSIHWE Ha cuCTEMaTa CbOTBETCTBA
cobcTBeHa WHTEH3MBHOCT Ha Bb3CTaHOBABaHe Ha

paboTocnocobHOCTTa Ha enemMeHTa A4, KOSTO ce npecMsTa

npu NpeanonoXeHune, Ye BPEMETO 3a Bb3CTAHOBSBAaHE Ha
eNleMeHTa e MOJYMHEHO Ha EKCMOHEHUManHUs 3akoH. [Mpu
0TKa3 Ha KOHTPONMpaH enemMeHT ce B3emaT Mepku 3a
Bb3CTaHOBAIBaHe paboTOCMOCOBHOCTTa My, KakTo M MEPKM Mo
NpOBEpKa W3NPaBHOCTTA HA HAKAKBA CbBKYMHOCT HEKOHT-
ponMpaHN eNeMEHTU 1 Bb3CTaHOBsIBaHe paboTocnocobHocTTa
WM NpW Hanuume Ha oTkas. MMpn Te3n NpennoroxeHus e
onpeaenuM nokasatenuTe Ha HageXaHOCT Ha cucTemarta.
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Hai-Hanpen e onpedenum BeposiTHOCTTa P(z'p) 3a

Ge3oTkasHa paboTa Ha cuctemarta. Kakto npu HeobCmyxBaHu
CUCTEMM Ce onpeaents, Ye

P(rp)zipi(rp),

kopeto P (7,) e BepostHocTTa B MomeHT 7, cuctemara

(1)

[ia NpemuHe B cbeTosHue X; € R, 6e3 ga e nonagana B

cherosHve X; € Q.

Cneumndmkata Ha opraHusauusTa Ha ekcnnoataumsTa Ha
TakuBa CUCTEMMW M3WCKBA NPW U3CrefBaHe HagexaHocTTa UM
Ja ce npunara MoJembT, OCHOBaH Ha AudepeHumanHi
YPaBHEHWS, aHaMOrMYHW Ha TE3W MpW HEOBCNYKBAHM CUCTEMM.
Bb3 ocHoBa Ha gwarpamata Ha npexogute ce mnoryvasa
NMHeeH rpad) 3a onpegdensHe HagekOHOCTTa Ha cucTemarta.
Mpn cbCTaBsaHETO Ha pAuarpamara U rpacda ce oOT4MTa
OYEBMAHOTO YCOBYME, Ye NPy NPEXOd Ha cucTemata B €4HO OT
cbCTOsHMATA Ha MHoxecTBoto QQ, Bb3cTaHOBABaHETO Ha

paboToCnoCcoOHOCTTa He BOAM [0 M3MbIIHEHWE Ha 3adayaTa.

CbrnocTaBAHETO  Ha  AUEPEHUMAnHUTE  YPaBHEHWS,
onucealLy 0bCnykBaHU U HEOGCIyXBaHM CUCTEMM, NOKA3Ba,
Yye OnpeaensHeTo Ha NokasaTens Ha HafleXOHOCT CTaBa, KakTo
npy HeobCMykBaHU cucTemn. KakTo e 13BECTHO nokasaTenst
Ha TEXHWYECka rOTOBHOCT Ha KOMYHMKALMOHHATA CUCTEMA CbC
CryyaeH nepuog Ha oOCryXBaHe ce Onpedens kKaTto
BEPOSATHOCTTA CucTeMaTa [ja € uanpasHa, B MoMeHTa € Ha
MoCTbNBaHe Ha 3asiBKa. B To3n cnyyaii HAMa 3HauYeHWe KOnko



MbTU B0 NOCTLINBAHE Ha 3asiBKaTa cUCTEMaTa e AaBana oTkas.
Heobxogumo e camo 19 pa Obhe w3npaeHa B WMHTEpBana

(6, 6+AB). Crenosatenvo, 3a onpemensHe Ha
rokasaTens Ha TexHuJecka rotosHocT Ha cuctemata K (6),
Ce M3MoM3BaT CbLUMTe METOAW, KakTo Mpu OnpedernsHe Ha
nokasatena P(7 ), kato cera ce otuutar npexoauTe Ha
cucTeMata OT  CbCTOsHUATa OT  MHoxectBoto Q, B

CbCTOSHMATA OT MHOXecTBoTo R , aKo Te3n npexogu ca
npeagn MOMeHTa 6 . Cuctemara ypaBHEHWA 3a onpeaenaHe Ha

K(H) uMa Buga:
d
do
Kbaeto A, e MaTpuuata Ha MpexopuTe Ha cuctemara ot

K(0) = K(0)A, (2),

CbCTOAHMA OT MHOXECTBOTO Q B CbCTOAHNA OT MHOXECTBOTO

R7
K (@) - BekTop Ha BEpOSTHOCTUTE Ha CbCTOSHUSTA B

MOMeHTa @ .

AKO e 3afjafieHO HayanHOTO CbCTOSIHME Ha CUCTeMarta,
PELLEHMETO Ha 3afadaTa MOXE [a Ce MOonyuu C U3BECTHUTE
METOAM UMK C MOMOLLTa Ha NMHeeH rpady. Toraea

K(6) =YK, (©0) ®

kopeto K, (6) e seposHoctta 8 Momenta 6, cucremara

[ia ce Hamupa B cbeTosHMe X; € R

Makap 4e ypaeHeHusta (1) u (3) umaT egHaKbB BugA,
PELLEHMATA MM Ca pasnuyHK, TbA KaTo [Auarpamute Ha
npexoguTe B  pasrnexgaHuTe  Chyyan  ca  PasnuuHu.

N3BecTHUAT KoeduumeHT Ha rotoHocT K e rpaHuyHaTta
CTOWMHOCT Ha mokasarens Ha TexHuyecka rotosHoct K (6).
e otbenexum, ye B BOMIMHCTBOTO Cryyau, CpeliaHn B

npakTukata Ha  OOCMyXBaHWTE  CUCTEMM, TPaHUYHUTE
BEPOATHOCTM Ha CbCTOSHUSATA Ca NOCTOSHHM, T.€.

iim 9K0) _

[ d (2

0.

Ako  03HauMM Lim K (#)=B,, 1 gim K(9) =8B,

kbaeto B e BekTopbT OT rpaHuuHMTE BEPOATHOCTM Ha
cbeTosHMATA. Torasa (2) sobvea Buga

B A,=0. (4).
PelweHneto Ha cuctemata (4) npedBug eCTECTBEHOTO

M
wsnckeawe  » B, =1, nossonssa nokasatenst  Ha
i=1

noctosiHHa rotosHoct K [a ce onpenenu karo cymara

K=>B, (5),

i=1

T.€. Bb3 OCHOBa Ha Anarpamara Ha npexoaute Ha cucrtemara.

3. U3XOAHU 3ABUCUMOCTW 3A OMNMPEAENAHE
HA HAOEXAHOCTTA HA CUCTEMA BE3
PE3EPBUPAHE

e npegnonarame, 4e OpoAT Ha NpoBepsiBaHUTE Npy
koutpon enemertn e N, < N, a uHTeHauBHoCTTa Ha

oTKasuTe Ha i-1s enemeHT e A. [pu Bb3HWKBaHE Ha OTKa3 Ha
npoBepsiBaH enemMeHT pabotocnocobHocTTa Ha
npoBepsiBaHaTa 4acT OT cucTeMaTa Ce Bb3CTaHOBsBAa C
WHTEH3MBHOCT u, a paboTocnocobHocTTa Ha
HenpoBepsiBaHaTa YacT He Ce MPOMEHS.

3a pasrnexgaHata cucteMa Ca Bb3MOXHW ChnejHute
He3aBUCUMU CbCTOAHUA:

X1 — MNpoBepABaHNTE U HeNnpoBepABaHUTE eneMeHTn ca
N3npaBHK;

X2 — Hanuue e 0TKa3 Ha npoeepsiBaH efieMeHT, cuctemara ce
pPemMOHTMpPa, HeNnpoBepABaHUTE ENEMEHTU Ca U3NPaBHN;

X3 — Hanuue e OTKa3 Ha HenpoBepABaH €neMeHT,
npoBepABaHNTE eNneMeHTI Ca 13npaBHK,

X4 — NOABABAT C€ OTKA3W Ha HENpoBepABaHU enemMeHTH, KoraTto
cucremata € B CbCTOAHUE X2,

X5 — NOABABAT Ce OTKa3n Ha npoBepABaHN enemMeHTK, Korato
cucremata € B CbCTOAHUE X3.

C NOMOLLITA Ha U3NOXeHUTe MeToan Hamupame

K(H) — H + oA e—(é‘A+y)9
ON+u ON+u

Ny

N A
kopeto A =D A4, § =12
= A

e—(l—c‘i)A& (6),

Mpu & =1 3aBucumocTTa (6) Nprema B1aa Ha KoeduLmMeHTa
Ha rotosHocT, a npn 0 = 0 — BepoATHOCTTa 3a Ge30TkasHa
pabora 3a Bpeme & .

4. N3XOAHN 3ABUCUMOCTU 3A ONPEAENAHE
HA HAQEXAHOCTTA HA CUCTEMA C
PE3EPBUPAHE

LLle npegnonarame, Ye B cUCTEMA C PE3EPBUPAHN ENEMEHTY
Ca Bb3MOXHM PasfNyHN BUOOBE KOHTPONMPAHW CbCTOSHMS:
cuctemata Ce KOHTpONMpa Taka, Ye ce omnpedens camo
HelHaTa M3NpaBHOCT; KOHTPOMNMpa Ce CamO €AuH ENEMEHT;
KOHTpONMpaT Ce BCUYKM enemeHTw. B 3aBucumoct oT
NPOBEXOAHWS KOHTPON, CE NOJTy4aBaT pasfnuyHW pe3ynTtari no
OCUTypsiBaHe HafeXOHOCTTa Ha cucTemata B mpoueca Ha
HeiHaTa ekcnnoatauus. Llle pasrnegame TUNWYHMSA  3a
npakTukaTa Cryyah — NOCTOSIHHO BKIKOYEH pe3eps npu
KOHTPOM CamMo Ha W3npaBHOCTTa Ha crcTemara. Torasa
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kbieto  P,(7) =€ " e BeposTHOCTTAa 3a GeaoTkasHa

pabota Ha eauH enemeHT. o TakbB Ha4YMH NOCOYEHUTE
XapaKTepUCTWKM ca pPaBHM Ha XapaKTepucTUKUTe Ha
HeoOCnyXXBaHW CUCTEMM.
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Ako paboTocnocobHOCTTa Ha cucTeMata ce onpegens OT He
no-Manko ot N-m HelnHW enemeHTH, To
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5. U3XO0AHM 3ABUCUMOCTU 3A ONPEAENAHE
HA HAQEXOHOCTTA HA CACTEMA C
KOMBUHMUPAHO OBCITYXBAHE

KombuHmpaHoto obcnyxsaHe obeauHsia XxapakTepHuTe
4epTM Ha MepuogMyHOTO OobCnyxBaHe 1 O0BCNYXBAHETO CbC
crnyyaeH nepuop. Ha npaktuka To ce peanu3upa BbB BUA Ha

MNaHoBO MepuoandHo obcnyxsaHe ¢ nepuod T, #

obcnyxBaHe CbC CryyaeH nepuog Npu nosiea Ha 0Tka3 npeau
nnaHoBo obcnyxBaHe. ETo 3aLo komGuH1paHoTo obCnyxBaHe
MOXe [a Cce pa3rnexga Kato ChnyyaiHo obcryxBaHe,

peanusupaHo B uHTepsana T,. MpedlwecTBanoto nnaHoso

obcnyxsaHe Npeayn TO3W WMHTepBan Onpefens HauanHute
yCIoBWSI 3a peanu3aunst Ha oGCny)XBaHe CbC CryYaeH NepUo.
Taka OBGCNyXBaHETO CbC CMyyaeH nepuop Moxe fJa ce

pasrnexpaa kato koMGuHUpaHo obcryxeaHe npu T, paBHo Ha
oblwoTo Bpeme 3a ekcnnoaTauus. [locoyeHaTa Bpb3ka
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nosgonsea fa ce pa3paboTaT MeToaM 3a W3cnendsaHe
HafeXOHOCTTa Ha CUCTEMM C KOMOWHMpPaHO obCnyxBaHe Ha
OCHOBaTa Ha MaTemaTU4yeckust anapar, M3non3saH mnpy
CMCTEMM C MNIAHOBO NEpUOANYHO 0BCNyxXBaHe 1 ¢ 06CnyxBaHe
CbC CMyyaeH nepumos.

LLle npennonarame, Ye BpemeTo 3a GesoTkasHa paboTa Ha
BCEKM OT EneMEeHTUTE € EKCMOHEHLManHo pasnpeaeneHo,
KaKTo 1 Ye BPeMeTO 3a Bb3CTaHOBABaHe paBoTocnocoGHOCTTa
Ha 0TKa3an eNieMeHT ChlLO & eKCMIOHEHLIMaMHO pasnpeaeneHo.
ToraBa BEpOATHOCTUTE Ha CbCTOAHWATA Ha cucTeMara B

MOMEHT OT Bpeme 7, € T, moraT fa 6baaT onpefienexu Kato
peweHnss Ha (2), kbaeto K(r,) e BexTopbT-pes Ha
BEPOSITHOCTUTE Ha CbCTOSHWSTA Ha cucTemata B MOMEHTa
7, €1, A, — matpaya Ha WHTEH3MBHOCTUTE, OTYMTaLla

npexogunte Ha cuctemara OT CbCTOAHUA Xj € Q B CbCTOSHNA

X; € R. BeposiTHOCTUTE Ha CbCTOSHUSATA B MOMeHTa 7, € T,

ca 0DyCrnoBeHM Camo OT NPexoauTe BbTPe B MHOXeCTBaTa R v
Q u npexogute OT MHOXECTBOTO R B MHOXecTBoTO Q ce
ONpeaensT oT cucTemara

d

—P(z,)=P(z,)A, (11),
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kbgeto P (7,) e BextopbT-pen Ha BeposiTHOCTUTE Ha

CbCTOSHMATA Ha cuMcTemMata B MomeHta 7, €1T,, A -
MaTtpula Ha MHTEH3MBHOCTUTE Ha npexoaute.

YpaBHEHWSITA Ce pelaBat no METOANUTe, U3NOXKEHN BBB (2),
(3) u ce Hammpa nokasaTenaT Ha HaOEXOHOCT Ha cucTemata
3a uHTepBana T,. KaTo HauanHy ycrnosusi mpyu peluasaHe Ha

YpaBHEHMsITa B MHTEPBara [0 MbpBOTO NMaHoBO 0BCNyxBaHe
Ce W3Mon3BaT, KakTo U MO-PaHo, eNeMEHTUTE Ha BeKTopa-pef

P (0) . Mpu peLaBaHe Ha ypaBHEHSTA B MHTEpBANA MEXZY
MbPBOTO M BTOPOTO MNaHOBO OBCMYXBaHE, KaTo HavanHn
PQ)=P(zr,)U"' wm K@) =K(z,)U , xepeto U
U

BIMAHME Ha OBCNyXBaHeTO BLPXy BeposTHoctta P (T,) 3a

TEXHNYECKO M3MPABHO CHCTOSIHME Ha CucTEMara B MOMEHTA
7, =T, (nokasaTen 3a TexHM4ecka FOTOBHOCT) W BbPXY

ca MaTpuyHUTE OMepaTopW, OMWCBALLM CTerneHTa Ha

sepositHoctta K (T,) 3a Gesorkasqa paGota 3a Bpeme T,,
nomnyyYeHn Cnep pelwasaHe Ha cuctemute (2) u (11) npm
HauanHu ycrosus, xapakTepuanpanm ¢ sextopa P (0) .

Ako ce wu3cnemBa HagekgHOCTTa Ha  cuctemMa  C
KOMBUHMpaHOTO OBCMyXBaHe 3a MPOM3BOMEH WHTepBan T, i

pasnonoxed Mexgy (j—1)-To u ]-To obcnyxsare,
CUCTEMUTE Ce pellasaT NOCNEOoBATENHO MpPU  Havarku
ycroBwsi, onpefieneny 3a urTepeana T, ; , o hopmynuTe:

P(j-D=P[(j-DT,D", (12),
K(j-)=K[(j-DT,V (13),
P'(j-)=P[(j-DT, M (14).



[okasaTenaT 3a TeXHM4ecka rOTOBHOCT Ha cuUcTeMaTa M
BEPOATHOCTUTE 33 TEXHWYECKN W3NPaBHO CbCTOAHWE Ha

cuctemara B MomerTa 7, €T;; ce onpepenst ot (2) npu

HavanHu ycnosus, onpegeneHn ot (13). BepostHocTuTe 3a
Oe3oTkasHa paboTa W BEPOSATHOCTUTE 33  TEXHWUYECKM

MU3MpaBHO CbCTOAHWE Ha CUCTEMaTta B WHTEpBan T4j mm B

npyr wHtepsan 7 €T j Ce onpenendr ot (11) Npu HavanHw

ycnoeus, onpegenedn ot (14). OnpegensHeTo Ha Tesu
nokasaTtenu 3a MOMEHT OT BpemMe Mnpeau Hayanoto Ha
eKcnnoaTaumMs Ha cuctemata Ce W3BbpLUBa MPU HavarHu
ycnosus, onpegenexm ot (12).

Pa3yeTHUAT nokasaTen Ha HafeXgHoCTTa ce Hamupa o
thopmynata

H =Y P(x.t),

X; €R

(15),

kbaeto P(X;,t) e seposiTHocTTa cucTemata ga ce Hammpa B
CbCTOSIHUE X; B MOMEHTA t.

Mpn onpemensHe Ha nokasaTens 3a  TeXHUYecka
FOTOBHOCT K(H) Ha cucTemMata WAM Ha nokasaTens 3a

TEXHUYECKa W13NPaBHOCT P(@) B KauecTBOTO Ha pasyeTeH

[MpenopbyaHa 3a nybnukysaHe
om kamedpa ,Mamemamuka”, MEM®
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MOMEHT OT Bpeme 0 ce |/|36Mpa MOMEHTBT Ha NOCTbMNBaHE Ha
3asBKa 3a W3non3eaHe Ha cuctemata. [pu onpegensHe Ha

BEPOATHOCTUTE 3@ TEXHUYECKA U3NPaBHOCT 3a BpEME 7', UK
BEPOATHOCTUTE 3a Oe3oTkasHa pa60Ta 3a Bpeme Tp ce

n36upa KpasT Ha uHTepsanute & unu T,
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